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SCREEN PRINTING MANUAL (BOOK 1)
goobooooooboooobooooo

TECHNICAL REFERENCE MANUAL
oooon

INTRODUCTION



goog

Manual Format
oooooooo

It is advisable to read through the Technical Reference Manual first and be familiar with the machine by comparing
the components, sensors and assemblies as shown on the machine overviews of Chapter 2 with the actual machine.
goo0o0oO0QOO0OC0COO0O0O0COO0OC00O0U0O0OULOUU0UUUUOUU0UOUUDOODODOODODODOOODOoOoOoOO
guododooooobobobobbobobobbobboon

The Technical Reference Manual is divided into 13 chapters.
gogodgooooboobobooboboon

Chapter 1 Safety Features, describes the features on the machine that provides the operator safety while the
machine is in operation.
goodooboooooooooooooboooooooooobooobooooooooobooooog

Chapter 2 Machine Overview, with diagrams showing the position of various functions, sensors and assemblies on
and around the machine.
Jdoododooooooooobobbooboodddddooooooooo o ooooboooboobooobooon

Chapter 3 Technical Description, describes in detail the sequence of operation of various modules on the machine.
gooooOoOoOoOoOoOOOOOOCOO0O0O0O0O0UOU0ULOUO0OOUUOOUOODODOOODOoODOOOoOoOO
gooOoOoOoOoOoOOOOOCOOOOCOOCOO0OO0O0OOU0UOUUOOUOUOUOUOODODOUOOOOOOOT OOO
gooboobooooo” oboobobooboobbooboobboobUoobbooboobobooboooo
ooooobooboom

Chapter 4 Error Messages, lists and advices on the recovery of each error message reported.
goodooogoooobobobobobobobobobbbodldbDbbbbbbbbbbb oo
gooooooooon

Chapter 5 Diagnostics, lists and describes the operation of individual diagnostic routinges available on the machine.
oo oooooooboooboooboooooooobooooobooboboooooooo

Chapter 6 Electronic Enclosures, shows the electronic cards position in the enclosures and gives a description of the
function and configuration of each individual card.
Joodoooooooooobobooobobooodddddooooooooooooboobooon

Chapter 7 Calibration and Settings, gives step by step guidance for calibrating and seting modules on the machine.
This chapter will also give opto and switch adjustments necessary for correct machine operation.
gooOooOoOoOoOoCOOOOOOOO0O0O0O0O0UOU0LOUOUOOUOOUOODODOODODOODOOOoOODOOoOoOO
go0o0oO0oOoOOoOoOoOoOoOoOoOooOoDOoo
gooooOoOoOoOOOOOOO0OO0OO0O0O0OU0O0UOUULOULUOUUUOUODUOODODOODODOODOOOOOOO

Chapter 8 Sensor Listing, lists all sensors used on the machine and gives the part number and input ports displayed
in the diagnostic menu.
goodooooo.bbbobobbotboddddooLDbL bbb bbbobbbooUuUg g
ggodooooooobobooboon

Chapter 9 Preventive Maintenance Schedule, specifies the schedule for maintaining the machine periodically and
shows personnel classification.



gobooboobbooboooboobooboboobo

Chapter 10 Recommended Spares, lists the consumable packs required to maintain the machine throughout its life
span.
gooOooOoOoOoOoCOOOOOOOO0O0O0O0O0UOU0LOUOUOOUOOUOODODOODODOODOOOoOODOOoOoOO
gooOooooooooo

Chapter 11 Replacement Procedures, details the procedures for removal, replacement and any subsequent checks
and tests of components listed in the 1,2 and 5 year service packs,(Chapter 10 refers).
doobooboobooooboobobooobooboboobomo s boobboooboobooo
ddooooooooooboobon

Chapter 12 Electrical Circuit Listing, lists the electrical circuits on the machine and gives description and drawing
reference numbers.
goodooooooobobobobbobbbbobbobobbobdddddoooooooooDbLbboboobo

Chapter 13 General Assembly Listing, lists the mechanical assemblies on the machine and gives description and
drawing reference numbers.
0oodoobooooboooooooooboooobooobooobooooooooooooobooooooaoo
Ogoodoooooon

CHAPTER 1
oo

Safety features provides safe operating conditions for the machine.
go0o0oO0oO0oOoOoOOOOOOOOOOOOOOOODODOOO

The machine is fitted with an emergency safety shut-down press button switch.
gdodooooobooboboobobbobobbobouobooogoa

External modules in the line can be fitted for connection to a common cable loop line, that provides automatic shut
down of all modules, if any single emergency switch is operated, or any frame cover is disturbed during normal
operation of the line.
goodooooooobobbobbbobobbboodddooD bbb bobobobooboo
JoodoooooooobobobobboobobobodddoooooooooooD oo boboboooboo
gooooooogo

Covers fitted with safety interlock switches protect operating personnel from the moving mechanisms.
Jooddoooooobooooboboobboobobodddodoooooooooooooon

Transparent plastic access covers are fitted over for moving mechanisms of the machine and steel safety covers
control access to the frame of the module.
gooOoOoOoOoO0OCOCOOOCOCOOO0O0O0OO0O0OUOU0LOUUOUOUOOUOUODOODODOODOODOoOODOOoOoOO
goo0ooOoOoOoOoOOOOOOOObDOOObOO

PROTECTION FROM HIGH VOLTAGE
oooon

Mechanisms
ogoo

Machine mechanisms are powered 24 V only and do not pose an electrical hazard to personnel.
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gooboobooobooboovooooboobooooboobboobuoobooobuoobbooboobbooo

220/110 V
2207110000

Where (220/110V) incoming supply voltages are present, protection is aJorded by controlling access to the
enclosures that house the supply.

00000 220v0O00110v00000000000000000O0O0O0OOOOOOOOOOOOOOOODOOO
ggodgooooooboboon

The machine is fitted with an interlock isolator switch that cuts power to terminations down stream of the isolator,
for example the isolator enclosure. Insulating shrouds oler protection at the isolator switch incoming power
terminals.
goodoogoooobobobobobboobobboboodddoooooon oo oo bobooboboooboo
googd

Hazard Warning
good

Hazard warning labels "Danger High Voltage", are placed on the outside of enclosures where high voltage (220/110V)
terminations are present within and the enclosure is not fitted with a safety interlock.

O0000o0oOg2z0/110v0 00 0000000000000 O0O0O0OO0O00DO0O0O0O0O0O0O0O0OOOO0OO0O0O00n
O000o0oO0* 0000oo” oooooooog

Inadvertent access to such enclosures is prevented by the presence of the frame covers.
goo0oOoO0OC0O0O0O00OO00O0O0O0O000UULUUU0U0DU0U00D0DODODUDDODODODODODODoooooooooooO

EMERGENCY SHUT-DOWN
oooo

The machine is fitted with an Emergency shut-down push button switch located on the right hand side of the
machine front cover.

gooboobodbbooboobbooboobboobboobbooboo

An additional push button is located on the lefthand side of the head cover, this is an optional extra.
Joodooooooooobobbobobobboooobbodddddooomoboooooo

Recovery
oo

When the normal working condition is restored, and the relevant cover is closed then the machine will carry on and
complete the cycle.

goobooooooocoOoobooooboboooobooOoOoOoooOoOoOoOoOboOoOobOoO0oOobOoOoOoOooOoboOooon

STEEL FRAME COVERS
oooooooooocoooo

Frame covers are fitted with safety interlock switches similarly connected to the emergency loop line.
goodooooooobobobobbobbobbobbbobtbbdddddDnonDb bbb O

Removing the cover has the same ellect as pressing the Emergency stop button, cutting 24 V power to the
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mechanisms of all modules connected into the loop line shuts-down.
Jododdoooooooooboboboobobbobodddddoooooooooo oo oboobooboooboo
Joododoooooooboobobooboobboboododoo 44voooooooooo

Indication that a cover has been removed (or the E-stop has been pressed) is given by an error message displayed
on the control VDU.

gooooOoOoO0OoO0OOOOO0O0O0OU0UU00UULOUUULUOUOUOUODOODODOOD VDUODOOOOOUOOooog
oooooo

Recovery
oooo

When the cover is re-positioned, normal working condition is restored and the line may be restarted;
goodoooooooooobobobobobbobboobboboodddoooooooga

pressing the green system button at the control VDU will enable the machines re-initialization procedure, where
this is allowed by the control system.
Joodddvbuooooooooooooooooooboboboobbooboododoooooooogooo
0o0odoooooooooooooooooo

TWO BUTTON SAFETY SWITCHES
goooooobodgo

Located at the front of the machine, are the two button safety switches.
0000000000000 00b0o0o0oo0nooooooon

The positioning of these buttons are needed to maintain maximum safety for the operator when operating a
particular function.
gogodoooooooboobobobbobobobobotbbdddbbpbbbbbbbbbbbobo o

The two buttons have to be pressed simultaneously to become active.
gobdoobdoobooooooooobooboboooobooooboooooooon

The use of these buttons are dependent on the function selected at the VDU.
goodoobodoobooooooooovbuooooooooooooooooo

For example:
ooog

-Head Lift Up/Down0 OO0 000000000
-Board WidthD 00 00 0 [J
-Load WidthO 0 0 0 O

PRINTHEAD LIFT SUPPORT ASSEMBLY
ooboooooooocoobooobooooo

Function
oo

For the protection of personnel when working beneath the printhead with the printhead raised, a Head Support
Assembly, Part No 112975, is provided to mechanically secure the printhead in the raised position.
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gooboooboobooooboobooooboobbooboobbooboobbooboobDbooboob o
goboobodboboobooboboobuoobbuoobbnzersgdbooooboooboon

The support should be used at all times that the printhead is raised and stowed by the machine when not in use.
gooOooOoOoOoOoCOOOOOOOO0O0O0O0O0UOU0LOUOUOOUOOUOODODOODODOODOOOoOODOOoOoOO
goooooooo

The support assembly is colored red and incorporates an internal spring for ease of installation and removal.
goodooogoooobobooboboboobobbtboddbbbbbbbbbbbb o
ggd

With the head raised the assembly is positioned to the front left hand side of the machine in the electro-magnetic
sockets, ensure that the black end of the support is at the bottom and the silver end at the top.
goodoogoooobobobobobboobobboboodddoooooon oo oo bobooboboooboo
goodooooooobbbobbbobbbobboododgoooooo

CAUTION
RN

IMPORTANT
od

The support assembly must be removed prior to selecting printhead lowered.
go00OO0OOO0OCOO0OO0O0OO0O0OO0OO0UUOUUUOUUUOOUOOODOODOOooOo

If an attempt is made to lower the printhead with the support assembly installed, damage to the printhead, actuator
and drive card[] [J [0 [J may occur.
gooogobooootoddb Db bbbbbbbbbbbliobooo ¢
gdddodoooooooobobobobobooboon

CHAPTER 2 MACHINE OVERVIEWS
goboogoboon

goobooboobooobooboo

CHAPTER 3 TECHNICAL DESCRIPTION
gooooobooobgoo

CAMERA CARRIAGE
goooooooao

The camera carriage can be divided into two sections, the X' movement and the "Y' movement.
000DO0o00oooo* Xoooo” 0v yoooor" ooooooooooooooo

The X' movement is defined by the feed direction as facing the front of the machine and the "Y' movement is
defined by the direction of the print stroke as facing the front of the machine.

“ XOOooO" oboooboobuooboooobodoy yooobo" oobooboboobooboboboobooo
googgo

The carriage is driven by a dc servo motor which has an encoder attached to the motor.
Joddd0ooooooooooooOoooDbcobobobobobObOoODbObOb00000ooooOoooa
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The motor is driven from an optimize control card which is housed in the electronic enclosure Y1 position X2.
Jo0odddooooooo vvioxXxeooooooooooooooooooooooooooo

Utilizing together, the dc servo motor and encoder, provides high positional accuracy.
gooOoOoOoOoOoOoOoOoOoDCUOCOCOCOOCOO0OOULUUUOUULOOUDUUUUUOUOUOOUOOOOO

The camera carriage houses the telecentric camera which also houses the board stop.
goodooooooobbbobbobobobobbbtboddddbbb L O

The single rovingD OO0 0000 OO OO OO camera allows speed and flexibility in locating fiducialsCl 0 0O 0 0 00O
during the print cycle.

oo bobobbboobobobbbobobbobbobobobbbbbbbobdddiooooo o
gooogd

OFiducial DO DOOD0DDODO0ODOOODODODOODOOODOOOODOOODDOOODODOODODDODOODOODODDOOODOO
goooom

The camera itself can view both the board fiducials and the screen fiducials by opening the relevant shutter.
Jo0o0dooooooooooobobooboobobbooddddddoooooooooooooooooon
aoad

These shutters and the board stop are controlled pneumatically.
goooOoOoOoOoOOOOOOOOUOUUOOOUOOOOOg

When the machine is first powered up, an initialization routine is implemented.
go0o0o0oOoOoO0O0O0OO0O0O0ObOOULOUOUOUOOOOOgg

This routine for the camera carriage consists of driving the camera in X and Y until the home sensors are detected.
godooooooobobobobboboobobobbbobtbdddddooXyyyuouooobobobobobooboboo
guooooooogd

The carriage is then driven out of the sensor until the first index pulse of the encoder is detected then stops.
ogoodooboooboooooooooboooboooboooboooooooooooooboooooooo
gooooo

This position then equates to zero counts on the encoder.
Joodooooooooooboboboobbooboooooooad

To insure against machine damage, limit sensors are fitted at either end of each carriage axis.
go0oOoOoOoOCOOOOOO0OOO0O0O0O0U0OO0UOOUOOUOUOOUOOODOUOOODOOoOoOOOO

These sensors detect an overrun on the carriage and if detected will report an error message, either Camera
X-Axis error or Camera Y-AXis error.
go0o0oO0O0O0C0O0OC0O0OO00O0OO00O00OUU0U0UUUUU00OUDODUDODODODODODODODOoOoOoOooooOoDOOoDoOO
guoodd Xoooooobbbbyydluouououououooooo

For camera carriage to accurately calculate and position itself over the entire working area, a reference fiducial is
positioned on the front rail.
goodooooooobobobobbobobbobbtbodlddob bbb oo
googgo



The home positions are only rough initial settings, therefore, a reference fiducial, positioned on the center of

the front rail, is used so that the camera carriage can calculate the board stop and fiducial positions to a closer
tolerance.
gooOooOoOoOoOoCOOOOOOOO0O0O0O0O0OUOU0ULOUOUOOUOOUOODODOODOOOOOOoOODOoOoOOO
goooOoOoO0OoOOOCO0O0O0O0O00O0UUU0U00U0U00OODODODODODODODODODODoDODOoooooooooDooO

This function is carried out in diagnostics and is then stored as part of the printer configuration file on to hard disk.
go000O0OC0COO0C0OCO0O0OC00O0U00UUU0UUU0U00DUDODUODODDDDWoooOoOoooooooooDoDO
gooooooogd

This diagnostic routine needs only to be initiated if the home sensor is replaced or the vane has been removed.
ggodooooooobbbobbobbboobbotbodddoonb bbb obbbobooo

PRINT CARRIAGE POSITIONING
gboboobooooboo

The print carriage mechanism moves the pressure assembly along the print stroke length.
Jobodoobooobooooooooboooooooooboooooooooaoo

The stroke length is automatically set when the board width parameter is set.
Joodddooooooooboboboobobbooooooogooooo

When the initialization routine is initiated, the print carriage will move to its home position sensor(rear of the
machine).
goooOoOoOoOoOO0O0O0OOO00O0O0OU0O0UULOUUUUOODOODODOUDODOODOODODOODOoOOoOoO

When the sensor change has been detected, the motor will reverse its direction at slow speed until the sensor
clears, at this point the motor will stop.
dobooboooooobmooobooboooobooboooboobooDoUbomoobooooo

This is defined as its start position or zero count for the encoder to position the carriage.
goodoooooobooooboodoobooooooooooooboooooooooooobooga

MACHINE PRINT CYCLE
goooobogoo

The routine of the following machine print cycle will be described for Step mode.
Joodooooooooooboo* obboo” oo oooooogad

1. Press Run and the camera will position itself to the board stop co-ordinates.
gOo[0oO0]0DooOooOoooOoDoOODOOOOOOOOOOCOOCOOODOOODOOOODOOOOCO

The board stop will lower into position ready for the incoming board.
gooooOoOoOoOOOOOOOOCOOOOOOOUOOOOUOUOOOOO

2. Press Auto Board and the board will be transported into the machine stopping at the board stop, the belts will
stop running as soon as the board stop sensor detects the board.

O0[0000 000000000000 o0ooooooooDoooooobOobO0ooooooDooooon
odoooooooooobon

3. The board clamp mechanism will be energized and the board stop will retract.
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goobooboobooboboobuoobbooboobooon

4. (@) The rising table will drive up to vision height at the same time the rail lift sensors will be monitored, causing a
"Rail lifted error" if detected stopping the rising table.
OMa0d0O0O0OCOOCOCOOOOOOOOOOO0OO0UOUOOULOOUUUOOUOUODOODOOODOODOOO DOoOQ
0000’ DUoC0COOO0O0OO0OO0OO00OUU0OUUUOUUUOOODOOODOODOOooOo

(b) The camera carriage will drive to the position determined by fiducial 1 X & Y co-ordinates.
boO0DODO0DOO00O0000D0000000 X/YDOOODODODODOODODODODOOooOoooo

The board 1 fiducial strategy data will be used to detect the board fiducial.
goodooooooobobobobbobbbbobbbobbbooogoga

The vision monitor will display a small box so that the fiducial can be positioned correctly if necessary.
doodooboooboooooooobooooooobooooob oo oooooooooooon

5. The X & Y camera carriage clamps are energized and fiucial 1 is located.
0O0X/YyOOOOOODODDODDOOoOOOOOOODOOOO0000000000000000oooo

The location of the fiducial is then copied to the Align Data structure.
00000 DbOooooooo* AlignbataD 000000 DOOOOOODOOOOO

The camera shutters will change and then view screen fiducial 1.
go00oO0O0O0COO0O0OO0O0OO0O0O0UUODUOUOUOUOODOOOOOOg

6. The screen fiducial 1 will be located and the location copied to the Align Data structure.
0000000000000 0000D000000000000" Alignbata” ODO00DODOO0OOOOOO

The camera carriage clamps will be de-energized and the camera will be driven to board fiducial 2 X & Y co-
ordinates.
0000o00dooooodooooooooooooooooooooo0 X/Yydooooooooooo

The camera shutters will change to view the board fiducial.
Odoodooooooboooooooooooooooooon

7. The X & Y camera carriage clamps are energized and fiducial 2 is located.
0O0X/yOOOOOODODODOOOOOOOOODODOO00000000000o0o0oooao

The location of the fiducial is then copied to the Align Data structure.
O00O0O0OoOoOoOoOoooo® Alignbata0 000000 DO0O0oOoOooooooog
The camera shutters will change and then view screen fiducial 2.
gooOoOoOoOoO0OOOOOCOOOOOOO0O0OO0OOUCOUOULOUUOODUOOOOOd

8. The screen fiducial 2 will be located and the location copied to the Align Data structure.
0000000000000 ooooooooooo. Alignbata” OOOOOODOOODOOO

With the data recorded the screen correction is calculated and the X fwd, X rear and Y screen actuators will move
to the new position.

0000000000000 ooooDoopoooooXwdDOOMXrear OO MO0 YOOOOOODDODOODO
goooooooooooooon



9. The camera carriage will drive to its home position and the Rising table will move up to the print height minus
3mm.
Jooddooooooooobobobobobobobodddddoooooooooooooboobooboon

When the screen has finished its correction then the chase clamps are energized and the Rising table will then
drive up to the print height.
go00o0oO0O0O0O0O00OO000O00CUULUUUOUMUIDUDODODOD0D0DMUoOooooooooooooDooODOO

10. The print carriage will move to the start of the print stroke and both squeegees will drive to their dwell
height(5mm above the screen).
oodboobooboobbooobooboooboobDoobobooboboDbOooDboUbLDbooboobnoOoo
0000000000 @m@mDwel 0DODODOOO0OO0ODODOOOOOOOODOODOODOODOOOOOOODOOOOOO
godooooooobooobobobbobbbobobbbboddddoooooooUo o

11. Either the front or rear squeegee will drive down to the calculated pressure setting as set in the board
parameter menu.
Loooooooooooooooboooooooooooooooooooobooooooooooooooo
ogoodooooooboooon

12. The print carriage will drive at the set speed in the board parameter menu.
Oo0o0oobobooodddddooooooooooooon

The pressure transducer will be read after 60mm of the start of the stroke and will cease reading when it is 25mm
from the end of the print stroke.

0000000000000 ODO0O0O0OLO OUUULUUULUUUULOUUUUUODUDOODODOODOO 250000
ooooooooooo

The average pressure is then calculated and if it dilers from the set pressure by more than +/- KG will display a
"Pressure error".
0000o00oooooDdoDooooooooo/0KGOOODODOOoDOODOODOD DOoooOo" ooooooad

From this data a new squeegee displacement will be calculated for the next print cycle on the particular squeegee.
ooodoobooooboooooodoobooooooooooooboooooooooooobooga

13. The squeegees will raise to their dwell heights.
wproODODODdooooooooooooooon

14. The board count will be incremented.
140000000000000000

The chase clamps will be de-energized and the Rising table will drive down at the speed set by the Print separation
speed in the board parameter menu until 3mm clear of the screen.
goo0oOoO0oOoOoOO0O0OOO0OO0OOOOOOO3IMMO0DODODODODODODODOOOOOODODOODODOODODODOO
goo0o0oOoOoOoO0O0OO0O0OO0ObOUOUOUUUOOOUOOOgog

The Rising table will drive down to its datum height at full speed and de-energize the board clamps.
godoooooooboobobboboobobobbobbobbbtodddooooooooUu o

RISING TABLE
gooooo
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The rising table is the mechanism which transports the board up to the vision height for vision correction and then
up to the screen height ready for printing.
Jododdoooooooooboboboobobbobodddddoooooooooo oo oboobooboooboo
ooooooo

The positioning of the rising table is controlled in software utilizing a dc servo motor with a positional encoder
fitted.
go00O0oO0OC0O0O0O0O0OO0O0OOOOUOOUUUUOODCODODDODOOOOUOODODODODODOOODOODDODODODOO

For the rising table to be accurately positioned it must first start from a reference position.
goodoooooooboobobobobobobbbobbbbbodddd U UU O

This achieved by making the datum sensor.
goodooooooobooobbbobboboddodoooogg

When the machine is first powered up, an initialization routine is called up which will insure that the rising table is
positioned at the home sensor.
Joodoooooooooobobobooboobobodddooooooooooooobooboboooboon
gooogd

If the sensor is not made then the rising table will be driven downwards at a reduced speed until the sensor has
been made.
goooOoOoOoOoOQOOOOOO0OO0O0OO0OU0UOOUULOUOUOUOUOUOOOOOOOOg

The rising table will then inch upwards until the sensor has just been cleared.
goo0oO0oO0O0O0O0O0O0O0O0OO0O0U0OUUUODUUUOUOOOOOOoO

From this datum the rising table can then be positioned accurately according to the relevant position required.
gogodooooooobbobobboboobobobbbbbtddddddooououoo o

The rising table has also a brake fitted so that stability is maintained during the print cycle.
Joodooooooobobobboboboboobbbooddddooooooogo

To maintain machine safety there are limit sensors fitted to monitor the position of the rising table.
Odoodooboooobooooooooobooooboooooooooooooooooboooooooon

These limit sensors if activated will report an error message "Rising Table error” on the Main Control Screen.
Joodooooooooobdmoobooooo* b0 b0 oo oooooooooooaoo

The limit sensors consists of Upper and Lower limit, and the reference sensors are the datum and datum interlock.
gooOooOoOoOoOoCOOOOOOOO0O0O0O0O0UOU0LOUOUOOUOOUOODODOODODOODOOOoOODOOoOoOO
gooooooo

The upper and lower limit switches detect that the movement of the rising table has exceeded its travel.
godoooooooobobobobboboboboobobbbbbbotboouduuuuu o

The upper limit detects that the rising table is pressing into the screen and the lower limit detects that the rising
table has overdriven downwards.
goodooooooobobobobbobobbobbtbodlddob bbb oo
goodooooooobooon
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If these are detected then the machine will inhibit the power to the rising table motor.
Jdododooooooooooboobooobobobbobooooooooooao

The letter 'L" will be displayed on card X1, of enclosure Y1 when the limit switches have been detected.
goo0ooOoOoOoOoOoOOOOOO0O0OO0LOY " DOODOOoUoUoOo Yiooo xapooooo

The datum sensor detects when the rising table has reached its home reference position so that accurate
positioning from this datum can be achieved.
goodooogoooobobooboboboobobbtboddbbbbbbbbbbbb o
gdodooooobobobboobbooo

Due to the home position being critical there is a another sensor fitted to ensure that the datum is achieved.
goodooooooobobobobbobobbobbtbodlddob bbb oo
gooooooooon

This is the datum interlock sensor.
Oo0000ooo0o0o0o0oooo0ooooooooooooooooo

When the datum sensor has been made then the datum interlock sensor is checked to see if its vane is also in the
sensor, if not then an error will be reported.
0oodooooooooobDmuoodooooooboobooooob oo oooobooobooooooo
0000000000 0o0oooooooooooooooog

The datum interlock sensor is checked by the Arcom PC and should be detected before the datum sensor.
00000000 0oooooooO AreomPCOO0O0O0000000O000O0DO0DODOOOOOOOOODOODOO

SQUEEGEE PRESSURE MECHANISM
oooboooooo

The squeegee pressure mechanism houses two independently driven squeegees and a single pressure transducer
used to monitor the set pressure on both squeegees.
goodoooooooboobobobobbobbobobobbbdddddoooooooobDoboobooo
goodooooooobbbobbbobbbobboododgoooooo

The front and rear squeegee pressure is set, checked and corrected independently of each other.
dobodoooooobooooooooobooobooooooooooo

The calculation required for setting the pressure is initially stored as part of its calibration.
Jdoodoobdooboooouoooboooboooboooboooooooon

The calibration consists of setting the output voltage of the load cell to equal 160 mV/Kg.
00000000000 D0O0O0O0O0O0OUUUOU" 1I0MV/KgOODOoOooooOoOo

This is achieved by applying a precise known load to the squeegee mechanisms and adjusting the electronic
amplifier to achieve the required voltage slope.
goodooogoooobobooboboboobobbtboddbbbbbbbbbbbb o
dddoooooooooobobobon

When the load is applied to the balance which is used is levelled for each weight that is used.
goodooboooboooooooobooooooooooobooboboooooooooooon
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To be able to level the balance the squeegee has to be displaced by a number of steps.
Joodoobodooboooboooobooooooooboboooboooon

The steps required to level between 10kg and 15kg are used to calculate a pressure factor and is stored in the
printer configuration file.

10kg O 15kg 0 0000000000000 0O0O0O0O0O0O0O0O0OOOOODODOOO0O0O0O0O0O0OOODOOOODOOOO
gooOoOoOoopoooooo

Also as part of the calibration the height of the squeegee from its home position to the top of the screen (virtual
zero pressure) is calculated and stored in the printer configuration file.
goodooogoooobobobobobobobobobbbodldbDbbbbbbbbbbb oo
gogodooooooobobobobboboobobobbbbotdddddoooooooo o

With this information, the set pressure can be calculated as a pure displacement.
doodooboooobooobooooboooooooo

During the print stroke the pressure transducer is monitored 60mm from the start until 25mm short of the finish of
the print stroke.

0o0odoooooobooooooooooooooooeommi00D000oo0OOoooO 25mmObOdoonOon
0o

If for any reason the monitored pressure is outside the error window of +/-1Kg it will display the message
"Pressure error" and will show the actual pressure reading against the set pressure.
goo0oOoOoOO0O0O0OO0O0O0OO0OO0" O /00K U0O0OD0ODODODODODODODODODODOOOOOOO" ODOooooO” oo
goo0oOoOoOoOoOoOopoOOOOOOOobOoo

Pressing continue will allow the machine to complete the cycle.
“continue” 000000000 ODOOOODOODOODODOODOODOOOOODOOD

This action will repeat for the opposite squeegee and will automatically correct the pressure dillerence for the
relevant squeegee.
goodoooooooboobobbobobbboobbobbbddddoooooooobobon

CHAPTER 4 ERROR MESSAGES
goooobooboooo

INTRODUCTION
goog

If for any reason the machine does not complete a particular sequence in the time allowed for in software, then an
error condition will arise.
gooOoOoOoOoO0OCOCOOOCOCOOO0O0O0OO0O0OUOU0LOUUOUOUOOUOUODOODODOODOODOoOODOOoOoOO
oo

The relevant error message will be displayed on the Main Control Screen.
guodooooooooobobobboobobobobbbbbbbobdddduoouou o

Machine Errors will be detected by sensors specifically designed for checking correct machine status (System
Power, Pneumatic Power, etc.) or by functions failing to achieve their correct operation.
goodoogoooobobobobobboobobboboodddoooooon oo oo bobooboboooboo
goodooooooobbobobbboobbbobdoddgooooooooo
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These latter errors are either detected by a limit sensor being operated or by setting a time limit for their
completion.
goo0oOoOO0COOOOOO0O0O0OO0O00UULOUUUOUO0UOOODUODODODODODODODOoOoOoOoooDooOoooODDO
oooooooo

The time limits are set so they are 1.5 times the longest possible time taken for that particular operation, after
which if not completed an error will be reported on the Main Control Screen.
guodooooooobbbobbiisoooooooobooboboboobobbbbbbbboddduduoUu o
ggodoooooboobbobobbboobooog

When an error occurs the relevant message will be displayed on the Main Control Screen.
goodooooooobbobobbbobobobobbbbotbdddooouooooogg

The displayed error message will be accompanied by information regarding the possible causes and the corrective
action to be taken.
0doodoobooobooooooooobooobooooooobob oo b ooooooooboooon

The Tricolor beacon will change to red and will record the error in the Event Log file.
Jooddooooooooboboboboobobooobodddooooooa

ERROR RECOVERY
coobooooobooooo

If during an error recovery the same error is repeated a recovery will only be allowed if the action permits,
otherwise the message "Unable to recover" will be displayed.
goodooogoooobobooboboboobobbtboddbbbbbbbbbbbb o
0oobooo ooobor boobobuoobuoobobooog

In the event of this happening call the Maintenance personnel.
goodooooooobobobobbobbobboobooon

If any error message is displayed then the following options will be displayed on the Menu Bar.
doodooboooobooooooooboooboooooooooooooooooobooa

Abort
gooooooo

Pressing this option will re-initialize the entire printer ejecting any product that may be in the printer, returning to
the Main Control page.
gooOooOoOoOoOoCOOOOOOOO0O0O0O0O0UOU0LOUOUOOUOOUOODODOODODOODOOOoOODOOoOoOO
go0oO0ooOoOoOoooooooo

Recover
ogooooogo

Pressing this option will attempt to continue with any cycle that is in operation.
goodooooooobbobobbbbbobobbbobobouououo

This function will set modules (paste dispenser, print carriage, etc.) to their home position and then eject the board
that is currently in the printer without re-initializing the machine.
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goobooboobooooboobooooboobbooboobbooboobbooboobDbooboobo
gobooboobbooboopoboobooboboobo

This option should be the first to be operated if there is an error reported.
gooOooOoOoCoOoOOOOOOO0OO0OUOUOULOUOOUOOOUOUOOOOO

Diagnostics
oooo

This will enable the diagnostics to be entered if necessary to clear the problem if it persists00 OO0 000000,
guodooooooobbobobbbobobobbbtbodddbb b O

ERROR MESSAGE LISTING AND INTERPRETATION
gobooboobbooboon

Board Stop stuck
doodooboooooooo

This error is reporting that the board stop, which is housed in the camera assembly has failed to lower or retract.
Joododoooooooobobobobobbooobobboboddddddoooooooooooooooboono

Board stuck in Rails
O00ooOonooooooa

This error is reporting that the board has failed to either reach the board stop or exit the machine after being
printed.
goodooogoooobobooboboboobobbtboddbbbbbbbbbbbb o
ggd

Camera X AXxis error
Ogo0o Xoooo

This error is reporting that the camera carriage has failed to reach its home position in the X axis.
JoooodooooooobobbO Xooooooooooooobooboboooooooooooooooogo

Camera Y AXis error
o000 yoooo

This error is reporting that the camera carriage has failed to reach its home position in the Y axis.
go0oO0oOoOoOoOoOoCOOOOOOOYODOODOODODODDOODOOOOOOOOOOOOOOOODDO

Front Squeegee error
ooooooooo

This error is reporting that the front squeegee has failed to reach its fully up position.
guodooooooobbobobboboobobobbbbbotbdddououooo o

Front Squeegee Pressure error
gobobooooooao

When this error is detected then a new window will be displayed.
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gobooboobbooobooboobobooboon

The window will display the set pressure reading and the actual pressure reading.
go0oO0oOoOoOoOoOoOOOOOOOObObObODOODOO

Paste Carriage error
Oooooogoooboooooo

This error is reporting that the paste carriage has failed to reach its home position or that it has made the limit
switch.
goodooogoooobobobobobobobobobbbodldbDbbbbbbbbbbb oo
gooooooooon

Paste Carriage Tilt error
gooooooooooooon

This error is reporting that the paste cartridge mechanism has failed to either make its up or down limit switches.
Joodoooooooooobobobooboobobodddooooooooooooobooboboooboon
gooooooooon

Pneumatic Power down

ooooo

This error message is reporting that the pneumatic supply is either too low or has been disconnected.
go00O0O0OC0O0COOO00O0O0O0O0O00UUUUUUOUUOUODOOUOODOOODOoOOoOo

Print Carriage error

ggodooooonon

This error is reporting that the print carriage has failed to move or that it has reached the safety limit switches.
goodooooooobbobobboobobobbbtboddddDbbbb b O

Rail Width error

goooood

This error is reporting that the motorized rail has either failed to move or that it has not moved to the correct
width setting.
JoodooooooooobobbobobobbobbobooddddoooooooooooooDD

Rear Squeegee error

ogoooooooo

This error is reporting that the rear squeegee failed to reach its fully up position.
gooOoOoOoOoOOoCOOOOCOOOOODOO0OO0OO0UCOOUOUOUOODOOOOOO

Rear Squeegee Pressure error

goooooooo

When this error is detected then a new window will be displayed.
ggodooooooobobobobbobobobbobobooboo

The window will display the set pressure reading and the actual pressure reading.
godooooooobobobobboboboboboobboon

Rising Table error

gooooogo
This error is reporting that the rising table has either failed to reach its fully down position or that when
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attempting to reach the required height during the machine cycle did not achieve the positional accuracy.
Ooodooboooobooooooooboooobooobooobo0oooooooobooooboooooooo
Ooodooboooobooooooooobooooooooooo

Screen XF error

00000 XFOOO

This error is reporting that the X forward screen actuator failed to initialize to its central datum.

000000 XOOooooooooooopoooooooOOoOoOOOOOOOOOOOOOOODOOOoOOodo

Screen XR error

gogodg XrROOO

This error is reporting that the X rear screen actuator failed to initialize to its central datum.

gogoogd Xboboooooooobotoooooouoooooooobobbobobboboobobboooo

Screen Y error

gooogyogoo

This error is reporting that the Y screen actuator failed to initialize to its central datum.

oo yoooooooooboooooooodooooooooooooooooooooooo

System Power down

gooooooo

This error is reporting that the 24V motor power has been switched o0 either by the Emergency Stop button being
activated (including upline and downline external machines) or that the removable frame access cover has been
removed.

gooooooovOooooooo [ObDoOOOOO0OOOCOCOOOOOOOUOOUOODODODUUOUODUOOUOOOOOO™
gooooOoOOoOOOOOO0O0OO0O0OO0O0UO0OUO0OUULOODOUODOUOOOOOOOO-

Unable to find Fiducial

gugooouooooood

This error is reporting that the vision system is unable to locate the relevant screen or board fiducial.
goodooooooobobobobbobobbobbtbodlddob bbb oo
googgo

CHAPTER 5 MAINTENANCE
gooooo

General
oo

With the machine initialized, insert and turn the maintenance key to On to enter the maintenance function, the
menu bar will display the following:

Run, Head, Paste Load, Cleen Screen, Adjust, Set-Up, Monitor, Maint

0000000000000 moooooomMNOOODoDooooooooooooooooooooooog
O000oooooooooooooon

goodooboobuoobuoobbuoobobuoobuooobbo

Maintenance

0o

The maintenance function is a means by which the technician may calibrate the squeegee pressure and vision
system, download data from hard disk to floppy disk, and set the various machine modes and options, as described
as follows:
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Calibr Pressure, Calibr Olset, Calibr Vision, House Keeping, Set Prefers, Diagnost, Exit
Ooodooboooobooooooooboooobooobooobo0oooooooobooooboooooooo
Ooodooboooobooooooooboooobooobooobo0oooooooobooooboooooooo
oo0ooooooooooo

0000000000000 o00ooo00o0oo00oooo00o0ooooooo0oDoouoooooo0oDo MM
Ooooooooooooon

Calibrate Pressure
gooooooooood
Selection of Calibrate Pressure will automatically configure the machine ready to accept the Calibration Rig (Pt
No. 1141.06), for full details regarding Squeegee Pressure Calibration refer to 'Squeegee Pressure', Chapter 7 -
Calibrations, of this manual.

“000b00o0ob0bo0oboor bbooboooDobOoobOo0oOooDbooboooDboobOoooDoDmoooo
1141060 000000000000 0OO0O0ODODOO0OO0OODODOO0ODO0O0OODOOO0DOO0ODODOODDOO0ODOOOn
oo ooooo” ooboobobobbooo

Calibrate OUset

ogoodooooooboooon

Calibrate OOset compensates for any optical discrepancies between viewing up and down of the telecentric camera.
“do0d0oobooobUoooo oobbdobobooobouoooOboobbooobOooobOboOooDobOd

ooooo

Calibrate Vision

go0oOoOoOoOooOoooooooo

Calibrate Vision compensates for any screen movement in the X, Y and Theta direction.
“0000000D0O0DODO0ODO0O0OO” O0O0O00O0 XOoYOUOOOoooooooooooooooooooooooo

The combination of both calibrations encompasses(] [0 [J [0 [J [0 [J [J Ocalibration of the vision system complete full

details of which are described in Chapter 7 - Vision System Calibration.

goodooogoooobobobobobobobobobbbodldbDbbbbbbbbbbb oo

goodoooooooo* obboboobobbbbbodddog” oo o

Housekeeping

goooood

The file management system is introduced to enable the user to download data from hard to floppy disk while
remaining within the software environment, thus alleviatingDd 0 OO0 0 , 0000 , 00000 000000000
00000000 Othe requirement to use DOS.
Joodoooooooooobobobooboobobodddooooooooooooobooboboooboon
Joooooopoooboboboobboobobbobododogogoogposuoonooooooddooooogao
gooooooo

Pressing the housekeeping button displays the menu bar with the following options:

Set Date, Set Time,Print Data,Copy to disk, Copy from disk, Delete Data, Exit

“ 0000000 ODODoOoDOoOoDOODOOOOOOOOOOOOOOODOOODO

“000000'0 000000 00000000 00O0"™ oDo0ooOoO0OoOO"D DOoDoDOoOoDoDDoDODO ™ OO
gooarooo* ggrooboooboooboobbbodd bbb b
gooooooom

Set Date & Set Time
oooooooo

Selection of Set Date & Set Time options will each open a window displaying the current PC values and allow the
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operator to accept these values or change them.

“goooooooT oDboobboobobO PCOOODO00O0U0O0OU0OU0CO0IN000UUOUDODDODONOUUODOUODOD O
doodoooooooooooooooooo

Refer to Chapter7 of this manual for setting details.

gooooOoOoOoOoOoOoOOObOOULOUUUOOOooOoog

Exit will return to the maintenance display and menu bar without any other action.

“00” 00D0oopoopoOoOoDpOoOoOOOOOOOOOOOOCOOOOODOOODOOCO

Print Data
gooooooooon
On selection of Print Data button the menu bar will change the following:
Product Data, Event Log, Config Data, Manage Data, SPC Data, Exit
“doodooobooobo” oobuoobboooobbooobobuooobouoooon
“gfJoOooo"o booooOobOoO"r o000 OoOoOoOoY'y Coooo* e sPCcOOOO OO
Exit will return to the housekeeping display without any other action.
“O00" doobooobooobouoooobooooboooooooo

Event Log will output the contents of the EVENT.DAT file to the printer port.
“OdOo0boooo” O0EBVENTDATOOODODDODOODODODUOOUOOOOoOoOooooo

Config Data will output the contents of the CONFIG. TXT file to the printer port.
“ 0000000000 OCONFIGTXTOOOOOOOOOOOOOOOODODDODDO

Manage Data will change the menu bar to give print to printer or print to file options, then the contents of the
MANINF.DAT file will be output in text format to the selected device, if output to file is selected, it will be to
A(backslash)MANINF.PRN.

“goooor bobbooboboboboobtboddddiilb bbb bbbbbbbog
JudodddMANINFDATOODODODOOODODODODDODODODOOUOUOUOUO0U bbb D
000 AilbackslashMANINF.PRN” 00000000

SPC Data will output the contents of the READINGS.DEK file to the printer port.
“SPCO0OO” OREADINGSDEKDODODODUODDOODODODODDOODOOOODOO

Product Data will display a window on screen containing the names of the Product Data files available on hard disk
and change the menu bar to the following options:
Print Printer,Print File, Left, Right, Up, Down, Exit

“OooooT oDoobobooboo00d0ddoidooooo o bbb ooDooboobooogad
Joodddooooooobobobobooboobbooodooooooooo

“gooooootr boooooooTr o' o’ o' O oot
The Left, Right, Up and Down keys will enable highlighting of the required product file

“0"C 0" 0O'000* 0" 000000000 COOOO0OC0ODOOO0O0OOUOUOOOOOUOOOOo
Print Printer will output the contents of the selected Product Data file to the printer.

“ 00000000 DoopoOOooOODOOODOOOOOOOOOOOOOOOOOODODODOOO
Print File will output the contents of the selected product data file, in text format, to the floppy disk, with the same
filename but with a .PRN extension.

“gooooboboor bobbobbbobtbboddddil bbb bbbbbbbog
goodooooooobbbobbbbbbbbboodoogog” PRN ODODDODO

Copy to Disk

goooooooo
On selection of Copy to Disk button the menu bar will change to the following:
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Product Data, Event Log, Test Data, SPC Data, Exit

“doooopoooboT Obboboobobbobddddddooooooooooo
JoodoooooooooooboboooooospCcOnOnooon

Exit will return to the housekeeping display without any other action.

“00” 0DoopoOoooOoOoOOOO0OOCOCOOOOOOObOOOO

Event Log will copy the Event.dat file from the hard disk to the root directory of the floppy disk.
“ 0000000 O0D00OD0Eventdatal 00O 0000000000000 00000O00O0OO0OOOOOOOO
ggodooooonon
Test Data will copy all of the following files from the hard disk to the root directory of the floppy disk,
‘gooobbobo” oo Db Db bbbbbbbbbbbbddUdUlUUUUU O
guooooooogd
Testlog; Test.dat; Fiducial.dat; OUset.dat; VVideoxy.dat; Theta.dat; Config.txt.

SPC Data will copy the Readings.dek file from the hard disk to the root directory of the floppy disk.

“SPCOO0O" DOOODO0OReadingsdek D00 D0DDOO0OODOODODOODOODOOOOODODODOODOODODO
gooooobogoo

Product Data will display a window on the screen containing the names of the Product Data files available on the

hard disk and change the menu bar to the following.

“Ogoooor boooboooobooooobooobooooooooobooobobooooooooobooooog
dobdooboooobodooooooboooooooooboooooooon

Copy File, Left, Right, Up, Down, Exit

“gJgooooooorr O OO O’y o OoOv

The Left, Right, Up, Down keys will enable highlighting of the required product file.
‘g0 0" oroobo* 0 booboobbooboobbooboobooboooobg

Copy File will copy the selected product data file from the hard disk to the root directory of the floppy disk.
“Odo000oobO0O” bbb ooooooobooooooobOoObDoooO o000 ooboooobooOoon
g0o00O0O0oO0oO0oOoOooooo

Copy from Disk

guooooooogd

On selection of Copy from Disk a window will display the names of the Product Data files available in the root
directory of the floppy disk, and the menu bar will change to display the following:
“doooooooboor Obbobobobbobodddddddooooooooo o bobobooboobobobooboboooo
gooooboobobooobdooboboooboobbooboobbooboobbooboo

Copy File, Left, Right, Up, Down, Exit
“ooobooooory o'y 0"y OOy oy g

The Left, Right, Up, Down keys will enable highlighting of the required product file.

“ 0" 0T 000 O ogooooobbbbbbbbbbboboogoga

Copy File will copy the selected product data file from the root directory of the floppy disk to the hard disk. It will
then update the Barcode LUT.

“J0000000" 00o00O00U0ooOO00UooO000o0O000OoO000DoDOoO0o0ODoDOoOo0oOoDooOoOn
gogodooooooobbobobbobobbobobbbobobg vTdddoo o
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Delete Data
oooooo
On selection of Delete Data the menu bar will change to the following:
“goobooboT obobobbobbobobtbodddooouoooo
Product Data, Event Log, Test Data, SPC Data, Exit
“gooooT oooboobo"r obhoooooty seCcOOO™ OO™
Exit will return to the Housekeeping display and menu bar without any further action.
“ 00" 0000000000000 o0o00oooooooooooooon
Test Data will display the prompt '‘Confirm deletion of Test Data' and give a Yes/No option.
“J00ddd0” ooooooobo* bbhbboooooooo™ bbbobobobOYesO NoOOOOOOOoOoOOoOO
If confirmed any Testlog and Test.dat files should be deleted from the hard disk.
YesOOOODOTestlogd TestdatD OO OO OOOOOOODOOODOOOOOOO

SPC Data will display the prompt 'Confirm deletion of SPC Data' and give a Yes/No option.
“SPCOOO0O” OODOODOOOOO®" sePCO0ODDOOO” ODDUOOOYes NoOOOOOOOODOOO
If confirmed the Readings.dek file should be deleted from the hard disk.
YesOOOODOReadingsdek OO OO DOOOOOODOOODOOODODOOOO

Event Log will change the menu bar to display the following:
“goooobobor bbobbobobbbbbbtbddddddououooo
Delete All, Delete Data, Delete Number, Exit

“goooTy bobooooTy booooreyr gg”

Delete All will display the prompt 'Confirm deletion of All Event Data' and give a Yes/No option.
“JO000"000000000* 000000000000 0000"00000vesO NoOOOOOODOOOOO
If confirmed copy the contents of the Event.dat file to an Event.bak file, overwriting any previous file, delete all
entries in the Event.dat file and then insert a 'New Event Log' entry.

YesOOOOOEventdat D OO OOOOO Eventbak OO DO ODO0DO0ODOD0ODOODOODODOOOOODOOO
O000O0OD0OEBventdatD OO ODODODOD0DDOODOOODODODO OOQOOOODOO" ODOODDOOOOOOOO

Set Prefers

Calibr Pressure, Calibr Olset, Calibr Vision, HouseKeeping, Set Prefers, Diagnost, Exit

Selection of Set Prefers button display a pop up window and changes the menu bar to display the following:
Next, Prev, Incr,, Decr., Exit

Transport Mode

Machine Units

Transfer Protocol

Transfer Period

Comms Protocol

Event Recording

Tooling Hardware

Fiducial Reference

Barcode Hardware
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Inspect Rate
SPC Data Mode

Next and Previous will move the highlight between the parameter values.

Increment and Decrement will alter the highlighted parameter value.

Transfer Mode

Sets input and output ends of the printer.

Left to Right; Right to Left; Left to Left; Right to Right;
(Default Left to Right)

Machine Units

OUers option of units:

Metric of Imperial units. (Default Metric)

Transfer Protocol

Set the protocol for transferring boards to adjacent machines:
Transfer Period

A programmable time period used by certain transfer protocols:
Min 0 sec.

Max 99 sec.

Increments 1 sec.

Period of Transfer Time- This is the period of time which the 265 allows a transfer of a board before displaying a
'‘Board Transfer Error' for Upline or Downline
Period of Waiting Time- This is the period of time which the 265 allows when waiting for the Upline or

Downline machine to request a board for transfer displaying a message of 'Waiting for Upline/Downline'

Comms Protocol
The communicatins protocol to be used for serial communications to host computer:
SECS II; BSC

Warning
Do not select SEC Il Protocol without having the Host Comms package fitted. This will result machine lock-out.

If this is inadvertantly selected, call DEK Service for advice.

Event Recording

Sets whether all or majority events only are recorded in the Event log file:
Major events only; All events

Major events- Refers to displayed error messages.

All Events- Refers to every other event generated within the machine.
Tooling Hardware

Set whether Autoflex tooling is fitted:

Autoflex; Plain

Fiducial Reference
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Sets whether the fiducial co-ordinates are specified relative to the front/left or front/right corner of the board:
Left; Right

Barcode Hardware
Sets whether or not barcode reader is fitted:
Fitted; Not Fitted

Inspect Rate
Sets the number of print cycles between Inspection cycles, set to zero for no inspectionMin 0(o0)
Max 100

Increments 1

This will enable a Post-Print Inspection of a fiducial alignment directing this data to file according to SPC Data
destination.

SPC Data

Sets the destination of the SPC data generated during an inspection cycle

Serial; Disc.

Serial- Outputs to serial port.

NOTE: If Host Comms is connected currently this option cannot be used.
Discs- Outputs to a READINGS.DEK file on hard disk.

This data can then be accessed from disk via housekeeping.

Diagnostics

This function is described in detail in the following section

DIAGNOSTICS

INTRODUCTION

The diagnostic function is an aid to the user to allow individual access and control to motors and modules. It will
allow the user to control the sequence of the machine so that a particular module can be exercised.

To enter the diagnostic mode the key switch on the Main Control Unit must be inserted

and turned clockwise. This will enable the Maint option to appear on the Menu Bar:

Run, Head, Paste Load, Clean Screen, Adjust, Set-Up, Monitor, Maint

Press the Maint button and the Menu Bar will change displaying the Diagnostic option.

Calibr Pressure, Calibr Olset, Calibr Vision, House Keeping, Set Prefers, Diagnost, Exit

Pressing Diagnostic will enter into the main diagnostic menu. If a password, exists a window will display the
message 'Diagnostic Password'. If the password is incorrect control will display the message 'Invalid password
entered' and return to the previous menu. If the correct password is entered or no password exists a pop up
window will display the following:

System

Print Head
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Print Carriage

Squeegee

Camera AXxis

Rail System

Paste Dispense System
Screen Alignment

Screen Change

Screen Cleaner

Rising Table

Foreign Machine Interface

Autoflex Tooling

Next/Prev keys will move the highlight bar up down the list of modules that can be selected.

Select Module key will open a new window displaying the diagnostic functions available for the selected module.

Exit will return operation to the start of initialization

NOTE
Before any diagnostic function is used in any of the modules they

must be homed first or they will not be able to initiate a command.

SYSTEM

The system diagnostic module contains the following:

-Display all Digital Inputs

-Display all Analog Inputs

-Toggle Red Beacon

-Toggle Amber Beacon

-Toggle Green Beacon

-Data Logging

-Run Alignment Test

-Run Production Test

-Change Edit Password

-Change Diagnostic Password

-Change DOS Password

-Terminate control and Return to DOS
Digital Input Status

Selecting this option, a new window will be displayed showing the relevant groups.

PCIB40's are the 1/0 cards that are housed in the Arcom PC. There are five PCIB40
cards and are numbered as such. Each card has up to five groups, GO-G4 and will

monitor and control various drive and control cards in the Y1 and Y2 enclosure.

PCIB40's are divided into Inputs and Outputs.
Selecting each option will display another window displaying the functions that can be switched on or oll.
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Analog Input Status
Selecting this option will display a new window showing the analog

output of the load cell amplifier card of the squeegee pressure mechanism.

Tri-Color Beacon

Selecting any one of the three colors will toggle them between on and ol.

Data Logging
Selecting this function will alternately enable and disable data logging during diagnostic operations.
Run Alignment Test

Selecting this function will initiate the machine to run Dry Alignment accuracy test.

Run Production Test
This option is only used as a cycle test at the base factory and

should not be run. In doing so the machine could result in damage.

Change Edit Password

Selection of this option will prompt the operator to enter a new password.

Change Diagnostic Password
Selecting this option will either allow a password to be inputted or change an existing

password. This password protection inhibits unauthorized entry into diagnostics.

Change DOS Password

Selection this option will either allow a password to be inputted or change an existing password. This password
protection inhibits unauthorized exit to DOS.

Terminate 265 Control and Return to DOS

Selecting this option will terminate the 265 and return to the DOS prompt.

PRINT HEAD

The Print Head diagnostic module contains the following:

Raised Head Under 2 Button Control
Selecting this option will allow the print head to be raised using the two button safety

switches located on the front of the machine. These switches must be operated simultaneously.

Lower Head Under 2 Button Control
Selecting this option will allow the print head to be lowered using the two button safety

switches located on the front of the machine. These switches must be operated simultaneously.

Toggle Head Latch

Selecting this option will alternately switch the print head magnetic latches on and ol.
Head Up Sensor

This will display the head up sensor status.
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Head Down Sensor

This will display the head down sensor status.

Left Jog Button

This will display the operation of the left button of the two button safety switches located on the front of the machine.

Right Jog Button
This will display the operation of the right button of the two button safety switches located on the front of the

machine.

PRINT CARRIAGE

The Print Carriage diagnostic module contains the following:

Home Print Carriage

Selecting this option will move the print carriage back to its home sensor position and stop. It is always advisable to
home the print carriage before attempting to position it anywhere.

Drive Carriage to Front Position

Selecting this option will move the print carriage to a position that will clear the paste dispense unit if operated.

Drive Carriage to Rear Position

Selecting this option will move the print carriage to the end of the print stroke.

Drive Carriage Using Jog Buttons
Selecting this option will allow the user to position the print carriage anywhere between the front and rear
position using either of the two button safety switches located on the front of the machine. The Left button will

move the print carriage towards the rear and the Right button will move the print carriage towards the front.

Cycle Print Carriage
Selecting this option will start a continouos cycle of driving the print carriage between its front
and rear limits pausing at each end for 2 seconds. The speed will be measured and displayed.

The cycle will be terminated if the Stop key is used or that the set cycle count is reached.

Actual Carriage Speed

This will display the actual speed during the Cycle Print Carriage option.
Cycle Count

Will display the count when the module is being cycled.

SQUEEGEE

The Squeegee diagnostic module contains the following:

Home Front Squeegee

Selecting this option will drive the front squeegee upwards to its home position as detected by its home sensor.
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Home Rear Squeegee

Selecting this option will drive the rear squeegee upwards to its home position as detected by its home sensor.

Front Squeegee to Dwell Height
This option will drive the front squeegee to a position 10mm clear of the top of the screen.

Rear Squeegee to Dwell Height
This option will drive the rear squeegee to a position 10mm clear of the top of the screen.
Rear Squeegee Flood Height

This option will drive the rear squeegee to the height set by the flood reference height parameter.

Drive Front Squeegee Using Jog Buttons
Selecting this option will enable the right jog button to drive the front squeegee up at slow

speed and the left jog button will drive it down, stopping immediately the button is released.

Drive Rear Squeegee Using Jog Buttons
Selecting this option will enable the right jog button to drive the rear squeegee up at slow

speed and the left jog button will drive it down, stopping immediately the button is released.

Calibrate Front Squeegee Print Height
This option is used as part of the pressure calibration procedure. The function of this option is that the squeegee

will be driven down until some pressure is applied. The Menu bar will change showing the option Confirm.

Pressing Confirm will set the current height of the front squeegee minus the current pressure sensor reading
multiplied by the pressure factor. This will be the front reference height parameter and will be stored as part of
the printer configuration file.

Calibrate Rear Squeegee Print Height

This option is used as part of the pressure calibration procedure. The function of this option is that the squeegee

will be driven down until some pressure is applied. The Menu bar will change showing the option Confirm.

Pressing Confirm will set the current height of the rear squeegee minus the current
pressure sensor reading multiplied by the pressure factor. This will be the rear

reference height parameter and will be stored as part of the printer configuration file.

Calibrate Rear Squeegee Flood Height
The function of this option is that the rear squeegee fitted with a flood bar is driven down until the flood blade is

just touching this screen. Pressing the Confirm key will store this height as part of the printer configuration file.

Pressure Reading A/D...Kg
This is a live display showing the actual pressure being applied to the squeegee.

With no squeegee fitted the display should show a reading of approximately 3.6 Kg.

CAMERA AXIS
The camera system module contains the following:

Camera Axis Home
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Selecting this option will drive the Camera X and Y carriages simultaneously

to find their datum positions as determined by their home sensors.

Camera Axis to fiducial 1 position

Selecting this option will drive both X and Y carriages to the position set by the fiducial 1 x and y coord parameters.

Camera Axis to fiducial 2 position

Selecting this option will drive both X and Y carriages to the position set by the fiducial 2 x and y coord parameters.

Drive to reference position

Selecting this option will drive both X and Y carriages to the position set by the camera x and y reference parameters.

Set reference position

Selecting this option will alter the Printer Configuration file after the camera has been positioned so that it is
viewing the fiducial on the front rail. On selection of this option the Menu Bar will display Confirm which on
pressing this key will alter the printer configuration file. This is to be used in conjunction with Move camera x and
y axis.

Move camera X axis using Jog buttons

Selecting this option will enable the Right Jog button to drive the X axis right at slow

speed and the Left Jog button will drive it left, stopping immediately the button is released.

Move camera Y axis using Jog buttons
Selecting this option will enable the Right Jog button to drive the Y axis right at slow

speed and the Left Jog button will drive it left, stopping immediately the button is released.

Initialize vision

Selecting this option will initialize the frame grabber board and will display a live image on the vision monitor.

Display reference box

Selecting this option will display a super imposed box on the vision monitor.

Toggle Look up on/o0

Selecting this option will alternately energize the camera Down shutter, displaying On status and de-energizing it
will display the o[l status.

Toggle Look down on/o0

Selecting this option will alternately energize the camera Up shutter,

displaying On status and de-energizing it will display the o status.

Cycle camera system
Selecting this option will start a continouos cycle of driving the camera x and y carriages to
each of the following positions in sequence, dwelling for 2 seconds at each point, locating the

fiducial at each fiducial position, displaying the returned location and then repeating the cycle.

The cycle being the following:
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1. Datum
2. Fiducial 1
3. Fiducial 2

If the data logging is enabled the fiducial co-ordinates will be appended to C:backs
lashSANbackslashLOGbackslashCAMERA DAT file. This continuous cycle will be

terminated by selecting the stop key or when the set cycle count has been reached (50).

Cycle count
Will display the count when the module is being cycled.
RAIL SYSTEM

The Rail System module will contain the following:

Home Rail Width

Selecting this option will increase the rail width motor to find its datum position as determined by its home sensor.

Drive Rail to Board Width

Selecting this option will drive the rail width motor to the width set by the board width parameter.

Drive Rail Width using two button control
Selecting this option will enable the right jog button to drive the rail width motor forward at a

slow speed and the Left jog button drive it back, stopping immediately after the button is released.

Drive Belts Using two button control

Selecting this option will enable the Right Jog button to drive the belt motors to the right and the Left Jog button
to drive them left, stopping immediately the button is released.

Toggle Board Clamp

Selecting this option will alternately energize the Board Clamp

displaying On status and de-energize it, displaying OO status.

Toggle Board Stop
Selecting the option will alternately lower and raise the board stop housed in the

camera assembly, displaying On status when lowered and OO status when raised.

Cycle Board on Belts
Selecting this option will start a continuous cycle of driving the belts to the right until the board reaches the
right board sensor, dwelling for 2 seconds then driving the belts left until a board reaches the left board sensor,

dwelling for 2 seconds and repeating the cycle until stop is pressed or the set cycle count is reached (50).

Cycle Board Clamp

Selecting this option will start a continuous cycle of clamping and unclamping the board clamps.

Board Stop in Position
Will continuously display the current status of the board stop lowered position.

Board at Stop
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Will continuously display the current status of the board at stop sensor.

Board at Left
Will continuously display the current status of the left board sensor. On will

be displayed if a board is detected on the rails at the left of the machine.

Board at Right
Will continuously display the current status of the right board sensor. On

will be displayed if a board is detected on the rails at the left of the machine.

Cycle count
Will display the count when the module is being cycled.

PASTE DISPENSER SYSTEM
The Paste Dispenser diagnostic module contains the following:
Carriage Home

Selecting this option will drive the dispense carriage left to find its datum position as determined by its datum sensor.

Drive Carriage to Start Position

Selecting this option will drive the paste carriage to the position set by the paste start parameter.

Drive Carriage to End Position

Selecting this option will drive the paste carriage to the position set by the paste stop parameter.

Drive Cartridge Down

Selecting this option will drive the cartridge tilt down until the cartridge down sensor is located.

Drive Cartridge Up

Selecting this option will drive the cartridge tilt up until the cartridge up sensor is detected.

Toggle Paste Dispense
Will alternately energize the paste dispense, displaying On status and de-energize will display OO status.
Toggle Cartridge Seal

Will alternately energize the cartridge seal, displaying OO status and de-energize will display On status.

Paste Cartridge Empty

Will continuously display the current status of the cartridge empty sensor.

Cartridge in Down Position

Will continuously display the current status of the paste dispense down sensor.

Cartridge in Up Position

Will continuously display the current status of the paste dispense up sensor.

SCREEN ALIGNMENT
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The Screen Alignment module contains the following:

Home Actuator

Selecting this option will drive the X forward, X Rear and Y Axis actuators simultaneously to find their datum
positions as determined by their datum sensors.

Drive X Forward Motor Using Jog Buttons

Selecting this option will enable the the right Jog button to drive the X forward actuator right

at slow speed and the left Jog button to drive it left, stopping immediately the button is released.

Drive X Rear Motor Using Jog Buttons
Selecting this option will enable the right Jog button to drive the X rear actuator right at

slow speed and the left Jog button to drive it left, stopping immediately the button is released.

Drive Y Motor Using Jog Buttons
Selecting this option will enable the right Jog button to drive the Y actuator right at slow

speed and the left Jog button to drive it left, stopping immediately the button is released.

Toggle Chase Clamp
Selecting this option will alternately energize the Chase Clamp

solenoid, displaying On status and de-energize it, displaying OO status.

Cycle Alignment System

Selecting this option will start a continuous cycle of driving the screen actuators to each of the following positions
in sequence, dwelling for 2 seconds at each point and then repeating the cycle.

If data logging is enabled, every time the screen returns to 0,0,0, locate a screen fiducial and its

coordinates appended to c:backslashSANbackslashlogbackslashscreen.DAT file. This continuous cycling

will be terminated by selecting the stop key or when the set cycle count has been reached (50).

Cycle Count
Will display the count when the module is being cycled.

SCREEN CHANGE

The Screen Change diagnostic module contains the following:

Drive Screen Motor
Selecting this option will enable the Right Jog button to drive the screen motor forward

and the Left Jog button to drive it back, stopping immediately the button is released.

Toggle Drive Coupling Right

Selecting this option will alternately energize the drive coupling right solenoid, displaying On status and de-energize
it, displaying OO status.

Toggle Drive Coupling Left

Selecting this option will alternately energize the drive coupling left

solenoid, displaying On status and de-energize it, displaying OO status.
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Toggle Rear Stops
Selecting this option will alternately energize the rear screen stops

out, displaying Out status and de-energize them displaying In status.

Toggle Screen Clamps
Selecting this option will alternately energize the Screen Clamps,

displaying On status and de-energize them, displaying OO status.

Load Screen from Front

Selecting this option will perform a load screen cycle.

Unload Screen to Front

Selection this option will perform an unload screen cycle, using two button control.

Cycle Screen (Load/Unload)
Selecting this option will cycle the screen drive stopping when the cycle count has been reached.
Screen at Front

This will continuously display the current status of the front screen sensor.

Screen at Rear

This will continuously display the current status of the rear screen sensor.

Drive at Front
This will continuously display the current status of the drive coupling

sensor, displaying when the drive coupling is at the front position.

Drive at Rear
This will continuously display the current status of the drive coupling

sensor, displaying when the drive coupling is at the rear position.

Cycle Count
Will display the count when the module is being cycled.

SCREEN CLEANER
The Screen Cleaner diagnostic contains the following:
Toggle Cleaner Blade

Will alternately energize the paper feed, displaying Up status and de-energize it, displaying Down status.

Toggle Solvent Pump

Will alternately energize the solvent pump, displaying On status and de-energize it, displaying OO status.

Toggle Screen Cleaner Home Clamp

Will alternately energize the cleaner home clamp, displaying On status and de-energize it, displaying OO status.

Cleaner Home Sensor
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Will continuously display the current status of the cleaner home

sensor. When the cleaner is at home the sensor will be displayed On.

RISING TABLE
The Rising Table diagnostic module contains the following:

Home Rising Table
Selecting this option will drive the rising table down until it find its datum position as indicated by its datum sensor.
Raise Table to Vision Height

Selecting this option will drive the rising table to the height set by the vision heightparameter.

Raise Table to Print Height
Selecting this option will first check that both the camera carriage and the scren cleaner unit are
home, if either are not then a message will be displayed "Home Camera and/or Screen Cleaner first".

Only if both are home, the rising table will drive up to the height set by the print height parameter.

Set Reference Vision Height

The function of this option is to set the rising table so that it will view the board fiducials on focus.
This is achieved by driving the table up or down while viewing the vision monitor until the fiducial
is in focus. Pressing Calibrate Vision Height will change the menu Bar showing the option Confirm.

Pressing Confirm will set the current height of the rising table, updating the printer configuration file.

Set Reference Print Height

The function of this option is to set the rising table so that the zero gap between screen and a zero board thickness
is achieved. This is achieved by driving the table up to the screen until it just touches. Pressing Calibrate Print
Height will change the menu Bar showing the option Confirm. Pressing Confirm will set the current height of the
rising table, updating the printer configuration file.

Drive Table using Jog buttons

Selecting this option will enable the right jog button to drive the rising table up at slow speed

and the left jog button will drive the table down, stopping immediately the button is released.

Toggle Table Brake
This option will toggle the brake on and ol fitted to the rising table. On will be displayed when the brake is on.

Cycle Rising Table

Selecting this option will first check that both the camera carriage and the screen cleaner unit are
home, if either are not then a message will be displayed "Home Camera and/or Screen Cleaner first".
Only if both are home, a continuous cycle will start driving the rising table to print height, dwelling for

2 seconds and repeating the cycle until stop is pressed or the set cycle count has been reached (50).
Rail Lifted Left

Will continuously display the current status of the rail lifted

left sensor. OO will be displayed when the rail has been lifted.

Rail Lifted Right
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Will continuously display the current status of the rail lifted right sensor. OO will be displayed when the rail has
been lifted.

Table at Home

Will continuously display the current status of the home interlock

sensor, or will be displayed when the vane is in the sensor.

Cycle Count
Will display the count when the module is being cycled.

FOREIGN MACHINE INTERFACE
The selection of this module will display the Upline (left hand side of machine)

and Downline (right hand side) bits that is used for the interface protocol.

MAO-Machine Available Out

This signal is set when the machine is available for communication.

RRO-Receice Request Out

Machine is ready to receive a board.

ARO-Acknowledge Request Out

This signal is set when the machine has acknowledged a request to transfer a board.

The send and receive request signals indicate the direction of board travel.

TRO-Transfer Request Out

This signal is set when the machine is in a position to start a board transfer.

SRO-Send Board Request

This signal is set when the machine is ready to send a board to an adjacent machine.

GBO-Good Board Out

This signal is set when the board being transferred from the core machine to an adjacent machine is considered good.

ARI-Acknowledge Request In

This signal is sent when and adjacent machine has committed to transfer to a board.
The send and receive request signals indicate the direction of board travel.
TRI-Transfer Request In

This signal is set when an adjacent machine is in position to start a board transfer.

MAI-Machine Available In

This signal will be set when an adjacent machine is available for communication.

GBI-Good Board In

This signal is set when the board being transferred from an adjacent machine to the core machine is considered good.

The last letter of the protocol ie. ARI or ARO indicates whether it is an Input or an Output.
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AUTOFLEX TOOLING

Tooling Pins

Selecting this option will drive all of the pins up or down.

Clamp Enable
Selecting this option will switch the power to the pin clamps.
Clamp Power

Selecting this option will toggle the pin clamp power to partial or full power.

Change Pin Status

Selecting this option will display another window, enabling the user to program a pin matrix.

Cycle Autoflex Tooling

Selecting this option will continuously cycle all of the pins up or down.

CHAPTER 6-ELECTRONIC ENCLOSURE
INTRODUCTION

Electronic Enclosure

Electronic Cards that control the Machine are housed within two Electronic Enclosures, Figures

1 and 18 refers. Enclosures are located to the front of the machine in the positions shown.

Enclosure Y1 houses sixteen cards in slot positions X1 to X16, similarly enclosure Y2 houses a further eight cards
in slot positions X1 to X8.

Nomenclature

In the following pages references to cards will be pre-fixed by the

Enclosure Number, Y1Y2, to distinguish cards from diJerent enclosures.

Card Types
Similar card types are housed adjacently.
Enclosure Y1 card types include controller cards for servo

and stepper motors drivers, and their corresponding driver.

Enclosure Y2 houses cards used to interface the signals from the processor to the process

and include the drivers that provide isolation and high power output to motors and solenoids.

Purpose-made cards include the signal conditioner card used to generate a singular output
for a combination of logical inputs and the dedicated Personality Card that configures

the screen printer to perform within a specific External Machine Interfacing protocol.

Card Position & Card Address

Cards are positioned in enclosure slots numbered X1 through to X15. Where a card has an output signal (eg an
error output signal) directed to the control system bus, the address for that card will be configured by the setting
of an on board bit switch. Cards Y1 (X1 to X4) is assigned to a unique Card Address.

LED Display
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Features of cards Y1 (X1 to X4) have LED displays that indicate the current status

of the card during normal operation. Explanation of the LED display coding is given.

Battery-backed RAM

Cards fitted with Eprom (memory) devices have a battery that backs-up the ram storage on the
eprom when the machine is not powered. The current state of the eprom ram area must be written
when the card is replaced. To do this, use the MINT (Motion Interpreter) software supplied with

the machine and the procedure as described in 'Installing a MINT program' later in this chapter.

Card Configuration
Cards are multi-function according to the configuration of the card.
Jumper links fitted to the card configure the card to required function.

The required link connections are illustrated for each card position.

Failsafe Operation

Inputs to the Controller Cards are consistently set to be active-high in the alarm state. Unless alarm inputs are
pulled low during normal operation, the card will signal an alarm state and all external drives will stop.

Board Communications

Cards Y1(X1-X4) have standard connectors for serial communication to a host

machine. Operating and error messages may be passed to and from the Host.

Y1 ENCLOSURE, CARD POSITION X1

Part No
107668

Description
SERVO CONTROL PCB

Type

Eurosystem Servo/Step Input/Output Card

The card can provide drive for the control of up to three independent axis of control. A feature of card X1 is the
provision for controlling either servo or step motors.

Purpose

Provides drive for the servo motors of the Print carriage, Rising Table and the stepping

motor of the Rail Width drive, also known as the Moving Rail. The front rail is a fixed position.

Card Address
Replacement of an existing board requires that the card address is configured to the slot address.

Selected Jumper Links

A summary of the controller card jumper links is set out in the illustration of Card 1

Input Range
Jumpers J2 and J3 configure the card to suit the input/output range expected for servo motor application.
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Error Outputs

Jumper links JP2 to JP6 must be made as shown in Card X1 illustration.

Jumper links are used to select the output type for error messages.

An error output provides an error signal to an external circuit for the control of such devices as motors. An error
signal is given when the controller card detects an error such as a limit or a programming error. The error output
type refers to open collector, open emitter, or push pull. The active state is also selectable between 0 and +12 V
For this application, JP5 only is fitted.

JP5 only-Output pulled down to 0 V when o0: Open emitter.

LED Display
Each card is fitted with a seven segment LED (light emitting diode) display that indicates the current status of
the card during operation. The display indicates either the board address or gives status information on the card.

The messages associated with normal operation and those giving indication of an error conditions are set out.

Error Conditions
If an error occurs, the LED will alternatively display the error condition for each axis at 1 second intervals. As

there is only a single display, to indicate the axis that is at fault, a full stop will be displayed after the character.

Safety Stop-Input on pin a25 (controlled from PCIB40#2)

The STOP input to any controller card provides a controlled stop when asserted. The stop input (Card pin a25) is
active-high and is connected to normally closed external switch. This arrangement ensures failsafe operation. Stop
condition is indicated as "S" on the LED display.

Card Communications RS 232

Each card is fitted with a serial interface either RS 232 or

RS 485 The serial port is set for the following configurations.

MINT transmits a carriage return/line feed (<CR><LF>) but

only expects a carriage return<CR> from the host terminal.

Although the MINT operation is normally performed via the Parallel data bus, the RS232 connections may

also be used. Connections are brought out onto the 9-way D-type connector on the front of the controller card.

Card Replacement

If for whatever reason this card is replaced then the following has to be carried out:
I)Configure jumper links

ii)Set card address

iif)Download MINT program

Y1 ENCLOSURE, CARD POSITION X2

Part No.
107668

Description
SERVO CONTROL PCB
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Type
Eurosystem Servo/Step Input/Output

Purpose

Provides drive for the DC servo motors of each of the following:
Axis #0

Camera "X"

See Card X12 for amplifier card

Axis #1
Camera "Y"
See Card X13 for amplifier card

Card Address

Replacement of an existing board requires that the card address is configured to slot address. The address is
entered at the bit-switch in binary code.

Selectable Jumper Links

A simmary of the controller card jumper links is set out in the notes for the illustration of Card X2.

Input Range
Jumpers J2 and J3 configure the card to suit the input/output range

expected for servo motor application. Set the jumpers as shown.

Error Outputs
Jumper linls JP2 to JP6 must set be made as shown in illustration.

Jumper links are used to select the output type for error messages.

An error output provides an error signal to an external circuit for the control of such devices as motors. An error
signal is given when the controller card detects an error such as a limit or a programming error. The error output

type refers to open collector, open emitter, or push pull. The active state is also acceptable between 0 and +12 V.

For this application, JP5 is only fitted.

JP5 only- Output pulled down to 0 VV when olJ: Open emitter.

LED Display

Each card is fitted with a seven segment LED (light emitting diode) display that indicates the current status of
the card during operation. The display indicates either the board address or gives status information on the card.

The messages associated with normal operation and those giving indication of an error condition are set out below.

Table 2 - LED Display, Normal Operation
LED Display

Description

0- Card Address 1
1- Card Address 2
2- Card Address 3
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3- Card Address 4

8- Servo powered up and idle

H- Axis is moving to home

P- Axis is moving to position

J- Jogging (Velocity) move

S- Axis stopped

Table 3 - LED Display, Error Condition
LED Display

Description

E- Software error

L- Axis control out of limits
-- Servo power o[l

F- Pulse following error

U- Pulse following error

8. Or blank- Voltage drop to below 4.85V (held in Reset)

NOTE: All above displays in Table 3 could have a full stop after
the character indicating that this is axis #1 being displayed.

Error Conditions

If an error occurs, the LED will alternatively display the error condition for each axis at 1 second intervals. As
there is only a single display, to indicate the axis that is at fault, a full stop will be displayed after the character.
Safety Stop- Input on pin a25 (controlled from PCIB40#2)

The STOP input to any controller card provides a controlled stop when asserted. The stop input

(Card pin a25) is active-high and is connected to from normally closed external switch. This

arrangement ensures failsafe operation. Stop condition is indicated as "S" on the LED display.

Card Communication RS 232
Each card is fitted with a serial interface either RS 232 or

RS 485. The serial port is set for the following configurations.

MINT transmits a carriage return/line feed <CR><LF> but

only expects a carriage return <CR> from the host terminal.

Although the MINT operation is normally performed via the Parallel data bus, the RS232 connections may

also be used. Connections are brought out onto the 9-way D-Type connector on the front of the controller card.

See Manufacturer's data sheets or the Appendix 1 for details of connections.

Card Replacement
If for whatever reason this card is replaced then the following has to be carried out:
1) Configure jumper links

ii) Set card address
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iif) Download MINT program
Y1 ENCLOSURE, CARD POSITION X3

Part No.
107681

Description
STEP CONTROL PCB

Type
EuroStep Input/Output Control card

Purpose

Provides stepping and directional control for the stepper motors of each of the following:

Axis #0

X Fwd Screen Actuator
See Card X5 for driver
AXxis #1

X rear Screen Actuator
See Card X6 for driver

AXis #2
Y Screen Actuator
See Card X7 for driver

Card Address
Replacement of an existing board requires that the card address is configured

to slot address. The address is entered at the bit-switch in binary code.

Selectable Jumper Links

Input Range

Jumpers J2 and J3 configure the card to suit the input/output range expected for servo motor application.
Error Outputs

Jumper links JP2 to JP6 must set be made as shown in illustration.

Jumper links are used to select the output type for error messages.

An error output provides an error signal to an external circuit for the control of such devices as motors. An error
signal is given when the controller card detects an error such as a limit or a programming error. The error output
type refers to open collector, open emitter, or push pull. The active state is also selectable between 0 and +12V.
For this application, JP5 only is fitted.

JP5 only- Output pulled down to 0V when o0: Open emitter.

LED Display
Each card is fitted with a single LED (light emitting diode) display that indicates the current status of the card
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during operation. The display indicates either the board address or gives status information on the card. The

messages associated with normal operation and those giving indication of an error condition are set out below.

Table 2 - LED Display, Normal Operation
LED Display

Description

0- Card Address 1

1- Card Address 2

2- Card Address 3

3- Card Address 4

8- Servo powered up and idle
H- Axis is moving to home
P- Axis is moving to position
J- Jogging (Velocity) move

S- Axis stopped

Table 3 - LED Display, Error Condition
LED Display

Description

E- Software error

L- Axis control out of limits

-- Servo power o[

U- Pulse following error

8. Or blank- Voltage drop to below 4.85V (held in Reset)

NOTE: All above displays in Table 3 could have a full stop after
the character indicating that this is axis #1 being displayed.

Error Conditions
If an error occurs, the LED will alternatively display the error condition for each axis at 1 second intervals. As

there is only a single display, to indicate the axis that is at fault, a full stop will be displayed after the character.

Safety Stop- Input on pin a25 (controlled from PCIB40#2)
The STOP input to any controller card provides a controlled stop when asserted. The stop input
(Card pin a25) is active-high and is connected to from normally closed external switch. This

arrangement ensures failsafe operation. Stop condition is indicated as "S" on the LED display.
Card Communication RS 232
Each card is fitted with a serial interface either RS 232 or

RS 485. The serial port is set for the following configurations.

MINT transmits a carriage return/line feed <CR><LF> but

only expects a carriage return <CR> from the host terminal.

Although the MINT operation is normally performed via the Parallel data bus, the RS232 connections may also be
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used. Connections are brought out onto the 9-way D-Type connector on the front of the controller card.

See Manufacturer's data sheets or the Appendix 1 for details of connections.

Card Replacement

If for whatever reason this card is replaced then the following has to be carried out:
1) Configure jumper links

ii) Set card address

iif) Download MINT program

Each card is fitted with a single LED (light emitting diode) display
that indicates the current status of the card during operation.

Y1 ENCLOSURE, CARD POSITION X4

Part No.
107681

Description

STEP CONTROL PCB

Type

EuroStep Stepper Drive Controller Card

Purpose

Provides control for the stepper motors of each of the following:

Axis #0
Rear Squeegee
See Card X15 for driver.

AXis #1
Front Squeegee
See Card X14 for driver.

AXis #2

Paste Dispenser

See Card X8 for driver

Card Address

Note: The Card Address is 3 for Card Slot Position X4.

Replacement of an existing board requires that the card address is configured

to slot address. The address is entered at the bit-switch in binary code.
Selectable Jumper Links

Input Range

Jumpers J2 and J3 configure the card to suit the input/output range expected for servo motor application.
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Error Outputs
Jumper links JP2 to JP6 must set be made as shown in illustration.

Jumper links are used to select the output type for error messages.

LED Display

Each card is fitted with a seven segment LED (light emitting diode) display that indicates the current status of the
card during operation. The display indicates either the board address or gives status information on the card. The
messages associated with normal operation and those giving indication of an error condition are set out below.
Table 2 - LED Display, Normal Operation

LED Display

Description

0- Card Address 1

1- Card Address 2

2- Card Address 3

3- Card Address 4

8- Servo powered up and idle
H- Axis is moving to home
P- Axis is moving to position
J- Jogging (Velocity) move

S- Axis stopped

Table 3 - LED Display, Error Condition

LED Display

Description

E- Software error

L- Axis control out of limits

-- Servo power o[

U- Pulse following error

8. Or blank- Voltage drop to below 4.85V (held in Reset)

F- Maximum following error exceeded

E- Software error

L- Axis control out of limits

-- Servo power ol

U- Pulse following error

8. Or blank- Voltage drop to below 4.85V (held in Reset)

F- Maximum following error exceeded

NOTE: All above displays in Table 3 could have a full stop after the character indicating that this is axis #1 being
displayed.

Error Conditions

If an error occurs, the LED will alternatively display the error condition for each axis at 1 second intervals. As

there is only a single display, to indicate the axis that is at fault, a full stop will be displayed after the character.
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Safety Stop- Input on pin a25 (controlled from PCIB40#2)
The STOP input to any controller card provides a controlled stop when asserted. The stop input
(Card pin a25) is active-high and is connected to from normally closed external switch. This

arrangement ensures failsafe operation. Stop condition is indicated as "S" on the LED display.

Card Communication RS 232
Each card is fitted with a serial interface either RS 232 or

RS 485. The serial port is set for the following configurations.

MINT transmits a carriage return/line feed <CR><LF> but

only expects a carriage return <CR> from the host terminal.

Although the MINT operation is normally performed via the Parallel data bus, the RS232 connections may

also be used. Connections are brought out onto the 9-way D-Type connector on the front of the controller card.

See Manufacturer's data sheets or the Appendix 1 for details of connections.

Card Replacement

If for whatever reason this card is replaced then the following has to be carried out:
1) Configure jumper links

ii) Set card address

iif) Download MINT program

INSTALLING A MINT PROGRAM

Procedure

If the error message "Motor Comms Failure" appears in the Message Prompt Bar, then it

is likely one or more of the Optimized Control cards has failed to run its internal program.

There are four Optimized Control cards (numbered 0,1,2,3) in the machine system and each one has
its own internal program held in battery backed RAM. The battery, a rechargeable NiCad, is charged
when the machine is powered up and will retain memory for approximately 6 weeks if not recharged.
The procedure for downloading the MINT programs should be adhered to rigidly.

1. Enter into Maintenance by the use of the keyswitch and select Diagnostics, then highlight System by use of the
the Next or Prev keys.

2. Press Select Module then highlight Exit to DOS. Press Run

Diagnostics. The C:backslashPRINTER prompt will be displayed.

3. At the DOS prompt type, cdbackslashMINT then press return.
Type, LOAD, then press return. This will start the MINT program.

4. The Main Control Screen will display a menu bar.

Using the Auto Download option will automatically abort all four cards and then download the relevant files for each
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of the cards. Using the Manual Download will allow the user to abort the cards then establish communication link

between the Arcom PC and the Optimized Control Cards and then individual file download for each of the four cards.

The Manual Download can be used to establish which of the four cards that maybe at fault.

5. Use the Auto Download firstly and attempt to download the files. View the Control Screen while

down-loading the files to see if the cards have been aborted and that the link has been established.

6. Exit from the MINT Program then switch the machine o0 and wait for approximately 30 seconds.

7. Power up the machine and check that the machine will initialize correctly.

If the error is still repeated, then call the service personnel.

Y1 ENCLOSURE, CARD POSITION X5

Part No.
107682

Description
STEP DRIVE PCB

Type
RS Stepper Motor Drive Card

Purpose

Provides Drive for the Stepper motors of each of the following:
"X" Forward Screen Actuator.

(See Card X3 for controller details).

Card Configuration

No card configuration required. The card performs in full step mode when there is no connection to pin 25.

Y1 ENCLOSURE, CARD POSITION X6

Part No.
107682

Description
STEP DRIVE PCB

Type
RS Stepper Motor Drive Card

Purpose
Provides Drive for the Stepper motors of each of the following:

"X" Rear Screen Actuator.
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(See Card X3 for controller details).

Card Configuration

No card configuration required. The card performs in full step mode when there is no connection to pin 25.
Y1 ENCLOSURE, CARD POSITION X7

Part No.
107682

Description
STEP DRIVE PCB

Type
RS Stepper Motor Drive Card

Purpose

Provides Drive for the Stepper motors of each of the following:
"Y" Screen Actuator

(See X3 Eurostep card for the motor control)

Card Configuration

No Card Configuration is required. The card performs in full step mode when there is no connection to pin 25.

Y1 ENCLOSURE, CARD POSITION X8

Part No.
107682

Description
STEP DRIVE PCB

Type
RS Stepper Motor Drive Card

Purpose

Provides Drive for the Stepper motors of each of the following:
Paste Dispenser

(See X4 Eurostep card for the motor control)

Card Configuration

No Card Configuration is required. The card performs in full step mode when there is no connection to pin 25.

Y1 ENCLOSURE, CARD POSITION X9

Part No.
107683

Description
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LIMIT SWITCH CON.PCB

Type
Limit Switch Conditioner

Purpose

Provides singular logical output signal for any out of limits movement by the X or Y camera. The output signals
Limit 0/1 are used to stop X and Y camera drives.

Input

Y camera Home Limit

Output

LO

Y camera Away Limit

X camera Home Limit
Output
L1

X camera Away Limit

Indicators

Each channel is fitted with a LED indicator to indicate the status of the input. When the vane enters the hall elect
the output will be high. The output of the OR gate will be high and the buUer will be open circuit. The buler has
an open collector output and with a high input the current will be allowed to flow through the resistor and the led
illuminating.

Circuit Ref 107683

Card Configuration
No Card Configuration required.

Y1 ENCLOSURE, CARD POSITION X10

Part No.
110742

Description
SERVO AMPLIFIER

Type

Euroamp/8 Servo motor Drive Card

Purpose

Provides Drive amplifier to the DC Servo motor of the Print Carriage. For this application the amplifier is used to

convert the analog input voltage to a proportional output voltage and direction to drive the armature of the DC motor.

Indicators

Indicator lamps fitted to the edge of the board have the meanings set
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out in the Notes accompanying the illustration of the card Y1 X10.

Trimmers

All potentiometers are factory set and require no setting.

Selectable Jumper Links

Selectable Jumper links J1 through J4. Links have the following meaning:

J1 to J4 used to configure the amplifier as a velocity controller. Not used in this application.
J5 used to configure the output type for the error output signal.

Selectable Jumper Links

Selectable Jumper links J1 through J4. Links have the following meaning:

J1 to J4 used to configure the amplifier as a velocity controller. Not used in this application.

J5 used to configure the output type for the error output signal.

Safety Stop

External Enable Input Pin 2z (controlled from Y1, X1 and detected by PCIB40#4)
Enable (Pin 2z) provides immediate stop to drive motor (Enable is active low).

If Enable is left unconnected or connected to a voltage of between 5V to 12V, then the

current loop of the amplifier is disabled and zero current is delivered to the motor.

Auxiliary Supplies
The amplifier card is able to supply ancillary circuits from the on-board power

supply. These supplies remain active at all times. Not used in this application.

External Supplies

30 volts ac is used to supply the drive to the servo motors. This voltage is rectified on board to supply the d.c.
voltage required to power the servo motor.

Y1 ENCLOSURE, CARD POSITION X11

Part No.
110742

Description
SERVO AMPLIFIER

Type
Euroamp/8 Servo motor Drive Card

Purpose
Provides Drive amplifier to the DC Servo motor of the Rising table. For this application the amplifier is used to

convert the analog input voltage to a proportional output voltage and direction to drive the armature of the DC motor.
Indicators
Indicator lamps fitted to the edge of the board have the meanings set out in the Notes accompanying the illustration

of the card Y1 X11.
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Trimmers

All potentiometers are factory set and require no setting.

Selectable Jumper Links
Selectable Jumper links J1 through J4. Links have the following meaning:
J1 to J4 used to configure the amplifier as a velocity controller. Not used in this application.

J5 used to configure the output type for the error output signal.

Safety Stop

External Enable Input Pin 2z (controlled from Y1, X1 and detected by PCIB40#4)
Enable (Pin 2z) provides immediate stop to drive motor (Enable is active low).

If Enable is left unconnected or connected to a voltage of between 5V to 12V, then the

current loop of the amplifier is disabled and zero current is delivered to the motor.

Auxiliary Supplies

The amplifier card is able to supply ancillary circuits from the on-board power supply. These supplies remain active
at all times. Not used in this application.

External Supplies

30 volts ac is used to supply the drive to the servo motors. This voltage is

rectified on board to supply the d.c. voltage required to power the servo motor.

Y1 ENCLOSURE, CARD POSITION X12

Part No.
110742

Description
SERVO AMPLIFIER

Type
Euroamp/8 Servo motor Drive Card

Purpose

Provides Drive amplifier to the DC Servo motor of the "X" Camera Carriage. For this application the amplifier is
used to convert the analog input voltage to a proportional output voltage and direction to drive the armature of the
DC motor.

Indicators

Indicator lamps fitted to the edge of the board have the meanings set

out in the Notes accompanying the illustration of the card Y1 X12.

Trimmers

All potentiometers are factory set and require no setting.

Selectable Jumper Links

Selectable Jumper links J1 through J4. Links have the following meaning:
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J1 to J4 used to configure the amplifier as a velocity controller. Not used in this application.

J5 used to configure the output type for the error output signal.

Safety Stop

External Enable Input Pin 2z (controlled from Y1, X2 and detected by PCIB40#4)

Enable (Pin 2z) provides immediate stop to drive motor (Enable is active low).

If Enable is left unconnected or connected to a voltage of between 5V to 12V, then the current loop of the amplifier
is disabled and zero current is delivered to the motor.

Auxiliary Supplies

The amplifier card is able to supply ancillary circuits from the on-board power

supply. These supplies remain active at all times. Not used in this application.

External Supplies
30 volts ac is used to supply the drive to the servo motors. This voltage is

rectified on board to supply the d.c. voltage required to power the servo motor.

Y1 ENCLOSURE, CARD POSITION X13

Part No.
110742

Description
SERVO AMPLIFIER

Type

Euroamp/8 Servo motor Drive Card

Purpose

Provides Drive amplifier to the DC Servo motor of the "Y" Camera Carriage.
For this application the amplifier is used to convert the analog input voltage to a

proportional output voltage and direction to drive the armature of the DC motor.

Indicators
Indicator lamps fitted to the edge of the board have the meanings set

out in the Notes accompanying the illustration of the card Y1 X13.

Trimmers

All potentiometers are factory set and require no setting.

Selectable Jumper Links

Selectable Jumper links J1 through J4. Links have the following meaning:

J1 to J4 used to configure the amplifier as a velocity controller. Not used in this application.
J5 used to configure the output type for the error output signal.

Safety Stop

External Enable Input Pin 2z (controlled from Y1, X2 and detected by PCIB40#4)

Enable (Pin 2z) provides immediate stop to drive motor (Enable is active low).
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If Enable is left unconnected or connected to a voltage of between 5V to 12V, then the

current loop of the amplifier is disabled and zero current is delivered to the motor.

Auxiliary Supplies
The amplifier card is able to supply ancillary circuits from the on-board power

supply. These supplies remain active at all times. Not used in this application.

External Supplies

30 volts ac is used to supply the drive to the servo motors. This voltage is rectified on board to supply the d.c.
voltage required to power the servo motor.

Y1 ENCLOSURE, CARD POSITION X14

Part No.
E6949

Description
SD2 STEPPER DRIVE

Type
Digiplan SD-2 Motor Drive Card

Purpose

Provides Drive for the step motor of the Front Squeegee
See Card x4 for controller.

Y1 ENCLOSURE, CARD POSITION X15

Type
Digiplan SD-2 Motor Drive Card

Part No.
E6949

Description
SD2 STEPPER DRIVE

Purpose

Provides Drive for the step motor of the Rear Squeegee.
See Card x4 for controller.

Y1 ENCLOSURE, CARD POSITION X16

Type
Digiplan SD-2 Motor Drive Card

Part No.
E6949

-51 -



Description
SD2 STEPPER DRIVE

Purpose

Provides Drive for the step motor of the Moving Rail.
See Card x4 for controller details.

Y2 ENCLOSURE, CARD POSITION X1

Type
Arcom SCB34 Signal Conditioning Board

Part No.
107684

Description
BRIDGE DRIVER PCB

Purpose

Provides the processor with optically isolated fixed or variable output drives to various process functions.

Where the output function is single valued, either On/OU the processor provides a signal at the ON input to the
card. The card optically isolates the signal and switches the required full power to the output device.

If the output device requires variable output power, for example setting a required

speed of a transfer belt. The processor signals the appropriate Channel SLOW

input, and the card switches a pulse width modulated power output to the device.

The magnitude of the output power is determined by the setting of a Channel trimmer pot. The trimmer sets
the gating of the output pulse train of an on-board oscillator. The resulting modulated train of pulses is then used

to switch the output stage and the average power delivered to the device is in proportion to the pulse width.

Details of the adjustment to the trimmers is described in Chapter 7- Calibrations and Settings.

Functions controlled by Card Y2, X1:

RISING TABLE BRAKE

X CARRIAGE CLAMP

Y CARRIAGE CLAMP

SCREEN CLEAN PUMP

CLEANER HOME CLAMP

HEAD LATCH CLAMP

All functions listed are ON/OFF type ie the ON signal only is used.

Card Address Links (Group Address)
All cards in Enclosure Y2 are accessed by the Processor bus (a visible 50 way ribbon cable that links all cards

-52 -



in the enclosure) Correct card identification is achieved by configuring each card to a unique address. The
address is determined by the settings of the links on PL3, PL4, PL5, PL6. The required linking may be achieved

either by removable links or by fitting a purpose-made connector with prepared wire wrapped linkages.

Links that define Group Address 1 G 0 (this card Y2 X1) are given in the accompanying illustration.

Reference Voltage
The on board Reference-supply generator is not used in this application, and therefore adjustment is not required.
Y2 ENCLOSURE, CARD POSITION X2

Type
Arcom SCB34 Signal Conditioning Board

Part No.
107684

Description
BRIDGE DRIVER PCB

Purpose

Provides the processor with optically isolated fixed or variable output drives to various process functions.

Where the output function is single valued, either On/O0 the processor provides a signal at the ON input to the
card. The card optically isolates the signal and switches the required full power to the output device.

If the output device requires variable output power, for example setting a required

speed of a transfer belt. The processor signals the appropriate Channel SLOW

input, and the card switches a pulse width modulated power output to the device.

The magnitude of the output power is determined by the setting of a Channel trimmer pot. The trimmer sets
the gating of the output pulse train of an on-board oscillator. The resulting modulated train of pulses is then used

to switch the output stage and the average power delivered to the device is in proportion to the pulse width.

Details of the adjustment to the trimmers is described in Chapter 7- Calibrations and Settings.

Functions controlled by Card Y2, X2:

VACUUM VALVE

TOOLING HEATERS

CARTRIDGE TILT MOTOR-

CARTRIDGE TILT MOTOR+

SCREEN DRIVE MOTOR-

SCREEN DRIVE MOTOR+

TOOLING PRESSURE SOLENOID

CHASE CLAMP

All functions listed are ON/OFF type ie the ON signal only is used.
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Card Address Links (Group Address)

All cards in Enclosure Y2 are accessed by the Processor bus (a visible 50 way ribbon cable that links all cards
in the enclosure) Correct card identification is achieved by configuring each card to a unique address. The
address is determined by the settings of the links on PL3, PL4, PL5, PL6. The required linking may be achieved

either by removable links or by fitting a purpose-made connector with prepared wire wrapped linkages.

Links that define Group Address 1 G 0 (this card Y2 X1) are given in the accompanying illustration.

Reference Voltage
The on board Reference-supply generator is not used in this application, and therefore adjustment is not required.
Y2 ENCLOSURE, CARD POSITION X3

Type
Arcom SCB34 Signal Conditioning Board

Part No.
107684

Description
BRIDGE DRIVER PCB

Purpose

Provides the processor with optically isolated fixed or variable output drives to various process functions.

Where the output function is single valued, either On/O0 the processor provides a signal at the ON input to the
card. The card optically isolates the signal and switches the required full power to the output device.

If the output device requires variable output power, for example setting a required

speed of a transfer belt. The processor signals the appropriate Channel SLOW

input, and the card switches a pulse width modulated power output to the device.

The magnitude of the output power is determined by the setting of a Channel trimmer pot. The trimmer sets
the gating of the output pulse train of an on-board oscillator. The resulting modulated train of pulses is then used

to switch the output stage and the average power delivered to the device is in proportion to the pulse width.

Details of the adjustment to the trimmers is described in Chapter 7- Calibrations and Settings.

Functions controlled by Card Y2, X3:

TRI COLOR BEACON RED

TRI COLOR BEACON AMBER

TRI COLOR BEACON GREEN

CLEANER PAPER FEED SOLENOID

TOP CAMERA SHUTTER SOLENOID
BOTTOM CAMERA SHUTTER SOLENOID
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BOARD STOP SOLENOID
SOFT EMERGENCY STOP
All functions listed are ON/OFF type ie the ON signal only is used.

Card Address Links (Group Address)

All cards in Enclosure Y2 are accessed by the Processor bus (a visible 50 way ribbon cable that links all cards
in the enclosure) Correct card identification is achieved by configuring each card to a unique address. The
address is determined by the settings of the links on PL3, PL4, PL5, PL6. The required linking may be achieved

either by removable links or by fitting a purpose-made connector with prepared wire wrapped linkages.

Links that define Group Address 1 G 2 (this card Y2 X3) are given in the accompanying illustration.

Reference Voltage
The on board Reference-supply generator is not used in this application, and therefore adjustment is not required.
Y2 ENCLOSURE, CARD POSITION X4

Type
Arcom SCB34 Signal Conditioning Board

Part No.
107684

Description
BRIDGE DRIVER PCB

Purpose

Provides the processor with optically isolated fixed or variable output drives to various process functions.

Where the output function is single valued, either On/O0 the processor provides a signal at the ON input

to the card. The card optically isolates the signal and switches the required full power to the output device.

If the output device requires variable output power, for example setting a required speed of a transfer belt. The
processor signals the appropriate Channel SLOW input, and the card switches a pulse width modulated power
output to the device.

The magnitude of the output power is determined by the setting of a Channel trimmer pot. The trimmer sets
the gating of the output pulse train of an on-board oscillator. The resulting modulated train of pulses is then used

to switch the output stage and the average power delivered to the device is in proportion to the pulse width.
Details of the adjustment to the trimmers is described in Chapter 7- Calibrations and Settings.

Functions controlled by Card Y2, X4:

CARTRIDGE SEAL SOLENOID

DISPENSE PRESSURE SOLENOID

SCREEN DRIVE COUPLING RIGHT SOLENOID
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SCREEN DRIVE COUPLING LEFT SOLENOID
BOARD CLAMP SOLENOID

SCREEN REAR STOP SOLENOID

SCREEN FRONT STOP SOLENOID

SCREEN CLAMP SOLENOID

All functions listed are ON/OFF type ie the ON signal only is used.

Card Address Links (Group Address)

All cards in Enclosure Y2 are accessed by the Processor bus (a visible 50 way ribbon cable that links all cards
in the enclosure) Correct card identification is achieved by configuring each card to a unique address. The
address is determined by the settings of the links on PL3, PL4, PL5, PL6. The required linking may be achieved

either by removable links or by fitting a purpose-made connector with prepared wire wrapped linkages.

Links that define Group Address 1 G 3 (this card Y2 X4) are given in the accompanying illustration.

Reference Voltage
The on board Reference-supply generator is not used in this application, and therefore adjustment is not required.
Y2 ENCLOSURE, CARD POSITION X5

Type
Arcom SCB34 Signal Conditioning Board

Part No.
107684

Description
BRIDGE DRIVER PCB

Purpose

Provides the processor with optically isolated fixed or variable output drives to various process functions.

Where the output function is single valued, either On/O0 the processor provides a signal at the ON input to the
card. The card optically isolates the signal and switches the required full power to the output device.

If the output device requires variable output power, for example setting a required

speed of a transfer belt. The processor signals the appropriate Channel SLOW

input, and the card switches a pulse width modulated power output to the device.

The magnitude of the output power is determined by the setting of a Channel trimmer pot. The trimmer sets
the gating of the output pulse train of an on-board oscillator. The resulting modulated train of pulses is then used
to switch the output stage and the average power delivered to the device is in proportion to the pulse width.

Details of the adjustment to the trimmers is described in Chapter 7- Calibrations and Settings.

Functions controlled by Card Y2, X5:
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HEAD LIFT DOWN (VR1)

HEAD LIFT UP

FRONT BELT MOTOR FORWARD (VR3)

FRONT BELT MOTOR REVERSE (VR4)

REAR BELT MOTOR FORWARD (VR5)

REAR BELT MOTOR REVERSE (VR6)

Functions listed include those where a visible output is required. (Front/Rear

belts). Remaining functions are ON/OFF type ie the ON signal only is used.

Card Address Links (Group Address)

All cards in Enclosure Y2 are accessed by the Processor bus (a visible 50 way ribbon cable that links all cards
in the enclosure) Correct card identification is achieved by configuring each card to a unique address. The
address is determined by the settings of the links on PL3, PL4, PL5, PL6. The required linking may be achieved

either by removable links or by fitting a purpose-made connector with prepared wire wrapped linkages.

Links that define Group Address 2 G 0 (this card Y2 X5) are given in the accompanying illustration.

Reference Voltage
The on board Reference-supply generator is not used in this application, and therefore adjustment is not required.
Y2 ENCLOSURE, CARD POSITION X6

Type
Arcom SCB9 Processor Input Signal Conditioning Board

Part No.
107686

Description
OPTO ISOLATOR I/P PCB

Purpose

Provides opto isolation of the process signals from Personality Card X8 to the processor.

Circuit
Inputs to the card are signals from the process, for this card these are the outputs from the Personality Card Y2,
X8, are routed via this card for opto isolation prior to further routing to the processor.

Noise filtering is available for conditioning each incoming signal.

Y2 ENCLOSURE, CARD POSITION X7

Type
Arcom SCB 40 Processor Output Signal Conditioning Board

Part No.
112389
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Description
OPTO ISOLATOR O/P PCB

Purpose

Provides for the following:

1. Opto isolation of processor signals to the External Machine Interface Communications (Up-line/Down-line)

2. Opto isolation of processor signals to the Screen Changer.

3. Opto isolation of processor signals to the Personality Card.

Circuit

The accompanying illustration shows a simplified diagram of the circuit function. See the Arcom System Manual

for a fully detailed circuit diagram. Signals from the processor are routed via opto isolators to the process.

Y2 ENCLOSURE, CARD POSITION X8

Type
Interface Personality Card

Part No's.

112045- Base card

112165- SMPI1/(Universal)
112166- SMEMA

112167- Fuiji

113079- Fuji download only
112416- TDK

112417- Dynapert

112008- Sanyo

112418- Siemens
Description

INTERFACE PERSONALITY CARD

Purpose
Personality cards are interfacing boards configured to adapt the

screen printer to function in cooperation with External Machines.

The screen printer requires to communicate using the interfacing standard of the EXTERNAL MACHINE.

The machine is configured for specific interfaces using the relevant personality card, as listed above.

NOTE: Up and Downline interfaces must be of the same type

Features

This card provides the following features for configuring specified external Machine Interfaces:

1. INTERFACING ADDRESSING

- 58 -



Each external machine interface type is assigned a unique coding by the setting of the bit link 1 to 4. For example
the Sanyo link is recognized by the presence of a link at bit 2.

2. CURRENT LIMITING FOR 24V SYSTEMS

For Interfaces that require 24V signal lines, resistors can be fitted to the signal lines of the External

machine Interface (Upline/Downline) and the Screen Changer Option to limit the signal current. Wire links

would replace the resistors on the same signals for 12V systems where no current limiting is required.

3. ON BOARD 12V SUPPLY FOR EXTERNAL VLED ACTIVATION
The normal board supplies are +24V. On board +12V supplies are available for powering VLED

(diode) in external opto diode cards, used for signal isolation within the interfacing process.

4. ISOLATED VOLT-FREE TRANSISTOR SWITCHING
Where the requirement is for volt-free transistor switch to the External Machine, provision

has been made for up to four such switches (IC's 1 to 4). (This applies to the SMEMA.Iinterface).

Where such transistor switching is not required, IC 1 to 4 and the associated resistors RP 1 are not fitted. Wire
links are fitted as illustrated to provide alternative linking when specified by the selected protocol.

CHAPTER 7

CALIBRATIONS AND SETTINGS

CALIBRATIONS

BELT SPEED
The front and rear belts are driven independently by two variable speed motors. It is

necessary to calibrate these motors so that they drive at the same speeds in either direction.

The speed is measured using a tachometer on the center of the input or output pulley and should be adjusted

to 300RPM by using four potentiometers on the SCB34 card in the electronics enclosure Y2, position X5.

The potentiometers and functions are listed below.
1. Select Diagnostics then the System module. Highlight the Display Digital
Inputs module. A pop up window will be displayed listing the PCIB40's.

2. Select PCIB40#2 G1 to display a window containing the slow speed selection for the belt speed motors. Toggle
each belt motor slow speed to ON. Exit from this window.

3. Select PCIB40#2 GO, and another window will be displayed showing the options of switching on/o0 the

belt motors. Select the relevant motor to be adjusted and set the relevant potentiometer to achieve a factory

setting of 300RPM (470mm/s). This setting can be adjusted to achieve specific customer requirements

1) Front Belt Forward VR3
ii) Front Belt Reverse VR4
iii) Rear Belt Forward VR5
iv) Rear Belt Reverse VR6

4. When motor settings have been achieved Exit from this module. This
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completes the calibration, Exit from diagnostics or select another module.

PRINT HEIGHT

This setting is used to maintain correct gap calibration after table sensor replacement or adjustment. As the table
height also allects the pressure applied by the squeegee, pressure errors can be caused by the rising table height
calibration. After this procedure reset the pressure reference heigtht.

NOTE

To set the printer reference height then a board must be used. Use the board which has the process parameters

already set up. The key parameters, Board Thickness and Print Gap. The print gap should be set to Omm.

1. Fit the screen.
2. Power up the machine and allow it to initialize.

3. Select 'Set-Up' followed by 'Edit Data'.Check and adjust if necessary, Board Thickness and Print Gap to Omm.

4. Press Exit then Exit again. Select Maint then Diagnostics.
5. Select and run Rising Table and Home Rising Table.

6. Place the board on the rails and slide to a central position. Select and run Raise Table to Vision Height.

7. Select and run Table to Print Height.

8. Select and run 'Drive Table Using Jog Buttons'.

9. Using the jog buttons raise or lower the table until the top of the tooling clamps are just in contact with the screen.
10. Select and run 'Set Reference Print Height' and 'Confirm' the new height.

This completes the Print Height calibration. Stage 4 of the pressure calibration should now be carried out.

Exit Diagnostics and initialize the machine, or select another diagnostic module, if required.

SQUEEGEE PRESSURE

The pressure calibration is carried out in Stages 1-4 as detailed below. Prior to

commencement of the calibration select the relevant stages from the calibration summary.

NOTE
Ensure the rising table Print Reference Height is set correctly before commencing

as Stage 4 of the calibration relies on accurate positioning to make a reference.

To calibrate the squeegee pressure a calibration kit is required.

Calibration Summary
Stage 1 - Set up the amplifier card, +5V (RV3) for load cell excitation voltage, (use

this stage if the load cell has been replaced or the amplifier card has been replaced).

Stage 2 - Setting of the transducer 'pre-load’ set screw, (use this stage if the load cell has been replaced).
Stage 3 - Set the linearity of the amplifier card (RV2 Gain, RV4
OUset), (use this stage if the amplifier card has been replaced)
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Stage 4 - Set the squeegee reference height. This is a reference point from which the machine
calculates how many steps it must drive to achieve the demanded pressure, (use this if the

rising table sensors have been replaced or adjusted and if new squeegees have been fitted)

Select the necessary Stages to suit

Machine Preparation
1. Remove the screen if fitted.
2. Switch on the machine and allow to initialize.

3. Remove the cover from the printhead taking care to remove wires from the access cover safety switch.

Stage 1 - Load Cell Voltage (+5V)

1. On the pressure amplifier card monitor between +V and -V with a DVM, Figure 4 refers. This reading should be
+5V dc +/-50mV. Adjust RV3 if necessary.

Stage 2 - Transducer Pre-Load Set Screw

1. Loosen the pre-load set screw locking nut. Place a 3.6 Kg load on top of the pressure

assembly. Adjust the set screw so that there is a 1.0-1.5mm gap between the print carriage

and the pressure assembly. Lock the set screw in this position. This will ensure that the

load cell and set screw will not separate when the maximum squeegee weight is used.

2. Remove the load from the pressure assembly.

Stage 3 - Pressure Amplifier Setting (Linearity)

NOTE

Levelling the weights is a critical part of the operation as the machine uses the set step positions

to calculate how many steps are requiered for a 1 Kg of pressure change (Pressure Factor).

1. Ensure that the rising table is clear of any support pins etc. Select MAINT then Calibrate Pressure.
2. Assemble the calibration fixture and the nosepiece on to the machine.

Using the Incr/Decr button bring the nosepiece into contact with the balance.

3. Adjust the pressure amplifier OOset so that the pressure display = 0.0Kg.

4. Select the 5 Kg option using the Next button. Place a 5Kg load onto the

balance and using the Incr/Decr level the balance accurately (use a bubble level).

5. Adjust the pressure amplifier Gain (RV2) so that the pressure display = 5Kg +/-0.2Kg.

6. Remove the 5Kg load and select the Okg option using the Prev button

7. Adjust the pressure amplifier OOset (RV4) so that the pressure display = 0.0Kg.

8. Select the 15Kg option using the Next button and place a 15Kg load
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onto the balance. Using the Incr/Decr level the balance accurately.

9. Adjust the pressure amplifier Gain so that the pressure display = 15Kg +/-0.2Kg.

10. Remove the 15Kg load and select the 0Kg option using the Prev button.

11. Repeat steps 3 to 10. When the correct balance has been achieved continue on the next step.
12. Remove the nosepiece and calibration fixture.

13. Adjust pressure amplifier OOset (clockwise) so that the pressure display = 3.6Kg +/-0.2Kg.

14. Check that a light downward force on the pressure mechanism decreases

the pressure display. If not then repeat step 13 until this step is achieved.

15. Ensure that the rising table area is clear of any tools etc.

and Press Exit. The Printer Configuration File will be updated.

Stage 4 - Squeegee reference height setting

1. Ensure the machine has initialized, if not then power o0 then on and allow machine to initialize.

2. Select Diagnostics and fit a screen to the chase and the standard squeegees to the front and rear carriers.

3. Select and run the Rising Table. Insert a board approximately in the center of the machine. Ensure there are
board support pillars fitted.

4. Select and run Raise Table to Vision Height.

5. Select and run Raise Table to Print Height. Exit the Rising Table diagnostic.

6. Select and run Print Carriage diagnostics. Home the print carriage then position the carriage

using Drive Carriage Using Jog Buttons, so that the squeegees are placed centrally about the board

width. Right jog button moves the carriage towards the front. Exit the Print Carriage diagnostic.

7. Select and run the Squeegee diagnostic. Nome the front and rear squeegees. Select

Front Squeegee To Dwell Height and then select Rear Squeegee to Dwell Height.

8. Select and run Drive Rear Squeegee Using Jog Buttons. Right button will drive
the squeegee downwards. Press and hold the right hand button until the squeegee

stops driving. The message prompt bar will display 'Squeegee at Movement Limit..

9. Select and run the Calibrate Rear Squeegee Print Height. Run Diagnostic and the Menu Bar will change to

display Confirm. Pressing Confirm will update the Printer Configuration File. Select and run Home Rear Squeegee.

10. Repeat the steps 8 to 9 using the front squeegee options.
This completes the Pressure calibration. Exit Diagnostics and

initialize the machine, or select another diagnostic module if required.
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A trial run can be carried out by fitting the squeegees and a screen and running a board through the
machine. Cycle the board checking to see if there are pressure errors reported. The error reported should

only be once if at all, as the system is closed loop and therefore will compensate for any error discrepancy.

VISION SYSTEM CALIBRATION

Summary

For the vision alignment to function accurately a calibration of the system is required. This should be

carried out by the maintenance personnel at the required period and at the installation of the machine.

The calibration of the vision system is carried out in three stages using a calibration screen, containing 25 equally
spaced fiducials and a calibration board (plain copper cladded).

The first stage, Calibrate Olset is to compensate for any optical discrepancies between viewing up and

down of the telecentric camera. This is achieved by printing the calibration screen and measuring the

dilerences between the centroid of the screen fiducials and the centroid of the printed fiducials. The

average of these dillerences are calculated and are recorded and used as part of the calibration data.

The second stage, Calibrate Vision, details the calibration of X, Y and Theta.

Calibration Video X, Y calculates the screen movement in pixel values. This is
achieved by looking up at the calibration screen fiducials and moving the screen

in the X and Y directions for each of the 25 fiducials by a fixed amount (2mm).

The movements are calculated for each fiducial and the mean taken. This

average screen movement is recorded and used as part of the calibration data.

Calibration Theta calibrates the screen theta movement. The camera will select three screen
fiducials and the screen will move in theta (using the two x axis implementing +2mm in X rear
and -2mm in x forward to achieve the theta movement). The movements are calculated for

each fiducial and the average taken. The data will be recorded and the calibration is complete.

Calibration Procedure

The sequence of calibration is as follows:

a) Select Set-Up and use Load Data and recall the CALIBRA file.

B) Insert the calibration screen and board and adjust if necessary the rough alignment of the screen to board.
C) Adjust the print parameters so that a good print quality of the calibration fiducials is achieved.

D) Use the Maint function and select the vision calibration modes.

These modes should be used in sequence and are as follows:

Stage 1 - Calibrate OUset
Stage 2 - Calibrate Vision

Machine Preparation
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Power up machine press green System button and allow to initialize. The Main Control
Screen and the Main Menu Bar will be displayed. If the machine is already running and

is in a dilerent menu then press Exit repeatedly until the main Menu Bar is displayed.

Switch the diagnostic key ON (clockwise) so as to display the Maint function.

Stage 1- Calibrate Olset

1. Press Set-Up button(F6) and the menu bar will change to show the functions available.

2. Push the Mode key until Auto is displayed on the Main Control Screen.

3. Press the Change Squeegee button to drive the print carriage rearwards and raise the squeegee mountings.

4. Raise the top access cover and fit the 535mm squeegees.

5. Press Change Screen. If there is no screen fitted then the message displayed in the screen will be 'Insert Screen'.

If a screen is present then the machine will eject it, displaying the 'Remove Screen' in the Message Prompt Bar.

6. Lower the front access cover and insert the calibration screen so that the front edge
of the screen frame is about flush with the panelling on the machine. Close the cover

and press Change Screen and the screen will be automatically loaded into the machine.

7. Press Exit button and the Menu Bar will change to display the following.
8. A quantity of paste needs to be dispensed onto the screen so that the machine

can print the 25 fiducials required to complete the Calibrate OUset routine.

Paste can be applied by one of the two available methods:
1) automatically from the paste cartridge using the Auto Dispens function.

li) manually onto the screen from the pot using the Manual Load function.

9. Press Paste Load to enter the paste application menu bar displayed

below and using either method apply sullcient paste to the screen.

10. Press the Exit button, then the Set-Up key and the Menu Bar will change. Press the Load Data
button and a pop-up window will be displayed on the Main Control Screen listing the Data Files

currently stored on the hard disk. The Menu Bar will change to show the functions available.

11. Using the Left, Right, Up and Down buttons highlight the CALIBRA data file. This data file contains
the printing parameters and board information required by the vision calibration routine. The parameters

contained within this file are set so that an initial print will be carried out with minimum user intervention.
Press the Load key and the data file will be transferred into the working parameters page.

12. Using the Next and Prev keys will highlight the parameter that is required for editing. The

Incr and the Decr keys will cycle through fixed options or alter the highlighted parameter value.

-64 -



If the settings are satisfactory then press the EXxit button, if not then alter the settings so that the print
parameters are adjusted to enable a print to be carried out on the blank calibration board. Press Save

key to store the data file to hard disk, then press Exit button twice to return to the previous Menu Bar.

13. Press Change Tooling then Head. Raise the printhead under two button

control. Press Board Width and position the rear rail using the two button control.

Equally space 25 support pillars about the 20" print area. Press Head

and lower the printhead using two button control. Press Exit twice.

14. Insert the blank calibration board and support pillars into the machine. Press

the Maint key and the Menu Bar will change to show the options available.

15. Press the Calibrt OOset key. The Menu Bar will change displaying the options available.

16. Press Set-Up OK key and the Menu Bar will change to show the options available.

17. Select the relevant camera axis using the Next/Prev keys. Using the Incr/Decr keys and
viewing the vision monitor, position the screen fiducial so that it is placed centrally about the
box displayed on the vision monitor. On completion of the positioning of the first fiducial, press

Step and repeat the same exercise for the second and third fiducial. Press Step to continue.

The machine will continue and carry out the print cycle printing the 25 fiducials.

18. The camera will move sequentially around the printed area looking down at
the printed fiducial and then looking up at the screen fiducial and measuring the

dilerence. When the cycle has been completed remove the calibration board.

During the cycle, if at any time the printed fiducials are not satisfactory as they are

viewed on the vision monitor then press Exit, the board will be ejected and start again.

NOTE

If for any reason the camera cannot locate the screen on board fiducial (except for poor prints) then press the
Fiducial Set-Up key and re-learn the fiducial, (refer to Operator Manual, Chapter 5 New Product Set-Up, Stage 5A
for details on setting up the Fiducial Recognition Strategy).

Press Retry and the sequence will continue and will not have any detrimental elJect to the calibration.
Stage 2 - Calibrate Vision

At this point the screen will probably need cleaning due to solder paste.

1. Press Exit repeatedly until the main menu bar is displayed.

Press the Clean Screen button to initiate the screen cleaning cycle.

2. Press the Set-Up button and push the mode button until Auto

is displayed on the main control screen, then press Exit button.
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3. Press the Maint key then the Calibrt Vision key and the Menu Bar will change showing the options available.

4. Press the Screen OK button and the camera will position itself

on the first screen fiducial. The following sequence will be initiated:

a) The camera will view and locate the first of the 25 screen fiducials.

B) The screen will move +2mm in the X axis and then locate the screen fiducial.

¢) The screen will then move +2mm in the Y axis and then locate the screen fiducial.

D) The camera will then move to the next fiducial and repeat the

above sequence until all of the screen fiducials have been covered.

E) The camera will view and locate the first of 3 from the 25 screen fiducials.

F) The screen will move +2mm in the X forward axis, -2mm in the

X rear axis (Theta movement) and then locate the screen fiducial.

G) The camera will then move to the next fiducial and repeat the above

sequence until all three of the screen fiducials have been covered.

H) The camera will view and locate the fiducial 25 times without moving to check repeatability of capture.

This completes the Vision calibration

NOTE

If for any reason the camera cannot locate the screen on board fiducial (except for poor prints) then press the
Fiducial Set-Up key and re-learn the fiducial, (refer to Operator Manual, Chapter 5 New Product Set-Up, Stage 5A
for details on setting up the Fiducial Recognition Strategy).

Press Retry and the sequence will continue and will not have any detrimental elJect to the calibration.

VISION HEIGHT

This setting is used to maintain correct vision focus for screen and board

fiducials after camera maintenance, rising table sensor placement/adjustments.

NOTE
To set the vision reference height then a board must be used. Use the board which has the process

parameters already set up. The key parameters are Board Thickness and Fiducial Positions.
This procedure is carried out in two stages. The first stage is used only if the camera optics need adjusting. If this
stage is used then the vision needs to be calibrated.

Machine Preparation - Use this to start the procedure.

Screen Focus - Use this only if the camera focus for the screen needs adjusting (look up).
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Board Focus - Use this only if adjustment or sensor replacement of the

Rising Table has been made or the rail to the table height has been adjusted.
Machine Preparation

1. Fit a screen then power up the machine and allow it to initialize. Select
Set-Up followed by Edit Data. Check and adjust if necessary, Board Thickness.
2. Press Exit then Exit again. Select Maint then Diagnostics.

3. Select 'Camera Axis' diagnostic.

Screen Focus
1. Home both X and Y Camera AXis.

2. Run 'Look Up' diagnostic.
3. Use the 'Move Camera X axis using Jog Buttons' and 'Move Camera Y Axis using Jog Buttons'

until a feature is in the field of view of the camera (this feature can be seen on the monitor).

4. Loosen screw, (Figure 5 refers) and slide to adjust the focus on

the camera lens until a clear picture is displayed on the monitor.

Board Focus

1. Select and run Rising Table diagnostics and Home Rising Table. Exit, select and run Camera Axis module.

2. Place the board on the rails and slide to a central position. Home both X and Y Camera Axis.

3. Select and run Camera to Fiducial 1 Position. Select and run Toggle

Look Down. Exit this diagnostics and return to Rising Table diagnostics.
4. Select Raise Table to Vision Height and run this diagnostic.

5. Select and run 'Drive Table Using Jog Buttons'.

6. Using the left or right jog buttons, raise or lower the table until the
fiducial is in focus. Ensure that the board stop does not foul the rails.

7. Select and run 'Set Reference Vision Height' and 'Confirm' the new height.

This completes the Vision Height calibration. Exit Diagnostics and

initialize the machine, or select another diagnostic module if required.

HOME SETTINGS

X & Y CAMERA CARRIAGE
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The X/Y camera carriage has to travel to its respective home positions upon

machine initialization. Two limit switches are fitted to detect carriage overtravel.

NOTE:
Limit switches are fitted to machines manufactured prior to October '92. Machines after this date are devoid of
limit switches and conditioning card.

Initial Setting of Y Direction Sensors (required only if sensors have been replaced)

1. The setting of the front limit hall eJect is 125mm from the front edge of the machine.
2. The setting for the rear limit and home hall efJect switches is 855mm from the front edge of the machine.
3. With the machine o, move the camera to the front and rear of the

machine to ensure the vane does not foul any of the hall elJect switches.

Initial Setting of X Direction Sensors (required only if sensors have been replaced)
The three hall eJect switches in the X direction have no adjustment and so they only

need to be mechanically set so as not to foul the vane which passes through them.

Testing of Sensors
Power up the machine with no motor power switched on. Connect a meter between the green lead (+)
and black lead (-) of the X, Y Home hall elect in turn. Move the camera carriage by hand and ensure that

each hall efJect changes state (0-5v) as the vane passes through the slot. Disconnect and remove the meter.

Move the carriage in both axis so that the limit switches are made and check that the

LED's on X9, Y1 (middle of the four) illuminate when the switches detect the vane.

X, Y Camera Home Positioning
1. Select Diagnostics and switch on motor power. Enter '‘Camera System' diagnostic
and Home both X and Y axis. The camera will move to the home hall elects and

then reverse out until the first index pulse of the encoder is seen by the control card.

2. Release the Y servo motor from its drive belt. With motor pulley now disengaged, move the camera carriage

by hand until a gap 28-30mm is measured between the camera carriage and the Y axis carriage support member.
3. Release the X direction left-hand pulley by slackening the sliding member screws and remove
the belt from the pulleys. Re-position the camera carriage until a distance of 134-139mm is

measured in the X direction from the board stop assembly to the Y axis carriage support member.

4. Carefully refit and tension the belts. Tighten the belt tensioning

member and motor screw. Re-check dimensions and repeat if necessary.

5. Re-position the X and Y vanes so as to be just outside (1-2mm) of the home hall eCects.

6. Home both X and Y axis. Check that the vanes stop within 2mm of leaving

the hall efect and the home position is within 2mm of the required setting.
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This completes the mechanical home set-up for the camera carriage.
X, Y REFERENCE POSITIONS

The X y reference position needs to be set following any home adjustments, as follows:

1. Select Drive to Reference Position
2. Adjust the camera position by selecting Move Camera X or Y Axis

using Jog Buttons so that it is placed centrally about the box displayed.

3. Select Set Reference Position then Confirm.

This completes the X, Y Camera Axis positioning. Exit Diagnostics and allow the machine to initialize.

PASTE DISPENSER SENSORS

Three sensors are used on the dispenser. These are the horizontal and vertical positions for the dispenser and

the home position for the carriage. The physical hard stops are set for true vertical and horizontal positions.

Preparation

Ensure that there is no paste cartridge fitted. Enter Diagnostics and select Paste Dispense.

Setting the Vertical Sensor

After setting the hard stop for a true vertical position place a 0.5mm feeler gauge between the stop
and the adjuster. Set the vane so as to just trigger the hall ellect by watching the appropriate sensor

change state on the monitor. Lock the vane in this position, ensuring the vane does not foul the switch.

Setting the Horizontal Sensor
After setting the hard stop for a true horizontal position place a 0.5mm feeler gauge between the stop
and the adjuster. Set the vane so as to just trigger the hall elect by watching the appropriate sensor

change state on the monitor. Lock the vane in this position, ensuring the vane does not foul the switch.

Setting the Carriage Home Sensor
Press the Emergency stop button to disable the motor power, carefully slide the paste dispenser carriage

by hand and set the lateral position of the hall elect to ensure no fouling of the vane as it passes through it.

Position the carriage (with the dispenser horizontal) so as the paste nozzle is in line with the sealing cap, and the
cartridge empty sensor is looking through the slot in the carrier. Slide the hall eCect into the vane so that the
magnetic section on the hall elect is 3/4 covered. Lock the hall elect in this position ensuring the vane does not
foul the switch.

Press the system button to enable the motor power, Home Dispense Carriage ensuring that the

carriage stops in the correct position which is with the seal in the center of the nozzle and the

'Cartridge Empty Sensor' looking through the slot of the cartridge carrier. Reset the switch if necessary.

PRINT CARRIAGE HOME SENSOR

The print carriage has to travel to its home position upon machine initialization.

Machine Preparation
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Remove the top access cover. Do not switch on the machine.

Position the sensor laterally to ensure the vane does not foul the hall elect switch as

it passes through it. Position the vane in a central position along its adjustment slot.

1. Switch on the machine and select Diagnostics. Select the Print Carriage.

2. Press the 'HOME PRINT CARRIAGE' diagnostic. The print carriage will move into the hall eJect and then
reverse in slow speed until it just exits the sensor where it parks.

3. Measure the distance between the rear face of the 'O’ ring support of the front rail and the

face of the front squeegee holder, the correct setting is 512mm +/-0.5mm. Adjust the vane on

the print carriage and re-run 'HOME PRINT CARRIAGE' until this measurement is achieved.

This completes the print carriage sensor set-up.
RAIL HEIGHT (Rail to Table Height)
A rail to table height adjustment is necessary to ensure that

the board is supported correctly and evenly during printing.

The tool requirements to complete this procedure are:

a) one support pillar measured to be 81mm-+/-0.02mm,(if autoflex if fitted 42.64mm +/-mm)

b)a board with approximate dimensions of 300 x 300mm.

C) 0.02mm(0.001") feeler gauge

1. Switch on machine, select Diagnostics then Rising Table module.

2. Home the Rising Table then Exit from this module.

3. Select the Print Head module and then Raise Printhead under Two Button Control. Exit this module.

4. Select Rail System module. Use Adjust in the Menu Bar and set the rail

width according to the board being used. Select Drive Rail to Board Width.

5. Highlight Toggle Board Clamps and run this diagnostic. Place the board on the rails and slide to a central position.

Toggle Board Clamps so that the board is held firmly. Exit this diagnostics and return to Rising Table diagnostics.

6. Select and run Raise Table to Vision Height. Place the support pillar (81mm for standard and 40mm if autoflex
is fitted) close to the rail and under a corner of the board. Adjust the relevant adjuster so that the pillar is just
touching the underneath of the board using a 0.02mm (0.001") feeler gauge. Repeat this setting for each of the four
corners of the board.

7. After completion of all four corners then re-check all of them

again to ensure that all four corners are adjusted correctly.

8. This completes the rail height setting.
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On completion of this setting then the following procedures need to be carried out:

1. Print Height
2. Squeegee Reference Height

RAIL LIFTER SENSORS

Two through beam opto's are mounted either side of the rising table to detect premature

lifting of the rear rail caused by incorrect positioning of the support pillars fitted to the table.

The opto vanes are height adjustable and should be set so that they are 0.5mm past when the opto beam broken by
the vane (the LED on the opto on). This setting must be done with the table at the home position.
RAIL WIDTH HOME SENSOR

This sensor is used to find the home position of the moving rail. The rail is moved by a stepper motor towards
the rear of the machine. When a vane, attached to the rail, enters the home through beam opto, the motor

stops and reverses in slow speed until the vane just leaves the opto. This is the home position of the rail.

The vane is mounted on a sliding bracket which must be positioned so as to give a measurement of 508.5mm

- 508.7mm, measured between the inside edges of the rails, when the moving rail is in the home position.

RISING TABLE SENSORS

Access

The sensors are located on the left-hand side of the rising table looking from the front of the machine. If the
machine is standing alone then access is gained by removing the lower left panel of the machine. This can be done
by pulling ol the front panel and unscrewing/removing the rear panel. The left-hand panel retaining screws can
now be released. If the machine is in-line then access is through the upline board entry aperture as an upline board
loader will probably make side panel removal impossible.

Initial Setting

Using the top of the toolplate as the reference set the vane height as listed below.

Vane No.1
Vane Setting Position - Lower edge of bracket

Dimension - 171mm+/-0.5mm

Vane No.2
Vane Setting Position - Lower edge of vane tab

Dimension - 215mm+/-0.5mm

Vane No.3
Vane Setting Position - Lower edge of bracket

Dimension - 169mm+/-0.5mm
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Vane No.4

Vane Setting Position - Upper edge of bracket

Dimension - 302mm-+/-0.5mm

NOTE

With Autoflex tooling fitted an additional 40mm is to be added

to each of the vane setting dimensions in the above table.

Fit a screen to the chase and set the distance from the underside of the screen

to the top of the bracket supporting the table sensors to 373mm +/-0.5mm.

This completes the initial settings. It is now important to check the lateral positions of the vanes to ensure
that they do not foul the sensors. This is achieved by entering the 'RISING TABLE' diagnostic followed by
the 'DRIVE TABLE USING JOG BUTTONS' option. Carefully jog the table towards the lower limit but do
not enter it, use an inspection mirror to observe the lateral position as necessary. Jog the table up towards

the upper limit switch taking care not to enter the switch and check and reset the vane if necessary.

Final Setting

Home sensor initial setting

Enter the 'RISING TABLE' diagnostic. Run the 'HOME RISING TABLE' diagnostic to initialize the table. Check
the table height to the screen is 208mm -00/+2.00mm, if this dimension is not achieved then reset the home sensor
bracket by the required amount and re-run the 'HOME RISING TABLE' disagnostic. To check and readjust until
correct dimension is achieved.

Home sensor setting repeatability check

Home the rising table 10 times, check that the dimension between the screen and table stays

within 208mm -0.00/+2.00m on each occasion, if a reading outside the specification is obtained lower

the home hall efect switch bracket 1.5mm and re-test the home position a further 10 times to

ensure repeatability. Check the dimension remains within the 208mm -0.00/+2.00mm specification.

NOTE:
Should the machine generate a 'RISING TABLE ERROR' during the set-up
re-check the relative positions of the DATUM and DATUM INTERLOCK vanes.

This completes the mechanical setting of the rising table. It is

now necessary to calibrate the vision height and the print height.

SCREEN ACTUATORS

There are three screen alignment actuators fitted to allow movement of the screen chase in X, Y and theta. Two
actuators are mounted on the left-hand side of the printhead to give X movement if both driven in the same direction

or theta movement if driven in opposite directions. The actuator at the rear is used to give a Y direction movement.

Stepper motors are used to drive the actuators as positional accurracy is important. One step of the motor equates
to 4 micron screen movement. Two hall efect switches are fitted to each actuator to locate the home position. One

is situated inside the actuator body, this is the coarse home position, the other is located on the end of the actuator
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drive shaft, this is the fine home position.

Upon initialization the actuators travel to their home positions which places the screen in the central position.
The way in which the actuators initialize is dependent upon whether they are in a positive or negative screen
position upon power up. The machine control checks the course hall eect switch, if the vane is present the
actuator is in a negative position and must drive in a positive direction to reach the home position. If the vane is
not present the actuator is in a positive position and must drive in a negative direction to reach the home position.

Assuming the actuator is in a positive position the initialization sequence will now be described.

1) The actuator is driven at fast speed in the negative direction

(clockwise) until the vane enters the coarse hall elect switch.

li) The actuator is then driven in the positive direction at medium speed

until the vane just leaves the course hall eJect switch (anti-clockwise).

lii) The actuator is then driven in the positive direction at slow speed in a positive direction (anti-clockwise) until

the vane on the shaft enters the fine home hall eQect switch.

iv) Finally the actuator is driven in a negative direction (clockwise) at step speed

until the vane just leaves the fine home hall efect switch. This is the home position.

X Scren Actuator Setting

1. Power up machine and allow to initialize. Insert and load a screen frame to the chase.

2. Enter Diagnostics and select Alignment System module.

3. Select Home X Forward and observe that the actuator runs and finds it's home position.

4. Select Home X Rear and observe that the actuator rums and finds it's home position.

5. Adjust the coarse sensor bracket position and remove the actuator to achieve a nominal

dimension of 59mm +/-0.075mm for the actuator mounting face to the actuator ball contact.

6. Re-home the actuator and check the dimension.

Y Screen Actuator Setting

1. Set coarse home sensor to middle of it's travel.

Exit Diagnostics or select another module.

SCREEN CLEANER HOME

A hall e0ect switch is mounted beneath the left head clamp to detect when the cleaning

unit is in the home position. When at home two electromagnets hold the cleaning unit in

place, these are de-energised when the camera carriage collects the unit to clean the screen.
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The hall eJect vane is mounted on the cleaning unit carriage on a

slotted bracket. To set the vane position use the following procedure.

1. Select 'Cleaner Clamp' from the 'Screen Cleaner' module in the 'Diagnostic’ menu.
2. Ensure that the cleaning unit is at its home position. Turn the clamp on.

3. With the cleaning unit locked onto the electromagnet adjust the vane so as

the Cleaner Home Sensor just toggles to on. Lock the vane in this position.

4. Toggle the clamp olJ. Move the cleaning unit by hand until the sensor changes.

The clearance between the electro-magnets and plate should be less than 2mm.

OPTO & SWITCH ADJUSTMENTS

AIR PRESSURE SWITCH

An air pressure sensor is fitted to monitor the air pressure entering the distribution manifolds.

The sensitivity of the switch is set to 3 bar by screwdriver adjustment on the sensor body.

BOARD AT LEFT/RIGHT OPTO'S

These two sensors are used to detect a board at the input and output of the belt. As the machine is bi-directional
the functions of these opto's are reversed when the pass through is changed.

BOARD AT LEFT/RIGHT OPTO'S

These two sensors are used to detect a board at the input and output of the belt. As the machine

is bi-directional the functions of these opto's are reversed when the pass through is changed.
The input sensor is used to start the transport belt on detection of a board. The board is
transported into the machine and processed after which it is transferred to the output sensor
where it stops and waits for the command to be passed onto the next machine in the line.
The sensors used are Keyence reflective opto's. These opto's are fitted with a red and green
LED along with a sensitivity control. There is a small amount of positional adjustment

in the bracket but generally it is not necessary to reset it as the footprint used by the

reflective opto is large enough to cope with the holes in an average production board.

The sensitivity control should be adjusted to see a board when it is placed on the rails above it.
Optimum setting:

1. Place a board on the rails covering the sensor.

2. Adjust the sensitivity so that the green lamp illuminates.
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3. Re-adjust the sensitivity so that the green lamp just extinguishes.

4. Set the sensitivity control in the middle of this point and the maximum setting.

BOARD AT STOP SENSOR

This reflective opto is fitted to detect the board when it is at the stop. This Keyence opto is fitted with a red
and green LED along with a sensitivity control. As a board approaches the stop it is detected by the opto

and the green LED lights. This starts a timer which when elapsed stops the belts and clamps the board.

The sensitivity control should be adjusted to see a board when it is placed on the rail s and is at vision height.
Optimum setting:

1. Place a board on the rails below the sensor and raise the rails to vision height.

2. Adjust the sensitivity so that the green lamp illuminates.

3. Re-adjust the sensitivity so that the green lamp just extinguishes.

4. Set the sensitivity control in the middle of this point and the maximum setting.

Optimum setting:

1. Place a board on the rails below the sensor and raise the rails to vision height.

2. Adjust the sensitivity so that the green lamp illuminates.

3. Re-adjust the sensitivity so that the green lamp just extinguishes.

4. Set the sensitivity control in the middle of this point and the maximum setting.
BOARD STOP LOWERED SENSOR

A through beam opto is fitted to ensure that the board stop

is raised before any camera carriage movement is demanded.

This sensor is mounted on the camera carriage and has an LED mounted in its body which
illuminates when the beam is broken. When the stop is home (raised) the LED is on as the
beam is broken. The only adjustment is on the opto pillars which must be set to enable the

beam of the opto to look through the slot of the vane giving definite up/down detection.
PASTE CARTRIDGE EMPTY SENSOR

The paste dispenser has a sensor fitted which detects when the solder paste runs low.
The sensor used is a long throw through beam opto, which is driven from an interface

card type PC046 mounted on the right-hand side of the rear printhead casting member.
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The only adjustment for this sensor is the sensitivity control which can be found on the PC046 interface card. This
must be set by fitting an empty cartridge to the dispenser at the home position and adjusting the sensitivity until
the LED on the PC046 just lights. Remove the empty cartridge and fit a full cartridge, note that the LED goes oll.
SCREEN AT FRONT/SCREEN AT REAR SENSORS

Two sensors are fitted in the chase to detect when the screen is at the front or rear of the chase.
The screen at front sensor detects when a screen is in the chase but not fully home. The screen

at rear detects when the screen is fully home. Both sensors are covered when the screen is home.

The sensors used are long throw through beam opto's which are driven from an interface

card type PC046 mounted on the left-hand side of the rear printhead casting member.

The only adjustment for these sensors is the sensitivity control which can be found on the respective
PCO046 interface card. This must be set by removing any screen fitted and adjusting the sensitivity

control until the LED on the PCO046 just lights. Turn the sensitivity control one more complete run.

HEAD LIFT UP/DOWN SENSORS

The head lift sensors are magnetic reed switches mounted on slides along the body of the lift actuator. The
switches are set to give the maximum amount of printhead lift while keeping the actuator within its own
mechanical limits so as not to physically jam the mechanism.

Procedure For Setting the Actuator

1. Ensure that the printhead is fully down and remove the pivot pin from the head lift bar.

2. Ensure that Locknut 'B' is tight, and loosen Locknut 'A'. Rotate the Pivot Top so that Dimension
'A' is between 3 and 4mm. Tighten Locknut 'A' and insert the pivot pin into the head lift bar.

3. Set the Up/Down limit switches to the initial dimensions given.

4. Adjust the down limit switch so that the head lift bar has an over travel between 3-7mm. Use diagnostics,

Printhead module and drive the print head up and down re-adjusting the down switch to achieve this.
5. Drive the printhead down. Make a note of the length of the actuator protruding. Adjust the Up limit switch so
that when driving the printhead up that a stroke of 100mm is achieved.

Head Down Speed Setting

Potentiometer VR1 on Y2, X5 adjusts the speed of the printhead drive when lowering. Set this

so that the printhead latches gently. The potentiometer initial setting is midway of its travel.

This completes the head lift actuator setting.

TIME AND DATE SETTING
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Time Setting

1. Switch on the machine and allow to initialize.

2. Insert the maintenance key and turn clockwise to enable
the Maint. Option. Maint. Will be displayed on the Menu Bar.

3. Press Maint button and the menu bar will change to display the following.

4. Press Housekeeping button (F4) the menu bar will change to display the following.

5. Press Set Time button (F2) and a pop up window will be displayed showing

the parameters available and the menu bar will change to display the following.

6. Using the Next and Previous keys selects the Year, Date or Month. Pressing the Incr. And Decr.

Keys alters the setting of the selected parameter. Pressing the Set key sets the newly entered figure.

7. Press Exit three times to return to the main menu.

Date Setting

1. Proceed as for Time setting as previously described in Paras 1-4.

2. Press Set Date button (F2) and a pop up window will be displayed showing the parameters available and the
menu bar will change to display the following.
3. Using the Next and Previous keys selects the Year, Date or Month. Pressing the Incr. And Decr.

Keys alters the setting of the selected parameter. Pressing the Set key sets the newly entered figure.

4. Press Exit three times to return to the main menu.

HAPTER 8 SENSOR LISTING

SENSOR NAME - SENSOR TYPE - SENSOR LOCATION

Air Pressure - Pressure Switch - Left hand manifold on rear of machine frame

Board at Left - Reflective Opto - Front Rail, left side

Board at Right - Reflective Opto - Front Rail, right side

Board at Stop - Reflective Opto - Camera Body

Board Stop in Position - Through Beam Opto - Mounted on Board Stop, Camera
Camera Carriage X Limit Switch - Hall EQect - Far left and right of Camera Carriage
Camera Carriage Y Limit Switch - Hall ECect - Front and Rear of Y Camera Carriage
Camera X Home - Hall Elect - Second from left on X Camera Carriage

Camera Y Home - Hall EJect - Second from left on Y Camera Carriage

Cartridge Away - Hall ECect - Paste Dispenser Unit

Cartridge Empty - Long Throw Opto - Mounted at Paste Dispenser Home Position
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Cartridge Home - Hall Elect - Paste Dispenser Unit
Cleaning Unit Home - Hall ECect - Front left hand side of printhead

Diagnostic Key - Keyswitch - Control Console

Front Access Cover - Magnetic Reed Switch - Access Cover for Screen and Cleaning Unit
Paste Dispenser Carriage Home - Hall Ellect - Top of Printhead Casting, left hand side
Print Carriage Home - Hall ECect - Rear and left of Printhead Casting

Printhead Access Cover - Magnetic Reed Switch - Inside right of top access cover
Printhead Down - Reed Switch - Upper Switch on Lift Actuator

Printhead Up - Reed Switch - Lower Switch on Lift Actuator

Rail at Rear - Through Beam Opto - Near rear Rail Motor

Rail Lifted Left - Through Beam Opto - Left Side of Rising Table attached to Rear Rail
Rail Lifted Right - Through Beam Opto - Right Side of Rising Table attached to Rear Rail
Left Jog Button - Push Button Switch - Left Front Cover

Right Jog Button - Push Button Switch - Right Front Cover

Screen at Front - Long Throw Opto - Front of Screen Chase

Screen at Rear - Long Throw Opto - Rear of Screen Chase

Screen Drive at Center - Hall ECect - Outer right hand side and center of Chase

Screen Drive at Rear - Hall Efect - Outer right hand side of Chase at the Rear

Squeegee Front Home - Hall Elect - Inside Pressure Assembly
Squeegee Rear Home - Hall Elect - Inside Pressure Assembly
Table Datum - Hall Elect - Left side of Rising Table

Table Home - Through Beam Opto - Left side of Rising Table
Table Limit - Hall EQect - Left side of Rising Table

CHAPTER 9

PREVENTIVE MAINTENANCE

General
It cannot be stressed enough that cleanliness is the most important part of preventive
maintenance. It is essential that operators take extreme care when redistributing paste,

reloading the paste dispenser, removing squeegees and cleaning the dispenser drip tray.

Paste is the main cause of serious machine damage as the solvents can remove protective lubricants from bearing
slides and, dry paste can damage seals followed by seizure of the bearings. Systematic checks and prescribed

maintenance procedures are to be carried out at regular intervals which also contribute to smooth production runs.

The frequency with which the following checks and procedures are carried out are given

as a guide only, this is based on machine run time of approximately 40 hours per week.

A useful aid to monitor the machine performance is a machine fault log which is filled in by the operator and
enables the technician to see at a glance any problem areas that may require attention before a more serious
machine fault occurs.

Personnel Classification
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The check lists set out on the following pages are divided to suit two classifications of personnel, these are
-Operator

-Technician

Maintenance Kit

Part No. 112747, contains all the relevant tools to carry out calibrations and settings for preventative maintenance.

Lubricants

The recommended oils and greases to be used for the various servicings, described later in this chapter, are as follows:

Light Machine Oil - Turbine oil ISO VG 32-68
Light Grease - Lithium soap based Shell Alvina R2 DIN 51285 KP2K

Operator

Every 8 hours (per shift)

The following tasks must be carried out on a daily basis:

1) Vacuum clean and clear the rising table area of any paste.

2) Clean the machine surfaces of debris and paste.

3) Inspect the bearing slides of the print carriage, paste dispenser carriage, double
squeegee carriage and camera carriage. If any paste is found call the maintenance

technician who must remove the debris and re-lubricate the bearing slide.

4) Clean the surfaces which look upwards on the board at left and board at right sensors.

5) Clean out any paste in the dispenser drip tray.

Technician
Every 40 hours (Weekly)
The following tasks must be carried out on a weekly basis:

1) Check with the operators and the machine log for any abnormal
conditions, investigate and make adjustments or repairs as necessary.

2) Empty the airline water trap if necessary.

3) Remove the front and rear panels and vacuum clean any debris from inside the machine
4) Inspect all the bearings slides, clean ol any debris found and re-lubricate if necessary.
Every 1000 hours (6 Monthly)

The following tasks must be carried out on a 6 monthly basis:

1) Clean and lubricate with light machine oil the following:

1) Print carriage - bearing slides 2 ol

ii) Double squeegee mechanism - bearing slides 2 olJ, leadscrews 4 o, and guide bars 4 o0

iif) Camera carriage X and Y - bearing slide in X axis, and bearing slides in Y axis 2 o0

iv) Rising Table - bearing slides, 2 ol
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V) Paste Dispenser - bearing slide

vi) Board stop - bearing slide

Warning - Do not move board stop by hand

vii) Rail System - bearing slides 6 o[], and leadscrews 2 o0l

2) Clean and lubricate with light grease the moving rail transport height support bars

3) Inspect all the ribbon cables, flexible cables and tubing used by the print carriage, camera carriage, rising table

and rails. Replace any damaged parts found being careful of the routing used so as to ensure no further damage.

4) Inspect the transport belts for wear. Replace if necessary.

5) Clean air supply filter. Replace if necessary.

6) Inspect all machine sensors. Clean the hall efect switches and opto's to
ensure that the sensors are not fouled by their actuators, reposition if necessary.
7) Inspect the brushes of the print carriage, rising table and camera

X, Y motors. Replace if necessary (half their original length).

8) Check the operation of the emergency stops. If fitted in-line, ensure that

the up and down line machine emergency stops de-activate the machine.

9) Check the chase clamp clearance (10 thou). If out of specification reset.

10) Check the condition of the rail lifting pillars and hard stops, replace if necessary.
11) Check the rail to table height. Adjust if necessary.

12) Check the condition of the board clamps. Replace if necessary.

13) Clean the camera shutter mechanism.

)

)

)
14) Calibrate the pressure mechanism.
15) Calibrate the vision alignment system.
16) Calibrate the vision reference height.
)

17) Calibrate the print reference height.

Yearly
The following task must be carried out on a yearly basis.

Replace all the parts supplied in the service pack, SP265SER1.

2 Yearly
The following task must be carried out on a 2 yearly basis.
Replace all the parts supplied in the consumable packS, SP265SER1 and SP265SER?2

5 Yearly

The following task must be carried out on a 5 yearly basis

Replace all the parts supplied in the consumable packS, SP265SER1 and SP265SER3
CHAPTER 10

RECOMMENDED SPARES

CHAPTER 11
REPLACEMENT PROCEDURES

Preparation
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1. Switch on machine power and raise the printhead, switch o0 power.
2. To gain access to the camera for removal, move the camera forward and

central over the table by turning the camera carriage drive shafts by hand.

Camera Removal

1. Disconnect the following items from the camera and optic body.

1) The co-axial cable and electrical supply lead from the left hand side of the camera body

ii) The upper and lower electrical connectors to the optic LED's (label connectors prior to removal for later
identification)

iii) The electrical connector to the board stop lowered opto

iv) The thre o0 P clips securing the electrical and opto looms. Note the orientation of the P clips for later refitment.

2. Label the pneumatic tubing to the optic shutters for later identification, disconnect the two tubes from the optic lens

3. Remove the mounting plate grub screw from the upper face of the board
stop assembly securing the camera mounting plate to the board stop assembly
4. Ease the looms rearwards to allow withdrawal of the camera. Withdraw the camera

to the left of the machine, easing the camera and optic from the board stop assembly.

Optic Removal

1. Carefully grip the optic lens and body by hand, unscrew and

withdraw the optic from the threaded ring and camera clamp.

NOTE

The optic body screw threads are secured to the threaded ring with Loctite Screwlock. Do not use any mechanical
aid to unscrew the optic body, hand force will be sulcient.

Optic Replacement

Fitting existing optic to new camera

If the existing optic assembly is to be re-fitted to a new camera, set the focal length as follows.

1. Apply a minimal amount of Loctite 222e Screwlock in three positions on the threads of the optic body.

2. Screw the optic body fully into the threaded ring, ( with the

threaded ring still secured to the clamp by the securing screw).

3. Release the clamp securing screw and screw both the ring and

the optic body into the camera until the ring abuts the camera body.
4. Unscrew the optic body and ring one full turn to set the focal length. If necessary,

further unscrew the optic body and ring the amount required to ensure the optic

lens is facing upwards and horizontal with the camera in it's fitted orientation.
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5. Secure the camera clamp in place with the securing screw.

Fitting a new optic body and lens to the existing camera body.

If a new optic body and lens is to be fitted to an existing camera body the focal length

will not require adjustment as it has been previously set, therefore proceed as follows:

6. Apply Loctite Screwlock to the threads of the optic body, as previously described, and screw the
optic body fully into the threaded ring (with the threaded ring still secured to the clamp by the securing

screw). Unscrew the optic body as necessary to set the prism (red LED's) facing upwards and horizontal.

Setting the Camera Bit Switches
NOTE

This operation may be carried out with the camera installed if preferred.

1. Remove the four screw and camera casing.
2. Set the camera bit switches as follows.

1- On

-On

On

On

- 00

- 00

1- On

-On
On
On
- 00
- 00

3. Replace the camera casing.
Camera Refitment
1. Fit the dovetail mounting plate to the camera mounting with four

mounting screws as an initial setting, do not fully tighten at this stage.

2. Locate the camera body dovetail mounting plate into the board stop assembly, slide the

camera in place until the edge of the mounting plate is flush with the board stop assembly.
3. Set the camera height and level in the X plane as follows:

1) Check the dimension between the optic body to screen height, this should be

20.5mm +/-0.5mm. Alternatively the camera height may be set by checking the

dimension between the optic lens and the screen, this should be 9.5mm +/-0.5mm.

li) Remove the protective cover from the rising table surface, place a dial inidcator beneath the optic and check
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thelevel of the optic lens in the X plane, l.e. left to right, the lens and the screen should be level to 0.05mm.
NOTE

To prevent damage to the table surface when checking the level of the optic lens, move the optic lens about the
dial indicator, do not slide the dial indicator on the table.

iv) Adjustment for the optic height and level cannot be done with the camera fitted but will require removal

of the camera and then adjustment to the camera dovetail mounting plate. Slacken the mounting plate

screws and adjust the mounting plate to achieve the correct height and level. This part of the operation

may require fitting and removing of the camera several times until the correct height and level is achieved.

4. When this has been achieved remove the camera and secure the mounting plate screws in place

with Loctite 222e Screwlock, removing one screw at a time to prevent movement of the plate.

5. Refit the camera to the board stop assembly and ensure that the edge of the dovetail mounting plate is flush with

the edge of the board stop. This will align the cut-away in the dovetail mounting plate to align with the grub screw.

6. Apply a minimal amount of Loctite 222e Screwlock to the grub

screw and screw into the top surface of the board stop assembly.

7. Setting the level of the optic window in the Y plane is detailed

in 'Calibrate Vision Height' at the rear of this procedure.

8. Reconnect the optic pneumatic tubes to their respective connectors on the optic shutters.

9. Reconnect the two electrical connectors to the upper and lower optic LED connectors. Reconnect the board stop
opto connector.

10. Refit and secure the electrical and opto looms with P clips.

Ensure correct orientation and fitment of P clips to prevent fouling.

Checks and Tests

1. Power up machine, turn the keyswitch on the main control unit,

select Maint, select Diagnostics. Select Camera System diagnostic.

2. Select Initialize Vision and check the camera LED lighting.

3. Select Look Up and Look Down in turn and check the optic shutter operation.

4. Ensure all wires, looms and tubes are secure and clear of obstructions or snagging during the above operations.

5. Select Home Camera X Axis and Home Camera Y Axis in turn and check the camera X and Y home positions.

6. Exit and select Printhead module and then lower head. Exit and select Camera Axis module.

Setting the Focus/Fixed Camera Height
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1. Select and run both Home Camera X and Y axis

2. Run Look Up diagnostic

3. Fit a screen.

4, Use the Move Camera X Axis and Move Camera Y Axis until a feature

is in the field of view of the camera (the feature can be seen on the monitor)

5. Adjust the optic focus adjusting screw, to obtain the clearest picture on the monitor.
CHAPTER 12

ELECTRICAL CIRCUIT LISTING

(Bhot's note: All electrical circuit diagram)

obooooooon 2™d

SCREEN PRINTING MACHINE (BOOK 2)

INSTALLATION MANUAL

INTRODUCTION

General

To prevent damage to the machine while unpacking or during machine power-up it is essential
to read and adhere to the procedures and sequences detailed in the Installation manual and to
ensure the correct method of unpacking and assembly of the machine, machine preparation

and power-up sequences are carried out prior to the normal running operations of the machine.

Manual Format
Chapter 1 Safety Features, describes the features on the machine

that provides the operator safety while the machine is in operation.

Chapter 2 Services Required, describes the services needed for the machine to function correctly. A view of the
service panel showing the external connections to the services and positioning of the circuit breakers is also shown.
Chapter 3 Unpacking Instructions, describes the method of dismantling and unpacking the transit boxes,

checking the machine, loose items and documentation. Checking the machine configuration against customer

requirements, assembling the loose items to the machine and transportation of the machine to its designated area.
Chapter 4 Machine Preparation, describes the method of transporting the machine
into position, removal of transit brackets, fitting the external services, adjusting

the height and levelling the machine in preparation for machine power up.

Chapter 5 Power Up Sequence, describes the sequence of machine power up and checking of

home sensor positions, system calibrations and settings, and new product set-up using a test board.
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Chapter 6 External Machine Interface, describes the procedure for interfacing the screen printer to external

machines (such as a placement machine) and ancillary equipment, and checking the functionality of the machine.

Chapter 7 Machine Performance, details the method of checking the machine

performance with the customers board for print uniformity and accuracy.

Chapter 8 Machine Installation Acceptance, is a copy of the Machine Installation Document certifying acceptance
of the machine and recording any outstanding issues, agreed and recorded by both the customer and installation
engineer.

Installation Procedure

The procedure in this manual must be adhered to in the order that they are presented.

Problems encountered with the machine must be tackled and resolved before proceeding to the next step.

Anti-Static Handling
Standard precautions must be adhered to when handling

electronic cards and configuring and inserting into the enclosures.

Anti-static precautions are necessary when connecting and disconnecting the
signal cables from the Arcom PC to the Y1 and Y2 enclosures (and Y15 if fitted).

CHAPTER 1
SAFETY FEATURES

GENERAL

Safety features provides safe operating conditions for the machine.

The machine is fitted with an emergency safety shut-down press button switch. External modules in the line can
be fitted for connection to a common cable loop line, that provides automatic shut down of all modules, if any single
emergency switch is operated, or any frame cover is disturbed during normal operation of the line.

Covers fitted with safety interlock switches protect operating personnel from the moving

mechanisms. Transparent plastic access covers are fitted over moving mechanisms

of the machine and steel safety covers control access to the frame of the module.

PROTECTION FROM HIGH VOLTAGE

Mechanisms

Machine mechanisms are powered 24 V only and do not pose an electrical hazard to personnel.

220/110 V

Where (2107110 V) incoming supply voltages are present, protection is allorded by controlling
access to the enclosures that house the supply. The machine is fitted with an interlock isolator
switch that cuts power to terminations down stream of the isolator, for example the isolator

enclosure. Insulating shrouds oler protection at the isolator switch incoming power terminals.
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Hazard warning

Hazard warning labels "Danger High Voltage", are placed on the outside of enclosures where high voltage (220/110
V) terminations are present within and the enclosure is not fitted with a safety interlock. Inadvertent access to such
enclosures is prevented by the presence of the frame covers.

EMERGENCY SHUT-DOWN

The machine is fitted with an Emergency shut-down push button switch located on the right hand

side of the front cover. An additional push button is located on the left hand side of the head cover,

this is an optional extra. Pressing either of these push-buttons (or removing a steel frame cover) cuts

power to the 24V supply to mechanisms of all modules connected into the emergency loop line. A

warning of this condition is reported on the VDU. The E-stop system is described in detail onwards.

EMERGENCY-STOP LOOP

Stand-alone operation of module requires the end-of line plug/socket to be fitted.

The E-stop system is a low voltage powered loop that interconnects selected modules in the line and
provides automatic shut-down of any powered mechanisms of the line during an emergency shut-down.
Breaking continuity of the E-stop loop provides an automatic safety shut-down procedure for modules. The

connection loop comprises cable connections chained between upline and downline of modules selected.

Recovery

When the normal working condition is restored, release the Emergency stop button and/or replace the cover that
has been removed and press the green system button located on the control VDU.

CLEAR ACCESS COVERS

Clear polycarbonate access covers are fitted to the machine to protect personnel from the mechanisms

during normal line operations. Lifting a cover cuts power to the mechanism that the cover protects.

STEEL FRAME COVERS

Frame covers are fitted with safety interlock switches are similarly connected to the emergency loop line.
Removing the cover has the same ellect as pressing the Emergency stop button, cutting 24 V power to
the mechanisms of all modules connected into the loop line shuts-down. Indication that a cover has been

removed (or the E-stop has been pressed) is given by an error message displayed on the control VDU.

Recovery
When the cover is re-positioned, normal working condition is restored and the line
may be restarted; pressing the green system button at the control VDU will enable

the machines re-initialization procedure, where this is allowed by the control system.

TWO BUTTON SAFETY SWITCHES

Located at the front of the machine, are the two button safety switches. The positioning of these buttons are
needed to maintain maximum safety for the operator when operating a particular function. The two buttons have
to be pressed simultaneously to become active.

The use of these buttons are dependent on the function selected at the VDU.

For example:
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- Head Lift Up/Down
- Board Width
- Load Width

PRINTHEAD LIFT SUPPORT ASSEMBLY

Function

For the protection of personnel when working beneath the printhead with the printhead raised, a Head
Support Assembly, Part No 112975, is provided to mechanically secure the printhead in the raised position. The

support should be used at all times that the printhead is raised and stowed by the machine when not in use.

The support assembly is colored red and incorporates an internal spring for ease of installation and removal. With
the head raised the assembly is positioned to the front left hand side of the machine in the electro-magnetic sockets,
ensure that the black end of the support is at the bottom and the silver end at the top.

CAUTION

IMPORTANT

The support assembly must be removed prior to selecting printhead lowered.

If an attempt is made to lower the printhead with the support assembly

installed damage to the printhead, actuator and drive card may occur.

CHAPTER 2
SERVICES REQUIRED

GENERAL

In order for the machine to function correctly the following services must be available.

The services must be stable and clean.

MACHINE CONSUMPTION

Pneumatic supply

4 Bars at 250 Liters per Minute
Electrical supply

220V / 110V ac 50/60 Hz
2KVA

The above machine consumption show the required continuous supply needed.

For the Pneumatic supply the Air should be clean, non-lubricated and should range between 4 and 8 Bars.

For the Electrical supply the power should be greater than what is consumed to allow

for power surges on initial power up. Therefore, the supply should be 3KVA or greater.

CIRCUIT BREAKERS
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The external services panel has 9 circuit breakers fitted and arranged into 3 banks. The circuit breaker listing is as
follows:

CCT Breaker Position - Amperage (A) - CCT Breaker Description

1. Mains - 6 - Machine Supply

2. 30V ac - 16 - Servo Motor Power

3. 30V ac - 16 - Rising Table Power

4. 24V ac - 10 - General Motor Power

5. 12V dc - 10 - Small Motor Power

6. 220V ac - 6 - Secondary of Isolating Transformer
7.220V ac - 6 - Vacuum

8. Spare

9. Spare

CHAPTER 3

UNPACKING INSTRUCTIONS

General

To ensure the machine is not damaged during transportation certain machine components are removed from the
machine prior to dispatch, wrapped and secured separately in the boxes. The printhead cover, machine side skirt
panels, calibration board and screen, and the machine mounting feet accompany the machine all other items are
located in the smaller box.

The machine mounting feet are removed at dispatch and replaced with transportation studs,

the machine is then secured to the base of the transportation box with nuts and washers.

The studs, nuts and washers are replaced on machine assembly by the mounting feet.

Unpacking
The lids of both transportation boxes are secured with screws, the sides are

nailed to the base. Remove both the box lids and the sides of the large box only.

Remove all loose items from the boxes. Remove the wrapping from

around the machine, remove the loose items from their bags or wrappings.

CAUTION:
Do not remove the red transit brackets attached to the machine

until the machine has been moved to it's designated position.

Machine Components
Ensure the following machine components, removed for transportation, are complete and correct:

Item

Machine mounting feet
Printhead cover

Paste dispense nozzle
Paste dispense tray

E-Stop plugs
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Squeegees

Under screen clean unit
Twin monitor assembly
Keyboard

Tri-color beacon
Pneumatic supply fitting
Panel skirts

Magnetic tooling pins
Maintenance key
Manifold (if TCU ordered)
Miscellaneous Items

Ensure the following additional equipment is complete and correct.

Iltem

Calibration screen

Calibration board

FMI leads

Printhead safety prop

Camera ring illuminator kit
Spare bulb for vertical illuminator

Spares kit (if ordered)

Documentation
Ensure the following machine documentation is complete and correct:

Iltem

Machine Operator Manual

Machine Installation Manual
Machine Technical Reference Manual
Arcom manual

DOS Packages

Acceptance procedure

Alignment data

Software installation disk

DEK delivery questionnaire

Inspection

Visually inspect the machine, all components and equipment for completeness, damage and condition.
Machine Configuration

A list of possible machine configurations, depending on customer requirements, are listed as follows:
Item

Voltage
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Tooling

Squeegee Style
Squeegee Width
Squeegee durometer
Flood Bar Width
Interface (FMI)

Host Comms
Environmental Control
Auto Screen Change
Auto Screen Stacker
Bar Code

Screen Clean-Wet
Label

Color

Screen Adapter
Inventory

Check the machine against the customer 'Machine Configuration', 'Machine

Components', 'Miscellaneous Items' and 'Documentation’ as previously listed.

If damage or deficiencies are found they should be recorded on the

'Installation Acceptance Document' contained in Chapter 8 of this manual.

Machine Assembly
Assemble the machine components and assemblies removed for

transportation, as listed in 'Machine Components', to the machine.

Transportation
Remove the four nuts and washers securing the machine to

the transportation box base using a 36mm spanner (Wrench).

Raise the machine ol the base using a fork lift truck or similar machine, locating the arms of the fork lift under the
machine base to support the machine on the frame cross members.

CAUTION: Do not raise the machine using a lifting strop.

Fit the four mounting feet, adjust the height of each to approximately the same height, secure in place with nuts.

The machine is now ready for transportation to its designated area.

CHAPTER 4
MACHINE PREPARATION

GENERAL
Prior to machine power-up it is essential to follow the preparation in this chapter to ensure correct

operation of the machine and prevent any possible damage occurring to the machine or personnel.
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TRANSPORTATION
Having successfully completed the unpacking instructions, detailed in

Chapter 3, machine may now be transported to its designated area.

With the aid of a fork lift truck or similar machine, locate the arms under the machine so that the weight of the
machine is taken fully on the machine frame, not on the side skirt panels. Transport the machine into position.
Lower the machine and adjust the mounting feet to the approximate

height required, see 'Machine Levelling' later in this chapter.

TRANSIT BRACKETS

CAUTION
Before any power is applied to the machine all transit brackets must be

removed from the machine, failure to do so will result in machine damage.

These bracket are easily identified by their color red.

Locations

Three transit brackets are fitted to the machine, prior to dispatch, to prevent the various machine assemblies
moving during transit, these are:

- Squeegee Assembly

- Printhead Carriage

- Screen Chase

- Printhead Lift

- Paste Dispense

- Camera Carriage

The largest of the three brackets lays across the printhead carriage rails, locating

on the two front screw positions of the rails and secures the following assemblies:

1. The two center studs of the transit bracket locate into two threaded holes in the

rear squeegee mounting plate, preventing any movement of the squeegee assembly.

2. Two studs in the transit braket locate in two threaded holes in the front face of the

print carriage, preventing any forward or rearward movement of the printhead carriage.

3. Two studs in the transit bracket screw down on the screen chase, securing the front of the screen chase in
position.
4. The longest studs in the transit bracket locate into two threaded holes in the machine

frame, clamping the printhead to the machine frame, preventing the printhead from opening.

5. The single stud located through the lug on the left of the transit bracket screws against

the paste dispense unit preventing any lateral movement of the unit along the carriage.
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The second bracket locates at the rear of the printhead, upper surfaces, and secures the following assembly.

6. Two screws mount the transit bracket to the rear of the printhead frame and a single

stud screws down onto the screen chase, securing the rear of the screen chase in position.

The third bracket is attached on the left hand printhead lift stud, securing movement of the following assembly:

7. A single screw secures the camera carriage and timing belt to the bracket, preventing any movement of the

carriage or camera.

Removal Procedure

To remove the three transit brackets from the machine, proceed as follows:

1.From the main transit bracket, release the studs securing the following assemblies.

A) On the squeegee assembly securing studs, loosen the nuts and washers either

side of the bracket, unscrew the studs from the rear squeegee mounting plate.

B) On the printhead carriage securing studs, loosen the nuts and washers either side of the transit

bracket, loosen the nuts securing the studs to the carriage, unscrew the studs from the printhead carriage.

C) On the screen chase securing studs, loosen the nuts and

washers either side of the bracket to release the screen chase.

D) On the printhead lift securing studs, loosen the nuts and washers either side of the bracket, loosen the

nuts and washers securing the stud to the machine frame, unscrew the studs from the machine frame.

E) On the paste dispense stud, loosen the nuts and washers either side of the bracket to free the paste dispense
unit.

2. From the rear transit bracket securing the rear of the screen chase to the printhead, loosen

the nuts and washers either side of the transit bracket to release the screen chase, remove

the two screws securing the bracket to the printhead, remove the bracket from the machine.
3. From the lower transit bracket securing the camera carriage to the left hand stud of

the printhead lift stud, loosen the nuts and washers either side of the bracket securing

the bracket to the stud, remove the screw securing the bracket to the camera carriage.
Carefully remove the main transit bracket and studs from the machine.

Fit dustcaps to the printhead carriage rail front screw positions.

Machine Re-location

The following procedure is given for installation of the transit

brackets in the event that the machine may have to be re-located.
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Installation Procedure

To install the three transit brackets to the machine, proceed as follows:
1. Check that the camera transit bracket is fitted to the main transit bracket (ie. On the left hand

stud of printhead lift studs). Check that all nuts and washers are fitted to the bracket studs.

2. Remove the dust caps from the printhead carriage rail front screw positions.

3. Position the main transit bracket across the printhead carriage rails, locating the bracket spigots into

the front screw positions, and the bracket mounting feet resting on the front of the printhead frame.

4. Move the chase forward by hand and temporarily hold in position, locate and
screw the printhead lift studs into the machine frame and secure in place using

locknuts and washers. Secure the studs to the bracket with nuts and washers.

5. Ensure the screen chase is not in contact with the head lift studs. Screw down the studs until in contact with

the chase to secure it in position, do not overtighten. Secure the bracket to the stud with the nuts and washers.

6. Fit rear transit bracket to the printhead with two screws and washers. Screw down the stud until it comes

in contact with the screen chase, do not overtighten. Secure the bracket to the stud with the nuts and washers.

7. Move the printhead carriage forward by turning the drive shaft until there is a gap of approximately 1mm
between the front squeegee mounting and the transit bracket.
Remove the squeegee assembly pressure housing cover plate to gain access to the squeegee timing belts. Wind

the front squeegee mounting down (rear timing belt) so the squeegee mount is clear of the transit bracket.

Adjust the rear squeegee mounting (front timing belt) until the holes in the mounting plate align with the
transit bracket studs (protective tubing should be fitted to the studs to prevent rubbing against the front
squeegee mounting). Locate and screw the studs through the slots in the rear squeegee mounting into the two

threaded holes in the rear squeegee mounting plate, secure the studs to the bracket with the nuts and washers.

Wind the front squeegee up to abut the studs to secure the

front squeegee mounting in place, refit the housing cover plate.

8. Locate and screw the printhead carriage studs into the threaded holes of the printhead carriage

and secure in place using nuts and washers. Secure the studs to the bracket with nuts and washers.

9. Move the camera to its limit (ie. Fully left), to prevent the camera striking the screen clean unit
when the carriage is moved forward. Move the camera carriage forward by hand to position the
transit bracket over the camera carriage and timing belt, secure the bracket to the carriage using

the screw and washer, do not overtighten. Secure the bracket to the stud with nuts and washers.

Note: The camera carriage fits over the timing belt to clamp the belt, preventing camera movement.
PRE INSTALLATION CHECKS
Having removed the transit brackets and located the machine in position, prepare to install the machine, as follows:
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1. Connect the pneumatic supply to the connection on the external services panel.

2. Connect the electrical supply to the external services panel.

3. Check that the E-Stop loop is connected, either to the external machines, in which case these

machines must be powered up and operational in order for the loop to be closed, or if the external

E-Stop loop is not required then the dummy plugs supplied with the machine must be connected.

4. Check that all circuit breakers are in the On position.

5. Ensure that all access covers and removable panels are closed and are in place.

6. Ensure that the Maintenance key is removed from the monitor.

7. Ensure that the E-Stop button is in the fully out position. To check this, push the E-Stop button until it latches.
Twist the button clockwise to release it.

8. Check that all of the cables for the Control Monitors are connected.

9. Re-seat the control and drive cards of Y1, Y2 and Y3 enclosures

by withdrawing the card approximately 3cm and refitting.

CAUTION:

Ensure that Anti-Static Precautions are adhered to when handling the electronic cards.

MACHINE LEVELLING

General

The machine must be installed at the correct height and then levelled before operation.

Machine Height
The height of the machine will be governed by the external machines that is to be

connected to and ranges from 840mm to 980mm, (depending if the feet extensions are fitted)
The height is measured from the floor to the top of the transport belts.

Initial Levelling

Once the height of the machine has been ascertained then the

four feet should be adjusted so that the decided height is achieved.

Place a machine level on the Tooling Base Plate facing East-West or North-South.

By adjusting each of the four feet individually b small amounts level the machine so that in each direction (East-West

& North-South) 0.004" per foot (0.32mm/meter) is achieved. Lock the feet using the lock nuts on the adjusters.

Check that the height has not been disturbed. If so, then repeat
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the two steps until the correct height and level is achieved.

CHAPTER 5 MACHINE POWER-UP SEQUENCE

GENERAL

Before the machine is powered up, a final check is required to ensure proper installation.

When fully satisfied that all instructions and preparation has been carried out as detailed in Chapter 4- Machine
Preparation proceed with the power-up checks detailed in this chapter.

ELECTRICAL SERVICES

Check the following electrical services are available:

Customer/Factory electrical supply

Check machine transformer is correctly configured for customer supply.

Check power supplies settings (12V, 5V & 24V)

MACHINE POWER-UP SEQUENCE

When all of the above checks have been carried out then read the following procedure before continuing with the
sequence.

1. Turn the Mains Isolation Switch clockwise, this will apply Main Power to the machine.

2. Wait until the Control Monitors are visually displayed.

3. The Main Control Screen will display a message, Press "System" Button to Proceed, in the Message Prompt Bar.
4. Press the green System button. (If the button fails to illuminate then the 'E' stop loop is open. Check

all panels are closed and that the upline and downline connectors are fitted and that the Emergency

push button is fully released). The machine will carry out an initialization procedure. This should be

a quiet sequence with no more than a few servo motors running. If the machine appears to show

excessive mechanical noise, then press the Emergency stop button then power the machine down.

Carry out the Check List in Chapter 4 'Installation’, also ensure that every transit bracket has been removed.
Repeat the full procedure. If the problem remains then call the DEK Service personnel.

5. If the machine reports the error "MOTOR COMMS FAILURE" in the Message Prompt Bar when the machine
has attempted to initialize, then the program resident on the Control cards is corrupt. For the machine to operate,
the Mint program will have to be re-installed.

FUNCTIONAL TEST

Diagnostic Entry
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Check that all servos/stepper axis home to the correct dimensions, as follows:

1. With the machine initialized insert and turn the maintenance key to On

to enter the maintenance function, the menu bar will display the following:

Run, Head, Paste Load, Clean Screen, Adjust, Set-Up, Monitor, Maint

2. Press the Main button and the menu bar will change displaying the Diagnostic function.

Calibr Pressure, Calibr Olset, Calibr Vision, House Keeping, Set Prefers, Diagnost, Exit

3. Pressing Diagnostic will enter into the main diagnostic menu. If a password exists a window will display the
message 'Diagnostic Password'. If the passwoed is incorrect control will display the message 'Invalid password
entered' and return to the previous menu. If the correct pasword is entered or no password exists a pop up window
will display the following:

System

Print Head

Print Carriage

Squeegee

Camera AXxis

Rail System

Paste Dispense System

Screen Alignment

Screen Change

Screen Cleaner

Rising Table

Foreign Machine Interface

Autoflex Tooling

Next/Prev keys will move the highlight bar up down the list of modules that can be selected.

Select Module key will open a new window displaying the diagnostic functions available for the selected module.
Exit will return operation to the start of initialization.

NOTE

Before any diagnostic function is used in any of the modules they

must be homed first or they will not be able to initiate a command.

Highlight the module required using the Next/Prev keys, press Select Module.

Select Module, Next, Prev, System Enable, System Disable, Exit

Proceed with checking the home settings for the Print Carriage, Rising Table, X Axis

Camera Carriage, Y Axis Camera Carriage and Paste Dispense, as detailed in the following

pages. Adjustments for all sensor settings are detailed in the Technical Reference Manual.
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HOME MODULE SETTINGS

Print Carriage Home Position

Check dimension 'A' is 65mm +/- 0.5mm

For sensor setting refer to Technical Reference Manual

Rising Table Home Position

Check dimension 'A' is 208mm-0.00mm + 2.00mm

With Autoflex fitted dimension 'A' to be 168mm -0 +2mm

For sensor setting refer to Technical Reference Manual

X Axis Camera Carriage Home Position

Check dimension 'A'" is 136 - 138mm. Ensure that the vane clears the magnet of the sensor 1-2mm.

For sensor setting refer to Technical Reference Manual

Y Axis Camera Carriage Home Position

Check dimension 'A' is 28 - 30mm. Ensure that the vane clears the magnet of the sensor 1-2mm.

For sensor setting refer to Technical Reference Manual

Paste Dispense Home Position

Check dimension 'A'" is 15-17 mm from bearing to end stop dowel.

For sensor setting refer to Technical Reference Manual

CALIBRATIONS AND SETTINGS

Complete the Calibration and Settings as stated below, refer to Technical

Reference Manual Chapter 7 'Calibrations and Settings' for full detail.

Rail to Table Height

Print Reference Height

Vision Calibration

Board at Left/Right Optos
Board at Stop Sensor

Paste Cartridge Empty Sensor
PRODUCT SET-UP

Carry out the basic product set-up for the test board, as detailed
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in the Operator Manual, Chapter 5 - 'New Product Set-up'

CHAPTER 6
EXTERNAL MACHINE INTERFACE

INTRODUCTION

For the screen printer to be able to communicate to an upline external machine

and a downline external machine the interface protocol has to be established.

The options for interface protocol are selected from the maintenance set preferences page.

In addition to changing the protocol in software, a personality interface card will have to be

configured and installed into the machine for the relevant external interface to function correctly.
The protocol for interfacing external equipment is as follows:
SMPI- The upline and downline machines can be connected to either

upline and downline connectors irrespective of machine positioning.

SMEME, SANYO, FUJI, & DYNAPERT - The upline machine must be connected to the

upline connector and downline machine must be connected to the downline connector.

With the cables supplied connect the upline and downline machines to the screen printer.

2. Press the Maint button (F8), the Menu bar will change to the following:

Calibrt Pressure, Calibrt Olset, Calibrt Vision, House Keeping, Set Prefers, Diagnost, Exit

3. Press the Set Prefers button (or F5)

4. Using the Next and Prev keys highlight the Transfer protocol function.

Use the Incr and Decr keys and change the protocol to what is required.

At this step, if required, change the Display Units, Transfer Mode etc.

When completed Press Exit button (F8). This will save the revised

printer configuration and the Menu Bar will change back to the following:.

Calibrt Pressure, Calibrt OOset, Calibrt Vision, House Keeping, Set Prefers, Diagnost, Exit
5. Press the Exit button (F8) and the Menu Bar will change to the following:

Run, Head, Paste Load, Clean Screen, Adjust, Set-Up, Monitor, Maint

6. Press Set-Up button (F6). The Menu Bar will change to the following:
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Mode, Load Data, Edit Data, Change Squeegee, Change Screen, Change Tooling, Exit

7. Press the Mode (F1) button until the mode displayed in the Main Control Screen changes to No-Print.
8. Press the Exit button (F8) and the menu bar will display the following:

Run, Head, Paste Load, Clean Screen, Adjust, Set-Up, Monitor, Maint

Ensure that the Upline and Downline Machines are connected

and are powered up. (E-Stop loop connected if necessary).

Press the Run button (F1). This function key will change, to read Stop.

The screen printer will request a board from the upline machine and pass it through the

machine. The board will stop at the sensor on the conveyor. On request from the downline

machine the board will pass onto the external conveyor. When the sensor is clear the screen

printer will request another board from the upline machine and the sequence will repeat.

Pressing the Stop will cease the sequence, changing the Stop key back to the Run key.

This will show that the interface is working between the screen printer and the external machines.
VISION ALIGNMENT TEST (SPC DATA)

Detail

Delete TEST.DAT from the PRINTER directory, (using the Housekeeping function-'Delete Date', Technical
Reference Manual, Chapter 5 refers)

Set machine to run with Customer Board

Run 300 cycles

Copy all DAT and TXT files to diskette (using the Housekeeping

function-'Copy to Disk', Technical Reference Manual, Chapter 5 refers)

Using Lotus spreadsheet DRY_ALIN, input data and print out results.

PRINT TEST

Detail
Test print 10 boards to work paste

Using the test board, produce three consecutive prints and check for print uniformity, as follows:

Record 5 points on each of the three boards. Record the min. and max. figure from the 15 readings.

The total variation across the 15 readings should be equal to, or less than 50 microns.
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BOARD TEST FOR PRINT ACCURACY

Detail

Print 10 boards to work paste.

Using the Test Board-Issue A, print 30 consecutive boards and measure the 8 points,
paste to pad, using the LSM, (using Width mode) and record on the Print Alignment

Table overleaf, (if available, download the details into spreadsheet using lap top p.c)

Using suitable measurement equipment, load data into Lotus spreadsheet WET_ALIN and print results.

MACHINE INSTALLATION ACCEPTANCE DOCUMENT

General
This chapter contains a copy of the standard Machine Installation Acceptance Document as an example. The
service engineer/agent provides a working copy for signatures and recording purposes on machine installation.

The acceptance document is designed to cater for all instances on machine installation where the customer is:

Part A Fully satisfied with the machines condition and performance in all respects.

Part B Satisfied that the machine is fully operational in all respects but has minor shortfalls.

Part C Is unsatisfied with the performance and condition of the machine.

In each instance the Engineer/Agent and Customer representative will complete the
relevant Part of the document, retain a copy of the signed document and forward to the

personnel stated at the end of each part to address given at the front of this manual.

PART A

MACHINE INSTALLATION ACCEPTANCE DOCUMENT
FULL ACCEPTANCE

(SAMPLE)

MACHINE MODEL:

MACHINE SERIAL NUMBER:

CUSTOMER:

ADDRESS:

AGENT (if applicable)

DECLARATION

I HAVE EXAMINED THE ABOVE MACHINE AND FOUND IT TO BE IN
COMPLETE ACCORDANCE WITH THE DESCRIPTION, IN GOOD ORDER AND
CONDITION AND FIT FOR THE PURPOSES FOR WHICH IT IS INTENDED.

CUSTOMER REPRESENTATIVE
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NAME(Print):

POSITION:

SIGNATURE:

DATE:

DEK REPRESENTATIVE

NAME(Print):
POSITION:
SIGNATURE:

PART B
MACHINE INSTALLATION ACCEPTANCE DOCUMENT
CONDITIONAL ACCEPTANCE

(SAMPLE)

MACHINE MODEL:

MACHINE SERIAL NUMBER:

CUSTOMER:

ADDRESS:

AGENT (if applicable)

DECLARATION

| HAVE EXAMINED THE ABOVE MACHINE AND FOUND IT TO BE IN COMPLETE ACCORDANCE
WITH THE DESCRIPTION SAVE THE CONDITIONS OVERLEAF. THESE CONDITIONS DO NOT
IMPAIR THE USE OF THE MACHINE FOR THE PURPOSES FOR WHICH IT IS INTENDED.

CUSTOMER REPRESENTATIVE
NAME(Print):

POSITION:

SIGNATURE:

DATE:

DEK REPRESENTATIVE
NAME(Print):

POSITION:

SIGNATURE:

OUTSTANDING ISSUES

ITEM DESCRIPTION ACTION DATE RESOLVED
THE ABOVE ISSUES HAVE BEEN CORRECTED TO MY SATISFACTION
NAME(Print):

POSITION:

SIGNATURE:
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DATE:

CUSTOMER TO RETAIN COPY

FORWARD COPY TO: MACHINE HISTORY FILE, DEK ACCOUNTS, SERVICE DEPARTMENT

PART C
MACHINE INSTALLATION ACCEPTANCE DOCUMENT
NON ACCEPTANCE OF MACHINE

MACHINE MODEL:

MACHINE SERIAL NUMBER:

CUSTOMER:

ADDRESS:

AGENT(if applicable)

DECLARATION

I HAVE EXAMINED THE ABOVE MACHINE AND FOUND IT NOT TO BE IN ACCORDANCE
WITH THE DESCRIPTION FOR REASON OF THE CONDITIONS LISTED OVERLEAF.

CUSTOMER REPRESENTATIVE

NAME(Print):
POSITION:
SIGNATURE:
DATE:

DEK REPRESENTATIVE

NAME(Print):
POSITION:
SIGNATURE:

OUTSTANDING ISSUES

ITEM DESCRIPTION ACTION DATE RESOLVED
THE ABOVE ISSUES HAVE BEEN CORRECTED TO MY SATISFACTION
NAME(Print):

POSITION:

SIGNATURE:

DATE:

CUSTOMER TO RETAIN COPY

FORWARD COPY TO: MACHINE HISTORY FILE, DEK ACCOUNTS, SERVICE DEPARTMENT

SCREEN PRINTING MACHINE[] BOOK 3)
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OPERATOR MANUAL

INTRODUCTION

It is advisable to read the Operator Guide first and familiarize yourself with the machine by checking the Machine
Overview chapter with the machine.

The Operators manual is divided into 11 chapters.

Chapter 1 Safety Features, describes the features on the machine

that provides operator safety while the machine is in operation.

Chapter 2 Machine Overview, is a diagram showing the position of various functions on and around

the machine including the removable front panel which has a panel safety switch fitted to it.

Chapter 3 Production of screens, shows the positioning of an image on the screen.

Chapter 4 Vision Alignment System, describes how the vision

system operates and what is involved in creating a fiducial strategy.

Chapter 5 Setting Up For a New Product, shows a procedure of how to program

the relevant parameters to enable the machine to accept a new product.

Chapter 6 Retrieving A New Product, shows a procedure of how to retrieve a previously programmed product
parameter file so that the machine can be changed from one product to another in minimal time.

Chapter 7 Paste Dispenser, describes the functions and settings of this programmable unit.

Chapter 8 Under Screen Cleaner, describes the functions and settings of this programmable unit.

Chapter 9 Fitting Of Squeegees, will describe the process

operation of a squeegee and how to select and fit the correct type.

Chapter 10 SMT Print Quality, describes in depth the process

and problems associated with basic and fine pitch printing.

Chapter 11 Error Messages, list and advises on the recovery of each error message reported on the machine.

GENERAL

This screen printing machine is designed to be a versatile printer which can be operated as a stand alone or as
part of an automatic in-line system. The screen printer is microcomputer controlled and can communicate with an
outside host computer for parameters and management information.

The high standard of manufacture, and assembly, of this robust printer allows great accuracy

and repeatability of performance. All operations are controlled by the microcomputer,

which also records and maintains the print parameters for multiple products and machine
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management, including machine run time; wait time; down time; faults and selected events.

A feature of this machine is the speed, and ease with which the printer may be re-configured to accept
a new set of parameter values, or a change to a completely dilerent product. The microcomputer

can save and load multiple product information from hard disk storage to achieve a high speed set-up.

The machine printer provides complete flexibility in the use of long print runs,

or small batch production, making this screen printer the Automatic choice.

All Parameter values are set via the VDU using a row of eight function keys placed directly below, coinciding with
Menu Bar on the screen so as to make, machine to operator interface, quick and simple. There is also a pull out
keyboard for use of direct communication to the microcomputer.

OPERATOR VDU INTERFACE

The Menu Bar that is shown across the bottom of the screen will show an array of functions that can be
enabled by pressing the coinciding function key below the menu bar. These functions will initiate the selected

action or change to a new Screen and/or Menu Bar, making further options available for action or data entry.

MACHINE SPECIFICATION

Board Handling

PARAMETER DETAIL

Minimum size 100 x 50mm

Maximum size 510 x 508mm

Size tolerance  +/-0.3mm

Thickness 0.6 - 6.4mm

Warpage 1% of board diagonally up to 8mm max. (including board thickness)
Underside component clearance Max. 19mm

Transport feed Min 3.5mm to board edge

Feed direction  Pass thru, single-ended from left or right

Interface Option SMPI, SMEMA, FUJI, DYNAPERT, SANYO, SIEMENS, PANASONIC, or others with adaptors
Interface Height 840mm - 980mm

Width Adjustment Fixed front rail, motorized rear rail 50 - 508mm
Tooling Magnetic support pillars/Autoflex
Registration Vision

Print Parameters

PARAMETER DETAIL

Screen frame 736 x 736mm external, 660 x 660mm internal

Print area 510 X 498mm
Print stroke Automatic
Print speed 10-150mm/sec
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Print pressure  0-20Kg
Print gap 0-6mm
Print modes Print/print,flood/print and print/flood

Squeegee types Single trailing/diamond, double trailing/diamond

Screen change-over Motorized

Screen adjustment X/Y +/-10mm, Theta +/-2 degree

Paste dispense 10-100mm/sec dispense speed, rate 0-100
Screen cleaning 0-100 cycles dry or solvent option

PARAMETER MENU PAGE

Programming the machine for Setting-Up and Process is listed as shown below on the parameter menu page:

Set-Up

PARAMETER DETAIL

Product Name File name (Max. of 250 board files), standard DOS format
Screen Adaptor None; 255; Sanyo; Heraeus

Board Width Rail Width, 49.5-508mm in increments of 0.1mm

Board Length  Sets board stop default, 100-510mm in increments of 0.1mm
Board Thickness 0.5-6.0mm in increments of 0.1mm

Board 1 Fiducial Mode  Boundary only; Corr First; Corr Best, Boundary/Corr
Board 2 Fiducial Mode  Boundary only; Corr First; Corr Best, Boundary/Corr
Screen 1 Fiducial Mode Boundary only; Corr First, Corr Best; Boundary/Corr

Screen 2 Fiducial Mode Boundary only; Corr First, Corr Best; Boundary/Corr

Fiducial 1 X Distance of first fiducial from left edge of board, 0-510mm in increments of 0.1mm
Fiducial 1 Y Distance of first fiducial from front edge of board, 0-508mm in increments of 0.1mm
Fiducial 2 X Distance of second fiducial from left edge of board, 0-510mm in increments of 0.1mm
Fiducial 2 Y Distance of second fiducial from front edge of board, 0-508mm in increments of 0.1mm

Tooling Type  Magnetic support pillars; Vacuum; Autoflex

Fiducial 1 X OOset Programmable oOset of centroids of screen to board

fiducials. += Screen oUset to left of board, -1mm to +1mm, in increments of 0.4mm

Fiducial 1 Y OOset Programmable oUset of centroids of screen to board fiducials. += Screen olset to rear of
board, -1mm to +1mm, in increments of 0.4mm

Fiducial 2 X OOset Programmable oOset of centroids of screen to board

fiducials. += Screen olset to left of board, -1mm to +1mm, in increments of 0.4mm

Fiducial 2 Y OOset Programmable oOset of centroids of screen to board

fiducials. += Screen olset to rear of board, -Imm to +1mm, in increments of 0.4mm

Screen X Forward} Actual Screen Position
Screen X Rear } XF & XR, -20 to +20mm in increments of 0.004mm
Screen Y Axis } Y, -10 to +10mm in increments of 0.004mm
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Alignment Weighting Assigned Alignment to fiducial 0-100%, in increments of 1%

Board Stop X  Distance from centerline of machine to stop position, 50 - 255mm, in increments of 0.1m
Board Stop Y  Distance from front rail to stop position, 10-498mm, in increments of 0.1mm

Process

PARAMETER DETAIL

Print Speed 10-150mm/Sec in increments of 1mm
Flood Speed 10-150mm/Sec in increments of 1mm
Front Pressure 0-20Kg, in increments of 0.2mm

Rear Pressure  0-20Kg, in increments of 0.2mm

Flood Height Set height for the flood blade above the screen, 0-5mm in increments of 0.02mm
Print Gap Screen to board gap, 0-6mm, in increments of 0.025mm

Separation Speed Speed at which the first 3mm o f board from

screen separates 0.1mm - 100mm/Sec in increments of 0.1mm/Sec

Print Mode Print/Print,Print/Flood; Flood/Print.

Print Deposits 1,23

Paste Dispense Rate Number of print cycles between dispense cycles 0 -100 (o0) in increments of 1

Paste Dispense Speed Speed of paste dispense carriage, 10-100mm/Sec in increments of 1mm/Sec

Screen Clean Rate Number of print cycles between screen cleaner cycle, 0-100 (o) in increments of 1
Screen Clean Mode 1-Dry; 2-Dry; 1-Wet/1-Dry; 1-Wet/2-Dry; 2-Wet/1-Dry; 2-Wet/2-Dry
Paste Dispense Rate Number of print cycles between dispense cycles 0 -100 (o) in increments of 1

Paste Dispense Speed Speed of paste dispense carriage, 10-100mm/Sec in increments of 1mm/Sec
Screen Clean Rate Number of print cycles between screen cleaner cycle, 0-100 (o0) in increments of 1
Screen Clean Mode 1-Dry; 2-Dry; 1-Wet/1-Dry; 1-Wet/2-Dry; 2-Wet/1-Dry; 2-Wet/2-Dry

Paste Start Distance from the centerline of machine to dispense start, -255 to -255mm, in increments of 1mm

Paste Stop Distance from the centerline of machine to dispense start, -255 to -255mm, in increments of 1mm

GENERAL

Safety features provides safe operating conditions for both the operator and the machine.

The machine is fitted with an emergency safety shut-down press button switch. External modules in the line
can be fitted for connection to a common cable loop line, that provides automatic shut-down of all modules, if

any single emergency switch is operated, or any frame cover is disturbed during normal operation of the line.

Covers fitted with safety interlock switches protect operating personnel from the moving mechanisms. Transparent
plastic access covers are fitted over moving mechanisms of the machine and steel safety covers control access to
the frame of the module.

PROTECTION FROM HIGH VOLTAGE

Mechanisms

Machine mechanisms are powered 24 V only and do not pose an electrical hazard to personnel.
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220/110 V

Where (220/110 V) incoming supply voltages are present, protection is allorded by controlling
access to the enclosures that house the supply. The machine is fitted with an interlock isolator
switch that cuts power to terminations down stream of the isolator, for example the isolator

enclosure. Insulating shrouds oler protection at the isolator switch incoming power terminals.

Hazard warning

Hazard warning labels 'Danger High Voltage', are placed on the outside of enclosures where high voltage (220/110
V) terminations are present within and the enclosure is not fitted with a safety interlock. Inadvertent access to such
enclosures is prevented by the presence of the frame covers.

EMERGENCY SHUT-DOWN

The machine is fitted with an Emergency shut-down push button switch located on the right hand side

of the machine front cover. An additional push button is located on the left hand side of the head cover,

this button is an optional extra. Pressing either of these push-buttons (or removing a steel frame cover)

cuts power to the 24 V supply to mechanisms of all modules connected into the emergency loop line.

A warning of this condition is reported on the VDU. The E-stop system is described in detail below.

EMERGENCY-STOP LOOP

Stand-alone operation of module requires the end-of line plug/socket to be fitted.

The E-Stop system is a low voltage powered loop that interconnects selected modules in theline and
provides automatic shut-down of any powered mechanisms of the line during an emergency shut-down.
Breaking continuity of the E-Stop loop provides an automatic safety shut-down procedure for modules. The

connection loop comprises cable connections chained between upline and downline of modules selected.

Recovery

When the normal working condition is restored, release the Emergency stop button and/or replace the cover that
has been removed and press the green system button located on the ocntrol VDU.

CLEAR ACCESS COVERS

Clear polycarbonate access covers are fitted to the machine to protect personnel from the mechanisms

during normal line operations. Lifting a cover disables power to the mechanism that the cover protects.

Recovery
When the normal working condition is restored, and the relevant cover

is closed when the machine will carry on and complete the cycle.

STEEL FRAME COVERS

Frame covers are fitted with safety interlock switches which are also connected to the emergency
loop line. Removing the cover has the same elect as pressing the Emergency stop button, cutting 24
V power to the mechanisms of all modules connected into the loop. Indication that a cover has been

removed (or the E-stop has been pressed) is given by an error message displayed on the control VDU.

Recovery

When the cover is re-positioned, normal working condition is restored and the line may be restarted; pressing the
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green system button at the control VDU will enable the machines re-initialization procedure, where this is allowed
by the control system.

TWO BUTTON SAFETY SWITCHES

Located at the front of the machine, are the two button safety switches. The positioning of

these buttons are needed to maintain maximum safety for the operator when operating a

particular function. The two buttons have to be pressed simultaneously to become active.

The use of these buttons are dependent on the function selected at the VDU.

For example:

-Head Lift Up/Down
-Board Width

-Load Width

PRINTHEAD LIFT SUPPORT ASSEMBLY

Function

For the protection of personnel when working beneath the printhead with the printhead raised, a Head Support
Assembly, Part No 112975, is provided to mechanically secure the printhead in the raised position. The support
should be used at all times that the printhead is raised and stowed by the machine when not in use.

The support assembly is colored red and incoporates an internal spring for ease of installation and

removal. With the head raised the assembly is positioned to the front left hand side of the machine in the

electro-magnetic sockets, ensure that the black end of the support is at the bottom and the silver end at the top.

CAUTION
IMPORTANT

The lower support assembly must be removed prior to selecting printhead lowered.

If an attempt is made to lower the printhead with the support assembly

installed damage to the printhead, actuator and drive card may occur.

CHAPTER 2
MACHINE OVERVIEW

(Bhot's Note: Illustration only)

CHAPTER 3

PRODUCTION OF SCREENS

INTRODUCTION

This chapter describes the production procedure of screens to suit the

positional requirements determined by the design of the screen printer.

IMAGE POSITIONING
In order for the screen printer to be set-up consistently, it is important that the

image position in the screen frame be accurately placed to the correct dimensions.
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To help in positioning the image onto the screen the following diagrams will show the required dimensions.

Note
The front rail on the machine is fixed. Therefore, the position of the board

front edge will also be fixed with respect to the position of the screen.

'Y' AXIS POSITIONING

The important dimension to adhere to is the position of the artwork in the "Y' direction. This dimension shows the
position of the fixed front rail relative to the outer edge of the screen frame when the screen parameters are set to
zero.

On most artwork there are usually corner alignment marks showing the board outline. These can

be used to specify the positioning of the artwork relative to the outer edge of the screen frame.

Positioning of the artwork in the "Y' axis is a simple process consisting of measuring from a point on the artwork to the
front edge of the board, add this dimension to the fixed olJeset dimension (front rail to outer screen frame position).

This will give a dimension whereby the screen manufacturer can accurately place the image in the "Y' axis.

This dimension should be specified to 1mm

It is actual practice to measure from the nearest pad to edge of the

board and to specify which pad the dimension has been measured.

X" AXIS POSITIONING
Usually the artwork is positioned centrally on the board therefore positioning of the artwork in the

X' direction is achieved by placing the center of the image about the center of the screen frame.

This position should be specified to 1mm.

Occasionally the artwork is olset on the board therefore it is sometimes advisable to place the
image of the artwork about the center of the screen frame so that the squeegee will apply equal
pressure across the printing area. If the image is to be placed central in the screen frame then it

is important to olset the position the board stop when setting up the parameters of the product.

The position of the screen artwork should be kept within the limits specified. To position the screen
artwork, firstly determine the dimension, in mm, of the artwork from the front edge of the pcb. Subtract this

dimension from 622mm. This will position the artwork in the "Y' direction and must be kept within the Imm.

The position of the artwork in the "X' direction of the screen frame should be set so that the

centerline of the board is placed equally around the centerline of the machine within 1mm.

NOTE

It is of the upmost importance that the image is placed squarely in the screen frame within the given dimensions.

SCREEN FIDUCIAL MAINTENANCE
General
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As the vision system relies on good contrast between fiducial and the screen material(brass or stainless etc) it is
requried to maintain this contrast so as to enable good consistent fiducial location. The contrast will deteriorate
each time the screen is cleaned depending on the type of solvent used and the type of screen used. To reduce

this deterioration then periodic maintenance of the screen will be required and would only need burnishing.

If the fiducial has eroded over a period of time then a fiducial fill and screen burnishing will be required.

To determine the maintenance period and or fiducial erosion then the contrast has to be evaluated. This can be

achieved by using the Vision Evaluation Table in Chapter 4, aiming for greater than 40 threshold separation.

The main objective is to establish a contrast deterioration to screen wash cycle rate.

CAUTION

If using an agueous washing system with a suponifyer the PH level must not rise above 11 or the fiducials will
deteriorate rapidly due to corrosive action.

Fiducial Filling

1. Remove carefully any existing filler from the fiducials. This can be done using a pin and a magnifying glass.

CAUTION
As the screens are extremely delicate and that the fiducial is half etched, any excessive force will cause damage

to the screen by creating a pip on the top side. Also ensure that no damage to the fiducial perimeter occurs.

2. Remove any debris from the fiducial recess using clean moisture-free air supply. Do not use any

type of solvent to clean this area as a residue may be left inside causing poor adhesion of the filter.

3. Fill the Fiducial recess with the filler using the applicator. Due to the nature of the filler, complete all filling

as the filter compound may set in the applicator. Spray on the activator and allow to cure for 2-3 minutes.
4. Dispose of applicator with care and recap filler bottle immediately after use.

5. Using a sharp blade remove the excess filler so that it is flush with the screen surface.

CAUTION: Care must be taken no to SCORE(scratch-Bhot) the screen surface.

6. Place the shield over the fiducial area and gently rub the screen surface with

the course eraser. Do not rub aggressively. The objective is to remove any minute

excess of the filler and to create the contrast between the screen and the fiducial.

7. With the shield still in place rub gently with the soft eraser to give the
screen a bright finish. This will enhance the screen to fiducial contrast.

After the predetermined maintenance period has lapsed then the fiducial to screen contrast will
require a touch up, therefore a screen BURNISH(to make or become shiny by rubbing, a gloss or

polish-Bhot) is required. If fiducial erosion is occurring then the fiducial fill procedure will be required.

Burnishing
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Carry out the following burnishing procedure for brass stencils:

1. Place the shield over the fiducial area and gently rub the screen surface with the course eraser. Do not rub
aggressively. The objective is to remove any tarnishing to create the contrast between the screen and fiducial.
2. With the shield still in place rub gently with the soft eraser to give the

screen a bright finish. This will enhance the screen to fiducial contrast.

Materials

-Filler & activator - Black Tak from Loctite type

-Eraser - course type as used for typing correction

-Eraser - soft type as used for drafting film

-Applicator - green, available from Loctite Part No. 1993323
-Blade - scalpel type Swan-Morton No 11. + holder

-Shield - thin metal type with various shapes and sizes ie circles squares etc

CHAPTER 4
VISION SYSTEM

INTRODUCTION

This chapter describes the concept behind the vision alignment method used on the screen printer.
The screen printer contains an automatic vision alignment system designed to command a servo
controlled screen movement to align the screen image to board image accurately and consistently.

The automatic screen adjustment occurs each and every print cycle, thereby insuring an accurately registered print.

The system of operation for vision alignment makes use of a single roving telecentric camera. This type of

camera can view the underside of the screen and board fiducial by opening and closing the relevant shutters.

The alignment of screen to board is achieved by looking down and locating the position of the

board fiducials and then looking up, locating the screen fiducials and then correcting the diCerence.

The roving camera houses the mechanical board stop allowing ease of setting up and speeding up cycle times.

The vision system samples light intensity from the scene within the field of view of the camera using arrays of
photo-sensitive elements. Each of these elements transmits an output to the computer which is proportional to the
intensity of the light reflected back from the scene being viewed.

This output is recorded as one of 256 shades of gray at each location in a grid of points known as pixels. Each pixel has
a specific location within the image as determined by its co-ordinates. The output from each location is transmitted

to the computer as an analog voltage. These voltages are converted to a digital signal (digitized) of values 0 to 255.

FIDUCIAL RECOGNITION STRATEGY
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This section describes the information required by the vision alignment

system to accurately locate the board and screen fiducials repeatedly.

A fiducial is an alignment mark, positioned on the board as part of the artwork. Using this fiducial pattern
the vision recognition system can determine accurately the position of the board. This will enable the vision

system to be able to determine the necessary screen correction needed for perfect screen to board alignment.

The vision system requires certain data in order to be able to locate a fiducial. This data can be generated

by two methods, boundary tracking or correlation. A comparison of the two techniques are given below.

Boundary Tracking Correlation

Can only locate isolated fiducials or features Any part of a feature can be used as an
alignment mark

Fast to learn and locate Slow to learn and locate

when working wi th certain features

Less tolerant to lighting changes and

board More tolerant to lighting changes and bovariations ard variations

Either Boundary Tracking or Correlation are available for board alignment as individual techniques or,

the recommended method, Boundary Tracking followed by Correlation should Boundary Tracking fail.

Each technique is used to report the position of a point on the board or the screen. For accurate alignment
this point must be positioned in the same place on the board as it is on the matching area of the screen.

Boundary tracking reports the centroid of the learnt fiducial which is used as the reference point when aligning.

Using correlation, this reference point must be defined. The recommended method of
alignment, employing both techniques, intends that the correlation reference point is

always set to the centroid position, determined by learning using boundary tracking.

If correlation is selected alone as the feature recognition technique then it is recommended that the fiducial is learnt
first using boundary tracking to use the centroid as a reference point. If the feature used is a part feature then the
reference point must be entered manually. Manual entry of reference points should be avoided.

Each technique uses dilerent working information and is therefore described separately.

BOUNDARY TRACKING

From the digitized values, information regarding the scene being viewed is extracted. Based
upon this information, the first task required of the vision system is to separate object from
each other. The method of separation used is called binary thresholding, wherein each pixel

in the scene is adjusted to either black or white, based upon a selected gray scale value.

Every pixel with a gray scale value equal to or greater than the selected threshold is
white. The selection of particular threshold value can therefore be used as a means

to eliminate certain features from a scene, leaving only those which are significant.
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To be able to locate the fiducials either in the screen or on the board a Fiducial Recognition Strategy needs to be
created.

-Box Height

-Box Width

-Perimeter

-Area

-Fiducial to background relationship

-Reflectiveness of fiducial

With this information the vision alignment can recognize the learnt Fiducial and determine the
centroid accurately. Globally this known as the Fiducial Recognition Strategy. All this information
is partly determined by the vision processor and partly by the user. The user will have to set

up certain parameters so that the fiducial can be consistently recognized by the vision system.

It is therefore of the upmost importance that the strategy be correctly created

so that the alignment accuracy of the screen to board can be achieved.

The vision system, when searching for the desired fiducial will start its search in a spiral, clockwise pattern, from
the last position that a fiducial had been recognized. This will speed up the search time since that a fiducials
position changes very little due to the mechanical positioning of the board in the machine. The vision system will
search for the edge of the fiducial and trace the outline.

Once the trace is complete the processor will check the shape, perimeter, area etc and compare it with the original
learnt fiducial. If the shape that has been traced does not compare with the original then it is rejected and the
search will continue until the whole field of view has been coverec and the fiducial has been found. If however the

fiducial has not been found then the system will display an error message telling the user that the fiducial is missing.

For the Fiducial Recognition Strategy to be created correctly an

understanding of the parameter make up of the fiducial strategy is required.

Background
This can be changed to Light or Dark/

The vision system needs to know what the relationship is between the fiducial and the board. To
determine this the user needs to judge whether or not the fiducial is lighter in contrast compared with
the board. It is quite common to see the fiducial tinned therefore it will reflect more light than the

board making it a Dark background. To help the users decision the Video Threshold can be displayed.

Video Threshold

The video THRESHOLD(beginning point-Bhot) is used as a decision line so that the vision system can convert the
image into pure black and white. To the left of the line everything will be set to black and to the right of the line
everything will be set to white.

To determine this threshold setting the use of a histogram showing

the reflectiveness of the area in the field of view is required.
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Displaying the Video Threshold will change the live image on the vision

monitor into a black and to the right of the line everything will be set to white.

The ideal setting setting is to change the threshold so that the fiducial outline just
starts to break up and to make a note of the value. Change the threshold setting so

that the fiducial starts to merge into the background and make a note of the setting.

Place the threshold in the middle of these two values.

Example:
-Decreasing the threshold will make the display whiter.
Therefore Increasing the threshold will make the display darker.

-Decrease the threshold until the fiducial just starts to merge with the background. This number, for example is 80.

-Increase the threshold until the outline of the fiducial starts to break up. This number, for example, is 120.

-The dilerence is 40. Divide by 2 and add to the lowest number, which is 80, and the optimum setting for the
threshold is 100.

Gain and OUset

The gain and oset adjustments are used to obtain a proper processing balance for the vision system. This balance

will aid in obtaining accurate results for the Threshold operation when dilJcult imaging conditions are present.

Due to boards and fiducials varying from board to board or from batch to batch the reflected
image will move the histogram up and down the gray scale. To achieve a correct balance
of sensitivity the Gain setting should be set so that there is good separation between board

and fiducial. This separation cannot be too small due to the Threshold setting being fixed.

The histogram will move up and down the scale varying with the dilerent types of board and
fiducials, therefore if the separation is too small then the Threshold setting will encroach into
one of the two peaks distorting the image. If the separation is too large then the histogram

will move ol of the scale giving either a saturated image or an image that is too dark.

The Gain setting can be related to the contrast control on a television set. The OUset being the brightness control.
It is through histograms that the proper setting of the gain and ollset are obtained.

To set the Gain the ultimate goal is to adjust the histograms such that the separation between

the center of the two peaks (fiducial and background) is approximately 80 on the scale.

The O0set is adjusted so that the two peaks are positioned about the center of the scale.

Histogram

The histogram is the tool that is used to evaluate how much the

contrast has improved for a change in lighting or optical filtering.

The histogram displays a bar graph representing the distribution of gray scale values bounded within the field

of view of the camera. The graph illustrates the contrast within the field of view, providing an accurate method
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of selecting Thresholds and improving the illumination of the fiducials using the Gain and OUset adjustments.

The graph is arranged with the gray scale values 0-254 located on the horizontal axis, such that
0 corresponds to a pure black pixel and 254 corresponds to a pure white pixel. The vertical axis

displays the number of pixels or occurences at that specific gray scale level, within the field of view.

The objective of contrast enhancement is to attempt to separate the color of the background from the fiducial. The
more separated the more contrast.

Search Box

Search box is actually a programmable field of view of the camera which is stored as part of the

fiducial strategy. The search box consists of, search box left(0), search box right(511), search box

top(0) and search box bottom(479). The figures given in the parentheses will display maximum field

of view. Altering these parameters individually will enable the field of view to be reduced in size.

The search box is used in two ways. The first being to enclose a fiducial so that the histogram can analyze the
scene and display the result. Encasing the fiducial with the search box will allow the histogram to display the

fiducial characteristics with respect to the background so that the gain and olset parameters can be easily set.

With a full field of view the ratio between the background and fiducial is usually quite vast, therefore, the

histogram representation will only display the background peak and the fiducial peak will not be displayed.

Ensure that the search box is set to maximum before learning the fiducial and before saving this data.

The second use of the search box is to isolate the fiducial when there is a similar characteristic mark or hole in the
field of view. This is likely to happen on rare occasions.
CORRELATION (or template matching)

The vision system, when working with correlation, requires the following information in order to locate a fiducial:

-Feature box

-Reference point

-Fiducial or Feature description
-Acceptance Tolerance

-Rejection Tolerance

With this information, the vision alignment can recognize a learnt feature and hence determine the reference

point accurately. This information is partly determined by the vision processor and partly by the user.

The user will have to set up certain parameters so that the feature

can be found most electively and not be mistaken for another feature.

It is therefore important that the feature description is formed accurately and that the working levels for location
are set correctly so that alignment accuracy of the screen to the board can be achieved.
The vision system, when searching for a feature, moves a small rectangular template

containing the feature around the camera image comparing the feature with the image.
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The vision system derives a percentage of match found between the search feature and any part
of the image. The feature is located when the match exceeds a set level. The location that is
reported can be any defined point within the template (reference point). Each time the vision system

locates a feature, the starting point for the next search is updated, to speed up the search time.

Correlation, First or Best

Location may be set up to work in one of two ways: Correlation First or Correlation Best. Using Correlation
First, the vision system, will search until the first match is found which exceeds a set level. Using Correlation
Best, the vision system will search until the best match is found which exceeds a set level. Where the location

method of boundary tracking followed by correlation is selected, correlation will work using correlation first.

For the feature recognition strategy to be set-up correctly an understanding of the working parameters is required.

Background
This parameter is not relevant to correlation.
Video Threshold

This parameter is not relevant to correlation.

Gain and O0set

The gain and olJset must be set in exactly the same way that it is set using boundary tracking.

Histogram
The histogram may be used to evaluate how much the contrast has improved for a

change in lighting or optical filtering as described in the boundary tracking section.

Search Box
The search box is a programmable field of view as described in the boundary tracking section.

Ensure that the search box is at full size before learning a feature and before saving this data.

Feature Box

The feature box is a second programmable field of view which forms the walls of the search template. The feature
may be surrounded by moving each of the walls. After a successful learn using boundary tracking, the feature box
walls will be set automatically and that is how they should be set unless the feature used is a part feature, and
learning with boundary tracking is not possible.

The size of the feature box should not be large enough for changes in the

board's position to cause the sort feature to slip out of the field of view.

When setting feature box, it is recommended to create a unique feature within the search area,

this will enable correlation first to be used, increasing the speed of location versus correlation best.

Reference X and Y
The two parameters reference X and reference Y move the cross wires in the X and Y direction
around the inside of the feature box in the field of view. When the vision system locates a

feature, the location reported by it is marked by the cross wires with respect to the feature.
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After a successful learn using boundary tracking, the reference X and Y values will be set automatically
and that is how they should be set unless the feature is a part feature. Part features require fine
attention to the reference point, to ensure the same point is marked on both the board and screen
feature pair. Errors in positioning of the screen, as a result of a poor reference position must be

rectified by examining the printed boards and adjusting the fiducial oUsets in the parameters menu.

Acceptance Tolerance

The accept tolerance is used when locating, to define the percentage of match that must occur between the
template and the image to be a successful location. The learning process updates and accept tolerance to a level
midway between the best and second best match.

Rejection Tolerance

During location, the vision system steps the template around the search area, initially looking for

a position where the match exceeds the reject tolerance. When such a match is found, the feature

is examined in detail to determine if it is the edge of a position that exceeds the accept tolerance.

During learning, the rejection tolerance is used to determine the search step size. If the rejection
Tolerance is set too high, the search step size will be set very small and therefore a large number
of positions will have to be checked to cover the complete search area. If the rejection tolerance

is set too low, a larger number of initial positions are likely to require more detailed examination.

Result Matrix
As a result of learning, the result matrix is populated with values. Each row shows the

location (X and Y) of a found match. The percentage of match is also given for each location.

The position of each location may be seen on the camera image by highlighting the row to be viewed. Once

a row is highlighted, the feature box will move to the location where that particular match was found.

If, after learning, the result matrix displays more than one match, then to avoid locating on the wrong match the
accept tolerance must be set above the second best match.
LIGHTING

General
The heart of any vision system is the light source. The lighting will not only illuminate the area in which the

camera is viewing but also creates contrast between the board surface (background) and the fiducial itself.

The performance of the illuminators is dependent on the fact that when a

beam of light strikes a fiducial, it is partially reflected and partly dispersed.

The range of materials and surface finishes on printed circuit boards is

now such that to optimize fiducial capture two lighting options available.

The vertical illuminator is ideal for most finishes eg. Plain copper, tinned copper and highly reflective hot

levelled finishes. The ring illuminator apertures contrast when using domed or resist covered fiducials.

Screen llluminator
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The type of lighting that illuminates the screen fiducials is visible red led's with inner and outer adjustments.
When viewing the screen fiducial then the inner array set to maximum will be the general

setting as it is unlikely to vary in its condition. It is likely there will be a slow degrading of the

screen condition due to cleaning of the screen after production and will occur over a longer

period of time. Occasional bullng of the fiducial surround on the screen will be required.

Vertical llluminator

Light Source: Midget flange lamp (T1 3/4), DEK Pt. No. 113568

Format: Vertical via beam splitter

Power: 24 volt 80mA max.

Maintenance: Replace lamp every 6 months

Fiducial Surface Flatness +/- 15 degree max.

Fiducial Surface Dispersion: +/- 15 degree max.

Recommended

Fiducials: Hot air levelled, Tinned copper, Gold plated, Plain copp er

The vertical illuminator, fitted as standard, depends on light being reflected directly back into the camera, if the
surface angle to the horizontal is too large, no light will be reflected into the camera and if dispersion is too large,
insulJcient light will enter the camera to give a good image.

Ring Hluminator

Light Source: 30 Infra-red LEDs

Format: 14mm & 22mm dia. Concentric rings
Power: 24 volt 150mA max.

Maintenance: None required

Fiducial Surface Dispersion: +/- 10 degree min.

Recommended Fiducials: Resist covered and domed.

The ring illuminator depends on the light being dispersed from the surface entering from the camera, if the

surface is shiny very little is dispersed and if it is also flat, insuCcient will enter the camera to give a good image.

The light source used to illuminate the board is infra red and cannot be seen by the naked eye. The inner

and outer ring can be individually adjusted to give maximum contrast between the fiducial and board.

The outer ring has been designed to give a dillerent angle of lighting and is used mainly for fiducials coated in
solder resist. Solder resist will reflect the lighting without allowing the fiducial image to be captured, this is known
as SATURATION. The outer ring will penetrate the solder resist allowing the fiducial to reflect the light, thereby,
displaying the fiducial image. The setting of this array should be maximum.

For domed fiducials optimum results can be obtained by using

both the inner and outer arrrays, setting them to maximum.

Interchangeability

Both units use the same mechanical and electrical fixing making removal and replacement simple and quick.

Adjustment of Lighting
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Below are tables showing the basic settings that will generally give good results. However,
there will be certain cases that may cause dilJculty in fiducial location. To aid in lighting

adjustment a description of the need for inner and outer lighting rings is required.

The main objective is to achieve good contrast between fiducial and background. This is

know as separation. As a rule, the more intense the lighting, the better the separation.

The tables given below are only guidelines as to the lighting, gain and olset settings for dillerent types of

fiducial. The need for further experimentation may rise due to the characteristics of background and fiducials.

LIGHTING TYPE FIDUCIAL TYPE INNER ARRAY OUTER ARRAY VIDEO OFFSET
VIDEO GAIN
Vertical Most types and/ Maximum Minimum
100 Set for bestllluminator or initial separation
Vertical Hot air leveled Maximum Maximum
100 Set for bestllluminator tinned copper separation
gold plated
Ring Solder resist Minimum
Maximum 255 Set for bestllluminator covered fiducial separation
Ring Domed fiducial Maximum Maximum
255 Set for bestllluminator separation
SCREEN TYPE INNER ARRAY OUTER ARRAY VIDEO OFFSET VIDEO GAIN
Brass Stencil Maximum Minimum 150 Set for best separation
Stainless Steel Maximum Maximum 150 Set for best separation

Setting the Gain control will enhance the separation between the fiducial and background.

When setting the gain, ensure that the fiducial peak on the histogram does not run ol of the scale.

Threshold Evaluation

The objective of using the tables below is to establish the best lighting setting and then the optimum threshold value.
If the product experiences dillculty in finding fiducials then it is likely that the separation is small and therefore
will require fine tuning. If this is the case then the table will establish this and will show if the lighting does not

give the separation required. There is an alternative light source available whicch should overcome this problem.

Randomly select 3 boards. Set machine to view a fiducial and use fiducial set-up. Adjust lighting and

video gain for optimum contrast. Adjust threshold to min and max which will give actual separation.
If the fiducial has a separation between 20-40 then the following formula should be

applied to give optimized setting of the threshold for consistent location. Less than 20 is

too small a separation which shows that the fiducial to background contrast is merging.

S/3+H=0
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S- Separation

H- Highest value of minimum threshold
O- Optimum threshold setting

For example:

Best separation = 36

The highest value of the minimum threshold = 97

(36/3) + 97 = 109
Therefore the optimum threshold setting is 109.

FIDUCIAL OFFSET

Fiducial olsets are a means of correcting the vision alignment when discrepancies arise in the following:

a) Using correlation recognition software

b) If the fiducial to artwork is incorrect

The reason for discrepancies in a) is that the alignment reference point is input manually by the operator giving a
slight variation in the board to screen alignment.
The discrepancy in b) is that the fiducials are either placed on the screen after the main artwork has been

generated or that the fiducials have been placed directly onto the screen after the screen has been manufactured.

To adjust the fiducial oUsets several prints of the relevant board must be carried out. Measure the

paste to pad olset and input those measurements into the fiducial osets in the parameters page.

Note: The oset value for the paste to pad variation must be consistent.

Adjusting the fiducial oOsets will re-align the screen, ie. A positive X value will o0set the screen alignment

to the left of the board, similarly a positive Y value will oUset the screen alignment to the rear of the board.

ALIGNMENT WEIGHTING
Alignment weighting is the facility to compensate for a pitch

mis-match between the screen fiducials and board fiducials.

The error becomes apparent after printing where there is a pitch error in fiducials between screen and board.
Ideally a perfect match of the images should be obtained between screen and board, but due to variables in the
manufacturing of the screens and boards, this is rarely obtained.

To obtain the best match between the screen and board the system will calculate the error between

the screen and board then automatically assigns the errors equally between Fiducials 1 and 2.

However if a bias to one side of the board is desired ie. In the case of

localized fine pitch, then adjustment of the weighting value can be made.

CHAPTER 5
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NEW PRODUCT SET-UP

INTRODUCTION

General

Before commencing with this procedure the Vision System Chapter should be read and understood.

This set-up procedure is used for pre-production, on an unknown product. When the procedure has been completed
the product parameters can be recalled instantly by product name using the Retrieving Previous Product procedure
Chapter 6.

The following procedure is carried out in Stages 1-5. Each stage must be completed

before carrying on with the next stage. Each stage can be repeated if necessary.

Stage 1

Edit Parameters Menu for new product, l.e. product title, board edge dimensions and board fiducial positions.

Stage 2

Load/change new screen

Stage 3A
Add/Change magnetic support pillars

Stage 3B
Set-Up/Change Autoflex support pins

Stage 4

Rough Alignment, step board through and adjust to rough align screen
Stage 5A

Fiducial Set-Up BT - BT/CORR

Stage 5B
Fiducial Set-Up CORR Only

Stage 6

Paste load and squeegee fitment

MACHINE MODES

The following modes are available, performing the functions described below:

Auto Mode
In Auto mode the print cycle will request boards as required from an

upline machine, print and pass them on demand to a downline machine.

Single Mode
In Single mode the print cycle will print a single board and stop.
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Step Mode
In Step mode the selected cycle, Print, Paste Dispense or Clean Screen will be performed one

functional step at a time, at each step access will be given to adjust the appropriate parameters.

No Print Mode
In No print mode boards will be requested from an upline machine

and passed on demand to a downline machine, without any action.

Auto Mode When running auto mode the following menu bar is displayed:

End Run, Stop Cycle, Paste Load, Clean Screen, Adjust

End Run

When End Run is selected the current cycle will complete the full print cycle and return to the main menu bar.

Stop Cycle

Pressing the Stop Cycle will halt all actions and the menu bar will display Continue and Abort options.

Pressing Continue will re-commence the print cycle from the point at which it halted.
Pressing Abort will purge the board from the rails, return the paste dispense cartridge,
clean screen and camera carriages to their datum positions. The print cycle will return to

the start position in single mode. Two board removal options are available, Auto and Manual.

Selecting Auto allows board removal from the board exit position, selecting Manual allows the

printhead to be raised under two button control for board removal from within the machine.

Paste Load

Selecting Paste Load will display Auto Dispens and Manual Load options.

Pressing Auto Dispens will automatically apply a quantity of paste to the screen from the paste cartridge.

Pressing the Manual Load will raise the squeegees clear of the screen and drive the print carriage

rearwards to allow the operator to apply paste to the screen, see 'Paste Load' at the rear of this chapter.

Clean Screen

Pressing Clean Screen will drive the screen cleaner unit to clean the lower surface of the screen. The clean screen
mode parameters will set the option for combinations of wet and dry cycles, see 'Introduction - Process', at the front
of this manual.

Adjust

Pressing Adjust allows the operator to adjust any of the main process parameters displayed on the

pop up window, see 'Introduction - Parameter Page', at the front of this manual for parameter listing.
PARAMETER MENU PAGE

Only the following parameters need to be adjusted to enable the machine to be set up for a new product. The

remainder of the parameters are used for process and are adjusted after product set-up to obtain the print quality.
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Set-Up

Product Name File name (Max. of 250 board files), standard DOS format
Product Barcode (If fitted and selected in the Set Preference Page)
Screen Adaptor None; 255; Sanyo; Heraeus

Board Width Rail Width, 49.5-508mm in increments of 0.1mm

Board Length  Sets board stop default, 100-510mm in increments of 0.1mm
Board Thickness 0.5-6.0mm in increments of 0.1mm

Board 1 Fiducial Mode  Boundary only; Corr First; Corr Best; Boundary/Corr
Board 2 Fiducial Mode  Boundary only; Corr First; Corr Best, Boundary/Corr
Screen 1 Fiducial Mode Boundary only; Corr First, Corr Best; Boundary/Corr

Screen 2 Fiducial Mode Boundary only; Corr First, Corr Best; Boundary/Corr

Fiducial 1 X Distance of first fiducial from left edge of board, 0-510mm in increments of 0.1mm
Fiducial 1Y Distance of first fiducial from front edge of board, 0-508mm in increments of 0.1mm
Fiducial 2 X Distance of second fiducial from left edge of board, 0-510mm in increments of 0.1mm
Fiducial 2 Y Distance of second fiducial from front edge of board, 0-508mm in increments of 0.1mm

Tooling Type  Magnetic support pillars; Vacuum; Autoflex

Fiducial 1 X OOset Programmable oOset of centroids of screen to board
fiducials. += Screen o0Uset to left of board, -1mm to +1mm, in increments of 0.4mm
Fiducial 1 Y OUset Programmable oUset of centroids of screen to board fiducials. += Screen olset to rear of
board, -1Imm to +1mm, in increments of 0.4mm

Fiducial 2 X OUset Programmable olOset of centroids of screen to board
fiducials. += Screen olUset to left of board, -1mm to +1mm, in increments of 0.4mm
Fiducial 2 Y OOset Programmable oOset of centroids of screen to board
fiducials. += Screen olUset to rear of board, -1mm to +1mm, in increments of 0.4mm
Screen X Forward} Actual Screen Position

Screen X Rear } XF & XR, -20 to +20mm in increments of 0.004mm

Screen Y Axis } Y, -10 to +10mm in increments of 0.004mm

Alignment Weighting Assigned Alignment to fiducial 0-100%, in increments of 1%
Board Stop X  Distance from centerline of machine to stop position, 50 - 255mm, in increments of 0.1m

Board Stop Y  Distance from front rail to stop position, 10-498mm, in increments of 0.1mm

PRODUCT SET-UP - QUICK REFERENCE

The following table details a summary of the various procedures contained in this chapter, in sequential order, with
the paragraph references where applicable:

PRODUCT SET-UP

1. Power Up & Initialize the Machine

2. Load Default File

3. Edit Parameters for Initial Product Set-Up

4. Insert/Change Screen

5. Board Support Set-Up
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6. Use Step Mode:
7. Adjust Lighting Teach Fiducials
8. Load Paste Change Squeegee

9. Edit Process Parameters & Save

STAGE 1 - EDIT PRODUCT PARAMETERS

Switch on the Main Isolator and wait until the Main Control Monitor is displaying. The Message

Prompt Bar will display the message 'Press SYSTEM switch to Initialize Printer or select Diagnostics'.

Pressing the green System switch will apply power to the motors and the machine will carry out an initialization
routine, setting all motors to their home position and checking all sensors to ensure that the machine is clear of any
product that may have been left in the machine.

With the machine powered up and the machine initialized the Main Control Screen

should be displayed showing the Printer Status Page and the Process Parameters Page.

Notes

1. The eight push buttons on the right hand monitor, (positioned below the main control screen), relate to the
corresponding message displayed immediately above on the Menu Bar of the main control screen. Therefore

selection of the desired function, mode or parameter is achieved by depressing the push button directly below.

Alternatively, selection of the desired function, mode or parameter
may also be achieved by use of the keyboard keys F1 to F8.

2. For keyboard operation the number of the function keys will be shown in parentheses, eg.(F1).

3. When editing large numeric parameter values press the forward slash(/) key on the keyboard to enable numeric

entry instead of using the Incr and Decr keys. This key function will only be in operation in parameter edit pages.

To show when this option is available the key will be shown in the margin next to the step procedure.

4. The Maint function will only be displayed when the maintenance key is switched on (clockwise).

With the machine initialized the Menu Bar will show the main menu as follows:

Run, Head, Paste Load, Clean Screen, Adjust, Set-Up, Monitor, Maint.

1. Press the Set-Up button (or F6) and the Menu Bar will change to show the functions available.

Mode, Load Data, Edit, Change Squeegee, Change Screen, Change Tooling, Exit

2. Press the Load Data button (or F2), a pop-up window will display

Load Data File and the menu bar will change to the following:

Load, Bar Code, Left, Right, Up, Down, Exit

3. Using the Up and Down keys select the required parameter file and press
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the Load button (or F1), the menu bar will return to the following display:

Mode, Load Data, Edit Data, Change Squeegee, Change Screen, Change Tooling, Exit
4. Press Edit Data button (or F3) to enter password, (if not required, continue as detailed below), a pop-up

window will display Edit Current Process Parameters and the menu bar will display the following:

Save, Next, Previous, Incr., Decr.,, EXit

5. Using the Next and Prev buttons (or F4 & F5) will highlight the parameter that is required for editing.
The Incr and Decr (or F6 & F7) will cycle through fixed options or alter the highlighted parameter value.

6a. Highlight the Product Name parameter and press Incr or Decr to enable editing. Type in the name
of the product, using the keyboard located under the monitor, that is about to be set-up. Follow the

standard DOS format which is 8 characters long and no punctuations. Press return on the keyboard.

6b. If barcode is fitted and has been selected in the Set Preference page, then highlight Product Barcode option and
press Incr or Decr to enable. Using the light pen swipe the barcode on the product swiftly, left to right or right to
left, until the number of the product is displayed.

7. Move the highlight bar to Board Width. Use the Incr or Decr (of F6 & F7) to set the Dimensions, in

mm or inches, so that it equals the width of the product plus a clearance. le. Product width is 200mm

then the Board Width value should be 200.5mm. The 0.5mm tolerance is an example, therefore the

tolerance that is to be added should allow for the maximum tolerance board size through the machine.

8. Move the highlight bar to the Board Length. Use the Incr or Decr (or F6 & F7) to

set the dimensions, in mm or inches, so that the exact length of the product is entered.

9. The setting of the Board Width and the Board Length dimension
will allow the machine to calculate the default settings of the following:

-Board Stop
-Paste Dispense stop and start
-Print Stroke Length

-Under Screen cleaner stroke length

10. Move the highlight bar to Board Thickness. Usethe Incr and Decr keys and set the

dimension, in mm or inches, to the actual board thickness. The nominal board thickness is 1.6mm.

If the Printing Parameters are known then move the highlight bar to the relevant parameter ie Print Speed, Print
Pressure, Print Gap, Print Separation Speed, Paste Dispense Rate and the Paste Dispense Rate to 0 and adjust the
Print Parameters after the machine has been set up.

11. Move the highlight bar to Board 1 Fid mode. Use Incr

and Decr buttons to select the required fiducial location type.

12. Move the highlight bar to Board 2 Fid mode, Screen 1 Fid mode and
Screen 2 Fid mode and select for each, using the fiducials location type.
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13. Move the highlight bar to Fiducial 1 x co-ord. Use the Incr and Decr buttons
and setthe dimensions, in mm or inches, to where the distance of the first fiducial is

(or feature area if Corr is selected) located in relation to the left edge of the board.

14. Move the highlight bar to Fiducial 1 y co-ord. Use the Incr and Decr buttons and
setthe dimensions, in mm or inches, to where the distance of the first fiducial is (or

feature area if Corr is selected) located in relation to the front edge of the board.

15. Move the highlight bar to Fiducial 2 x co-ord. Use the Incr and Decr buttons and
setthe dimensions, in mm or inches, to where the distance of the second fiducial is

(or feature area if Corr is selected) located in relation to the left edge of the board.

16. Move the highlight bar to Fiducial 2 y co-ord. Use the Incr and Decr buttons and
setthe dimensions, in mm or inches, to where the distance of the second fiducial is

(or feature area if Corr is selected) located in relation to the front edge of the board.

17. Move the highlight bar to Tooling Type. Use the Incr and Dect buttons to select the type of tooling that is going
to be used. The options are: Autoflex; Vacuum; Magnetic.

18. When all of the above parameters are set and are satisfactory then use the Save

button (or F2) to store the current set of parameters to Hard Disk file using the Product

Title as the filename. If not then highlight the particular parameter that needs to be

changed and use the Incr or Decr buttons to edit the parameter then use the Save button.

The Message Prompt Bar will display the message 'Board data file saved'.

19. Press Exit button (or F8) twice, and the Menu Bar will change.

First exit:
Load, Left, Right, Up, Down, Exit

Second exit:

Mode, Load Data, Edit Data, Change Squeegee, Change Screen, Change Tooling, Exit

STAGE 2 - LOAD NEW SCREEN

Raise the top access cover and fit squeegees.

Mode, Load Data, Edit Data, Change Squeegee, Change Screen, Change Tooling, Exit

1. Press the Change Screen button (or F5). Lower the front access cover and if there is no screen
fitted then the message displayed on the screen will be 'Insert Screen & Retry'. If a screen is
present then 'Remove Screen Under Two Button Control' will be displayed in the Message Prompt

Bar on the VDU. Press the Two Button Safety Switches simultaneously until the screen is ejected.

2. Insert the screen and close the front access cover. Press the Change Screen
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button (or F5) and the screen will automatically be loaded into the machine.

STAGE 3A - BOARD SUPPORT SET-UP

Magnetic Support Pillars

Mode, Load Data, Edit Data, Change Squeegee, Change Screen, Change Tooling, Exit
1. Press Change Tooling button (or F6) and the Menu Bar will change to the following.

Adjust, Head, Home Stop, Board Stop, Full Width, Load Width, Board Width, Exit

2. Press Head button (or F2) and raise the printhead under the two button control.

3. Press Board Width button and using the two button control move rails to board width.

4. Place the board on top of the clamp central to the white reference mark.

5. Taking care not to move the board, position the support pillars.

To position the pillars for maximum board support it is advisable to position

them remembering that the larger the board used the more support is required.

If the printed board appears to suller uneven print quality then define where more support is needed and add the
relevant pillars.

6. When the support pillars have been arranged then remove the board.

Press Head button and lower the head using the 2 button control.

7. Press Exit button twice to return to the main menu.

STAGE 3B - BOARD SUPPORT SET-UP

Autoflex Tooling

1. Press Tooling Change button (or F6), the Menu Bar will change as

shown below, and the screen will display 'Changing Tooling Parameters'.

Change Tooling Parameters

Board Width 152.8mm
Board Stop X 75.6mm
Board Stop Y 76.0mm

Adjust, Head, Home Stop, Board Stop, Full Width, Load Width, Board Width, Exit
2. Press Adjust button (or F1) and the Menu Bar will change as shown below and the screen will display

the 'Change Tooling Parameters'. The parameters are highlighted, the adjustments are now active.

Change Autoflex, Save, Next, Prev, Incr, Decr, Exit
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3. If changes to the board width or stop positions are required at this stage, adjust by using the Next/Prev

buttons to select the parameter required, and the Incr/Decr buttons to adjust to the desired dimension.

4. Press Change Autoflex button (or F1), the Menu Bar will change and the screen

will display the autoflex pin positions relative to the size of board previously set up.

Lower, Raise, Left, Right, Up, Down, Exit

5. Using the Left, Right, Up and Down (or F4, F5, F6 and F7) buttons positions the cursor over the
pin desired to support the board. Using Lower and Raise buttons (or F1/F2) selects the pin position.

6. Press Exit button (F8) to exit Change Autoflex. Press Save button to save Autoflex pin position settings. Press
Exit twice to return to main menu. The rail will tool to the board size, and the Autoflex pins selected will raise
beneath the board.

STAGE 4 - ROUGH ALIGNMENT

Mode, Load Data, Edit Data, Change Squeegee, Change Screen, Change Tooling, Exit

1. Pressing the Mode button (or F1) will change the Mode displayed on the Main Control Screen.

Press until Step is displayed alongside Mode.

2. Press the Exit button (or F8) and the Menu Bar will change to the

main menu bar. The machine will change to the new product set-up.

3. Place the board on the conveyor input, ensuring that the sensor is covered.

Press the Run button (or F1). The camera and board stop will be positioned.

Auto Board, Manual Board, Exit

4. Press the Auto Board button (or F1) and the board will be transported into the machine. The Menu Bar will change.

Step, Head, Fiducial Set-Up, Adjust, Single Exit

5. Push the Step button twice. This will raise the board to vision height, and the Menu Bar will change.
Depending on which fiducial recognition method is to be used, proceed to either Stage 5A or 5B, as applicable.
STAGE 5A - FIDUCIAL SET-UP BT-BT/CORR

1. A small window will be displayed centrally on the vision monitor. Press Adjust button (or

F5) and a new menu bar will be displayed. Using Next and Previous highlight the relevant

axis and use Incr or Decr to position the displayed fiducial about the center of the box.

Press the Exit button. The Menu Bar will change.
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Step, Head, Fiducial Set-Up, Adjust, Single, Exit

2. Press the Fiducial Set-Up button (or F3) and the Menu Bar will change.

Learn Fiducial, Locate Fiducial, Next, Prev, Incr, Decr, Exit

The Main Control Screen will display a parameter window containing the temporary Fiducial Strategy Parameters
and a gray scale histogram.

3. Using the Next and Prev keys, highlight the relevant parameter, and

using the Incr and Decr keys, adjust accordingly in the following sequence.

BT - BT/CORR

1 Change background - change this to either light or dark

2 Close search box - encase the fiducial

3 Adjust lighting - adjust the lighting controls to suit fiducials

4 Adjust the OUOset to 255 for the board fiducial and 150 for the screen fiducial
5 Adjust the Gain to achieve maximum separation while ensuring

that the fiducial peak does not runoC the histogram scale

6 Adjust threshold - so that fiducial has unbroken outline and solid as possible,

adjust between max and min to show the separation between board and fiducial.

7 Open search box - open to full size, left=10:right=511:top=0:bottom=479.

If the window raps around set so that -1 window is within 10 of max figures

Learn Fiducial, Locate Fiducial, Next, Prev, Incr, Decr, Exit

4. Press Learn Fiducial (or F1) the Menu Bar will change.

Learn BT, Learn Corr, Exit

5. Press the Learn BT button (or F1). The Menu Bar will change and a cross hair will appear on the Vision Monitor.

Position the cross hair to the left and adjacent of the fiducial using the four keys, Left, Right, Up and Down.
Learn Fiducial, Left, Right, Up, Down, Exit

6. Press the Learn Fiducial button (or F1). An outline will be drawn around the

Fiducial and the crosshair placed in the center of the fiducial. If not then re-position

the crosshair closer to the fiducial and then press the Learn Fiducial button (or F1).

7. Press the Exit button (or F8) to return to the learn option Menu Bar.

Learn BT, Learn Corr, Exit

8. Press the Learn Corr button (or F2) and view the learn correlator menu bar. The vision monitor will

- 129 -



display the fiducial with the feature box around it and the cross hair at the correct reference position.

Learn, Display, Adjust, Exit

9. Press the Learn button (or F1). A prompt indicating the time of

learning and tracking will be displayed and the Menu Bar will change.

Continue, Exit

10. Press the Continue button (F1) to learn the fiducial and wait while the vision

system processes the information and a prompt "please wait" will be displayed.

When complete the machine will step into the result matrix menu and the menu bar will

change. The highlighting cursor will highlight the best match entry in the result matrix window.

Next, Prev, Exit

11. If the vision system has populated only one row in the result matrix then that is the only match. Where there
are more than one match displayed, Next and Prev may be used to view each match position on the monitor.
12. Press the Exit button (or F8) four times then Step, the Menu Bar will change.

Step, Head, Fiducial Set-Up, Adjust, Single, Exit

Repeat Steps 1-12 for Screen Fiducial 1, Board Fiducial 2 and Screen Fiducial 2.

13. Press the Step button, the Board Data will be saved and the Menu Bar will change.

Step, Single, Exit

14. Pressing the Single button will continue the board, continuously, through the print cycle

until the board is ejected out of the system. If the Print Parameters were set and paste loaded,

then a print would have taken place, therefore, print quality and alignment can be checked.

STAGE 5B - FIDUCIAL SET -UP CORR Only

1. A small window will be displayed centrally on the vision monitor. Press Adjust button (or

F5) and a new menu bar will be displayed. Using Next and Previous highlight the relevant

axis and use Incr or Decr to position the displayed fiducial about the center of the box.

Press the Exit button. The Menu Bar will change.

Step, Head, Fiducial Set-Up, Adjust, Single, Exit

2. Press the Fiducial Set-Up button (or F3) and the Menu Bar will change.

Learn Fiducial, Locate Fiducial, Next, Prev, Incr, Decr, Exit
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The Main Control Screen will display a parameter window containing

the temporary Fiducial Strategy Parameters and a gray scale histogram.
3. CORR Only

a) Ensure that the search box is full size

b) Adjust board lighting to max, screen lighting as per Screen

Lighting Adjustment tables) Adjust Gain and Olset to max.

Learn, Locate Fiducial, Next, Prev, Incr, Decr, Exit

4. Press Learn Fiducial (or F1) the Menu Bar will change.

Learn BT, Learn Corr, Exit

5. Press the Learn Corr button (or F2) and view the learn correlator menu

bar. The vision monitor will display the feature box and the cross hair.

Learn, Display, Adjust, Exit

6. Press Adjust and the Menu Bar will change and a pop-up

window will be displayed showing the parameters to be adjusted.

Next, Prev, Incr, Decr, EXit

7. Using the Next and Prev keys highlight the relevant parameter and adjust using the Incr and Decr keys.

8. Press Exit button (or F8) and the Menu Bar will change:

Learn, Display, Adjust, Exit

9. Press the Learn button (or F1). A prompt indicating the time of

learning and tracking will be displayed and the Menu Bar will change.

Continue, Exit

10. Press the Continue button (F1) to learn the fiducial and wait while the vision

system processes the information and a prompt "please wait" will be displayed.

When complete the machine will step into the result matrix menu and the menu bar will

change. The highlighting cursor will highlight the best match entry in the result matrix window.

Next, Prev, Exit

11. If the vision system has populated only one row in the result matrix then that is the only match. Where there
are more than one match displayed, Next and Prev may be used to view each match position on the monitor.

12. Press the Exit button (or F8) four times then Step, the Menu Bar will change.
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Step, Head, Fiducial Set-Up, Adjust, Single, Exit

Repeat Steps 1 - 12 for Screen Feature 1, Board Feature 2 and Screen Feature 2.

13. Press the Step button, the Board Data will be saved and the Menu Bar will change.

Step, Single, Exit

14. Pressing the Single button will continue the board, continuously, through the print cycle

until the board is ejected out of the system. If the Print Parameters were set and paste loaded,

then a print would have taken place, therefore, print quality and alignment can be checked.

STAGE 6 - PASTE LOAD AND SQUEEGEE FITMENT

General

To enable the operator to apply paste to the screen or change a squeegee, Paste Load and Change Squeegee

functions are available. Selection of either functions temporarily halt the print cycle while the operation is carried out.

Paste Load

After the initial loading of paste to the screen, two options of loading paste are available for paste application:

1) Automatically - using the Auto Dispense function where paste is applied from the paste dispenser to the screen.
1i) Manually - using the Manual Load function where the print carriage is driven

rearwards allowing the operator access to apply paste from a pot on to the screen.

The following procedures detail the two methods of paste application:

Auto Dispense

With the machine initialized the menu bar will display the main menu as follows:

Run, Head, Paste Load, Clean Screen, Adjust, Set-Up, Monitor, Maint.

1. Press the Paste Load button (or F3) and the Menu Bar will change to show the functions available.

Auto Dispens, Manual Load, Exit

2. Press Auto Dispens button (or F1), the paste dispense cartridge will

lower and traverse across the screen applying paste on to the screen.

3. Press the Exit button (or F8) to return to the main menu.

Manual Load

1. Press the Paste Load button (or F3) and the menu bar will display the following:

Auto Dispens, Manual Load, Exit
SCREEN PRINTING MANUAL
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TECHNICAL REFERENCE MANUAL

INTRODUCTION

Manual Format

It is advisable to read through the Technical Reference Manual first and be familiar with the machine by comparing
the components, sensors and assemblies as shown on the machine overviews of Chapter 2 with the actual machine.

The Technical Reference Manual is divided into 13 chapters.

Chapter 1 Safety Features, describes the features on the machine

that provides the operator safety while the machine is in operation.

Chapter 2 Machine Overview, with diagrams showing the position of

various functions, sensors and assemblies on and around the machine.

Chapter 3 Technical Description, describes in detail the sequence of operation of various modules on the machine.
Chapter 4 Error Messages, lists and advices on the recovery of each error message reported.

Chapter 5 Diagnostics, lists and describes the operation of individual diagnostic routines available on the machine.
Chapter 6 Electronic Enclosures, shows the electronic cards position in the enclosures

and gives a description of the function and configuration of each individual card.

Chapter 7 Calibration and Settings, gives step by step guidance for calibrating and setting modules on the

machine. This chapter will also give opto and switch adjustments necessary for correct machine operation.

Chapter 8 Sensor Listing, lists all sensors used on the machine and

gives the part number and input ports displayed in the diagnostic menu.

Chapter 9 Preventive Maintenance Schedule, specifies the schedule for

maintaining the machine periodically and shows personnel classification.

Chapter 10 Recommended Spares, lists the consumable packs required to maintain the machine throughout its life
span.
Chapter 11 Replacement Procedures, details the procedures for removal, replacement and any

subsequent checks and tests of components listed in the 1,2 and 5 year service packs,(Chapter 10 refers).

Chapter 12 Electrical Circuit Listing, lists the electrical circuits on

the machine and gives description and drawing reference numbers.

Chapter 13 General Assembly Listing, lists the mechanical assemblies

on the machine and gives description and drawing reference numbers.
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CHAPTER 1

Safety features provides safe operating conditions for the machine.

The machine if fitted with an emergency safety shut-down press button switch.
External modules in the line can be fitted for connection to a common cable loop line,
that provides automatic shut down of all modules, if any single emergency switch

is operated, or any frame cover is disturbed during normal operation of the line.

Covers fitted with safety interlock switches protect operating personnel from the moving mechanisms. Transparent
plastic access covers are fitted over for moving mechanisms of the machine and steel safety covers control access
to the frame of the module.

PROTECTION FROM HIGH VOLTAGE

Mechanisms

Machine mechanisms are powered 24 V only and do not pose an electrical hazard to personnel.

220/110 V

Where (220/110V) incoming supply voltages are present, protection is aJorded by controlling access to the
enclosures that house the supply. The machine is fitted with an interlock isolator switch that cuts power to
terminations down stream of the isolator, for example the isolator enclosure. Insulating shrouds oler protection at
the isolator switch incoming power terminals.

Hazard Warning

Hazard warning labels "Danger High Voltage", are placed on the outside of enclosures where high

voltage (220/110V) terminations are present within and the enclosure is not fitted with a safety

interlock. Inadvertent access to such enclosures is prevented by the presence of the frame covers.

EMERGENCY SHUT-DOWN

The machine is fitted with an Emergency shut-down push button switch located on the right hand side of the
machine front cover. An additional push button is located on the left-hand side of the head cover, this is an optional
extra. Pressing either of these push buttons (or removing a steel frame cover) cuts power to the 24 V supply to
mechanisms of all modules connected into the emergency loop line. A warning of this condition is reported on the
VDU. The E-stop system is described in detail below.

EMERGENCY E-STOP LOOP

Stand-alone operation of module requires the end-of-line plug/socket to be fitted.

The E-Stop system is a low voltage powered loop that interconnects selected modules in the line and

provides automatic shut-down of any powered mechanisms of the line during an emergency shut-down.

Breaking continuity of the E-Stop loop provides an automatic safety shut-down procedure for modules. The

connection loop comprises cable connections chained between upline and downline of modules selected.
Recovery

When the normal working condition is restored, release the Emergency stop button and/or replace
the cover that has been removed and press the green system button located on the control VDU.

CLEAR ACCESS COVERS
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Clear polycarbonate access covers are fitted to the machine to protect personnel from the mechanisms during
normal line operations. Lifting a cover cuts power to the mechanism that the cover protects.

Recovery

When the normal working condition is restored, and the relevant

cover is closed then the machine will carry on and complete the cycle.

STEEL FRAME COVERS

Frame covers are fitted with safety interlock switches are similarly connected to the emergency loop line.
Removing the cover has the same ellect as pressing the Emergency stop button, cutting 24 V power to
the mechanisms of all modules connected into heloop line shuts-down. Indication that a cover has been

removed (or the E-stop has been pressed) is given by an error message displayed on the control VDU.

Recovery

When the cover is re-positioned, normal working condition is restored and the line may be restarted; pressing the
green system button at the control VDU will enable the machines re-initialization procedure, where this is allowed
by the control system.

TWO BUTTON SAFETY SWITCHES

Located at the front of the machine, are the two button safety switches. The positioning of

these buttons are needed to maintain maximum safety for the operator when operating a

particular function. The two buttons have to be pressed simultaneously to become active.

The use of these buttons are dependent on the function selected at the VDU.

For example:

-Head Lift Up/Down

-Board Width

-Load Width

PRINTHEAD LIFT SUPPORT ASSEMBLY

Function

For the protection of personnel when working beneath the printhead with the printhead raised, a Head

Support Assembly, Part No 112975, is provided to mechanically secure the printhead in the raised position. The
support should be used at all times that the printhead is raised and stowed by the machine when not in use.

The support assembly is colored red and incorporates an internal spring for ease of installation and removal. With
the head raised the assembly is positioned to the front left hand side of the machine in the electro-magnetic sockets,
ensure that the black end of the support is at the bottom and the silver end at the top.

CAUTION

IMPORTANT

The support assembly must be removed prior to selecting printhead lowered.

If an attempt is made to lower the printhead with the support assembly

installed, damage to the printhead, actuator and drive card may occur.

CHAPTER 2 MACHINE OVERVIEWS (Note: all illust-Bhot)

CHAPTER 3 TECHNICAL DESCRIPTION
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CAMERA CARRIAGE

The camera carriage can be divided into two sections, the X' movement and the "Y' movement. The 'X' movement
is defined by the feed direction as facing the front of the machine and the "Y' movement is defined by the direction
of the print stroke as facing the front of the machine.

The carriage is driven by a dc servo motor which has an encoder attached to the motor. The

motor is driven from an optimize control card which is housed in the electronic enclosure Y1

position X2. Utilizing together, the dc servo motor and encoder, provides high positional accuracy.

The camera carriage houses the telecentric camera which also houses the board stop. The

single roving camera allows speed and flexibility in locating fiducials during the print cycle.

The camera itself can view both the board fiducials and the screen fiducials by opening

the relevant shutter. These shutters and the board stop are controlled pneumatically.

When the machine is first powered up, an initialization routine is implemented. This routine for the camera carriage
consists of driving the camera in X and Y until the home sensors are detected. The carriage is then driven out of
the sensor until the first index pulse of the encoder is detected then stops. This position then equates to zero counts
on the encoder.

To insure against machine damage, limit sensors are fitted at either end of each

carriage axis. These sensors detect an overrun on the carriage and if detected will

report an error message, either Camera X-Axis error or Camera Y-AXis error.

For camera carriage to accurately calculate and position itself over the entire working area,
a reference fiducial is positioned on the front rail. The home positions are only rough initial
settings, therefore, a reference fiducial, positioned on the center of the front rail, is used so that

the camera carriage can calculate the board stop and fiducial positions to a closer tolerance.

This function is carried out in diagnostics and is then stored as part of the printer configuration file on to hard disk.

This diagnostic routine needs only to be initiated if the home sensor is replaced or the vane has been removed.

PRINT CARRIAGE POSITIONING

The print carriage mechanism moves the pressure assembly along the print stroke length. The stroke length

is automatically set when the board width parameter is set. When the initialization routine is initiated, the print
carriage will move to its home position sensor(rear of the machine). When the sensor change has been detected,
the motor will reverse its direction at slow speed until the sensor clears, at this point the motor will stop. This is
defined as its start position or zero count for the encoder to position the carriage.

MACHINE PRINT CYCLE

The routine of the following machine print cycle will be described for Step mode.

1. Press Run and the camera will position itself to the board stop co-ordinates.

The board stop will lower into position ready for the incoming board.

2. Press Auto Board and the board will be transported into the machine stopping at the

board stop, the belts will stop running as soon as the board stop sensor detects the board.

3. The board clamp mechanism will be energized and the board stop will retract.

4. (@)The rising table will drive up to vision height at the same time the rail lift sensors

will be monitored, causing a "Rail lifted error" if detected stopping the rising table.
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(b) The camera carriage will drive to the position determined by fiducial 1 X & Y co-ordinates.

The board 1 fiducial strategy data will be used to detect the board fiducial. The vision

monitor will display a small box so that the fiducial can be positioned correctly if necessary.

5. The X & Y camera carriage clamps are energized and fiducial 1 is located. The location of the fiducial is then
copied to the Align Data structure. The camera shutters will change and then view screen fiducial 1.

6. The screen fiducial 1 will be located and the location copied to the Align Data structure.

The camera carriage clamps will be de-energized and the camera will be driven to board

fiducial 2 X & Y co-ordinates. The camera shutters will change to view the board fiducial.

7. The X & Y camera carriage clamps are energized and fiducial 2 is located. The location of the fiducial is

then copied to the Align Data structure. The camera shutters will change and then view screen fiducial 2.

8. The screen fiducial 2 will be located and the location copied to the Align Data structure. With the data recorded
the screen correction is calculated and the X fwd, X rear and Y screen actuators will move to the new position.

9. The camera carriage will drive to its home position and the Rising table will move

up to the print height minus 3mm. When the screen has finished its correction then the

chase clamps are energized and the Rising table will then drive up to the print height.

10. The print carriage will move to the start of the print stroke and

both squeegees will drive to their dwell height(5mm above the screen).

11. Either the front or rear squeegee will drive down to the calculated pressure setting set in the board parameter
menu.

12. The print carriage will drive at the set speed in the board parameter menu. The pressure

transducer will be read after 60mm of the start of the stroke and will cease reading when it is

25mm from the end of the print stroke. The average pressure is then calculated and if it diCers

from the set pressure by more than +/- KG will display a "Pressure error". From this data a new

squeegee displacement will be calculated for the next print cycle on the particular squeegee.

13. The squeegees will raise to their dwell heights.

14. The board count will be incremented. The chase clamps will be de-energized and the Rising table will drive
down at the speed set by the Print separation speed in the board parameter menu until 3mm clear of the

screen. The Rising table will drive down to its datum height at full speed and de-energize the board clamps.

15. The front and rear belts will drive until the board is detected at the output sensor. The cycle counts for the
paste dispense and screen cleaner will be incremented and if either has reached the values set by the dispense rate
or clean screen rate then the appropriate cycle will be performed.

RISING TABLE

The rising table is the mechanism which transports the board up to the vision

height for vision correction and then up to the screen height ready for printing.

The positioning of the rising table is controlled in software utilizing a dc servo motor with a positional encoder fitted.
For the rising table to be accurately positioned it must first start

from a reference position. This achieved by making the datum sensor.

When the machine is first powered up, an initialization routine is called up which will insure that the rising table is
positioned at the home sensor. If the sensor is not made then the rising table will be driven downwards at a reduced
speed until the sensor has been made. The rising table will then inch upwards until the sensor has just been cleared.
From this datum the rising table can then be positioned accurately according to the relevant position required.
The rising table has also a brake fitted so that stability is maintained during the print cycle.

To maintain machine safety there are limit sensors fitted to monitor the position of the rising table. These limit
sensors if activated will report an error message "Rising Table error" on the Main Control Screen.

The limit sensors consists of Upper and Lower limit, and the reference sensors are the datum and datum interlock.
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The upper and lower limit switches detect that the movement of the rising table has exceeded its travel. The
upper limit detects that the rising table is pressing into the screen and the lower limit detects that the rising
table has overdriven downwards. If these are detected then the machine will inhibit the power to the rising table
motor. The letter 'L' will be displayed on card X1, of enclosure Y1 when the limit switches have been detected.
The datum sensor detects when the rising table has reached its home reference position so that

accurate positioning from this datum can be achieved. Due to the home position being critical there

is a another sensor fitted to ensure that the datum is achieved. This is the datum interlock sensor.

When the datum sensor has been made then the datum interlock sensor is checked to see if its vane is also in the
sensor, if not then an error will be reported. The datum interlock sensor is checked by the Arcom PC and should
be detected before the datum sensor.

SQUEEGEE PRESSURE MECHANISM

The squeegee pressure mechanism houses two independently driven squeegees and

a single pressure transducer used to monitor the set pressure on both squeegees.

The front and rear squeegee pressure is set, checked and corrected independently of each other.

The calculation required for setting the pressure is initially stored as part of its calibration.

The calibration consists of setting the output voltage of the load cell to equal

160 mV/Kg. This is achieved by applying a precise known load to the squeegee

mechanisms and adjusting the electronic amplifier to achieve the required voltage slope.

When the load is applied to the balance which is used is leveled for each weight that is used. To be able to level the
balance the squeegee has to be displaced by a number of steps. The steps required to level between 10kg and 15kg
are used to calculate a pressure factor and is stored in the printer configuration file.

Also as part of the calibration the height of the squeegee from its home position to the top

of the screen (virtual zero pressure) is calculated and stored in the printer configuration file.

With this information, the set pressure can be calculated as a pure displacement.

During the print stroke the pressure transducer is monitored 60mm

from the start until 25mm short of the finish of the print stroke.

If for any reason the monitored pressure is outside the error window of+/-1Kg it will display the

message "Pressure error" and will show the actual pressure reading against the set pressure.

Pressing continue will allow the machine to complete the cycle. This action will repeat for the opposite squeegee
and will automatically correct the pressure diJerence for the relevant squeegee.

CHAPTER 4 ERROR MESSAGES

INTRODUCTION

If for any reason the machine does not complete a particular sequence in the time allowed for in software,
then an error condition will arise. The relevant error message will be displayed on the Main Control Screen.
Machine Errors will be detected by sensors specifically designed for checking correct machine status

(System Power, Pneumatic Power, etc.) or by functions failing to achieve their correct operation.

These latter errors are either detected by a limit sensor being operated or by setting a time limit for

their completion. The time limits are set so they are 1.5 times the longest possible time taken for that
particular operation, after which if not completed an error will be reported on the Main Control Screen.

When an error occurs the relevant message will be displayed on the Main Control Screen. The displayed error
message will be accompanied by information regarding the possible causes and the corrective action to be taken.
The Tricolor beacon will change to red and will record the error in the Event Log file.

ERROR RECOVERY

If during an error recovery the same error is repeated a recovery will only be allowed if the action permits, otherwise
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the message "Unable to recover” will be displayed. In the event of this happening call the Maintenance personnel.

If any error message is displayed then the following options will be displayed on the Menu Bar.

Abort
Pressing this option will re-initialize the entire printer ejecting any

product that may be in the printer, returning to the Main Control page.

Recover

Pressing this option will attempt to continue with any cycle that is in operation. This function will set modules
(paste dispenser, print carriage, etc.) to their home position and then eject the board that is currently in the printer
without re-initializing the machine. This option should be the first to be operated if there is an error reported.
Diagnostics

This will enable the diagnostics to be entered if necessary to clear the problem if it persists.

ERROR MESSAGE LISTING AND INTERPRETATION

Board Stop stuck
This error is reporting that the board stop, which is housed in the camera assembly has failed to lower or retract.

Board stuck in Rails

This error is reporting that the board has failed to either reach the board stop or exit the machine after being printed.

Camera X AXxis error

This error is reporting that the camera carriage has failed to reach its home position in the X axis.

Camera Y AXis error
This error is reporting that the camera carriage has failed to reach its home position in the Y axis.
Front Squeegee error

This error is reporting that the front squeegee has failed to reach its fully up position.

Front Squeegee Pressure error
When this error is detected then a new window will be displayed. The

window will display the set pressure reading and the actual pressure reading.

Paste Carriage error
This error is reporting that the paste carriage has failed to

reach its home position or that it has made the limit switch.

Paste Carriage Tilt error

This error is reporting that the paste cartridge mechanism has failed to either make its up or down limit switches.

Pneumatic Power down
This error message is reporting that the pneumatic supply is either too low or has been disconnected.
Print Carriage error

This error is reporting that the print carriage has failed to move or that it has reached the safety limit switches.
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Rail Width error
This error is reporting that the motorized rail has either failed

to move or that it has not moved to the correct width setting.

Rear Squeegee error

This error is reporting that the rear squeegee failed to reach its fully up position.

Rear Squeegee Pressure error
When this error is detected then a new window will be displayed. The

window will display the set pressure reading and the actual pressure reading.

Rising Table error

This error is reporting that the rising table has either failed to reach its fully down position or that when
attempting to reach the required height during the machine cycle did not achieve the positional accuracy.
Screen XF error

This error is reporting that the X forward screen actuator failed to initialize to its central datum.

Screen XR error

This error is reporting that the X rear screen actuator failed to initialize to its central datum.

Screen Y error

This error is reporting that the Y screen actuator failed to initialize to its central datum.

System Power down

This error is reporting that the 24V motor power has been switched o0 either by the Emergency Stop button being
activated (including upline and downline external machines) or that the removable frame access cover has been
removed.

Unable to find Fiducial

This error is reporting that the vision system is unable to locate the relevant screen or board fiducial.

CHAPTER 5 MAINTENANCE

General

With the machine initialized, insert and turn the maintenance key to On
to enter the maintenance function, the menu bar will display the following:
Run, Head, Paste Load, Clean Screen, Adjust, Set-Up, Monitor, Maint

Maintenance

The maintenance function is a means by which the technician may calibrate the squeegee pressure and vision system,
download data from hard disk to floppy disk, and set the various machine modes and options, as described as follows:
Calibr Pressure, Calibr OOset, Calibr Vision, House Keeping, Set Prefers, Diagnost, Exit

Calibrate Pressure

Selection of Calibrate Pressure will automatically configure the machine ready to

accept the Calibration Rig (Pt No. 1141.06), for full details regarding Squeegee Pressure
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Calibration refer to 'Squeegee Pressure’, Chapter 7 - Calibrations, of this manual.

Calibrate OUset

Calibrate OOset compensates for any optical discrepancies between viewing up and down of the telecentric camera/

Calibrate Vision

Calibrate Vision compensates for any screen movement in the X, Y and Theta direction.

The combination of both calibrations encompasses calibration of the vision system complete full details of which are
described in Chapter 7 - Vision System Calibration.

Housekeeping

The file management system is introduced to enable the user to download data from hard to floppy

disk while remaining within the software environment, thus alleviating the requirement to use DOS.

Pressing the housekeeping button displays the menu bar with the following options:

Set Date, Set Time,Print Data,Copy to disk, Copy from disk, Delete Data, Exit

Set Date & Set Time
Selection of Set Date & Set Time options will each open a window displaying the current PC values and
allow the operator to accept these values or change them. Refer to Chapter7 of this manual for setting details.

Exit will return to the maintenance display and menu bar without any other action.
Print Data

On selection of Print Data button the menu bar will change the following:

Product Data, Event Log, Config Data, Manage Data, SPC Data, Exit

Exit will return to the housekeeping display without any other action.

Event Log will output the contents of the EVENT.DAT file to the printer port.

Config Data will output the contents of the CONFIG. TXT file to the printer port.
Manage Data will change the menu bar to give print to printer or print to file options,
then the contents of the MANINF.DAT file will be output in text format to the
selected device, if output to file is selected, it will be to A:(backslash)MANINF.PRN.
SPC Data will output the contents of the READINGS.DEK file to the printer port.
Product Data will display a window on screen containing the names of the Product
Data files available on hard disk and change the menu bar to the following options:
Print Printer,Print File, Left, Right, Up, Down, Exit

The Left, Right, Up and Down keys will enable highlighting of the required product file.
Print Printer will output the contents of the selected Product Data file to the printer.
Print File will output the contents of the selected product data file, in text

format, to the floppy disk, with the same filename but with a .PRN extension.
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Copy to Disk
On selection of Copy to Disk button the menu bar will change to the following:
Product Data, Event Log, Test Data, SPC Data, Exit

Exit will return to the housekeeping display without any other action.

Event Log will copy the Event.dat file from the hard disk to the root directory of the floppy disk.
Test Data will copy all of the following files from the hard disk to the root directory of the
floppy disk, Testlog; Test.dat; Fiducial.dat; OUset.dat; Videoxy.dat; Theta.dat, Config.txt.

SPC Data will copy the Readings.dek file from the hard disk to the root directory of the floppy disk.

Product Data will display a window on the screen containing the names of the Product
Data files available on the hard disk and change the menu bar to the following.
Copy File, Left, Right, Up, Down, Exit

The Left, Right, Up, Down keys will enable highlighting of the required product file.

Copy File will copy the selected product data file from the hard disk to the root directory of the floppy disk.
Copy from Disk

On selection of Copy from Disk a window will display the names of the Product Data files available

in the root directory of the floppy disk, and the menu bar will change to display the following:

Copy File, Left, Right, Up, Down, Exit

The Left, Right, Up, Down keys will enable highlighting of the required product file.

Copy File will copy the selected product data file from the root directory
of the floppy disk to the hard disk. It will then update the Barcode LUT.

Delete Data
On selection of Delete Data the menu bar will change to the following:
Product Data, Event Log, Test Data, SPC Data, Exit

Exit will return to the Housekeeping display and menu bar without any further action.
Test Data will display the prompt 'Confirm deletion of Test Data' and give a Yes/No
option. If confirmed any Test.log and Test.dat files should be deleted from the hard disk.

SPC Data will display the prompt 'Confirm deletion of SPC Data' and give a Yes/No
option. If confirmed the Readings.dek file should be deleted from the hard disk.

Event Log will change the menu bar to display the following:
Delete All, Delete Data, Delete Number, Exit

Delete All will display the prompt 'Confirm deletion of All Event Data' and give a Yes/No
option. If confirmed copy the contents of the Event.dat file to an Eventbak file, overwriting any
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previous file, delete all entries in the Event.dat file and then insert a 'New Event Log' entry.

Set Prefers
Calibr Pressure, Calibr Olset, Calibr Vision, HouseKeeping, Set Prefers, Diagnost, Exit
Selection of Set Prefers button display a pop up window and changes the menu bar to display the following:

Next, Prev, Incr., Decr., Exit

Transport Mode
Machine Units
Transfer Protocol
Transfer Period
Comms Protocol
Event Recording
Tooling Hardware
Fiducial Reference
Barcode Hardware
Inspect Rate

SPC Data Mode

Next and Previous will move the highlight between the parameter values.
Increment and Decrement will alter the highlighted parameter value.
Transfer Mode

Sets input and output ends of the printer.

Left to Right; Right to Left; Left to Left; Right to Right;

(Default Left to Right)

Machine Units
Olers option of units:

Metric of Imperial units. (Default Metric)

Transfer Protocol
Set the protocol for transferring boards to adjacent machines:
No FMI; Sanyo; Sanyo Flowout; SMPI; SMEMA; Fuji; Dyna; Siemens; Panasonic: (Default SMPI)

Transfer Period

A programmable time period used by certain transfer protocols:

Min 0 sec.

Max 99 sec.

Increments 1 sec.

Period of Transfer Time- This is the period of time which the 265 allows a transfer

of a board before displaying a '‘Board Transfer Error' for Upline or Downline

Period of Waiting Time- This is the period of time which the 265 allows when waiting for the Upline or

Downline machine to request a board for transfer displaying a message of 'Waiting for Upline/Downline'
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Comms Protocol
The communications protocol to be used for serial communications to host computer:
SECS II; BSC

Warning
Do not select SEC Il Protocol without having the Host Comms package fitted. This will result machine lock-out.

If this is inadvertently selected, call DEK Service for advice.

Event Recording

Sets whether all or majority events only are recorded in the Event log file:
Major events only; All events

Major events- Refers to displayed error messages.

All Events- Refers to every other event generated within the machine.
Tooling Hardware

Set whether Autoflex tooling is fitted:

Autoflex; Plain

Fiducial Reference
Sets whether the fiducial co-ordinates are specified relative to the front/left or front/right corner of the board:
Left; Right

Barcode Hardware
Sets whether or not barcode reader is fitted:
Fitted; Not Fitted

Inspect Rate

Sets the number of print cycles between Inspection cycles, set to zero for no inspectionMin 0(o0)
Max 100

Increments 1

This will enable a Post-Print Inspection of a fiducial alignment

directing this data to file according to SPC Data destination.

SPC Data

Sets the destination of the SPC data generated during an inspection cycle
Serial; Disc.

Serial- Outputs to serial port.

NOTE: If Host Comms is connected currently this option cannot be used.
Discs- Outputs to a READINGS.DEK file on hard disk.

This data can then be accessed from disk via housekeeping.
Diagnostics

This function is described in detail in the following section
DIAGNOSTICS

INTRODUCTION
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The diagnostic function is an aid to the user to allow individual access and control to motors and modules.

It will allow the user to control the sequence of the machine so that a particular module can be exercised.

To enter the diagnostic mode the key switch on the Main Control Unit must be inserted
and turned clockwise. This will enable the Maint option to appear on the Menu Bar:
Run, Head, Paste Load, Clean Screen, Adjust, Set-Up, Monitor, Maint

Press the Maint button and the Menu Bar will change displaying the Diagnostic option.
Calibr Pressure, Calibr Olset, Calibr Vision, House Keeping, Set Prefers, Diagnost, Exit
Pressing Diagnostic will enter into the main diagnostic menu. If a password, exists a window
will display the message 'Diagnostic Password'. If the password is incorrect control will
display the message 'Invalid password entered' and return to the previous menu. If the

correct password is entered or no password exists a pop up window will display the following:

System

Print Head

Print Carriage

Squeegee

Camera AXxis

Rail System

Paste Dispense System
Screen Alignment

Screen Change

Screen Cleaner

Rising Table

Foreign Machine Interface
Autoflex Tooling
Next/Prev keys will move the highlight bar up down the list of modules that can be selected.

Select Module key will open a new window displaying the diagnostic functions available for the selected module.

Exit will return operation to the start of initialization

NOTE

Before any diagnostic function is used in any of the modules they must be homed first or they will not be able to
initiate a command.

SYSTEM

The system diagnostic module contains the following:
-Display all Digital Inputs

-Display all Analog Inputs

-Toggle Red Beacon

-Toggle Amber Beacon

-Toggle Green Beacon

-Data Logging

-Run Alignment Test
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-Run Production Test

-Change Edit Password

-Change Diagnostic Password

-Change DOS Password

-Terminate control and Return to DOS

Digital Input Status

Selecting this option, a new window will be displayed showing the relevant groups.

PCIB40's are the 1/0 cards that are housed in the Arcom PC. There are five PCIB40
cards and are numbered as such. Each card has up to five groups, G0-G4 and will

monitor and control various drive and control cards in the Y1 and Y2 enclosure.

PCIB40's are divided into Inputs and Outputs.
Selecting each option will display another window displaying the functions that can be switched on or o[.

Analog Input Status

Selecting this option will display a new window showing the analog output of the load cell amplifier card of the
sgueegee pressure mechanism.

Tri-Color Beacon

Selecting any one of the three colors will toggle them between on and oll.

Data Logging
Selecting this function will alternately enable and disable data logging during diagnostic operations.

Run Alignment Test
Selecting this function will initiate the machine to run Dry Alignment accuracy test.

Run Production Test
This option is only used as a cycle test at the base factory and

should not be run. In doing so the machine could result in damage.

Change Edit Password

Selection of this option will prompt the operator to enter a new password.

Change Diagnostic Password

Selecting this option will either allow a password to be inputted or change an existing

password. This password protection inhibits unauthorized entry into diagnostics.

Change DOS Password
Selection this option will either allow a password to be inputted or change an

existing password. This password protection inhibits unauthorized exit to DOS.

Terminate 265 Control and Return to DOS
Selecting this option will terminate the 265 and return to the DOS prompt.

PRINT HEAD
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The Print Head diagnostic module contains the following:
Raised Head Under 2 Button Control
Selecting this option will allow the print head to be raised using the two button safety

switches located on the front of the machine. These switches must be operated simultaneously.

Lower Head Under 2 Button Control
Selecting this option will allow the print head to be lowered using the two button safety

switches located on the front of the machine. These switches must be operated simultaneously.

Toggle Head Latch

Selecting this option will alternately switch the print head magnetic latches on and ol.

Head Up Sensor

This will display the head up sensor status.

Head Down Sensor
This will display the head down sensor status.
Left Jog Button

This will display the operation of the left button of the two button safety switches located on the front of the machine.

Right Jog Button
This will display the operation of the right button of the two

button safety switches located on the front of the machine.

PRINT CARRIAGE

The Print Carriage diagnostic module contains the following:

Home Print Carriage

Selecting this option will move the print carriage back to its home sensor position and stop. It is always advisable to
home the print carriage before attempting to position it anywhere.

Drive Carriage to Front Position

Selecting this option will move the print carriage to a position that will clear the paste dispense unit if operated.

Drive Carriage to Rear Position

Selecting this option will move the print carriage to the end of the print stroke.

Drive Carriage Using Jog Buttons

Selecting this option will allow the user to position the print carriage anywhere between the front and rear position
using either of the two button safety switches located on the front of the machine. The Left button will move the
print carriage towards the rear and the Right button will move the print carriage towards the front.

Cycle Print Carriage

Selecting this option will start a continouos cycle of driving the print carriage between its front

and rear limits pausing at each end for 2 seconds. The speed will be measured and displayed.

The cycle will be terminated if the Stop key is used or that the set cycle count is reached.
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Actual Carriage Speed
This will display the actual speed during the Cycle Print Carriage option.

Cycle Count
Will display the count when the module is being cycled.

SQUEEGEE

The Squeegee diagnostic module contains the following:

Home Front Squeegee
Selecting this option will drive the front squeegee upwards to its home position as detected by its home sensor.
Home Rear Squeegee

Selecting this option will drive the rear squeegee upwards to its home position as detected by its home sensor.

Front Squeegee to Dwell Height
This option will drive the front squeegee to a position 10mm clear of the top of the screen.

Rear Squeegee to Dwell Height

This option will drive the rear squeegee to a position 10mm clear of the top of the screen.

Rear Squeegee Flood Height
This option will drive the rear squeegee to the height set by the flood reference height parameter.

Drive Front Squeegee Using Jog Buttons

Selecting this option will enable the right jog button to drive the front squeegee up at slow speed and the left jog
button will drive it down, stopping immediately the button is released.

Drive Rear Squeegee Using Jog Buttons

Selecting this option will enable the right jog button to drive the rear squeegee up at slow

speed and the left jog button will drive it down, stopping immediately the button is released.

Calibrate Front Squeegee Print Height

This option is used as part of the pressure calibration procedure. The function of this option is
that the squeegee will be driven down until some pressure is applied. The Menu bar will change
showing the option Confirm. Pressing Confirm will set the current height of the front squeegee
minus the current pressure sensor reading multiplied by the pressure factor. This will be the

front reference height parameter and will be stored as part of the printer configuration file.

Calibrate Rear Squeegee Print Height

This option is used as part of the pressure calibration procedure. The function of this option is that the squeegee
will be driven down until some pressure is applied. The Menu bar will change showing the option Confirm. Pressing
Confirm will set the current height of the rear squeegee minus the current pressure sensor reading multiplied

by the pressure factor. This will be the rear reference height parameter and will be stored as part of the printer
configuration file.

Calibrate Rear Squeegee Flood Height

The function of this option is that the rear squeegee fitted with a flood bar is driven down until the flood blade is
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just touching this screen. Pressing the Confirm key will store this height as part of the printer configuration file.

Pressure Reading A/D...Kg
This is a live display showing the actual pressure being applied to the squeegee.

With no squeegee fitted the display should show a reading of approximately 3.6 Kg.

CAMERA AXIS

The camera system module contains the following:

Camera Axis Home

Selecting this option will drive the Camera X and Y carriages simultaneously to find their datum positions as
determined by their home sensors.

Camera Axis to fiducial 1 position

Selecting this option will drive both X and Y carriages to the position set by the fiducial 1 x and y coord parameters.

Camera Axis to fiducial 2 position

Selecting this option will drive both X and Y carriages to the position set by the fiducial 2 x and y coord parameters.

Drive to reference position

Selecting this option will drive both X and Y carriages to the position set by the camera x and y reference parameters.

Set reference position

Selecting this option will alter the Printer Configuration file after the camera has been positioned so that it is
viewing the fiducial on the front rail. On selection of this option the Menu Bar will display Confirm which on
pressing this key will alter the printer configuration file. This is to be used in conjunction with Move camera x and
y axis.

Move camera X axis using Jog buttons

Selecting this option will enable the Right Jog button to drive the X axis right at slow

speed and the Left Jog button will drive it left, stopping immediately the button is released.

Move camera Y axis using Jog buttons
Selecting this option will enable the Right Jog button to drive the Y axis right at slow
speed and the Left Jog button will drive it left, stopping immediately the button is released.

Initialize vision

Selecting this option will initialize the frame grabber board and will display a live image on the vision monitor.

Display reference box

Selecting this option will display a super imposed box on the vision monitor.

Toggle Look up on/o0

Selecting this option will alternately energize the camera Down shutter, displaying On status and de-energizing it
will display the o0 status.

Toggle Look down on/ol

Selecting this option will alternately energize the camera Up shutter,
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displaying On status and de-energizing it will display the o0 status.

Cycle camera system
Selecting this option will start a continouos cycle of driving the camera x and y carriages to
each of the following positions in sequence, dwelling for 2 seconds at each point, locating the

fiducial at each fiducial position, displaying the returned location and then repeating the cycle.

The cycle being the following:

1. Datum

2. Fiducial 1

3. Fiducial 2

If the data logging is enabled the fiducial co-ordinates will be appended to C:backs
lashSANbackslashLOGbackslashCAMERA DAT file. This continuous cycle will be

terminated by selecting the stop key or when the set cycle count has been reached (50).

Cycle count
Will display the count when the module is being cycled.

RAIL SYSTEM

The Rail System module will contain the following:

Home Rail Width

Selecting this option will increase the rail width motor to find its datum position as determined by its home sensor.

Drive Rail to Board Width

Selecting this option will drive the rail width motor to the width set by the board width parameter.
Drive Rail Width using two button control

Selecting this option will enable the right jog button to drive the rail width motor forward at a

slow speed and the Left jog button drive it back, stopping immediately after the button is released.

Drive Belts Using two button control
Selecting this option will enable the Right Jog button to drive the belt motors to the right

and the Left Jog button to drive them left, stopping immediately the button is released.

Toggle Board Clamp
Selecting this option will alternately energize the Board Clamp

displaying On status and de-energize it, displaying OO status.

Toggle Board Stop

Selecting the option will alternately lower and raise the board stop housed in the camera assembly, displaying On
status when lowered and OO status when raised.

Cycle Board on Belts

Selecting this option will start a continuous cycle of driving the belts to the right until the board reaches the
right board sensor, dwelling for 2 seconds then driving the belts left until a board reaches the left board sensor,

dwelling for 2 seconds and repeating the cycle until stop is pressed or the set cycle count is reached (50).
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Cycle Board Clamp

Selecting this option will start a continuous cycle of clamping and unclamping the board clamps.

Board Stop in Position

Will continuously display the current status of the board stop lowered position.

Board at Stop

Will continuously display the current status of the board at stop sensor.

Board at Left

Will continuously display the current status of the left board sensor. On will be displayed if a board is detected on
the rails at the left of the machine.

Board at Right

Will continuously display the current status of the right board sensor. On

will be displayed if a board is detected on the rails at the left of the machine.

Cycle count

Will display the count when the module is being cycled.

PASTE DISPENSER SYSTEM
The Paste Dispenser diagnostic module contains the following:

Carriage Home

Selecting this option will drive the dispense carriage left to find its datum position as determined by its datum sensor.

Drive Carriage to Start Position

Selecting this option will drive the paste carriage to the position set by the paste start parameter.

Drive Carriage to End Position
Selecting this option will drive the paste carriage to the position set by the paste stop parameter.
Drive Cartridge Down

Selecting this option will drive the cartridge tilt down until the cartridge down sensor is located.

Drive Cartridge Up

Selecting this option will drive the cartridge tilt up until the cartridge up sensor is detected.

Toggle Paste Dispense
Will alternately energize the paste dispense, displaying On status and de-energize will display OO status.

Toggle Cartridge Seal

Will alternately energize the cartridge seal, displaying OO status and de-energize will display On status.

Paste Cartridge Empty
Will continuously display the current status of the cartridge empty sensor.
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Cartridge in Down Position

Will continuously display the current status of the paste dispense down sensor.
Cartridge in Up Position

Will continuously display the current status of the paste dispense up sensor.

SCREEN ALIGNMENT

The Screen Alignment module contains the following:

Home Actuator
Selecting this option will drive the X forward, X Rear and Y Axis actuators

simultaneously to find their datum positions as determined by their datum sensors.

Drive X Forward Motor Using Jog Buttons
Selecting this option will enable the the right Jog button to drive the X forward actuator right
at slow speed and the left Jog button to drive it left, stopping immediately the button is released.

Drive X Rear Motor Using Jog Buttons

Selecting this option will enable the right Jog button to drive the X rear actuator right at slow speed and the left
Jog button to drive it left, stopping immediately the button is released.

Drive Y Motor Using Jog Buttons

Selecting this option will enable the right Jog button to drive the Y actuator right at slow

speed and the left Jog button to drive it left, stopping immediately the button is released.

Toggle Chase Clamp
Selecting this option will alternately energize the Chase Clamp

solenoid, displaying On status and de-energize it, displaying OO status.

Cycle Alignment System
Selecting this option will start a continuous cycle of driving the screen actuators to each of the following positions

in sequence, dwelling for 2 seconds at each point and then repeating the cycle.

pgoodooogo
Emergency Power Shut-O0

To be fully prepared for an emergency you should know how to shut o the power supply to your house.
Immediately after an earthquake, or major disaster, do not turn lights on or o0 or use matches. Use flashlights and
check for gas leaks. Sparks from lights or flames can cause an explosion or fire. If you have natural gas and hear or
smell a gas leak, shut o] the gas valve to your home and open doors and windows.

Locate your home’ s electrical circuit or fuse box. It is usually located outdoors in the rear or side of your house

if it is not indoors in a hallway or closet. After an earthquake, if you hear sparking sounds, see or smell smoke,

you should go to your electrical box and shut o0 your power. If you have any sub-panels adjacent to the main fuse,
breaker panel, or in other parts of the house (in an emergency), be safe and shut them o[ too.

Shorts can sometimes develop to cause a circuit to bypass the breaker or fuse.

Electrical power should also be shut o0 at the circuit or fuse box if there is damage to the wiring in your

house. Damaged appliances should be disconnected. If you have a power outage, you should also turn o0 all the
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non-essential appliances and light fixtures in your home. Then turn on only one light to avoid an overload when
your power is restored. Check your home’ s outside electrical connections. Check the power lines around your
home. If there is damage to the connection from the power pole to your house, you should go to the electrical box
and turn o] the main switch or shut ol the fuse switch. Finally, check for outdoor hazards, such as downed power
lines. Beware of hidden hazards. Don’ t touch a chain link fence. There may be a power line down that is touching
the fence somewhere beyond your sight. Ddetermine whether the power is out only in your home or in the whole
neighborhood. Report what you find to your local power company.

Pull-Out Cartridge Fuses

Your house may be equipped with fuses or circuit breakers. If your house has fuses, you will find a knife switch
handle or pull-out fuse that should be marked" MAIN.” If your house has circuit breakers, you may need to open
the metal door of the breaker box to reveal the breakers (never remove the metal cover).

The main circuit breaker should be clearly marked showing on and o0 positions. Turn ol all the small

breakers first, then turn o0 the' MAIN” (see diagram top right).

MAIN Circuit Breaker

Prepared by the Peninsulas Emergency Preparedness Committee of Washington 11/00 (www.pep-c.org)

gooogo

gobooobooooooooooboogoo

When a hinged door fails to open and close smoothly, or when the lock or latch fails to snap shut after the door is

closed, muttering under your breath and kicking the bottom of the door will seldom solve the problem--nine times
out of ten it will only make matters worst.
0000000000000 ooooooooooooooooooooooon
oo bbobbbbbobbbbddllDULD Db
godobooobooooboobooobooboooooooDmoooboobOoooDboobooooboooo
gL bbbobbbbbbbbbbddliuouUuUo g

gooooooboobboobooboboobooboooboobbooboobbobobboobbooDbbLOoD
oo

DOORS THAT STICK OR BINDO DO OO OOOOOOoooonO

Most people think the only real cure for a door] [0 O 0 000 0O OO OO O that sticks or binds is to get out a
plane or sanding machindd OO0 00000000 O0OOO0DOOOOOOOand trim ol theedgesO OO OO OOO.

While this maybe necessary if the edges of the door have swollen from excessive humidityD) OO0 OO0 000000
0000, or if the door frame has "settled" or buckled out of alignmentD O 0000000000 O0OOOO, more
often than not these conditions [J [0 [J [0 [J [J [J are not what is causing the trouble.

In a high percentage of cases the problem is caused by hinge screws[0 0 0 00000000000 O Othat have
worked loose0 0O OO O0OO0O0DO O, or by hinges that were not properly installed in the first placed 00000 O
O0000000000(aleal 00000000000 OOODOOIs recessed] 000000 either too deep into the
wood or not deep enoughl] O 00 000 0).

Loose Hinge ScrewsO0 O OO0 000000

Since this is probably the most frequent reason whyJ [0 [0 0 00 0 [0 0 O 0 a door suddenly starts to stick and
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bind--and since] [0 [0 [0 [J [0 it is probably the easiest problem to solveO O OO OO O OO OO O -it makes sense to
check the hinge screws first.

Swing the door wide open and testd 000000000000 OOOO OO each screw with a large screwdriver
whose blade fits snugly into the slot of each screwD 0000000000000 O0O0O0DOODODOOOD so you
can apply the degree of torque required0 000000000 OO.

If the screws' slot are clogged with paint0 0 00 0 0O 0O 0O O, use the point of a knifedd 0 0 O O O Oor the edge of a
putty knife0 0000 OO0 OO Oto clean the slotsoutD OO0 0000 OO OO O first.

Sometimes you will find that no amount of turning] 0 00 0 0O 0 0 0 0 0O 0O O O tightens the screw because the
wood is so chewed up0 0 0000000 OOMO O Othat the screw no longer holdsO O 00000000,

The solution to this problemO 00 0O 00O OO O is to remove the screwl 0 0 0O 0 O O O O and then fill the hole
with slivers of wood 0 00 00 0000 OO O O(wooden toothpics work fine). Keep packing wood in(J 0 0 0 0 0 0
00000000 Cuntil no more pieces will fit 0 0 00 0 O 0O O 0 then break each one o0 flush with the surfacél [J
goooooooooo.

If the hole seems to go all the way throughJ 00 O [0 [0 O [J so that the slivers fall through on the inside [0 O 00 O [
0000, use wood plugs or small pieces of dowellJ [0 [J [] instead.

Provide a snug fit inside the holeO D OO OO0 OO0 OO O(whittle a piece to fitD OO 0O D000 O0OOOif
necessary), then dip the plug or dowel inglueD 0000000000 CO0OOandtapitindd0 00000,

Allow the glue to harden0 0 0 0 O O O O O before you trim o0 the plug flush at the surface0 000000000
oooOoooooooo.

After the hole has been packed with{J [0 0 00 0 [0 [J wood sliver or a small plug, reinsert the screw and tighten
securelyd 000000000000 O0D0OOOOOODO O (Make sure first that the old screw head is not badly
chewedupd OO 0OD0O0OOO0OOOOOOOOO Ifitis, don't try to reusd] O O O O O Oit-throw the screw away ] [
000000 Oand replace it with a new one of the same size0 OO0 0000 )

Improperly Mounted HingesO OO OO OO0 O0O0OO0OO0OO0O

If loose hinge screws are not the cause of the door's sticking or rubbing, then the next most frequent possibility is
the way the hinges are mountedD O 000000000 OOODODO.

The first step in checking for0 000000000000 OODOODODOCheck OO Check for O OO -0 Check for
0000d0ooooooooobobooobobboobo00ddde and 000000 OODOOOODOODODOODOOO

00 the OO O Othis is to find out exactly] 0 0 0 0 0O 0 O O O where the rubbing or sticking occurs [ [J [0 [0,

Look for[J [J 00 O signsld [ [J [J of abrasion along the edges or close the door over a sheet of paper, then slide the
paper along and notel] [J [0 [J [0 0J [0 O [J where it sticks it won't pull out easily.

When this happens[] [J [0 [J [J along the closing edge near the top or bottom of the door, or along the top and
bottom edges near the outside corners, chances are that the problem is being caused [0 [0 [0 00 00 0 00 O [0 O by one
of the hinges-it is set either too deep in the wood or not deep enough.

As you can see fromd 0 00 0000 OO O studying the drawings, if a leaf on the top hinge has not been mortised
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000000000 Osulciently into the edge of the foor or the doorjamb, the top corner of the door will project’] [
O O O O slightly farther from the jamb than it should, causing] [J 0 [0 O O [ the door to rub at point A or B in the
drawing.

Rubbing may also occurl] [J [J [J [J in these places if the lower hinge is set[] [0 [0 0 00 0 00 O [J too deep into the
wood, in which case the door is pulled in(J [0 [0 [0 [0 00 O [ O toward the hinge along the bottom when it closes.

If the reverse is trued 000 00O -that isO 000 0O OO d, if the bottom hinge is not set into0 00000000
the wood as deep as it should be--then the door may rub{] [0 [J [J [J [J at point C or D.

Rubbing may also occurl] [J [1 [0 [Jat C or D if the top hinge is set too deep.

In all of these cases] 0 00 00O 0O Oyou'll noticell 0 O [0 0 O that you have a choice, an alternative method for
solving the problemO0 0 000000000,

You can either set one hinge deeper (the one that is not deep enough) or you can shimoutd OO0 OO0 OO0 00
000 00000 O the other hinge, the one that is set too deep. You do the latter(] [0 [0 [0 [J [0 Oby placing 00 O [
pieces of cardboard behind the hinge leaf, thus bringing it outl) [0 O 00 O 0 O O O O slightly to straighten] 00 00 0 [
[0 0 [0 O the door's vertical alignment.

Shimming out one hinge will have much the same elect0) 0 O 0 O 0 O 0 O O as recessing the other hinge
slightly--the end result is that the door hangs straight) [ [0 [0 00 [J 00 00 O 0 [0 [ without rubbing along the top or
the bottom.

To determineld [0 [J [0 [J which method you should use, swing the door wide opend 000000000 OO OO and
examineld [0 O [0 O the two hinges.

You should be able to tell if one hinge leaf is not set deep enough: It will not be quite flush witi] OO0 0000000
the surface.

In a majority of cases] J [0 O OJ O [0 O Othis will not be the problem--the problem will be that one of the hinge
leaves has been set too deep. To correct for thisO OO OO OO OOOO, prop the dooropend O OO0 O0O0OOONO
by wedgingl 0 00 0 0 0000 OO O a magazine under the outside corner, then remove the hinge screws that hold
00000000 that hinge leaf against the doorframe or doorjamb. Cut a piece of cardboard the same size as[] [J
00000000 the hinge leaf and slip0) O 0 0 O O [ it behind the hinge, then replacel] [ [J 0 [0 [J the screws and
tighten securely.

Now try the door again. You may find[J [ [J [J [J [J that a single thickness of cardboard is not quite enough--the
door closes better but still sticks or binds slightly. If so, add a second or even a third piece if necessary to build up
the required thicknessO OO OO O0O0O00O0O.

Shimming can be impractical] O [0 O 0 O O O when there is not enough clearanced [0 0 [0 0 0 O O O [ between
the lock edge of the door and the doorframe to allow for(] [J [0 [J [0 [J the added thickness of a cardboard shim
behind the hinge.

You will be better ol1] [J [0 [J [0 O [ in that case if you set the other hinge slightly deeper.

Thisisonly feasibleD OO0 OO0 0000 OO OO OO, however, if the hinge is not already recessedd 0 00 00O O
0000000 below the surface of the wood--that is, if it actually sits abovel [0 0 [0 00 00 O 0 O 0 the surface of

the wood.

TorecessU DO ODOOOahingel OO0 ODOOOOOOOOOOODOOOODDOmore deeply on the edge of a
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door, you will have to removel] [J [ [J [0 [J the door from its hinges so that you can prop it up O 0 O O O Oon its
other edge while you work onlJ [0 [0 [J [0 00 [ [0 O the hinge mortises.

Removing the door is not very dilJcult.

With the door closed and latched, use a large screwdriver and a hammer to drive each of the hinge pins upward] [J
gooooooooooooo.

Remove the bottom hinge pin first, then the top one (if there are three hinges, leavell J [0 0 [0 [ [Othe middle one
for last)

With all the hinge pins out you can grasp the door by the knobO O OO0 OO0 00000, unlatchO OO0 0 00O OOt
and swing it open while lifting slightlyD OO0 0000000000,

The hinges will come apartl) 0 [J [0 O [ quite easily, allowing O 0J O you to liftd 00 00 O O 0 [ the door and lay it
overon0 00 00D0ODOOOOODO its edge.

To supportd 0 0 0O O the door in this working positiond 0 00 00 00O O, you can either clamp it 0D OO0 000
0000000 against the side of another door or wedgell [0 [J [0 [ [J it into a corner of the room where two walls
meet.

Of course, you do not have to removel] [J [J [J the door if the leaf you want to work on( [ [0 [ [J [is the one that
is fastened to] [0 0 [0 O 00 O O O the doorframe--just prop the foor wide open by wedging something under the free
edge, then unscrew] [0 O [0 0 O O [0 O the hinge leaf on the frame and swing it out of the way so that you can use
a chisel to deepenl] [J O [J 00 Jthe mortise (recess) in which it fitsC 0 0 0 0 0.

Deepening0 00 O 0 0O 0O O a Mortise

Cutting the existing mortise slightly deeper calls for(J [0 [0 [0 [0 [J [0 careful work with a very sharp chisel.

Since the hinge outline is already cut outd 0 00 00 00O 00O O, all you have to do is cut within it OO0 00000

Start by tapping] [0 O 00 O 0 0O 0 O the chisel around the perimeter(] [ [J [ while holding[] [J [0 Cthe blade at right
anglesl] [0 [J [0 [ to the surface, then make a series of light cuts] [0 [0 [0 [J [ [J [0 Cacross the recessed surface by
tapping the chisel.

To actually removel O O O O [the excess woodl [0 O O O Gyou push the chisel il 0 0 0 O O O O Owith your hand O
0J [0, along the grain, shaving o00J [0 O [0 0 [J only a little at a time[J [J [J O Cluntil the mortise is deep enough. Push
with a sideways shaving or slicing action0 000000000 D0O0O0O0O0ODO0ODOODOOODOODOODOODOOODOOOI,
using the thumb of one handD O 0 0 0O O 0O O O O and the forefinger of your otherO0 0000000000 0ODOOto
guidel] 0 0 O O[O O [0 the cutting edge.

Use a hammer or mallet if you must, but if possible avoid( [0 [J [J [J it.

You'll be running the risk of 1 0 0 0O 0 0O 0O O 0 Otaking o0 too much wood] 00 00 00O OO O Oor splitting? 0 0O O
the edge of the door.

DOORS THAT BINDO O OO ODOODOODOOOOO,ORSPRINGOPEND D OO DODOOOODOODOONO

Up till nowd 0 O 0O O O Owe have been talking aboutl 0 00 00 00 OO 0O O O Odoors that swing closed easily] O
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0000000000000 until the edge of the door comes in contact with(J [0 0 [0 0 00 O 0O O [ the doorframe and
starts to rub or stick.

There is another problem that occurs almost as often: A door resists closingl] O 0 O 0 0O OO O O and seems to
spring open when you swing it shutD DO 000000000,

Nine times out of tenJ 10 0 [0 90 0 O 0O O O O this is also a hinge problem--at least one of the hinges has been
recessed too deeply, either into the edge of the door or into the doorframe.

You can check this outdd 0 0 0 0O 0 0O O 0O O by watching the hinges carefully0 D 0000000000000 O0O
[0 [0 while someone else swings the door closed. Probably you will notice that as the edge of the door starts to make
contact with(1 0 00 0 0 0O 0 0O O [0 the doorframe the hinges are still not fully closed. Then, in the elort to close the
door the rest of the way[] [0 [0 [J [1, the hinges seem to spring or bend[] [J [1 [J [ slightly (the hinge leaves cannot
meetd 0O 0O0).

This condition[] 0O 00 0 [0 [ is usually caused by the hinges having been improperly set.

Either they were recessed too deeply, or they were not recessed uniformly (the pin edge of the hinge leaf was set
deeper than the inside edge of the same hinge leaf).

In the first casel] [0 0 [0 J [0 O [0 -- when the whole hinge has been set too deep--it's simply a question of the door
meeting O 0 O 0O 0O O the frame before the hinge closes fully.

In the second casel] [0 [0 [0 0 0 0O OO -- when only the pin side of the hinge is deeper than the rest of the hinge
come together before the door is fully closed.

In both casesl] J [0 0 00 0 O the door will tend tolJ 00 O 0 O 0 O O O spring open before it latches[] O 0 0 00000

Either the problem is solved[ [0 [0 [J [0 0 [J by installing] [0 [0 00 0 O [ shims behind the hinges.

If the full hinge has been recessed too deep, you installJ [0 [0 O O [J [J one or more cardboard shims.

If only the pin edge of the hinge leaf has been set too deep, you still install shims behind the hinge leaf, but in this
caskl [J [1 [0 [J [you use narrow pieces of cardboard that are only about one-third the widthl D OO0 00 3000000

of the hinge leaf.

These go behindd [0 [0 O [0 [0 Othe pin edge of the hinge so that they caused O O OO0 0O OO0 O OO OO Othe
hinge to swing around slightlyd [0 0 [0 [0 [0 O [0 (more into the door opening).

This should eliminate] [J [0 O [0 Othe springy, last-minute resistance to closingd O 000000000 OO O that
can cause binding when the hinge edge is set too deep near the pin.

To install full-size shims you'll have to remove all the hinge screws so you can swing the leaf out of the way.

However, for narrow shims that only have to fit behindJ [0 O [0 O 00 O 0 [0 0 the pin edge of the hinge, you need to
loosen[ [0 [J [0 O [ the screws, then slide[] [J [0 [J [J [ the strip of cardboard into place.

WHEN ALL ELSE FAILSO OO ODOOOOOOO-GET OUT THEPLANED DODOOOOODOODOODOO

There are, of course, cases where shimming alone simply will not solve the problem 0 00 0 0 0 0O O O -for
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example, if the door sticks along its entire lengthO O 0O 00000000000 OOODOOCOD, orif it is rubbing
or sticking in several dillerent places0 OO 00000000000 ODOODOODO OO along the top and bottom.
Chances then are that some planingld [J [0 [0 Cor sandingd [ O O O O O will be requiredd O 0 O [0 (to trim o0
extra wood along those edges where the rubbing occurst 0 0O 00O 0.

If only a slight amount of trimming is required( [ [J [J you may be able to doJ 0 00 00 00 0 0O O O O it without
actually taking the door downJ 0 0O 00O 00O 00O 0O OO, particularly if the rubbing occurs along the lock edge (as
long as it is not right near the lock itself) or along the top edge.

Prop the door open by wedging] [0 [0 [0 0 00 0 [0 0 [0 a book or magazine under the bottom, then use a small block
plane or wood to rasp] 0 0 000 0000 to trimd 0 O 0O O O the edge where the rubbing occurs.

Take ol [0 00 0 O Conly a little at a time and keep! [J [J [J [testing by swinging the door shut to make surél [ [0 [0 0 [0
that you're not taking o0 more than is necessaryd [0 0 0 0O 00O,

When finishedD OO O O0O0O0O0OO0OO0DO0OO, sand the edge smoothD OO OO0 O O0O0OOODOOODO, then touch
up with0 00 00 0 0O 0O 0O O paint, shellac, or varnish to seal out moistured OO0 00000000000,

Thedoorwas stuck D OO0 OD0ODO0OO0O0OMMOODOO CNNOODODODODDODODDOODOOOODOODOOOOOOO
gootm

Working on the door within its frame is impractical when wood must be trimmed away along the full length of the
doorD 0 OO0OOOOOOOOO, and it won't work when wood must be removed next to the lock itself.

Obviously you cannot planel] [0 [0 [0 0 O 0 O Opast the lock (O 0O 0O O O O O without removingd O [0 0 [0 O the lock
and then resetting] [0 J [0 0 O 0 [0 [J it-a tricky job even for an experienced carpenter.

Under these circumstanced] [0 [0 O [ 00 O [0 O it is best to take the door down and trim the needed amount ol the
hinge edge, rather than along the lock edge.

The hinge leaves are easy to removel] [J [1 [J [J [0, and after the necessary planing has been com-
pleted 00 O O O [ they can easily be resetl [0 [0 O O O by chiseling outl) O 00 0O O O O O O the mortise slightly
deeper until the hinge leaves are once again flush with(J [J [0 [0 [0 [J [J [J [J the edge of the door.

Since you will be working onJ [0 [0 [0 [0 [0 00 [J O [ [J the edge opposite the lock (where the rubbing actually occurs),
you'll have to approximatel] [J [0 [J [1 [0 [J [0 the amount that has to be trimmed o[, then hang the door back[1 [ [
00 000Oon its hinges temporarily to see iftJ 0 0 0 00O OO OO Oyou have removed enough.

If trimming is required 0O 00 0 O 0 O O O on the top or bottom edge of the door, make sure you plane from the
corners in toward the center, never out toward the corners.

Running the planel [0 0 0 0O 0O O 0 O O [ past the edge of a corner is almost certain to cause splintering] [ [J [1.

With the door lying on[] [0 [0 [J [0 [J one of its long edges, this will mean(] [0 [J [J [J [J planing downward for about
half the width of the doord0 0 00O 00O O OO O, then turning the door overd 000 00O 00O OO O so that it rests
onJ 000000 OO O the opposite long edge and planing the other half of the door's widthO O OO0 000000
00000, again in a downward motion.

After you have removed the required amount of wood, replace the hinge leaves in the mortise to seel] [J [1 [ [J [

how much deeper the mortises will have to be in order for the face of the hinge leaf to once again sit flush with
00000000000 the edge of the door, then trim the mortise to the required depthD) O 0 00 00 0O O as
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previously described.

WHEN THE LOCK WON'T LATCHO U OUOOUOOoooooooooo

This is another annoying door problem--the door closes easily without sticking or binding, but it won't stay closed] [J
00000000000 0or snap shutt 000000000 O because the latch bolt on the door lock is not quite in
linewithO O OO 0O OOOOO O the opening in the strike plate on the door frame.

You can almost always correct a condition] [0 [J [0 [ [J [J of this kind by moving [0 0 00 O 0 O [ O the strike plate
slightly in order to line up its opening with the latch bolt0D O O 0000000000000 OO OO O when the
door is fully closed.

The trick is finding which way to move OO0 000000000 OOIN

You startl] [0 O 0 0 [0 by closing the door slowly while your eye is level with(J 0 [0 [0 O 0 0 O Othe strike plate.

Have someone else stand on0 0 0 0 0 0 00 0O 0O 0O 0O O O the other side of the door, shining a bright light on the
latch boltD O OO 00000 OO OO O so that you can watch(d [ [0 [ the action of the bolt as it slidest] [0 0 [ [0 [
across the curved part of the strike plate and tries to slip intolJ [0 0 [0 [ [0 O [J [J the opening.

In this way [0 00 O 0 O O [0 O you should be able to tell whether the opening in the plate is too high or too low to
lineup withO O OO 0D OO OO O the latch bolt,

Depending onlJ [0 [ [J [ [J [J exactly how much out of line it is, you have two options: (1) You can removel] [ [J [J
[J [ the strike plate and reinstall] [0 0O O 0 0O O O O it slightly higher or lower to compensate for] 0 [0 [ [0 O the
misalignment; or (2)having removed the plate, you can use a metal file to elongatel] [J [J [0 [J the opening slightly at
the top or bottom(depending on whether the strike plate was sitting too low or too high) and reinstall it in the same
position.

Generally, if the distance the plate must be moved is 1/8 inch or less, it is easier to file[J [0 0 00 00 0 O 0 [ the
opening to compensatel] [J [0 [J [J [J the misalignment. If the plate is more than 1/8 inch out of line, however, it is
better to remountd O 00 0 O O 0O O O the plate in a higher or lower position] OO O 0000000000000
000000000000 b0o0DoD0oDbO0o0bDo0ooDDOOn Installd Mountl) Attachld Mantleld Assemblel]
Removel DetachJ Unscrew Dismantlel] Uninstallll Takeout 0 0000000000000 OOODOOOOO0O
O000o00oooooodooooooooooooooooooom

You removell [ [0 0 O [ the plate by taking outl] [J [J [0 [ [J the two screws that hold[ [0 00 0 O it in placeld 00 O
000OO00bOO000OoOOo0obOOo0obOoOoobooooOooan.

Then fill the old screw holes by jamming in0J) 0 0 00 00 OO OO Oas many wood slivers (pieces of wood
toothpick work fine) as you can.[Jas many [J asyoucan OO0 OO0 00000

Break each piece ol flush at the surface 0 000000000

HoldD 00 O 0 O O the plate in its new position, then drillCJ 0 00 0 0O O O O pilot holes for the screws and mount [J
000000 the plate in its new location.

You may have to chisel away] [0 [0 0 0 0 0 0O [ a little extra wood to permit] [0 [0 [ recessingll 0 0 00000

the strike plate flush with(0 0 0 0 0 0 0O 0 0O O 0O O the wood, and you may have to enlarged0 0000000000
the opening in the wood slightly so the latch bolt can slide all the way inJ OO0 0000000000,
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Sometimes the problem is horizontal rather than vertical alignment. The strike plate may be too close ta] [J O [ [J
[0 O O the stop molding (against which the door closes) so that the door hitsJ [0 [0 [0 [0 O [0 O O O the stop molding
before the latch bolt can slip into[] [J [ 0J [ (the strike plate's opening.

To cureld [0 [ [0 a condition of this kind you again have two choices: (1) You can remount [0 0 [0 0 [0 0 [0 [ the
strike plate slightly farther away fromO [0 0 00 O 0 O 0 O 0 O the stop molding;or (2)you can pull the stop molding
o] pull o0 OO 0O Oand moveld [0 0 O O [ it slightly farther away from the strike plate (so the door can swing
a little more into its opening [0 [0 [0 O 00 O Owhen fully closed).

Sometimes a door will close easily enough, and then will rattlel 0 [0 [0 0 00 0 [0 O (o shovd O [0 Othat it isn't snu@l [
000000000, even when closed all the way.

In this case the stop molding is too far away from[] [J [0 [J [0 [0 0 O O the door when the door is fully closed--or, to
put it another way, the strike plate is too far away from the stop molding.

Again, two options: (1) You can remount’] [J [0 [J [0 [0 [0 O [ the strike plate slightly closer to0 0 0O 0 0O 0 0O O

(1 [0 the molding; or (2) you can pry o] [0 [0 00O 00O OO0 OO0 the stop molding and renail0 OO 000000
(] [0 it slightly closer to the door (with the door closed and the latch bolt engaged in the strike plate, you renail the
molding so that its edge just makes contact with[] [J [J [0 [J the face of the door).

There is also another simple solution that will work[ [J [0 [J [J [J when only a slight amount of "play" needs to be
takenupOD O OO0 O000O0O0O0OOOMOD: Placell OO OO a strip of foam-type self-adhesive weatherstripping on
the inside of the stop molding to take up the slackJ O 0O 0O 00O 00O 0.

This will not only eliminate[] [J [J [J [J the rattle, it will also cut down on(J [0 [ 00 O [1J 0 [0 O sound transmission. ] []
ooooooooouoooooon

SOLVINGD OO DD DDLU DOOR LOCK PROBLEMS

An interior keyless door lock is normally referred to ast] [0 0 [0 [0 00 00 0 O [ a knob set or knob-and-latch set.
The most popular type is the cylindrical or tubular set, which is installed by OO 0000000000000
boring” [0 00 00 0 0 0O O two holes in the door--a large one through the door and a smaller one into the edge of the

door.

The small one intersectst] 0 [0 0 O 0 0 O O the larger hole so that the latch bolt assembly (which fits intoJ 0 0 [
0 0 0O 0O this hole) can engagel] O 0 0 O O [0 O the main lock mechanism.

In older homes, there may be mortised locksets or knob sets that have the whole mechanism recessed intol] [J [J [J
0 00 O O the edge of the door.

This is done by drilling a series of vertically aligned holes in the door edge and then using a chisel to hollow out] [J
0000000000 0ODOa rectangular-shaped mortise or recess in which to fit the lock.

From the description aboveld 0 [0 0 00 0 O 0 O O you can see that there are several dilerent types of locks used on
residential doors, so this would be a good time to explairi] [0 [J [0 [J O [J Othe principal types and how they dillef] [

goo.

Broadly speaking] O 00 0 00O 00O O, all home door locks fall intol[] fall into categories: [0 [0 [0 [J [0 [J one of four
categories: tubular locks, cylindrical locks, mortise locks, and rim locks (often called night latches or auxiliary locks).
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Tubular locks and cylindrical locks are similar in that[] be similar inthat 00 + OO OO O 00O O OO OO both
are easily installed merely by boring two holes through the door.

Cylindrical locks are generally more rugged 0 0 0O 0 00O OO Oand are designed O 0 0O 0O O 0O O Ofor use on
exterior doors for which security is a prime consideration, and when a key is needed to lock[J [0 [J [J [J [J [J the door
from the outside (a knob or pushbutton is used on the inside in most cases to lock and unlock0 O O 0000000
without a key).

The sentences are justified 0 00000000000 OOIThe sentences are rugged 0 000000000000 MM
guooooogo

Tubular locks are used only on interior doors. Most do not have a key, although they often have a locking
mechanism that is activated(] [J [0 [J [0 [J [0 O [0 by pushing a knob or turning a button on one side (you can unlock
on the other side in an emergency] [J [J [0 [0 O by pushing a heavy piece of wire or long nail into a hole in the knob
or directly under it).

All door locks have moving parts, so occasional lubrication is required [0 0 00 0 00 O O to keepd [J [0 [J them
operating smoothly.

Often this is the only thing wrong with a balky lock, or a knob set that isn't working smoothly. Powdered graphite
is the best lubricant to correct such a conditiond O 00000000 OO,

It come&! 0 [0 0 00 O [n plastic squeeze tubes with a narrow nozzle that enable§] [0 [0 [0 [0 0 O 0 O Oyou to pull] [J
0 0 0 00O the powdered lubricant into a lock, through the latch bolt opening.

Never use ordinary oil, which can cake upD OO0 0 00O Oand gumO 00000 00O 0 OO OO the mechanism
(there are some lubricating liquids that contain[] [J [0 0 [0 O [J O [J graphite and, used like oil, also work well on
locks).

Squirt] 0000000000 OO [IIthe graphite in around the latch bolt while turning the knob back and forth [J
0 O O, then remove the knob and squirt some more alongside the knob stem while turning the knob on the other
side back and forth.

It may also help 0 0 00 0Oto rubl 00 0O 00O O a little paste wax on the face of the strike plate, or spray[] [J
000000000 a small amount of silicone lubricant onto the plate and the sloping face of the latch bolt, which
should then slide in(J O O 0 O 0 O O O COmore easily when the door is slammed shutD OO0 0000000000,

Lubrication is especially important on outside door locks--not only because they are exposed toJ 0 O 00 0000

[J [0 the weather, possibly causing oxidation or corrosion of the metal parts, but also because lubrication is your best
protection against the lock freezing up when wind-driven rain or snow getsinsidel O OO0 0000000000000

(When a lock does freeze up] [J [0 [J [0 [0, the easiest way to thaw it outdd OO0 00000000 OOIs to heat[d [J
00 0 O the key with a match or cigarette lighter, then workD [0 0 0 0 0 O 0O O 0 O the heated key gradually into
the cylinder until the ice on the inside melts] [0 [0 [0 [J.

You may find[J OJ [0 [0 [ at first that the key only goes partway in(1 0 0 00O 00 0; keepO 0 0O 0O O Oheating the
key and reinserting(] O [0 00 00 O 0 it until it goes all the way inJ [0 0 00 0 0O O 0 and the lock turns smoothly.

Never forceD 0 0000000000000 0O0O00OODOOOOMOthe key in, and never useld [1 [0 Ca pair of
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pliers or similar tool to turnJ [J [J [J the key when you can't turn it with your fingers( 0 [ [ )

As a rulel) 0 O O, when a tubular or cylindrical lockset (sometimes referred to asJ [0 0 [0 [0 [J [0 [J a bored lockset
because it is installed] [0 0 0 0 0 O O O O Oby just boring two holes) startsd DO OO0 Otoactupd OO0 O 00000
00000000, the simplest solution is to replace it withanewoneD DO 000000 O0OOOOO.

Replacement locks[d O [0 0 [0 0 O O are widely available [0 0 00 O 0 O in all hardware srotes and home centers,
and they come complete withO OO O OO O0OO0O0O0OD0O0O complete0 00000000000 OOODODOOOO
installation instructions and templates for boring the necessary holes (for installation in a new door).

Most of these locks are designed tolJ [0 00 0 0000000 OO OO fit holes of the same size spaced the same
distanced 0 0O 00000000 from the edge, but somedovarydD 00O 0000000000000 0O0O0NO
goooo.

So to play safel] 0 0 0 00 00O O OO when buying a new lock, either bring) O 0 [0 O O 0 your old one with you
or measurel] 0 0 [J the size of the holes and the distance from the edge for the larger hole.

ThatwayO OO OO0 O0O0OOOOOyou will be surel) O 0O OO OO the new lock will fitl O [0 O the original holes
in the door.

To take the old lock o0 OO 00O OO OO O, you first have to removel] [0 [J [0 [ [Jthe knobs.

In cylindrical locks, and some of the better tubular ones, these knobs are usually threaded ontod O OO0 0 00O 00O
O0000mMthread D0 0000000000 DO00D0O00O0O0O00DOO0OO0ODOOO0OOOODOOO the shaft and
will have a setscrew to lock themonD O OO OO OO OO,

After this screw is loosened [0 [0 [J O OO, the whole knob can be unscrewed D D OO0 000000000 OO0O.

In tubular locks the knob is usually attached to 0 0 00 0O 00O 00O OO OO O the decorative escutcheon plate--or
rose0 00 00O000OOMO, as it is sometimes called--so that loosening the two screws or bolts that go through] [

O 0000t will enabled) 00 000 00O Oyou to pull the whole thing out of the door, the knob with the spindle

attachedD DO OO ODOODODOODO.

In a cylindrical lock, the rose is a separate plate fastened to[] [J [0 0 [0 [ 00 0 00 O Othe door withO O 0 0O 0 00O
two screws; once the knob is removed, the plate can be slid o000 O OO0 O 0O00OO.

You then take outl] [0 [J [0 [J [J the two screws that hold[] [0 [0 0 [0 O [ O the latch bolt mechanism in place against
the edge of the door and pull out[] [J [0 [J [J [ the latch bolt and face-plate.

ThisfreesupO DO ODOD0DO0D0O0000000O0O0DOOODOOODOOOOthe lock mechanism so that you can pull the
whole assembly out.

In the case of a tubular-type lock, you cannot pull out the latch bolt mechanism until you have pulled out the know
with stem attached, since the stem goes through] [J [0 [J [0 [J [J a square hole inside the latch bolt assembly.

Mortise locks are long, rectangular-shaped] [J [0 [J [J CJunits that have to be mortised [ 0 0 0 00 O 0 Cor recessedl [
000 000 Ointo the edge of the door.

Mortise locks are not widely used on interior doors nowadays, but they are excellent for entrance doors for which
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maximum security is desired [0 [0 [0 0 [0 O [0, since they are especially hard to forceD D0 000000 O0OOO.

Many older houses still have mortise locks on interior doors, and when one of these acts upOJactup OO OO0 00O
oooo,0000 [obo0 Jooboboo ,0ooo,00obo0ooo0obobo0oo ,obboooooo ;oo

o000 ,0000mo00o00o0o00o0UUy 000000000000 Oo0o0O0 ,000o0oOooog

00000 Moo0* 00000000 0boboonOnDOdDyour best bet is to replace the lock entirely] [
0J [0 O with one of the newer tubular or cylindrical types.

To cover upgl O O Othe holes left] 00 O 0O O O O Dby the old knobs on the mortise lock, you can buy] 0 0O (11 0 000
special modernization Kits that include[J [J [J [J oversize escutcheon plates.

These will not only cover the old holes in the door, they alsod [0 [0 notonly OO0 00O OO OO O notonly O but
aso 00 0000000000000 00000000000 but0DO00O0O0O0O0OOODOOCOIallow for holes to
be bored [0 [0 0 Othat acceptD [0 00 [J 00 [ [J the knob handles and latch(J [J [0 00 [0 O [0 O [ bolt mechanisms of the
new lockset.

CURINGO O OO OOOOA WARPED DOOR
A door that is warped[ [0 [0 00 0 0 O or twisted[ 00 0 0O 0 0O 0O 0O O O will be difleult to close, or will tend tol] [

000000000000 DDDO rattle and vibrate when it is closed.

If the door is bowed [0 [0 0 0 O O 0O O or warped O O O O O along the hinged edge, then the best method for
curing may be to installl] 0 [0 00 [0 0 [0 a third hinge in the middle.

Attachl] 0 0 O 0 O 0 the hinge to the edge of the door first, then have someone press(] [0 [0 0 00 0 0 O Das hard
as possible on the curved side of the door to force it straightd O 0 0 00O 000 0O 0O O Owhile you markd 0 0 0 0
0J 00 O O the location for that hinge on the doorframe.

Now mount [0 0 O 0 O O that hinge leaf against the doorframe or jamb0 OO0 OO0 OO0 00O OO0 OO0
jam [0 [0 [J [T 'in the position marked, then push the door straightd O 0 0 0O 0O O 0O O O O Oto force the hinge leaves

togetherD OO0 D0 0D00DOOO0OOOOOOand slided 000 OO OO the pin home.

If the door is bowed or too warped for this correction, your best bet is to removel] [J [0 [J [J [J the door and try to
straightend 0 O O 0 0O O O O it with weigths.

Place the door flatD 0 O 000 00 00O O OO Oacross two sawhorses or similar rigid supports, with the bowed
sidefacingupO OO0 O DOOO0OOOOOOODO.

Placel [0 [J [heavy weights over the highest point of the bulge or warp, using bricks, large rocks, or pails filled withl [J
000 00O water or sand.

You may not be able to place enough weight on the door to straighten it immediately, but the idea is to leavel [J [J
0000000 O the door with the weights on it for at least 24 to 48 hours.

The continuous pressure should gradually straighten] O O 0 0 O O O O the warp.

For best results, leave the weights on long enough (and make sureld [0 J [0 0 [0 0 they are heavy enough) to give
the door a slight reverse bend0 000000000 O0OOO.

This "overcorrection" should result il O 0 0 0 0O 00O O O Ca straight door when the pressure is removed! [0 0 [0 [0 [0

If the edges of the door, including the top and bottom, are not painted [0 0 O 0 [0 O [J, make sure they are painted
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as soon as the door has been straightened.

This will preventld [0 O [J further absorption of moisture.

If the door is twisted or warped diagonally, you can use the same method of applying weights, but you'll have to put
[J 0O 0 O extra blocks or bricks under the corners to correct for(J 0 [0 [0 [0 0 [0 O the propellerlike twist in the door.

When a door is only slightly warped, so that the top or bottom corner of the door touches( [0 [J [0 [J the stop
molding before the rest of the door, it is sometimes simpler to leave[] [J [0 [0 [0 0 [0 [J the door alone and simply
renaill] 0 0 0 0O 0O 0O O the stop molding so it matches [0 [ [ the slight curve in the door.

You'll have to pry it o0 00 00O 00O OO0 OO along the lock edge and then renail it, starting from the top so
that its inside facel [J J [0 O Djust touched] OO [0 O Othe door along its full length--even if this meand] 00 000 00
curving the molding slightly as you naill] 0 0 0 00 0 O O it into place.

HANGINGO O 0O OO A NEW DOOR

Replacing an old interior door withanewoneJl 0000000000000 OODODOOOADOIs a carpentry job any
home handyman can tackle [0 [0 [0 [ [0 with ease and assuranced O 00 0O OO O
oo.

You can find a door in the style and size you wantO0 0 O 000000000 OO O Dat most any local lumberyard,
or your local dealer can orderd [0 [0 [0 0 00 0O 0O O O O whatever you want (some yards[ [ [J [1 [J also make them to
order).

After you get the door homeO OO OO0 OO0OODOODO, your firststepistotrimd 00000000 OOt to the
proper height0 OO0 OO0 O0O.

If the door has projecting ends on the vertical stilesO OO OO0 , 00000000000 000000000000
O0000000000000000000000000000 ateach side, saw theseolODOODO0DO0O0O0O0OOO0O
0 0 O to make the ends flush with the top and bottom rails0 00 0000000000 OOOOOd, then trim the
door to height.

There should be about 1/8-inch clearancel] [1 [J [1 at the top and about 1/4-inch clearance at the bottom when the
door is in placed 0 00O 00O OO0 OO inside the frame.

If at least 1/4 inch of wood is to be taken o0 0O [0 O O O O O O the top or bottom, use a saw.
If less than 1/4 inch is to be removed, use a bench place or jack plane. Make sure you plane] O OO0 00000

from the edge in toward [0 0 00 0 0O O O O O the center from each side, and never allowd 0 000 00O 0O O the
plane to run ol pastl] O [0 0O 0O O OO O the end of the door, as this will almost certainly result in splintering [0 [J [J

For doors that swing intoD D0 00000000 Oacarpetedd 00000000 OOOOroom, remember 00

O000000000¢toallow for) 00 00O OO OO the thickness of the carper.

Usually, an additional clearance of 3/4 inch to 1 inch at the bottom will sullce[1 0 [0 [0 0.

The next step is trimming the edges, usually by planing, to ensurel) O O [0 O O [J approximately 1/8 inch of
clearance on each side -- in other words, the total width of the new door should be approximately 1/4 inch less than
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the width of the opening into which it must fitCl 0 0O 0O 0O O,

To install the hinges, prop [0 0 00 O O O the door in place in its opening, using 1/4-inch wedges (scrap pieces of
plywood or hardboard work well(J [J [J [0 [J [0 [J) along the bottom to raise(] [ [J [0 [J [0 [J the door to the height at
which it will actually hangO O 0O 0 00O 0.

Wedgell 0 [0 0 [0 [ additional pieces along each side to center the door in its opening, then use a sharp knife or
chisel to mark the location(] 0 [0 0 00 O [0 O 0 Oof the hinges on both the door and its frame.

If the door is being hungl 0 0 00 0 00O 00O OO in an opening where originally there was a door of the same
size, then the hinge mortises will have already been cut in the door frame; use these as a guide to mark the top and
bottom of each mortise to be cut in the edge of the door.

If, on the other hand, you are hanging 0 J [0 [0 OJ [J [J a new door where there was none before0 0000000
00000, locatel 0 0 0 O 0 0 [ the hinges so the upper one is about 7 inches down from the top and the lower

one about 10 inches up from the bottom.

After marking the location for each hinge, take the door downD OO OO OO Oand prop it DO 0O OO O OOon
its lock edge so you can chisel out[] [J [0 [J [0 0 [0 O [J the mortises.

Usell [0 0 [0 the hinge leaf as a pattern to mark the outline of the new mortise, then scorelJ [J [J [J [J [J Caround
this outline by tapping lightly) 0 00 00 [0 O [0 with a sharp chisel.

To chisel out the mortise, start] [0 [J [0 0 00 O 0 O by making a series of shallow cuts0 O 000000000000
across the surface, along the grain, then remove the excess wood tapping the chisel in from the sided O 00000

000000000 while holding the blade horizontal DD OO OO0 O0OO0O0O.

Removel [0 00 00 [ [0 a little bit of wood at a time to avoid digging too deep [0 00 00 0 0O 0O 0O 0O OO cut the mortise
just deep enough so the face of the hinge leaf will be flush with(] [0 00 O [0 O [ the sorrounding wood.

Now hang O 0 [0 O O O the door by interlocking] [0 0 0 0 O O O the hinge leaves and tap00 0 0 0 000000
the hinge pins into place0 O OO0 OO0 0.

The final step is to installl) O 0 00 O O O the door lock or knobset.

Use one of the tubular or cylindrical models.

These locks come with( [0 0 00 0 0O O O O special templates that help [0 [0 O 0 you locate[] 0 [0 O 0 O O [T locate:
000000000 ooo0bDOo0ooooDdpesition 0000000 DODOO0DOOOOOOODODOOOOOODOOO
O0DOo0oDOOodOOlecate 000D OODODOODOOODODOODODO" OOOO™ O locate D000 OO DO position
0000000000000 0000000O000DO00DO000000000D000O0D00DO0DbO0DbO0O0OO the
holes that must be bored through the door, along with other detailed] [J [J [J [J installation instructions.

Your dealer may also have a jig for rent which can makel[l] [J [1 [J [J [J the job even easier.

These are metal guides that clampl [J [0 [J [0 O [0 [to the edge of the door and have openings to guidél [0 [0 [1TJ 00 00 0
you in drilling holes exactly where needed] 00 0 0 0000,

SLIDING DOORS
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Sliding closet doors are generally suspendedd O 0O OO0 00O OO OO Ofrom an overhead track by means of(] [J
0 0 0O 0O O small wheeled hangers or roller brackets that ride onJ [0 0 00 0 0 O 0 O O O channels fastened [ 0 [
0 0 OO O across the top of the door opening.

In some cases the doors are bypassingl] [J [J [J [J [J --that is, there are two doors that bypass(] [ [J [J [J [ each other
and can slide full-lengthC) 0 O 0 O O O Oin either direction.

Each door rides on a separate trackD0 0000000000 separate tracks 000000000000 Each
0000000000000 0000000000000000000000000000D0O 00O on the overhead
channel, so they can pass(] [0 [0 [0 [J [J each other easily.

A single sliding door (used between rooms, for example) will slide into[] [0 [J [0 [J [J a hollow pocket or cavity inside
the wall, and the overhead track will have only a single channel or track for the roller brackets.

In either casel] 0 0 00 0 0 OO OO there are guides on the floor (little plastic clips) that serve0 0D 00000000
to keepl O OJ [ the doors from swinging in or out as they moveld J [0 [J.

In some installations the sliding doors also fold[J [0 [0 [0 [J J [J O(these are usually called bifoldingD O O 00000
00O 00O Odoors).

They are suspended] O 00 0 0 0O 0O O like regularC) O O 0 [ sliding doors from overhead tracks with pivot guides
or roller guides fastened tolJ [0 0 00 0 O O O O O the top of each door or section.

These guides may be attached [0 0 [0 0 0 O 0 O O Oeither to the inner face [0 O [J of the door or to the top
edge, and they move inside a track or channel attached tol0 O 0 0 00 00O 00O OO O the top of the doorframe of
doorjamb.

All sliding or bifolding doors that ride on overhead tracks haveld [ [J [ (Jsome type of adjustment] [ [J [1 [0 [J that
permits] O O O slightly raising0) 0 00 0 O O or loweringd 0 00 O O O the individual hangers, in order to compensate
ford O 0 O O O minor misalignments of the door or its frame, and for the fact that many doorframes and floors are
not exactly level D O OO0 O0OO0OO0OO0O.

In some cases the hangers or brackets are mounted with screwsd 0 000000 00O 0O O Othat run through™ O
[ 00 O 0 O slotted holes; loosening] [ [0 [ [ [J these screws allows[ [0 [0 [1 one to raise[] 0 0O 0 0O 00O 00O the
bracket or lower0 0 0 00 00 OO0 DIt even to movel O [0 0 Uit sideways slightly.

In other cases there is a threaded shaft with a nut on it that permitst] [J 0 [0 0 00 O O O [ similar adjustments.

Directions furnished with] 0 [0 0 00 O [0 O [ the hardware, or close study of one of the brackets, should indicatel] [
[0 [0 how it can be adjusted] 00 0 O 0O O [0, in either case.

When a sliding door tends [0 0 0O 0 0 00O 0O to jumpl OO 0O OO Oits track, or seems 0 [ 0 O 0 0 0 to bind
0000000 at some point, the first thing you should checkD 0 0O 00 00O 00O OO O Ois the condition of the
hangers or brackets at the top of the door.

Should they belJ [J If they should belJbent out of alignment or otherwise damagedd O 0000000000000
00 00, they may need replacing, though in most cases it is simply a matter of readjusting them to correct for a slight
misalignment.

0 00O Never been kissed, never been touched, but totally damaged"' 0O 0 000000000000 00000

goobooboobooobooboooboobbooboobbor bboobbooboobbooboobo
goobooobodoboooobooboooboobbooboobbooboobbooboobbooboob oD
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Jooddooooooboobobobobooobobobodddodooooooooooooooobobooooon
Joodoooooooooobobobooboobbobodddddooooooooooo oD oboobooboooobooo
Jddododoooooooobobobobobobbobbboboodddddoooooooooooon

Such a readjustment can usually be madelJ [J [0 Owithout taking the door down, but if necessary the door can be
disengaged [0 00 00 O O by removingd [0 [J 00 0 [ the floor guides at the bottom, swinging the door outward[] [J
00000000000, and almost simultaneously lifting it up0 O 0 0 00O 00O OO to disengage 00 0 0 O [ the

wheels from the overhead track.

In the course of ] 0 00 O 0O O O checking these brackets, also inspect [ [J [0 [ the track to see if0 0 000000
OO00000Oit has become dentedd 00000 0OOorbent0 OO0 OOOOO.

If it has, straighten 0 0 0 0 0 0 O O it by tappingd O O 0 O with a hammerd 00 0 O 0 0 O and a block of wood,
or by bendingd O O O O it with a large pair of pliers0 000000000,

If necessary, take the track down and replace with(] [0 [J [0 [J [0 [J [0 a new length of the same style.

Do not lubricatel] O 0 0O 00O OO OO O O these tracks; oil or grease will attractt] O 0 00 00O OO OO O Odirt.

The rollers or wheels are usually made of0J [0 0 0 0O 0O O O 0O O O self-lubricating nylon or similar plastic that does
not requirel] 0 O O 0 O O O further lubrication.

When doors slidel] [0 [J [0 [J on tracks along the floor--the way most metal-framed glass patio doors work--problems
with sticking, binding, or jamming usually meand [0 0 [0 O [0 0 O O that this cottom track has been physically

damaged or bent.

In most cases] [0 0 0 00O OO Oyou'll have to remove the door by lifting it up and then swinging the bottom out,
but often there may be only one place along the track where this works[] [0 00 0 0 0.

In others[] [0 [0 0 0O O 0 O the door can be lifted out at any point along its length.

To straigthen the bentd 0 0 0 0 0 0O O O [track you simply tap with a hammer and a block of wood.

CutD 0 0 0O O O the piece of wood so it forms[J [J [J [J [J a snug fit inside the track, then push it intod 00 0000
00 00 0O 0 the track and hammer 0 0 0O 0O O 0O O 0O O [0 against it from the outside.

Slidingd O 0 0O 0O 0O O O Cabinet Doors
Small sliding doors such as those used onJ O O 0 0O O OO O O cabinets usually ride onD 0D 000000000
simple tracks consisting merely of 0 [J [0 0 00 0 O O O O [0 slotted strips of wood, or of grooved channels, either

metal or plastic, along the top and bottom.

The track on the bottom is not as deep astJ [0 0 [0 0 [0 O [J O the track along the top, so each door can be lifted
enough to clear] 0 00 O 0 O O the bottom track.

To removel] 0 [0 0 a door, you first raise it as high as it will go0 0 0 0 0O 0O 0 0O O, then swing the bottom edge
outand pull free0 0000000 O0OONO.

This type of arrangement is almost always trouble-freel] [ [0 O O J [J, unless the door warpst O O [0 or swells O
00 00O, or dirt or some other foreign matter() [ [J [J gets into) O O 0 [0 [J the track.
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Use a still brushJ 0 0 O 0O O O O or a vacuum cleaner to removeld [0 O [0 [0 [ any such obstruction O O 0 O, and
sprayl [0 O 0O O O with a silicone-type lubricant (never use oil) to ease uplJ [J 0 00 0 [0 0 Ca set of doors that is] a
setofdoors0 0000000000 OOO0Ootherwised 000D OOOO0OOdiOcult to moveD OO ODO.

If a door persistently jumps out of(J J [0 0 O 0 [0 O its track when slid back and forth(J O 0 00 0 O 0 [0, chances
are that something is stuck insidel) 0 0 0 0 0 0O 0 0O O O O the track, or that the track is bent.

The problem can also occurl] [0 [J [0 O [J when the doors are a little too short, or when the framework of the
cabinet has warped slightly so that the tracks are now a little farther apart thatl D O 00 000000000000
they were originally.

Any of these defects will result inCJ 0 0 0 000 0O 0O OO the door's not extendingt O 0 O O O O Cfar enough into
the upper track, so that the top pops outl] [1 [ O [J [0 when you slide the door] 00 00O 0.

000000000000 0000popeyed T poppedeye0 DO O0O0O0OOO0DOOOOOMM

If a door persistently jumps out of its trackl 0 [0 00 00 0 0 0O O O Owhen slid back and forthl OO OO0 M OO0 0000
, chances are that something is stuck inside the trackO O O 0O 0000000 OOODOOO, or that the track is
bent.

The problem can also occur when the doors are a little too short, or when the framework of the cabinet has warped
slightlyD 0 0 0 0 00O OO O Oso that the tracks are now a little farther apart than they were originallyJ 0 0O 0 O
000000000000 o000noooooao

Any of these defects will result inJ [0 0 0 0 00O OO OO the door's not extending far enough into the upper track,
so that the top pops outd [0 0 00 O [0 when you slide the doord0 0 00000,

To correct this conditionD 0 000000 OO O, remove one of the tracks (the upper or the lower) and insert a
thin strip of cardboard or plastic under it to shimO OO0 00O 00O 00O 00O 0O O Othe track up and bring the two

slightly closer together0 OO0 OO0 O O0OO0OO0O0O.

The door should then projectl] [ [J [0 O [ far enough into the upper track to keep it from0 000000000
jumping out.

googd

REPAIRING WINDOWS

Windows are not only a means of allowing daylight to enter the house and people to see out during the day, they
are also essential for ventilation in most homes. For this reason most windows are constructed so that they can
be opened or closed when desired--and this is exactly what causes most window problems. A fixed pane of glass is
fairly easy to seal, and there is nothing movable to get out of order. But windows that open and close are movable,
so mechanical breakdowns can occur, and there is always the problem of maintaining a watertight, airtight seal that
will not interfere with easy opening and closing.

With modern improvements in design, including the development of more e[Jcient weatherstripping materials, a
surprisingly food seal can be created around any hinged or sliding window. And because a single pane of glass is
an extremely poor insulating material, adding storm windows, or using double-pane glass, is essential for those who
want to minimize energy losses all year round (in the winter to keep heat in, and in the summer to keep it out).

Windows for the home will generally fall into one of categories: double-hung windows that slide up and down in
separate channels in the window frame; sliding windows that operate from side to side so that one panel slides
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behind the other,casement windows that swing open on hinges like a door; and awning windows that have sashes
that are hinged along the top so that they swing out from the bottom, like awning. (Jalousie windows might be
described as another version of the awning window, except that they consist of many narrow panes of glass that
swing out together when the operating mechanism--either crank or a lever--is activated. There is no standardization
of parts for these specialized windows, so repairs usually must be made by a professional dealer/installer.)

REPAIRING DOUBLE-HUNG WINDOWS

Double-hung windows are far and away the most popular type of residential window in common use. OCering a
choice of lowering the upper sash or raising the lower sash, they provide maximum flexibility for ventillation. They
may be made of wood, metal, or vinyl plastic, or a combination of these material, with wood still the most popular
(some newer wood windows are vinyl-clad on the outside to eliminate the need for painting).

When a double-hung window starts to stick or bind, nine times out of ten the trouble is caused by dirt or paint
clogging the channel in which the window sashes slide.

Opening a Stuck Window

In most cases when a window is stuck shut--either because paint is caked around the edges or because the wood
has swelled--unless the condition is really severe you should be able to free the sash by prying carefully around the
edges with a stil putty knife.

Force the blade in between the sash and the molding, using hammer if necessary, then wiggle or twist it back and
forth to break the "seal" formed between the two. Work your way slowly up one side and then down the other side,
twisting and wiggling the blade repeatedly in each spot before moving on to the next position. Then try opening the
window again.

If it is still stuck, there is an additional step that sometimes works. Get a small block of wood, slightly narrower
than the width of the window channel, and place it in position inside the channel just above the frozen sash frame.
Rap this block sharply with a hammer two or three times. This will serve to spread the frame momentarily--just
enough to break the sash loose so you can move it.

If you still cannot get the window open, your best bet is to pry the stop moldings ol on each side of the window
frame and remove the sash completely, then follow the directions on the pages that follow.

Assuming the window sash can be removed, even if it is with great dilJculty, the first thing you should do is clean
out the channel by scraping with a narrow putty knife, then scrubbing with a still brush. If paint has caked inside
the channel or along the edges, use a small hook-type scraper to remove it, along with any dirt or other foreign
matter that may have accumulated.

Pay particular attention to the edges of the stop molding where they come up against the face of the sash.

This edge often becomes so caked with paint that moving the the sash up or down becomes extremely dilJcult
(sometimes impossible). Use a brush or vacuum to clean out dust and chips, then lubricate the channels by spraying
with a silicone lubricant, or by rubbing a piece of paralln or candle wax along the inside of each channel.

If none of these measures makes the window work any easier, it is possible that the wood has swollen. The way to
cure this condition is to remove the stop moldings on each side so that you can take the bottom sash out and trim
o[l the edges by sanding or planing.

Use a wide chisel or still putty knife to pry the stop moldings ol, then use a scraper to clean excess hardened paint
o[l the face of the sash. Once the stop moldings have been pried o(,the lower sash will be easy to remove--just lift
up slightly, then pull it toward you and up out of the window frame. The cords or chains that are attached to each
side (and connected to the sash weights at the other end) can then be detached to let you get in with a small block
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plane or a wood rasp to trim the edges.

If your window does not have sash weights but instead has spiral-type spring balances, you'll find that you won't
have cords or chains to contend with, but you will have to unscrew the tubular balance from the window frame in
order to get the sash out. You will then have to detach it from the sash at the bottom,so that you can get at the
edge of the sash with a plane or rasp.

Although taking o0 the stop moldings on the inside will make it easy for you to remove the lower sash, it still with
not enable you to remove the upper sash. This sash rides in a separate, outer channel which is separated from the
inner channel by a strip of wood molding known as a parting strip. To get the upper sash frame out you will have
to remove this parting strip, having first removed the lower sash and the stop moldings.

Start by lowering the upper sash as far as it will go. Then grasp the square parting strip near the top with a pair
of heavy pliers. Pull straight out with a firm grip until the upper end comes free. Chances are that it won't come
out easily, having over the years become virtually glued into place with layers of paint. But if you work carefully,
prying along the edges with a sharp chisel or knife and pulling steadily with the pliers, you should be able to get it
out in one piece (don't worry if you don't-a new parting strip can be bought readily at any lumberyard). As soon as
the top of the parting strip starts to comeloose, move your pliers down a few inches and start pulling again till you
gradually ger more of it loose.

There are two precautions to remember when you are trying to remove this parting strip:(1) Sometimes there

are small nails or screws that hold it in place, so look carefully for any of these and pry them rather than between
them. (2) In many instances you will find that the bottom rail of the lowered upper sash will overlap the parting
strip; in that case you cannot pull it straight out along its full length, but will have to bend the top end out past the
side of the window frame, then pull up and out while gripping hard in order to get the whole length out.

Repairing Broken or Jammed Sash Cords

Older windows have sash cords and weights, and these frequently present problems. When the upper sash
keeps falling down, or when the lower one won't stay up after you raise it, chances are that the ropes connected
to the sash weights are broken. These sash weights are on the inside of the window frame,riding up and down in
concealed pockets on each side. Sometimes a window sash will jam or stick because the rope that goes over the
pulley is jammed--the rope has "jumped the track" and come out of the pulley groove. When this happens the rope
often gets caught between the edge of the pulley and the wood frame in which it is mounted, and the harder you
pull, the tighter the rope gets jammed in. To correct this, raise the sash enough to give you some slack, then use a
blunt screwdriver or the side of a dull putty knife to work the rope free by pushing it upward. If necessary, tap the
tool with a hammer. When the rope is clear of the pulley's side, guide it over the top of the pulley and back into the
groove where it belongs.

In most cases, however, the problem is not that simple. You will probably find that the rope going up and over

the pulley is slack--or it will be missing entirely, because it has broken and the weighted end has fallen back down
inside the window frame's pocket. To repair this properly, you will have to replace the broken rope with sash chain
(sold in all hardware stores and lumberyards).

Start by removing the stop moldings on each side, then lift the sash frame completely out of the window and
disconnect the cords from both edges of the sash. After the bottom sash has been removed, examine the window
frame inside the channel on both sides. Along each, you should be able to discern the barest outline of a cut-out
panel.

Called the pocket cover, this panel may be hard to see at first if the outline has been covered over many layers
of paint. If you cannot find it, try tapping hard against the lower part of the channel with a hammer; this may cause
the paint to crack around the panel and enable you to see its outline more easily.

In some cases the panel is held in place with two small screws, one at the top and one at the bottom of the panel,

but in others it will just be a force fit. In still others the pocket cover may never have been completely cut out
around the edge, so may have to use a keyhole say to complete the rest of the cut. If the panel is partially covered
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by the parting strip, then you will have to take this strip out first. After you have located the cut-out panel, either
unscrew it or work a chisel carefully around the edges to pry it out. This will reveal an opening through which you
can reach inside the pocket and find the sash weight.

If your window has no pocket cover or removable panel inside the channel--or if you just cannot find it on your
window--then the only way to get at the sash weights inside the frame is to pry o0 the window trim around the
inside. This will expose the hollow space where the sash weights are suspended.

After the pocket cover(or the inside window trim) has been removed, reach in and lift the sash weight--it will be
sitting on the bottom if the cord is broken. Untie the old cord, then cut a new piece of sash chain the same length
as the old cord. If you are not sure of the correct length, start with an extra-long piece of chain so that you can trim
it o0afterward.

Feed the new chain over the top of the pulley, starting at the outside. Let it fall down inside the pocket until you
can reach through and grab the end as it comes down. Attach this end to the sash weight, using the small hooks
or clips sold for this purpose, then set the sash weight back inside the pocket; make sure the free end of the chain
(the end that will be attached to the sash) can't pull through by pushing a nail or large paper clip through one of
the chain links on the other side of the pulley. Now install chain on the other side of the window frame in the same
way.

Set the sash frame back into the window so that it rests on the sill, then pull down the free end of one chain until
you have raised the weight up high enough (inside the pocket) so that it almost touches the pulley. Slide a small
nail through one of the links in the chain to keep the weight from dropping (the nail will get caught in the pulley
opening), then fasten the other end of the chain to the side of the sash frame in the same place where the old rope
was fastened; use one or two small nails, or the clips provided on some windows.

Repeat this on the other side of the sash frame, then test by raising the sash as high as it will go--the weight
should clear the bottom by at least a couple of inches.

Replacing the cords for the upper sash frame is done in much the same manner, except that you have to take
the lower sash out first (even if only one cord is broken it's a good idea to renew all four cords while you are at it
and have the window apart). You can then remove the parting strip on each side in order to get the upper sash out.
Since this is harder than just replacing the cords on the lower sash, there is a temptation to do only the lower ones
when the upper cords are not broken--but this is only delaying the day when you will have to do the whole job over
again.

Replacing Sash Cords with Spring Tape Balances

Instead of replacing broken sash cords with chain, you can get rid of sash weights altogether--as well as the need
for rope or chain--by taking out the pulleys at the top of the window frame on each side and replacing them with a
half-round, drum-shaped device that has a spring-wound tape on the inside. Its outside dimensions are such that the
housing will fit into the opening left when the old pulley is removed, using two small screws at the top and bottom
to hold it in place.

Designed so that the unwinding metal tape builds up spring tension (to counterbalance the weight of the sash
frame) as it pulled downward, these spring balances come in various sizes to match sash frames of diJerent weights
and sizes, so you have to be sure of your window measurements when buying them.

To install them you start by removing the stop molding and sash frames Then disconnect and remove the old cords
and weights. Pry out and remove the pulleys at the top of each side, then install the spring balances in the old
pulley openings. A special metal bracket supplied with each balance is then attached to the side of the sash frame
in the groove where the old rope originally fitted, and the free end of the spring-loaded tape is pulled down and
clipped onto this bracket.

Repairing Windows with Tube-Type Spring Balances

Many windows installed over the past two or three decades have tubular-type spring balances, instead of the
older sash weights and cords. Some of these spring balances permit some adjustment to increase tension s they
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wear, but others cannot be adjusted at all and must be replaced when they start to lose tension.

If your windows are equipped with the adjustable type, here is how you can increase tension:

Hold the tube firmly with one hand and remove the screw holding it in place at the top. When the screw is out
(keep holding the tube firmly because it will try to spin away from you) you can adjust the tension by turning the
tube clockwise two or three turns.

If the spring is too tight (the window creeps up), then you want to decrease tension, and you do this by letting
the spring unwind slowly after the screw at the top has been removed.

If the balance doesn't work at all, or is not the adjusting type, or if adjusting the tension doesn't solve the problem,
you will have to replace the balance entirely. To do this you first raise the sash as high as it will go, then unscrew
the brackets on the bottom of the sash frame which attach the spring balance to the sash. Now remove the stop
moldings and lift the sash out of the window frame.

The new spring balances are installed simply by reversing the order--screw the upper end of the tube in place
against the window channel, then replace the sash and attach the brackets that fasten the end of the spiral rod to
the bottom of the sash. When buying a replacement unit, bring the old one along to make sure the new one will fit.

REPAIRING CASEMENT WINDOWS

Unlike sliding double-hung windows, casement windows are attached by hinges so that they can swing open and
be closed much like an ordinary door. Made of wood or metal,they usually operate with a lever-type mechanism
that is activated by a crank on the inside. Some older models do not have cranks, but rather a rod or lever that you
merely push to open or pull to close. The rod slides through a pivot bearing that in turn slides in a track on the sill.

When a casement window starts to stick and bind, the trouble almost always has one of four causes: (1) The
hinges that support the window need lubrication. (2) The window frame's edges are caked with paint and/or dirt. (3)
The opening and closing mechanism--crank, rod, or tracks in which the guides slide--needs lubrication. (4) The rod
or pivot lever that actually pushes the window open and pulls it closed has been bent.

Start by lubricating the hinges or pivoting supports on which the window swings, using a few drops of lightweight
oil and working it in by opening and closing the window a few times. Next, lubricate the crank mechanism that
activates the rod or lever that opens and closes the window. To do this you will have to take o] the handle
assembly (it is held in place by two screws), then clean out the gears and the inside of the case and repack with
fresh grease.

If the window still doesn't work right, swing it all the way open and inspect the track along the bottom edge of
the sash (on some wood casement windows this track will be on the inside face of the sash, not under the bottom).
Use a wire brush to clean out dirt, paint, or encrusted grease,then rub a little fresh white grease (Vaseline works
fine) along the track.

When a casement window swings open easily until the last inch or so, but then "gets stubborn”, the first thing
you should suspect is an accumulation of dirt and hardened paint along the edges of the sash frame, or inside the
window frame itself where the sash contacts the casing. Use steel wool and a wire brush to clean o any such
accumulation on metal frames, and a scraper and sandpaper for wooden frames.

If none of these steps makes the window work easily, the trouble is most likely either inside the crank mechanism,
or in the actuating rod slide (where the end of the rod slides along the track on the bottom of the sash frame). If the
rod or lever is bent, or if the part that slides along the track is sticking, you can try, in the first case, to straighten
the rod, or, in the second, to unstick the sliding track and guide by cleaning and lubricating.

One sure way to make certain whether or not the problem lies with the crank mechanism, rather than with
the slide or the rod as described above, is to disconnect the rod from the sash frame. You can usually do this by
swinging the window open as far as it will go, then slipping the sliding guide out one end of the track (depending on
its style, and on which way the window swings, the guide will come out of either the left or right end of the track).

After the rod or arm is disconnected, turn the crank handle to see if it works easily. If it does, you know the
problem lies with the track or guide. If it doesn't, then you know the crank mechanism mechanism is the trouble.
Take the whole thing ol (it is held in place by two screws), then examine the gears or other moving parts are bent,
or if the teeth are chipped and broken.
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If everything looks okay, flush out the mechanism with kerosene or paint thinner, then squirt some fresh oil inside
and try again. If the handle still does not work easily, your best bet is simply to replace the entire mechanism with
a new unit. You can buy it at many large building supply outlets and home centers, or your local dealer should be
able to tell you where you can order one. Bring the old one along to be certain you get a new one that will match.

Casement windows are often plagued with one other type of problem--drafts caused by the fact that the window
doesn't shut tight enough. This is particularly true of metal casements, which have a lever-action handle with
a hook-shaped lock on the outside that swings up through a slot to engage the sash frame. The mechanism is
supposed to pull the sash up against the window frame and create a tight seal, but in some cases it does not pull
tight enough. To correct this condition, remove the handle from the inside, then slide a shim or spacer made of
cardboard or plastic behind it. The elect will be to move the handle slightly farther inward, and thereby apply
greater closing pressure as the hook part swings inward.

Installing New Window Channels

One way to rejuvenate an old double-hung window with broken sash cords, or with poor weather stripping and
hard-to-move sash, is to install replacement channels that eliminate the need for weights and cords--or balances of
any kind.

Sold in home centers and lumberyards, these replacement channels come with permanent weatherstripping, as
well as a friction-type channel that holds the sash in position regardless of where you leave it. They are available in
various lengths to fit most standard-height windows.

You install them by first removing the stop moldings on either side, then taking out the lower sash and the upper
sash, disconnecting the cords or chains attached to the sides of each. Taking out the upper sash will usually require
removing the parting strip first. With both sashes out, the cord pulleys at the top of each channel are removed next,
either by prying them out or simply by driving them into the hollow space behind the frame with a hammer. Don't
worry about the holes that remain--these will be covered by the new channels.

Now use sandpaper to clean the edges of each sash and scrape olJ any ridges of paint that remain. Then, stand the
two sashes up behind each other and place one channel on each side. Press everything firmly together and lift the
whole assembly up and set it in place inside the window. Set the bottom ends of the channels in place first, then tip
the upper ends into position. The channels are then fastened in place against the sides of the window frame with
screws--first at the top, then at the bottom. The job is finished when you replace the stop moldings on each side
(they are no longer needed to hold the sash in place, just to give the frame a finished look).

REPAIRING SLIDING WINDOWS

The most common cause of trouble with a horizontal sliding window--wood or metal--is dirt or paint inside
the track, or on the edge of the sash frame. This is especially true in older houses with wood windows on which
multiple layers of paint have built up over the years.

Sometimes you can correct the problem by cleaning out the track with a wire brush, or by scraping the edges of
the movable sash frames with a narrow putty knife. In most cases, however, you will have to take the window sash
out, then use a scraper and some sandpaper to remove the hardened paint from both the window frame and the
sash frame. (Horizontal sliding windows can be removed by lifting up and swinging the bottom end out of the track,
then pulling the top out.,) Spray the track and the edges of the sash with silicone lubricant, then replace the sash.

Lubrication is also the answer on metal sliding windows--after tracks and sash edges have been thoroughly
cleaned with fine steel wool and a wire brush. Use a silicone spray or rub with paraldn, but don't use oil in this
case-it will only attract and hold dirt that will then cake up and cause more trouble.

If lubrication doesn't solve the problem, then the track is probably damaged or bent. Examine the inside of the
track carefully to find the damaged section. If it is just bent in one place, you should be able to straighten it with a
hammer and a small block of wood, or by using a pair heavy pliers. If it is bent in many places, or is cracked and
broken, you should replace the entire window frame.

REPAIRING AWNING WINDOWS
These windows are practically the same as casement windows, except that they are hinged along the top and thus
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swing out from the bottom, instead of from one side or the other. Most of the cleaning and lubricating techniques
described above for casement windows will also apply to awning windows.

While most awning windows have crank mechanism similar to the ones used on casement windows, some have
a scissors-type lever-arm action that helps support the opened window sash. Like the operating levers or rods that
are used on a casement window, the pivot points on the operating mechanism should be lubricated regularly with
a lightweight penetrating oil. Don't forget the pivoting arm at the side that rides up and down in a track as the
window frame is hard to work, cleaning and lubricating the track in which the end of this arm rides is all you need
to do.

REPLACING BROKEN PANES OF GLASS

The hardest part of replacing a windowpane is, more often than not, getting the broken pieces of the old glass
out and then removing the old hardened putty. For safety's sake, you should wear heavy work gloves to protect
your hands, and when pulling the broken pieces of glass out of the frame, play safe and grab with an extra piece of
cloth (in addition to the gloves) or with a pair of pliers before you start twisting or pulling.

After the broken pieces of glass have been removed, scrape out all of the old, hardened putty or glazing
compound, using a narrow chisel or a still putty knife. If you find the putty to be exceptionally hard and stubborn,
you can make things easier by first applying heat to soften it, using either an electric heat lamp or a portable
propane torch. An electric heat lamp will take longer, but it is safer and less likely to scorch the wood or the
surrounding paint. Either way, it is a good idea to keep a bucket of water or a small fire extinguisher handy--just in
case.

After the glazing compound has been removed, clean out the rabbet thoroughly (the rabbet is the groove or recess
into which the glass fits), either scraping or rubbing with steel wool. Then coat the exposed wood inside the rabbet
with boiled linseed oil, or with a thin coat of exterior primer. This seals the wood and helps to ensure a better bond
(otherwise the wood will absorb the oil in the glazing compound, which then, in time, dries out excessively). If the
window is metal, make sure you clean o0 all rust and corrosion and apply a coat of metal primer before glazing.
When measuring for the new pane of glass, make sure you allow for a slight amount of clearance on all
sides--usually about 1/8 inch less around all four sides. Bring these measurements to your local dealer (be sure you
tell him you have already made the needed allowance for extra clearance), and have him cut a new piece to size.

A word of caution here about the kind of glass to buy: If the window or door is in location where it can be easily
broken (by children throwing balls, for example, or by accidental encounters with large packages or big dogs) you
should buy safety glass or tempered glass, or instead of a glass get a clear plastic such as one of the break-resistant
acrylics. In many communities there are laws or building codes that require such materials for hazardous locations.

Before installing a new pane of glass you should first apply a layer of glazing compound behind it to ensure a
waterproof seal. Roll a wad of glazing compound into a long thin strip (about 1/8 inch in diameter), place it along
the rabbet where the glass will go, then press the pane of glass into place, shoving in hard enough to squeeze the
compound flat, with the excess oozing out around the edges.

Glazier's points--triangular-shaped bits of metal--are what actually hold the glass in place, not the glazing
compound. Use about two points on each vertical side in smaller windowpanes, more on the larger ones. You install
glazier points by pushing them in with the blade of a screwdriver or sti putty knife, or you can buy the kind that
has a slight flange at one side and, very carefully, tap them in with a tack hammer.

The last and final step of window replacement is applying the glazing compound around all four sides to seal the
edges of the glass with an airtight and watertight fit. The easiest way to do this is to roll the glazing compound into
a long strip--a "bead" slightly thicker than a pencil--then press it firmly into place with your fingers. Knead it down
so that it makes firm contact with both glass and frame. You are then ready to form a neat bevel with your putty
knife, smoothing olJ any excess in the process.

Holding the blade at such an angle to the surface that only a corner of the blade contacts the glass, press down
firmly while dragging the blade smoothly along the surface. This will shave ol excess compound so that it can be
peeled away with your other hand. The idea is to form a neat beveled ce that will be both flush with the wood on
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the outside and tight against the glass on the inner side. If you have trouble getting the compound smooth because
the knife tends to "drag" or crumple the surface, try heating the knife slightly--the warm blade will make the
glazing compound easier to finish smoothly.

The glazing compound should come up just high enough on the glass to cover the wood that is visible through
the glass, but not high enough so that you see the edge of the glazing compound from the inside.

Metal-frame windows are glazed in much the same manner as wood windows except that you don't use glazier's
points to hold the glass in place. Instead, there are special clips that snap into the channel in the window where the
glass fits. Some windows have plastic splines that hold the glass in place instead.

Cutting Glass

Although all hardware stores and lumberyards will cut glass to size, there are times when you may want to cut
you own--for example, when trimming down a large piece for a small pane, or when using scrap pieces for a picture
frame. Fortunately, there are only two tools you'll need: a glass cutter and a straightedge. A pair of square jaw
pliers may also come in handy if you have to break o0 small strips, though this is not always necessary.

Lay the piece of glass on a flat surface that you have covered with several layers of newspaper (to serve as
padding). Then place the straight-edge along the line of cut and hold it down firmly with one hand. Now grip
the glass cutter with your thumb and index finger, and dip the cutting wheel into a little kerosene or very light
machine oil.

You make the cut by scoring the glass only once with a single stroke, bearing down with firm, steady pressure
during the entire length of the stroke. Do not bear down hard--just press with moderate pressure and move the
cutter along steadily. The idea is to score the surface of the glass with a single smooth stroke so that the cutter
makes a crisp, crackling sound and leaves a uniform score mark without skipping and with no tiny chips flying o0
the surface. Going over the stroke almost always results in breaking or chipping the glass at some point.

Now place a pencil, dower, or strip of wood under the glass so it is positioned directly under the score mark you've
just made. Then press down on both sides of the glass, more smartly on the smaller piece. It should snap o[l neatly
along the line of cut. If any narrow slivers remain, grasp these with a pair of pliers and snap o0 by twisting up or
down.

goboobobgon

CAUTION

To ensure safety, do not attempt to assemble product without following instructions carefully. Proper and complete
assembly, use, and supervision are essential for proper operation and to reduce risk of accident or injury. A high
probability of serious injury exists if this billiard table is not installed, maintained, and operated properly.

This table is contained in to three separate cartons:

Carton #1

Carton #2

Carton #3

(master table carton). Contains set of aprons, set of rails, main frame, owner’ s manual, cloth kit also hardware kit
and grout Kit.

: Contains two pedestals.

: Contains set of slate with slate liner.

INSTRUCTIONS:
CAUTION!
NOTE:

See Fig.1.

Unpack master carton:
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Put two side beams, two end beams and two cross beams top face down on flat floor, ( Top of frame identified by
painted marks. Orient frame members accordingly.) Using sixteen hex head lag screws (#13) and sixteen washers
(#14) attach two cross beams b lign with pre-drilled holes and notches. Attach end beams to side beams using
pre-drilled holes.

SIDE BEAMS MAY HAVE EXTRA HOLES NOT NEEDED FOR THIS TABLE ASSEMBLY, PLEASE FOLLOW
INSTRUCTION CAREFULLY.

1. etween two side beams. A

2.

Place seam line of laminate inward, See Fig.2.
3.

See Fig.2 and Fig.3.

4,

Clean slate and liner completely of dust and wood chips. Any dirt and debris will prevent center section and end
sections from aligning properly.

NOTE: Be sure there are no gaps between center slate and end slates.

Unpack slate pack.

Position slate on top of main frame, Place center slates and liner on center of main frame, line up end slates on each
end. Attach slate with liner follow by pre-drill holes on slate and liners.

5.

Fig.5

6.

(See Grout Kit and Instructions below.)

Shim and Grout slates with kits provided.

SHIMMING INSTRUCTIONS:

GENERAL RULES

STEP-BY-STEP SHIMMING PROCEDURE

Accomplish leveling of slate with as few shims as possible.

Slate is brittle. Do not tap with a hammer or tighten screws unreasonably. Slate will not be able to compress. most
shim up to level. Shims are meant only to raise the low places at the seams and ends. Do not assume the floor is
level. Most leveling can be accomplished by working with frame.

If power tools are used, be sure only enough torque is used to do the job.

Seams can best be checked by passing ones finger over seam joint and feeling if it is flush.

All screws must be tightened after shimming.

No two sets of slate are exactly alike. Some sets require more, or less, shimming that others.

Be sure table is set in its final location.

Table must be as level as possible before shimming. Large dilerences in levelness must be corrected by raising or
lowering frame with shim stock. DO NOT ASSUME FLOOR IS LEVEL!

Tighten down all slate mounting screws.

Check with a carpenter’ s level to determine which slate end is level, and use finger tips to locate uneven spots at
seams. Loosen screws at these points and see if slate comes up to flush. If so, detach individual shims from sheet
shipped with this table and place under these areas. Place shims next to screws.

Lay a straight edge across seams to be sure slate pieces are flat in relation to each other.

After top surface of slate is flat and level, all screws must be snuggled down in tight position. DO NOT
OVERTIGHTEN SCREWS! SLATE IS BRITTLE! Check these screws before beginning grouting.
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GROUTING INSTRUCTIONS:

Clean top of slate with damp cloth. DO NOT USE TOO MUCH WATER!

Prepare Plaster of Paris furnished with this table. Add water sparingly. Do not mix all the powder at first; save
some in case needed to thicken initial mixture. To mix: Pour 1/3 to1/2 of grout into container; slowly add drops
of water while stirring. Grout should be a thick paste when mixed (will not drip o0 putty knife). If grout is to thin,
slowly add more powder.

Using a putty knife fills both seams and the four countersunk holes in the center playfield area. (Only the
countersunk holes in center of table need to be filled since rails will cover other holes.) Do not use more plaster
than necessary.

Let plaster dry. Read the rest of this manual while waiting!

Using medium grit sandpaper and sanding block, sand plastered areas smooth and flat. RECHECK THESE AREAS
TO MAKE SURE THEY ARE FLAT. Re-plaster if low places are found at countersunk holes or seams.

Cloth bed and cushions. Attach with staples or tacks as required.

Complete rail assembly, mount two center castings and four corner castings using twelve Hex bolts (#1), twelve
split lock washers (#2), twelve std.(#3) washers and twelve square nuts (#4) and using twelve screws (#19) for
additional support.

Complete aprons assembly. Using sixteen screws (#7) and four #17)

Seé' Murrey bed and cushion clothing instructions” inside cloth kit.

See Fig.6 For details.

See Fig.7

corner posts ( attach two side aprons and two end aprons and attach aprons to rails using twelve 85 degree
brackets (#8) with thirty-six screws (#7).

Attach rail assembly and apron assembly using Thirty-six wood screws (#7) and twelve 85 degree

brackets (#8) See Fig.7 and Fig.8.

See Fig.8

Using eighteen flat washers (#6), eighteen lock washers (#2), and eighteen hex head bolts (#15), attach rails to slate
and slate liner.

Measure play area. Left and right rail assemblies and end rails should be parallel and perpendicular to each other,
respectively.

WARRANTY DURATION:

WARRANTY COVERAGE:

WARRANTY PERFORMANCE:

NOTE:

WARRANTY DISCLAIMERS:

LEGAL REMEDIES:

This Murrey billiard table is warranted to the original consumer purchase for a period of 2 years against
workmanship defects in the cabinet. It also warrants a period of 90 days against workmanship defects in the cloth,
rubber and pockets from the original purchase.

ESCALADE SPORTS warrants to the original Consumer Purchaser that any Product of its manufacture is free
from defects in material and workmanship when used for the intended purpose under normal use and conditions.
THISWARRANTYIS VOID IFTHEPRODUCTHASBEENDAMAGEDBYACCIDENT ,UNREASONABLEUSE

, NEGLIGENCE, IMPROPER SERVICE, FAILURE TO FOLLOW INSTRUCTIONS PROVIDED WITH THE
PRODUCT OR OTHER CAUSES NOT ARISINGOUTOFDEFECTS INMATERIALANDWORKMANSHIP.
During the above warranty period, ESCALADESPORTS shall repair or replace with a comparable model,

and/or product, or component thereof, for any product which may prove defective under normal use, proper care
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and which our examination shall disclose to our satisfaction to be thus defective, please contact our Warranty Dept.
Or Write us at:

Or E-mail us at:

Other than shipping requirements no charge will be made for such repair or replacement of in-warranty Products.
ESCALADE® SPORTS strongly recommends that the Product is insured for value prior to mailing.

Manufacturer warrants for ten (10) years, Escalade Sports will repair the playing surface of this table, free of
charge, if it fails to remain flat, within a tolerance of + or — 30/1000 of an inch, measuring from any flat plane
within the playing surface. Cloth not included in warranty. Should this product become defective due to material or
workmanship within period, contact the Customer Service Department.

This warranty is not transferable and does not cover normal wear and tear, or damage caused by improper
handling, installation or use of this product. This warranty is also void if product is in any way abused, damaged, or
modified from its original state, or if used for other than indoor residential use. This warranty gives the consumer
specific legal rights, and may have other rights which may vary from state to state.

ANY IMPLIED WARRANTIES ARISING OUT OF THIS SALE, INCLUDING BUT NOT LIMITED TO THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, ARE
LIMITED IN DURATION TO THE ABOVE WARRANTY PERIOD. ESCALADE® SPORTS SHALL NOT BE
LIABLE FOR LOSS OF USE OF THE PRODUCT OR OTHER CONSEQUENTIAL OR INCIDENTAL COSTS,
EXPENSES OR DAMAGES INCURRED BYTHE CONSUMER OF ANY OTHER USE.

Some states do not allow the exclusion or limitation of implied warranties or consequential or incidental damages,
so the above limitations or exclusions may not apply to you.

This warranty gives you specific legal rights and you may also have other rights, which may vary, from state to
state.

The following sections provide information on functionality common to all ProEssentials objects.

Exporting

All ProEssentials objects have access to the Export Dialog. See AllowEXxporting.

The export dialog allows the user to export:

goboogo

Format
Destination

MetaFile
Clipboard, File, and Printer.

Bitmap
Clipboard, and File.
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JPEG
Clipboard, and File.

PNG
Clipboard, and File.

Text / Data
Clipboard, and File.

MetaFile Format
The MetaFile format is a good method to export the objects image. The metafile will be able to adapt to varying

output resolutions. However, since the image has textual attributes, the image should not be stretched or squeezed.
If so, the text will also be stretched or squeezed. If re-sizing, be sure to maintain the length to width aspect ratio.

Bitmap Format

The Bitmap format is the most common image export format, however, it uses a large amount of memory and
doesnt necessarily take advantage of high resolution printers.

JPEG Format
Similar to the Bitmap format, the JPEG format is compressed to take less memory but still doesnt take advantage

of high resolution printers. This format is widely used on web pages. This format is best suited for photographs
because line art will be fuzzy due to compression. A better format is the PNG.

PNG Format
Similar to the Bitmap format, the PNG format is compressed to take less memory but still doesnt take advantage

of high resolution printers. This format is gaining use on web pages and is most similar to the GIF format. This
format will produce the best looking compressed raster images.

Text / Data Format

When the Text / Data Only format is selected and the user presses the Export button, a Text / Data Export
Dialog is invoked.
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The Text / Data Export Dialog allows the objects information to be exported in a variety of ways. The user selects
the desired data and whether or not to include labels. The Data to Export section will change depending upon the
object. The user then chooses either a Table or List style and output precision.

IMPORTANT TIP

The text export dialog is a useful tool for the developer as well as the end-user. If you are having trouble
programmatically passing data into the object, you can use this export dialog to export the data into Notepad to
verify what is currently inside the ProEssentials object. Its best to export in a List Style with Maximum Precision.
This will usually shed light on the problem and allow you to adjust your logic to properly pass the data into
ProEssentials. If you are having trouble passing data, please use this tip before calling for technical support. Our
support stall will likely ask you to try this approach to resolve the problem.

ClipBoard Destination

The ClipBoard will be the most common destination. It provides a quick method of sharing information with other
Windows applications.

File Destination

When exporting to a File, the user must supply a filename via a SaveAs File Dialog. It is not shown because it is a
standard SaveAs Dialog.

Printer Destination

When the Printer destination is selected and the user presses the Print button, a Print Dialog is invoked.

The Print Dialog allows the user to select a printer, adjust printer setup, and if the object has a vertical scrollbar,

allows the user to adjust Scrolling Subsets Print Options. The Scrolling Subsets Print Options enables the user to

export multiple pages. The object is automatically scrolled one page at a time, and each page is in turn sent to the
printer. This enables all the information of the object to be printed clearly and easily. See PEprintgraph.

Object Size Parameters
The Object Size section changes depending on the Format and Destination selected. When exporting a Bitmap,

JPEG or PNG, the only unit size available is pixels. When exporting to the Printer, No Specific Size changes to Full
Page. When exporting Text / Data, the Object Size section is hidden.
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Maximization

All ProEssentials objects have maximization capabilities. Maximization is the process of copying the object into a
modal dialog box enlarged to fit the screen. When the user is finished working with the maximized version, they
can click the title bar or press Esc to return to the normal sized object. See AllowMaximization.

IMPORTANT NOTE

The Maximization mechanism creates a copy of the object and maximizes this copy. This allows the underlying
control to still receive data in a real-time data monitoring application. However, this also means that there is no
DataHotSpot feedback between the maximized object and your program. To maintain DataHotSpot feedback, you

will have to maximize the actual object by adjusting the Width and Height properties for VB/Delphi developers or
via the MoveWindow API if you are a C/C++ developer.

Help
All ProEssentials Dialogs have Help buttons which access "PEGRAPHSHLP". This help file contains end-user
information about the use of ProEssentials objects. Its pretty basic but if needed, Gigasoft provides the help context

IDs outputted so that you can integrate your own help. Or, you can set NoHelp to TRUE to disable all help menus
and buttons.

The ProEssentials provide everything necessary to adjust the contents of "PEGRAPHS.HLP". This enables the
developer to adjust the help text to target a particular audience.

The property HelpFileName allows the developer to change the file which gets opened when the user selects a
ProEssentials Help button or menu item.

Mouse Interface

ProEssentials objects respond to the mouse as follows.

Right-Button Single-Clicking invokes a popup menu.

Left-Button Double-Clicking will show the customization dialog. 3D Scientific Graph objects will auto-rotate upon
Double-Clicking.

Left-Button Single-Clicking will give the object the input focus. If user clicks on a hot-spot, the corresponding event
or notification message will be invoked.

Left-Button can be used to control scrollbars.

Keyboard Interface
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ProEssentials objects can also receive the following keyboard commands:

Key Stroke
Result

SPACEBAR
Shows the customization dialog.

Q

Shows a popup menu.

S
Switches between monochrome and color viewing styles.

T
Toggles between custom and original parameters.

X
Shows the export dialog.

M
Maximizes the object to fit the screen.

P
Shows the print dialog.

D
Shows the Text/Data export dialog.

ARROWS
Scrolls both vertical and horizontal scrollbars by one line.

PG-UP/PG-DOWN
Pages vertical scrollbar.

SHIFT+PG-UP
Pages horizontal scrollbar to the right.

SHIFT+PG-DOWN
Pages horizontal scrollbar to the left.

HOME
Moves vertical scrollbar to its first position.

END
Moves vertical scrollbar to its last position.

SHIFT+HOME
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Moves horizontal scrollbar to its left-most position.

SHIFT+END
Moves horizontal scrollbar to its right-most position.

Version 5 adds much more control over the built-in user interface. All built-in menus and dialog tabs can be disabled
if needed. There is also a new mechanism to add your own menu items if needed. See CustomMenuText. Also see
Common Question 38. Within the demo, see example 127.

AllowUserlInterface can be used to disable all mouse and keyboard interfaces or just the mouse or just the keyboard
portions.

gobooboboooboooobooo

STATUS OF VERIFICATION OF IRAQ'S BIOLOGICAL WARFARE PROGRAMME

Executive Summary

1. Iraq did not acknowledge its proscribed Biological Warfare (BW) weapons programme until July 1995. From
the first UNSCOM inspections in 1991 until 1995 Iraq denied it had a BW programme and has taken active
steps to conceal it from the Special Commission. These steps included fraudulent statements, forged documents,
misrepresentation of the roles of people and facilities, and other specific acts of deception.

2. Since its first revelations in July 1995, Iraq has submitted three "Full, Final and Complete Disclosures" (FFCDs)
of its proscribed biological programme. The first of these, presented in August 1995, was declared null and void
by Iraq itself. The second, submitted in June 1996, was subjected to intensive elorts to verify its accuracy and
completeness through eight inspections and other technical discussions. In March 1997 an international panel of
experts reviewed that FFCD and recommended its rejection because of the inadequacy of the material presented
throughout the document.

3. In September 1997, Iraq submitted its third "final* FFCD since the July 1995 disclosures. This FFCD contained
essentially no new significant information from the previous one that the Commission had rejected as incomplete.
A panel of international experts reviewed it in September 1997 and considered it as deficient in all areas. Iraq
however argued that it had not been given an adequate opportunity to present its case to the UNSCOM assembled
experts and at Iraq's request, a Technical Evaluation Meeting (TEM) between Irag and a Commission assembled
panel of international experts convened in Vienna in March 1998. Iraq did not present any new information at that
meeting and the experts therefore reviewed the same material for a third time.

4. The TEM team reviewed the entire FFCD, and concluded it was deficient in all areas. In summary:

Weaponization There is considerable uncertainty regarding weaponization. The Iragi account of the Al-Hussein BW
warheads cannot be reconciled with the physical evidence. On R-400 bombs, there are inconsistencies in the account
and the experts had no confidence in the number filled or how many were filled with particular agents.

Production Bulk BW agent production appears to be consistently understated. There are discrepancies between
production capacity and the amounts of bulk agent declared to have been produced. The lack of documentation
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contributes to a low level of confidence in the Iragi account of agent production quantities.

Acquisition The declaration on imports of raw materials and equipment is incomplete.

Planning All aspects of planning are omitted. This ranges from the circumstances surrounding the decision to
commence the programme, the planning and the direction of the programme, the reasons for decisions and the
individuals and organizations involved. The Commission considers that a knowledge of planning and decision-making
is important because without it, determining the scale and the scope of the programme is not possible.

Research and Development (R&D) R&D is said to be unplanned, but the evidence shows that the programme was
thoroughly planned.

History of Iraq's BW Programme Iraq provided a selected and incomplete history of the BW programme.

Organizations The FFCD generally lacks information concerning organizational information from the highest levels
down. There is also a lack of information on the military (or intelligence) involvement in the programme in spite of
the fact that the programme resulted in the deployment of weapons such as bombs and missiles.

Concealment and Deception Since its disclosures in 1995 Iraq has continued to deceive the Commission and conceal
parts of its BW programme. This includes elorts to hide documents, media, equipment and operating locations.

5. At Iraqg's request another review of the FFCD by a team of international experts was conducted in Baghdad in
July 1998. By agreement with Iraq and the Special Commission this team focused on those elements directly related
to the material balance: weapons, bulk agents and materials such as bacterial growth media. This team concluded:

Weapons On weapons the team concluded that the material balances and their sub-components (production, filling
and destruction) declared in the FFCD for biological bombs (R-400) and Al-Hussein warheads, could not be verified.
Furthermore the account in the FFCD on biological spray devices, modified drop tanks and the aerosol generator
(Zubaidy device), could not be verified.

BW agents The material balances for bulk BW agents and their sub-components (production, filling, losses and
destruction) for all declared agents (Clostridium botulinum toxin, Bacillus anthracis spores, aflatoxin Clostridium
perfringens spores and wheat smut) could not be verified.

Media The media material balance and its sub-components (acquisition, consumption, losses and destruction) could
not be verified.

FFCD Irag's FFCD in its totality cannot be verified. The team also expressed the view that verification cannot be
achieved in the present circumstances whilst the Commission has an incomplete understanding of the philosophy
of the programme including the military and other (such as security service) requirements for biological weapons.
Without such an understanding, the Commission has an inadequate basis on which to assess whether the Iraqi
account is complete. Accordingly, the FFCD in its present form, is an inadequate document for verification
purposes.

6. Both the Vienna TEM and the experts' review in Baghdad concluded that Iraqg's biological FFCD is an inadequate
document for verification purposes. The FFCD does not provide a coherent or comprehensive account of Iraq's
BW programme and lacks any supporting framework such as descriptions of planning, objectives, policy and
organizations involved. The experts found that much of the information collected by the Commission to verify the
FFCD in fact contradicts statements therein, particularly the evidence regarding weaponization, the quantity of
agents produced and the media balance. The hundreds of interviews that the Commission has conducted with Iraqi
o[cials also fail to provide a comprehensive account and even allowing for errors of memory, often contradict the
account in the FFCD.

7. Supporting documentation is generally lacking. Irag explains that this was because a decision was made in 1991
that all documents relating to the BW programme were to be destroyed. After the departure of Lt. Gen. Hussein
Kamel Hassan in August 1995, the Commission was told that some documents had however been saved and about
200 documents relating to the BW programme were recovered by the Commission from buildings at the Haidar
Farm. Most of these documents related to research and did not add a great deal to the Commission's overall
understanding of the programme. In addition to these documents, since 1995 and after much prompting by the
Commission, Iraq has provided a number of additional documents of variable quality. Most of them are peripheral
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to the verification process and are open to various assessments. Thus, except in some limited areas, documentation
provided by Iraq is grossly inadequate for verification purposes.

8. On technical, industrial and scientific developments of Irag's BW programme, it has not been possible to compile
a comprehensive assessment because Iraq has not been transparent in its FFCD nor in its clarifications of the
account of its BW programme.

9. The review also attempted to quantify levels of confidence in the accounting for the various elements of Iraqg's
BW programme. In reaching its assessment, the Commission has taken into consideration the quality of information
in its possession; documentary, physical, and personal testimony provided by lIrag; and the correlation of this
information with other information such as that provided by Iraq's former suppliers, from inspections or otherwise
obtained by the Commission.

10. The Commission has a degree of confidence in the accounting for some proscribed items which Iraq presented
for verification and disposal. This includes, for example: the destruction of buildings, and equipment at Al-Hakam,
the destruction of large quantities of growth media acquired for the programme; and evidence that R-400 aerial
bombs and Al-Hussein warheads contained BW agents and consequently that Bacillus anthracis spores and
Clostridium botulinum toxin were indeed weaponized.

11. The Commission has far less confidence in the accounting for proscribed items declared by Iraq as having
been unilaterally destroyed. These include, for example: the number and fill of R-400 aerial bombs destroyed at
Al-Azzizziyah; the number and fill of BW Al-Hussein warheads destroyed; and the fate of the biological warfare
agent to be used with drop tanks.

12. The Commission has little or no confidence in Irag's accounting for proscribed items for which physical
evidence is lacking or inconclusive, documentation is sparse or nonexistent, and coherence and consistency is
lacking. These include, for example: quantities and types of munitions available for BW filling; quantities and types
of munitions filled with BW agents; quantities and type of bulk agents produced; quantities of bulk agents used in
filling; quantities of bulk agents destroyed; quantities of growth media acquired for the programme; and quantities
of growth media used/consumed. In addition the Commission has no confidence that all bulk agents have been
destroyed; that no BW munitions or weapons remain in Irag; and that a BW capability does not still exist in Iraq.

13. From 1987 onwards Irag undertook pilot and industrial scale production of BW agents. Iraq denies any parallel
activity to develop weapons capable of delivering the BW agents it was producing. During inspections, Irag has
stated that its policy was to evaluate weapons that had been developed for Chemical Warfare (CW) purposes, to
establish whether they could be adapted for BW agents. It is dilJcult to accept that Iraq claims it had not initiated
a BW-specific weapons programme in the late 80's, possibly in the MIC Naval and Aerial Bombs Section, in order
that e[Jcient and elective dissemination weapons be made available. It is not clear whether such weapons have
been developed and are not disclosed, or have been partly developed, not reaching a stage where they could be
manufactured.

14. Several other outstanding issues also remain to be resolved. These issues are related: to the scope and extent of
R&D activities; the acquisition of supplies and equipment; the involvement of military and other agencies in the BW
programme; and deception and concealment of the BW programme.

15. Iraq has not provided evidence concerning the termination of its odensive BW programme. The evidence
collected by the Commission and the absence of information from lrag, raises serious doubts about Iraqg's assertion

that the BW programme was truly "obliterated" in 1991 as it claims.

16. Abbreviations
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AGENT Aot Clostridium botulinum toxin

AGENT Booooooiinnssssisssssssssmissssssssssssssssssssssssssssssssssonees Bacillus anthracis spores

AGENT Covoiorrinsiss s s s s aflatoxin

AGENT Dcooiernrnsssssnissssssssssssssssssssmssssssssssssssssssssssssssssssssssssnes Wheat Cover Smut

AGENT Guooooorvrncsrnesssssessssssssssssssssssssssssssssssssssssssssssses Clostridium perfringens spores
Al-HaKaM...coooooovrecrnsssessresssssnnne Al-Hakam Factory for Production of BW agents
N [ N American Type Culture Collection
Bovoovvvsvrmsssssmsssssssssssssss s s s s s Bacillus thuringiensis

BW ..o sssssssssssssssssssssssssssssssssnnens Biological Warfare
CNossssssss s 1-Chloroacetophenone, riot control agent
S 0-Chlorobenzylidene Malononitrile, riot control agent
L OO Chemical Warfare
DIALOG.....ccoiverrrsmiessssssssssimssssssssssmssssssssssssssssssssssssssssssssssssssssssssses Computer Database

FFECD ..o Full Final and Complete Disclosure
FIMID..ccocoooiirrrrrssssnvssnssssssmssssssssssssssssssssssssssssssssses Foot and Mouth Disease Vaccine Factory
Haidar Farm..........n Storage site for documents of Irag's weapons programmes
TAEA .. sssssssnssssssisssssssssissssssssssssssssssssssssonees International Atomic Energy Agency

K i s kilograms
KMt s kilometres
Kimadia.........cmnni, State Company for Drugs and Medical Appliances Marketing
LLC s Letter of Credit

MIC s s Military Industrial Commission

IMOD..... .o sns Ministry of Defence

NIMD ... s National Monitoring Directorate
RED..ccoovviiiinnsiirsssseessssess s Research and Development

SCP s s st Single Cell Protein
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SCR et Security Council Resolution

SEHEE ... State Establishment for Heavy Engineering Equipment
SEPP ..ot State Establishment for Pesticides Production
SOT L State Organization for Technical Industries
TEM. s sssssssssssssssses Technical Evaluation Meeting
TSMID..ccoiivvrrssisrrressssssssssssssssnneees Technical and Scientific Materials Import Division
LI L Technical Research Centre
UNSCOM....ooviirmnmissssmissssmssssssssssssssssssmsssssnnns United Nations Special Commission
VR s Veterinary Research Laboratories

Introduction

17. Iraq's olensive BW programme was among the most secretive of its programmes of weapons of mass
destruction. Its existence was not acknowledged until July 1995. During the period from 1991 to 1995 Iraq
categorically denied it had a biological weapons programme and it took active steps to conceal the programme from
the Special Commission. These included fraudulent statements, false and forged documents, misrepresentation of
the roles of people and facilities and other specific acts of deception. For example, Iraq claims to have destroyed
much of the documentation and overt evidence of the programme. At the same time Irag maintained other aspects
of the programme such as the equipment, supplies (e.g., bacterial growth media), and personnel as an intact entity
and facilities of the programme such as the Al-Hakam facility that produced BW agents.

18. In 1995, when Iraq was confronted with evidence collected by the Commission of imports of bacterial growth
media in quantities that had no civilian utility within Iraqg's limited biotechnology industry, it eventually, on 1 July
1995, acknowledged that it used this growth media to produce two BW agents in bulk, botulinum toxin and Bacillus
anthracis spores, between 1988 and 1991. It was not, until August of 1995, however, that Iraq acknowledged

that it had weaponized BW agents, and had undertaken weapon tests from 1987 onwards. This admission only
occurred after Lt. Gen. Hussein Kamel Hassan departed. Shortly afterwards, Iraq released a considerable quantity
of documents concerned with its weapons of mass destruction programmes. The documents relating to biology
represented just 200 documents with some pages out of a total of more than a million pages. Many of the biological
documents were scientific reprints from foreign journals. Clearly, they represent only a minor portion of a BW
programme that ran from 1973 until at least 1991

19. Since July 1995, the Commission has conducted 35 biological inspections directly or indirectly related to
investigations of Irag's proscribed BW programme. In addition, two inspections devoted to the destruction of sites,
known to be integral components of the programme, have been undertaken. The past programme investigations
have concentrated on issues that are directly related to disarmament and have attempted to validate these aspects
of Irag's Full Final and Complete Disclosure (FFCD), generally without success. This considerable elort has been
negated by lIraqg's intransigence and failure to provide cooperation concerning its biological weapons since January
1996.

20. After Irag's acknowledgement of its BW weapons programme , Iraq has submitted three FFCDs of its BW
programme. While the first of these FFCDs was declared void by Iraq itself in August 1995, the two latter FFCDs
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were reviewed by panels of international experts on four occasions. In March 1997, an expert panel recommended
the rejection of Iraqg's June 1996 FFCD because of the inadequacy of the material presented throughout the
document. In May 1997, the Commission presented formats to enable Iraq to clarify deficiencies in its biological
FFCD. All areas of concern to the Commission were clearly identified and discussed with Iraq. It was expected that
these issues would be seriously and comprehensively addressed by Iraq in its next FFCD. However, in September
1997, Iraqg provided a new FFCD that contained essentially the same information, ignoring all advice provided to

it by the Commission. As reported to the Council, an international expert panel reviewed Iraq's biological FFCD

in September 1997, and considered it deficient in most aspects. In March 1998, a biological Technical Evaluation
Meeting (TEM) between the Commission and lIraq took place in Vienna dealing with all aspects of the biological
FFCD. The Commission's team comprised 18 experts from 15 countries.

21. On each occasion the experts unanimously considered Iraq's FFCD presented an inadequate, inaccurate account
with deficiencies in all areas. Iraqg's latest biological FFCD (submitted in September 1997) is not complete and fails
to present a coherent, technically detailed, overall account. The shortcomings occurred not only in areas directly
concerned with the material balance (e.g., weapons, bulk-agent products, and microbiological growth media), but also
in all other areas (e.g. history, planning, acquisition, research and development). The TEM team also concluded that
the FFCD had substantial deficiencies in all areas and Iraq's account of its BW programme could not be verified

as a 'full and complete disclosure’, as required by the Security Council. Iraq provided many explanations for the
account in the FFCD but was unable to substantiate most of its disclosure, and was unwilling to add the missing
components. In July 1998, another international team concluded the FFCD, in its present state, could not be verified
as complete and accurate.

22. The Emergency Session of the Commission held in November 1997, concluded that the biological weapons file
was the most serious area in which Iraq had consistently disregarded its obligations under SCR 687. The members
of the Commission noted that the paucity of progress was largely attributable to Iraqg's denial of the existence

of any biological weapons programme until July 1995. The members of the Commission further noted that Iraqg's
FFCD of September 1997, was not substantially diClerent from previous, unacceptable, versions, and it remained
largely unsupported by evidence and documentation. The Security Council was urged to call upon Iraq to rectify
the existing deficiencies.

23. In April 1998, the Commission's report to the Security Council (S/1998/332) listed the priority issues identified
by the TEM. These included: history of the BW programme, organizations involved, acquisitions, research and
development, production, weaponization and materials balance. In May 1998, Iraq provided clarifications of some
issues arising from the TEM but has failed to resolve any of the key issues outstanding. Subsequently on 3 and 4
June 1998, the Commission provided a technical briefing to the Security Council. This gave an outline of the material
balance and the main outstanding disarmament issues in each weapons area. In biology, this briefing highlighted the
lack of verifiable details on virtually the entirety of the programme.

24. UNSOM presented to the Security Council outstanding issues and sought to establish a programme of work that
would enable outstanding issues to be resolved. In biology the priority concerns were: the production of materials
and equipment; agents; munitions, and their possible destruction. Additional requirements from Irag were the
provision of the information and materials identified by the TEM. The Commission subsequently met with the
Deputy Prime Minister of Irag in June and agreed on a schedule of work for the next two months. As part of the
schedule of work it was agreed, at Iraq's request, to reconvene the international experts to discuss again, with a
broad range of Iraqgi experts the overall problems associated with the biological FFCD.

25. For these discussions, the Commission proposed that the approach should be "top down", that is focus primarily
on weapons, in the belief that the many other important issues in biology might be more easily resolved if progress
were made with respect to weapons. Accordingly, the discussions focussed on the provision of new material in

the key area of the material balance of weapons, especially material not covered in the March TEM. Iraq did

not provide any new information and the FFCD, presented to the Commission in 1997, was judged again to be
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inadequate.

26. Iraq has recently pressed for the experts to make a "quality assessment," as to whether any biological
weapons or agent remain in lrag. This was emphatically stressed by Irag during a meeting between him and the
Commission's Chief Inspector in July 1998. Given the present information disclosed by Iraq, such an assessment
could not be made.

27. To assess the quality of any biological agent over time requires knowledge and confidence in that knowledge.
This includes the physical state of the agent, e.g. liquid or dried, with or without stabilizers; storage conditions of
the filled weapons or bulk agent, e.g., temperature, humidity, containers, etc.; tests done on the agent before and
after filling, and the results of such tests. None of this information on Iragi weapons is available to the Commission.
SCR 687 (1991) requires the elimination of BW weapons regardless of its"quality".

28. The FFCD presents a limited account that deals only with some components of the programme uncovered
during the Commission's investigations. Iraq states that it '‘obliterated' the BW programme in 1991, claiming that
this involved the destruction of all its BW weapons and associated records and documents. This has greatly
complicated the determination of the material balance, and thus hindered verification. The FFCD portrays a
programme designed to culminate in January 1991, suggesting that no plans existed beyond that time. In reality
the programme was a continuing one, with objectives stretching well into the future. The statement that the
programme was 'obliterated' in 1991 is contradicted by later evidence of deception and concealment. This activity
continued until 1995, at least, and one of the aims could have been the preservation of essential components of
the BW programme. Indeed, Iraq, after 1991, retained suitable growth media, BW facilities, production equipment,
teams of expert personnel, and the essential technical knowledge.

29. Iraq has not revealed the planning process. No mention is made of the role of the military and intelligence
services in defining the requirements for the BW programme, or in the subsequent planning to meet that
requirement. Iraqg's doctrine of use of BW weapons is not covered in the FFCD. Consequently, the Commission can
not determine the organization, scope and fate of the programme. Iraq has yet to present any formal renunciation
of the termination of its BW programme.

30. This paper presents a status report on the investigation and the various attempts to verify Iragq's FFCD.
Greater emphasis is placed on matters that alect the Material Balance (Part 1), i.e., unfilled and filled weapons,
bulk agent, and microbiological growth media. Part Il presents the status of verification of other areas, including
history, acquisition of supplies and equipment, research and development, sites and facilities, involvement of other
organizations such as military and intelligence organs. Part Ill presents other issues that also relate directly

to verification. These include: investigation and verification inspections; Iraq's documentary evidence; technical
coherence of Iraq's stated programme; technological progress of the programme; termination of Irag's programme;
and concealment and deception.

STATUS OF VERIFICATION CONCERNING THE MATERIAL BALANCE OF IRAQ'S BIOLOGICAL WARFARE
PROGRAMME

Weapons Systems

31. To assess whether Iraq has met its obligations under Security Council Resolution 687 (1991), obtaining a full
understanding of all aspects of Iraq's BW weapons is essential. Iraq's FFCD does not contain the required detail for
such an assessment. It must include numbers, types, markings and a detailed account of individual weapon systems,
supported by documents and physical evidence. The term 'weapons' in this paper refers to filled munitions, empty

munitions, and bulk BW agents.

Al-Hussein Missile Warheads
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32. In August 1995 Iraq declared that it had filled 25 Al-Hussein missile warheads with BW agents. This figure is
not supported by conclusive evidence. In its FFCD lIraq has declared that five warheads were filled with Bacillus
anthracis spores, 16 with botulinum toxin and four with aflatoxin. Ten warheads containing botulinum toxin were
deployed to an abandoned railway tunnel at Al-Mansuriyah. The remainder was stored on the banks of the Tigris
canal. No credible evidence has been presented to support this account of BW agent filling and subsequent weapon
deployment.

33. Iraq claims that the Al-Hussein warheads were not specifically developed for BW;, instead the Chemical Warfare
(CW) warheads were filled with BW agents. Although static and dynamic trials were undertaken with CW agents,
Irag denies that there were any BW trials. Most of the CW warheads had aluminium containers. According to Iraq,
later CW, and all BW, warheads had stainless steel containers to be filled with CBW agents. The substitution of
aluminium containers with stainless steel containers is explained as a response to dilJculties in welding aluminium.
It is not attributed to the needs of the payload. Thus this BW weapon was filled and operationally deployed without
any field tests.

34. Iraq asserts that all 25 BW warheads were unilaterally destroyed at specific locations at Al-Nibai desert in July
1991. To verify the FFCD, the Commission in 1998 took samples from the remnants of agent warhead containers
excavated from various locations at Al-Nibai. The results of the analyses do not support the statements made in
Irag's FFCD. Traces of Bacillus anthracis spores have been identified on remnants of containers from at least seven
distinct missile warheads as opposed to the five declared. There are discrepancies between the Iragi account of
where groups of warheads containing particular BW agents were destroyed and the results of the analyses. This
throws doubt on the accounts of weapons filling, deployment and subsequent destruction.

35. In response to this evidence, in July 1998, Irag changed its account of BW warhead and other munitions filling.
It stated to an Commission team that, instead of the declared five Bacillus anthracis spores and 16 botulinum

toxin warheads, there had been in fact 16 Bacillus anthracis spores and five botulinum toxin missile warheads.

Irag insisted that this change in disclosure would not alect Iraq's declaration on the total quantity of BW agents
produced and weaponized. These changes also included alterations to the numbers of R-400 aerial bombs filled with
Bacillus anthracis spores and botulinum toxin. Iraq did not present any supporting documents or other specific
evidence to substantiate the new statement. In the original account, Irag emphatically asserted that all ten weapons
in the Al-Mansuriyah railway tunnel were filled with Bacillus anthracis spores and only later was this adjusted to
botulinum toxin.

36. This new explanation contradicts many aspects of the accounts of the unilateral destruction of special warheads,
including those filled with BW agents. Further, it is inconsistent with the accounts provided during the preceding
three years by Iraqi personnel directly involved in warhead filling and destruction activities. The new statement
does not fit the physical evidence available of the unilateral destruction of biological warheads.

37. The account of Irag's Al-Hussein BW warheads has changed frequently over the past few years. In July 1998,
even in the space of a few weeks, Iraq made 'suggestions' changing the numbers of warheads filled with particular
BW agents and their deployment and destruction. The physical evidence from the destruction area and the analyses
of the remnants contradicts the account contained in the FFCD. Thus the FFCD account is inaccurate and is not
validated.

38. This table provides a summary of Iraq's declarations concerning Al-Hussein missile warheads.
FFCD UNSCOM Assessment Comments
Al-Hussein Missile Warheads Produced for the BW Programme,

Produced
25
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There is no conclusive evidence that only 25 warheads were produced for BW use. The number cannot be
ascertained. No evidence has been oered by Irag, nor can UNSCOM find any, to indicate the numbers of BW
warhead containers produced. Iraq acknowledges this lack of evidence.

Al-Hussein Missile Warheads Filled with BW Agents

Total filled

25

The evidence is circumstantial. The sole supporting document does not clearly refer to BW warheads. There is no
credible evidence that only 25 were filled. This number is based solely on a document that refers to the "integration”
of 25 warheads and mentions the presence of an olJcer connected with the BW programme.

Filled with botulinum

toxin

16

The figure of 16 appears to be derived solely by deduction; there is no supporting information. The number

is inconsistent with evidence available. In September 1995, Iraq stated that 15 warheads had been filled with
botulinum toxin; later this number was changed to 13. Later still the number was adjusted to 16. In July 1998, an
Iraqi ocial suggested that only five may have been filled with botulinum toxin. According to Amer Rashid, this
last figure was based on mathematical reasoning coupled with the results of the analysis of warheads recently
excavated at Al-Nibai.

Filled with

Bacillus anthracis spores

5

The figure of five appears to be derived solely by deduction; there is no supporting information. The number is
inconsistent with the evidence available, which suggests that more than five warheads contained Bacillus anthracis
spores. In September 1995, Iraq stated that 10 warheads had been filled with Bacillus anthracis spores; later this
number was changed to five. In July 1998, an Iraqgi ocial suggested that 16 may have been filled with Bacillus
anthracis spores. According to Amer Rashid, this last figure was based on mathematical reasoning coupled with the
results of the analysis of warheads excavated at Al-Nibai.

Filled with

aflatoxin

4

The figure of four appears to be derived solely by deduction; there is no supporting information. In the original
declaration of the contents of the Al-Hussein missile warheads, in September 1995, no mention was made of
aflatoxin. Later Iraq stated that two had been filled with aflatoxin. Finally this number was adjusted to four.
Other

0

Documents presented by Iraq indicate that 16 warheads were filled with an agent that had a "time to elect" of
greater than one week. This implies that the agent mentioned would not cause significant casualties until more than
a week had passed following exposure. This raises the possibility of an agent other than Bacillus anthracis spores
and Clostridium botulinum toxin which have a time to elect less than one week. Aerosol exposure to Clostridium
perfringens spores fit this description. Iraq has declared the production of 340 litres of this agent but denied
weaponization. Iraq has failed to account for very large quantities of a growth component, i.e,, peptone, that could
have been used to produce more than 7,500 litres of this BW agent. The description could apply also to aflatoxin,
however, the amount of aflatoxin produced by Iraq's account, was insulJcient to fill 16 warheads.
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Al-Hussein Missile Warheads for BW Destroyed

Destroyed

25

Remnants excavated from Al-Nibai, the site of their declared unilateral destruction, include sulJcient stainless-steel
agent containers to account for declared quantities of BW and possible CW warheads, however the locations of

the remnants are inconsistent with the FFCD account. Iraq declares that 25 warheads containing deactivated BW
agent were destroyed.

R-400 Aerial Bombs

39. Iraq has declared, that 200 R-400 aerial bombs were manufactured for BW purposes. However, Iraq
acknowledges that the numbers of bombs filled with particular BW agents are "guesses".

40. Iraqg's accounts concerning the development of the R-400 bomb for BW purposes have changed since 1995.

In 1995 when the personnel who conducted the programme were explaining the programme, they described it

in considerable detail. There was a series of field trials using a total of six R-400 bombs, two each charged with
Clostridium botulinum toxin, Bacillus subtilis and aflatoxin. Many animals were said to have been used. These field
trials were reflected in the June 1996 FFCD. Subsequently, Iraq has denied that any such trials were conducted. It
is very dilJcult to reconcile this change with very specific accounts of R-400 trials given by scientists, the attendant
veterinary surgeon and workers, at what was said to be the site, namely Al-Mohammediyat. There was also a trial
in August 1990 to determine the size of 'booster charge' charge required to disperse the agent. All attempts by Iraq
to locate the exact site at Al-Hakam and find any evidence have failed.

41. Iraq initially claimed that 166 R-400 bombs were filled with BW agents. It was stated that three agents

were used: agent 'A' (Clostridium botulinum toxin), agent 'B' (Bacillus anthracis spores), and agent 'C' (aflatoxin).
Subsequently, to accommodate a document provided by Iraq that suggested that 157 R-400 bombs were destroyed,
the figures were adjusted by a new claim by Iraq that only seven, and not 16 R-400 bombs were filled with aflatoxin.

42. Evidence of the destruction of three botulinum toxin filled R-400 bombs was found in 1997 when and remnants
of another 20 R-400 bombs in the same area were identified. Remnants of another 25 R-400 bombs were also found
in 1991, by a Commission inspection team, at a time when Iraq was declaring a total of only 40 R-400 bombs (stated
to be all CW) at Al-Azzizziyah. It cannot be determined whether all these weapons had ever been filled. The figure
of "157" R-400 bombs is based on a document provided by Iraq that suggests that 157 were destroyed. There is no
evidence to support that these were in fact biological bombs.

43. A review by international experts of all information available to the Commission demonstrated that the account
of R-400 bombs in the 1997 biological FFCD is both incomplete and inaccurate. The FFCD provides no documented
account of filling. This means that a material balance for the weapons and the BW agents incorporated within them
cannot be established. There is no confident upper limit on the number of bombs filled for BW purposes. There is
no authenticated account of the destruction of the BW agent contained in the weapons. The possibility that such
weapons remain in Iraq, cannot be precluded or that agent produced for such weapons exists in bulk storage.

44. The 1997 biological FFCD omits, or does not substantiate, many aspects of the R-400 programme, such as
quantitative aspects of filling weapons, location and timing of filling, storage, deployment and destruction of weapons
and military deployment or use. Photographic evidence shows that biological R-400 bombs were at an undisclosed
site in October 1991, which is after Iraq claims that the BW programme had been "obliterated". This is of particular
concern as it alJects the credence of the account of R-400 weapons in the FFCD. The total number of R-400 bombs
that would have been available for filling is not known.
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45. The account of Irag's R-400 aerial bombs has been changed several times since 1991. Even in July 1998 Iraq has
made 'suggestions' changing the numbers of bombs filled with particular BW agents. The inconsistency between
the FFCD account and the physical evidence means that the Iragi account cannot be confirmed. Thus, the FFCD
account is not verified.

46. The frequent changes in the Iragi account of the Al-Hussein missile warheads and the R-400 aerial bombs are
more than adjustments of detail. They cast doubt on the entire Iraqi declaration on weaponization.

47. The table provides a summary of Irag's declarations concerning R-400 aerial bombs.

FFCD UNSCOM Assessment Comments

R-400 Aerial Bombs Produced

Produced

200

The number of R-400A bombs produced cannot be established. From production documents it is evident, that
more than 200 bombs were available for BW. Senior Iragi oCcials stated that the numbers given in the FFCD
are only estimates. Partly coated bombs both with and without black stripes have been found by UNSCOM that
is inconsistent with Irag's account. Initially, Iraq ordered 200 R-400A bombs for the BW programme, externally
marked with two longitudinal black stripes and with an internal protective coating. Irag claims that, because of
time constraints, a decision was made to produce only 175 R-400A bombs and another 25 without the epoxy coating
or black stripes.

R-400 Aerial Bombs Filled with BW Agents

Total filled

157

The figure 157 is based solely on an extract from a diary that states 157 R-400 bombs were destroyed. However,

it is unclear if the items destroyed were associated with BW agents. In 1991 Iraq claimed that only 40 R-400 bombs
were destroyed at Al-Azzizziyah. In September 1995 Iraq declared that 166 bombs were filled. After presenting a
diary that indicated 157 R-400 bombs were destroyed at Al-Azzizziyah, the number was changed to only 157 filled.
Filled with botulinum toxin 100 Iraq did not present any evidence in support of its claims. Evidence of botulinum
toxin was found by UNSCOM in two destroyed R-400A bombs at Al-Azzizziyah. However, botulinum toxin was
also found in one recovered R-400 bomb. In 1991, empty R-400 bombs bearing markings consistent with botulinum
toxin fill were presented as chemical weapons to a UNSCOM team. Iraq states that 100 R-400A but no R-400 bombs
were filled with botulinum toxin. A senior Iraqi o[Jcial suggested in July 1998 that many more than 100 contained
botulinum toxin. According to Iraqg, the numbers are only estimates.

Filled with

Bacillus anthracis spores 50

The account is not supported by documents. No evidence of Bacillus anthracis spores has been found among the
remnants recovered at the destruction site. Iraq states that 50 R-400A but no R-400 bombs were filled with Bacillus
anthracis spores. A senior Iragi odcial in July 1998 suggested that probably fewer than 50 contained Bacillus
anthracis spores. According to Irag, the numbers filled are only estimates.

Filled with aflatoxin 7 Iraq has not provided any documents to support the filling of R-400s with aflatoxin. No
evidence of aflatoxin has been found among the remnants recovered at the destruction site. Iraq initially stated

that 16 uncoated R-400 but no R-400A bombs were filled with aflatoxin. Later the number was reduced to seven to
correspond to the decrease in total numbers of bombs filled. According to Irag, numbers filled are only estimates.
Other

0

There is no complete account of the agents to fill R-400 weapons. An analysis of all the available evidence does not
rule out the possibility that another BW agent was filled into some weapons, either in addition to those declared,
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or substituting one already declared. The inconsistencies in markings indicating agent type on the R-400 bombs
coupled with the lack of evidence on filling, the presence at Al-Walid Airbase of two undeclared R-400A weapons
and the frequently changing accounts of Iragi personnel make it impossible to confirm the BW agents deployed or
used for filling purposes.

R-400 Aerial Bombs Destroyed

Empty bombs destroyed 43 Video tape and still photographs of destruction activity are the basis for this number.
Not all bombs were visible. Iraq states that none of these bombs was ever filled. Based on the markings on the
weapons and other circumstantial evidence this cannot be confirmed. Iraq states that a total of 37 R-400 bombs
"intended" for filling with BW agents were destroyed at Al-Muthanna under UNSCOM supervision (26 black-striped
and 11 non black-striped). An additional six were claimed to be defective and not filled. These were recovered from
the River Euphrates in December 1994.

Filled bombs destroyed 157 Evidence of the destruction of BW bombs was found at Al-Azzizziyah. The total
numbers destroyed could not be determined from the remains at Al-Azzizziyah. In addition there is evidence that
R-400A bombs carrying BW markings were present at an airfield where no BW weapons were declared. Iraq
states, based on a diary, reporting the events, that 157 BW-filled bombs were destroyed at Al-Azzizziyah in July
1991. Evidence that all were indeed BW-filled was not presented.

Aircraft Drop Tanks

48. In September 1995, Iraq declared the existence of two projects concerning the use of aircraft drop-tanks to
disseminate BW agents. One employed a Mirage F-1 aircraft, the other a MiG 21. The Mirage F-1 drop-tank
project was said to have commenced in November 1990 when a prototype, made from a modified drop-tank, was
manufactured and a series of trials undertaken. Following the last trial, just before the Gulf war, the Mirage with
the prototype tank attached was left in a shelter at Abou Obeydi Airbase, near Al-Kut. Iraq states the shelter was
bombed and the Mirage F-1 and its drop-tank were said to have been destroyed by fire. Three further drop-tanks
were modified. This work, which appears to have been straightforward, requiring only a few days' eCorts, continued
throughout the period of the war at several establishments. The weapons were completed in March 1991. It is
stated that these items were destroyed in summer 1991. The remains of three such tanks have been inspected.
Irag's plan was for the modification of 12 tanks in total. Iraq states that only the scarcity of a key component, an
electric fuel cock, limited the number to three.

49. The drop-tank project appears to have been pursued with the utmost vigour by Iraq. It seems to have been

the only BW weapon system that continued in development after the start of the Gulf war. Two mobile tanks for
bulk BW agents, each with a capacity of 1000 litres, were found buried at the Al-Azzizziyah outstation of Abou
Obeydi. This raises questions about the state of readiness of this weapon system. Iraq will not discuss the details of
concepts of use and flatly refuses to acknowledge the plan for this project.

50. Iraq has claimed for two years that the drop tanks were intended to deliver Bacillus anthracis spores. Bacillus
subtilis spores were used as simulant in a test with this intent. In the Vienna TEM Lt. Gen. Amer Al-Saadi reversed
this statement by claiming that botulinum toxin was the agent to be used. His technical experts were unable to
provide technical information in support of this claim. The availability of agent, and its nature, greatly influence an
assessment of the material balance. Four drop tanks would require 8000 litres of agent. The FFCD fails to state
which agent was intended to be used.

51. There is no evidence that the prototype weapon and aircraft were destroyed, nor is there sulJcient documentary
evidence concerning this weapon and its components. The FFCD account is not validated.

Pilotless Aircraft Project

52. The concept was to produce a MIG-21 aircraft that could take o0 and fly on a preset flight path without a pilot
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on board. The plane would carry a drop-tank containing BW agent. After a preset time the valves on the tank
would open and disseminate the agent. The aircraft would continue to fly until it ran out of fuel. One experiment
was undertaken on 10 January 1991 at the Iraqi Air Force Al-Rasheed Airbase. The reason given for dropping the
project was the intervention of the 1991 war, expressed as "the situation at that time".

53. Apart from one letter, thanking the project workers, all the information on this matter stems from interviews.
However, there is a lack of evidence. The accounts given of the project are credible, when dealing with its technical
aspects. When the management of the project, its place in the BW programme and the concepts of use of the
weapon are considered, the accounts are contradictory and have changed between 1995 and the summer 1998. The
FFCD gives abbreviated details of this project. No mention is made of the intended use of the pilotless aircraft for
the dissemination of BW agent.

54. The FFCD account is too brief, considering the apparent intended use of this equipment. There is no clear
evidence of the termination of the development of pilotless aircraft for BW dispersal. It is known that such work
continues, although for a dillerent stated purpose (targets for anti-aircraft artillery). The attempts to dissociate
the MIG-21 project from the development of aircraft spray tanks has not been convincingly explained. The FFCD
account is not validated.

55. This table provides a summary of Iraq's declarations concerning fixed wing aircraft spray systems:

FFCD UNSCOM Assessment Comments

Modification of F-1 Drop-Tanks

Drop-tanks produced

4

There is no evidence to corroborate that only four were produced. Interviews indicate that 12 tanks were to be
modified. Iraq declares that one Mirage F-1 drop-tank was modified for dissemination of BW agent by 15 January
1991. Subsequently three more were similarly modified during the period of the Gulf war.

F-1 Drop-Tanks Destroyed

Drop-tanks destroyed

4
The original prototype drop-tank is said to have been destroyed by bombing. There is no physical evidence to
support this. The remains of the other three drop-tanks were inspected by the Commission. There are extensive
piles of damaged aircraft at Abou-Obeydi, however, the remains of the prototype drop-tank and Mirage F-1 fighter
carrying it have not been identified among the debris.

Pilotless Aircraft Development

Pilotless MiG 21

1

Interviews generally support the statements on the development of a pilotless MIG-21. It is unclear whether the
MIG-21 was intended to carry BW or CW weapons. Interviews suggest that the drop-tank and its delivery aircraft

were being developed for both CW and BW. There is no evidence to confirm that the project was dropped before
completion. The letter oered as evidence that the project terminated provides no such confirmation.

Aerosol Generators/Helicopter Spray System ("The Zubaidy Device")

56. An aerosol generator for the dispersal of biological warfare agents or toxins was developed by the Technical
Research Centre at Salman Pak by modification of helicopter-borne commercial chemical insecticide disseminators.
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These modified aerosol generators are assessed as suitable for the dissemination of BW agents from helicopters
or slow moving fixed-wing aircraft and are referred to as Zubaidy devices. A description was included in the June
1996 FFCD. It did not however cite the number of devices produced nor account for their final disposition. In the
current FFCD, the devices are only briefly mentioned. A document has also been submitted by Iraq reporting the
successful field-testing of these devices in August 1988 to spray Bacillus subtilis spores. However it was stated at
the Vienna biological TEM in March 1998, that Irag now considers these devices to be inconsequential.

57. The absence of a comprehensive account of the Zubaidy devices including their disposition and supporting
evidence is an example of the incompleteness of the current biological FFCD.

58. The following table provides a summary of Irag's declaration concerning the Aerosol Generators.

FFCD UNSCOM Assessment Comments
Aerosol Generators:
Numbers produced not stated in FFCD.

Irag claims this device was not elective, but documentation provided by Iraq states that it was successfully field
tested to spray bacteria. Experts assess this device as a most elective BW munition. Iraq turned over to UNSCOM
developmental devices but not the final tested devices. These remain unaccounted for. From interviews lIrag has
acknowledged 12 devices produced. None destroyed by UNSCOM.

59. The Commission has evidence of a parallel development by the Technical Research Centre (TRC) of a similar
device, probably for delivery by drones. Iraq oCcially denies all knowledge about this second device but this denial
is inconsistent with indications from interviews. It is unknown whether development of this second device continued
to deployment but the possibility exists that it did and that such a weapon system still exists in Irag.

Other Weapons Systems

60. Cluster Bombs: Iraq has been asked whether cluster munitions, which are inherently a more elective delivery
system for BW agents than aerial bombs, were part of the BW programme. On one occasion, an lragi representative
mentioned that, although cluster munitions were never used in the CW programme, they were part of the BW
programme. He later retracted this remark formally. Since then Iraq has strenuously denied that cluster munitions
played any part in the BW programme.

61. 122mm Rocket Warheads: The majority of the declared BW field trials carried out by Iraq involved the testing
of 122mm rocket warheads. This part of the programme proceeded in an ordered and logical fashion, commencing
with static tests of single warheads and culminating with salvoes of rockets charged with BW agent or simulant.
There are documents, video tapes and interview information detailing this work. The Iraqgi reports on these trials
submitted to MIC, point out the success of the system and recommend adoption of this weapon for the delivery

of Agents A, B, C and D. Despite the progress made over a period of years, the development of 122mm warheads
was said to have been abandoned by August 1990. The 122mm warhead was considered unsuitable by Iraq "for the
impending conflict". The full scope of this work, the rationale for the use of these weapons and the seemingly abrupt
end of the project have never been satisfactorily explained.

62. Artillery Shells: A single 155mm artillery shell was found at Irag's main BW production facility Al-Hakam,
recovered from the River Euphrates. It was of the same type used for CW agents. It contained water. Another
smaller calibre shell was also found. It had been detonated. These shells were said to have been for evaluation. Four
similar shells were used in a trial for the dissemination of the BW agent Ricin, . No further evidence has been found.
It appears that these trials produced indillerent results, and that, apparently, these projects were not continued.

63. LD-250 Aerial Bomb: Static trials of LD-250 aerial bombs to disperse agents were conducted in 1988. It is likely
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that further such trials were conducted. These tests were considered successful. Despite this, and the adoption of
the weapon for CW agent delivery, it is claimed that no further development occurred.

64. Fragmentation Weapons: Experimental work on the sub-dermal introduction of Clostridium perfringens spores,
applicable to fragmentation weapons, was acknowledged by a senior Iragi worker in the field. He admitted that the
work was relevant to fragmentation weapons that are designed to cause gas gangrene. Iraq denies carrying out any
developmental work on weapons exploiting this research

65. Land Mines: When lIraq was considering which weapons to use for the dissemination of BW agent, land
mines were considered. One of the scientists was sent to Al-Qa'a Qa'a, the explosives factory, to look for types of
anti-personnel land mines that could be used for the purpose of filling. He found that there was nothing available
suitable for filling with liquid BW agents.

66. 350mm and 1,000mm Calibre SuperGun Projectiles: The Iragi SuperGun programme was developing long-range
projectiles for both 350mm and 1,000mm calibre weapons. The drawings of various designs for the 350mm device,
depict a projectile with a guidance and control section, control surfaces on the fins and a payload of around 20 kg.
Plans existed for a 1,000mm calibre weapon that would have had a longer range, and a payload greater than 100 kg.
Irag denies that there was any connection between the BW programme and that of the SuperGun. This project, like
the BW and CW programmes, was managed solely by MIC. Like the BW project, no objective or planning has been
acknowledged. The development of this weapon system was well advanced, with several sites being used and plans
prepared for new and more versatile weapons. The intended purpose of this weapon has not been revealed. A long
range delivery system, with its guided projectile, capable of delivering relatively modest pay-loads suggests the use
of very potent warheads, such as CW or BW agents, or even radioactive material. The range and payload delivery
are of a similar order to those of the Al-Hussein. Without a more comprehensive disclosure by Iraq, the possibility
that this weapon was being developed for the delivery of a BW payload cannot be ruled out.

BW Agents

67. Bulk warfare agent production appears to be considerably understated by lIrag. Production accounts are
incompatible with resources available to Irag's BW programme, including growth media and fermentor capacity.
Production figures in the FFCD remain unsupported from 1987 to 1989 and 1991. The sole supporting document,
for 1990, dilJers from information contained in the FFCD itself. Experts' calculations of possible agent production
quantities, either by equipment capacity or by growth media amounts, far exceed Iraq's stated results. Significant
periods when the fermentors were claimed not to be utilized are unexplained, especially for a period after
August 1990, when Iraq's BW production facilities were ordered to operate at their maximum capacity. Stated
low productivity of readily available equipment has not been adequately explained. The idle times for fermentor
utilization and low productivity, which are technically not credible, cast doubt on the elemental credibility of the
1997 FFCD.

68. Quantities of each agent (and indeed what agents were placed) placed into munitions are unclear. Similarly, the
quantities of bulk agents destroyed can not be verified. The quantities cited by Irag are deduced and may have
little relationship to actual quantities. The place and method of destruction is not established. There is no assurance
that bulk agents were not recovered, in some instances, from weapons prior to destruction of the weapons.

69. Iraq has not reported all the known quantities of bacterial growth media that was imported for its BW
programme, nor has it accounted credibly for all the media that it has reported. Iraq's declared failed batches are
excessive and inconsistent in totality. In production of botulinum toxin, Iraq reported that thioglycollate broth when
used at half strength of that recommended by the manufacturer produced acceptable toxin levels. These factors
add to the quantity of BW agent that might have been produced by Irag.

70. Fermentor usage: Iraq has calculated the quantity of agent produced by an assigned frequency and ellciency
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of fermentor utilization as well as assumed numbers of failed batches of agent production. For the years 1987

to 1989 there are no records to support production and the frequency and elciency of fermentor operation is
inconsistent with the overall information. Additionally, fermentors appear to have been available earlier than stated.
For example, the fermentation line acquired from the Veterinary Research Laboratories (VRL) at Abu Ghraib is
stated to have been acquired only late in 1988 when it was moved and installed at Al-Hakam. However, documents
provided by Iraq indicated consideration of its use in situ at the VRL and spare parts for this line were ordered by
the BW programme beginning late May 1988.

71. Fermentor idle times: Relative to available resources, Irag has declared less than expected production of bulk
agents. Declared quantities are based on limited availability of capability such as fermentors and a shortage of
specific bacterial growth components. As a proof for the limited production output Iraq claims, fermentors were not
used for considerable periods of time. For example, Iraqg claims lack of spare parts and a needed overhaul of some
fermentors as an explanation for "idle periods". In fact, UNSCOM has evidence indicating spare parts were available.
There is no corroborating documentation to support the less than optimal bulk agent production levels reported

in the FFCD. The low production figures are particularly difJcult to accept without supporting evidence during a
period in mid-1990, when allegedly maximum production was ordered by Lt. Gen. Hussein Kamel Hassan.

72. Clostridium botulinum toxin, Agent A: It is not possible to verify the amount of Agent A produced, placed into
munitions or otherwise consumed as presented in the 1997 FFCD. Various accounts of the destruction of bulk
Agent A were made in both the FFCD and by independent Iragi testimony. There is insulJcient documentation to
verify either the quantity of Agent A destroyed or whether remaining bulk agent in summer 1991was destroyed.
Methodology employed in destruction and location of destruction, similarly, can not be determined.

73. Bacillus anthracis spores, Agent B: It is not possible to verify the amount of Agent B placed into munitions or
otherwise consumed as presented in the 1997 FFCD. UNSCOM cannot exclude the production of Agent B from
facilities other than Al-Hakam based on analytical evidence of Bacillus anthracis spores in equipment (one fermentor
and two tanks) located at the FMD facility at Daura. An Iraqi explanation for this finding presented during the
inspection was not credible. Overall, bulk agent production quantities and the location of production of Agent B
cannot be determined because of the lack of sulJcient supporting documentation.

74. There are various accounts derived from both the FFCD and independent Iraqi testimony concerning the
destruction of bulk Agent B. Laboratory analysis of samples obtained at Al-Hakam has demonstrated the presence
of viable Bacillus anthracis spores at an alleged bulk agent disposal site. Iraqgi experts cannot explain adequately
how viable Bacillus anthracis spores could have been present at this site. The inactivation procedures described
by Iraq for the "excess" bulk agent would preclude any live agents remaining following that inactivation procedure.
The explanation provided by Irag, i.e, endemic contamination is not credible. An alternative explanation proposed
by Iraq that the viable organisms came from material discarded during agent production operations in prior

years was contradicted by earlier information provided by Irag. Further, that explanation, if true, would preclude
verification of the destruction of bulk agents. There is insulJcient documentation to verify either the quantity of
Agent B destroyed or whether remaining bulk agent was destroyed. Methodology employed in destruction and
location of destruction, similarly, can not be determined.

75. Aflatoxin, Agent C: Declared production of the BW agent aflatoxin could not have occurred using the process
stated by Irag. In its June 1996 FFCD, Iraq claimed that, in September 1990, it had zero balance on hand, having
produced only 40 litres of aflatoxin that were nearly all consumed by weapons field trials. Assessments by the
Commission show that the quantity produced would have been inadequate for the declared number of field trials.
Irag claimed to have produced 1,782 litres of aflatoxin for filling weapons from 1 October to 31 December 1990
and continued the production two weeks into January 1991 for an additional 119 litres. Taking into account the
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technology, organization and production limitations including facilities, equipment, and personnel available, such
large production volumes are doubtful. The impact on production of aflatoxin of mixing CS, CN, and smut spores
with aflatoxin is not clear. A new account of aflatoxin production and weaponization is contained in the September
1997 FFCD, but the changes are not adequately explained or supported by documentary evidence. The new
account is no more credible than the June 1996 version. Irag has not oJered any credible explanations to support
its statements other than the 1990 Al-Hakam report that cites 2200 litres produced without the details of where
and how it was produced. During an inspection in July 1998, Iraq tried to establish among themselves the figures of
aflatoxin produced, indicative of Iraq's uncertainty with aflatoxin production quantities.

76. It is not possible to verify the amount of Agent C placed into munitions or warheads or otherwise consumed

as presented in the 1997 FFCD. The question remains open regarding the aim and reasons of the choice of
aflatoxin as an agent for BW. It is not clear what Irag expected to obtain as a result of its use. One document
refers to military requirements to produce liver cancer using aflatoxin and the e[Jcacy against military and civilian
targets. Understanding Iraq's concept of use for this agent may enhance the credibility of otherwise unsupported
statements.

77. Irag has indicated that the production data in the FFCD were based on recollection and back calculations due to
a lack of production records.

78. Clostridium perfringens spores, Agent G: Stated amounts of Agent G produced, used, consumed or destroyed
cannot be verified because of insulJcient documentation. Irag maintains that small quantities of Agent G, 340 litres,
were produced because of limited availability of personnel and lack of critical growth media components. There is
no documentation to support this, and the Commission has information which counters the allegation that growth
media components represented a limitation. Iraq has not provided a credible material balance accounting for its
known Peptone acquisitions by the BW programme. Peptone is a growth media component which appears to have
been only used in the production of perfringens spores by the BW group.

79. Smut, Agent D: It is not possible to verify the amount of Agent D produced, used or consumed owing to a lack
of sulJcient documentation from Iragq.

80. Iraq had stated it produced smut coated with aflatoxin, but neither this statement, nor the destruction of bulk
Agent D can be verified.

81. Bacillus subtilis spores, simulant for Bacillus anthracis spores dissemination: Stated amounts of Bacillus subtilis
spores produced can not be verified. Stated quantities and time of production appear to be figures contrived to be
compatible with the number and dates of field trials reported in the FFCD. Interview information and documentary
evidence contradict Iraq's presentation of field trials conducted. Because of this artificial system for deriving
production numbers, each additional trial that was not included in Iraq's arbitrary calculations, add to the disparity
in quantities of simulant produced.

82. Bacillus thuringiensis spores, simulant for Bacillus anthracis spores drying: Iraq cites the production of "50 litres
of Bacillus thuringiensis (Bt) spores in March 1990 for drying studies which are claimed not to have been done
because of a failure to obtain a particular spray dryer. However, Bt spores were taken by Irag to the supplier in
December 1989 to test on the spray dryer it planned to acquire. The quantity of Bt spores produced can not be
verified.

83. Ricin: Iraq asserts that 10 litres of ricin were produced from 100 kg of castor beans and that this quantity was
used in a field trial using 155mm artillery shells in November 1990. Documents obtained during an inspection in
1997 indicate that far more than 100 kg of castor beans were collected and processed in October, November 1990.
If the Commission had a clear understanding of Iraqg's objective for including Ricin in its programme, then perhaps
much of the uncertainties surrounding Ricin could be resolved.
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84. Other agents produced: It is not possible to determine if bacterial or toxin agents other than those stated in
the 1997 FFCD were produced. Seed stocks of other agents were actively sought for and obtained by Iraq's BW
programme.

85. Drying of agent: It is not possible to determine if bacterial and toxin agents produced were dried to enhance
storage stability or for reasons of dissemination. This issue is of significance because Iraq actively procured drying
equipment and obtained training in the use of such equipment for key personnel. Drying studies on bacteria started
in 1974.

The following table provides a summary of Iraq's declarations concerning the bulk agent production (as active
agent), filling and destruction (unless stated otherwise).

FFCD UNSCOM Assessment Comments

Botulinum toxin produced (10 to 20-fold concentrated)

19180 litres

Insullcient documents to support quantities. Equipment and unaccounted for growth media do not support the
figures. Quantities could be more at least double the stated amount. Iraq bases this estimate on 1990 "Al-Hakam"
report with extrapolations into 1989 and earlier.

Botulinum toxin filled

10820 litres

Nothing to support statements. Iraq acknowledges numbers are estimates. Number of filled munitions could not be
verified. See weapons tables. Figure is based on the alleged numbers of munitions filled; 100 R-400 bombs, each filled
with 85 litres, and 16 Al-Hussein missile warheads, each filled with 145 litres.

Botulinum toxin used for field trials

499-569 litres

Stated field trials can not be verified as accurate, hence quantities of bulk agent consumed can not be verified.
Quantities are based on unsupported number of field trials conducted.

Botulinum toxin wasted during handling

118 litres56

Nothing to support statements. Interviews diler with these estimates in ways that cast doubt in the account of
filling. Quantities are estimates. There is no basis for assessment of wastage.

Botulinum toxin destroyed

7665 or 7735 litres

Nothing to support statements as to quantities destroyed and where and when destroyed. Interviews diJer from
olcial declaration. Quantities are contrived estimates. Stated as unilaterally destroyed in July 1991.

Bacillus anthracis spores produced (10-fold concentrated)

8445 litres

Insulcient documents to support quantities. Equipment and unaccounted for growth media does not support
the figures. Quantities produced could be at least 3 times greater than stated. Irag bases this estimate on 1990
"Al-Hakam" report with extrapolations into 1989 and earlier.

Bacillus anthracis spores filled

4975 litres

Nothing to support statements. Iraq acknowledges numbers are estimates. Number of filled munitions could not
be verified. See weapons tables. Quantities are contrived estimates. Figure is based on the alleged numbers of
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munitions filled;

5 Al-Hussein missile war-heads, each filled with 145 litres, and 50 R-400 bombs, each filled with 85 litres.

Bacillus anthracis spores used for field trials

None

No evidence has been presented to indicate whether or not Bacillus anthracis spores were ever tested. Iraq states
that no field trials were conducted with Bacillus anthracis spores; only a simulant was used.

Bacillus anthracis spores wasted

525 litres58

Nothing to support statements. Interviews diller with these estimates in ways that cast doubt on the account of
filling. Quantities are estimates.

Bacillus anthracis spores destroyed

3412 litres

Nothing to support statements as to quantities destroyed and where and when destroyed. Interviews diler from
olcial declaration. Quantities are contrived estimates. Stated as unilaterally destroyed in 1991.

Aflatoxin produced

2200 litres

Facilities, equipment, and personnel do not support production statements. Experts assessments are that Iraq could
not have produced the quantity of aflatoxin claimed, given the equipment, facilities and personnel stated by Irag.
Irag bases the production of 2200 litres on the 1990 Al-Hakam report.

Aflatoxin filled

1120 litres
Nothing to support statements. Iraq acknowledges numbers are estimates. Number of filled munitions could not be
verified. See weapons tables. Figure is based on the alleged numbers of munitions filled;

7 R-400 bombs, each filled with 80 litres and 4 Al- Hussein missile warheads, each filled with 140 litres.

Aflatoxin used for field trials

231-301 litres

Stated field trials can not be verified as accurate, hence quantities consumed can not be verified. Quantities are
based on an unsubstantiated number of field trials conducted.

Aflatoxin wasted

30.5 litres59

Nothing to support statements. Interviews indicate wastage was much higher. Interviews diler with these
estimates in ways that cast doubt on the account of filling. Quantities are estimates.

Aflatoxin destroyed

900 or 970 litres
Nothing to support statements as to quantities destroyed and where and when destroyed. Interviews dilJer from
olcial declaration. Quantities are contrived. Stated as unilaterally destroyed in 1991.

Clostridium perfringens spores produced (10-fold concentrated)

340 litres
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Insuldcient documents to support quantities. Equipment and unaccounted for growth media does not support the
figures. Quantities produced could be at least 15 times the quantity stated. Iraq bases the 340 litres estimate on
1990 Al-Hakam report.

Clostridium perfringens spores filled

None
Nothing to support statements. Stated quantities produced are insulJcient for weaponization.
Clostridium perfringens spores wasted

None
Nothing to support statements. No filling, ergo no wastage.
Clostridium perfringens spores destroyed

338 litres
Nothing to support statements as to quantities destroyed and where and when destroyed. Quantities are estimates.
Ricin produced

10 litres
Documents and interviews do not support account. Based on an inaccurate account of Ricin activity.
Ricin used for field trials

10 litres
Nothing to support statements. Based on an inaccurate account of Ricin activity.
Wheat Cover Smut

Not quantifiable
Nothing to support statements. The total quantities remaining are claimed to have been destroyed in July 1991.

86. Mobile storage tanks. Eight mobile double-jacketed tanks were part of the VRL line transferred to Al Hakam.
In addition, Iraq has acknowledged the production of an additional 39 mobile tanks by SEHEE. These tanks were
used to transfer agent between production and filling or deployment sites and for storage of agent. Owing to their
properties, they can be used for long-term storage of agent under controlled conditions or modified to function as
fermentors suitable for the production of BW agent.

FFCD UNSCOM Assessment Comments
Mobile tanks acquired.
47

39 indigenously produced at SEHEE

8 from VRL

1990 Al-Hakam report refers to 70 being produced. Serial # 37 seen on remnants. 8 tanks are known to come from
the VRL line. 39 tanks stated to have been manufactured by the Heavy Engineering establishment at Daura is
based on a document in which SEHEE billed PC2/3 39ss vats (not specified) and 8 came from the VRL Vaccine line.
The 1990 "Al Hakam" report cites 70 1m3 tanks.

Mobile tanks destroyed.

Unknown

Remnants of 2 tanks were found at Al-Azzizziyah. Among other remnants turned over to UNSCOM, were the
remains of approximately 22 tanks (4 tanks of the VRL line). The number has not been stated in the 1997 FFCD.
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In the 1996 FFCD, 2 were said to have been destroyed at Al-Azzizziyah, and 22 were cut-up and disposed at
Iskanderiah. Thus 20+ tanks remain unaccounted for.

Bacterial Growth Media

Media Acquisition

87. In the early days of Iraq's BW programme based at Al-Muthanna and Salman Pak small quantities (in the

order of tens of kilograms) of media of various types were purchased by Iraq through the State Establishment

for Pesticide Production (SEPP) for research and pilot scale production for BW agent. . The media, some tens of
kilograms, for the initial production runs of botulinum toxin at Taji in early 1988 is stated in the FFCD to have been
acquired locally but the details are not provided and it is unknown whether the amounts declared represent the
totality of the amount actually acquired. No supporting documentation is provided by Iraqg for any of the acquisitions
referred to above.

88. In late 1987 and early 1988, enquiries, and ultimately orders, were made for large purchases of media. Iraq
acknowledges importing over 40 tons of media in 1988 and although no documentation is provided by Irag. The
Commission can confirm the four largest orders listed in the FFCD. However, the Commission has information
that shows that the bulk media acquisitions as declared by Iraq are an incomplete listing and that further amounts
in excess of 600 kg were imported and have not been declared. Furthermore, some of this undeclared media was
received by Iraq prior to May 1988, suggesting that the statement in the FFCD that the Taji fermentor was shut
down between April and July 1988 "due to the non availability of culture media", is incorrect.

89. Given the incompleteness of documentation regarding media acquisitions, particularly for local purchases, and
evidence indicating that imports have been understated, the Commission cannot verify Iraq's declaration of media
acquisition.

Media Used In Production

90. The account in the FFCD of media consumed in the production of BW agent is acknowledged by Iraq to be a
mathematical calculation based on a) the claimed quantity of agent produced and b) the estimate of failed production
batches that would have also consumed media. In addition other quantities are said to have been discarded during
the production process (Iraq has stated this to be due to spoilage). Other than the 1990 Al-Hakam report outlining
agent production at Al-Hakam for that year, Iraq has provided no records or other documentation to support its
estimates.

91. Iraq had stated that in June 1991, before the arrival of the first UNSCOM BW team, the media remaining at
Al-Hakam was transferred to the State Company for Drugs and Medical Appliances Marketing (otherwise known
as Kimadia) within the Ministry of Health. Iraq has explained that the role of Kimadia was to provide a cover
story for media that had been consumed in the weapons programme. Subsequently documentation was drawn up
to indicate that media consumed in the programme had been sent to hospitals in outlying regions where riots had
occurred and hence would no longer be traceable.

92. Thus the dillerence between the quantity of media imported and that remaining in stock in 1991, i.e, the
shortfall, accounted for by Kimadia, represents the media consumed in the lragi BW programme between 1988
and June 1991. This provides a snapshot in time immediately following the stated end of the BW programme and
potentially is a figure that can be used in the verification of Irag's FFCD. The picture however became confused in
July 1998 when Iraq stated that not all the media left over from the programme was transferred to Kimadia, but
certain amounts (undocumented) were retained at Al-Hakam. Thus the Kimadia "shortfall* figures would reflect
media consumed in the programme plus any remaining at Al-Hakam in 1991. If this is the case then the Kimadia
documents become less useful as a verification tool. Furthermore some of the data from the Kimadia documents
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is in conflict with the FFCD. In discussions with Iraq during an inspection in December 1998, the issue of what
quantity of media remained in 1991, became more unsettled. Irag submitted "copies of documents” that casts further
doubt on the usefulness of the "Kimadia documents" for verification. The "copies" provided during this inspection
cast further doubt, however, may not be valid copies.

93. As noted above, Iraq has recently stated that in 1991 some of the media was transferred from Al-Hakam to
Kimadia. What is unclear and has not been explained to the Commission is the basis for the retention of media
at Al-Hakam. Peptone, for example, which had been used for the production of Agent G had no apparent role

at Al-Hakam in 1991 if the BW programme had been abandoned. Also Kimadia had "covered" for all the media
remaining in 1991 and therefore any media remaining at Al-Hakam had been written o0 and was untraceable. It
is not clear why this media was not accountable in the Iragi system if indeed Al-Hakam had been converted to
legitimate purposes in 1991.

94. In summary the figures presented in the FFCD for media consumed in the production of BW agent are a
theoretical calculation, have little supporting evidence and do not account for all media acquired. This current
account therefore can not be verified.

Media Lost, Damaged or Destroyed

95. The FFCD identifies two losses of media prior to the first UNSCOM BW inspection. The first was said to have
occurred during the evacuation of Al-Hakam and the relocation of its headquarters to Al-Asma‘a school about 30 km
away. It is stated that equipment important to the functioning of departments was relocated to the school on 22-23
January 1991. Included was an unknown quantity of media of various, but unidentified, types. At some time before
the return to Al-Hakam in May 1991, Iraq claims the school was broken into and some items stolen and damaged
including some of the media.

96. Iraq states that no investigation of the loss occurred and that the amounts and types of media cannot now be
recalled. The figures in the material balance table of the FFCD indicate that over 900 kg of media were "lost" including
over 700 kg of peptone which is relevant to Clostridium perfringens (Agent G) production. There would appear to
be no basis for these figures other than a calculation designed to account for all the media i.e. so that the material
balance equals zero.

97. The Commission has reason to believe that no media was stored at the schoolhouse and that none was stolen.

98. A second loss of media is stated to have occurred during the clean up of Al-Hakam prior to UNSCOM's arrival
in 1991. This was said to be an unquantified amount of media damaged during the evacuation and it is stated to
have been burnt and buried at a site adjacent to Al-Hakam. This site was visited by the Commission's inspection
team in 1995 and it was confirmed that media was burnt and buried there but the types and quantities are not
known. During the inspection in December 1998, Iraq presented several improbable accounts of media lost, damaged
and stolen that defies credibility. In conclusion therefore, the Iragi account of lost media cannot be verified and in
the case of the school house media, it is probably not true.

99. During the destruction of Al-Hakam in 1996, 22 tons of media were collected from several facilities and
destroyed under the Commission supervision. However some of the 22 tons (unquantifiable) probably came from
sources external to the BW programme i.e. some of the media from the original orders is still unaccounted for. It is
also uncertain whether all the media acquired for the programme has been identified. Thus there is little confidence
that all the media associated with the programme has been located and destroyed.

Material Balance
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100. The following tables provides a summary of Iraq's material balance declarations for growth media acquisition,
usage, consumption and disposal by four key media types: casein, thioglycollate broth, yeast extract and peptone.

FFCD UNSCOM Assessment Comments
Casein

Casein acquired*

17554kg

Fails to include several smaller but significant orders acquired for the BW programme. Derived principally from 3
large orders in 1988.

Casein used for botulinum toxin production.

7074 kg

Production quantities are estimates and consequently media consumption figures are estimates that are based on
estimates. No supporting data other than the production figures for 1990.

Casein lost and wasted **

145 kg

Not confirmed but represents 2% of that stated as used and does not therefore seem unreasonable. Unsupported
statement.

Casein remaining in 1991.

10335 kg

The 10335 kg figure appears to be based on a 1995 inventory made by Irag and may have little relation to the
actual amount in 1991. Unconfirmed. Iraq also states 970kg remained unused in 1991 at Hakam. No supporting
evidence for this

Casein destroyed in 1996.

Not specifically stated: implied 10335kg

Irag and UNSCOM inventories diller, but for casein, in general agreement. Destroyed under UNSCOM's
supervision.

Thioglycollate Broth

Thioglycollate broth acquired*

6036 kg

Fails to account for additional smaller but significant orders acquired for the BW programme. Derived principally
from 1 large order in 1988.

Thioglycollate used for botulinum toxin production.

4130 kg

Production quantities are estimates and consequently media consumption figures are estimates that are based on
estimates. No supporting data, other than the production figures for 1990.

Thioglycollate lost and wasted**

58 kg
Not confirmed, but about 1% of total stated to be used and therefore not unreasonable. Unsupported statement.
Thioglycollate remaining in 1991.

1848 kg

The 1848 kg figure appears to be based on a 1995 inventory and may have little relation to the actual amount
remaining in 1991. Unconfirmed. No supporting documentation
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Thioglycollate destroyed in 1996.Not specifically stated: implied 1848 kg Iraq's and UNSCOM's inventories in 1995
diler, but for Thioglycollate, in general agreement. Destroyed under UNSCOM's supervision.

Yeast Extract

Yeast Extract acquired*

7070 kg

Fails to include additional smaller but significant orders acquired for the BW programme. Based on 3 large orders
and 70 kg from an unidentified internal source.

Yeast extract used for agent production.

Botulinum toxin

1768 kg

Bacillus anthracis spores

185 kg

Perfringens

11 kg

Production quantities are estimates and consequently media consumption figures are estimates that are based
on estimates. No supporting data other than the production figures for 1990. Iraq also stated 185 kg used in SCP
production post 1991.

Yeast extract lost and wasted**.

15kg
Represents less than 1% of stated usage and not unreasonable. Unsupported statement
Yeast extract remaining in 1991

5090kg

The 5090 kg figure appears to be based on a 1995 inventory and may have little relation to the actual amount

in 1991. Iraq has also stated (unconfirmed) that 4000 kg was retained at Al-Hakam in 1991 and 1807 kg sent to

Kimadia, total 5807 kg: this is inconsistent with the FFCD. No supporting evidence for the quantity retained at
Al-Hakam in 1991

Yeast extract destroyed in 1996.

Not specifically stated: implied 4942 kg

Irag's and UNSCOM's inventories in 1995 diler greatly for yeast extract. The majority of containers had been
opened and the inventory was complicated by mis-labelled media, other sources of media possibly being added and
duplicate labels.

Destroyed under UNSCOM's supervision.

Peptone

Peptone acquired.

1500 kg

Does not include several smaller but significant orders including one for 100 kg peptone. Quantity is based on a
single large order.

Peptone used for Clostridium perfringens production.
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45 kg

Production quantities are estimates and consequently media consumption figures are estimates that are based on
estimates. No supporting data other than the production figures for 1990. Iraq also stated 125 kg used for civilian
work post 1991

Peptone lost and wasted**,

705 kg

The basis for the figure appears to be a calculation designed to bring the material balance to zero. Unsupported by
evidence. The bulk of the 705 kg has been presented as having been stolen from an evacuation site. UNSCOM has
reason to believe this is untrue.

Peptone remaining in 1991.

750 kg.

The 750 kg figure appears to be based on a 1995 inventory and appears to have little relation to the actual amount
remaining in 1991. Unconfirmed. Additional quantities of peptone were acquired after 1991 from the "local market".
Peptone destroyed in 1996.

Not specifically stated: implied 625 kg

Irag's and UNSCOM's inventories in 1995 diler greatly for peptone. The majority of containers had been opened
and the inventory was complicated by mis-labelled media, other sources of media possibly being added and
duplicate labels. Destroyed under UNSCOM's supervision.

101. * Iraq has not reported all the media including casein, Thioglycollate broth, yeast extract, and peptone

known by the Commission to have been imported for the BW programme. In response Irag has suggested that

the Commission must be confusing media ordered for the Forensic Laboratory with that ordered for the BW
programme since both organizations used the same procurement system. If this is so, it implies that Forensic
Laboratory had large quantities of media. However the purpose for this and its present whereabouts have not been
declared.

102. * The "lost" media cited in the FFCD includes media that was wasted during production or handling e.g., by
spoilage, and media said to have been lost or stolen during the relocation of the headquarters. There is no further
breakdown of these figures so that it is not possible to establish, for example, what media may have been lost
through handling errors and what may have been stolen.

Assessment of Material Balance for Bacterial Growth Media

103. The material balance pertaining to media cannot be established. There are several factors which introduce
uncertainty. On imports, Iraq's declaration understates the amount by at least 600 kg. Furthermore there is no
documentation for the quantities of media said to have been acquired locally, nor any evidence whether this was
the total amount. On media consumed, Iraq acknowledges that the figures it presents are derived from estimates

of the quantity of agent produced. Since there is little supporting documentation relating to the quantities of agents
produced, the amount of each type of media consumed carries similar uncertainties. On losses, Irag's account

of substantial amounts of media said to be lost during the evacuation of Al-Hakam cannot be quantified and
furthermore the account of the theft of media from the school house, is probably untrue. The only fixed point in

the material balance equation for bacterial growth media is the amount of imported media. Some more data can

be derived from the amount of media destroyed by the Commission in 1996. However in relation to yeast extract
and peptone there is considerable uncertainty in the destruction of the media. The majority of containers had been
previously opened by Iraq and the Commission's assessment of their contents was complicated by mis-labelled
media, other sources of media possibly being added and duplicate labels. In particular for peptone, the Commission's
assessment of the media destroyed varies between 200 and 470 kg depending on the assumptions made with regard
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to labelling. This compares with 625 kg implied in the FFCD as having been destroyed. For all the above reasons,
the material balance for bacterial growth media cannot be verified.

104. Although a material balance cannot be established, an estimate can be made of minimum amounts of media
still unaccounted for. As discussed above, the Commission is aware of additional quantities imported by Iraqg. If the
quantity of media declared by Iraq to have been consumed and lost is added to the amount of media destroyed by
the Commission, and then this addition compared with the amount imported, a minimum figure for media unaccounted
for can be derived. This will be a minimum figure because there may be additional quantities of media imported

of which the Commission is unaware, and it also relies on the estimates in Iraq's declaration some of which are not
accurate.

105. The following table gives the Commission's estimate of key media types unaccounted for.

Media
Minimum unaccounted for (kg)
Remarks

Casein 460 Suldcient for the production of 1200 litres of concentrated botulinum toxin (depending on availability of
other components including yeast extract). This would represent an additional 6% of that which has already been
declared by Irag.

Thioglycollate broth 80 A relatively small discrepancy but the estimate depends on the reliability of Iraqi estimates
of quantity consumed or lost during the production of botulinum toxin.

Yeast Extract 520 This minimum estimate is uncertain and is likely to be much higher. It is based on a liberal
assessment of the contents of many opened and irregularly marked containers. However this minimum figure is
suldcient to produce 26000 litres of Bacillus anthracis spores or over 3 times the amount declared by Irag.

Peptone 1100 Iraqg states that about 700 kg of peptone was stolen. UNSCOM has reason to believe this is not true
and therefore the estimate includes the entire amount not adequately accounted for. It is sulJcient to produce 5500
litres of concentrated perfringens agent or about 16 times the amount declared by Irag.

106. As evident from the tables the greatest concern is with unaccounted amounts yeast extract and peptone.
Although the expiry date for this media would have passed, advice from the manufacturers is that given
appropriate storage conditions, particularly away from moisture, the media would still be usable today. The
Commission has no information regarding its fate, whether it was retained or used to produce additional undeclared
BW agent. The amounts that are "missing" however are significant and would be sulicient to produce quantities of
agent comparable to that already declared by Iraq.

Material Balance

107. The most important elements of the FFCD are those related to material balance. That is weapons, filling of
munitions, production of munitions, production of types and quantities of BW agents, acquisitions of growth media,
supplies, equipment, and other material for the programme; bulk agents, munition and weapon destruction.

108. Establishing a material balance consists of determining the input materials and the output materials. In the
case of biological weapons, the input materials are the bulk agents and munitions and the output material are the
filled BW weapons. In turn, the input materials for bulk agents are the growth media components and the output
materials are the bulk agents.

109. The quantities of bulk agent filled into munitions and allocation of munitions to agents, either by type or
number for R-400 bombs or for Al-Hussein warheads cannot be determined from the information provided by Iraq.
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The munitions available for the BW programme cannot be verified. The lack of adequate documentation prevent
the verification of the munitions available for the BW programme.

110. There is no documentation to indicate the number of munitions filled with BW agents. Nor, is there any
adequate documentation to support the account of the destruction of the weapons, unfilled munitions and bulk
agent.

111. Bulk BW agent must be considered to be a weapon. In addition to the munitions, Iraq developed two types

of aerosol dissemination devices that would use bulk agents - the modified drop tank and the aerosol device for
slow moving aircraft. There are no production records or production documents to support the stated bulk agent
production. The input material for this production is the respective growth media, which is not accurately reported.
Production quantities of bulk agent are acknowledged to be estimates and stated media consumption are estimates,
based on these estimates. Production quantities of the four types of agents declared by Iraq as produced in bulk
cannot be verified.

112. As a result of the above for each of the critical elements of the material balance, Iraq's current account in the
FFCD cannot be verified.

113. Determining the number of weapons destroyed is very important but, without knowing the quantity of
munitions produced and allocated to BW, determining the quantity destroyed does little to help verify that all
weapons have been destroyed, for which documentation has not been provided.

114. In July 1998 international biological experts reviewed with Irag, at the request of ist Deputy Prime Minister, its
biological FFCD, specifically addressing material balance as outlined above. On the material balances for weapons,
agents and media the team came to the following conclusions:

Weapons

None of the subcomponents of the material balance for R-400 bombs (production, filling, destruction of filled and
unfilled bombs) could be verified.

None of the subcomponents of the material balance for Al-Hussein warheads (production, filling, destruction of
warheads) could be verified.

The account in the FFCD on modified drop tanks and the Zubaidy spray device could not be verified.

Agents

None of the subcomponents of the Clostridium botulinum toxin material balance (production, filling, losses and
destruction) could be verified.

None of the subcomponents of the Bacillus anthracis spores material balance (production, filling, losses and
destruction) could be verified.
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None of the subcomponents of the aflatoxin material balance (production, filling, losses and destruction) could be
verified.

None of the subcomponents of the Clostridium perfringens spores material balance (production, losses and
destruction) could be verified.

None of the subcomponents of the wheat smut material balance (production, losses and destruction) could be
verified.

Media

None of the subcomponents of the media material balance (acquisition, consumption, losses and destruction) could be
verified.

115. In its accounting for various BW weapons-programme-related elements, the Commission has achieved various
levels of confidence, depending on the quality of information; documentary, physical, and personal testimony
provided by Irag; and the correlation of this information with other information derived from Iraq, information
provided by its former suppliers, or otherwise obtained by the Commission.

116. The Commission has a degree of confidence in the accounting for some proscribed items which were presented
by Iraq for verification and disposal. This includes, for example: the destruction of buildings, and equipment at
Al-Hakam, the destruction of large quantities of growth media acquired for the programme; and evidence that R-400
aerial bombs and Al-Hussein warheads contained BW agents and consequently that Bacillus anthracis spores and
botulinum toxin were indeed weaponized.

117. The Commission has less confidence in the accounting for proscribed items declared by lraq as having

been unilaterally destroyed. These include, for example: the number and fill of R-400 aerial bombs destroyed at
Al-Azzizziyah; the number and fill of BW Al-Hussein warheads destroyed; and the fate of the agent to be used with
drop tanks.

118. The Commission has little or no confidence in the accounting for proscribed items for which physical evidence
is lacking or inconclusive, documentation is sparse or non-existent, and coherence and consistency is lacking.
These include, for example: quantities and types of munitions available for BW filling; quantities and types of
munitions filled with BW agents; quantities and type of bulk agents produced; quantities of bulk agents used in
filling; quantities of bulk agents destroyed; quantities of growth media acquired for the programme; quantities of
growth media used/consumed; and when or whether the programme ended. In addition the Commission has no
confidence that all bulk agents have been destroyed; that no BW munitions or weapons remain in Iraq; and that a
BW capability does not exist in Iraq.

119. Several other outstanding issues also remain. These issues are related: to the scope and extent of R&D
activities; the acquisition of supplies and equipment; the involvement of military and other agencies in the BW

programme; and deception associated with the concealment of the BW programme.

STATUS OF VERIFICATION IN THE AREA OF OTHER COMPONENTS OF IRAQ'S BIOLOGICAL
WARFARE PROGRAMME

120. Irag, under SCR 687 (1991), is required to declare the locations, amounts and types of all biological weapons
and all stocks of agents and all related subsystems and components and all research, development, support and
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manufacturing facilities. In SCR 707 (1991) this requirement was realdrmed and the Council demanded that Iraq
provide a full, final and complete disclosure on all areas related to its BW programme. Part | of this status report
reviews those elements of the FFCD that are directly relevant to a material balance. Part Il reviews additional
elements of the FFCD. The biological TEM conducted in Vienna in 1998 indicated the significance of those issues
and it was stated in the expert report: "The FFCD also does not provide a clear understanding of the current
status of the BW programme or wether, or when, it was terminated.” In April 1998, the Commission's report to

the Security Council (S/1998/223) further underlined the significance of these issues by listing the history, the
organization, acquisition and research and development among the priority issues to be resolved with regard to the
proscribed biological weapons programme.

Other Acquisition

121. Iraq has failed to include in its FFCD all the acquisitions of munitions, equipment, media and agents acquired
for or used in its BW programme. Iraq has not included all its acquisition of growth media for production purposes
which for the four principal components are covered in this report under Part I, para 3. Iraq has not acknowledged
all its acquisition of media used in R&D as well as that used in the seed fermenters during production of bulk
agents. Neither has Iraqg reported all its acquisition of equipment and micro-organisms, nor has Iraq declared all

the agencies and individuals involved in that process. Iragq has not provided an adequate account of materials and
equipment acquisition. Further, Irag has failed to provide adequate answers regarding its BW procurement network
including the Arabian Trading Company, and other front companies. A complete understanding of acquisition is
essential to defining a material balance for Iraq's BW programme.

122. The FFCD does not contain all imports for Iraq's BW programme known to the Commission, although Iraq
claims that all imports for the BW programme were reported. The basis which Iraqg claims it used in the FFCD for
determining what imports by Iraq to include or exclude among the declared acquisitions was shown not be sound.
Thus acquisitions, as measured by the number of orders including Letters of Credit (LCs) and cash deals through
attaches at Irag's Embassies overseas, are substantially under-reported. Without a complete accounting of all BW
programme acquisitions, a material balance is not possible.

123. LCs and cash deals for such items as rotary evaporators, glassware, oven sterilizers, and Petrie dishes, are
omitted from items attributed to the programme.

124. Not all strains of micro-organisms that were acquired bu\y Iraq are included nor are all attempted acquisitions
of strains included. The FFCD contains only the Vollum strain of Bacillus anthracis spores to be obtained by
TSMID, in 1989, but in 1988 an Iragi scientist involved in the BW programme had tried to obtain known BW and
other virulent Bacillus anthracis spores strains from outside Irag. All local acquisitions of strains are not included in
the FFCD. Further, the fungal and viral strains acquired are not reported in the FFCD.

125. The media listing is incomplete in that Iraqg fails to consider several Letters of Credit and cash deals related
to media imports; some of these orders relate to media or media components used in production but other orders
relate to media used in R&D and for seed fermenters used during the production process. Media acquisition during
the time of the BW programme at Al-Muthanna are understated as well.

126. There is inadequate or in some cases no supportive evidence for munitions acquisition, both for weaponization
and for field trials. Although the account of the acquisition of materials for the aerosol generator (Zubaidy device)
was incomplete in the 1996 FFCD, much of the information presented in that version has been intentionally omitted
in the 1997 FFCD.

History of Iraq's BW Programme

127. Iraq is required to provide a comprehensive account of the history of its BW programme. This may appear

- 211 -



peripheral to disarmament and to material balance issues. But lacking documentary or physical evidence to
establish a material balance, other elements of the Iragi BW programme become essential as tools for verification.
The history of the Iragi BW programme is certainly an element of the FFCD, which, if correctly declared, would
facilitate verification.

128. The introduction and chronology presentation of lrag's BW programme encompasses only a part of the
programme, is inaccurate with respect to dates and fails to provide an insight into the decision making process
which facilitated its evolution. The account misleads because it presents the programme as an entity which came to
fruition in 1990 whereas in reality it was a programme planned to reach maturity some time in the mid/late 1990s.
The account also fails to provide any perspective to the programme merely listing a miscellany of chronological
events linked only by time rather than requirement, strategic planning, or military utility. As such there is no
continuity to the account which limits the Commission's understanding of the BW programme.

129. Iraq claims that the programme started in 1974 by Presidential decree and by the establishment of the
Al-Hazen Institute. Interview evidence shows that consideration of a programme was earlier, as evidenced by
the establishment of a functional purpose-built scientific research complex by mid 1974. Planning, design and
construction of such a complex would had to have started at least in 1973 with concepts developed earlier. The
alliation of the Institute is not defined other than to a "State Security Organization".

130. The Al-Hazen Institute terminated on 16 January 1979 not 1978, as declared, because of fraud by the Chairman
(Major Ghazan Ibrahim, not stated in the FFCD) and some senior stalJ, not for reasons of inadequacy of the facility,
nor inability to make scientific progress as claimed by Iraq.

131. Before the apparent "resurrection” of the programme in 1985 work continued at Al-Salman to create resource
for biological purposes including buildings established for the Institute including an animal house. Prof. Nasser
Hindawi submitted a proposal for BW research in the early 1980s. The date on which the Director of Al-Muthanna
Establishment (Gen. Nizar Attar) formally requested the addition of a BW research is not indicated.

132. It is stated by lIraqg that no plans were elaborated for the large scale production, weaponization and storage of
BW agents which is contrary to the statement of Gen. Nizar Attar who stated in 1995 that a plan was formulated in
1986 to achieve weaponization within 5 years (which is precisely what happened). The evolution of the programme
over the next five years appears to follow a well defined course implemented with urgency, authority, and great
secrecy demonstrating considerable planning.

133. Research and Development at Al-Muthanna is claimed to have been restricted to consideration of just
Clostridium botulinum and Bacillus anthracis spores whereas it is known that Clostridium perfringens was received
on 10 November 1986 and that "DIALOG" database searches were undertaken for Clostridium perfringens on 13
May 1985 and 10 July 1985. Consultations were undertaken with Prof. Nasser Hindawi when at Mustansiriyah
University in 1986.

134. In reality the Commission assesses that the transfer of the BW work from Al-Muthanna to Al-Salman (TRC)
was to preserve secrecy. Al-Muthanna still had a requirement for the agents produced at Al-Taji and subsequently
at Al-Hakam for field tests. Al-Muthanna continued to collaborate on both laboratory and field experiments from
1987 to 1991.

135. The establishment of the BW research group at Al-Salman in 1987 is accepted as stated although the means
by which it was established and managed is far from clear. The relationship of the programme within TRC to
other organizations is unclear. The responsibility and management for the expansion of the programme to include

mycotoxins in 1987/88 and viruses and genetic engineering in 1990 has not been defined adequately.

136. The establishment of the BW agents production factory at Al-Hakam has not been related to a military
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requirement or a weapons testing and procurement requirement. The extent of the capability there has not been
justified.

137. Field tests of BW agents started in late 1987/early 1988. The extent of such testing has not been revealed and
some previously acknowledged tests are now stated not to have taken place.

138. The activities undertaken in 1989 and 1990 - field testing aerial bombs, rockets and other munitions; the
expansion of the programme in terms of research and agent production, and acquisition of additional facilities
remain ill defined and as such a confident determination of the extent and scope of the programme cannot be made.

139. Since the FFCD falsely states that the BW programme was obliterated in July 1991 no credible account is
given of the preservation and concealment of the programme until 1995.

FFCD UNSCOM Assessment Commentary

1974 - Initiation BW Programme by Government decree. Establishment of Al-Hazen required planning in earlier
years. No decree provided. Al-Hazen Institute established.

1978 - Liquidation of the Al-Hazen Institute. Formally ceased activity on 16/1/79. Biological work continued at
Al-Salman from 1979 to 1985. Legal reports confirming financial fraud by senior stall provided.

1983 - BW was introduced in Al-Muthanna objectives. This is probably correct. Date probably 1983 from testimony
of Lt. Gen. Nizar Attar. No documents to support statement. Statement by Head Al-Muthanna that BW added to
CW programme was made in interview testimony.

1985 - Start Al-Muthanna BW research. This is probably correct Documentary evidence for the appointment of
BW stall. Others were already engaged at Al-Muthanna. Requirement and assessment not provided.

1986 - No formal plans for BW. Planning was an integral and essential part of establishing the BW programme for
the military. Contrary to statements of Gen. Nizar Attar and Haidar Farm documents.

1987 - Transfer BW research to Al-Salman under TRC. It is accepted that this occurred in 1987. Documents support
the transfer of personnel. No realistic justification or rationale provided for the move.

End of 1987 - Production botulinum toxin for weapons tests. Acquisition Al-Taji was Aug 1987 and indicates prior
planning for weapons. No documentary evidence of output of botulinum toxin. Acquisition Al-Taji supported by
documents.

1988 - Start planning weapons tests. Weapons were considered from 1986 when Gen. Nizar Attar planned BW
programme. Detailed planning started in 1987. No documents provided.

1988 - Expansion BW activities. It is accepted that this occurred although the extent and scope cannot be assessed.
Recruitment of personnel and documented activity confirm this.

1988 - Establishment of Al-Hakam Factory for the production of BW agent. Plans laid 1987; no justification
provided; relation of scale to military requirement not explained. Gen. Nizar Attar started formulating plans in 1986.
Acquisition of site on 24 March 1988 documented.

1988 - Start aflatoxin research. 22nd May 1988 is accepted as the start date. No coherent account of initiation of
work has been presented.

1989 - Start Ricin research. Ricin considered CW agent. The origin of and extent of programme unclear. Started in
1988. No coherent account of initiation of work has been presented.

1989 - Start Botulinum toxin production on an industrial scale. This is accepted Consistent with evidence of
construction and equipping Al-Hakam.

1990 - Botulinum toxin production continues on an industrial scale. Scale not consistent with admitted weaponization
activities. Undertaken at Al-Hakam and Al-Manal.

September 1990 - Start of Bacillus anthracis spore production on an industrial scale. In response to August order

of Lt. Gen. Hussein Kamel Hassan. Production does not make maximum utility of equipment available. Evidence of
Bacillus anthracis spore production at Al-Manal. Al-Hakam 1990 report supports Bacillus anthracis spore production
at Al-Hakam.

July 1990 - Start of virus research programme. Appears to be correct, at least for Dr. Hazem Ali's work. Role of Dr.
Hazem Ali, a virologist, in programme unclear. Al-Hakam 1990 report supports this.
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March 1990 - Start of genetic engineering programme. Appears to be correct. No clear objectives provided for this.
Location of activity unclear. 1990 Al-Hakam report confirms start.

August 1990 - Decision to produce biological weapons for war. Accepted that the programme changed and was
enhanced. No documents provided in support. Presented as a unilateral decision by Lt. Gen. Hussein Kamel Hassan.
August 1990 - Enhanced production of BW agents. Accepted that the programme changed and was enhanced. No
documents provided in support. Presented as unilateral decision by Lt. Gen. Hussein Kamel Hassan.

[September 1990 - R-400 tests at Al-Mohammediyat] Tests probably were undertaken with agents deployed.
Statement withdrawn by Iraqg despite discussion of tests with weapons stall at Al-Mohammediyat which provided
clear accounts of the trials.

September 1990 - Al-Manal established at FMDV facility Daura to produce botulinum toxin for weapons. Evidence
that Al-Manal was also used for Bacillus anthracis spores - denied by Irag. Bacillus anthracis spore genes were
found on a fermentor and storage vessels. Documentary evidence that facility was acquired and 5000 litres
botulinum toxin were produced.

January 1990 - Production of aflatoxin at Al-Fudhaliyah (Al-Safa'ah). No technically coherent account for production
given. Testimony indicates September 1990 for start. 1990 Al-Hakam report states 2200 litres aflatoxin produced,
but location not identified.

December 1990 and January 1991 - Weaponization of BW agents. The ordering and timing of weapons filling and
deployment remains unclear. Timings of activities still not precise. It is unclear what the range of weapons used
actually was. R-400 bomb and Al-Hussein missile warhead remnants confirm that BW agents were used with these
weapons.

January - July 1991 - Deployment of weapons. Ambiguities remain on numbers and location of weapons deployed.
Iragi accounts of the deployment of weapons continue to change.

July 1991 - Destruction of weapons. Destruction of totality of BW weapons can not be verified. Physical evidence of
destruction of some R-400 and missile warhead weapons confirming in part the statement.

June 1991 - Destruction of bulk BW agent. It is possible that bulk agent remains available to Irag. No physical or
documentary evidence of this. Interview testimony supports agent destruction although there are inconsistencies in
account.

Research and Development

140. Research is a fundamental cornerstone of Irag's BW programme. It provides a scientific and technical basis for
all aspects of the final developed programme. Although not all aspects investigated at the research level will lead to
weapons development, the scope of the research programme is an index of the concept, strategy, and extent of the
programme. No account whatsoever is given of review, concept, or theoretical projects undertaken by the research
stall throughout the programme.

141. The Commission's understanding of the early years of Iraq's BW programme at the Al-Hazen Institute in the
1970s is poor. It is not credible that a single individual is portrayed as being solely responsible for initiating and
planning the research programme. A military input is also denied, although it is acknowledged that o[Jcers from
the Chemical Corps were members of the stall. A clear definition of the success, or possibly lack of it, is necessary
because both outcomes would influence future development of the programme. A full account of the extent of

the Al-Hazen programme has not been presented in the FFCD although this programme was olJensive in nature.
Subsequent clarification (12 May, 1998) provides some further background information but still fails to indicate the
strategic planning that initiated a BW programme within Iraq.

142. The period of 1979 to 1984 remains a void in the Commission's understanding although there is considerable
evidence of biological activities during that period - continuation of a building programme originally for the Al-Hazen
Institute, retention of Al-Hazen stall at Al-Salman, Prof. Nasser Hindawi's submission for a research programme,
acquisition of dual capable equipment, and placement of stall abroad for training. In other words the programme
seems to have continued albeit with dillerent objectives, emphasis, management, and resources.
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143. The resurgence of the BW programme is attributed to Gen. Nizar Attar, the State Organization for Technical
Industries (SOTI) and MOD, and the appointment of Dr. Rihab Taha as an investigator in early 1985. This resulted
in an initial programme of work at Al-Muthanna where Bacillus anthracis spores and Clostridium botulinum are
acknowledged to be the cores of the activities. However, according to Irag, under Gen. Nizar Attar's direction a
plan was formulated in 1985 to develop biological weapons which included at least one additional agent, Clostridium
perfringens. Iraq states, that basic studies on cultivation, identification, and pathogenicity of only Bacillus anthracis
spores and Clostridium botulinum were undertaken. Nevertheless, there are indications that a broader survey of
agents was undertaken as evidenced by the range of BW agents and simulants obtained in 1986 together with
literature surveys undertaken by Iraq's scientists.

144. In mid 1987 a group of biology researchers left Al-Muthanna to continue to undertake research within TRC at
Al-Salman and to support biological weapons tests. The full circumstance of this transfer has not been presented.

In addition it is stated that formal research on Clostridium perfringens started in 1988; aflatoxin, trichothecene and
ricin work started, with the recruitment of further experts; and olensive work with Tilletia spp. (Wheat cover smut
or bunt of wheat) continued at an increased level of activity. Additional research studies on the dissemination of BW
agents using both liquid and dried BW agents was undertaken although the full depths of this work remains to be
presented by Irag. The extent of these studies has not yet been determined but documentation indicates a greater
understanding of dissemination than revealed to the Commission.

145. At Al-Salman some fundamental research work on the enhancement of the toxicity and virulence of agents
was also undertaken, some in conjunction with Al-Muthanna. Research on the scale up of agent production was
undertaken and the searches for cheap e[Jcient growth materials were undertaken, not all of which have been
disclosed in the FFCD although both testimony by Iraq's experts and documents indicate activity undertaken.
Studies on the storage and preservation of both seed stocks and bulk agents were undertaken. The elects of
Clostridium botulinum and Clostridium perfringens spores were also determined. The rationale for this is not
presented in the FFCD and no one accepts responsibility for the scientific and technical basis for this expansion
other than Dr. Ahmed Murthada who by his own acknowledgement merely administered the programme. The
relationship of the parent organization to Al-Muthanna, the Scientific Research Council, the University of Baghdad,
the Iragi Atomic Energy Agency and the Central Library of Irag have not been defined. The extent of the research
programme remains to be presented. In 1985, 1986, and 1988 a range of defined seed stocks of BW agents were
acquired, some of which are not recorded as being a component of the BW programme.

146. In 1989 much of the research group and its attendant research was transferred to Al-Hakam where
experiments on weapons materials compatibility was undertaken as well as quality control on BW agents produced
at the industrial scale. The scale of the research work was further extended. In 1990 additional research locations
were obtained at the Foot and Mouth Disease Vaccine Institute at Daura and apparently the Agriculture and
Water Resources Centre at Fudhaliyah. Research on viruses was started by Dr. Hazem Ali and genetic engineering
with Dr. Ali Nuria Abdel Hussein. The logic and intent for the selection of camelpox virus, infectious haemorrhagic
conjunctivitis virus, and rotavirus are not stated in the FFCD. The objectives for the genetic engineering unit

are not elaborated upon although testimony of Dr. Rihab Taha has indicated initially antibiotic resistant strains of
Bacillus anthracis spores were to have been derived. Any relationship with that of the genetic engineering section
of Al-Muthanna housed at the Serum and Vaccine Institute at Amiriyah under the direction of Dr. Al-Za'ag is
denied.

147. Iraq's failure to identify and to present technically and scientifically competent stall who will accept intellectual
and management responsibilities for the balance and emphasis of the research programme, the planning and
development of the research programme makes the determination of the overall extent of the programme diCcult.
There is a denial that individuals from academia (other than Prof. Nasser Hindawi and Dr. Al-Akidi) or other
Ministries (with one exception) contributed to the programme in a consultative or advisory role. There is also Irag's
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denial that any coordinating or supervisory committees existed which is unlikely.

148. Documents concerning the research activities have been provided to the Commission. In August 1991 some ten
papers concerning the research of Dr. Rihab Taha were presented to the Commission. These focussed on the three
agents Bacillus anthracis, Botulinum toxin and Clostridium perfringens. In 1995 additional information was obtained
by the Commission from the Haidar Farm, including research papers that indicateed that papers released in 1991
were carefully edited to mislead the Commission. No documentation concerning research on mycotoxins, smut,
viruses, plant toxins and genetic engineering were included in the documents. In 1998 eight documents concerning
research, apparently involuntarily provided by Prof. Nasser Hindawi, were provided to the Commission. The
documents essentially confirmed earlier papers, although one three-page document which personally reviews Prof.
Nasser Hindawi's contribution to the programme, bearing the date 1989, is given great credence by lraq as defining
the scope of the programme.

149. Iraq claims that research is one of the best documented areas of the FFCD. The account fails to give
confidence that the full extent of the research programme has been described and that all achievements have been
presented. This is partly because of a lack of documentation in areas of activity outside bacteriological warfare
agents and partly inconsistent and reluctant oral accounts of such activities. No indication is given of weapons
research which logically would have run in parallel with agent production activities.

FFCD UNSCOM Assessment Commentary

1974 - Initial research elorts to achieve a BW capability at Al-Hazen Ibn Al-Haithem Institute. Overall correct

but earlier start, probably 1973, based on the requirement to plan the building programme. No documentation of
substance provided in support. The account is partially supported by interviews.

1974 - 1978 - Al-Hazen Programme. The FFCD states that the biological part of Al-Hazen was "research on
microorganisms for military purposes”. It included antibiotic and environmental resistance, means of production,
and agent preservation. The scope can not be defined but broadly the range of research is accepted although the
true objectives of the work and the relationship to military requirement is lacking. Clostridium botulinum, Bacillus
anthracis spores, Shigella spp., Vibrio cholerae and viruses were among organisms studied. Interview testimony
supports much of the statement although accounts vary in terms of the success and outcome of the research.

1978 - Liquidation of Al-Hazen Institute. Records of imprisonment of senior personnel is cited as evidence. Scientific
fraud is asserted. BW Research stated as ending. Formal termination of programme of Al-Hazen Institute occurred
allegedly in January 1979 but work continued. Evidence supports formal end of Al-Hazen, but in January 1979. It

is probably a temporary end of part of the BW programme; work continued on biological issues. Court documents
indicate financial not scientific fraud.

1979-1984 - Activities - not acknowledged. Work continued at Al-Salman and planning for enhanced programme
started. Iraq states no BW activities occurred during this period. Evidence of further work at Al-Salman and other
locations. Planning at Al-Muthanna for integration into CW programme. Ba'ath party receptive to research ideas.
1985 - A new start to BW research. The actual year of initiation of work is not clear. Generally accepted that actual
laboratory work of Dr. Taha's group started in late 1985. In February 1985 BW research started at Al-Muthanna
involving Dr. Rihab Taha. Documents citing her transfer from the University of Baghdad to Al-Muthanna. Research
plans are denied. No theoretical or concept development acknowledged. UNSCOM has evidence of plans. Plans were
presumably laid before 1985, Iraqg's stated starting point.

1985 to 1987 - Al-Muthanna research was a basic programme for Bacillus anthracis spores and botulinum toxin
only. Restricted to laboratory production, characterization and storage. The time frame of research is accepted but
the extent of the research is not determined. No supportive evidence submitted. Such studies were conducted. Not
possible to verify that research was as limited as declared. Aerosol studies were conducted. Forged research papers
produced in 1991 and presented to UNSCOM in support of these activities.

1985 - Acquisition of BW agents and simulants. In 1985, 1986, and 1988 a range of agents required to support
programme were acquired, or attempted to be acquired, from a number of foreign sources including from ATCC.
and Institute Pasteur. Local acquisition also occurred. Documents support overseas sources, but many strains were
also obtained from local sources; these are not cited. The rationale for the extensive range is not provided. The 12
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May, 1998 declaration provides the year of import using the University of Baghdad as a cover.

1984 - Smut research at Al-Salman. Smut research started at Salman Pak in 1984 and continued throughout the
1980s. Initially a civilian study, subsequently from 1987 olensive in nature. Partially supported by interviews which
also indicate an olJensive side of the studies. Origin of oJensive work unclear.

1987 - Transfer of "Biology Group"to Al-Salman. The Al-Muthanna group was transferred to Al Salman from May to
July 1987. Various reasons cited. Evidence exists to generally support the time frame. Rationale for the transfer not
convincing and conflicts with evidence.

1987 - Continuation of Bacillus anthracis spores and botulinum toxin research. Advanced research including
determination of pilot scale production and storage begun in 1988. Evidence indicates earlier advancement to this
stage. FFCD does not include all aspects indicated by interview testimony

1987 - Aerosol dissemination studies. Aerosol work undertaken at Al-Muthanna in 1987, with small animals, and

at Al-Salman, 1987, latterly with a variety of agents. Both dry and liquid forms of agents were evaluated. No
documents to support statements. Monkeys exposed at Al-Muthanna. Limited disclosure of this activity provided.
April 1988 - Clostridium perfringens research starts. Start date of work unclear. The objectives and scope of the
work greater than acknowledged. Not all aspects indicated by interview are covered in the FFCD. Start cited as
after hiring of a specific individual in 1988 and concentrating on the infectivity of spores, not toxin(s). Toxigenic
strains selected. Documentary evidence of earlier interest and research.

1988 - Additional acquisition of BW agents and simulants Procurement activity greater than disclosed. In 1988, a
range of additional agents required to support the programme were obtained.

1988 - Aflatoxin work started. Work initiated because of ease of production of aflatoxin. Accepted that work started
in 1988 with the appointment of Dr. Emad. Origins and extent of this programme still uncertain. No documents
concerning research other than weapons research.

1988 - Production technology. Pilot scale production of Bacillus anthracis spores, botulinum toxin, and simulants
undertaken in 1988/89; processing and storage parameters evaluated. Agent drying process under-reported. No
documents to support statements. Limited acknowledgement of production and downstream processing provided.
Some work started much earlier than acknowledged. Drying know-how was greater than stated by Irag.

1989 - Ricin work was initiated at Salman Pak. Research began in 1988 (or earlier) at the request of an Internal
Security Olcer. Origins and extent of this programme still uncertain. No documentary evidence. Even after Lt.
Gen. Hussein Kamel Hassan's departure in 1995, documents were altered to conceal origins and organizations
associated with this efort.

1990 - Trichothecene work starts in March. Work began in 1987 by someone other than Dr Emad. Account for
trichothecene work conflicting and under reported. Documents indicate 1987 start to work.

1990 - Initiation of genetic engineering. Began in 1990. Initiation of programme by acquisition of specific equipment
and scientist. Attempted acquisition of equipment documented. Start of efJort and other details are not given. The
rationale for this work not given. Antibiotic resistance in Bacillus anthracis was the objective according to Iraqi
testimony. Denial that Al-Muthanna Genetic Engineering Unit at Amiriyah contributed to the BW programme in
1990 and 1991.

1990 - Start of virus studies. Preliminary studies on growth and pathogenicity attempted in late summer 1990.
Studies focussed on Camelpox, Infectious Haemorrhagic Conjunctivitis virus and rotavirus Partially documented.
The rationale for this work not given. Other possible uses include incapacitating agents.

Al-Muthanna aflatoxin collaboration. In 1989 studies on augmenting aflatoxin with smut, CS, CN and mustard
undertaken. Limited disclosure of this activity provided. The role of Al-Muthanna under-played.

Al-Muthanna ricin collaboration. Documents indicate collaboration was extensive in 1989. Al-Muthanna assisted in
set-up for a field trial in November 1990. Role of Al-Muthanna under-played.

Sites and Buildings
150. There is a requirement for Irag to provide the rationale, justification, and requirement for all sites including
those for weapons tests, research and development, production, storage, weapons production and filling, deployment,

and the destruction sites for weapons, documents and agents. Building diagrams must be provided where
appropriate.
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151. Such an account would correspond to one of the few tangible aspects of the programme which can be
unambiguously presented - the actual buildings created and used. All that is provided in the FFCD is a physical
description of some components. It does not relate activity undertaken or required to facilities available. Irag has
provided 23 site diagrams with little commentary after the Vienna Technical Evaluation Meeting (12 May, 1998) in
response to the criticism.

152. The scale of a facility quite obviously relates to the scale of activities planned to be undertaken. In the case of
a key facility within a BW programme it will accommodate the stal and resource required or projected to fulfill the
objectives of the programme. The only sites that Iraq has acknowledged to be purpose built for BW purposes are
the Al-Hazen Institute and Al-Hakam. It is conceivable that components of Al-Muthanna and Al-Salman were also
designed with regard to biological weapons considering the common origin of the Chemical and Biological weapons
programmes.

153. The Al-Hazen Institute was designed specifically for the start of the BW programme. In spite of this, few
details have been provided by Iraq concerning the actual design and construction with regard to requirement.
In addition the future requirements for Al-Hazen as evidenced by the construction of the "cube" and "L-shaped
building" together with an animal house are not acknowledged.

154. The Al-Salman account describes the accommodation occupied by the stal associated with the biological
programme but does not indicate how this matches requirement and utility. The additional buildings erected
specifically to support the programme (animal house, fermentor building and incinerator building) have not been
related to planning, construction and requirement.

155. The Al-Hakam Factory is acknowledged to have been built with the objectives of undertaking research and
development together with industrial scale production of BW agents. Dr. Rihab Taha has also stated that weapons
filling at Al Hakam was also considered for the future. Iraq states that weapons were filled for experimental field
tests in 1990 at Al-Hakam and R-400 bombs were assembled at Al-Hakam in preparation for their subsequent filling
(which apparently occurred at Al-Muthanna) and their subsequent deployment. Consideration of weapons assembly,
filling and storage (empty and full) would have been a part of the consideration of Al-Hakam in 1987/88 as would
the storage of bulk agent and the media required to produce such agents.

156. The biological agent was stored in a bunker and a warehouse at Al-Hakam. The hardened bunker was capable
of housing some twenty 5000 litres containers. Just four are acknowledged to have been manufactured and two
were placed in the bunker and two were placed in the warehouse. It is not clear how many more 5000 litre
containers were made or planned to be fabricated. The containers were specifically designed for pathogen storage
and subsequent sterilisation. Containers with a capacity of 1000 litres, which were wheeled and so mobile, were also
manufactured. Although the precise number made is uncertain it appears that at least 39 were made in 1989 and
1990. Some 70 were planned to be fabricated. These would serve both as storage and transfer vessels. The total
planned storage capability is dilJcult to ascertain but it is probably in the region of 80,000 to 100,000 litres of agent.

157. Al-Hakam was intended to accommodate, in 1988, three five-cubic metre fermentors in the first instance.
According to a document provided by Iraq two such fermentors were planned to produce Agent A (botulinum
toxin) and one for Agent B (Bacillus anthracis spores). This is described as industrial scale production and implicit is
that it satisfied the minimum military requirement for Irag. No account of this requirement has been made. In the
event the fermentation line from the Al-Kindi Company was installed comprising seven 1480 litre fermentors and
two 1850 litre fermentors (i.e,, a total of 14060 litres) which is a similar overall volume confirming the operational
scale requirement. Operating at a 5-day cycle about 820,000 litres of agent could be produced per year equivalent
to 82000 litres of 10-fold concentrated agent. Assuming an annual replenishment of agent it would appear the
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initial annual capacity of the factory would be about 80,000 litres. When both areas A and B of the large scale plant
became functional the capacity would in essence double and remain at that level until the far larger capability in
area D came on stream.

158. The site was used for the testing of weapons in 1990 and parts of the location lend themselves to experimental
weapons tests away from the main production areas. As acknowledged the site is sulJciently remote to minimise
contamination in the case of an accident and implicit is that it can be used for agent simulant testing.

159. This FFCD also omits any reference to mobile production facilities once considered, according to Lt. Gen. Amer
Al-Saadi. It omits the rationale for the selection of the geographical location of Al-Hakam and consideration of other
sites such as Basrah.

160. Since Iraqg's overall account of sites is poor, and the FFCD fails to provide a coherent account of the overall
military programme, it cannot yet be assessed whether the sites identified represent the entirety of the facilities
used to support the programme. In the absence of a credible account of the overall planning and evolution of the
programme some site related aspects cannot be fully evaluated.

161. Sites associated with Irag's BW programme (the list of sites is not necessarily complete).

SITE Function UNSCOM Assessment Comments

Abou Obeydi Airbase, near Kut Test Site for drop tank dispersion tests Used to test drop tanks for BW
dissemination. Description incomplete. Rationale for BW use of site not given. A poor quality incomplete site
diagram is provided.

Agricultural & Water Research Station, Al-Fudhaliyah BW aflatoxin production claimed. Aflatoxin and genetic
engineering research. No evidence, other than testimony, that site was used for this purpose. Partial rationale for
site given provided, no site diagrams. Video evidence of MIC interest in site acquisition.

Agricultural Aviation Division, Khan Bani Sa'ad BW weapons development - Zubaidy device Used for purpose
stated - supported by documents. Partial rationale provided on May 12, 1998. No site diagrams provided.

Airfield 37, near Ramadi BW Storage for BW R-400 bombs R-400 bombs at the site - no evidence of BW weapons at
location Poor site diagram provided on May 12, 1998

House at Al-Amiriyah, Baghdad Preliminary R&D site, Al Hazen Institute. May be correct. No site diagram
provided. Rationale not provided.

Diagrams provided May 12, 1998. Location not known.

Al-Adile Stores (Kimadia) Forged documents on growth media prepared at site Possible site for preparation of
forged media documents Documents in UNSCOM possession. Forged documents acknowledged by Iraq
Al-Azzizziyah BW Storage and Destruction Site R-400 weapons destroyed at the site; weapons may have been
deployed there. Rationale and site diagram provided in May 12, 1998 clarification.

Al-Dabash Stores, Baghdad Growth media storage Media from BW programme stored at site 1991-96. Iraq
acknowledges role of site.

Al-Fao, Baghdad Design & Construction Center for Al-Hakam Evidence that it contributed to the design and
construction of Al-Hakam. No information provided by Iraq.

Al-Faris Factory, Al-Amiriyah, Baghdad BW weapons development, drop-tanks No information provided. No
information provided. Not acknowledged as a part of the programme.

Al-Hakam Factory BW agent production Accepted that it was one of Iraq's production plant. Justification and
rationale inadequately presented. A selection of site diagrams provided but insulJcient to provide a definitive
account.

Al-Hazen Ibn Al-Haithem, Salman BW research Accepted that it was a site constructed for research activities.
Rationale provided for first phase. Some diagrams provided on May 12, 1998.

Al-Kindi Company, Abu-Ghraib Training, TRC personnel on fermentation line. Source of fermentors for Al-Hakam.
Explanation and rationale only partial.
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Al-Manal, Daura, Baghdad BW Research & Production Stated role may be correct for botulinum toxin production
and virus research but evidence of Bacillus anthracis spores work at this site. Explanation and rationale only partial.
Al-Mansuriyah BW Missile Warhead Storage Role is not confirmed. Rationale only partly provided. A diagram and
comments provided May 12, 1998 clarification.

Al-Meshada, Taji Storage surplus R-400 bombs. Stated role may be correct. No diagrams.

Al-Mohammediyat Test Site for weapons tests Stated role may be correct. Rationale only partially provided. No
diagrams.

Al-Muthanna, Samara BW Research & Weapons filling Accepted that Al-Muthanna contributed to research and
weapons, timing and detail of planning for activities unknown Rationale not totally credible emphasises CW aspects
of building planning. Some diagrams provided. Description of buildings minimal.

Al-Nahrawan, near Baghdad Test site for prototype biological bombs. Site not positively located. Partial rationale.
No site diagrams.

Al-Nibai BW missile warhead destruction. Missile destruction site still under investigation. No site diagrams. Partial
account provided May 12, 1998 clarification.

Al-Numan Factory, Baghdad Fermentor component manufacture. Stated role may be correct. Rationale and site
diagrams not provided.

Al-Qa'a Qa'a, Latifiyah Explosives. Role accepted. Rationale and site diagrams not provided.

Al-Rasheed Air Base, Baghdad Pilotless MiG 21 test for drop-tank. Stated role may be correct. Partial rationale
provided. No diagrams.

Al-Taji BW Production. Stated role may be correct. Clear rationale not provided.

Asma School, Al-Hindaya Media, equipment, supplies, and records evacuation site. Stated role may be correct.
However media aspect not supported by documentation. Diagrams not provided. Document supports that it served
as an alternate site.

HQ Air Force Technical Depot, Taji Drop-tank storage, destruction. Stated role may be correct. Diagrams not
provided.

Jarf Al-Sakr Test Site - 155mm shells and Ricin. Stated role may be correct. Diagrams not provided.

Jurf Al-Nadaf Aerosol chamber dump site. Role confirmed by inspection. Diagrams not provided.

Nasr State Establishment, Taji R-400 bomb manufacture. Stated role may be correct. Rationale for R-400s not
provided. Diagram provided May 12, 1998 clarification.

Project 144, Taji BW weapons development - 122mm rockets and Al-Hussein warheads. Stated role may be correct.
Rationale for warheads not provided. Inadequate diagrams provided.

Serum & Vaccine Institute, Amiriyah Storage BW seed stocks. Genetic engineering. Stated role may be correct.
Rationale for Genetic Engineering not provided. Site diagram provided May 12, 1998 clarification.

Site 85, near Latifiyah BW deception site, acquisition. Stated role may be correct. Description and rationale
inadequate.

State Enterprise for Heavy Engineering, Daura, Baghdad Mobile and Storage Tank Manufacture. Stated role may
be correct. Rationale for mobile tanks not provided. May 12, 1998 clarification.

State Establishment for Mechanical Engineering, Iskanderiah Not acknowledged. Involvement in destruction of
mobile tanks. Not acknowledged.

Store no 6, Misbah, Baghdad Growth media storage. Possible temporary media store. Iraq claims site to be
temporary media store.

Technical Research Centre, Salman BW Research. Stated role may be correct. Rationale and diagrams provided.
Destroyed by coalition bombing 1991.

Tigris Canal, near Fallujah BW missile warhead storage. The site may have been used for storage . Explanation and
rationale changed over last two years.

University of Baghdad, Baghdad Procurement of BW equipment; BW agents procured for and used in the
programme; deception. Stated role may be correct. Explanations, rationale, and diagrams not provided.

University of Technology, Baghdad Design & Construction Al-Hakam. No information provided by Irag.
Explanations, rationale, and diagrams not provided.

Military Industrial Commission, Baghdad Administrative Centre. No information provided by Iraq. No diagrams
provided.
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Organization of Iraq's BW Programme

162. There is no comprehensive information about the organization of Iraq's BW programme, at all levels, and its
relationship to other Iragi bodies. This makes it impossible to determine the scope and nature of the programme.
An understanding of the various relationships and interconnections between the diverse organizations that
contributed to the BW programme is essential to gain a full appreciation of the programme and build confidence
that the account provided is indeed full and complete. A variety of Government organizations would have
contributed to the programme. Among these would have been the State Security and Intelligence, the Ministries of
Agriculture, Health and Education, Ministry of Defence and some of its various branches, as well as the industrial
and academic base in Irag. The list of contributing organizations cited in the FFCD is incomplete compared to
interview testimony and documentation. This can only be rectified by a full disclosure of relevant information
supported by documents and details of funding.

163. Iraq claims that the Ministry of Defence provided no support to the BW programme. It is also stated that there
was no representation on the Military High Command or the General Council of Ministers concerning any aspect of
the BW programme. It is explained by Iraq that the Director-General of TRC reported directly to Lt. Gen. Hussein
Kamel Hassan in his capacity of head of the State Security Organ, rather than as head of MIC. Despite this, Iraq
forcefully denies any interaction between the BW programme and any lragi intelligence agencies.

164. Iraq claims that the BW programme was controlled from the bottom-up. Such a system would not account for
the degree of coordination which became evident as the programme progressed.

165. In contrast with the Al-Hazen Institute, which had a formal personnel recruitment programme for its BW
activities, the later BW programme had no such formal arrangements, according to Irag. Promising people within
the BW programme were sent abroad for higher education. It is claimed that no directive or directions to academic
institutions existed to conduct research related to BW. The description of academic connections does not accord
with the evidence.

Military Involvement in Iraq's BW Programme

166. A clear description of the organizations driving, or influencing, the BW programme is critical to assess its
dimension and significance. The lack of such descriptions reflects negatively on the credibility of accounts of R&D,
production, and the selection and deployment of weapons. Without further physical or documentary evidence, the
unclear explanations given, in these areas, make it impossible to confirm the information presented in the FFCD.

167. The account of military organizations involved in the BW programme is not seriously addressed in the FFCD.
The contention that the MOD remained wholly unaware of Irag's BW programme since 1987 is implausible. The
programme started within the Al-Hazen Institute and was headed by a member of the Chemical Corps, Major
Ibrahim Ghazim, and the biological component had two senior members recruited from the Chemical Corps. It is
acknowledged that MOD was involved from 1983 to 1987 and that it endorsed the addition of BW to the remit

of Al-Muthanna in 1983. Although, formally, the chain of command may have altered when the BW research and
production component was transferred to TRC within MIC in 1987, it is unlikely that it was not visible to senior
military personnel within the MOD. Programming for the formal adoption of BW would have been a factor in the
strategic planning of Iraq's military development along with the foreseen nuclear and chemical capabilities.

168. Iraq would have developed a requirement for a militarily significant arsenal of biological weapons in 1987/88,

or possibly earlier, based on strategic planning. This in turn would define the technical scope of the programme and
the appropriate funding to ensure the eventual success of the programme.
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169. According to Irag's account, the involvement of MOD in the BW programme ceased with the transfer of the
biology group from Al-Muthanna to TRC that was under the control of MIC. Iraq asserts this MOD link was only
re-established specifically for the deployment of weapons in January 1991. The explanation given is that MIC had
a higher status than the MOD and was a self-contained entity that could progress from initiation to deployment of
weapons without external input. This has not been substantiated.

170. The BW weapons would have to have been integrated into Iraq's strategic arsenal. For these, military
objectives, the concepts of use and the mechanisms for releasing these weapons must have been defined. This
would have required extensive planning, which Iraq denies.

171. The FFCD portrays Lt. Gen. Hussein Kamel Hassan as the sole key decision-maker and controller of the
BW programme after 1987. Links between Lt. Gen. Hussein Kamel Hassan, the MOD and other organizations
are vehemently denied. It is assessed by the Commission that such links must have existed. Without such links,
understanding how Iraq defined its military requirement and planned the use of its BW weapons, is dilJcult.

OTHER ISSUES RELEVANT TO VERIFICATION OF IRAQ'S BIOLOGICAL WARFARE PROGRAMME

172. In Parts | and 1l the status of verification of elements of Iraq's BW programme described to one extent

or another in its FFCD is presented. However, a status report would not be complete without the inclusion of
several other issues directly related to the verification of Iraq's BW programme. Iraq has attempted to portray

the Commission as stalling in its verification eJorts. As part of this elort, Iraqg cites the numerous inspections and
interviews conducted by biological experts as well as citing approximately 200 documents it has provided in support
of its declaration. However, Iraq has failed to cite the obfuscation and deception by Iraq that has necessitated these
multiple inspections. It has also not cited the type and nature of the documents provided. Quality is not measured
solely on the number of documents or volume of material.

173. Other issues include the technological coherence of the programme. The less coherent the programme appears
to be the greater the dependency for verification on documentation and physical evidence. Iraq tries to portray its
BW programme as an inept programme without guidance or direction. The Commission's assessment of Iraq's level
of technology does not support this contention. Iraq asserts that its BW programme was obliterated in 1991. There
is little confidence that its programme has been ended. Throughout all of the issues in all three parts of this report
is the pattern of concealment and deception employed by Iraq to prevent a true picture of its BW programme from
emerging. These issues are addressed below.

Inspections 1991 to 1998

174. Over the past eight years the Commission has conducted some 70 inspections directly concerned with
biological warfare activities undertaken by Irag. In addition, six joint chemical and biological inspections have been
undertaken, including one that included missile experts. Sixteen monitoring teams have followed biological activities
in Iraqg's industrial, agricultural, medical and academic facilities. More than twenty of these inspections were direct
investigations of Irag's proscribed BW programme and two were involved with destruction of facilities involved in
the programme. The remainder included establishing protocols and procedures for monitoring, detailed audits of
key facilities, determination of indigenous capability, and searches for documents. In addition two major meetings
were held to exchange information, during August 1993, in New York, and March 1998, at the TEM in Vienna. On
both occasions, Iraq produced no additional information to enable a true appreciation of its entire BW programme.

175. The past programme investigation consisted, essentially, of three phases. Firstly, the discovery inspections

of 1991 and 1992, that showed that Iraq has not been forthcoming about the scale and scope of its programme.
Second, from autumn 1994 to summer 1995, consisting of attempts to uncover the past weapons programme and
to establish the credibility of statements being made by Iraq about its past programme and the claimed legitimate
activities of sites assessed to have contributed to the programme. After the departure of Lt. Gen. Hussein Kamel
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Hassan in August 1995, the Commission embarked on a third phase of investigation of the programme using, in
part, information derived from the documents released by Irag from the Haidar Farm. During the first and second
phases, Iraq concealed from the Commission, the entirety of its programme. Iraq merely acknowledged a part of

its research programme as a military research and development programme and falsely presenting its main BW
agent production facility as a Single Cell Protein plant. During this period Iraqg actively and deliberately concealed
much of the research programme and the entirety of the remainder of the programme. This it achieved by outright
lying, evasiveness, intimidation, forging of documents, misrepresentation of sites and personnel, the denial of access
to individuals and the issue of successive FFCDs that were fraudulent. The account provided by Irag wholly lacked
credibility.

176. From September 1994 to July 1995 it became obvious that Iraq was failing to disclose a programme from the
inconsistent, often conflicting and changing stories, presented without any substantiation. Eventually the failure of
Irag to account credibly for the vast amount of media imported between 1988 and 1990 led to the acknowledgment
that Iraq, indeed, had produced industrial scale quantities of a significant military programme of two biological
warfare agents (Bacillus anthracis spores and Clostridium botulinum toxin) although it was stated, incredibly, that
this was done with no thought of weaponization.

177. Iraq has claimed that all documents concerned with its biological weapons programmes were destroyed in 1991
Lacking documents, other approaches have been adopted to investigate and verify Iraqg's account of its programme.
Interviewing personnel associated with the programme has been the main approach. Iraq has been reluctant to
provide personnel to substantiate the details of its programme. Generally, only individuals identified from Haidar
Farm documents and documents, otherwise recovered, have been presented. Technical assessments of the facilities
and equipment acknowledged to be a part of the programme, sampling, and exploitation of recovered weapons and
fragments have also contributed to the inspection process.

178. In August 1995 weaponization was acknowledged by Iraq including weapons trials and the prior deployment of
weapons in January 1991.

179. From September 1995 the Commission investigated the full programme as revealed by Iraq. Initially the
inspections undertaken in the latter part of 1995 were designed to understand and get and clarify information on
Irag's weapons programmes. Subsequently, attempts were made to verify the three succeeding FFCDs produced
after August 1995. During these inspections it became obvious that the FFCDs were inaccurate and incomplete
and so investigation of the programme was also begun again. The focus of the inspections was the issue of
weapons and the production of BW agents, together with the acquisition of bacterial growth media, weapons, and
production equipment. Others aspects such as research and development still await thorough examination. Many
aspects have not been addressed because Iraq refused to cooperate. The Commission attempted to help Iraqg recall
further information about its programme by participating in a seminar in May 1996, which dealt with chemical
and biological weapons, by submitting detailed questionnaires to Iraq (which were largely ignored, although later
incorporated into the 1997 FFCD), and by organizing a TEM (Vienna, March 1998) for extensive evaluation of
Irag's declarations by a full range of international experts. From June 1998, following discussions between the
Commission's Executive Chairman and Mr. Tariq Aziz, Deputy Prime Minister of Iraq it was decided to adopt a
focussed programme of inspections following a "top down" approach concentrating on establishing a material balance
for biological weapons themselves. This started with an inspection concerned with weapons that concentrated on
biological R-400 weapons. The decision of Iraq on 5 August 1998 to cease cooperation with the Commission on the
issue of verification has meant that verification of Iraq's biological warfare programme is now in abeyance.

180. Besides weapons related issues, inspections have been conducted to investigate planning, the military and
intelligence contributions to the programme, and the acquisition of materiel. Concealment and deception, and the
means by which this has been achieved has also been examined with no information of significance provided by
Iraq.
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181. Many aspects of the programme now included in the FFCD have been revealed because of the result of the
Commission's inspections although it is acknowledged that other aspects have been revealed by Iraq without
prompting. Ironically many issues and details discussed in the series of inspections conducted on the past
programme are omitted from Iraq's olJcial account directly showing that the FFCD is incomplete.

General Assessment of Iraq's Documentary Evidence

182. Notwithstanding the reticence with which Iraq has provided documents needed for verification, the quality
of documentation provided by Irag concerning its past BW programme has presented dilJculties in providing a
strong evidential base for the verification process. Problems with documentation quality reside in their relevance
to the proscribed BW programme, as well as their completeness and finally, their authenticity. With respect to
relevance, the bulk of documents provided by Iraq to the Special Commission tends to be removed one or more
levels from the key issues central to the BW programme and can be best described as derivative, e.g, rather than
presenting documents that unequivocally establish the identities of key personnel in the programme, Iraq has
provided documents that track the departure of individuals from one place of employment to another. Alternatively,
Irag has provided documents that add nothing of relevance to its declaration by way of verification. With respect
to completeness, Iraq has frequently provided fragmentary documentation which renders assessment and hence,
verification, dilJcult because the lack of a full contextual basis. For example, the source of documentation for the
157 R-400 bombs unilaterally destroyed by Irag, and which serves as a basis for Iraqg's allegation that only this
number of R-400 bombs were filled, was from a very few pages of a personal diary belonging to an Iragi army
olcer apparently present at the time the bombs were destroyed. Finally, Iraq has "recreated" documents, such as
the document on ricin production and research, that are at best questionable and may even hinder the verification
process. Had Iraq provided appropriate documents of its BW programme dealing with the key elements of
acquisition of materials, production of bulk agents, production of weapons, destruction of weapons, and destruction
of bulk agents the verification process would have been better served.

Technical Coherence

183. One key factor in determining the veracity and credibility of Iraqg's account of its biological weapons
programme is the assessment of the coherence of the account. Any programme of activity will be managed

to achieve set objectives within a specified, possibly flexible, time frame. Once the shape and coherence of the
programme become apparent, verification can be achieved by selecting disclosures of appropriate components

and determining that it is a faithful and authentic account. When these reference points are determined, other
aspects will fall into place and need not be determined with such extensive rigour. Regrettably Irag's account is not
coherent, the first basic step.

184. Iraq fails on a number of levels to present a clear account of its programme. At the senior level there is no
indication of the determination of a requirement for such weapons and planning for the acquisition and deployment
of the weapons. At the management level there is no indication of how the requirement was to be met and how
resources were acquired and utilized to fulfil the military need. In particular the scale and scope of the Al-Hakam
Factory are not explained or justified; the inevitable weapons development programme to ensure elJective BW
agent dissemination is not presented at all. At the working level there is no rationale presented for research and
development, or the industrial scale production of agent (especially before August 1990). The repeated statement
by a senior Iragi Government representative, that the programme was a minor programme, essentially run by
unsupervised technicians who had an unrealistic programme of work, trivialises a serious programme of work
and does nothing to help the Commission gain the appreciation of that programme. The denial of planning for the
programme, contrary to the evidence, means that the basic coherence for the programme cannot be established.

185. A weapons programme by definition is a military programme yet apparently there was no military

involvement in the claimed last four years of the programme. A philosophy for the programme should have been
developed which would require the interaction of military, intelligence, industrial and academic sources. Iraq denies

- 224 -



any military committees or individuals contributed to the formulation of policy with regard to the acquisition and
implementation of Iragq's BW programme.

186. The programme for biological weapons was immature in 1991. The failure of Irag to account for its intended
programme of work through 1991 and beyond also prevents the Commission from gaining a perspective of the
interrelationships between the various components and so the coherence of the programme. This information will
also be essential to determine if Iraq has indeed terminated its programme.

Technology Assessment

187. Iraq claims that the BW programme established was an immature programme that was ill considered and
inelectively executed. Further, Iraq claims that it lacked the industrial capability and expertise to manufacture
equipment suitable for the production of BW agents and weapons. This is an argument frequently put forward by
Lt. Gen. Amer Al-Saadi in his attempts to create the impression that Irag does not pose a threat to its neighbours
with regard to biological weapons.

188. The Commission could not make an accurate technical assessment of Iraq's scientific, industrial, and

technical accomplishments because Iraq has not been transparent in its FFCD nor its clarifications about the

BW programme. Since the programme has operated from 1973, it is reasonable to assume that Iraq attempted
considerably more than has been revealed and that some components achieved success in areas not revealed to
the Commission. Some 400 individuals are known to have contributed to the programme in various ways from
research to weaponization. Civilians, civil servants, security, and military personnel were involved. Iraq has a record
of denying and understating its weapons programmes. Iraq has preserved components of its BW programme since
1991, and much of the expertise remains in Irag. The Commission has examined the indigenous capability existing
in Iraq and has assessed in the course of inspection that Iraq is capable of manufacturing "dual use" equipment and
munitions. The degree of sophistication of these systems may not meet so called "western" standards but none the
less are quite capable of fulfilling the requirements.

189. Iraq has a broad based research community in Universities, Medical and Agricultural Institutes, and the
Military Industrial Commission covering microbiology, biological processing, materials science, genetic engineering,
pathology, biological production, munitions and weapons.

Irag also has an industrial base capable of manufacturing fermentors and their ancillary requirements, spray driers,
and storage vessels for agents. The industrial base will also sustain the engineering and manufacture of weapons.

The End of the Iragi BW Programme?

190. In mid-1995 Iraq admitted that it had possessed a BW programme. Since then, Iraq has often stated that its
BW programme was 'obliterated’ in 1991. Ocials cite, as proof of this, the unilateral demolition of the deployed

BW weapons, deactivation of bulk BW agents and the destruction some documents associated with the programme.
Despite these activities in 1991, Iraq retained the facilities, growth media, equipment and groupings of core technical
personnel at Al-Hakam, while denying the very existence of any BW programme.

191. Although Iraqg continues to insist that no elements of its BW programme have been preserved, the Government
of Irag has yet to oler evidence of the formal renunciation of its BW programme. It is explained that a decree was
never issued because of a 1991 decision to conceal the BW programme. Again Iraq has produced no information on
the decision to conceal the programme.

192. Iraq insists that all its BW weapons were destroyed in July 1991. The numbers, location and timing of weapon

destruction and, indeed, whether all weapons were destroyed, remain in doubt. Iraq's account of the destruction of
the BW-filled Al-Hussein warheads changed with virtually every inspection team that addresses the issue with Iraq.
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No supporting evidence exists for the destruction of the bulk agent, also regarded by the Commission as weapons.
Large quantities of bacterial growth media remain unaccounted for.

193. After 1991, Irag maintained and expanded the purpose-built major BW production, research and development
and storage facility, Al-Hakam. From that time, Iraq asserts that Al-Hakam was solely a single cell protein

(SCP) production plant. However, no serious attempts to produce SCP ever occurred. SCP was only produced in
insignificant quantities as a camouflage, principally by harvesting SCP from brewers waste rather than de novo
production from petroleum products. Individuals, identified as key workers in Iraq's BW programme, continued
as members of the stal of Al-Hakam. In the years after 1991, Iraq attempted to obtain dual-purpose equipment
including industrial-scale fermentors from within the country and abroad.

194. In the years since 1995, the Commission's teams have continued to discover significant undisclosed dual-use
equipment that could readily be used in a BW programme. In the six months period April to October 1998, some
150 undeclared items were found and tagged by biology monitoring teams. For example, many mobile tanks used in
the BW programme are not accounted for. The significance of this lies in the fact that with only minor modifications
these could be used as fermentors.

195. Although Irag acknowledged its oensive BW programme in 1995, it has yet to make a full disclosure. One of
the most obvious omissions is information concerning the termination of its oensive BW programme. The evidence
collected by the Commission and the absence of information from Irag, raises serious doubts about Iraqg's assertion
that the BW programme was truly obliterated in 1991.

Concealment and Deception

196. Verification is the basis of disarmament and arms control. Verification depends on serious cooperation between
the parties concerned. It also depends on compliance, in principle. This includes the submission of comprehensive
and accurate declarations which can be confirmed by supporting evidence. Without these, confidence in a
verification regime as required under SCR 687 (1991) is limited, at best. Concealment of critical facts is a clear

sign of non-compliance. It raises serious doubts in the elciency of disarmament or any arms control work and
unavoidably leads to speculations about the reasons motivating it. Concealment electively precludes verification.

197. In April 1991, Irag made a decision to conceal certain aspects of its weapons of mass destruction programmes
from the world. With regard to its BW programme it decided to admit only a limited elort of research

and development, that was restricted to a single location, never reached the level of production of agent or
weaponization, and was terminated unilaterally in August 1990. Irag maintained this position until in 1995, when
the departure of the head of Irag's weapons of mass destruction programs, resulted in additional aspects of these
activities being released. Iraq admitted having had an olensive programme centred around a purpose built research
and production facility and including large scale production of BW agents and weaponization and deployment of
aerial bombs and long-range warheads.

198. A high-ranking Iragi oOcial, Lt. Gen. Amer Al-Saadi, stated in 1998, that Irag olers no defence for the period
of denial of its BW programme. He admitted it was a political decision to conceal both the programme and
consequently its obliteration from the Special Commission. In fact, the attempts to conceal the programme caused
and continue to cause serious doubts amongst the Commission's experts over Iraq's declarations. This and a lack of
documentary or other physical evidence greatly hinders the process of verification of Irag's disarmament eJorts to
which it is obligated by international law and its own acceptance of those terms.

199. A serious concern remaining is that the unilateral destruction of documents, agents and weapons in 1991 was
linked to the concealment issue rather than the issue of obliteration of its programme. The dilerence being, that
in the first case, only part of all assets may have been destroyed, purely to deceive the Commission and feign
liquidation of the programme. Indeed, the Commission is aware that Iraq at least retained suitable growth media,
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capable facilities, production equipment, teams of expert personnel, and the essential technical know-how. Until
today, no credible declaration has been presented by Iraq as to if and when it obliterated its BW programme.

200. Since the disclosure of the BW programme in 1995, Irag has released a number of documents to the
Commission. Iraq has ascribed an inflated importance to certain of these documents and dismissed others. Indeed,
some documents have been described as "first class", whilst on other occasions the same documents are described
as unreliable or trivial. There is an attempt to disregard documentary evidence that contradicts the accounts of
olcials or material in the FFCD. It is apparent, that Iraq only releases documents and other information to address
or respond to information the Commission had already become aware of.

201. The following tables detail events and actions taken by Iraq as a result and indicative of its decision to conceal
the BW programme from the Commission. It portrays a systematic elJort to deceive the Commission by a) false or
incomplete declarations and b) removal or manipulation of evidence delineating the totality of its BW programme.

202. Concealment of Iraq's Biological Warfare Programme in its Declarations to the United Nations and its Bodies

Actions taken by lrag Comments

8 April 1991 A letter presented by Irag implied Ratification of the Convention on the Prohibition of the
Development, Production and Stockpiling of Bacteriological (Biological) and Toxin Weapons and on their Destruction.
Iraqg later declared that in April 1991 it still had 157 biological bombs, 25 biological warheads and several thousand
litres of unfilled biological agent in storage which would be a violation of the BWC. No article of implementation has
been provided.

18 April 1991 Iraqg declares to the Secretary General of the United Nations that it does not possess any biological
weapons or related items as described in paragraph 8 of SCR 687 (1991). Iraq possessed at least the weapons
acknowledged above on this date.

2 August 1991 Irag declares to the first biological inspection team of the Special Commission a limited biological
research programme for military purposes focussing on three bacterial agents. It was initiated at Salman Pak in
1986 and abandoned in August 1990 before it reached the stage of production or weaponization of biological agent.
Irag's current declaration of its BW programme describes an olensive military programme initiated in 1973 and
abandoned in mid 1991. It comprised several research and production facilities and a variety of bacterial, fungal,
viral and plant-derived agents were investigated and produced in large quantities. A number of delivery means
were investigated and eventually utilized.

May 1992 Iraq submits an FFCD of its BW programme as demanded by S.C.R. 707 (1991). It details the activities
outlined in its August 1991 declaration. It states that Al-Hakam, FMD facility and VRL were not related to any BW
activities. Al-Hakam and FMD facilities were later declared as Iraq's main production sites for Bacillus anthracis
spores and botulinum toxin used in their BW programme. Equipment of the VRL company was transferred to
Al-Hakam and used in that process.

Early 1994 False site declarations are submitted on Salman Pak, Al-Hakam and the FMD facility. Salman Pak was
described as the exclusive BW site undertaking limited research. Any involvement of Al-Hakam and FMD in the
programme was denied.

March 1995 Irag submits a second FFCD of its BW programme. It contained no significant additional information
from the prior FFCD. The FFCD attempted to explain the import into Iraq in 1988 of 39 tons of growth media -

a fact that was discovered by the Commission only in late 1994. Iraq declared that the media was imported for
medical diagnostic purposes. Iraq presented documents in support of its declaration but later admitted that these
were "recreated" from "originals" that were no longer available.

April 1995 Iraq declared during high-level talks in Baghdad that no further cooperation with regard to its BW
programme could be expected by the Special Commission if the Chairman failed to report to the Security Council
that the Missile and Chemical Files were closed and IAEA did not report the same in the nuclear area. No
production or weaponization of biological agent was admitted.

July 1995 Iraqg decides that it would cease all cooperation with the Special Commission on 31 August 1995 if

there was no progress towards the lifting of sanctions. Irag on 1 July 1995 in an oral presentation admitted to the

- 227 -



Chairman of the Special Commission the large-scale production of biological agent. It still denied weaponization

of any biological agent. The quantity of Bacillus anthracis spores was considerably under reported. Production of
aflatoxin and Clostridium perfringens spores was not acknowledged.

4 August 1995 Iraq submits a third FFCD of its BW programme. The large-scale production of two agents, Bacillus
anthracis spores and botulinum toxin at Al-Hakam is admitted. Iraq denies any attempts to weaponize these agents.
The FFCD was declared null and void on 17 August. This change was precipitated by the departure of Lt. Gen.
Hussein Kamel Hassan, who over a considerable period of time was in charge of Irag's weapons of mass destruction
programme.

17 August 1995 Irag presents additional information including weaponization of biological agents, research and
production of additional agents and additional sites related to its BW programme. lrag does not acknowledge
weaponization of aflatoxin.

June 1996, September 1997 A fourth FFCD was submitted in June 1996 and a fifth FFCD in September 1997. Both
were rejected by the Commission for reasons of a lack of comprehensiveness, accuracy and credibility.

Concealment of Iraq's Biological Warfare Programme and Deception of the Special Commission

Actions taken by lIrag Comments

April 1991 Decision was taken to conceal BW programme from the Special Commission Details of this decision have
not been provided to the Commission.

A Revolutionary Command Council Member under the supervision of the Deputy Prime Minister Mr. Tariq Aziz
was responsible for the dealings with the Special Commission. Lt. Gen. Amer Al-Saadi, adviser to the Presidency,
explained in 1998, that the decision makers were and still are a group of senior people including Deputy Prime
Minister Tariq Aziz, Minister Mohammed Al Sahaf, Minister Lt. Gen. Rashid Amer, Minister Lt. Gen. Murthada and
himself. Lt. Gen. Hussein Kamel Hassan was excluded from that group.

May 1991 Foundation of the Operations Section for the day-to-day dealings with UNSCOM. From this section, the
National Monitoring Directorate (NMD) was established.

Removal of Evidence from Al-Muthanna. Traces of the BW programme were removed from the Toxicology
Department and the filling station for Biological Weapons.

June 1991 Purported instruction by Lt. Gen. Hussein Kamel Hassan to destroy all documents, agent and weapons
related to BW. Despite this clear order, an unknown amount of documents "survived". Iraq claims these were
collected by Lt. Gen. Hussein Kamel Hassan in November 1991. UNSCOM inspections have repeatedly discovered
documents related to issues defined under SCR 687 (1991).

Transfer of large amounts of bacterial growth media to Kimadia together with forged import documents. An
inventory card indicating an arrival date for the media at Kimadia in 1989 was prepared later. In 1992, to explain
the missing media that had been used for the production of BW agent, health departments were asked to sign fake
receipts for that media for diagnostic purposes. Kimadia, operating under the Ministry of Health, was used as a
front to explain the legitimacy of the import of the growth media.

July 1991 Iraq states that they unilaterally destroyed all biological weapons, bulk agent, related documents and
some equipment. There is no documentation for this destruction process. A lack of related documents or physical
evidence impedes direct verification of elimination of material as defined in paragraph 8 of SCR 687 (1991).
August 1991 Rehearsals of answers to expected questions by UNSCOM inspectors.

Al-Hakam is being systematically cleansed including all the equipment used in the BW programme to conceal any
damming evidence

Preparations for the first UNSCOM Biological Weapons inspection.

Declaration of limited BW related research on three bacterial agents. A declaration was handed over to the first
UNSCOM BW inspection on 2 August.

Submission of 10 research papers in support of their declaration. The papers were carefully edited to reveal only
certain aspects of the programme.

September 1991 During inspection BW 2, Al Hakam is portrayed as a genuine civilian Single Cell Protein facility.
A fake laboratory was presented. This account was maintained until July 1995. Prof. Nasser Hindawi, an expert

in SCP, is presented to the team as the director of Al-Hakam. Prof. Nasser Hindawi later admitted that he was
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not involved in a SCP project at the time of BW 2. He was appointed director of the Al-Hakam SCP project in
November of 1991 and on 4 April 1992 director of Al-Hakam, only to be relieved from this post a few weeks later.
Irag declares to an UNSCOM team that 58 R-400 bombs located at Al-Muthanna were exclusively for Chemical
Warfare (CW) purposes and were never filled. 56 of these bombs were destroyed under UNSCOM supervision
and two removed for further study. Iraq later stated that about 36/37 of these bombs were in fact designated for
biological purposes. Photo evidence of characteristic markings of the weapons supports this claim.

November 1991 Instruction by Lt. Gen. Hussein Kamel Hassan claimed to have been given to collect all important
remaining documents relevant for BW and hand them over to him. In 1995, following the departure of Lt. Gen.
Hussein Kamel Hassan, these documents were handed over to the Special Commission and are referred to as the
"Haidar

Chicken Farm" documents. Despite Iraq's claims, they are judged to be of low significance. The more significant
documents, Iraq states to have collected in November 1991, have not been provided to the Commission, yet.

April 1992 Irag presents to UNSCOM an account of the destruction of 40 CW R-400 bombs at Al-Azzizziyah. Iraq
states that 157 BW R-400 bombs were destroyed at Al-Azzizziyah. No CW weapons are now stated to have been
destroyed there.

Irag presents an UNSCOM inspection team with the supposed remains of 45 CW warheads that had been
unilaterally destroyed. UNSCOM inspectors counted 43 nosecones as indicators for the 45 destroyed warheads.
Iraqg later admitted that it seeded about 25 nosecones in the area of excavation to deceive the inspectors. Thus, only
the remains of 20 CW warheads were in fact presented. The remaining 25 were biological warheads that were not
ready to be disclosed in 1992

August/ September 1993 During technical talks in New York, Iraq insisted that the BW programme comprised only
limited research. This position was maintained until August 1995, when an olensive programme including agent
weaponization was admitted. Since then, no further substantial information was presented to the Commission.

Summary

203. Since the adoption of SCR 687 (1991), in April 1991, and until July 1995, Iraq denied that it had any proscribed
BW activities. Despite Iraq's denial, the Commission, through its inspection and verification procedures, was able

to determine that lraq had not provided a full and comprehensive disclosure of its biological programme nor had

it accounted for items and materials acquired for that programme. The Commission reported these findings to the
Security Council in April 1995. On 1 July, 1995, Iraq acknowledged that it had had an olensive BW programme, but
denied weaponization. Subsequently, in August 1995, after the departure of Lt. Gen. Hussein Kamel Hassan, Iraq
admitted that it had weaponized BW agents and had deployed them for combat use. However, the Commission has
a far from complete understanding of all aspects of Iraq's BW programme. The Biological FFCD neither contains
the required detail, nor does it cover the full scope of Iraq's BW activities. In particular, a refusal to disclose, or
even discuss, details of the military aspects of the BW programme is of concern.

204. Irag has released information over the years very selectively. When Iraq is aware that the Commission has
details of a particular event or circumstance, then a document will be released. Very little new information has
been disclosed since 1995. There are many inconsistencies and contradictions in documents, personal testimony and
physical evidence. However, the accumulation of inconsistencies creates patterns, which show that the FFCD is
incorrect.

205. Irag claims to have produced, filled, deployed and unilaterally destroyed 25 Al-Hussein missile warheads
intended for BW use. No evidence exists to confirm the number of warheads produced as 25, or for a greater or
lesser quantity. Confusion reigns, even among lraqgi olcials, over how many warheads were filled with particular
BW agents. There is no evidence of the proportions of weapons filled with particular types of agents. At Al-Nibai
the numbers and locations of remnants of warhead stainless steel agent containers, some of which have traces of
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Bacillus anthracis spores, contradict the account of the weapons' destruction in the FFCD.

206. The FFCD states that 200 R-400 aerial bombs were manufactured for the BW programme, and that 157 of
these were filled with BW agents, deployed and unilaterally destroyed. The evidence available indicates that more
than 200 were available for the BW programme. Iraq admits that the numbers filled with particular agents are
guesses. Statements in 1998 by Irag have further confused this matter. The physical evidence from the remnants,
accounts for less than one third of those said to have been unilaterally destroyed.

207. From November 1990 until the cease-fire in 1991 Iraq worked to produce a system able to deliver large
volumes of BW agent aerosol from high-performance aircraft. It is stated that four such drop-tank weapons were
produced. The remains of three have been accounted for. There is no evidence to establish whether only four were
produced nor have other details of this aspect been addressed by Irag. In tandem with this work, Iraq attempted to
develop, apparently unsuccessfully, a pilotless aircraft to carry the drop-tank weapon. Very little information exists
on this latter project, and it is possible that it was intended for CW use or both BW and CW.

208. The first weapon system for delivering BW agent investigated by Iraq was a helicopter-borne aerosol
generator. Successful trials led to the manufacture of 12 such items. There is no evidence of their destruction. Also
the final, and presumably most elective, prototype of this aerosol generator has never been accounted for.

209. Besides the weapons that reached the production stage, several other potential delivery systems received some
attention by Irag. 122mm rocket warheads were extensively trialed with BW agent. Irag claims to have abandoned
this development. After briefly admitting that cluster munitions were part of the BW programme, Iraq withdrew
the statement. Artillery shells filled with ricin were trialed. The LD-250 aerial bombs made by Al-Muthanna and
used in early BW trials, were abandoned in favour of the more robust R-400 according to Iraqg. Iraq investigated the
use of gas gangrene relevant to application in fragmentation weapons.

210. A key determinant of the size and capability of the BW programme was the production of bulk agent. Apart
from one document referring to a single year, no production records have been given to the Commission. All
accounts and assessments are based on the capacities of the known production equipment, the amounts of growth
media purportedly available and the time and personnel that could be used. The amounts of agent produced and
declared by Iraq are unsubstantiated. Quantities far greater than those declared could have been produced without
dilJculty. Further to complicate this process, there are no records of storage, filling into munitions or destruction.
As a result, experts have very little confidence in the production figures quoted in the FFCD.

211. The situation regarding bacterial growth media is similar to that of the production of bulk agent. There are
disparities between Iraq's declared imports of media and information available to the Commission. The material
balance of growth media is flawed. The absence of records of the use and discrepancies in the accountability of this
material leaves open the possibility of significant undeclared production of bulk BW agent.

212. As in other areas of the BW programme there is a dearth of documentation relating to attempts (both
successful and unsuccessful) to import the equipment and materials necessary to pursue the acquisition of a larger
BW capability.

213. Research is a fundamental cornerstone of Iraq's BW programme. Although not all aspects investigated at the
research level will lead directly to weapons development, the scope of the research programme is an index of the
concept, strategy, and extent of the programme. No account whatever is given of review, concept, or theoretical
projects undertaken by the research stall throughout the programme.

214. The account of the history of the BW programme, given by Iraq, encompasses only a part of the programme,
it is inaccurate with respect to dates, and fails to provide insight into the decision making process that facilitated
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its evolution. The account is misleading because it fails to present the underlying strategy and the long-term goals
of the programme. Iraqg's known concealment and deception activities cast doubts on its claim that the programme
was obliterated in 1991

215. Iraq is required to provide the rationale, justification, and requirement for all sites including those for

weapons tests, research and development, production, storage, weapons production and filling, deployment, and the
destruction sites for weapons, documents and agents. The FFCD account fails to state the scale and scope of the
requirements for the programme. No information is provided on planning and true objectives. All that has been
provided by Iraq is a physical description of some components. It fails to explain the rational behind the selection of
BW sites.

216. The absence of comprehensive information about the organization of lrag's BW programme, at all levels, and
its relationship to other Iragi bodies, makes it impossible to determine the scope and nature of the programme. An
understanding of the various relationships and interconnections between the diverse organizations that contributed
to the BW programme is essential to gain a full appreciation of the programme and build confidence that the
account provided is indeed full and complete. The list of contributing organizations cited in the FFCD is incomplete
compared to interview testimony and documentation. This can be rectified by a full disclosure of relevant
information supported by documents and details of funding.

217. A clear description of the organizations driving, influencing or otherwise participating in the BW programme
is critical when assessing its dimension and significance. The lack of such descriptions reflects negatively on the
credibility of accounts of research and development, production, and the selection and deployment of weapons.
Further physical or documentary evidence in all these areas is needed to confirm the information presented in the
FFCD.

218. Throughout the investigation of the programme there has been a systematic and comprehensive attempt by
Irag to conceal the programme and deceive the Commission. Until 1995 all aspects of the olensive BW programme
were concealed and active measures taken to deceive the Commission. Since August 1995, Iraq has submitted a
number of FFCDs of its declared BW programme. These declarations have been assessed by the Commission and
by international experts as incomplete, inadequate and containing substantial deficiencies. They were not accepted
as a full account of the scale and the scope of Iraq's BW programme. This refers in particular to weaponization of
produced BW agents, bulk BW agent produced and acquisitions for the BW programme. Consistently Iraq has tried
to understate the scale and importance of the BW programme as a whole, and the success of individual components.

219. In the Commission's view, Irag has not complied with requirements of the relevant Security Council resolutions
on the disclosure of its BW programme. A full, complete and verifiable disclosure of all its biological weapons

activities needs to be presented by Iraq.
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Abstract:
This paper presents the design and implementation of a mobile storage system called a PersonalRAID.
PersonalRAID manages a number of disconnected storage devices. At the heart of a PersonalRAID system is a
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mobile storage device that transparently propagates data to ensure eventual consistency. Using this mobile device,
a PersonalRAID provides the abstraction of a single coherent storage name space that is available everywhere,

and it ensures reliability by maintaining data redundancy on a number of storage devices. One central aspect

of the PersonalRAID design is that the entire storage system consists solely of a collection of storage logs; the
log-structured design not only provides an elJcient means for update propagation, but also allows e[Jcient direct 1/0
accesses to the logs without incurring unnecessary log replay delays. The PersonalRAID prototype demonstrates
that the system provides the desired transparency and reliability functionalities without imposing any serious
performance penalty on a mobile storage user.

Introduction

As disk density continues to grow at a phenomenal annual rate of 100% [3], the cost, form factor, and capacity of
stable storage continues to improve dramatically. One consequence of these dramatic technological advances is the
emergence of highly compact secondary storage, which can be seamlessly integrated into devices of all shapes and
forms. As technology continues to improve, as decentralization is carried to its logical next step, and as traditionally
analog information is increasingly being turned into digital representations, it is not unreasonable to conjecture that
such mobile storage may become a dominant form of storage in the near future, especially for personal user data,
subsuming conventional disks enshrined in machine rooms.

Figure 1: An IBM Microdrive. On the left is a 1 GB Microdrive shown in its packaging. On the right is the same
drive shown open with a U.S. quarter. (Courtesy of IBM. Unauthorized use not permitted.)

Unfortunately, as mobile storage flourishes, high-performance universal network connectivity may still not be
available everywhere. At any instant, only a small number of devices may be connected to each other; and a mobile
storage user cannot always count on an omnipresent high-quality connectivity to a centralized storage service. A
mobile storage solution that does not rely solely on network connectivity for managing a collection of distributed
(and possibly disconnected) devices needs to be found. We also share the belief that a user's attention is a precious
resource that the system must carefully optimize for, and a central goal of the system is to ease the management of
these disconnected devices.

We identify three important desirable features of such a mobile storage solution. (1) The availability of a single
coherent name space. A user who owns a number of storage devices should not be burdened with the chore

of hoarding needed data and propagating updates manually. lIdeally, even when these devices are permanently
disconnected, the user still sees a single coherent space of data regardless where she is and regardless which
device she uses. The user should not have to modify her existing applications to enjoy these benefits. (2) Reliability.
The view that only centralized servers provide reliability guarantees and mobile devices are inferior second-class
citizens, whose data is expendable, is not always acceptable: the frequency and duration of periods where a mobile
storage device is disconnected from a central server can be significant enough that one must have some degree of
confidence over the reliability of data. (3) Acceptable performance. The provision of the transparency and reliability
features listed above should not impose a significant overhead. Ideally, the user of the mobile storage system should
always be able to enjoy a level of performance that is close to that of the local storage.

In this paper, as a first step, we describe a mobile storage system called a PersonalRAID that is designed to
support a collection of disconnected and distributed personal computers. In addition to these end hosts, central
to the PersonalRAID design is a portable storage device, such as the 1 GB IBM Microdrive (Figure 1) used

in our prototype. We call this device the Virtual-A (VA). The VA is named so because: (1) it is analogous to a
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conventional removable storage device (which is often named drive A on Windows PCs), and (2) it provides the
illusion of a storage device whose capacity is far greater than the device's physical capacity. The VA allows the
PersonalRAID system to achieve the three goals enumerated above: (1) The VA transparently propagates updates
among disconnected hosts to ensure eventual consistency. It helps provide a single storage name space that is
transparently available on all hosts. It supports existing file systems and applications without modification. (2) The
VA provides temporary redundancy before data is propagated to multiple end hosts so that the PersonalRAID
system can tolerate any single-device loss. (3) The PersonalRAID system intelligently chooses between a local disk
and the VA device to satisfy 1/0 requests to mask propagation delays and minimize overhead.

The central aspect of PersonalRAID design is its use of a distributed log-structured design: the collection of
distributed logs is the storage system: there is no other permanent structure hosting the data. This design not
only allows PersonalRAID to propagate updates among the logs throughout the system elciently, it also allows

a user to satisfy her 1/0 requests directly from the logs without having to wait for propagations to complete. We
have implemented a prototype PersonalRAID system. Our experiments demonstrate that the system achieves the
transparency and reliability functional goals without imposing any serious performance penalty.

The rest of the paper is structured as follows. Section 2 describes the user experience and the main operations of
a PersonalRAID system. Section 3 presents the rationale and the details of the log-structured design of the system.
Section 4 describes our prototype PersonalRAID implementation. Section 5 details the experimental results. Section
6 compares PersonalRAID to a number of related systems. Section 7 concludes.

Functionalities

The PersonalRAID system manages a number of disconnected storage devices where the mobile user desires a
single name space on all of them. The mobile VA device is instrumental in bringing this about. It is generally not
a good idea to rely exclusively on the mobile storage device alone due to its capacity, performance, and reliability
limitations; instead, the device needs to be an integral part of a PersonalRAID system.

Figure 2: A usage scenario of PersonalRAID. The mobile user carries the Virtual-A device as the user travels
among disconnected computers (such as a machine at home, a machine in the olce, and a laptop on the go). The
PersonalRAID system provides the illusion of a single name space, and it also ensures data reliability.

The VA accompanies the user wherever she goes (Figure 2). With current technology, a few gigabytes can be
packaged in the form factor of a credit card (such as the Kingston 5 GB DataPak PC Card Type Il Hard Drive) or a
wrist watch (such as the IBM 1 GB Microdrive). The VA can communicate with a host computer via various forms
of connectivity (such as PCMCIA, USB, or Bluetooth). As long as the VA is present, the user “sees" her up-to-date
large home directory regardless where she is and which computer she is using. The user never needs to perform
manual hoarding or manual propagation of data; and the loss or theft of any single device does not result in data
loss. PersonalRAID mainly targets personal usage scenarios. (We address concurrent updates in Section 3.8.1)

Figure 3: PersonalRAID operations. The roles of the home and olJce computer disks are reversed as the user
creates new data at home, which must be propagated to the oce.
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Figure 3 depicts in greater detail the PersonalRAID operations that synchronize the contents of several host
computer disks. (a) In this example, when in the ollce, the VA passively observes the 1/0s performed to the olJce
computer disk and incrementally records the newly written data. The o[Jce computer disk is called the source of
this data. (b) When the user is about to leave the olJce and disconnects the VA, the system flushes some metadata
so that an inventory of the VA's contents is placed on it. (c) The user then takes the VA home and connects the
device to her home computer. The system reads the metadata, and file system operations can occur immediately
following connection. (d) After connection, the system reads from either the VA or the home computer disk to
satisfy user requests. We call the 1/0 events that have occured between a pair of connection and disconnection
events a session. (e) Possibly in the background, PersonalRAID synchronizes the contents of the disks by replaying
some of the updates, which were recorded on the VA earlier in the olce, to the home computer disk. The home
computer disk is called the destination. Only after the latest updates are reflected on all the host disks do we
remove the copy of the data from VA. (This invariant can be a problem if some hosts in the system are only
infrequently visited by the user, and the VA device is not large enough to hold all the unpropagated data.) Note
that it is not necessary to replay all the new data to a destination device in a single session--the user may choose to
disconnect from the home computer at any time. As the user creates new data at home and the VA records it for
later replaying to the olJce disk, the roles of the two end hosts are reversed: the home disk becomes the source and
the olce disk becomes the destination. Note that we are maintaining an invariant; a copy of any data resides on at
least two devices. This invariant allows the system to recover from any single-device loss.

Our current implementation requires the VA device to be present when the file system is being accessed; this is
consistent with the most common single-user case that PersonalRAID targets. We do not currently handle updates
on a host that is disconnected from the VA. Such updates can be potentially conflicting. In Section 3.8.1, we discuss
ways in which the current system could be extended to address these limitations. Another limitation is that the
incorporation of a new host into the system requires a heavy-weight recovery operation, as discussed in Section 3.6.
For simplicity, our current system addresses only disconnected computers. We are researching extensions of

the system that can exploit weak or intermittent network connectivity when it is present. We expect the mobile
storage device and the weak connectivity to complement each other in such situations.

Design

The design of the PersonalRAID should satisfy the following requirements:

Recording should not impose excessive overhead that may interfere with normal 1/0 operations.

During disconnection, the user should not be forced to wait for long before the VA can be safely removed.
During connection, the user should not be forced to wait for long before she is allowed to perform 1/0 operations.
Replaying should not impose excessive overhead that may interfere with normal 1/0 operations.

Replaying should proceed quickly so that the disk space on the VA can be quickly freed up for future 1/0s.
Naive Design Alternatives

A simple solution is the following. At the end of the work day in the olce, for example, the system copies all

the content that was updated during the day to the mobile disk. After the user reaches home, the system copies
this content to the home computer disk. While relatively simple to implement, this approach has some serious
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disadvantages: before leaving the olJce, the user is forced to wait for the entire set of newly modified data to be
copied from the source to the mobile device; and after reaching home, the user must wait for the entire mobile
device content to be copied to the destination before she is allowed to access the file system. With mobile storage
devices that can store gigabytes of data, and with potentially lengthy intervals spent at one computer before
moving onto another, the latency may become intolerable.

One possible improvement is to incrementally copy newly generated data from the source disk to the mobile disk in
the background instead of allowing the new data to accumulate. This improves the disconnection time, but it does
not address the long connection latency-the user still must wait for the entire propagation to complete before she
can proceed to normal 1/0 activities.

To address these disadvantages, one realizes that the PersonalRAID needs to be a file system or storage system
solution which can transparently decide which device to access for a particular piece of data: this is necessary, for
example, if the user desires to access the data on the mobile device after connection but before it is propagated to
the destination device. With this requirement in mind, let us consider a second alternative: during recording, the
system mirrors a portion of the source device Unix File System (UFS) on the mobile device. After connection, while
background replaying occurs, the user may transparently access the mirrored portion of the UFS on the mobile
device.

While this second design alternative may improve the disconnection and connection latency, the choice of

mirroring a portion of the UFS on the mobile device may not be a wise decision for best recording and replaying
performance. First, during recording, UFS updates may incur a large number of small synchronous disk writes. The
problem is made worse when the mobile storage devices typically do not possess the best latency characteristics

so it is dilJcult to mask the extra latency by overlapping the 1/0s to dilerent devices. This situation is especially
unfortunate when one realizes that the synchronous mirroring on the mobile device is unnecessary-data is already
made persistent on the source device.

Second, replaying from a partial UFS mirror on the mobile device to the destination device UFS is also ine[Jcient,
because unnecessary disk head movement occurs. Slow replaying, in turn, has several negative repercussions:

(1) slow replaying interferes with normal user 1/0 activity; (2) slow replaying may cause the mobile device to fill
up; and (3) slow replaying prevents the user from taking advantage of the potentially faster destination device by
forcing the user to continue to use the slower mobile device for reads.

Log-Structured Organization

The analysis of the naive design alternatives shows that a good PersonalRAID design should have at least these
two properties: (1) the mobile device should be an integral part of a storage or file system so that the user can
transparently read/write the device without incurring long connection/disconnection latency; (2) the transfer of
data onto/o0] the mobile device should take place in a fashion that avoids incurring the intrinsic latency bottleneck
of disks.

One possible design that naturally satisfies these requirements is to have some variant of a log-structured file
system (LFS) [12] on both the VA and the host disks. During recording, data is buCered in large memory segments;
these memory bulers prevent overwritten data from ever reaching the disks and large segment-sized writes are
elcient. Disconnection is analogous to a graceful LFS shutdown and connection is analogous to an LFS recovery,
both of which mainly involve metadata operations that are relatively e[Jcient. Note that disconnection must also
flush any dirty data segments. Fast replaying is possible because the system transfers data at large segment-sized
granularity that fully utilizes the VA and host disk bandwidth. Furthermore, during replaying, as the system reads
live data from the VA and writes them to the destination device, large extents of empty segments are generated on
both the VA and the destination device; therefore, replaying and segment cleaning in elect become an integral one.
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PersonalRAID Data Structures

Figure 4: Details of the main PersonalRAID data structures.

While it is possible to build a PersonalRAID system at the file system level by modifying an LFS to adapt

to multiple storage devices, we have elected to construct the PersonalRAID by extending the design of a
Log-Structured Logical Disk (LLD) [1]. A logical disk behaves just like a normal disk from the point of view of

a file system: it allows the file system to read and write logical disk addresses. A particular implementer of a
logical disk, however, can choose to map these logical addresses to physical addresses in a way that she sees fit.

A log-structured logical disk maps logical addresses that are written together to consecutive physical addresses,
electively accomplishing the goals of an LFS. An LLD can support existing file systems with little or no
modification and it is typically easier to implement an LLD than an LFS. The PersonalRAID system makes a single
consistent logical disk available on all the participating hosts, despite the lack of any network connection between
any of them.

The data structures on each device of a PersonalRAID are not unlike those of a conventional LLD. In a conventional
LLD, the disk is structured as a segmented log. Data blocks are appended to the log as the LLD receives write
requests from the file system. Each write request is assigned a unique time stamp from a monotonically-increasing
global counter. Each segment contains a segment summary, which has the logical address and the time stamp of
each data block in the segment. The segment summary aids crash recovery of the in-memory logical-to-physical
(L-to-P) address mapping. The L-to-P mapping is checkpointed to the disk during graceful shutdown.

Figure 4 shows in greater detail the three main PersonalRAID data structures: the segment summary, the
checkpoint, and the in-memory map. For each of the three data structures, there is one version for the host local
disk and there is another version for the VA. The version for the local disk is essentially the same as that of a
conventional LLD. The VA version is augmented with some additional information.

Each entry of the L-to-P mapping in the VA checkpoint is augmented with a bitmap: one bit () per host, and if the
block for this logical address needs to be propagated to host . In a PersonalRAID system, the contents of the VA
device are defined to be the set of data blocks that still need to be propagated to some host. Thus, a block is evicted
from the VA device when it has reached each host in the system. In other words, the L-to-P entry for a particular
logical address is marked null when the corresponding bitmap contains 0 in all positions. The VA checkpoint is also
home to a global counter. All write operations in the system are assigned a unique time stamp from this counter.

Each entry of the VA in-memory map is augmented with a state field that consists of four bits (): this field is a
summary of what needed to happen to this block at the beginning of the current session in terms of propagation (),
and what has happened to this block on this host in the current session in terms of replaying and recording ().

When stored as a table, each L-to-P map consumes 4 bytes per logical address. Thus, assuming a block size of 4
KB, the L-to-P map needs 1 MB for each GB of logical address space. The total size of the bitmap fields in the VA
checkpoint is bits, where is the number of logical addresses and is the number of hosts in the system. Thus,

the bitmaps need 32KB of VA disk space per host for each GB of logical address space. The state fields in the
in-memory data structure for the VA need 128KB for each GB of logical address space. Observe, however, that at
any time, most L-to-P entries and the state and the bitmap fields for the VA will be null, since the size of the VA
will typically be much smaller than the size of the logical address space. Thus, more compact representations of the
VA data structures are possible.
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We close this section by making the following observation about the PersonalRAID data structure design. Each
device in a PersonalRAID is self-contained in that the physical addresses within the data structures for this
device all point to locations within this device. If a logical data block is not found on this device, the pointer to it
in the L-to-P mapping of this device is null; in this case, a corresponding pointer on a device that does contain the
block points to a true location of the block. The union of all the valid pointers on all devices constitutes the whole
logical-to-physical map.

PersonalRAID Operations

In this section, we describe the various PersonalRAID operations in detail. Figure 3 also illustrates how these
operations interact with the underlying log on each device.

Recording

During recording (a), the system appends a newly created logical block to two logs: one on the source device

and the other on the VA. The logical address of the newly created data is recorded in each of the two segment
summaries along with the latest timestamp. The in-memory map of each device is also updated to reflect the latest
locations of the data block. In addition, we set in the state field of the VA in-memory map to mark the creation
event during this session.

Disconnection and Crash Recovery

During disconnection (b), first the file system on the PersonalRAID logical disk is unmounted. Unmounting flushes
all the dirty file-system bulers to the PersonalRAID logical disk, and it also indicates to the user that the file system
on the local host is unusable when the VA is not connected to it. Then, a graceful shutdown is performed on both
the local disk and the VA. For the local disk, we simply write the in-memory map to its checkpoint region. (If the
local host is not powering down after disconnection, then the system can choose to keep the map in memory--this
optimization can reduce the connection time for the next session on this host. See Section 3.4.3)

The VA checkpoint region contains the VA L-to-P map and the bitmap fields. Thus, for the VA, in addition to
flushing the map, we must read the bitmap fields of the old checkpoint into memory, compute the new bitmap fields
using the old bitmap fields and the state fields of the in-memory map, and write a new checkpoint back to the VA.
If ( written block), we set the bitmap to reflect the need of propagating this block to all other hosts in the system.
Otherwise, if ( propagated block), we clear the corresponding bit for this host in the bitmap but retain the values of
the remaining bits. We also store the latest timestamp in the VA checkpoint; this timestamp marks the end of the
current session and the beginning of the next session. To avoid corrupting the old checkpoint in case a crash occurs
in the middle of a checkpoint operation, we maintain two checkpoint regions for each device and alternate between
them.

A crash is a special case of disconnection. In a conventional LLD, the goal of crash recovery is to reconcile

the contents of the segment summaries and the checkpoint to make them consistent with each other. In the
PersonalRAID system, however, the crash recovery process also needs to make the local disk and the VA mutually
consistent and to restore the PersonalRAID invariants. Note that the PersonalRAID system requires that the
recovery process be completed at the crash site before the user moves to another host.

The first PersonalRAID invariant to restore is that all data blocks written in the past (unfinished) session must be
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present on both the local disk and the VA disk. Because the flushes to the two disks are not synchronized, one of
them might have fallen behind the other in terms of receiving the most recent writes. Thus, the crash recovery
process might need to propagate data blocks from one disk to the other.

The other PersonalRAID invariant to restore is that the bitmaps in the VA checkpoint must correctly reflect the
state of the system in terms of propagation of writes. Blocks written or propagated during the past session might
have made the old bitmaps inconsistent. Such blocks can be identified by comparing the time stamps in the segment
summaries with the time stamp in the old VA checkpoint. Having identified the written and propagated blocks,
bitmaps are updated in the VA checkpoint as in the case of a normal disconnection described above. If all bits in a
bitmap are clear, we must have performed all the necessary propagations and we can safely discard this block from
the VA by nullifying the logical-to-physical mapping for this block on the VA. We also store the latest timestamp
found during the segment summary scan in the VA checkpoint to mark the end of this session.

Connection and Reading

During connection (c), the system needs to initialize the in-memory maps by reading the checkpoints. If the host
that the VA is connecting to is powering up, the system needs to initialize the local disk in-memory map by reading
the local disk checkpoint, just as LLD does. In a similar fashion, the system reads the VA checkpoint to initialize
the VA in-memory map. The dierence between the two maps is that the system also needs to calculate the state
field of the in-memory map for the VA: and are set based on the bitmap stored in the checkpoint ( is set equal to
the current host's bit and is set to the inclusive OR of all other bits), while and are cleared. And if , the system
concludes that the local disk contains an obsolete copy, and nullifies the logical-to-physical mapping in the local disk
in-memory map. Finally, the system also reads the disconnection timestamp in the VA checkpoint to initialize the
current timestamp.

As soon as connection completes, the system is ready to accept 1/0 requests. To service a read request (d), the
PersonalRAID looks up the in-memory maps for valid logical-to-physical mappings to decide which device holds the
most recent copy of a logical block. In the event that a fresh copy resides on multiple devices, the system is likely
to favor the local disk, which is typically faster than the VA, although load-balancing opportunities exist. To service
a write request, the PersonalRAID records the new block by appending it to both logs as described earlier.

Replaying

Possibly in the background, the system performs replaying (e). A great deal of synergy exists between
PersonalRAID and log-structured storage as replaying is integrated with segment cleaning on the VA device. The
system checks the bit in the VA in-memory map to identify the live data on the VA that is yet to be propagated
to the destination device. It then reads live data from the VA and appends it to the log on the destination device.
The timestamp of the newly propagated block inherits that of the VA block, which the system reads from the
corresponding VA segment summary. The bit is set in the state field. Next, the system checks to determine
whether this block needs to be propagated to other hosts in the system. If , the data block must have been
propagated to all hosts in the system and the block can be safely removed from the VA. If we attempt to populate
a segment with blocks of identical propagation bitmaps, then we are likely to harvest free segments as their blocks
are freed simultaneously. On the other hand, if , we must retain the block on the VA for further propagation to
other hosts in the system and we have two options: we can either leave the blocks in place on the VA in the hope
that they may be deleted in the future to render their cleaning unnecessary, or append them to the end of the

VA log since we have already incurred the cost of reading them into memory. In the latter case, we have again
accomplished segment cleaning on the VA as a byproduct of replaying.

In a conventional LLD, the segment cleaning algorithms mainly aim to maximize the number of free segments
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generated per unit of cleaning 1/0. This is typically achieved by cleaning segments that are relatively cold and have
low utilization [12]. (Recall that a piece of data is said to be cold if it is unlikely to be overwritten in the near future,
and utilization of a segment is a measure of the amount of live data in it) In a PersonalRAID system, however,
segment cleaning on the VA device becomes more complicated due to its integration with replaying. Instead of

(or in addition to) coldness and utilization of segments, a good cleaning strategy might need to take into account

the state of propagation of blocks. For example, at any time, a live block on the VA might need to be propagated

(1) to the local host, but not to any remote host, or (2) to some remote host, but not to the local host, or (3) to the
local host as well as some remote host. A cleaning strategy might prefer to clean one type of blocks before others
depending on how aggressively it wants to replay blocks or generate free segments.

In this section, we examine the log operations during the recording, disconnection, connection, reading, and
replaying phases of the PersonalRAID. We note two features of the PersonalRAID design. One feature is that the
map information on each device is self-contained: all the valid pointers in a device point to locations within the same
device. This feature allows data movement within one device or across a subset of the partially connected devices
to be performed independently of other devices. The second feature of the PersonalRAID design is the potential for
exploiting 170 parallelism: the recording, reading, and replaying phases can overlap 1/0s to the VA and local disks
to mask some of the 1/0 latency and balance load.

Recovering from Device Losses

We first discuss how to recover from the loss of a host computer disk. Then we discuss how to recover from the
loss of the VA device itself.

Recovering from Host Disk Loss

This scenario is the simpler case to handle. We take the VA to a surviving host. The union of the contents of the
local disk on this host and the VA gives the entire content of the PersonalRAID. First, we completely synchronize
the local disk and the VA by replaying all those blocks whose latest versions are present on the VA but not on
the local disk. Thus, at the end of this phase, the bit for this host in all the bitmaps is 0. Then, we create a physical
mirror of the local disk onto a new disk (using a Unix utility like dd, for example). The new disk is brought to the
accident site to replace the lost disk. The bitmaps on the VA are updated to reflect the fact that the restored disk
now has all the PersonalRAID data.

Recovering from VA Device Loss

The more complex case is when the VA device itself is lost. There are two pieces to be reconstructed. The first
piece is the metadata, which consists of the bitmaps and the current value of the global counter. The other is the
set of actual data blocks that were lost with the VA device. Recall that the contents of the VA are defined to be the
set of data blocks that must be propagated to some host in the system. Thus, to reconstruct the data part, we may
need to visit all the hosts in the system.

A simple recovery method is this. We visit all the hosts in the system twice. The goal of the first tour is to
construct the metadata part by scanning the segment summaries on each host and comparing time stamps. In
the second tour, we simply visit each host to copy the required data blocks onto a new VA device. Note that this
tour does not need to scan the segment summaries on the local disks-the L-to-P mapping is sulcient to locate the
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required data.

An unpleasant aspect of this reconstruction approach is that it requires one to visit each host twice. To eliminate
the first tour, we can make a copy of the bitmaps and the global counter on the local disk during the disconnection
process. When the VA is lost, the user must retrieve the bitmaps and the value of the global counter from the
host where she most recently disconnected. The bitmaps allow the system to identify the hosts on which the latest
copy of a VA logical block is stored. The user now needs to complete only one tour to reconstruct the VA content.
The price one pays for this simpler approach is the extra time and space spent during disconnection to write the
bitmaps to the local disk, although it is likely that one should be able to overlap the bitmap flush time on the local
disk with the slower VA checkpoint time, and the space consumed by the bitmaps is insignificant.

This VA reconstruction approach even works if one encounters a combination of a crash and the loss of the VA. In
this unfortunate scenario, the user retrieves the old bitmaps from the computer that she visited last and then comes
back to the crashed computer to complete the crash recovery process as described in Section 3.4.2. At the end of
this crash recovery process, the system has recovered the lost bitmaps and she can start the reconstruction tour

to reconstruct the lost VA data. To avoid having to go back to the computer that she visited last in this scenario,
we can make a copy of the VA checkpoint bitmaps on the local disk during the connection process (as well as the
disconnection process).

The VA reconstruction processes described so far require the user to complete at least one tour of all the hosts. To
further reduce the number of hosts that one must visit after a VA loss, one can periodically replay some blocks to
all the hosts to eliminate these blocks from the VA or periodically replay all VA content to some host. The latter
technique is electively same as making a copy of the VA content on that host.

Reconfiguration

Reconfiguration of a PersonalRAID in the form of removing or adding hosts is relatively simple. To remove a host
from the system, all the system has to do is to reformat the VA checkpoint to remove a bit from each bitmap.
Recall that the bitmaps record which hosts in the system need to receive propagations. The checkpoint reformat
allows the system to discard data from the VA, no longer propagating it to the removed host. To further simplify
this process, the system can simply record at the beginning of the checkpoint which bits in the bitmaps are still
considered active; so the non-active bits are not considered in the algorithm.

Adding a host to the PersonalRAID is essentially the same as recovering from the loss of a host disk. The only
dilerence is the reformatting of the VA checkpoint to add a bit to each bitmap. Again, to further simplify the
process, the system can simply activate a previously allocated bit. This bit is set to 0 in each bitmap since at the
end of recovery (see Section 3.5.1), the recovered host has all the PersonalRAID data.

Virtual VAs

So far in our discussion, we seem to have assumed that the Virtual-A has to be a physical mobile storage device
such as the IBM Microdrive. This assumption is not necessary: the Virtual-A can in fact be backed by a file, a local
disk partition, or even a network connection. We call such a virtual backing device a Virtual Virtual-A (or a VVA or
a VA).
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One possible use for a local disk-based VVA is to use it instead of a mobile storage device to perform recording.
Because mobile storage devices do not necessarily have the best performance characteristics, recording to a

VVA can be more elJcient. Of course, to transport the data, we still must copy the contents of a VVA to a mobile
device-based VA (and sometimes, vice versa). One possible solution for avoiding the long copying latency is to allow
asynchronous copying to the mobile device to occur in the background. Although the log-structured design of the
VA organization allows the PersonalRAID to buler a large amount of data in memory and delete overwritten

data before it reaches the device, the amount of bulering is still limited by the available memory. A VVA that
asynchronously copies to a VA essentially allows unlimited buUering. Another use of a VVA is to make a copy of
the VA for the purpose of reconstructing a lost VA (as described in Section 3.5.2).

To elciently implement a local disk-backed VVA, one in fact does not need to physically and separately store the
data blocks that can already be found on the local disk of this host: the mapping information is all that is needed.
Because we do not have to physically store separate copies for a VVA's data in this case, we call this a Virtual
VVA (or a VA).

Limitations and Extensions
In this section, we describe a number of limitations of the PersonalRAID system described so far. Some of these are
the topics of our continued research and we discuss possible approaches of addressing them.

Concurrent Updates

To simplify the discussion so far, we have made a conscious design decision of not addressing concurrent updates.
We believe that this is an acceptable choice for the use cases that we are targeting: PersonalRAID, being “personal”,
is designed for a single user to control a number of distributed and disconnected personal storage devices; these
storage devices do not receive updates concurrently simply because we do not allow the user to be at multiple sites
simultaneously. There is, however, nothing intrinsic in the current PersonalRAID design that prohibits us from
addressing concurrent updates.

Indeed, there are legitimate personal use cases where concurrent updates arise naturally. For example, a networked
oce computer can continue to receive email after the user has disconnected the VA and has gone on vacation,
taking a copy of the mail file with her. As long as the user does not modify the same mail file during the trip,

the current PersonalRAID design can be trivially extended to accommodate such concurrent but non-conflicting
updates.

After the user disconnects the VA, as the olJce computer receives new updates, it records the updates in a VA on
the local disk (as described in Section 3.7). When the user returns and connects the mobile VA device to the olce
computer, as long as there is no conflicting update, the system can merge the checkpoint of the VA with that of the
VA to arrive at a consistent VA image as a result of propagating the VA updates to the VA. After the merging,
the system operates as described previously.

If there are conflicting updates, application or user-level intervention is necessary. In this case, a more
sophisticated extension to the current PersonalRAID design is necessary. The logical disk approach upon which
the PersonalRAID design is based becomes a convenient and powerful vehicle to support file system versioning.
At VA disconnection time, the content of the local disk L-to-P map is “frozen" to represent a version (). As updates
are recorded in the local VA, none of the old blocks in are overwritten. The union of and the VA represents a
new version . After the user returns and connects her VA device, which may contain conflicting updates, the union
of and the VA represents yet another version . The user or an application must resolve conflicts to arrive at a
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“consistent” new version . Upon conflict resolution, the old versions , , and can be freed and a consistent VA image
again emerges.

Mobile Storage Limitations

Mobile storage technologies are likely to lag behind conventional ones in terms of performance and capacity. We
believe that the performance disadvantages are addressed by the log-structured design of the PersonalRAID and
the judicious use of the host disk in the forms such as the VA described in Section 3.7. Currently, we do not address
the capacity constraint. We are currently researching ways that a weak network connection (when one is present)
may complement the mobile storage device to address this limitation.

Limitations of the Log-Structured Organization

The potential disadvantages of the log-structured organization are the possible destruction of read locality and
the cost of segment cleaning (or disk garbage collection) [13,14]. PersonalRAID mainly targets personal computing
workloads, which are often bursty and leave ample idle time for cleaning. The cleaning overhead can be further
reduced by using techniques like freeblock scheduling [7], and by buying bigger disks and keeping the disk
utilization low.

The base LLD design that we have borrowed has several potential disadvantages [1]. Keeping the entire
logical-to-physical map in memory, the base LLD design consumes a large amount of memory and incurs some
latency when reading this map from disk into memory at startup time. It is, however, possible to cache only a
portion of the map in memory and demand it in gradually. We have not implemented this possible optimization.

Implementation

In this section, we describe a Linux PersonalRAID implementation. As explained in Section 3, our system
implements all the PersonalRAID functionalities at the logical disk level. The system consists of two main
components; the PR Driver (PRD) and the PR Server (PRS) (shown in Figure 5). The PRD is a pseudo-block device
driver that exports the interface of a disk. Upon receiving 1/0 requests, the PRD forwards them to the PRS via
upcalls. The PRS is a user-space process that implements the LLD abstraction; it manages a partition on the local
disk and the VA device in a log-structured manner as described in Section 3.

Most of the complexity in our system is concentrated in the PRS. Despite the upcall overhead, which is purely an
implementation artifact, we chose this design for ease of programming, debugging and portability. Unfortunately,
this decision also leads to some deadlock possibilities. A user process can cause the buler cache to flush as a side
elect of requesting system services (like dynamic memory allocation). The user process blocks till the flush is
completed. If the PRS, which is just another user process, causes a flush to the PRD, the system enters a deadlock
with the PRD waiting for the PRS to service the flush request. To prevent such deadlocks, our PRS is designed
not to allocate memory dynamically during its life time. All memory used is allocated and locked at start-up time.
Also, the PRS does raw 1/0 using the Linux /dev/raw/rawN interface, bypassing the buler cache. Two additional
changes are made in the kernel path used by the PRS to ensure that it never causes a PRD flush.

In addition to the in-memory map described in Section 3 (see Figure 4), the PRS maintains several main-memory
segments for both the local disk and the VA device. These segments accumulate new block writes, just like the
LLD system. Our implementation maintains more than one main-memory segment for each of the two devices. This
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feature allows us to decouple the amount of write-behind bulering from the segment size, which may need to be
based on other considerations such as segment-cleaning performance.

Figure 5: The PR Driver (PRD) and the PR Server (PRS) are the two main components of the PersonalRAID
prototype. The PRD is implemented as a dynamically Loadable kernel module, whereas the PRS is a user-space
process.

Segment cleaning is begun when the number of clean segments falls below a threshold. We use twice the number
of main-memory segments as the threshold. Cleaning is invoked, if necessary, after flushes and stops once the
threshold is reached. For simplicity, on the local device, like the LLD system, it chooses the segment with the
minimum number of live blocks to clean. Live blocks are read into main memory and are copied with their old
timestamps to the main-memory segments. Note that we mix the new block writes with the old blocks.

Segment cleaning for the VA device is a little more complex since replaying is integrated with cleaning. Our
current cleaning policy adopts a simple heuristic to strike a balance between two goals: quickly generating empty
segments on the VA and quickly propagating data. The cleaner gives higher preference to segments that have
data blocks that need to be propagated. Among all such segments, a segment with the minimum number of such
blocks is chosen. Among segments with no blocks that need to be propagated, we give preference to segments with
fewer live blocks. To clean a VA device segment, live blocks are read into memory and if necessary, propagated to
local disk. If the block still needs to be propagated to some other device, it is written back to the VA, otherwise, it
is discarded. There is one subtlety in this algorithm. If a VA segment, while being cleaned, contributes new blocks
to some main-memory segments of the local disk, then this VA segment cannot be reused until all those local disk
segments are safely on the local disk. Otherwise, a crash may lead to a situation where the only copy of a data
block is on a remote host, and recovering from such a crash would require visiting that remote host. Thus, before
marking a set of segments cleaned in the current cleaning phase as free, we check for this condition and possibly
flush the main-memory segments of the local disk.

Currently, the PRS performs request satisfaction, segment flushing, and cleaning sequentially. It is possible that
performance can be improved by using multiple threads for some or each of these diCerent tasks. The PRS is about
4000 lines of C code, including a substantial amount of debugging and testing code. The PRD is implemented as a
dynamically loadable kernel module. It is about 700 lines of C code. All of the algorithms described above have been
implemented with the exception of crash recovery, recovery from device loss, and reconfiguration.

Experimental Results

In this section, we evaluate the performance of the prototype PersonalRAID system to demonstrate two
conclusions: (1) PersonalRAID can achieve the transparency and reliability goals without imposing a significant
performance penalty on a mobile storage user, and (2) the log-structured organization of the PersonalRAID is a
sound design choice.

Experimental Platform
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Table 1: Host configuration. Model Dell Inspiron 4000 Notebook
Processor Pentium 111, 800 MHz

Memory 256 MB

Operating System Red Hat Linux 6.2, Kernel 2.2.18

Table 2: Characteristics of the local disks and the VA used in the PersonalRAID prototype. The published sustained
data rate of the Microdrive is 2.6 MB/s; while our best elJort micro-benchmark on the drive yields 1.5 MB/s. Local
Disk VA

Maker I1BM IBM

Model Travelstar 20GN 1 GB Microdrive

Interface ATA-4 PCMCIA

Capacity (GB) 10 1

RPM 4200 3600

Bandwidth (MB/s) 169 15

Avg. Latency (ms) 7.1 20.3

Table 3: Configuration parameters of our 2GB PersonalRAID server. Local Partition VA
Block Size (KB) 4 4

Seg. Size (MB) 05 1

Outstanding Segs 2 8

Size (GB) 3 1

Our experimental setup consists of two laptop end hosts (A & B) with an IBM 1GB Microdrive acting as the VA
device. Table 1 shows the configuration of the laptops and Table 2 gives the characteristics of the laptops' internal
local disks and the Microdrive. Note that the Microdrive's bandwidth is more than an order of magnitude worse
than that of the internal disk. A challenge to the PersonalRAID system is to shield the user from this performance
gap.
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Table 3 shows the configuration parameters of the PR Server. The user “sees" a 2 GB PersonalRAID logical disk,
which is larger than the VA capacity. The segment sizes and the numbers of outstanding segments are chosen so
that the write-behind buUer of the local partition is smaller than that of the VA: the former is kept small so that
the system limits the amount of data loss in case of a crash, while the latter is kept large to allow overwritten data
to be deleted before it reaches the Microdrive and mask the higher latency. We must, however, remark that in

our experiments, the large size of the VA bulers did not make a significant dierence. The reason for this is that
a Linux ext2 file system internally uses large bulers to absorb most of the overwrites. Thus, very few overwrites
occur in the PersonalRAID bulers, which are at the logical disk level below the file system. In a system where the
file system does less bulering, the impact of having large VA bulers might be significant.

Benchmarks

We report results for two benchmarks. The first is an enhanced version of the "Modified Andrew Benchmark" [4,9],
which we call "MMAB?". (We modified the benchmark because the 1990 benchmark does not generate much 1/0
activity by today's standards.) MMAB has four phases. The first phase creates a directory tree of 50,000 directories,
in which every non-leaf directory (with the exception of one) has ten subdirectories. The second phase creates one
large file and many small files. The large file created has a size of 256 MB. Each of the small files is 4 KB. The
benchmark creates five small files in each of the directories in the first five levels of the directory tree, resulting

in a total of about 55,000 small files. The third phase performs file-attribute operations. During this phase, the
benchmark first performs a recursive touch on all the directories and files in the directory tree; it then computes
disk usage of the directory tree by invoking du. The fourth and final phase reads files. It first performs a grep on
each file; it then reads all the files again by performing a wc on each file. We run the MMAB benchmark on laptop
A and evaluate various options of gaining access to the resulting files on laptop B without the benefit of a network.

The second benchmark is a software development workload. We examine the cost of installing and compiling the
Mozilla source code as a user moves between the two laptops. The benchmark has two phases. The first phase
creates a development source tree from a compressed archive file (a .tar.gz file) stored on a local disk. The source
tree consumes about 405 MB of total disk space. We refer to this phase as "MOZ1" in the subsequent sections.
During the second phase, we compile the “layout" module within the Mozilla source tree, generating an additional
80 MB of data. We call this phase "MOZ2". To run this benchmark, we start with MOZ1 on laptop A. We then
transport the data to the disconnected laptop B to continue with MOZ2.

Recording Performance

Table 4: Detailed breakdown of recording performance for the MMAB benchmark. mkdir is the directory creation
phase. lwrite creates a large file and swrite creates many small files. touch and du perform attribute operations.
The touch phase reads directories and inodes, and writes inodes. The du phase generates write as well as read
traldc because the recursive visit alters access times that are stored in the inodes. The metadata cache misses are
the main contributor of this phase's latency. grep and wc read all the files. mkdir (s) Iwrite (s) swrite (s) touch (s)
du (s) grep (s) wc (s) total (s)

UFS-Local 156 20 398 806 6 142 368 1896

UFS-Upcalls 397 33 675 951 15 220 388 2679
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LLD-Local 184 28 229 330 5 66 94 936
UFS-MD 398 320 725 1440 1200 535 880 5498
PR-VA 325 239 484 350 167 85 127 1777
PR-VVA 192 55 263 336 151 75 100 1172

Table 4 details the recording performance of the MMAB benchmark. "UFS-Local" is a Linux “ext2" file system
created directly on the local disk partition. "UFS-Upcalls" is the same file system implemented with kernel upcalls
into a user-level server. "LLD-Local" uses the same kernel upcall and user-level server mechanisms but it replaces
the UFS with a log-structured logical disk organization. The results of these experiments are used to establish the
base-line performance, to factor out the cost of using a user-level server, and to quantify the benefit of using an LLD
for accessing the local disk. "UFS-MD" is an ext?2 file system created directly on the Microdrive. "PR-VA" is an ext2
file system created on the logical disk exported by the PersonalRAID system where the Microdrive is used as the
VA device. "PR-VVA" is similar to PR-VA except that it uses a partition on the local disk as the VA device. The
PR-VVA performance is an indication of how well the PersonalRAID might perform if the VA device has much
better performance than that of the Microdrive.

The Linux ext2 file system performs both metadata and data writes asynchronously to the buDer cache. The
large memory filters out overwritten data before it reaches the disks and allows the surviving write requests to
be intelligently scheduled. As a result, the additional benefit that the log-structured PersonalRAID derives from
asynchronous writes is smaller than one might expect. During the MMAB and MOZ experiments, the segment
cleaners in the PRS did not get invoked. Later in this section, we describe a separate experiment designed to
measure the overhead of segment cleaning.

The results show that the PR-VA system is successful in masking the bandwidth dillerence between the local

disk and the Microdrive: despite the fact that the PersonalRAID needs to write to two devices and that the

system incurs the cost of kernel upcalls, the performance of PR-VA is close to or better than that of UFS-Local in
most cases due to the relatively low overhead of log-structured recording. An exception is the large write (lwrite)
performance, a case where the PersonalRAID recording performance is being limited by the Microdrive bandwidth.
The read performance of the PR-VA is also excellent, since unlike the UFS-MD system which performs reads

from the slower Microdrive, it satisfies reads from the faster local partition. Finally, the performance of PR-VVA
indicates that the PersonalRAID system becomes even more attractive with a faster mobile storage technology.

Table 5 presents the recording performance of the MOZ benchmark, along with the cumulative totals from MMAB.
Recall that MOZ1 is the source-unpacking phase run on laptop A and MOZ2 is the compiling phase run on laptop
B. The former is more 1/0 intensive than the latter and it is much more diCcult to mask the recording overhead
during MOZ1 unless the VA device is faster. After we connect the VA device to laptop B, we have two options

for PR-VA: we can run MOZ2 immediately after connection, in which case the system reads data from the slower
Microdrive; or we can run MOZ2 after replaying the entire content of VA to the local partition, in which case the
system reads data from the faster local disk. The workload being CPU-intensive, there is little diJerence between
the 2 cases.

Table 5. Recording performance. MMAB total (s) MOZ1 (s) MOZ2 (s)
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post-replay pre-replay
UFS-Local 1896 75 476 --
UFS-Upcalls 2679 126 481 --
LLD-Local 936 66 464 --
UFS-MD 5498 404 640 --
PR-VA 1777 395 548 558
PR-VVA 1172 102 482 486

The next set of experiments (see Table 6) capture the elect of invoking the segment cleaner on recording
performance. We repeatedly perform a series of recompilation steps where each compilation step is triggered by
modifying the file attributes of a small randomly-chosen subset of source files. We perform the experiments on

two configurations: a 1 GB VA partition and a 550 MB VA partition. The disk utilization of the first configuration

is 50% and the cleaner is not triggered during compilation. The disk utilization of the second configuration is 96%
and the cleaner must run to continuously generate clean segments to accommodate the new data generated by the
compilation. A total of 231 MB of data is generated during the experiment. The cost attributed to the cleaner is low.

Table 6: EQect of cleaning on recording performance. Cleaner Cleaner
not invoked (s) invoked (s)

PR-VA 878 928

PR-VVA 713 735

Disconnection and Connection Performance

Table 7: Disconnection performance. MMAB (s) MOZ1 (s) MOZ2 (s)
PR-VA 73 73 73

tar 1225 268 --

hoard - - 62
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Table 8: Connection performance. MMAB (s) MOZ1 (s) MOZ2 (s)
PR-VA 70 70 70

untar 411 225 --

unhoard - -- 67

Table 7 and 8 compare the disconnection and connection latencies of several alternatives. To disconnect/connect
the VA device from/to a host in PersonalRAID, all it takes is writing/reading the VA checkpoint. The checkpoint
write may be preceded by the flushing of the remaining memory segments, which may add a few more seconds.
The benchmarks that we used sync the disk at the end of each benchmark run so both the checkpoint write and
read times are constants.

We examine two simpler alternatives to PersonalRAID. One is to use the Unix tar utility to create/unpack a
Unix archive on the Microdrive at disconnection/connection times. tar writes less data to the Microdrive than
PersonalRAID because it writes only enough information to allow it to recreate the directory structure without
physically copying all the blocks, eliminating fragmentation costs. Unpacking time is much faster than packing
time because unpacking is benefitting from the asynchronous writes of the Linux ext2 file system. Despite these
optimizations, the latencies are not tolerable.

For MOZ2, tar alone would not have been adequate because we need to identify the files that have been changed,
added, or deleted after compilation and act on just the changes. For this purpose, we use a pair of Unix scripts
hoard/unhoard. Although these scripts are admittedly crude due to the liberal forking of some Unix processes, it is
clear from the data that the resulting latencies of this approach are unlikely to be satisfactory.

To be fair, we note that the connection times for the simpler alternatives described above include the replay time.
These times are less than the sum of connection and replay times for the PersonalRAID system (see the top rows
in Tables 8 and 9), because the simpler alternatives write less data to the Microdrive than PersonalRAID, and write
their data as a large, sequential file. Unlike PersonalRAID, however, these simpler alternatives do not allow normal
operations to overlap the replay time and thus have a much greater impact on the user.

Replaying Performance

Table 9: Replaying performance. MMAB (s) MOZ1 (s) MOZ2 (s)
VALFS 553 340 56
VAUFS 988 547 100
VVALFS 159 90 17

- 248 -



After a VA device is connected to a PersonalRAID host, background propagation (or replaying) starts. Table
9 shows the results of the experiments designed to analyze the impact of the log-structured organization on
the replaying performance. "VALFS" refers to the PersonalRAID that replays from a log-structured VA to a
log-structured local partition.

An alternative to this design is to use a UFS-style update-in-place organization on the local disk partition, while
retaining the log-structured organization on the VA so that reads for replaying still occur at segment-sized
granularity. To realize this alternative design, all we need to change is the L-to-P mapping for the local disk; we
substitute it with an “identity mapping", which simply maps a logical address received from the file system to an
identical physical address. The PR Server employs helper threads to perform asynchronous writes to the local
partition and it limits the maximum number of outstanding writes to 20. Table 9 refers to this alternative as
“VAUFS",

Finally, to evaluate the impact of a faster mobile storage device, we replay from a local partition-based VVA (as
described in Section 3.7) to another local partition, both of which are log-structured. Table 9 refers to this last
alternative as "VVALFS".

During these experiments, the cleaner on the log-structured local partition did not get invoked. Both cleaning and
replaying are background activities that can result in synergistic benefits. We plan to investigate the performance
impact of this integration in the near future. Furthermore, since all the storage devices in a PersonalRAID

are self-contained, it is possible for end hosts to independently clean their local disks when they are not in use.
Therefore, it is possible that large number of free segments are available before replaying starts.

Table 9 shows that despite the fact that both the VALFS and the VAUFS configurations are limited by the slow
read performance of the Microdrive, the former can replay significantly faster than the latter, thanks in no small
part to the former's log-structured organization. If the VA device could perform reads faster, the impact of the
log-structured organization would have been even more dramatic as implied by the VVALFS performance numbers.

Related Work

Although PersonalRAID can be extended to deal with conflicting updates (as discussed in Section 3.8.1) and this is
one of our ongoing research topics, the primary use cases targeted by PersonalRAID today are just that; personal
usage scenarios where the availability of a single coherent name space and reliability are the primary concerns

but conflict resolution is not. Conflicts are inherently file system-level or application-level events that must be
addressed at these higher levels. PersonalRAID is a storage-level solution that can only provide mechanisms such as
versioning that higher level systems may exploit. A number of research systems (including Ficus [11], Coda [6], and
Bayou [10,15]) have focused on conflict resolution techniques that may provide insight on how to build and extend
services running on top of PersonalRAID.

Many systems share PersonalRAID's goal of synchronizing the contents of a number of hosts; these systems include
disconnected client/server systems such as Coda [6], distributed applications such as those built on top of Bayou
[10,15], and replicated databases such as those provided by Oracle [8] and Sybase [2]. A common technique is to

use an operations log that is recorded at the site that initiates the updates and is replayed at the various replicas.
A variation of the theme is the use of “asynchronous RPCs" as those employed by Rover [5]. Before log replaying

is complete, the access to a replica needs to be suspended if one does not want to expose stale data. We have
determined that neither stale data nor the latency involved in log propagation may be tolerable for a PersonalRAID
user. Thanks to its LFS roots, PersonalRAID inherits the absence of the notion of a separate operations log--the
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collection of distributed logs is the storage system. As a result, the fresh updates carried in the VA device are
always immediately accessible while replaying can occur in the background when convenient.

A VA device is similar to a disconnected Coda client in that it "hoards" data and bulers the latest changes [6].

It is dilerent in that the VA device is not meant to support 1/0 operations on its own: the role of the VA in a
PersonalRAID is two fold: (1) it acts as a transporter of all updates that are used to synchronize the contents of
several disconnected end hosts, some of which may be mobile; and (2) it supports 1/0 operations only when it is
coupled with a host local disk. There is no user involvement or guesswork involved in determining the content of
the VA, and there is no danger of a "hoard miss."

The use of a mobile device to carry updates to other weakly connected hosts to bring about eventual consistency
via pair-wise communications is similar to the approach taken by Bayou [10,15]. Bayou provides a framework for
application-specific conflict resolution and applications must be re-programmed or developed from scratch to take
advantage of the Bayou infrastructure. PersonalRAID, as a storage system, does not resolve conflicts in itself; as
a result, it is possible for us to develop a general system, on top of which existing personal applications may run
unmodified.

Existing mobile systems typically do not address data reliability on mobile hosts: these mobile hosts are typically
considered inferior “second-class citizens" and their data is vulnerable until they are propagated to “first-class
citizen" servers that are professionally managed and backed up occasionally. PersonalRAID provides protection
against any single device loss at all times by leveraging the exact same mechanism that is needed to bring about
eventual consistency of the system.

Finally, there are existing applications such as the Windows “Briefcase" that can synchronize the contents of
multiple hosts. The two problems with these applications are exactly the problems that PersonalRAID is designed
to address: (1) the inconvenience involved in manual movement of data, and (2) the poor performance in terms of
both latency and throughput during synchronization events.

Conclusion

As storage technology advances, a user is facing an increasing array of disconnected storage devices. Two of

the important challenges a user must face is the lack of a single transparent storage space that is ubiquitously
available and a certain degree of reliability assurance. PersonalRAID is a mobile storage management system that
attacks these two problems. At the heart of a PersonalRAID is a mobile Virtual-A device that allows the user to
transparently transport, replicate, and access data while interacting with a number of disconnected storage devices.
By employing a distributed log-structured organization, the system is able to accomplish these tasks without
imposing any serious performance penalty on the user.
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. In Remembrance and Renewal

The closer we get to the anniversary of September 11, the less | am sure of my feelings. Do | want to pretend it
never happened? Undoubtedly! Am | reluctant to relive the horror? Absolutely! Am I resisting the thought that this
is not the last time the United States will suUer directly from terrorism? You bet | am! Am | feeling ambivalent
about how we as a nation are responding to one of the greatest tragedies we’ ve experienced? Yes indeed! Do |

have the sense that justice has not yet been rendered? Unfortunately, | do!

Through this murky mix of feelings we recognize that at the most basic level our Christian faith calls us to
remember and mourn the victims, support their loved ones, and continue our meager ellorts to shape a more
hopeful- and less violent- future. This is a goal that can bring all of us together, no matter what other feelings
and convictions may be lurking in the background. Consequently your church stall would like you to know of the

following opportunities (among many others) to observe the first anniversary of September 11.

A solemn service of remembrance, healing and hope to be held Wednesday, September 11, from 12 noon to 1 p.m. at
First Congregational UCC, 945 G Street, NW, Washington, DC (202-628-4317). UCC President and General Minister
John Thomas will be present, along with a combined choir representing Potomac Association churches. While this

will be a Christian service, representatives of the Muslim and Jewish communities will participate.

e An interfaith gathering united for peace will take place Wednesday, September 11 at 7:.00 at the George
Mason University Center for the Arts Concert Hall. This service is sponsored by Fairfax County Faith
Communities in Action and GMU. It will include interfaith readings, orchestra music, song, dance, and

visual presentations.

e Our own sanctuary will be specially prepared for prayer and quiet reflection Monday through Friday,
September 9-13, from 9:00 am. to 4:30 p.m. Those who stop by may light a candle, oler a written prayer or

comment, or simply find respite in the beauty and silence.

e The quarterly Healing Service on Wednesday, September 4 at 7:30 alords an opportunity for a small group
of participants to seek healing of mind, body, and spirit for themselves and others (and for our world),
drawing upon some of the traditional rituals of the church including communion, the laying on of hands,
and anointing with oil. We see this service as a way to reach out to the community, and we invite others to

join us for this special observance.

However you choose to observe September 11, I hope that it will be meaningful and comforting, granting you a

fuller sense of God’ s presence among us, and hope for the future.
Verne

Back to Contents
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Welcome New Members!
On August 25, Little River welcomed six friends into membership. Congratulations to Sam & Ginna Minasian
Dalton, Esther Murphy, Barbara & William Kennedy, and Ulrich Wolf-Barnett. Look for introductions in the next
Currents.
Back to Contents

Fall Schedules
Worship

Our second service resumes Sunday, September 8 at 11:00. Care is available for children through age 7.
OLlce hours
The church olce is once again open 9:00-4:30 Mondays-Fridays.
Currents deadlines

Biweekly deadlines resume September 12 at 4:30.

Back to Contents
College (and Other) Addresses

By the time you read this, the ol[Jce will be nearly ready to produce a new edition of the church membership
directory. Please check your current information and let Jane Johnson know in writing of any changes or additions,

including new e-mail addresses. Please e-mail your changes or use the form on the literature table in the narthex.

And don’ t forget to include college students and nonresident family who are church members or friends.

Back to Contents
Church School Registration
Church school begins Sunday, September 8! Register your children between 9:00 and 9:25- pick up and fill out a
form for each child, and check their class assignments. Arrive early and avoid the crush; classes begin at 9:30!
Back to Contents
Choir News
The Sanctuary Choir will begin rehearsing Thursday, August 29 at 7:30, and the Contemporary Choir on Sunday,

September 1 at 12;15.

The Joyful Noise Choir is beginning a new year with a new format. All 7th-12th grade singers are invited to
rehearsals on Sunday mornings from 10:45-11:15 am. in the Choir Room! We have had many young people
interested in singing in the choir but their schedules were so busy on Thursdays. Our first rehearsal will be Sunday,
September 8. We will be planning the music for Ginna’ s installation on September 22 as well as participation in a

9/11 commemoration at George Mason University. Join in the singing, fellowship, and fun!

The Salt of the Earth Choir will begin a new year of rehearsals Thursday, September 5 from 7 to 7:30. This year
the choir will sing once each month. All youth in grades 2-6 are welcome. We sing, move, and enjoy Christian

fellowship.

Director Jan McKee wants everyone to know she is looking forward to a wonderful year of singing God’ s praises

with Little River’ s youth. If you have any questions about the youth choir program, please call her.
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Back to Contents
September Hall Display

During September the hallway will feature our congregation members’ interesting vacations and work trips. The
Senior High youth will display memories of their Civil Rights Immersion in Memphis. Do you have pictures or
souvenirs from your stay on a Normandy farm, a cruise to Denmark, camping in the Blue Ridge? Talk with Dee
CardiC if you would be willing to share.

Back to Contents

Youth Group News

The 2002-03 Pilgrim Fellowship season kicks o0 Sunday, September 8. Ginna, our new pastor for youth, has a zillion
ideas to share and is looking forward to spending Sunday evenings with you. Here' s the new youth group lineup

for the coming year:
4:00-6:00 Junior PF
5:00-6:00 Confirmation Class
6:00-6:30 Common dinner for all groups
6:30-8:00 Senior PF
It" s going to be an awesome year, so plan on joining in on all the fun. See you on the 8th!

Back to Contents
Cyber Cafe, Anyone?
What if the Jr. High youth had a cyber cafe at church the first Friday of each month? Computers, food, friends-

sound interesting? If enough people think so, it can happen!

Please share your interest or questions with Ginna at church or the Cardils.

Back to Contents
Teacher Orientation
Orientation for church school teacher will be held Sunday, September 8from 11.00 to 1:00 in Room 8. Brief
introductions; a review of schedule, procedures, and resources; and lunch are on the agenda. Child care will be
available.
Back to Contents
Dinner for Eight Signup

Sign up for this fall’ s Dinner for Eight program! Participants in this popular social event are divided into groups
of about eight: singles, couples, age mixes, etc. Members of each group take turns hosting a dinner monthly in
October (or the end of September) and the next three months. All provide a dish to share. Be sure to indicate if you

prefer a daytime group, need a ride, or cannot host. Sign up after church Sundays September 8-29, or call the oce.

Back to Contents
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Adult Fellowship

After summer vacations, adult members and friends of the Little River are invited to gather once again in
fellowship Wednesday, September 11, at 11:00 for a bring-your-own picnic in the grove outside the church. Kathy
Spaar will lead us through the labyrinth before lunch. Please join us for good fellowship, good conversation, and

discussion of program ideas and projects for the coming year.
Carol Stolte

Back to Contents
Fall Classes for Adults

Two Sunday morning Christian Education classes for adults will start September 15. At 9:30, John Moore and Kathy
Spaar will lead a series on how the historical questionings of the Jesus Seminar alJect our spirituality. At 11:00,

guest speakers from the congregation will help participants discover their "spiritual type."

And on Monday mornings starting September 16, Richard Davidson will lead Christian Believers, a follow-up to
the Disciple Bible study series. It explores how the beliefs, doctrines and practices of the Christian church have
influenced the expression of Christian belief through words, images, and actions.
Back to Contents

Confirmation Class

An introductory session of the 2002-03 Confirmation Class will be held Sunday, September 15 from 5:00-6:00 in the
Conference Room. If you are in the ninth grade (or above) and have not received a letter of invitation, please contact

the church olce or speak to Verne. A meeting for parents will be held at 5.00 Sunday, September 8.
Back to Contents
Ginna’' s Installation
Mark you calendar for Sunday, September 22, when at 4:00 we will formally install Ginna Minasian Dalton as our
Pastor for Christian Education, Youth and Evangelism. Watch Currents for details.
Back to Contents
First Friday: Gearing Up!

First Friday is filled with fun this year! The season starts October 4 with a storyteller who gets lots of help from
her audience, as they explore the legend of St. George and the dragon. Other programs include You’' re a Poet and
Don’ t Know It, an enchanted evening in fairy-tale land, a puppet or two or three, and- do you think there might

be more encounters with critters?

First Friday is a cooperative parents-night-out program for the whole community. Children six months through
sixth grade spend an evening of safe fun, good food, and new experiences for a very modest price. Parents get a
free evening in return for volunteering for one session during the year. The season runs from October through

April, with a break for the new year.

Important news for prior participants: every child must be newly registered for the coming season. Pick up a form

at the olce, or you can register online. Please register early to help with planning.

Questions about First Friday? Visit the First Friday web page or talk with Dee or Chuck Cardil.
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Back to Contents
Meet Our New CE Administrator

Hi, my name is Jackie Shaller and I’ m the new Christian Education Administrator for Little River. So, you say,

who is Jackie Shaller, and what is a CE administrator? Let me tell you.

My husband, Alan, my son, Eric, and | have been Little River members for six years. Eric is an active PF member
(wouldn’ t miss PF for all the tea in China) and is entering tenth grade at Lake Braddock. Alan is a government
employee and active church school teacher and member of the Stewardship Committee. | have been on the Board
of Christian Education for four years and have served as chair the last twelve months. | love to laugh and joke

around, love anything that sparkles (glitter! diamonds!) and | absolutely adore working with kids.

The role of CE administrator is twofold: to run the day-to-day operations of the church school and to assist Ginna
with anything else that alects Christian education and fellowship. I am looking forward to the stat of the new

school year and am delighted to be with Ginna. It' s going to be a great school year!

Don’ t forget: Church school registration takes place September 15 (see article above). And make sure to pick up
a new Adult Enrichment Opportunity brochure. Two new Sunday morning adult classes are being ollered- check

them out!
Jackie

Back to Contents
Mission of the Month: United College Ministries

“ Changing Lives..Connecting People to God and to Each Other" is the motto of the United College Ministries in
Northern Virginia (UCMNYV). With beginnings in the mid-1960s, UCMNYV has been an ecumenical and mutual
ministry with two educational institutions- George Mason University and the multiple campuses of Northern

Virginia Community College- seven denominations, interested individuals, and local congregations.

Through a ministry of presence and programming, UCMNYV joins God’ s work of communicating the Christian
message and acting it out in individual and campus life. Campus-wide events are organized on such topics as local
and global hunger, international dialogue, prayer and spirituality, nonviolent conflict resolution, and drop-in spiritual
retreats. The Listening Post provides a place to talk with one who will listen, respond, and provide non-judgmental
companionship. Many diverse students compose these college campuses. Whether right out of high school,
returning to school after a long absence, or learning to live in a new country and society, a student encounters an

understanding response from UCMNV.
The UCMNV mission:

Our mission is to share God’ s universal love as revealed in Jesus Christ with campus communities of
Northern Virginia; to encourage students and others in their intellectual and spiritual journey; to cultivate
service to others as a way of life; to alJrm the dignity of all people, foster reconciliation among those who
are alienated, and nourish multi-cultural experiences of inclusive community; to advocate for peace with

justice in personal, social, and international life; and to witness to the unity of the human family.

Little River supports this mission through the UCC Potomac Association, our benevolences budget, and members
of our congregation who volunteer. If you would like to assist in this ministry by being a Listening Post volunteer,

providing ol[Jce help either weekly or five times a year when there are bulk mailings, being a host for international
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students for a holiday meal, serving on the Governing Board, providing cookies or fruit at the Listening Post, or
many other opportunities, please contact Claudia Newhart at UCMNYV. Further information can be found on the
UCMNV website.

Nancy Bowen

Back to Contents
Congratulations, Craig!

Washington National Cathedral’ s quarterly magazine Cathedral Age, Craig Stapert, editor, won awards for
photography, writing, design, and general excellence in April from two national professional organizations: the
Associated Church Press and the Episcopal Communicators. The ACP’ s award, for excellence in photography,
was conferred for an article which includes pictures Craig took. A Cathedral press release has more details.
Back to Contents
Church Council Rescheduled

In observance of September 11, the Church Council meeting originally scheduled for that day has been moved to
Tuesday, September 17, at 7:30.
Back to Contents

Read All About It in "Passages"”
Pick up a printed copy of Currents to share the latest celebrations and concerns in our church family- as well as

the latest address, phone, and e-mail updates.

Back to Contents

Currents is published usually biweekly (and monthly in summer) for the members and friends of Little River UCC,

Annandale, Virginia, and mailed third-class or by e-mail (to subscribe: e-mail your name to getcurrents@Irucc.org

from the address where you want Currents sent). Electric Currents, posted on the Little River UCC website every

issue date, contains all material appropriate for public posting.

Submissions: Please include your name and phone number or e-mail (not for publication). Submit on paper or
diskette (MS Word, MS Works, WordPerfect, or plain text) to church o[Jce, e-mail to editor, or fax to editor (call

first to arrange) or church (703-978-3372). Submit notices 3 weeks ahead of event if possible.

INVITATION TO ADVENTURE
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FALL 2003

UNIT LEADER GUIDE

MINSI TRAILS COUNCIL
BOY SCOUTS OF AMERICA
(610) 264-8551

MINSI TRAILS COUCNIL BOY SCOUTS OF AMERICA

INVITATION TO ADVENTURE
UNIT FACT SHEET

1. INTRODUCTION

The Invitation to Adventure (ITA) Program is specifically designed to assist the Troops of the Minsi Trails Council
in recruiting Boy Scouts. The program is structured to target units with 16 boys or less although any Troop may
participate. ITA provides the opportunity to bring the new Scout immediately into the program by taking him to

camp shortly after he is recruited.

2. ACTION PLAN FOR ITA 2003

August — ITA promoted to all Boy Scout Troops. Recruiter postcards are mailed to all Boy Scouts in the Minsi
Trails Council and ITA packets are mailed to all Scoutmaters, Committee Chairman, Unit Commissioners, Assistant
District Commissioners, and the District Commissioners.

September — ITA is promoted at all Roundtables. Boy talk dates are confirmed with each school.

October 1 — All Troops wishing to participate in the ITA must have submitted their Unit Commitment Card by
October 1 to the Boy Scout OOce or the District Executive.

October (First Week) — Interest Surveys are distributed to all schools not allowing a boy talk.
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October 17, 18 — All Interest Surveys are collected.

October 20, 21, 22 — Phone A Thon inviting all boys who submitted an Interest Survey to the open house of the

Troop closest to their home.

October 27 (Week of) — All Boy Talks and Open Houses are conducted, and boys identified through boy talks are

called and invited to Open Houses.

November 1 and 2 — ITA Overnight campout is conducted at Trexler Scout Reservation. At least 2 Adults, and 1

Junior Leader and all new Scouts enjoy.

(NEXT)

3. SUMMARY

If conducted properly, the ITA program will add new Boy Scouts and Leaders to each Troop participating. Do the
following steps and the Troop will qualify for the ITA Incentive Plan!

Troop Obligations for ITA Incentive Plan

1. Read ITA packet when mailed or given to you.

2. Confirm your participation in the ITA by submitting your Unit Commitment Card to the Scout Ollce or your
District Executive by October 1st

3. Explain to all current Scouts how the recruiter program works. (They will be receiving a recruiter postcard

around the same time adults will receive this packet).

4. Provide one leader to assist with the phone a thon.

5. Schedule and conduct an Open House the week of October 27.

6. Keep record of all Scouts (to be turned in upon arrival at the ITA weekend) who earn the Recruiter patch.

7. Secure 2 Adults (or more) and a Junior Leader to attend the ITA Weekend.

8. Submit all new boy applications and money upon arrival at the ITA weekend.

Complete all of the above and the following is for your Troop
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Recruit 3 youth — Free Recruiter patches for all Scouts who had a friend join the Troop through the ITA Program,
and have your Troop entered in a drawing to win a free cabin for a weekend at Trexler Scout Reservation. There

will be one winner per district.

Recruit 5 youth — Free Recruiter patches for all Scouts who had a friend join the Troop through the ITA Program,
and have your troop entered in a drawing for FREE ADVANCEMENTS *for the entire Troop for 1 year. There

will be one winner per district.

*Note. Badges included in Free Advancement are Merit Badges, Rank Advancements, and cards accompanying

those advancements.

FREE JAMBO 2004 — Recruit the highest percentage of youth in your district (in order to be fair for all Troop
sizes, we are using a percentage instead of a straight number), and your Troop will be entered into the council
grand prize drawing to have up to 20 registration fees waived for your Troops visit to JAMBO 2004. There will be
one winner in the council.

PLEASE BE REMINDED THAT ALL YOUTH MUST BE NEWLY REGISTERED YOUTH THROUGH THE ITA

PROGRAM. NO WEBELOS TRANSFERS OR TRANSFERS FROM OTHER TROOPS!

(NEXT)

MINSI TRAILS COUNCIL BOY SCOUTS OF AMERICA

INVITATION TO ADVENTURE WEEKEND

DATE: Saturday and Sunday, November 1 and 2, 2003

LOCATION: Trexler Scout Reservation

ELIGIBILITY: All new Scouts registered as a result of the ITA Program.

COST: There is no cost for the boys or the Troop for the ITA Weekend.

PROGRAM
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Saturday, November 1, 2003

10:.00 AM - 11.00 AM

11:.00 AM - Noon

12:15 PM - 12:30 PM

12:45 PM - 1:30 PM
1:45 PM - 2:30 PM
245 PM - 330 PM
345 PM - 430 PM
4:45 PM - 530 PM
545 PM - 6:00 PM
6:00 PM - 7:45 PM
8:00 PM - 9.00 PM
9:15 PM - 945 PM

10:00 PM - 10:30 PM

Sunday, November 2, 2003

730 AM

745 AM - 8.00 AM
8:00 AM - 830 AM
840 AM - 9:.00 AM
9:.00 AM - 9:30 AM

940 AM - 10.00 AM

10:.00 AM

Arrive at camp, check in at Settlers Dining Hall, receive cabin assignments and

weekend schedule.

Lunch (Settlers Dining Hall)

Opening Ceremony (Buttress)

Round Robin # 1

Round Robin # 2

Round Robin # 3

Round Robin # 4

Individual Unit Time

Retreat (Buttress)

Dinner and Cleanup (Settlers Dining Hall)
Campfire (Settlers Camp Campfire Circle)
Cracker Barrel (Settlers Dining Hall)

Light' s Out

Reveille

Morning Colors (Buttress)
Breakfast (Settlers Dining Hall)
Worship Service (Vespers area)
Pack Up / Clean Up Area
Closing Ceremony (Buttress)

Leave to go home

Minsi Trails Council Obligations for ITA 2003

1. Mail Recruiter postcards and ITA info to Leaders.

2. Conduct Interest Surveys in all Schools not allowing boy talks.

3. Collect all Interest Surveys.

4. Schedule and coordinate the phone a thons during the week of October 20.

5. Schedule and conduct all boy talks the week of October 27.

6. Call all boys identified through boy talks and invite them to open houses.

7. Conduct and coordinate all programs, activities, and meals during the ITA Campout November 1st and 2"
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8. Secure Incentive Plans and make sure all Troops qualifying for the ITA Incentive Plan are kept up to date on

all drawings.
Due to the Boy Scout OCce or your District Executive by October 1, 2003
INVITATION TO ADVENTURE 2003
UNIT COMMITMENT CARD
Yes, our Troop will participate in the ITA.
Troop # District

Unit Leader Contact

Name

Address

Phone #

Email

Terms of Use

Licensing and Regulatory Information:

The ACE Group of Insurance & Reinsurance Companies (ACE Group) is comprised of insurance
and reinsurance companies that are licensed or otherwise approved to transact insurance and/or
reinsurance business in various countries and various states of the United States. Unless indicated
on the ACE Group Regulatory Status Chart, non U.S. companies within the ACE Group are not
licensed or otherwise authorized to conduct business in the US and do not engage in or transact
any business in the U.S. through this website or otherwise. In certain countries, non U.S. buyers
and their representatives may be able to transact insurance with non U.S. ACE Group companies
through websites that are accessible through this website. Certain products and services described
on this website are not available to all users due to insurance regulatory restrictions. Please
consult the ACE Group Regulatory Status Chart to determine which of the ACE Group
companies provide products and services that are available to you in your country or state. From

time to time, as the context requires, "ACE" or "ACE Group" may be used to refer to combined
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financial results or aggregate activities of the members of the ACE Group of Companies. When
so used, those references are not intended to infer that ACE Limited, or any other individual
member company of the ACE Group conducted specific activities, had a particular licensing
status in a jurisdiction or generated specific results.

Intellectual Property Information:

"ACE" and the ACE logo are service marks of the ACE Group. Any product or service described
in this site may be the subject of intellectual property rights owned by an ACE Group company.
Use of such information by website visitors does not constitute a license by the ACE Group. You
may view the website on a single computer solely for internal use and not for republication or
further distribution or display. Except as otherwise allowed by 17 U.S.C. 8 107 (on fair use under
the Copyright Act), permitted internal use shall include downloading insubstantial portions of the
web site to a storage device under your control for temporary storage for the purpose of
incorporating such material into documents produced for internal use and operational work
product, if proper attribution of the material is included by you. Permitted internal use shall also
include making printouts of portions of the website for your personal or internal business
purposes and not for distribution to third parties. You may not remove any copyright or other
proprietary notices, sell or otherwise rent the website materials or create any derivative works for
any public or commercial purpose or otherwise modify the website. By providing personal
information or communicating by email (a "Communication") through our website, you are
granting to the ACE Group a royalty free, perpetual, non-exclusive, unrestricted, worldwide
license to use, copy, sublicense, adapt, transmit, publicly display any such Communication and to
sublicense to third parties the unrestricted right to exercise any of the foregoing rights with
respect to the Communication. Such rights also include the right to exploit any proprietary rights
in such Communication, including but not limited to rights under copyright, trademark, service
mark or patent under any relevant jurisdiction.

Disclaimer of Liability:

ALL INFORMATION IS PROVIDED 'AS IS' WITH NO GUARANTEES OF

COMPLETENESS, ACCURACY OR TIMELINESS AND WITHOUT WARRANTIES OF

ANY KIND, EXPRESS OR IMPLIED. THE ACE GROUP DOES NOT WARRANT THAT

THIS SITE, OR ANY SERVICE THAT MAY BE OBTAINED THROUGH A LINK TO THIS
SITE, WILL BE UNINTERRUPTED, ERROR-FREE, OR FREE OF VIRUSES OR HARMFUL
COMPONENTS. THE ACE GROUP IS NOT RESPONSIBLE FOR AND EXPRESSLY
DISCLAIMS ALL LIABILITY FOR DAMAGES OF ANY KIND, WHETHER DIRECT OR
INDIRECT, CONSEQUENTIAL, COMPENSATORY, ACTUAL, PUNITIVE, SPECIAL,
INCIDENTAL OR EXEMPLARY, ARISING OUT OF USE, REFERENCE TO, OR

RELIANCE ON ANY INFORMATION OBTAINED ON OR THROUGH THIS SITE.

This website provides links to websites that may or may not be owned by the ACE Group. The
ACE Group has no responsibility once you leave an ACE Group site.

You specifically acknowledge and agree that the ACE Group is not liable for the olensive or
illegal conduct of any user. You also specifically acknowledge that any Communication
transmitted by you to the ACE Group via the Internet may not remain confidential or free from
interference by unauthorized third parties during its transmission. If you are dissatisfied with any
of the terms and conditions contained herein, your sole and exclusive remedy is to discontinue
using this site.

Privacy:
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We are committed to protecting your privacy. We use the information sent to us via this website
to provide you with information about ACE and to better serve your needs. We may also use it to
tell you about new products and services that may be available to you. We do not sell, trade or
rent personal information to others.

Safe Harbor Disclosure:

The Private Securities Litigation Reform Act of 1995 provides a "safe harbor" for forwardlooking
statements. Any written or oral statements made by or on behalf of the Company may

include forward-looking statements which reflect the Company's current views with respect to
future events and financial performance. These forward-looking statements are subject to certain
uncertainties and other factors that could cause actual results to dier materially from such
statements. These uncertainties and other factors (which are described in more detail elsewhere in
documents filed by the Company with the Securities and Exchange Commission) include, but are
not limited to, (i) uncertainties relating to government and regulatory policies (such as subjecting
the Company to insurance regulation or taxation in additional jurisdictions or amending or
revoking any laws, regulations or treaties alJecting the Company's current operations), (ii) the
occurrence of catastrophic events with a frequency or severity exceeding the Company's
estimates, (iii) the legal environment, (iv) the uncertainties of the reserving process, (v) loss of the
services of any of the Company's executive o[Jcers, (vi) changing rates of inflation and other
economic conditions, (vii) losses due to foreign currency exchange rate fluctuations, (viii) ability

to collect reinsurance recoverables, (ix) the competitive environment in which the Company
operates, (x) the impact of mergers and acquisitions, (xi) the impact of Year 2000 related issues,
(xii) developments in global financial markets which could alect the Company's investment
portfolio, (xiii) risks associated with the global financial markets which could alect the

Company's investment portfolio, and (xiv) risks associated with the introduction of new products
and services. The words "believe", "anticipate", "project", "plan”, "expect", "intend", "will likely
result" or "will continue" and similar expressions identify forward-looking statements. Readers

are cautioned not to place undue reliance on these forward-looking statements, which speak only
as of their dates. The Company undertakes no obligation to publicly update or revise any forwardlooking

statements, whether as a result of new information, future events or otherwise.

Directors & Olcers— The ACE Report
Issue No. 10— April 1993

The ACE Report is a periodic publication distributed to policyholders and other interested parties as a service by
ACE. Its purpose is to address insurance concerns worldwide, as well as present timely information on current
developments in liability issues surrounding directors and ollcers. The Editor of The ACE Report is Dan A. Bailey,
a lawyer at Arter & Hadden in Columbus, Ohio, USA and a respected voice in the complex area of directors and

oOcers liability.

Although prepared by professionals, this publication should not be utilized as a substitute for legal counseling in

specific situations. Readers should not act upon the information contained herein without professional guidance.

"PAPER" SETTLEMENTS: TOO GOOD TO BE TRUE?
With increasing frequency, class action claims against directors and olJcers and their corporation are being settled
through use of a so-called "paper" settlement, in which the corporation issues securities to the plaintiC class in

settlement to the plaintids' claims. Such a settlement can provide substantial benefits to all parties involved in the
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litigation and can constitute a "win-win" resolution of an otherwise problematic D&O lawsuit.

The plainti0 class is benefited to the extent the distributed securities have value. The plaintils' lawyer can use that
value to justify a fee award, which typically is paid with cash contributed by or on behalf to the defendants. The
corporation and the defendant D&Os settle the litigation without incurring a loss for financial reporting purposes.

Finally, the D&O insurer's coverage obligations are lessened.

Although the concept of using securities to settle class action lawsuits is not new, the willingness of plaintils'
counsel to agree to this type of settlement appears to have increased in the last year. A paper settlement is
obviously advantageous when the defendants' ability to pay a large cash settlement is limited - whether because of
the corporation's small liquidity or relatively low D&O insurance coverage. However, even large corporations with

substantial liquidity and high D&O limits of liability have successfully used this form of settlement recently.

Forms of Paper Settlement

The three alternative forms of paper settlement most frequently used are described below:

Stock Distribution. The corporation agrees to distribute to the class members treasury shares of common or
preferred stock of the corporation. This is the simplest form of paper settlement to administer and value. Assuming
an organized trading market exists for the stock being distributed, the value of that stock is simply determined by

the market trading price as of the date of distribution.

In order to minimize the number of shares distributed (while maximizing the nominal settlement value to the
plaintiC class for purposes of justifying a plainti0 attorney fee award), a stock distribution settlement frequently
takes the form of a "claims made" settlement under which stock is distributed at a defined ratio only to those
plaintiC class members who properly submit a proof of claim. The fewer proofs of claim submitted, the fewer
shares actually distributed by the corporation. However, plaintils' counsel, when justifying its fee award, assumes
all members of the class will properly submit proofs of claim and therefore plaintils' counsel uses the potential

settlement value to the entire class as the proper benchmark for determining a fee award.

Rights Distribution. The corporation agrees to distribute to the class members rights to purchase shares of stock
of the corporation at a defined discount price. Typically, these rights may be exercised for a period of 30 to 60 days
after court approval of the settlement. If exercised, a plainti0 class member purchases a defined number of shares
at a discount price determined either by a defined percentage of the stock trading price as of the end of the rights
period or a defined amount per share below such trading price. For example, a "rights" settlement may permit a
class member to purchase (for a period of 30 days following court approval of the settlement) 1 share of common
stock for every 10 shares of stock purchased by that class member during the class period at a purchase price of

5% (or alternatively $2.00) less than the stock's trading price at the end of the right's exercise period.

From the corporation's standpoint, this form of paper settlement is recently preferred over a simple distribution
of stock because the corporation receives cash from the plaintill class through the discounted purchase by class
members of the shares of stock. Particularly for companies interested in raising additional capital, a "rights"
settlement can be extremely attractive since the larger the settlement, the more capital is raised by the company.
This type of settlement creates value to the plaintiU class to the extent the plaintiUs purchase shares at a discount

and because the plaintils pay no brokerage commission in connection with the transaction.

If a corporation believes it already is fully capitalized and that further sale of shares would detrimentally
over-capitalize the company, a "rights" settlement can be followed by an open market repurchase by the corporation

of the same amount of shares as sold pursuant to the "rights" settlement.
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Warrants Distribution. The corporation agrees to distribute to the class members warrants to purchase shares

of the company at a defined purchase price over an extended period of time. Unlike a "rights" settlement, which
permits the plainti0 class members to purchase shares at a discount over a relatively short period of time, a
"warrants" settlement permits the class members to purchase at a defined price (typically not a discounted price)
over an extended period of time (e.g. two or three years). The purchase price is typically determined by the average

trading price of the company stock for the 30-day period immediately following court approval of the settlement.

A "warrants" settlement creates greater risk and higher potential benefits than does the "rights" settlement. With
a "rights" settlement, the maximum value of the settlement is pre-determined by the defined discount price. Under
a "warrants" settlement the ultimate value can range from zero to an unlimited amount, depending upon the
market price of the company stock during the warrant period. As a result, warrants are more dilJcult to value.
Recently-promulgated SEC regulations relating to disclosure of executive compensation include detailed rules with
respect to the valuation of warrants issued to executives as compensation. Those regulations likely will be viewed

by courts as persuasive authority in valuing a "warrants" settlement.

Notwithstanding these greater risks and valuation issues, plaintils' attorneys frequently prefer warrants over rights
because the warrants arguably create greater potential benefit and thus justify a higher fee award for plaintis'

counsel.

Securities Law Issues

In a rights or warrants type of settlement, the underlying stock ultimately issued to the plaintid class members in

a paper settlement typically must be fully tradeable by the plainti class immediately after issuance. If the shares
must be newly registered with the SEC (which is an expensive and time-consuming process), the viability of a rights

or warrants type settlement may be limited.

However, the securities distributed in exchange for the plaintids' release of their claims (i.e. shares of stock in a
stock distribution type settlement or the rights or warrants) will likely be exempt from SEC registration under the
federal securities laws. Section 3(a)(10) of the Securities Act of 1933 exempts from the registration requirements any
securities (including rights or warrants) which are issued in exchange for the release of claims where the terms and
conditions of such issuance and release are approved, after a hearing as to the fairness of the settlement, by a court.
Thus, in most instances, the rights and warrants issued pursuant to a paper settlement likely are exempt from
registration even though the underlying shares of stock issued upon exercise of the rights or warrants may need to

be registered.

D&O Insurance Coverage Issues
Depending upon the form of the settlement, various D&O insurance issues may arise with respect to a paper

settlement.

1. Is the value of the securities issues pursuant to a paper settlement considered covered loss incurred by
the defendant D&Os? Issuers typically contend that the paper value is not covered under the policy. Since
D&Os cannot personally issue corporate securities, the D&Os are not "legally obligated to pay" that value.
The insureds, on the other hand, may argue that the securities distribution is in reality a form of corporate
indemnification of the defendant D&Os since the securities distribution was in consideration for release of
the D&O claims. In response, D&O insurers typically argue that corporate reimbursement coverage under
the policy exists only to the extent the defendant D&Os are "legally obligated to pay" the loss and that
since so such legal obligation exists to the D&Os under a paper settlement, no corporate reimbursement

coverage exists. In addition, as explained below, the insurers may argue the paper distribution does not
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constitute loss to the corporation.

2. Does the value of the securities issued pursuant to a paper settlement deplete and/or exhaust the
applicable retention or deductible? Insureds may argue that even if the D&O insurer should not reimburse
the corporation for the value of the securities issued, at a minimum such value should deplete or exhaust
the corporate reimbursement retention or deductible. D&O insurers uniformly take the position that the
D&O retention or deductible is depleted and/or exhausted only by loss otherwise covered by the D&O
policy. If the value of the distributed securities does not constitute covered loss, such value does not

deplete or exhaust the deductible.

3. Does the value of the securities issued pursuant to a paper settlement constitute the corporation’ s
contribution to the settlement for allocation purposes? Insureds frequently argue that even if the value of
the distributed securities is not covered loss, that value should be treated as the corporation's contribution
towards settlement of the litigation for purposes of determining an allocation of loss between the
corporation and the defendant D&Os. Insureds may argue that the D&O insurer should pay 100% of the
cash component of the paper settlement since such a payment would result in the D&O insurer paying
only a relatively small percentage of the total settlement value. The insureds thus contend that the D&O
insurer is receiving and extremely favorable allocation - even though the insurer funds 100% of the cash

component of the settlement.

4. D&O insurers typically contend that the loss to the corporation does not equal the value to the class
members of the distributed securities. From an accounting standpoint, the corporation will not realize
either a reduction in its assets or an increase in its liabilities as a result of the securities distribution.
Although shareholders of the corporation may realize some loss because their interests are diluted
by virtue of the securities distribution, that shareholder loss arguably does not constitute loss to the
corporation. Accordingly, insurers argue that the value of he distributed securities should not be considered
when determining a fair and reasonable allocation and that only the cash component of the settlement

should be allocated between claims against the corporation and claims against covered D&Os.

5. Does the corporation’ s costs in repurchasing its stock in the open market following the securities
distribution constitute loss either covered by the D&O policy or attributable to the corporation for
allocation purposes? Insureds may argue that such stock repurchases would not have occurred but for
the paper settlement and, therefore, the cost of such repurchases should be part of any coverage analysis.
In response, D&O insurers argue; (1) the defendant D&Os are not "legally obligated to pay" such stock
repurchase cost and therefore such costs are not covered, and (2) such costs are not incurred to settle the
claims and therefore such costs are irrelevant in any allocation analysis. The D&O insurer's typical view
is that those costs are incurred voluntarily by the corporation based on the corporation's business decision
that it is in the best interests of the company and its shareholders to reduce the number of outstanding

shares following consummation of the stock settlement.

Because paper settlements are increasing in frequency, D&O insurers and the insured may find it desirable to
address these coverage issues through policy wording amendments. Although D&O insurers presumably would
contend that the existing policy forms now adequately answer all of these coverage issues, it may be advantageous
to explicitly address these issues with policy wording in order to avoid uncertainties and unrealistic expectations.

In summary, paper settlements can be a cost-elective method for both insureds and D&O insurers to resolve D&O
class action lawsuits. Although potentially troublesome coverage issues may arise, the position of the insureds and

the D&O insurer is typically vastly improved in this type of settlement than in a standard cash settlement because
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the serious coverage disputes usually involve only plaintils' attorney fees and settlement administration costs (i.e.

the cash portion of the paper settlement).
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