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FOREWORD

The work reported hereln was performed in accordance with Alr Force
Contract F336195=-77-C-2029 under the direction of the Flre Protection Branch
(AFWAL/POSH) of the Fuels and Lubrication Oivision, Aero Propulsion
Laboratory, Air Force Wright Aeronautical Laboratories, Wright-Patterson
Alr Force Base, Ohio, under Project 2348, Task 01, Work Unit 02, with

Mr G.T., Beery and Mr T.A. Hogan, AFWAL/POSH, as Project Engineers.

This report is the result of utilizing ultra-violet (W) radiation
technology in the development and flight testing of am advarced alrcraft

fire detection system.

The contractor was General Dynamics, Fort Worth Division, fort Worth,
Texas. Mr. R.J. Springer, Program Manager, directed the efforts of

P.H. Lang, W.B. Kirk, B.B8. Witte, D.C. Neison, and J. Phillips. The
overall effort was under the supervision of Mr, C.E. Porcher, Manager,
Propulsion and Thermodynamics Section. Graviner Ltd./HTL Industries,
General Dynamics subcontractor, accomplished the design, fabrication,
envirormental testing and support for the flight test phase of the program.
Graviner/HTL's efforts were directed by Mr. S.P. Robinson who was supported
by P.H. Sheath and D.J.V., Smith. Sacramento Alr Logistics Command (SM-ALC)
provided the F-111 aircraft and support for the flight test phase of the
program. Mr B.W. Nichols, SM-ALC Engineering, coordinated the flight
testing at McClellan Alr Force Base.

This report describes the results of work conducted during the period of
15 December 1977 to 26 October 1981.

This is Volume 11 of three volumes. Volume | describes the overall work
of the program which includes the results of the flight test phase.
Volume 11 contains a description and detalls of the system circult and
software design. Volume 11l contalns a description and detalls of the
Ground Support Equipment (GSE) which 1s used as a fault diagnostic
maintenance tool.
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SUMMARY

The Ground Support Equipment (GSE) described herein is a
portable automatic manual check-out unit for the Advanced Fire
Detection System (AFDS).

It performs three basic functions. Firstly, it reads out the
stored data from the AFDS gathered during a flight. Secondly,
it checks the operational capability of the AFDS and finally
it identifies faulty line replaceable units.

This report is divided into the following sections:

Section 1 is the Introduction.

Section 2 is a Systems Design Description and describes
functionally the Hardware and Software.

Section 3 is the Systems Method and describes the Hardware
and Software in detail.

Section 4 is the Operating Instructions.
Section 5 contains the Conclusion.
From the four major sections it can be seen that the GSE has

been designed successfully. This is not to say that the GSE
could not have been designed better.

Some circuitry duplication was necessary due to two independent

sides of the Computer Control Unit, System A.

The microprocessor card was bought ready built. The meajor part

of the interfacing circuitry was wire-wrapped on two dual size
eurocards for ease of modifications and there were many.

Several problems were encountered with the software. One of
the major problems was that there was no clear cut ending to
the particular test devised. Problems were also encountered
due to the lack of microprocessor equipment. Finally, some

problems also arose when the GSE was operated in the U.S.A.

during the CCU flight trials.

It was proposed that for production the specification of the
GSE would change, which would result in the GSE being
simplified. 1If the production quantity is small then the
undesired functions are removed from the GSE software and if
the production quantity is large then redesign the GSE.

ix
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1.0 INTRODUCTION

Ia order that the Advanced Fire Detection System (AFDS) can be
checked out on a regular mainteuance basis, it 1s necessary
to provide some form of Ground Support Equipment (G.S.E.) for
test.

The AFDS has its own built-in test system but cannot identify
a single failure on System A without a G.S.E.

Furthermore, the G.S.E. enables post-flight data, stored
during flight, to be read directly from the AFDS.’

The G.S.E. is a portable automatic/manual check-out unit for
the Advanced Fire Detection System. It performs three basic
functions; it reads out the stored data gathered during the
flight, it checks the operation of the system and it
identifies which line replaceable unit (LRU) is faulty.

This report is a description of the detail implementation of
the G.S.E. It is split into four major sections.

a) System Design

This section explains the functions of the G.5.E. for
the following conditions:

Case 1 - When CCU is on aircraft.
Case 2 - Whemn CCU is in laboratory.

A functional description of the G.S.E. hardware is given
supported by a simplified block diagram. The software
is discussed briefly, i.e. tne object of each test
performed on the CCU by the G.S.E. is given.

b) System Method

This secrion is split into two parts:
Hardware

The hardware is split into 17 functional parts and
discussed.

Software

The overall design is discussed followed by a detailed
description of each test.

Ao < ot




c) Operating Instructions

d) Conclusions




2.0 SYSTEM DESCRIPTION

2.1 CCU - G.S.E. Connection and Operation

Cables 1 to 4 are custom-buil: to connect CCU to G.S.g.
The same cables are used to test both Systems A and B.

Normally the CCU is on the Aircraft, and cables 1, 2 and
3 are used, but the CCU can be tested under laboratory
conditions, in which case cable 2 is replaced with

cable 4. The main differences between cables 2 and 4
are:

Cable 2 Cable 4

1. Is an extension for 1. 1Is a Lab. support cable.
the Aircraft cable
form. '

2. Powers G.S.E. from 2. Powers G.S.E. from bench
Aircraft Power power supplies.
supply.

3. Connects all sensors 3. Has provision for
on Aircraft to G.S.E. connecting CwU and
input interface. one dual or saingle U.V,

sensor to G.S.E.

2.1.1 CCU on Aircraft

The sequence of connecting G.G.E. to CCU by cables
1 to 3 is shown in Figure 2-1. A complete set of
operating instructions both in Manual Mode and Auto
Mode is described in Appendix B,

Normz2lly the G.S.E. is operated in Auto Manual in
which case the operator ensures that:

a) G.S.E. IN/OUT switch is set to IN.

b) Auto/Manual key switch is set to Auto.
¢) Set Power Switch to ON.

d) Press and Release "Start Button'.
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Qbserve print out for results of the tests being
performed. The print out will also show end of all
tests when the paper is torn off.

When Manual Mode is selected, each test canh be

individually selected as long as certain rules are
observed. The rules are describcd in Appendix B.

2.1.2 CCU on Bench

Figure 2-2 shows cable connections between G.S.E. and
CCU. One of the main functions of cable 4 is to charge
up the G.S.E. battery. It has additional connectors
which enables it to be used for a bench checkout of
system units. Vith this set-up the following tests
cannot be conducted fully:

(a) Sensor Test

Because only one head can be connected.

(b) CCU Operating in Normal Mode

Although the CCU will be running in Normal Mode
and respond to Fire and Fault Tests from the Crew
Warning Unit, it can not detect real fire since
simulated heads are connected to the CCU.

2.1.3 Ground Support Equipment

A simplified block diagram of the G.S.E. is shown in
Figure 2-3. The G.S.E. contains a microprocessor
system which controls all the interface circuitry to
perform tests on the CCU. It also prints results of
all tests on the printer.

Since the CCU (System A) consists of two microprocessor
systems, the interface circuitry of the G.S.E. is
duplicated to enable most tests to be performed in
parallel. This results in a saving of approximately
five minutes of CCU testing time. Since G.S.E. is
common to both system A and system B, sufficient
intelligence is built inm to G.S.E. to recognize the
system under test and perform tests accordingly.

The interface circuitry is divided into two equal sides
which consist of: ’

(a) Complete control over CCU normal runniag and G.S.E.
running mode.

o

s s . -
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(b) Sensor input.

(c) CCU voltages and timing.
(d) Sensor simulation.

(e) CCU battery support.

(f) Power supply.

There are six tests performed by the G.S.E. and it may
use one or more blocks of interface circuitry to
perform each of the six tests. Five of these tests
contain several sub-tests (e.g. for system A,
'Functional Test' contains 568 sub-~-tests).

The six tests are:

Read data from CCU.
Control Unit Tests.

U.V. Head (Sensor) Tests.
Parametric Tests.
Functional Teats.

Analyze data from CCU.

DWW

The G.S.E. can Bbe operated inm eitiher Auto or Manual
mode. In Auto mode the above tests are performed in
the same sequence ags they are listed above. lowever,
in Manual mode the tesats can be performed in any
order, and any particular test can be repeated as many
times as desired. Care should be taken to ensure

Test 1 18 always completed first, otherwise CCU data
is lost., Consequently, data analysis test can not bhe
performed. For this reason a key switch is used to
set the G.S.E. in Auto mode when operated by non-gkilled
staff.

2.2 Description of Teats

A set of batteries housed in the G.S.E. support the RAM
0of CCU system A when the CCU is connected to the G.S.E.
This is necessary because the battery support for
system A is housed in system B.

2.2.1  Data Read

By putting the CCU into G.S.E. mode, the G.S.E. issues
a command to perform a CCU housed test which dumps

the RAM contents of CCU to G.S.E. This test takes
approximately 25 seconds and initially it is

performed on Side 1. 1If the CCU under test is

System A, then the above is repeated for Side 2.

8
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2.2.2 Control Unit Test

These are a set of four tests performed by CCU on
itself but initiated by G.S.E.

The four tests are:

a) RAM -~ RETENTION A.

b) RAM - RETENTION B.

c) COMMON - LOGI.

d) RAM TEST AND SET.

The G.S.E. initiates these tests to be performed in
the above sequence and monitors the results. If

there is one or more failures then it is printed on
the printer.

2.2.3 U.V. - Head (Sensor) Tests

This test determines the sensitivity of the U.V.
heads. The U.V. emitters associated with each head
are fired simultaneously for 10 seconds for Side 1.
The pulses received from each head are counted and
printed. With this information one 0of two conclusions
can be drawn:

1) If the pulse count is less than 100 counts per
10 seconds then either the U.V. head has failed
and must be replaced, or the emitter supply has
failed.

2) If the pulse count is greater than 100 but less
than 1000 then the U.V. beads need cleaning.

If the CCU under test is system A, then the above
is repeated for Side 2.

2.2.4 Parametric Test

The object of this test is to monitor the CCU supply
i.e. Sv supply,; 320v Emitter supply. Also the

15 second emitter test and Time Share (167ms) times
are monitored. The results are printed.

2.2.58 Functional Test

The object of this test is to confirm integrity of
CCU hardware to respond to Fire and Fault conditions
simulated by the G.S.E.

9
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2.2.6 Data Analysis

The data received from CCU during the first test
(i.e. data read) and the data received during the
third test, i.e. U.V, Head (Sensor) tests 1is
analyzed by this program and the results printed.

.
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3.0 SYSTEM METHOD

The system is described inder the sub-headings of Hardware
and Software as follows:
3.1 Hardware
A simplified block diagram of hardware is shown io

, Figure 2-3. For any detailed reference to hardware

: see circuit diagrams in Reference 3-1.

f The hardware is divided into seventeen main blocks.
These are:
1. Microprocessor Card.

¢ 2. Printer.

3. Power Supply Side 1. 4
4. Power Supply Side 2. ;;
S. Power Supply to CCU. h
6. Battery support. 5:
7. Input/Output Decode. l
8. Set of Input Ports.
9. Set of Output Ports.

e -

10. U.V. Head Simulation.

11. Head/Drive Supply Card Side 1.

12, Head/Drive Supply Card Side 2,
: 13. Head/Drive Control Side 1. ?
é 14, Head/Drive Control Side 2. ?
i 15, Voltages and Timing Monitoring.
! 16. Cableforms.
i ‘ 17. 25 second Timer.




3.1.1 Microprocessor Card

There were only two options avallable.

1) Custom built microprocessor card.

2) Buy a ready-made microprocessor card.

In both cases the processor card must be based on
the RCA 1802 central processor unit so that it is
compatible with the CCU.

To savé time and money, it was decided to take Option 2.
The microprocessor card selected is GRO430 low power

single board computer supplied by ""The Golden River Co.".

The main features of the microprocessor card are:

10K PROM/ROM

2K RAM

PROM programmer on board
Total current typically 9mA.

For further details on the microprocessor card see
Appendix A-1.

3.1.2 Printer

The printer selected is a Digitec Model 6410 with
Option J, which provides 32 characters per line or
16 characters per line when selected.

The printer is manufactured by United Systems Corpn.,
U.S.A. For further details on the printer see
Appendix A-2.

3.1.3 Cableforms

References 3-2, 3-3, 3-4 and 3-5 give all the details to

manufacture cables 1 to 4. Installation system wiring is
given in Reference 3-6.

The Amphenol connectors were selected to match those
used on the CCU.

The Cannon connectors were selected due to easier
delivery.

The cables were selected on the basis of being able to
withstand worst operating conditions and yet produce
a flexible cable form.

12
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3.1.4 Power Supply Side 1 and 2

The G.S.E. is required to perform many similar functioans
to the CCU and thus employs the same power Supply
circuitry as the CCU. Also reference voltages of 8V
and 5V are required to monitor the CCU voltages.

3.1.4.1 Power Supply Specification

Inputs

115V - 400 Hz - with a tolerance of +10% and -10%.
18 to 30V d.c.

Outputs

4.5V to 5.5V d.c.
310V to 340V d.c.

320V d.c. unregulated.

8V d.c. ) Reference Voltages with tolerances
SV d.e. ) of +5mV and -SmV.

3.1.4.2 Power Supply Description

A single transformer is employed to obtain the nominal
5.0V, 320V and 320V unregulated from 115V 400Hz.

Transiepnt protection is provided at the input of the
transformer by four transorbs and a series resistor
capacitor arrangement.

The 5V and 320V are regulated by a series transistor
method.

The 28V input is used to derive the 8V and 5V reference
voltages. The former is derived by using a LM205
regulator and the latter is derived by using a LM340T
SV regulator.

The 5 volt supply is used to drive most of the G.S.E.'s
electronics. The 320V supply drives the 16 UV
photocells via the head/drive circuitry. The 320V
unregulated supply drives the U.V. anitters associated
with the photocells. The voltage monitoring circuitry
uses 5 and 8V as its reference points. The 28v d.c.

is further used to charge up the three Nickel Cadmium
oatteries that support the CCU RAM.

For Side 2, the 28v input and the 8 and 5V reference
voltages are commron to Side 1; but a separate input
of 115v 400Hz and essociated electronics are required.

I <

et

S math 1 dan



Ly
f The flexibility of the G.S.E. is increased by
i incorporating a 115V change-over arrangement for
{ the printer, i.e. the printer is common to both sides
: and is initially supplied with 115V from Side 1 via a
E relay arrangement. The relay control is arranged such
i that if the 115V of Side 1 failed, then the printer

will be supplied from Side 2.
: 3.1.5 Power Supply to CCU 3
| ]
H The power supply to the CCU is routed via the G.S.E. 4
? This is necessary for a number of reasons: 7
£
L 1) The aircraft cableform carrying power to CCU is ]
E now connected to the G.S.E. This powers the G.S.E. !
» to carry out tests on the U.V. heads. i
; b

2) In order to avoid corrupting the flight data it is !

necessary to hold the CCU inm a power-off condition. ;
' 3) In order to perform certain tests it is necessary

to have a complete control over the CCU,

Figure 3-1 shows a simplified diagram of the CCU power
supply control. The power supply to the CCU is routed
via a set of relay contacts. The operation of the

relay is controlled by the microprocessor. Also the
reset line of the CCU is controlled by another relay.

The 28V is also routed via the G.S.E. but is not
controlled. This arrangement gives the G.S.E. a complete
control of the CCU. .

3.1.6 Battery Support

If the CCU under test is system A then a 4 volt battery
housed in the G.S.E. is required to support the CCU RAM
when the G.S.E. is being connected to the CCU. The
reason is that the battery support for system A is
normally housed in system B, i.e. under the normal
conditions system A is battery supported by system B
via the Aircraft cableform. To make a complete CCU to
G.S.E. connection {t is necessary to connect the
Aircraft cableform to the G.S.E., which results in

the loss of battery support provided by the system B and
consequently the flight data. For a correct G.S.E. to
CCU connection, see Appendix B.
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When the G.S.E. connection is complete, the result is
) that two sets of batteries are connected in parallel
supporting the CCU RAM. The G.S.E. battery is routed
to the CCU via a normally closed relay contact. This
gives the G.S.E. the facility to disconnect the G.S.E
battery support and test the CCU battery support sys.....
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Figure 3-2 shows a simplified disgram of the G.S.E.
battery and its condition monitoring electronics.

The condition of the G.S.E. battery is monitored by a
window detector. By pressing the TEST G.S.E. battery
switch provided on the front panel, a Green Lamp

adjacent to the G.S.E. switch illuminates if the G.S.E.
battery condition is satisfactory. The window detector's
limits are:

Lower Limit - 3.0V
Upper Limit - 7.0V

3.1.7 1Input/Output Decoile

The G.S.E. requires six input and five output ports.

To meet this requirement an RCA CDP 1853CD N-bit

1l ot 8 decoder is employed aloag with 6 two input NAND
gates. One input of the NAND gates is connected to the
Memory Read Line (MRD) of the microprocessor.

The input port is enabled by providing a low pulse to
its output disable pin, while the cutput port is
enabled by providing a low pulse on chip-select one
(CS1) and a high pulse on chip-select 2 (CS2)
simultaneously. The state o0f the memory read line
decides whether an input or output port is selected.

Figure 3-3 shows a simplified diagram of the 1/0 port
arrangement.

3.1.8 U.V. Head Simulation

The G.S.E. is required to perform a functional test

on the CCU's U.V. Head/Drive circuitry. In order to
achieve th's requirement the U.V., heads of the CCU are
simulated. Unlike the real U.V. heads which are

ON LINE all the time that the CCU is powered on, the
simulated heads can be brought ON LINE or OFF LINE as
required.

Figure 3-4 shows a simplified diagram of the U.V.
head simulation.

Eight sets of simulated heads are individually
controlled by the microprocessor via the output ports.
For Side 2 the above circuitry is duplicated.
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3.1.9 Head/Drive Control and Supply
The CCU's Head/Drive control and circuitry is duplicated
in the G.S.E. This 1s necessary in order to test the
U.V. heads. Figure 3-5 shows a simplified diagram of
the Head/Drive Control and supply circuit.
The control circuitry is driven by an oscillator of
250KHz. The 230KHz is divided down to give a train of
pulses of period 896 us. .
The train of pulses is used to interupt the
microprocessor every 832 us during U.V. Head Test. b
The circuit operates as follows: !
a) The U.V. Head Test is performed on one 8ide at a
time.
b) The control circuit and the Head/Drive circuit }
§ are repeated eight times for each side. i
¢) The Heads are brought on line. ?
d) The U.V. emitter is enabled. :
e) The U.V. Head fires and generates a positive edge j
pulse. i
) The positive edge pulse enables the control logic |
which generate two separate pulses. One is of
duration of 2ms and it is used to remove the 320V
supply from the U.V. photocell; the other is of
duration lms and it is enabled on to the DATA
BUS. !
g) The U.V. photocell is brought back ON LINE and the
above (section e and I) keeps occurring until the ;
U.V. Head and emitters are disabled. ;
For Side 2 sections (a) to (g) are repeated.
3.1.10 Voltage and Timing Monitoring !
The following CCU voltage lines and timing pulses are
monitored by the G.S8.E,
Side 1 Side 2
' 320V DC 320V DC
5.8V DC 5.8Y DC
Emitter Supply Emitter Supply
15 second emitter test 15 second epitter test

COMMON TO BOTH SIDES.

20




LINDEID X1ddNS ANV TOdINOD JAINA/AVIH  G-£ TANOId
S 1IN
—) f——
JEE3]
|

1199000y4 x-ﬂ“_....lwu.-ozuﬁu AN w 3
AN o1 0 ” ‘ \_ \Il n sqqous esnd -._
N

o1 - - = - Z opis
B 21801
Butwy} 4 ouw) f—e—
24901
wy U 4:5
A sne viva v ~
Lo B o et 0|0
I opiS
WomIoN tepss ¢
ﬁ Bugwyy T 21807
uuuuuu [oano)
\]
5wy 0] @—|
[l TR
AL | ~ _ srqoue espnd sw|
[OMuUo) PosH AN
AOZE |
(o1wo)




YIS 4. &Yt sn e

T

ey

Check Point 1 (CH1)
Check Point 2 (CH2)
Check Point 3 (CH3)

Check Point 4 (CH4)
System Configuration

The voltages are monitored for lower and upper limit by
the use of window detectors, the outputs of which are
connected to a set of input ports. The check points
one to four lines are of 28V DC. Figure 3-8 shows

a simplified diagram of check points monitoring.

The 28V is potted down to 5.8V and conpected to 5V
regulated supply via a diode. Also the 5.6V is
connected to the input ports via Schmitt inverter
buffers.

The G.S.E. uses the system configuration (5.6V) line to
determine whether it is testing system A or system B,

The system configuration line is O Red with 5.8V Side 2
and conpected to an input port. The O Red arrangement

is desired because for syetem A the system configuration
line 18 HIGH and for system B it is open c¢ircuit. Further
there is no 5.8V side 2 in system B. The G.S.E.
detection of system configuration is configured such that
apy one or both lines HICH constitutes system A and if
none are HIGH then gsystem B. This type of arrangement
was necessary due to the independent power supplies

of the CCU.

3.1.11 25 Second Timer

Figure 3-7 shows the simplified diagram of the
25 second timer,

The timer is built of a single 558 dual monostable

integrated circuit plus timing capacitors and

resistora. It is8 arranged such that, normally the

output is held HIGH. When the control logic triggers

the timer, a negative going pulse of duration ‘.
10 millisecond is produced. This negative going pulse

is used to reset the microprocessor program to .
start from location 0000. _

3.2 Software
3.2.1 Qver View

Figure 3-8 shows a simplified flow diagram of the
G.S.E. software. The flow diagram is designed to

4
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perform tests on the CCU in a pre-determined sequencs.
The sequence is:

a) Since most of the tests will corrupt the RAM of
the CCU, it is necessary for the G.S.E. to perform
the Read CCU test first. (i.e. Retrieve the
flight data from the CCU RAd).

b) If there is a failure in the CCU during the CCU
TESTS, SENSOR TESTS or PARAMETRIC TEST then the
FUNCTIONAL TESTS and the DATA ANALYSIS TEST shall
be aborted. Also any failure in the PARAMETRIC
TEST aborts the whole range of tests. This
leaves either the CCU TESTS or the SENSOR TESTS
to be performed after the READ CCU tests.

c) Flight Data retrieved during the READ CCU test
is useful only if there is no fault in the CCU.
The FUNCTIONAL TEST, tests out the CCU's ability
to respond to FIRE and FAULT cooditions and thus
needs to be performed before the DATA ANALYSIS.

There are two other tests:

1. To detérmine whether or not the G.S.E. can
communicate with the CCU. This test is always
performed before tests (a) to (f).

2. To simulate the Heads and Emitter Test during
normal operation of CCU.

3. To simulate the Heads and Emitter responses to

the FIRE TEST and FAULT TEST switches when
CABLE 4 is used.

3.2.2 The Microprocessor Card Utilization

The microprocessor card is a self-contained low power
single board computer with its own utility program.
‘The G.S.E. program is housed in four 2K by 8 bit U.V.
PROMS (2716). The G.S.E. program is located at

0000 to 2000.

The utility program is located at 8000 to 83FF. The
microprocessor card also has 2K RAM located at 4000
to 8000.

The G.3.E. program utilizes some of the suuroutines
from the utility program (teletype input and print
subroutines) and it also uses the microprocessor cards
RAM as a rough working area, e.g. The FLIGHT DATA
retrieved is stored at this RAM.
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The microprocessor card can RUN programs in two main
modes, i.e.

1. Utility Mode.
2. Program Mode.

To RUN in Utility Mode the RUN line must be taken to
ground momentarily. This forces the microprocessor to
start RUNNING tfrom location 8000.

To RUN in the Program Mode the RUN line must be taken
to ground momentarily. This forces the microprocessor
to RUN from location 0000.

NOTE

When the microprocessor card is in the program mode,
the program can be arranged to jump into the UTILITY
mode but the reverse is not possible.

For further details on the microprocessor card. see
Appendix A-1.

3.2.3 Note on the Start Up Condition

At POWER ON, the G.S.E. has the following conditions:

1. No power is applied to CCU.

2. CCU reset line held LOW.

3. The EF3 flag of the Central Processor Unit is
held LOWY.

The G.S.E. program starts by disabling the INTERRUPT
line; sets up the various registers of the CPU;
activates the appropriate hardware to apply power to
CCU; and releases the CCU reset line, Next the

program examines the position of the G.S.E. IN/OUT
switch. 1If the G.S.E. IN/OUT switch is at position OUT,
then the program branches to perform the simulation

of Heads and Emitter Test. This simulation also
responds to the FIRE TEST and FAULT TEST switches when
CABLE 4 is used. 1If the G.S.E. IN/OUT switch is at
position IN, then the program looks for the state of the
EF3 flag. (i.e. HIGH or LOW). The state of the EF3
flag is monitored because it allows the program to
decide whether or not it has retrieved the FLIGHT DATA
SIDE 1 (Note: for System A, there are two independent
sides). This Hardware/Software arrangement of the
G.S.E. 18 necessary hecause:

1. The CCU transmits the data serially: i.e. in the
same format as a fteletype.
2
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L 2, In order to receive correctly the data transmi‘:ed
by the CCU, the G.S.E. program jumps to the UTILITY
program of the microprocessor card.

3. After all the data has been received by the G.S.E,
the microprocessor card waits for further instructions
which are not forthcoming. To escape from this
UTILITY program condition, the RUNP line must be
enabled, i.e. it must be taken to ground momentarily.
This has the effect of starting the G.S.E. program
from the beginning again. Hence, before DATA SIDE 1
is retrieved, the state of the EF3 flag is changed to
HIGH. Consequently, when the program starts from the
beginning, the second time, it is forced to branch to
another part of the program. i.e. If it is System A,
then retrieve DATA SIDE 2 or if it is System B then ;
continue with the remaining tests. When DATA SIDE 2 3
has been retrieved, the program is forced to start from
the beginning again and it proceeds to perform the
remaining tests.

The remaining tests can be performed in AUTO or
MANUAL mode. However, trained personmel can perform :

q . the tests in a different sequence when the G.S.E. |
is operated in MANUAL mode.

3.2.4 Tests Description

3.2.4.1 Simulate Heads and Emitter Response Time 5

This routine detects the type of system under test :
(e.g. System A or System B). The operation of this

routine is sychronized with the CCU, i.e. at power

ON the CCU performs an Emitter Test by firing its

emitters and looking at the response from the U.V.

heads.

NOTE

If the CCU under test is System A then the Emitter
Test is always performed on SIDE 2 first.

The architecture of this routine is:

1, It waits until the CCU's emitter line side 2 is

B T T

HIGH.
, 2. 1t fires all heads on Side 2, i.e. simulating
: the Heads.
E ' 3. It waits until the CCU's emitter line side 2
: is LOW,
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4. It resets the simulated Heads.

5. It waits until the CCU's emitter line side 1l is
HIGH.

6. It fires all Heads on Side 1, i.e. simulating
the Heads.

7. It waits until the CCU's emitter line Side 1
is LOW.

8. It resets the simulated Heads.

9. It branches back to the beginning.

If system B is under test then it ships all operationmns E
regarding Side 2. ;

This routine is also used to test the CCU to respond
to the FIRE test initiated by depressing the FIRE TEST
switch on the Crew Warning Unit. When the FIRE TEST
switch 1s pressed, the CCU fires all emitters. The
routine detects this and fires all Heads simulating
all Heads until the FIRE TEST switch is released.
Consequently, the CCU resets its emitter line to LOW,
The overall result is that the CCU responds with a ]
FIRE CONDITION displayed on the CWU. 1In order to get
out of this routine; it is necessary to set the G.S.E.
IN/OUT switch to 'IN' and start the program again from
location 0000, i.e. take the RUNP line to ground
momentarily. For full details on this routine see
Appendix A-3.

3.2.4.2 To determine whether the G.S.E. can communicate
with the CCU

e e o ha s At et

The flow diagram is shown in Appendix A-4 and it

is referred to as a block labelled PART I in

Figure 3-8.

The object of this part of the program is as follows:

3.2.4.2.1 Initialigg

et ——————— -t

"POWER ON" condition of the CCU. |
HOLD CCU in Reset Mode, etc.

3.2.4.2.2 Print operating message

"GD/GRAVINER DFDS AUTO ROUTINE".
3.2.4.2.3 Test position of G.S.E. IN/OUT switch. |
28
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3.2.4.2.4 It G.S.E. IN/OUT switch is at posgition
'OUT' then the CCU is in normal mode and the G.S.E.
program must branch to perform the "simulate Heads and
Emitter response test' routine (see Section

3.2.4.1).

3.2.4.2.5 It the G.S.E. IN/OUT switch is at position
'IN' then it must proceed to test the status of the EF3
flag.

3.2.4.2.6 If the status of EF3 is LOW then branch to
Read data from CCU test otherwise proceed to determine
whether or not the G.S.E. can communicate with the CCU.

The object of this part of the program is:

a) To determine whether the CABLE FORMS (one ot
three) are connected properly between CCU and
the G.S.E., i.e. the G.S.E. can communicate
with the CCU.

b) To dectermine and print SYSTEM CONFIGURATION,
i.e. SYSTEM A or SYSTEM B.

c) For SYSTEM A a PASS status will allow the
G.S.E. PGM to proceed to PART 2, i.e. the
communication path is confirmed. A FAILURE
status will print the following message:

"NO G.S.E. -~ CCU PATH.
CHECK CABLE 1 OR
JEPLACE CCuU™

NOTE
During this condition, three faults are possible:

1. CCU Faulty.
2. Cableforms not connected properly.
3. Cableforms faulty.

It is recommended that in the event of the above
failure, the Cableforms be checked (pin to pin
connection). Reconnect the G.S.E. to CCU
connections and repeat the test. If the failure
condition still exists, and the cableforms were
found to be correct then, the CCU must be
assumed FAULTY. Hence the CCU must be sent to
GRAVINER LIMITED for detailed analysis.

d) For SYSTEM A, four PASS/FAIL status conditions
are possible:

SIDE 1 & 2 PASS.
SIDE 1 & 2 FAIL.
SIDE 1 PASS, SIDE 2 FAIL.
SIDE 1 FAIL, SIDE 2 PASS.
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Occurrence of Condition 'l' will allow the program
to proceed to the remaining tests.

Occurrence of Condition '2' will not allow the
program to proceed to the remaining tests.

It will also print the same failure message as 1in
Section 3.2.4.2.6(c).

Occurrence of Condition '3 & 4' will not allow the
program to proceed to the remaining tests if the G.S.E.
is in AUTO mode, but it will allow the program to proceed

to the remaining tests if the G.S.E. is in MANUAL mode.
Also it will print the following messages:

SIDE 1 PASS )
SIDE 2 FAIL )

OR

SIDE 1 FAIL )
SIDE 2 PASS )

along with the failure message as in Section
3.2.4.2.6(c).

This part of the program is implemented by issuing
conditions to the CCU to nerform an IDLE ROUTINE.

The IDLE ROUTINE is housed in the CCU software and
when enabled, it sets the G.S.E. 1 and G.S.E. 2
lines of the CCU to HIGH.

These G.S.E. lines are monitored by the G.S.E.
program (for both sides if System A) and
consequently the above decisions are mede.

For full details on this part of the program see ¥
Appendix A-4.

3.2.4.3 Read DATA from CCU

The object of this part of the program is to retrieve
the FLIGHT DATA stored in the CCU RAM. Refer to
Figure 3-8 (the dotted path 1) of the program is
already described in Section 3.2.4.1. and 3.2.4.2.

i
1

The hardware is arranged such that the program is
forced to follow (the dotted path 2), i.e.
to retrieve DATA SIDE 1. The data is retrieved by
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? issuing the appropriate command to the CCU, to
perform its 'SEND DATA OUT' routine. This is
implemented in the following order:
1 1. Initialize the following:
P a) Memory code to LOW, i.e. store OO at location 4000.
:
b) Set EF3 flag to LOW.
E 2. Determine the type of system under test, i.e,
, System A or System B.
3. If the CCU is System A then set memory code to
HIGH and proceed to S.
4. 1f the CCU is System B then proceed to 5.
5.
; a) Issue commands to the CCU Side 1 to perform its
¢ 'Send Data Out' routine.
. 4§
: b) Release the reset line of the CCU.
E ¢) Start the 25 second timer. (See note below).
{
' d) Jump to UTILITY program of the microprocessor
: card.
‘ NOTE

As explained in Section 3.2.3., that in order to
retrieve the data, the G.S.E. program must jump to
the UTILITY program of the microprocessor card and
in order to get out of the UTILITY, the RUNP line
of the microprocessor card must be taken to ground
momentarily. This is achieved by the 25 second
timer, i.e. it takes approximately 23 seconds for
the data transfer and 2 seconds later, the timer
applies a short negative going pulse to the RUNP
line of the microprocessor card.

6. Having retrieved data SIDE 1 the program starts
from the beginning again and this time it
follows (the dotted path 3).

7. 1f r. 2 CCU is type 'B' then the program
pro.ceds to the remaining tests.




8. 12 the CCU is type A then the program performs
the following:

a) Set memory code to LOW, i.e. store OO at location
4000.

b) Shift DATA from Side 1 to locations 4500-45FF.
(see note below).

c) Issue command to the CCU's Side 2 to perform its
*Send Data Out' routine. ’

d) Repeat as for Side 1 above.

9. Having retrieved the data from Side 2 the
program ctarts from the beginning again and

follows (the dotted path 4).
NOTE

The memory code is used to enable the program to
determine:

(1) That it has retrieved data from Side 1 and
the system under test is of Tyne B and thus
proceed to the remaining tests.

(11) That it has retrieved data from Side 1 and
the system under test is of Type A and
consequently it must retrieve data from
Side 2.

(114) That it has retrieved data from both sides
and thus proceed to the remaining tests.

For full details on this program see Appendix A-4.

3.2.4.4 The CCU Tests

The CCU tests are a group of four tests housed in
the CCU software. They are enabled one at a time.
The tests are:

(1) RAM Retention A.
(i1) RAM Retenticrag B.

(ii1) Common Logic.




NOTE

For System A, both sides must see a FIRE condition
before it is displayed on the CWU.

Hence, this condition is 'AND'ed in the Common Logic
of the CCU and the results displayed. . 3

(iv) RAM Test and Set.

The object of these tests is to confirm the integrity
of the CCU RAM and the Common Logic¢ part of the CCU.

The tests are performed in the numerical order above.

bt 8 ol bl i s b

Further, it there is a future condition, it is
recorded at a pre-determined area of the RAM (i.e.

in this case at locations 4003 to 4013). After each
condition is tested, the PASS/FAIL record register

is incremented by one. Tests (1), (ii) and (iv) are
performed simultaneously on both sides and test (iii)
is pertformed on Side 1, and then on Side 2. At the
end of these tests the PASS/FAIL status is printed

in coded format, i.e. a row of zeros is printed if
all tests were correct. If there were a failure then
2 'one’' will be printed in the corresponding position.
Appendix A-5 gives a full list of messages
corresponding to the failures in tl.e CCU.

et Al
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Further details of the four tests are now given.

(1) RAM Retention A

The G.S.E. program sets up the conditions for
the CCU to performm this routine. The object

0f this routine is to load hexadecimal numbers
in to the CCU RAM. The numbers start at .) and
finish at FF, since the size of the CCU RAM

is 256 bytes. (FF hexadecimal = 256 memory
bytes). The numbers are located in the
incrementing manner.

When all the numbers have been loaded the CCU
raises a G.8.E. flag. The G.S.E. program waits
for four seconds to detect this flag and proceeds
tOo the next program.

(1ii) RAM Retention B

RAM retention A & B are essentially one
program. The first one sets up a pattern of
numbers and the second checks that pattern
after the power supply to the CCU was switched
'OFF' for five seconds.

3
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(i1i)

(iv)

Hence the G.S.E. program disables the power
supply of the CCU for five seconds. Also the
conditions are set to perform the RAM
Retention B. It then waits for four seconds
to detect the RAM Retention B completion flag
and then proceeds tc the next program.

Common Logic

Before this test is performed, it is necessary
to confirm that the CCU is able to respond to
FIRE and FAULT conditions. This is necessary
since the Common Logic routine assumes that a
fire or fault condition will be transmitted.
Thus the G.S.E. puts the CCU in Normal mode
and simulates the U.V. Heads in firing mode.
It waits for six seconds and then checks
whether or not the CCU (s in FIRE condition.
17 the CCU fails to respond with a FIRE
condition then the G.S.E. aborts the Common
Logic test. Otherwise it creates a FAULT
condition by feiling the CCU by not simulating
the U.V. Heads in firing mode during the CCU's
first emitter test. 1f the CCU fails to

respond with a FAULT condition, then the G.S.E.

determines whether the CCU under test is type
A or B. If it is type B then the Common Logic
test is skipped.

The G.S.E. sets up the conditions for the
Common Logic routine to be performed on one
side at a time. Side 1 is performed first.
The programs wait for results for about six
seconds and then proceed to the next routine.

RAM Test and Set

The object of this rcutine is to see whether
all the CCU's RAM locations are functinnal.

It dues s0 by loading and checking two sets of
patterns and in the end it sets all memory
locations to zeros. Again the G.S.E. sets up
the conditions for this routine to be
executed; waits four seconds for the result
then proceeds to the last part of 'The CCU
Teats' program.
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3.2.4.4.1 CCU Teat Summary

The purpose of the RAM retention A and B is to
confirm the CCU's Battery support, i.e. its ability
to retain the FLIGHT DATA when the CCU is 'POWERFD
OFF'. Should a failure occur then a 'CCU BATTERY
LOW' message is printed as well as a 'One' in the
row of zeros displaying where the failure occurred.

During the Common Logic test, three possible
faults occur.

1. Inhibit Fail.
2. Fault Fail.
3. Fire Fail. .

Each of these faults refer to certain parts of the
CCU hardware. A skilled person with sufficient
knowledge of CCU hardware can pinpoint the position
of the fault,

The RAN test and Set confirms the integrity of the
CCU RAM and then sets it to zero.

At the end, the PASS/FAIL codes are printed. They
are also scanned for any failure condition.

I1f the G.S.E. is in AUTO mode and a failure condition
exists, then a flag is set up. If tbe G.S.E. is in
MANUAL mode with a failure condition, no flag is

set up. This flag is used just before the

Functional Test tc determine whether or not 'The
Functional Test' and 'Analyze Data Test' should be
performed.

For full details on these tests see Appendix A-5, A-8,
and A-7.

3.2.4.5 Sensor Test

The object nf this is to determine:

1. The sensitivity of the U.V. Head (i.e. the
photocell).

2. That the U.V. Head and the connecting wires are
correct and functional. This is achieved by
duplicating the U.V. Head/Drive circuitry in the
G.S.E. and by cornecting the U.V. Heads to the :
G.S.E., 1.e. the G.S.E. has complete control over i
the U.V. Head and Emitter supplies. t

7
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This routine switches the U.V. emitters 'ON' and
counts the number of pulses received from the U.V.
photocells for a period of ten seconds. For System A
each U.V. Head consists of two photocells and two
emitters. One photocell and one emitter refer to
Side 1 of the CCU and the others to Side 2. Further,
2 maximum of 8 U.V. Heuds can be connected to the CCU.
However, the current CCU's are configured to use only
five U.V. Heads. This means that sufficient
intelligence must he built into the Semsor Test such

that it onsy prints the results of the U.V. Heads that
exist.

This is implemented as follows:

1'

10,
11.

Initialize Registers, i.e. clear registers which
will hold the pulse count; set up the address of
the Interrupt subroutire.

Epable Interrupt, fire the Emitters Side 1 and

“Jump to SELF LOOP.

. The Hardware Interrupt occurs every 832 microseconds

and the G.S.E. program jumps to the Interrupt
subroutine. (See Section 3.2.4.5.1. for the
Interrupt routine).

. The program jumps out of the Interrupt subroutine

and returns back to the SELF LOOP.

Procedures 3 & 4 are repeated for ten seconds

whence the program jumps to Part 2 of the Sensor
Test.

. The emitters are switched 'OFF',

A decision is made whether the counted pulses refer
to SIDE 1 or SIDE 2.

It is determined whether the first head exists or
not. If it exists then the counted pulses are
converted to decimal pnumbers and printed. This
operation is repeated for all the 8 U.V. Heads.

If the system under test is type A then
re-initialize the registers. Fire emitters SIDE 2;
enable the Interrupt and jump to SELF LOOP 2.
Operations 3 to 8 are repeated.

1{ the G.S.E. is in AUTO mode then proceed to the
pext test otherwise branch to the Manual Loop.
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For details on this test see Appendix A-8,

3.2.4.5.1 BCD to Decimal Conversion

The object of this subroutine is to convert the
number of pulses counted/10 seconds in Binary
Decimal Code to Decimal Numbers. It is capable of
converting a full 16 bit number, i.e. a max hex
number of magnitude FFFF. This subroutine is
implemented as follows:

1, Store the hex number to be converted in & 16
bit register (i.e. R3).

2. Clear and arbitrarily assign the decade order
to 3 RAM locations where the converted number
is to be held, as follows:

RAM location Assigned decade value
4030 Ten Thousands

4031 Thousands

4032 Hundreds

4031 Tens

4030 Unita

3. Read the least significant HEX digit, i.e. the
least four bits.

4. Since rae least HEX digit has a weighting of
‘one’; test it for <, = & >10. If it is less
thap 10 add it to the UNIT decade, i.e.10°,

If it is equal to 10 then add one to the

TENS decade:

(1.e. 10%)

I1f it is greater than 10 then add one to the
TENS decade, subtract 10 from the tested value
and add the remainder to the UNIT decade.

5. Read the second least HEX digit. This has a
decimal weighting of 16.

8. Teat it for 2zero.
8.1 If equal to zero then do Step 7.

6.2 1If greater than zZzero then add 1 to the TENS
decade and 8 to the unit decade.
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6.2.

10.
10.1
10.2

10.2.

10.3
10.4
11.

1 Test both Unit and Tens decade for overflow
i.e. Test Unit Decade for = or > 10. 1If it
is equal to 10 then subtract 10 from the unit
decade and add 1 to the Tens decade. If it
is greater than 10 then subtract 10 from the
Unit decade and add 1 to the Tens decade.
Having tested the Unit decade, test the Tens
decade applying the same analogy.

Decrement the read value and test it for zero.
Repeat Steps 6.1 to 6.4.

Read the third least HEX digit. This has a
decimal weighting of 254.

Test it for zero.
If equal to zero then do Step 9.
I1f greater than zero then add 2 to the

Hundreds decade; 5 to the Tens decade and 6 to
the Unit decade.

.1 Test the Units, Tens, Hundreds and Thousands

decade for overflow. Same analogy as in
Para. 6.2.1. is applied.

Decrement the read value.
Repeat Steps 7 to 8.4.

Read the most significant HEX digit. This has
a decimal weighting of 4096.

Test it for zero.

I1f equal to zero then do Step 11l.

I1f greater than zero then add 4 to the
Thousands decade, 9 to the Tens decade and 6 to
the Units decade.

1 Test the Units, Tens, Hundrede, Thousands and
Ten Thousands decade for overfiow.

Decrement the read value.
Repeat Steps 9 to 10.4.

Print the converted number,

Subroutines are written for the Units, Tens,
Hundreds and Thousands decade overflow tests.
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Figure 3-9 shows a flow diagram for the BCD

subroutine. Appendix A-7 gives assembly listing as '
part of the Sensor test. This subroutine is also

used by the Data Analysis Test.

3.2.4.5.2 The Interrupt Subroutine

The object of this routine is to count the number

of pulses for 8 photocells in parallel for a period
of 10 seconds. Further it must be able to
distinguish that for a particular photocell; for

the occurrence of two consecutive pulses only one is
stored, i.e.:

Pulses arrived 101110 ) Photocell 1

Pulses stored 101010 )

The above process is repeated for all 8 photocells.
It the ten seconds are not up then, the exit from
this routine is to either SELF LOOP 1 or SELF LOOP 2

otherwise the exit is to part 2 of the Sensor
Test.

This routine is implemented as follows:
1. Initialize.

2. Read all B photocells (i.e. Have any one or
all of them fired).

3. Determine if a pulse occurred immediately
before the current read cycle and apply the
above logic two consecutive pulses.

4. 1If a valid pulse exists for any of the
8 photocells then increment the corresponding
photocell pulse counter,

S. 1If 10 seconds are up then branch to PART 2 of
the Sensor Test otherwise branch to either
SELF LOOP 1 or SELF LOOP 2.

For full details on this routine see Appendix A-8.

3.2.4.86 Parametric Test

The object of this test is to confirm that the
integrity of the CCU's power supply rails, i.e. 320V,
5.8V and the emitter supply. Further it confirms
the 15 second emitter test.
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The power supply monitoring is implemented by a set

of window comparators. When the supply rails of

the CCU go below or above their predetermined values
(See Section 3.1.4) theno a flag is raised. The
Parametric Test detects this flag and prints the
appropriate message. See Appendix A-5 for a whole lisgt
of messages,

3
4
!;
f
1]
i

As always, sufficient intelligence is built into this
test sO that both types of CCU's can be tested
efficiently. 1f any failure is encountered during

the power supnly monitoring and if the G.S.E. is in
AUTO mode then the remaining tests are aborted.
However, if the G.S.E. is in the MANUAL mode then this
test branches to the MANUAL loo0p.

7o g v e .

The second part of this test is to confirm the
integrity of the 15 second emitter test. The CCU
energizes its emitters for one Time share period every
15 seconds and it looks for positive response from

the U.V. Heads. 1I?f there is no response then the CCU
reconfigures such that the offending U.V. Head is

i switched off line. 1If sufficient ownber of U.V. Heads
3 | fail then the CCU issues a FAULT condition.

TR T

EELR RN

The emitter test puts the CCU in Normal mode and
observes for the emitter line to go HIGH. 1If {t
does not go HIGH within six seconds, then it issues
an error message (See sample print out) otherwise
it observes the Emitter Line tu go LOW. If the
Emitter Line does not go LOW within 180 ms then an
: error message is printed, otherwise it observes that
i the Emitter Line does not go HIGH for the next

: 14 seconds. At this stage it starts to observe the
‘ Emitter Line to go HIGH. 1If it does not go high
within one second then an error message is printed.

P R

This is repeated for Side 2 if applicable.

1 If the G.S.E. is in AUTO mode then occurrence of any
fajlure aborts the remaining tests. If in MANUAL
mode then branch to the Manual Loop. Below is a
full 1list of error messages for the Parametric Test.

l. 5.6V SIDE 1 FAILED. 7. EMITTER FAILURE 03.
2. 5.6V SIDE 2 FAILED. 8. EMITTER FAILURE O4.
2. 320V SIDE 1 FAILED. 9. EMITTER FAILURE OS.
4. 320V SIDE 2 FAILED. 10. EMITTER FAILURE 06.
5. EMITTER FAILURE Ol. 11. EMITTER FAILURE 07.
6. EMITTER FAILURE 02. 12. EMITTER FAILURE 08.
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NOTE

Emitter failure codes Ol, 02, 03 and 04 apply to

SIDE 2 and 05, 06, 07 and 08 apply to SIDE 1.

Further points marked Ol to 05 correspond to the type
of Emitter Failure for SIDE 2. For SIDE 1 the poiuts
would go from 05 to 08. For full details on this
routine see Appendix A-S apd A-9.

3.2.4.7 Functional Test

This test confirms the integrity of the CCU Head Drive/
Supply circuitry. 1t is achieved by putting the CCU

in normal mode and simulating the U.V. Heads in a
predetermined sequence and observing the FIRE/FAULT
response of the CCU. E.g. simulate a FIRE conditijon.
If the CCU responds with a FIRE signal then the Head
Drive/Supply circuitry corresponding to the

simulated heads is functional. The Functional Test

is divided into seven major tests. These tests are
implemented in the following manner.

Initially the CCU RAM is cleared by performing the
RAM Test and set routine. See Section 3.2.4.4. Put
the CCU in Normal Mode and simulate the U.V. Heads
during the CCU Emitter Test. [If the CCU fails after
the first Emitter Test then store a failure code (01)
at location 4050 and increment the failure code
Register, 1.e. 4051.

NOTE

Locations 4050 to 4089 are used to store the PASS/FAIL
status of the SUB-TESTS during the Functicnal Test.
At the end of the Functional Test the PASS/FAIL

statuses are printed (see sample print outs in Appendix B,

Chapter 5). These codes are issued with the code
decode list of messages to determine which part of
the CCU's Head Drive/Supply circuit is faulty.

Let the CCU run for another five Time share periods
and observe 1f a FIRE condition is generated. If a
FIRE condition 1is generated then store a failure
code at location 4051 and increment the failure code
register, 1.e. 4052, (Both sides of the CCU share
the time to observe FIRE/FAULT conditicon, i.e. each

cne observes for 167 milliseconds in turn).
See Figure 3-10,

ok
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FIGURE 3-10 TIME SHARE DIAGRAM OF THE CCU
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The above is a set of initial tests. The following
are a further set of seven tests. If the CCU under
test is of type A then all seven tests are performed
and if the CCU is of type B then tests four, five
and seven are performed. The method of storing

PASS/FAIL status is the same as for the initial tests,.

Test 1

(a) Fire all Heads on SIDE 1 (i.e. simulate Heads).
(b) Hold Heads in standby mode on SIDE 2.

(¢) Wait for 6 Time Share periods and then observe
a FIRE cuindition.

(d) If a TIRE condition exists then there is a
permanent fault in the Head Drive/Supply (or
logie) circuitry on SIDE 2. 1If no FIRE
condition exists then branch to Test 2.

Test 2

Repeat Test 1 except change all references of
SIDE 1 to SIDE 2 and vice-versa.

Test 3

(a) Fire all Heads on SIDE 1 (i.e. simulate heads).
(b) Fire Head one on SIDE 2.

(c) Wait for six Taime Sharc periods and observe
for a FIRE condition.

(d) If FIRE condition exists then the Head 1
Drive/Supply and Logic circuitry is
functional otherwise it is faulty.

(e) Reset Head on SIDE 2.

(f) Wait for six Time Share periods and observe
for NO FIRE condition.

(g) If FIRE condition exists then the Head 1
Drive/Supply aud logic circuitry is faulty
otherwise it is functional.

{h) Repeat Steps (b) to (g) for remaining seven
Heads.
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Test 4

Repeat Test 3 except change all referenceas of
SIDE 1 to SIDE 2 and vice-versa.

Test S5

If tests one to four are successful then all Head
Drive/Supply and logic circuitry is functional.

The remaining tests (i.e. 5, 6 and 7) are concerned
with confirming the CCU's ability to respond to the
adjacency sets.

NOTE

In order to reduce the probability of a false
warning given by the CCU, the U.V, Heads are
arranged in a set of pairs to look for FIRE in a
predetermined area. This pairing of U.V. Heads
is termed as the Adjacency Sets. For further
details on adjacency sets see Appendix A-],
Volume 11.

Adjacency sets are as follows:

The suffix refers to SIDE 1 or SIDE 2, i.e. Head 11
= Head 1, Side 1.

Head 11 Head 22

Head 21; Head 32

Head 21; Head 12

Head 31; Head 22

Head 4!; Head 8

Head 8l: Head 42

B N bW N

Hence for test five:

(a) Fire Head 1! and Head 22 (i.e. simulate Heads).

(b) Wait for six Time Shares and observe for a FIRE
condition,

(¢) 1f FIRE condition exists then the particular
adjacency set response is corret, otherwise
faulty CCU. NOTE: This time is not the Head
drive/supply circuitry at fault. It could be
the Logic card or the software at fault.
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(d) Reset Heads l1 and 22.

(e) Wait for six 1Time Share periods and observe
for the FIRE condition to reset.

(f£) If FIRE condition exists then the CCU can not
respond to the particular adjacency set
correctly otherwise it's functional.

(g) Repeat the steps (a) to (f) for the remaining
adjacency sets,

Test 6

In this test illegal adjacency sets are enabled to
confirm that the CCU shall not respond with a

FIRE condition unless the correct set of Heads see
the FIRE. The illegal adjacency sets are:

1. Head 11; Head 32.

§ 2. Head 4%; Head 22.
Hence:

(a) Fire Heads 11 and 32 (i.e. simulate Heads).

(b) Wait for six Time Shares and observe for a
FIRE condition.

(¢) 1f FIRE condition exists then the CCU is
faulty otherwise it is functional.

(d) Reset lleads l1 and 32.

(e) Wait for six Time Shares and observe for
FIRE condition.

(f£) If FIRE copndition exists then the CCU is
faulty otherwise it is functional.

(g) Repeat steps (a) to (£) for the remaining
adjacency sets.

Test 7

The object of Test 7 is to disable some Heads such
that the CCU fails after it has performed its
first emitter Test.
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1. Heads 1!, 2! and Heads 12, 2

Sets of Keads to be disabled are:
2
2

2

2. Heads 21. 3l and Heads 22, 3
and Heads 42, 82.

3. Heads 4}, 8!

(a) Reset CCU RAM to zero.

(b) Fire all heads except Heads 11, 21. 11 and
22 (i.e. simulate heads).

(c) Wait six seconds and observe for a FAULT
condition.

(d) 1f a FAULT condition exists then the CCU is
functional otherwise it is faulty.

(e) Repeat steps (a) to (d) for the remaining
sets of Heads.

When the G.S.E. has gone through the above tests
it prints out the PASS/FAIL statuses. During
test one to seven, if any failure is encountered
then the Functional Test is aborted immediately
and the PASS/FAIL status printed, i.e. 56 zeros
will be printed except for a single "1" which
corresponds to the position of the program at

which the CCU failed.

2.g. O00000000001000 ...... ) 2 total of 56 digits
00000 )

The above print out is used with the PASS/FAIL
messages to determine which part of the CCU is
faulty, {.e. the zeros are read as 1 to 56
startiug from the beginning of the top line. The
messazes sre listed from 1 to 56. In the above
example the program failed during Test 3 while
testing tor Fire response when all Heads fired
on Side 1 and Head 4 fired on Side 2. This
statement 1is directly the result of determining
where the "1" appeared, i.e. llth place and then
reading decode message 11 (see Appendix A-S5).

The last action carried out by this program is to

reset the CCU RAM to zero and proceed to 'Analyze
Data' test 1f the G.S.E. is in AUTO mode otherwise

branch to Mapual Loop.

For a full list of Failure messages see Appendix A-5.
For full details on Functional Test see Appendix A-10.
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3.2.4.8 Data Analysis Program

3.2.4.8.1 Summary

The purpose of the program is to analyze the data
stored in the contruo’ unit as a result of a flight.
This data breaks initc two types, namely data that

is analyzed and pres<: =2d as informationm and data
that is used to det:r~"ne the status of the coantrol
unit., It is used to inform the operator of a course
of action to take.

The program also accesses counts from the
10 second U.V. read test program for the analysis.

The philosophy used is that whenever one fault in
the data is encountered, an action is indicated by
utilizing the printer and the analysis is aborted.
This is so because software to cope with multiple
failures would be prohibitively long due to the
many combinations involved.

3.2.4.8.2 Control Unit Data

Data included in the control unit is as follows,
and it is summarized on the memory map Figure 3-11.

Retf. (a) A time marker which is stored when the
pilot pushes the fire test button and is
used as an event reference, such that
the point in the flight where an event
occurred can be determined, since the
pilot would record in his flight log
the time that the button was pressed.

Ref. (b) Which heads in the system are on line and
which are faulty, along with a time
marker denoting when the last head
failed.

Ref. (c). The status of adjacency sets (which is
directly related to (b) according to
the configuration hard wired into the
system) and the time that an adjacency
set has falled.

Ref. (4d) An indent. which indicated whether data
bas been stored by the system.
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Ref. (e)
Ref. ()
Ret. (g)
Ref. (h)
|
Ref. (J)
Ref. (k)
Ref. (1)
Ref. (m)
3.2.4.8.3

A counter which is incremented on every
occasion that the system recognizes that
a4 head has caused a ‘'gate' to be filled
(W coupt).

Memory locations which store data
indicating how near the system gets to a
fire condition. These are constitued by
levels 2 - 5 for a System A or levels 2
and 3 for System B. First level fire
indication is indicated by (@) above. A
gsingle fire level indication consists of
the latest time that this event occurred,
tne head or heads recording the ''fire
nearness'' level and an accumulator
storing the number of times that this
level has been observed.

An indication of which area indicates a
fire when a first test eveant occurs.

The time when the first fire starts to
be observed by the system.

An indication of which area indicates a
subsequent fire event.

The time when the first or subsequent
fire extinguishes.

The number of tires logged by the control
unit.

An error code and time marker recording
2 processor self shut down.

Program Operation

The following figures alon~ with the program
listings of Appendix A-11 describe the operation
of the program.

Figure 3-12 1lists the RAM memory of the
G.S.E. computer board that it utilized by the data
analysis program.
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The program utilizes subroutines available in the
GRUTIL software package, namely subroutine handling
techniques, message printing and next to ASCII
conversion routines. It also uses subroutines
developed for the data analysis program.

Since many print outs require variables, the data is
printed from a scratch pad area. When required

during the program the scratch pad is wiped clean,
which entails loading the pad with ASCII clear
characters terminated with a character that the printer
recognizes as returning the print size to small.

The data analysis program starts by performing

various checks to determine whether data has been
saved or whether the memory locations have been 3
corrupted. : !

The check at PNT. 5 of Data Main Program 1 is a )
check carried out to determine whether hardware :
failures have occurred in the control units circuitry

] associated with the fire and fault switches. If this
route fails to check out, the effect could appear in
one o0f two areas, namely the circuit or the CCU and
its associated circuit. The print out enables an
appropriate decision to be made.

™

A check on system status is made, checking whether ]
failures have occurred in flight, and checking print i
out failure mechanisms and times.

Adjacency set failures and head failures are looked
for and if found, area of failures are printed along
with the action required to rectify the problem.

Head pulse data (gathered during the 10 second head
test program) is checked to determine whether

emitter lines to all heads of one side are functional.
This is done by observing that at least one head
present for the given configuration has responded

with a count of at least 128 pulses during the head
test sequence. Failure to respond to this requirement
is taken as an indication of failure of the emitter
line and an action is piinted.

T O N
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Next to be analyzed is determined by the events that
took place during the last flight. 1If a fire or |
fires have occurred, fire data is analyzed. If no
fires are recorded, then the fire level data and
background count is analyzed.
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In the case of a fire, the number of fires is printed
along with the area in which the first fire occurred
and its start time relative to the time that the
pilot depresses the CWU fire test button. The time
at which the first (or subsequent) fire extinguishes
along with the area in which the fire was last
observed, is also computed and fed to the printer.
All times are converted from increments representing
head test periods, (14.8 seconds), to an approximate
minute indication by dividing the computed results
by 4 using the R4SHR routine. All times printed are
first treated to blank out leading 2zeros to make
reading easier.

If no fires occur, the program path analyzes
background (W) counts and fire level (or nearness to
fire) data.

This data is listed ‘n tabular form with column
headings of LEVEL, COUNT, TIME and HEAD.

The program accesses the appropriate level count,
converts this into a BCD number, then to an ASCII
format suitable for transmission to the printer. It
also blanks off leading zeros. The result is then
stored in the appropriate scratch pad locations, such
that when the pad is written to the printer it
appears in the appropriate column.

For second level up to fifth level data, the time of
the event is also processed relative to the time that
the pilot's fire test button is depressed. BCD
conversion, zero blanking and conversion to ASCII
format is again utilized along with program which
allows the push button time polarity to be displayed.
i.e. if the event occurs before the pilot depresses
the CCU fire test button, then the event time is
printed as a negative time. The head column displays
heads which have been responsible for the fire event
levels.

At the completion of either background analysis, or
the fire analysis program, according to whether the
unit is running in manual or automatic mode, the
program operation will return to the manual loop
until control is recovered by depressing the G.S.E.
start button,

53




o —— ~ —

. - e
T b e R R s b vres

TN A i E e e i arap va g s

‘ Y- E - TR AL Es s e e b wea
¥ mopr . N .

)
4.0 OPERATING INSTRUCTIONS
The operating iastructions are shown in Appendix B.
NOTE
Appendix B is a copy cf the G.S.E. operating maoual.
t
]
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5.0 CONCLUSIONS

As supported by the preceding sections and the
appendices the G.S.E. design has been succesgful.

The hardware for the G.S.E. is shown to be
duplicated sections of the CCU, such that any
simulation carried out by the G.S.E. is identical
to that of the CCU. The major part of the G.S.E.
electronicas was built on two dual size eurocards
which were wire wrapped because of the very short
time scales required to complete the G.S.E. design.
The PCB's were designed such that it did not impose
severe restrictions on modifications that would
normally be expected during the design.

It was appareant during manufacture that the particular
copnectors used had long lead times from the
suppliers and should be noted for the future.

The general design of the software presented a
problen regarding data retrieval from the CCU.
Because of the data transmission speed, the
microprocessor had to use a utility program which
gave rise to problems on start up, whereby the
G.S.E. had to remember that data had been retrieved
from sides A and B, otherwise the data was lost.

The first system was manufactured and pressed into
service on the flight trials. It became apparent
that minor design problems existed with the unit.
The hardware and software problems were analyzed aid
solved.
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APPENDIX A-1

This Appendix gives functional details on the Golden River GRO430 low power single boord

computers.
Detalls down to circult lavel can be obtained form

Golden River Company Limited,
Telford Rood,

Bicester,

Oxfordshire OX6 OUL
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APPENDIX A-1

To operate the Golden River's GRO430 Low Power Microcomputer,
the following minimum conditions should be established.

(a) Zero volt power line to Pin | of Edge Connector (E.C )

(b) 8.0 volt to 12.0 volt power line to Pin 3 of E.C.

(c) Zero volt RS232 (Pin 7 of 25 pin "D") to pin 56 of E.C.

(d) RS232 data from terminal (Pin 2 of 25 pin "D") to pin 58 of E.C.
(s) RS5232 daia to terminal (Pin 3 of 25 pin "D") to pin 59 of E.C.
() One side of normally open switch to pin 56 of E.C.

(g) The Other side of switch to pin 57 of £.C.

Check terminal settings as follows:

(a) 30 chars per sec (300 Luod)
(b) Even parity
() 1 stop bit

If ar aiternative data rate is require under 2@), refer to &owiu:\p for link
selection.

Conneact terminal and power supply. Operate and release switch.
The terminal should now print:

“GRUTIL VERS X. X"
If that hoppens, refer now to GRUTIL documentation.

Your terminal may require some or all of the following conditions:

{(a) Pin 5 of "D" Connector to +5V (Pin 2 of £.C.)
(b) Pin 6 of "D* Connector to +5V (Pin 2 of £.C.)
(¢) Pin 8 of "D* Connector to +5V (Pin 2 of £.C.)
(d) Pin 20 of "D*" Connector to +5V (Pin 2 of £.C.)
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APPENDIX A-1

The software is as per description tor Ver 2.2 except for the following
deletions: -
@M Command no longer available

All subroutine addresses listed are still valid.

Version 4 will run In any hardware with the following requirements:
(@)  1/O Port at Unit 6, EFI, EF2 =. recdy lines

(b) Program location ~ 8000 <"82EF

(c) Program must be entered with X=P=0Q

(d) Interrupts are disabled by Grutil upon entry.

(6)  Minimum *30 bytes RAM must be ovailcble somewhere in system.
Grutil will select upper mast *30 bytes in Memory Map, out of
valid functionol memory.

Version 4 takes a lirtle longer to stort because of RAM locating routine.

New command available ;

7R  Dume all CPU register volues at the time of entry to GRUTIL,
except RO and Rl. Addresses are given showing the position of
the RAM that GRUTIL has located for storage of these vaiues.

The bug which prevented progrom {oading at 10cps has been corrected.
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Place on erased 2716 or 2758 Prom into potition O (necrest the UART)
with the some orlentation as GRUTIL PROM (ot other end of row)

Check that the PROM 13 ‘clean’ by doing o CRC check, which should give
FFFF, e.g.
AMO 400 (2758 Prom)
MO 800 (2716 Prom)

Load the dota to be programmed into the PROM into RAM
(Locations 4000 - *47FF) and perform a CRC check on RAM.

Apply 25.5 Volts + 0.5 Volts to the test point connector, TP,
Restort system with RUN<-U (connect pin 57 of edge connector to ground)

Use copy commond to copy RAM data into PROM e.g.

*MAOOO O 400 (2758) (will taka<=40 seconds to complete)
*MA000 O 800 (2714) (will take420 seconds to complete)

Remove 25V connection.
Restart system with RUN-U (Connect pin 57 of edge connector to ground).

Perform CRC of Prom to check conten':, e.g. MO 800 for 2716.
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GR 0430 General oescription

The GROI0 Singie Board containe 2K by tes Of
S 880 Cnly MAMOry using low power CMOS
AAM chips which 81 MOt L1MES CONUME ONnly
leakage current. Sochets ste proviced 1or VLY
progrem PROM ot up 10 8K byles lusing 111el 2716
EPROM's} 570 the sysiem monnor GRUTIL
occupies 8 Hitth DOsILION giving 3 101 DOoIra
capsbility of 10X bytes When Opivered the DOard
contains s singie Intel 2758 programmaed with
GRUTIL in the system PAOM position

The DOMA has the 1aCiiiTy 10 PrOgram the sbove 2
typas of EPROM 1n orw position ON 1he DOKJ.
without nead 107 any s0RCIN 8QUIDMENT OTher then
426V 21V enternsi power supply. The new or
wgeo PROM o inasrted 010 tha PROM Location
w0, snd stier applying 20V the user can \magine
that the firse 1K or 2K (2798 or 2716 respecively)
o Ragct/Write Memary Single words or whoie
ctiONs Gan Be Progr amimaed 8t the rate of 80MS per
location.

A0 on DOST 13 8 Nigh PSSO Sy ITrONOUS tySlem
SOrt winich may D8 CONNECIed 1O devicas suCh & 8
Toayps ASRI), o Texas instruments Silent 700
Terrrungl, or tess V.D.U. 81 up 10 BB0 chareciars per
mcono. T port i OEgNed 88 8 System entry POt
SN0 CaN D UIRd 88 § MONIOr Of MENLENSNCe
pos:1ion A the inal O.E. M. applscaton.

Tha i * ywar consumELIon of the GRO4I0 nas
Dewn kept °c »n MOV MiNiMum Dy 298 Of 'Ow
power (A . 1r.hnology, 8nd Dy swiching the
NMOS E7F RO 3 10 “"OF F* whan not be ng sctrmsed.
Aa 3 result 1he SDIOIULE MBRIMUM QOWE ONBUMD "
10n Ot the DONA 15 MOUND 40MA Dy usng CONa
S01iware 16ChN.QuEs NG 13K ING & 10W SDEB0 jUMEe
hnk 0plIoN on the DOIrd, the Mesan correnl req. (&
Mment CON D@ g4 'ow 83 IMA (ypical Aiso. ince
0N HOSA 18gulalor 1% U, & 1OW CONL Bikaline ca
wch a1 a PPS battery Can DIOVIOS the systems 10Ls
slecitiCal reQuIrement .

I Qrder tH MEntain h.gh retigbihity, 8 MMy
01 G13Cra1@ COMPONENts Newe DOSN useO as fOHow -
18 Resisiors

6 Ceramic Capacitors
4 Tantalum Capanitors (rared 10V, run st V)
7 Swicon aodes
7 Tranustor Packages
2 Crysials
in sogiton, apart trom NarOwere and 1 {LINGS. 3

10180 Of 48 1N16greI18d CIICUILS 1N Gudl 1N LING DACRAISS.

&0 3030180 1N1Q the DU d The tiwe PROM sacues
DG 1he 1018l COMPONENt count 1o 96 11ems. The
AUMBN Of 1IN16T CONNEKHY 1 MPPIOTIMaIely 1200.
The board 8 normally tiow OI0Ked snd herncs
hes DIOIBCIVG Q100N EPOXRY $C/48N 10 DOIN Sides.
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1802 CPU

The CPU veed on GROII0 13 R C A’y poweriul
OMOS 8 b1t COP1602. 1601:coted on ¢ ngis LS!
D, 910 WODHET 1 2 40 pin D.1 L packege The
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APPLICATIONS

GROA30 has Gefinite advanteg i tha 1oliGwing
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aeting 1O NruCiule eng 1D1Mn.

6 Low Pamar: 0.0. 0918 1099:Q DOLIXDEMCH
BPICsm = typcaily 10mA corsumption.
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Specnflcatlons

lnwucnon 8 Lus, 18113 or 24 pns Oate Bb.n
Instrusosn Sot:

91 Dasxc 1Ntrucions Control MeMory reference,
Regnier Operationt. Loy Operstions, Arithmetic
Operations, ranch insiructions snd 1/0 Control,
256 operation cOTe total

Auxtiary /O

2 3ngie bt 1nout Tnam EF 3 ana EF4. | 1etable
output ling Q.

Utiteey

1 2758 PROM ready prugrammea with GRUTIL-
Goldan River Utiiity Program Vers X X,

On Seard Progremming farsiioes

1 Posstion tor 2718 or 27598 Programming SOmS
Programmung t1me per 1ocstion 28V 2 1V wpply @
3OMA 10r programming

Cvule Tima:

Qe Irmtruction Cycie 6.6 S | Typcaiy 95% of
CvCien wil De 6.5 LS).

Cyuting Thme (pl)

Cotionst Jumper Link 104, uS (For very low
POWY OPWSLION).

Munery :
PAOM  CO00-VFFF (2718 PAOMS)
-~ COQU-OF FF (2758 PROMS)
0000-07FF (1832 PROMS)
PLUS  BO00-87FF (2718 SYS PROM)
© BO00-83FF (2758 SYS PROM)
RAM . 2K BYTES 40004 7FF
PLUS 128 BYTES 8800-887F

Smnury Capaney:

Ag shove, 0t boerd memory not avaiiabie.

VO Adiveming:

Esch externel 1/0 Uit has uniQue cooe of B birs
whhich 18 3t70Ded from data bus Jwect capecity of
250 input. 298 Ovipw Pora,

Systmw Pore:

8 monnar pon 10¢ the hinel OEM sysiem
Asyncronous 7 dit ASCH Part 10cps 10 960cps, 0da/
oven DOty
Negst ive wEDly gENEswd 1rOM irComM g 1LQNS!

Opuerssions
Soeci st OMA cycies 10 1nput O ouPul Mexnnum
transter 1ste 150,000 c.p.s. 2 1inem provided for
OMA in & OMA out.
inerrupu
Single veC1ored \n1er 1ot 1ind Drovided Maaimum
respanse ime 8 5 uS.

interfoems
Al sigrgis 8V CMOS compatbie

Synem Clesk
2.457600 Mz or 153,600 Kt Jumper Seiecusbie

Connecton

60 Way 0.1 P C.B cunnecior with Keyway 8t
Postion 54 Sugie ss083 connectong nuw
Control Linm

Aun U Couses Vectored restat 10 1he Uty Progrem
21 10cation B8000 Run-P causes VETIO/00 resia: 10
the Lsar Program at 1ocauion S0000.

Compaetibie Racking Sy1term

Spec:fy Varo 4y Sysiem 4 lor cards and Modu'e.
Mryscel Charsomnetics

2e: 157 % 2031 2mm (620 x 800" x 1.00).
Waght: 2259 8 o)

,_..g Uddoostson
c €& 2 € ——u= e
| . s 2 —

e e - -

e

L _Jr (4 L-—J- j

T 2000

NNl

Tomgaresire:

Storaqe ~85°C - 100°C. Ooeration -30°C + 88°C.
Upsr Dwtined Jumger Links:

Siow Clock 10 reduce sys1om Dower 512, 1024,
2048 byie ROM chip seiect System UART Beud
Rate 10cps 10 960cys C P.U voltage ink tor tasier
CPU capavility

Esamincel OmerTS

Pin 39 0V 10 20.0V @ 45mA manimum or -

Pin 250V 2 5% @ 40mA maximum

1 Pin 3 001100 13 selected. 5.0V L 5% u avatisbie a1
Pin 2, @ manimum 40mA

OTHER RELATeD PRODUCTS

MK4/Yt  Card Freme Unit 4, « 19"

MK&/8  Power Suppiy & Rechargest & Ceii Un-t
ME4/8  Mcropocesor Unit

MK4/6 2K Byte RAM Memory Unit

MK4/7T 8K Byrs PROM Memory Unit

MKS/1Y Manuar 170 Port

MK4/12 8B Parave 170 Pon

MKA4/13 RS2321/0 Pon
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APPENDIX A-2

This Appendix gives full deteils on the printd¥ DEGLTRG: 8400 series.
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APPENDIX A-2

WELCOUNIE

Welcome — from United Systems Corporauon. Thank you for choosing the DigiTec
6400 Scries alphanumeric printer. Your conunued satisfacton with DigiTec products
is important to us: so this manual has been prepared (0 promote a clear under-
standing of the instrument, its capabihitics ana its proper use. Piease follow thase in-
structions to ensure optimum performance from. and your ¢conlinued saustaction
with, your 6400 Series printer.

UNPACKING AND INSPECTION

Examine the shipping carton and the printeér 1or any evigence of damage to the \nstrument. It
there is any sndicabion of gamage. hie a compiaint immeaialely with the carrier.

Sava the shupping carton and packing matenais for tuture sicring or shipping M the instru-
ment.

Should there be no sign of damage, proceed with the instruclions in tius manual Read e
Shock Razard warning on the inside of the front cover 10 3voild Injury due u) elecinc, SROCk.

if the Instrument Must be returned. contact the tactory 1or prior apprcval. Give a tull ¢xplana-
ton of the reason and. il a maitunclLon s INvoived. the Mooe 0! 0Peral:on N AT Ch it occurred.
Upon receipt of approval. ship 11 the original ¢arton {or ctherwise sulliciently packaged to
prevent damage in shipment) PREPAID 10 your nearest aulhorized service center.
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1. INTRODUCTION

1.1 Genersl Doscription

The DigiTec S400 Series aiphanumenc printers are smail,
desk-top printers that orint tirst-ling-yup hke a parson normal.
ly reads. They combing the banetits ¢! Aucroprocessor
technology with Uniled SystOms exceriance as a wading
manutacturer of 01gital printers.

Model 6310 ntertaces 1O your systam through 3 serial format
and Model 6420 nas an §-b:t. paranel bus intcrtace. Both
modeis bnn; 64 gitterent letiers, numoers and symbois in g
Sx? r alnx controited by tho standarc ASCIl cods. The
elact Whive prnnting technique pProvides quiet. reliadle
oper- ang 3 high-contrast pantout that 1S easy 10 read.

The 8400 Series designer-stylod Cases make an attractive ad-
diion Lo any system. In adaiion. special €o'ors and your Own
lgenulicauon are available in OEM quantiues.

1.4 Technical Assistance

United Systems Corporation offers assistance, if necessary.
10 50IVING appiicglion problems. We aiso eNCOuraqe inquines

1.5 Specitications

1.2 Fealures

These outstanding features highlight the DigiTec 6400 Seres
printers:

Senal (RS-232-C and 1solated 20 mA current (00p) or 8-bit.
parailgl bus inlerface

Dats rates of 110 or 300 baud serial, or 3500
characters/secong parallet

21 characters/ing standard

32 characters/hine optonat

Inout buffer for one line

Oot matnx, eiectric prnting

Boid-tace characters tor special emphasis

1.3 Options

Qption *J”. Opuon “J" provides 32 characters/line capacity in
piace of the stangard 21 columns.

concerning special applications and custom-designed
sysiems.

GENERAL SPECIFICATIONS

SLECTAICAL PHYSICAL
Mark 10ic 1.+ 15 V 100 V (0D@h Creun Frinthesa. I mihon unes
Model n8-202-C space °.g'°|‘ 0 3%1018Y ! Prints Lite Stylus 300.000 Lres 20 characters vach
410
Printhesd S 27 a0t rratra EHNCIIOSENSILIVE tyPe
lg:::::‘ ?u::’" Marx 109:c 1. curr@m ON ! y
Leop Space 109:¢ 0 currant OFF (0pen cucui) Chaseat Height. 23 mm
el 21 per Line (32 per une oplionad) -
Low 045V mar 1 8 mA typeca 1
Svey Out Migh. 24 Vmin 30 LA typecd Print Spsed 2 unee/second '
Moael firobe Poper Crecrosanstve. 100 A (3ppr0a 8800 knes) id
8430 Dateinpuls | Low .02Vmin 0SVmen. a10.A f
Inpute/ and Test H.Qn JO0Vmin 50Vmea. s1DuA Olmensions T6n. a2 07800 2323730,
Outputs | Inpul
Weight 3510s :
Teat tnput 100
Puise Widih u® min imertece Connecien €1A Stangard (Canon 200-29P)
looiated 20 mA
Curreni Loop Opucaily coupled
nput Butter HOIas One ine
Power 11500 230 vac ¢v 15 VA 50-400 M2
Operaling Ambiont 0 1080° C 79
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2. PANEL FUNCTIONS ,

e
-
!

l
|

FRONT PANEL

Power ON Indicator

Paper Agvance: thumbwhaeel. turn towards rear 1o ad-
vance paper.

Tosr Bar/Window

Paper Foedar Relcase: Iifta stylus. releases peper
feeder Mmechanism 30 PEPer C8N De pulied out of

s ® OO 6O

printhead. .
Paper Spindle
STAQTUP

This section expiaing how 10 apply power to your DigiTec
6400 Sories printer and how (0 1080 paper in tha Prninead.
Your prinlar wil then De roady for operation

CAUTION

The printer should De operated ONLY with payer
instalied 10 prévent pOsSsIbI® damage 10 the printhead.

3.1 Power

The Modol 8400 Series printer can be operated on either a
115 Vac or a 230 Vac power iine.

It 1 normally shipped tor 115 Vac uniess spacified tor 230
Vac. Il 230 volt operauon 15 needed. you must follow this
procedure.

@ Remove the four screws. One (n @ach corner. on the
botlom Of Ihe orinter casae.

Lift tho front of the case 10p and lel it DIVOL beckwards
10 rgst On {ne table.

(3) Tnetusesiocaled in ine lower rgnt-nand corner. 100k-
NG liom the {rort 115 Vac operation requires a 1/4
amp, 125 volt luse 230 Vac operation requires a 1/8
amp. 250 volt tusse.

LIt the black povwer cord and netice the zoro-ohme.
resislor jumpers unuetneath The position of these
jumpers selects eiher 115 Vac or 230 Vac operaton
(INSWIAIRd witg muy NC used iNstoad of tne resistors).
The posions are as (Olows:

REAR PANEL
input Connector

@ Power Cord (115/220 Vac selector and tuse arelocated -
inside the case)

@ Paper roll on spindle

o ofP o

Figure 1.  115/230 Voit Selection

IMPORTANT

B0 sure the oroper rated fuse 15 instaileo for the power
ine raiing cclected 115 vac requires a 1/4 amp, 125
voit tuse 230 Vac operanon requires 8 1/8 amp, 250

voit fuse
[ | :
L VT e e
‘v r —aaad i,
e - [ Y
l Power
! Line
! Selecuon
| B Jumpars
b , ==
1] . [ - .
f H
|
1
[]

76
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3.2 Paper Loading

Tra 6440 Lenes aiphanumeric i Atnis 220 SNL.0D8G witha o)
papcr wnstahed 10 Pravent gamaga (v (e prninthoad ouhng
shipment. To 10ad 3 roll of paper into the printur, follow this
procedure:

CAUTION

The paper is electrnically conductive. it should not be
allowed 10 contact the printer's Circu!s whon the unu is
plugged in.

Turn the printer ON.

Place a roll of papar on the Paper Spindio. Both the
spindie anad a roll of paper are contaned «n & plasuc
bagQ shipped with the printer.

Place the loaged spindle into the siots in the Paper
Spindle Brackot. The lovse end of paper should come
olf the bottom o! trhe rotl and up owards you.

® ®06

@ Make sure all paoer from a previous rol 1s removed
trom the printne 3d. To remove leftover paper, turn the
Paper Advance dial.

@ Pass the end of paper down into Slot A in the top of
the printhead.

B NOTE: NEVER pu! new paper into the printhesd untd ALL
papar from the previous roll is removed.

4. MODEL 6410 INTERFACING

Your Model 6410 aiphanumeric printer provides a choice of
w0 basic types of interfaces tor dala communications i the
serial character/seral oit moge. 1) RS-232-C and 2) 20 mA
current loop. The design of your data lransmitling device
determings whiCh in1@rtace your printer requires.

Through the framework ol (hese two basic interfaces. opera-
tnon of your 6400 Saries printer s controlied by eleven-dit.
senal binary waros. These binary words inciude control
characters coded as Jefined Dy lhe widely-accepled
American Siandard Code for Intormation Interchange
(ASCiI). Tne Model §410 printer accepts a singla, lixed word
tormat

wWe normaily ship the Model 6410 printer set up 107 the RS-
232-C mnterface 31 a data rate of 110 baud. But you may easily
change this setup In the field 10 Ssausly your Oown re-
qQuirements. This saclion contains the «N1ONNAaLION NECessary
10 agapt your pninter's input 1o your specific appl.cation ang
{0 Make tha propar intertace connactiong 10 iNPuUt connector
J4.

4.1 Input Connections

The connections to input connecior J4 of ydur 6410 printer
are gehned by Table 1 beiow.

Examples that illustrale the connections 1or eacCh lype of in-
terface follow the tabie. Keep 1 ming that the 20 mA current
100p Mode may be wired for e:ithor teiglype Or solid-siale
trangmilters.

RS-232-C transmiiting should not exceed 70 feet in length.
In 20 MA current 100p apphications, a numbder ol printers may

-
1

Feed 170 . 4ber in'c Slot A whilo turning the Paper Ad-
vants 25 luwards tne rear of the printer. Tho paper
sulomatcally cycies through the printhead angd out
the Siot 8

» NOTE: The printor does not detect when the paper supply

-

runs out. Red stripes on the paper indicate that the
supply is low.

Paper Spindie Bracket

' *
[ 4
-y e A
i :
Pl 4|
: ", — =
LBy Ll - b
’ L B | 1 oy | :
N A _— -/
1 l
i ‘ t
e e s A N EoBrhnnind ] g tint

-

be connected in series across the transmitter. When this s
done. you must ado up the total voitage grops of gach prninter
i the series (1.8V nominal each) to celermine the vollage
required from your transmitter 10 mainiain a proper current
level of 20 MA in the loop.

PIN
NO.| ASSIGNMENT
8 Receivec Line Signal Detect \
(logie 1 ingicates Receiver ON)
Signat Grouna } RS-232-C
2 | ReceivedData
1 Proteclive Gro;md ]
12 External Transmitter Current 20 mA
Source Curremt
13 Externai Raceiver Current Source } Loop
9 Transmit Loop Input
21 Transmit Loop Relurn /
10° | TostPin Logic 0(Ground)on

this pin gonarates an internal
test of the printer and a
printed tosi mossage.

1 Auxiliary 1/0 Line
(spacials only)

Table 1. Connoclor 44

*For thus lunction to operale. tne Received Data ine must be in
the Markin0d condiion
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Fige.c 2 tustrates poruons of the paater cwcuits that
8330CI8le with gach pin of connector J4.

| RE-23% C ’

|

Figure 2.

‘v
28 -228 €
2
LT Y}
be 24

K 4
; <
'J A
) NAvA r—————- opr
) “‘%}n\/\——_——l

Model 6410 intertace

@ EXAMPLE:

[SAL1 N
AWl
QuARg Nt
SOURGA

KAV MeA
hacervta
Cunag

W0ume

T'

20 mA current lgop inleriace (0 \ype 33ASR

Teietype only.

1
!ii

B EXAMPLE: RS-232C intertace

B EXAMPLE: Sohd-state transmitter interface
» NOTE  Signal ievel gpeciicalions for s 8ppiication are:

MAX. MIN.
HIGH = 15V 28V
LOW s 0.5v -15v
(LOW TO MARK}
SICNAL
QRO
agc1veo
oara
L R

saoteCIVE

{_. SaQuUND

?.OO...I..

ooo.oo,.otui

’\ 4 O

[ ————

- R i
| | |'
| '
] i
L Fy
N 1
: '%l rm..a
. ) nIcH
' '
I
L OJ I
i o
i ' o
| \..Q:
| Coemam mmmem
w‘f" rManTan

______ a
i [}
! !

" —M“—‘—"—-l |

‘ @
] Sy ]
! TRANSMIT }
| LOOP
' |
l
|
l

wl'lﬁl

R TLA

—_————
T TPyt r————

"

-n.lﬁd:-‘.u..'—-u.gmm_ " .
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B EXAMPLE: 20 mA curront 100D, 150I4t8d Inpul Interface

=

aatus
Y ——

' Lunuan!

) : i @3

] TRARBA T i

[} (¥ J i

{ [} Na

L @ ]
————— | S
TARARSWIT TER PRRITRA

- —

4.3 (nput Formats

The Model 6410 aipnanumeric printdr has & hned. 11-Dit word
. lormat as tolows.

s One START bit

s Seven ASCIl daia bus

s Ons PARITY Dit {not checked)
o Two STOP dis

4.4 Oato Transmission Timing

The tming retauonsmip betweer the transmitted dats rate and
1he abiity of your Modei 6410 printer to receive and print the
gata s determined Dy two 1aclurs: 1) the speed «n Dita/selond
(D8uC rate) of the senaiy transmitied data ana 2) the speed
with which the printar can pringt one ing 01 9ata. YOu must en-
sure that the ransmiiter goes Not send dsta fasier than the
prninier Can pnnt o,

Your Made! 6410 printer operotes in ihe ASYNCHRONOUS
mode at e:iiver of two Daud rates. 110 baud or 300 baud. Ts
28CLON CONLANSG INSIIUCLIONS ON hOow 10 ODCrate yOur pruver
in the asynChronous mode and Now tC select the Daud rale
that suils your apphcation,

4.4.1  Asynchronous Operation

fne mammum nymbe: Ol data characiers (ransmilicd
between print commands must not exceed the numbder of
CNaraclars per Ling thal the prinier recoras. or some ol Ine
data may Le 10s1. The baud rate of the transmicd gala and
(RO auration of a print CyCle getermineg this felatonship Your
6400 Scries printer operates 21 2 1ale of 2 hnas Per second.
which means that 500 ms 18 required 10 Prnt ane ing of aals
(the prini Cycia duranoni. The baug rate depands on your
frangmitter.

The jumper pOMLONS are 38 10IOwS.

itk chasir

4.2 intertace Seleclion
A Piug-n jumipor 18 Praviged on (e printer's circuit HOBrd 10r

i s hs Al

selecting enner RS.232.C or 20 mA current loop :nisrlace. ;

This jumpar 10CAUON 13 shown 0 Figure 3.

o i
- » _:

?_t'(] =t SR

‘ ' 1

ertace_- - i ! a i
homper : =~ v !
l{ e L]

N . R !

b ;

i

{

Figure 3. Intertace Jumper Localion

20ma |®

v
RS-232-C 20 mA Current Loop l

» NOTE: Prini commands (ASCIi0A) may not be transmiticd
faster then once every 500 ma. .

in asynchronous Operanon. you must supply the proper Lifme
ing o ensure that the transmitteo rate of each line of cam
MANPINS 2 COMECE ItMiIng reilaionstip with your priniar.

if the time required Lo transmit one itine Of 13 18 eQual to of
gresier than the time required 10 compiete one print Cy
{500 ms). no special consiJeralion need De given 1o the times
1NQ Ol your printing system.

B8 EXAMPLE At a rste of 110 daud, ona eleven-bit dais
character requires 100 ms of ume: 50 one compiete hne of 21
characiers ailows amgpie Lme for one print ¢ycle 1o be com.
plated. The transmilted siréam Of Gals May How withoul -
terruption.

It the Lime requyr€d 10 transmit one ine of Jata 1sless than tm
time 1eQuir@q 107 the dnnter 10 print one ne (300 ms), yu.
NO6O 10 Give SPECIAl CONSITOIALON Lo the uming of your Pring
g System Or somae of the 03ta may de lost. Thiz €an Do ug
complished by inserting the oroper number of Stop tut
Detwesn asta CAAraciCrs 10 9CCupy INQ I 1IN LLANSMISS:ON

B EXAMPLE: At 3 rate of J00 bavo. one cleven-dnt dat
character requires 37 ms of ume. If one hing of data contaw
ONtly ten Charactars (370 ms), the compicic 1ng will have bow |
Iransmitiod betore the print cycie 18 hmshed. j

|
i
!
f
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4.4.2 Baud Rate Selection
A plug-in jJumpar 18 provided on (K printer s circuit Loara for

4.5 ASCIllinthe 6400 Series Printars
Table 2 definas the printed characters ang conteol functions

selecting either 110 b3ud Or 320 paug data transm.ss.on that arc produced by the partial ASCH code in the 6300 Sories
rates. Thig jumpor locaion s shown :n Figure 4 alphanumere praters  1Re hexadeen al numbers given :ﬂ
the tabie are ¢ :5icr 10 handie than the longer bindry ASLCH

. AumbDers that the printer vies 8Na are oasily converted to

— "m‘

. - Vo binary when required
PATES LI A Y

' = Control | | —‘ ‘ [
Baug - .o Funstion | Hexi Char | HoxitChnel Hesl| Char! Hox! Char| dex ;
Rate - ' PRINT | 0A zacel 20 030 <]e0 | P{so p
Jumper , ‘ Lo DATA® ool gt Apar i Qs 7
i ‘ ]L oo |22 2(32l sle ) RS2 3
- ~ S BOLD JOE | # (23| 3l|3aff cles ]l s|s3 :
: I ‘CE ‘ s 124 4|34 O 4 T | se r :
i ‘ [ | Yo < 5138 € {45 U 83 \

' . 4 Lo a el 626 Flac )| v {se

.. P ’ i ’ { BoLo o b ez T |37 G a7 vl | 57 |

oo . FACE | B« tasfl 8|38yl wWyss i x i8S

P { OFFT 29 slasf 1{ed i v |se

"t .- b 2A 3all sléa{ z]ca

o ! P e tes 't zal) w By
_—-n-um.-._-r‘.ua ! l b ll < jac il L |eC I
. {208 = {30} M[4D !
Figure 4. Buud Rate Jumper Localion 1 21 >3 N | 4E
] 26 | 2 |3 J_ofsr |l

The jumper posilions are as follows “Wall 2130 print wilnOut an JA commangd vinanever a total ot 32

characiers are received Witn Option "J”. 32 characters per
ne Qo not sen¢ a unc feca (QAH) atter 31 characles
Otnorwisa N0 automatic hna teed ano the orae 128
transmidicd will cause yOur printer 10 ino teed twich. After 21
characlers yOu May sund 3 SPACE  characier 10 Make 32

. - <~ 1~ [}

110 baud 300 baug char@cCiors o gl & a.lomanc line feed.

Teble 2. ASCIl Table
8. MODEL 6420 INTERFACING
Your Mndel 6420 alphanumaric printer grovioes an eght-dil. P T
paraliel (nterlace 10f 3ald COMMUMCALONS N (Ne serial N" | Assignment Pin Aasignment
character/paraliel b mode 3 S - i No.
Protecin g
Thiough the framework of this rterlsne Operation of your V| Proteciie Giound 14| 810 )
6400 S@1ES DNNIC! 15 CONIVIEd DY &3NL-C.l L.dr3ue binary i 2 [STRCBEISTRy 15 |8t
woras. These Cinary words .nciude canirol ¢ acters €O0ed | 4 1 Busy Out 16 | 8t 2 b
a3 Jel:ned Dy the widtiy-aclepled AMEI 130 Liagnda S Caos t (WOiS DEUl @ng prind)
: 1
for Inform ation Inturchange (ASCIl) l 7|83 DATA
7 1Signar Grounc 18 | B INPUTS

This sechiOr CoNta As INIOrMAlON Necessd’y 10 Mane the ! 10 |7 {Pin Log 1918
Proper connections to the prnter § «pul L onnecivr Jd und i : :'S '\“ u&ng": 0 l ns
ar exclanaticn of the ASCH code as 1 appres 1o your DigiTec : ';’:;;"‘:’;g”s';n 20 | Buit6

400 Senes prinier i g
6 'es P Nterna- 125t of 21 jen7 J
5.1 Input Connections the prinicr and a

priniad test
The sonneclions 10 npul connecic’ J& ul youw Mogetl 6420 ' message
prinler are oefired by Tabie J beiow Kecp 0 Ming thyl you I 19 Jacsdmey 140 { :ne
can oparal. your gr-nt@r n either of two lormats ) i [ $D€CIaIs ONly)
'

83YNCNIONOUS Of 2} SynCrtonous Tresc 'wo cJere ~g 107- L y

mats gre explaned n greoater 0dtas n Yo Lsechon LT b
amples (that (lusirate connections 'o yL f P/ 1ter “0HOw the
table.

Tobie 3. Connector J4
e Eight-une cate nput TTL posiive true
e STR s TTL negal-va 1rue {logrc 0)
8, o STR puise wdlh 15 us min

o Busy Oul poxtive true tlogic 1)

eI ey memer



‘ Figuro S iustrates portons of the pnoter Grcuts that
84880Ciale with eacn pin Of connector J4
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@ EXAMPLE 1 Connections tor asyn_nronous Oporanon

SIONAL —|
GROUND

44
0

e

-

0 teet

¥ ™y —— 13
’ D
-
-ara .
- -

- ™

x L
1

U 7 L]

- PSR LU Y X3 "

Figure 5.

Xl ;
O?’D°°°°é°°°°§°0
oooo""?;’w:‘:?‘: :.'
W W N MR, :
1 ;g{: U
e . OATA INPUTS

B EXAMPLE ? onnections for sync>"°0us ¢; .

A'RY

$.2 Data Transmission Timing

Mode! 6420 ImMuclece

© QO 0 00 6006 08

3 7 . 2

O 20 19 18 17 18 14 4 O
e 0 0 0 e ® O

OatA INPUTS

YGU €an Choose ¢.tner asynchrenous of synchronous oper a-
tion for your Mogel 6420 printng «yslem 1n asynchronous
0Peraton tne HInL TIteo gatl ratl 15 Nt iraCtly conmrolied
Dy the printer 10 Sy NChroNcus operation Ine 1ansmitied Jata
rate 1s diecliy cortrcled Dy the ponter Figure 615 3 tming
oiagram of your Mode! 6420 printer

Figuie 8. Timing Disgrem

[ Limits
Symbol Applicstion Min Max
Tia Delay tme. STR 40us
Data must be valg
from 15 ,51C 40 us
AFTER STH goes low.
L Celay tme. input 10 BUSY 50 us
Ta Busy ume per on 200 us
T Busy ime per line 500ms | 530 m3
Ty Datavangtime tus 0.us
Fuise wiath urne. 5TR 15us

ister

when STROBE goes True. two things happen
1) Dste will be 1alched 1m0 printer between 15 us ang 40 w8

2) Busy will become vahd 50 u3s later (manmum).
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§.2.7  Asynchronuus Operation

You Can cperaty your gnnting systemn i the a3ynchronous
mMoue it you observe two Dasie rules:

A. Characters (8.bit. p~* . ¢l Dytes) must be ransmilted no
faster than 3500 110r./8cCcONd with @ach puise
peoriod no less i, . M8,

B. Prirt c; lig command pulses must be NO less than 500 ms
du: atan,

£.2.2 Synchronous Opaoration

YOU Can operalo your panting system 0 tha fuil synchronous
mode by using p:n 4 (BUSY OUT) BUSY OUT supplies 3 logic
1 pulse (POSITIVE 10Gic) every timo an 8-bit dala word 18
received by the Mooel 6420. Trus 13 2 230 u3 puise 10 In-
terrupt the transmutter lrom senaing any more data until the
printer 18 ready (0 recaive .t A 1onger (500 Ms) puise 18 aiso
sent out from this pin every tmo a PRINT command 18
recCeived Dy (he printer.

8.3 ASCllinthe 6400 Series Printers

Table 4 gehines the printed ¢haractors and control tunctions
that are produced by the parttal ASCIi coge n the 6400 Serias
slphanumeric printers. The hexagecimal numbers Qiven in
the tabie are easicr 10 handle ihan the longer binary ASCH
numMbDers that tha printer uses and are easily converied (o
binary when required.

6. SERVICE INFORMATION

This section contains schemaucs. pans 10CanoOn pictonals

and a parts list 10 assist those who are technicaily qualthed 1o
use this iniormation

SRR R A Tt i e~ e .

ontrel vj l
Function | vz Char | HoxiChad HaxliSharl Hag(Char| oy
PRINT CA|BPACH 20 0] 30 vi] 40 P| s0
DATA" 1 21 1] 31 Al 41 Qf 51
N 22 2] 32 B 42 R} 82
BOLD (d ] 23 31 33 Cl 43 S| Ss3
|FACE s | 24|l 4| 24| of aalj T 54
~ON" Y 25 $) 38 E] 45 Uyl S5
. 26 6] 36 F| 46 vl 56
8OLD oF ‘ 27 71 37 G 47 W) 87
FACE ( 28 8| 338 H| <8 x| 88
“OFF" ) 29 9! 39 1] a9 Y| S9
: 2A co2all a9t ea 2| sA
+ 28 .4 38 K] 48
. 2C <{ 3C L. ¢C
. 20 «| 3D M, 40
. 2€ > 3€ N{ 4E
/ <F 21 aF Ol J4F

82

e e e ey e

‘Wil a1s0 printwithout an A command whenaver a total o J2

characlers are recewved. With Option “J”, 32 characters per
hne. 4o pot send a Wne feed (JAW) after 31 characters.
QOtherwise. the automauc hne feed ang the one last
transmittod will Cause your printer 10 hine feed twice. Atter 31
characters, you may send a "SPACE" character 10 make 32
characters 10 get an automatc hne leed.

Teblc 4. ASCil Table
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PARTS LIST

The following parts iist containg the ¢ecirical (and some mechanical) componaents of each subassembdiy of the Model 6400 Series
alphanumeric printers. .

Under DESCRIPTION. the fype of sach capaciior and resisior is Qiven by these codas:

CAPACITORS RESISTORS

A = Aluminum C = Carbon !
C = Ceramic F » Film

€ = Electrolytic V = Vangble ;
M = Mica W = Wire-wound :

P1 = Polyester :
P2 = Polysterene N
P3 = Metahized Polycarbonate
T = Tanisium

RNPER MY, | /7« rar s e e | ey -

AT Wy Ty Ty T T W

MODEL 6410
} MAIN BOARD
Reference Deswriptien U8C Number Vandor
Complats Assembly ... . .. ... ... e o 05-18730-01 . RV,
cv2.. ... ... C.00SmF 100V . ... 36-102185803KPY . ... . . Cemreiin UC S0ret H
cy.. . .. AE,2500mt, 80V e . 861 8804MNEZSENSD S0raque Type T'/A !
C4-8.9.10.18 o Tasmisoy L L L ... 88-127310189N%) . Sumens. 0a91\5N
cr.. ... . CE.1000mI 1Y . L., . 86-10203- 108N 13 Sragw. Typs 5030 ]
ce .. €.220mi 18V . ... .......... .. . %6-10203-227N18 . Sprague. T,0e 8430 !
. [A]] Soeeeeoo .. ML100D1, 800V L. L. L $6:10210A101M4LS . Eimenco. XA Kenan 'S
CV2 ... o .M, 30pt, 300V . .. 58:10210A30QUL 3 - Kimenco. OM Berig:
[ T 2 .. M. 24t SONY . 95-10210A 24008 . Kimanca. OM Serise
(A1) . 15.80p1 A ~ . 56-13840.09
c15.17 oL LYY mdSY L L L 88 1271A104N)6 . Semous. 848134
C .. ... T.H4Tmi AN . . ... ... 88V2701A478N). Semens, Db 4
I -
\




APPERDIX A-2

’ MAIN 30ARD (continved)
Raterence Description USC Number Vondor
01-9.9.10 . .. ... .c.ceeiinnn Power diode. 100PIV . ... ... 40.077087-00 ... ... .. .Fairchild. 1N4000 Scries
06 ... e 2entrdioge. 65V . ... ... 40-09219-06 .. ... ... i, Schaver. SZ2-6.35A
D7.8 . ... SIQNAIQI0de ... .. e 40-09297 ... ... ... Motorola. 1N4154
Fl o Fuse. 174 A, Slow-Blow ......... - 52-09309:02 ... .ieiiL, ...Buss, MDL-1/4 A
f2 ... it Fusa.thermal ... .........ccconenne $2-16830-006 . ... ................ Micro Devices. 60961
11,2 .. i Vollage reguistor . .......----..- 4016079 ... ieiiai.. Farchig, 78M23UC
o O Voltagereguiator .. ... .. ......... 40-16501 . .. Faicchiig. 78M05C
o HORINVEr®r .. .o ieiranannans 4015956 .. ... ... ....Motorola, MC140498CP
S e e 4017170 . ..o ....National Serm, OM3820AN
1IC6 ... e Opto-ssolator . ... ......... ... 40-14878 L e ....Monsanto. MCT8
L 8-segment display dnivor . ... ... 40-18722 ... ... ..., ....Motorola, MCJI491
IC8 ... e MICIOPIOCOBBOr . ... .. ... aLs 07-18780 . . ...t ... ntol, POT40-8

{40-17923-02)

QYT e Powertran®stor .................. 40-15168 .. ... ..., Motorola. MJET0Y
Q8 ... Sigraltranmsior ... ...........40.11353 .. ... ... GE, 2NS172
Q9.10..... ... ... Signaltransistor ... .. ........... 40-04233.05 . .......... AP GE.X16A565-5
L 3 5 Signaltransiglor ... ............ 40-09952 .. ... ......iiie.l. Fairchild, 2N4250
QY e LPOowRrLIansslor ... ...l 40-14166 .. . ... Motorois, MJEBOQ
RY C.56k 1/4W 5% ... e 55-10101HRCI5R6 .. L. iRC.GBT-1/4
R2 e C AV 1ENS% . . .. 5§5-10101HA027 . ... .,... IRC.GBT.1/4
R3B ... . ... . e C. AWML 1/6W. 5% ...... ......... $5-10101HKO047 . ... .. ........... IRC.GBT-1/4
R4, 9,128,116 .. ... ... C.IR{L, V/aW. 8% ... ... ......... 551010 HK00Y . . ... ........... IRC.GBT-1/4
RS .............. e C.1500.1/4W 5% o L 551010MAE0 L IRC. GBT-1/4
RE . e C,220(.V/4W 8% . .. ... ... $5-10101HA220 . ................ IRC.GBT-1/4
- CATRAU/4AW. 8% . ... ... ... $5-101014X008R7 .. ... . .... IRC, GBT-1/4
R1IO. 14 ... .. . C.IIRV1/4W. 5% .. ........... $5-10101MK033 ... ....... ....... IRC.GBT-1/4

‘ BRI 17-23 ... e C.1OK{L 1/4W. 5% .............. §8-10101HKOY0 ... .. ... ......... IRC.GBT.1/4
R1D . C.22KQ 1/4W 5% ... .......... $5-10101MK022 . ................. IRC.CBT-1/4
- 3 Switch, illuminated rocker . ......... 418724 ... ...l CaK CKS101
B 2 T N Trenstormer. power ............... 42-17665 . ........ R UsC
L 2 T Ceystel. 28MKHz ... .. .............. 40-17929 .. ...................... Vaitec. VME.-HC18
MISCELLANEOUS
Reterence Descriplion USC Number Vendor
Paper R S NP £ - - - I + S usc
Paper SPINAI® . e e 22.17971 . e usc .
Conneclor. 25N MBI . . ... ... .. $1.09174.00 ... ... ..... e Canon. 0B-25P
POWRr COord . . ........ . e RO $3-18738 . ... ...l Beiden. 17226
LY T - 47-18726 . ... ..., ...Pansonic, EUY-10EQ12LY
Case. top P 30-18705 . ... ... e [V]-Tod
Case. potiom S 30-18706 T Usc
Jumpers. 2ero-ohm e e e e 50-07897 . . .. ..., .....Eng, IR
Jumpers. plug-in . ... . P .. . .....51.18194 . P Berg. 65474-002
43 .. S ......Prnihead conneclor .. . ... . 51.18731.15 . . . ... Cinegnh, 252-15-30 240
Lamp for power sviich e e £2.09346 e wagner Elec.. 338
Jé& . 25-pin femelg connector .. .. .. £1.09174.02......... ... .. .. .Canon DB.25S

MODEL 8420
All other peris are the samae as on the Modei 6410 printer

MAIN BOARD
Compiete Assembiy e .. 08-18730-02 . ... .. ..., uUsc
No C11t
No D7
' NoICS, 8
ICs . . S .. MCroprocessor ... .. ... ..... 0V-18889 .. ... .. Ingl PBT48-8
(40.17923.02)
NoRZ B8

Av? C. 4Tx1) 1/4 N, 3 $6-1010111K047 . 1RC.GBT-1/4
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& EMITIER SIMULATION FLOW DIAGRAM
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CCU-GSE COMMUNICATION FL.OW DIAGRAM
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APPENDIX A-4
SHEET 1 OF 2

( Start )

Clear Locations
4000 - 4040

1
s et ..mmnrad

Issue Command To Do IDLE
RTN Both Sides Release
CCU Reset Line

Give 3 Second Delay

Side 1
Fail or Pass

ystem
AorB

Pass or Fail

Side )

Pass or Fail Fail

Side 1
Pass or Fail

Print" Side 1 Fail
Side 2 Pass” No
Communication Path
Established GSE - CCU
Check Integrity Cablel
Connections or

Replace CCU

T

Print"” Side 1 Fail

Side 2 Pass" No
Communication Path
Established GSE - CCU
Check Integrity Cable 1
Connections or ‘
Replace CCU

]

Ycounuurn 93

PRECEDING PAGE BLANK
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APPENDIX A-4
SHEET 2 OF 2

—

Print" Side 1&2 Failed
No Communication Path
Established GSE CCU
Check Integrity Cable 1
Connections or

Repiace CCU

System B

No Connection Path
Established GSE - CCU
Check Integrity

Cable 1 Connections
or Replace CCU

an

Branch to Manual

Loop
Set LF3=1 Set MEMCODE
Address to 4000
System A
AOr‘B/ l
Set MEMCODE = 1
B8 4003

Issue Command to Retrieve
Data Side 1 Reset CCU

Start Time to Start PGM

From Beginning (0000) After
Data Has Been Retrieved

Jump To Utility

94




L Start

‘) APPENDIX A-4

SHEET 1 OF 4

To CCU

DIS INT Apply Power

Is
MEMCODE = 17

Point R4 To Call

Point RS To Return RTN

RTN Yes

In

Is

Is Lab
Support Cable
Used?

Do Idle Return
3 Seconds Delay

Side 1

Fail Pass/Fail

Pass

Do Part 1 ie Determine
Communication Data
And Print Accordingly

Out

GSE In/0ut
Switch In?

Unit Tests

Jump To Control

[

Jump Into MAN Loop

[set MEMCODE = 0 |

Shift Data Side 1 To Memory
4500 - 45FF

Reset !ssued Command To
Retrieve Data Side 1

Reset Timer Command

Issue Command to Retrieve
Data Side 2 Reset CCU

Start Timer To Start PGM
From 0000 Jump To Utility

Is Lab

Support Cable

Used?

Print Message 53

Yes Release CCU Reset

Line ie Out 7 # 14

Print Message 54

CONT INUED og

i
A
:
:
?
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|

Release CCU Reset
Line ie OUT 7 # 14

Is GSEe
Side 1 High?

Fire A1l Heads Side 1
ie Qut 3 ¢ FF

1s GSE2
Side 1 Low?

Reset 811 Heads
Side .

Fire A1l Heads Side 2
je Out 4 # FF

Is GSE?
Side 2 Low?

Reset A1l Heads Side 2
Out 4 # FF

CONTINUED

APPENDIX A-4
SHEET 2 OF 4

e e e i AN i o ae ek Adsiciermd kA

el

e dank
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3 APPENDIX A-4
! SHEET 3 OF 4

[60 Data Retrieval <_J

1
E Auto/Man Auto
i L Print Message 57
4 Man
3
3 [Print Message 56 |
|
‘ Data
. Retrieval
Selected Yes
f
;:

No
Auto/Man

Control
Unit Test Yes Auto
Selected

r -4
>
=
o
2

[Qo Control Unit Test

No
{ Man
Head
Auto
1 Test Selected Yes
Do Head Test 41
E + No
Man
] Auto/Man
3
Parametric Yes
* Test Selected Ruto
[po Parametric Test
No ]
CONTINUED 97 )
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SHEET 4 OF ¢4
Man Auto/Man
Fundamental
Test Selected Auto
Do Fundamental Test

Man Auto/Man

Data Auto
Analysis Test ‘
Selected Do Data Analysis

-— Man

98
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Do RAM Test

_Mnt Message 44

PP



(lgrstart *)

Initialize R2 To Free
RAM (4040) SEX R2

Apply Power To CCU And
Do Not Hold It In Reset
Mode ie Qut 7 # 14

Is

GSE Control No

APPENDIX A-4
SHEET 1 OF 2

In?

Yes

|§£§nch To Part 2

Point R4 to CALL RTN |
Point RS To Return RTN
Set X = 0

Hold CCU In Reset Mode
ie Qut 7 # 10

Issue Command To Do
IDLE RTN Both Sides
Release CCU Reset Line

Give 3 Seconds Delay 4]

Side 1

Pass or Fai Fail

Print Executive Command
"CCU Running"

i

[Brint Message 1 & 3
1

Long Branch To Part 2

CONTINUED

99
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| APPENDIX A-4
[Print Message 1 & 2 SHEET 2 OF 2

Side 2
Pass or Fai

Faiyl
Side 1
Pass or Fail Pass
| Branch to Part 2 |
) T
Print Messages 10, 6, 11_] Print Messages 9, 12, Gi] [Print Messages 8, 6, 7
¢ ——

lPrint Messages 1, 3, 6, 7!

Print Executive
Command (1)

Auto Auto/Man

Man

Branch to Manual
Loop
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LIST OF ERROR_CODES
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APPENDIX A-3

This appendix consists of two parts. Both parts list a set of error messages.

Thess messages are wed to decode any failure conditions during the 'CCU Test'and'
the 'Functional Test'. The finst digit in the PASS/FAIL coded print out corresponds to
the first error message .

PART | refers to the CCU Test
PART 2 refers to the Functional Test.

PART |
m:::z: t:::tion Error Meuage
| 4000 indicates System A for Dota Retrieved
2 4001 Adjacency Fai!
3 4002 A/P Ident Not Available
4 4003 SIDE | RAMRETN ~ A FAIL
5 4004 SIDE 2 RAMRETN - A FAIL
é 4005 SIDE | RAMRETN - B FAIL
7 4006 SIDE 2 RAMRETN -B FAIL
8 4007 SIDE1 COM-LOGIC PART | ABORT
9 4008 SIDE | INHIBIT FAIL
10. 4009 SIDE | COM-LOGIC PART 2 ABORT
" 400A SIDE | FAULT FAIL
12 4008 SIDE | FIRE FAIL
I3 400C SIDE 2 COM-LOGIC PART | ABORT
4 400D SIDE 2 INHIBIT FAIL
15 400E SIDE 2 COM-LOGIC PART 2 ABORT
16 400F SIDE 2 FAULT FAIL
17 4010 SIDE 2 FIRE FAIL
l 18 4011 SIDE | RAMTEST FAIL
t? 4012 SIDE 2 RAMTEST FAIL

‘03 il am . -
Lm:m PAR BLANK-NOT TIL0@




Number

PART 2

Error Measage

HIAAIE

4055

VONOLaWwN~—

S855RRsRERRR00RERRRRRRRRE0ASSS

37 407

&
v

38

' ¥ 4076
40 4077
4

First Emitter Test Failed

Fire Occured Immadiately After Emitter Test

Test | Failed

Test 2 Failed

Test 3 Heod | (Lit 7)
Test 3 Heod | Lir7
Test 3 Head 2 Lit &
Test 3 Heod 2 Lit 6
Test 3 Head 3 Lit 5
Test 3 Heod 3 LIt S
Test 3 Head 4 Lit 4
Test 3 Head 4 Lit 4
Test 3 Head 5 Lit 3
Test 3 Heod 5 Lit 3
Test 3 Heod 6 Lit 2
Test 3 Heod 6 Lit 2
Test 3 Head 7 Lit |
Test 3 Lit
Test 3 Lit O
Test 3 Lit O
Test 4 Li¢ 7
Test 4 Lit 7
Test 4 Lit &
Test 4 Lit 6
Test 4 Lit 5
Test 4 Lit 5
Test 4 Lit 4
Test 4 Lit 4
Test 4 Lit 3
Test 4 Lit 3
Test 4 Lit 2
Test 4 Lit 2
Test 4 Lit d
Test 4 Lit |
Test 4 Lit O
Test 4 Lit O

Test 5 Adjocency |, 2
Test 5 Adjaocency |, 2

f

ONOearWWNN=~""0K

HEEEEEEEERE L

2

2
Test 5 Adjacency 2, 32

Test 5 Adjacency 2, 32

Test 5 Adjacency 2, I2

Side 2
Side 2
Side 2
Side 2
Side 2
Side 2
Side 2
Side 2
Side 2
Side 2
Side 2-
Side 2
Side 2
Side 2
Side 2
Side 2
Side |
Side |
Side |
Side |
Side |
Side |
Side |
Side |
Side |
Side |
Side |
Side |
Side |
Side |
Side |
Side |

Operote
Reset
Operate
Reset
Operate
Resat
Operate
Reset
Operate
Resst
Operote
Reset
Operate
Reset
Operate
Resst
Operate
Reset
Operote
Reset
Operate
Reset
Operate
Resat
Operate
Reset
Operate
Reset
Operate
Reset
Operate
Reset

Operote
Reset
Operate
Reset
Operate

Falled
Failed
Failed
Failed
Failed
Failed
Failed
Failed
Failed
Failed
Failed
Failed
Failled
Failed
Failed
Failed
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Fail
Foil
Fail
Fail
Fail
Fail

Fail
Fail
Fall
Fail
Fail

i

104
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' PART 2 Contd

Message RAM
Number Location Error Metsage
42 4079 Test 5 Adjocency 2, I2 Reset Fail
43 407A Test 5 Adjacency 3, 22 Operate Fall
“ 4078 Test 5 Adjacency 3, 22 Reset Fall
45 407C Test S Adjacency 4, 32 Operate Fail
46 4070 Test 5 Adjacency 4, 32 Resat Fail
47 407E Test 5 Adjacency 8, 42 Operate  Fail
48 408F Test 5 Adjacency 8, 42 Reset Fail
49 4080 Test 6 Adjacancy |, 32 Operote Fail

. 50 408} Test 6 Adjocency |, 32 Rese? Fail
5\ 4082 Test 6 Adjacency 4, 22 Operate  Foil
52 4083 Test 6 Adjocency 4, 22 Reset Fail
53 4084 Test 7 Adjacency |‘,3,412, 22 Operote Fail
54 4085 Test 7 Adjocency |‘, 2, ‘,IZ,Z2 Reset fail
55 4084 Test 7 Adjacency 2‘,1‘!,& 22,32 Operote Fail
56 4087 Test 7 Adio'oncy,-iz,:}k2232 Reset Fail
57 4088 Test 7 Adjacency 1,8‘f\-4282 Operate  Fail
58

4089 L Test 7 Adjacency 4,84,.8,

Reset Fail

T T i s ey

el _..._.hg.u...mnm...u.kd
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Meuage No. Massoge
! GD/GRAVINER DFDS AUTO TEST ROUT N ?
2 | eeeeemcececscceececceeeeenae- c~mcnenne 1
3 SYSTEM A -
4 SYSTEM B ;
5 SIDE | [
6 SIDE 2 ‘
7 NO GSE - CCU PATH  CHECK CABLE | OR
REPLACE CCU {
TEST ABORT
. 9 SIDE | & 2 FAILED
10 SIDE | PASS
1 SIDE | FAIL
12 SIDE 2 PASS
13 SIDE 2 FAIL
Mesoges 14-29 are no longer wed.
30 GRAVINER DF DS  FIll CONFIRMED
3l ADJACENCY FAIL
32 CONTROL UNIT TESTS COMPLETE

REPLACE CCU  **e*+ssrssanune
Messoge 34 not used

START CONTROL UNIT TESTS
START UV-HEAD TEST

START PARAMETRIC TEST
START FUNCTIONAL TEST
Messaoge 39 Not Used
UV-HEAD TEST COMPLETE
PARAMETRIC TEST COMPLETE
FUNCTIONAL TEST COMPLETE
Messoge 43 Not used

Meuoge 44 Not wed

Messages 45~52 are not wsed.
106
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SAMPLE LISTING

Meassoge

352852 BREBBBEUIRRLE

NN N
W N -

CCU NORMAL MODE
Massoge 54 Not used

Messoge 55 Not wed

MANUAL MODE  SELECT TEST
AUTO MODE  SELECTED
START READ CCU TEST

READ CUU TEST COMPLETE
AEROPLANE IDENT NOT AVAILABLE
COMMON LOGIC TEST ABORT
5.6V SIDE | FAILED

5.6V SIDE 2 FAILED

320V SIDE | FAILED

320V SIDE 2 FAILED

EMITTER FAILURE Ol

EMITTER FAILURE 02

EMITTER FAILURE 03

EMITTER FAILURE 04

EMITTER FAILURE 05

EMITTER FAILURE 06

EMITTER FAILURE 07

EMITTER FAILURE 08

i i o e S S ¢ e =
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CCU TEST FLOW DIAGRAM
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PRECEDING PAGE BLANK

Start

Point R4 To Call RTN
Point R5 To Return RTN
Set Address And Jump
To Print Message 2

Set Address And Jump
To Print Message 35

R9 = 4000

Read A/C Adjacency
Config. Side 1 ie 44D7

Does it

APPENDIX A-6
SHEET 1 OF 13

Indicate F-111
je EO

Read A/C Adjacency
Con. Side 1 ie 4507

Does i

Indicate F-11
ie EV'

Yes

Set Address And
Jump to Print
Message 30

m

tte it m m At dne ks b o AR e Attt il At

et RA = 4401 ;
R8 = 4501 |
SEX RD |

OR Location
4501-3 ie LDN RB

IRX OR IRX
OR STR  RB
SEX RA  LDH RA !
IRX OR IRX
OR STR  RA :
A !
System B !
A or B '
i

— e -~ AL




)
APPENDIX A-6
SHEET 2 OF 13 QR Locations
4503 And 4403
Store Result At
4403 ie LDN RB
OR STR RA
(Con R X1 & RS
- Branch IF
o <0 ie LBN2
Set R9 To 4003
Rese* Previous
Command Issue - '
Command To Do Store Code ie LD}
RMRNA Release 01 STR R9 INC
¢ Reset Of CCU RO INC __R9
Give 1 Secs Delay Set Address And
- Jump To Print

Message 3
Set Address Jump TO
Print Message 8

Is GSE1

No Side 1 High?

—

Store O} via R9
je At 4003

Yes

Mhe 29 ie R9 - 4004 |

o

B System A
Aorb -
\ﬁ |

[Read GSE 1 Side .|
!

. | l

112




APPENDIX A-6
SHEET 3 OF 13

I's GSEl No

Side 2 High?
,//”/’/” Store 01 via R9 ie

At 4004

Yes

lINC RO ie RO = 4005

Switch Off 115V OF
CCy

Reset RMRNA

Issue RMRNB

Give 4 Sec Delay
Apply Power to CCU
ive 3 Sec Delay

Read GSE Side 18 2 |

Are GSE I
Or 2 Side No

High? 1
Store 01 via R9 ie
At 4005

Yes J

[1nc R ie R9 = 4000 |

System

AorB

i13

e




Read GSE 1 And 2
Side ¢

Are GSE

1 &2 Side 2 No

APPENDIX A-6
SHEET 4 OF 13

High?

Yes

Store 01 via R9 ie
At 4006

-
[INC R9 de R = 4007 |
] .

Reset RMRNB Both
Sides Hold CCU In
Reset Mode

-

Put CCU In Normal
Mode Fire All
Heads Both Sides

rE-Seconds Delay

oes Fir
0/P Indicate

No

Fire?

Hold CCU In Reset Mode
Reset A1l Heads
Give 1/2 Sec Delay
Release Reset of CCY
Give 3 Sec Delay

Doe: Fault
0/P Indicate

No

fault?

114
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APPENDIX A-6
SHEET § OF 13

Hold CCU in Reset
Mode Put CCU in GSE
Mode

f

System B

Set Address And
Print Message 61
Set R9 = 4010

Aor B

A

Issue Command To Do
Common Logic
Release Reset Of
Cccuy

"'Set Delay Timer
hjo lero 1e R6 = 0000

Are 3
Seconds Up?

‘No

Side 1
No Is GSE 2 High

Store 01 via R9 ie
4007 INC RO

Give 20ms Delay
INC R9

Does
Fire Q/P

Indicate
Fm/

No

-

Store 01 via RY ie At

4008
J

S - —ale

{iNg Ro fe R9 - 4009 |
Set Timer To Zero
fe R6 = 0000

v

115
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No

Are 3
Seconds Up?

Yes

Store 01 via R9

{e 4009
INC R9 INC R9

Is GSEY High?

Give 20ms Delay
INC RO

Does Fault Yes

APPENDIX A-6
SHEET 6 OF 13

0/P Indicate
Fa%lﬁz,/”/rw

tore 01 vi

400A

a R9 fe At

No

Does fFire

0/P Indicate
Fiijz//,///,

No
. ==

Store N

2t 4008

via R9 ie

o

INC K9 ie Rl = 400(

Set Delay Timer To
{erg {8 R6 = 200C

INC RE

Seconds Up?

[ 20ms Delay INC RO

i e 2 A RS

. .




Y .

o —— gy

v

R

Store 01 via R9 ie
400C INC R9
Yes
-
Store 01 via RY ie
At 4000D
Set Delay Timer To
ie R6 = 0000
No
l i
[ _INC R6 ]
Are 1
3 Seconds
Up?
Fault 0O/P Yes
Indicate 13
AOETINE ket RO te Qauit? Store 01 via RO
INC RO ie At 400F
o J

n7




oes Fire

APPENDIX A-6
SHEET 8 OF 13

Yes

0/P Indicate
Fire?

No

Store 01 via R9 ije
At 4010

> —

INC R9 ie R9 = 4011
Reset Issued Common
Issue RMTAS

Hold CCU in Reset Mode
T Second Delay =~
ReTease Reset Of CCU
Give 3 Second Delay

Read GSEY Side V.~

Stora 01 via R9 fe

At 4011

[1nC RO e R9 = 4012

Systerm

Aor B

A
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Side 2 High?

No
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: Hold CCU In Reset
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Set R9 = 4003
LDA R9

<>

Set Address and Jump
To Print Message 14

q J
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Set Address and Jump
To Print Message 154
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LDA RS

LBZ
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Set Address and Jump
To Print Message 16

AR o R SR

LDA R9
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Set Address and Jump
To Print Message 17
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LDA R9

LB8Z

Set Address and Jump
0 Print Message 26

LDA R9

LBz

Set Address and Jump
Print Message 18

LDA ]9

LBZ

Set Address and Jump
To Print Message 22

LDA R9

LBz

Set Address and Jump
To Print Messace 19

LDA R9
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Set Address and Jump
To Print Message 20

LDA RS

L3z

Set Address and Jump
To Print Message 28

LDA RS

LBZ

Set Address And Jump
o Print Message 21

LDA R9

LB8Z

Set Address And Jump
To Print Message 29 |

> 3
LDA R9
Bz -
Set Address And Jum
To Print Message 22
el
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Set Address and Jump
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BZ

Set Address and Jump
To Print Message 33

Auto/Man

Branch Into Test
Select Loop

[hranch To Head Test
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ADVANCED FIRE DETECTION SYSTEM

TABLE OF CONTENTS

1. INTRODUCTION

2. ABRIDGED SPECIFICATION
3. INSTALLATION CHECKS

4. GROUND SUPPORT EQUIPMENT
5. OPERATIONAL PRUCEDURES

Pre-Flight Checks
Cockpit Check
In-Flight Operation
Post-Flight Checks
6. SYSTEM DESCRIPTION

7. MAINTENANCE PROCEDURES

ILLUSTRATIONS

1-1 Frontispiece

4-1 Paper Threading
4«2 Main Features of RAM Print-0ut
4-3 Cable 4 Connections

5-1 Ground S~ - " -uipment Connections

5-2 Typical ts

6-1 Gra re Detection System - FI
-2 Simp * .agram - Cystem A

6

6-3 Approx.mas ,..ion of Sensors
6-4 Time Sharing

6-5 Front Panel Layout

CONTENTS
Page )
184 June 80




ADVANCED FIRE OETECTION SYSTEM

CHAPTER 1
INTRODUCTION

The Graviner Advanced Fire Detection System uses micro-processor controlled

ultra-violet sensors to provide a very high level of detection validity even
against a background of bright sunlight.

The equipment 1s used to detect fires in aircraft engine nacelles, and two
systems are provided. System A 1s mounted on the left side and has dual
sensor heads and dual micro-processors to give a high level of'cross-
checking' under fire conditions, and to give continued valid operation even
if one or more items in the system fail. System 3 is mounted on the right
side and has single sensor heads and a single micro-processor.

Both systems comprise up to eight detector heads (five installed in FI11),
a Computer Control Unit (CCU), and share a common Crew Warning Unit (CWU).

In addition, a Ground Support Equipment (GSE) is used for pre-flight and
post-flight checks.

Features include continuous self-checking of the sensors and the processors
plus both a FAULT and a FIRE indicator on the CWU. If self-checks indicate
that a system will not be ahle to satisfactorily indicate a fire, the FAULT
indicator illuminates, warning the operator. A FIRE indication will not be
given if there is a fault in the system,

1
Page 1
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Ground Support Equipment
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ADVANCED FIRE DETECTION SYSTEM

CHAPTER 2

ABRIDGED SPECIFICATION

Response

Sensor Failure

¢ Detector Heads

Computer Control Unit

Crew Warning Unit

Ground Support Equipment

Power Requirements

it e T O

The system indicates a fire when a detector
head {s exposed to a fire for 1 second or
more. Full sunlight falling on the sensor
doas not affect its sensitivity.

System A: Both sensors in a detector head
Rave to fail before a fault warning is given,
and {f the sensors are part of an adjacent
pair, then a fault warning will not be given
until all four sensors have failed.

System B: A fault warning is only given if
fﬁe sensor that fails is the only one covering
a fire area.

Each detector is sealed against contamination
and can withstand up to +260°C for an
indefinite period. The connector has a life
expectancy of 1000 nours at this temperature.

Monitors up to eight detector heads
continuously and actuates the Crew Warning
Unit. Has the ability to bypass faulty
sensor inputs and in type A systems to
maintain processing using one channel if
one of the dual processing systems fail.

Provides warning lamps and test buttons for
use by the aircrew.

Portable unit to automatically access stored
data from the aircraft and to check out the
system,

System A: 102-124V, 380-420Hz at 300mA Max,
1§-Z§V d.c. at 230mA max. for CCU plus 15mA
for CWU.

System B8: 102-124v, 380-420Hz at 150mA max.
1§-EV d.c. at 250mA max. for CCU plus 15mA
for CWu.

E€: Obtains supplies from aircraft, but
6-29V d.c. at 20mA required for bench
recharging of internal battery.
2
Page 1
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Oimensions and Weight

ADVANCED FIRE DETECTION SYSTEM

CCy: 285mm deep, 198mn high, 115m wide
nominal (11.1 x 7.8 x 4.5 in.). MWeight
system A = 3.72kg (8.2 b), system B =
3.3 kg (6.04 1b). )

Head, System A: 105mm wide, 60mm high,
% x 2.4 x 3 in.). Weight =

n ikt St

[

ee
0.19kg (0.42 1b) each.

Head, System §: 70mm wide, 60mm high,
75mm deep (2.6 x 2.4 x 3 in.). Weight =
0.11kg (0.2% 1b) each.

CWy: 146mm wide, 47mm high, 119mm deep
TE.75 x 1.85 x 4.7 in.). Weight = 0.65kg
(1.37 1b). Unit is shared by both systems.

GSE: 385mm deep, 465mm wide, 377mm high
(15.16 x 18.31 x 14.84 in.). Weight =

¢ 17.77kg (36 1b) including cables.
]
2
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ADVANCED FIRE DETECTION SYSTEM

CHAPTER 3
INSTALLATION CHECKS

Before replacing the engines in the r:celles, proceed as follows:

(1) Check that the wiring has been carried out according to drawing
No. Z22004. Clean each sensor bulb with metal polish., Avoid
touching the bulbs after cleaning.

(2) Fit the Crew Warning Unit and the two Computer Control Units
into the aircraft. The thicker cable from the aircraft cable-
form is connected to system A CCU (Part No. 53813-203).

(3) With the aircraft ground power on, switch on the 115V a.c. and
28V d.c. circuit breakers for the equipment. Check that the
FAIL indicators on the CWU do not illuminate.

(4) View the detector heads in each engine nacelle and check that
the emitters flash every 15 seconds. Check that when the FIRE
DET TEST button is pressed on the CWU in the cockpit the
emitter flashing rate increases (2 people needed).

(5) Carry out a full check using the Ground Support Equipment as
described in 'Pre-Flight Checks' (5-1).

Page 1
June 80
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ADVANCED FIRE DETECTION SYSTEM

CHAPTER 4
GROUND SUPPORT EQUIPMENT

The GSE is a portable automatic check-out unit for the aircraft equipment.
It performs 3 basic functions; it reads out the stored data gathered

during the flight, and it checks the operation of the system and identifies
which line replaceable unit (LRU) is faulty.

The flight data is stored in RAM's in the CCU and a battery back-up in
system 8 CCU keeps the RAM data refreshed when the aircraft supplies are
switched off. To ensure that the RAM data is not lost when the GSE 1is
connected, a refresh battery is contained in the GSE and is connected to
the CCU via cable 1. Note that the GSE must always be connected to system
A CCU first and that cable 1 must be connected hefore tne aircraft cable-
form is disconnected from the CCU. The cables are stored in the top cover.

To ensure that the RAM refresh battery in the GSE is fully charged, cable
4 is plugged into cable No. 2 socket and the 28V wires in the cable are

connected to a bench 28V supply when the GSE is not in use. The battery
should be charged for at least 3 hours prior to use. Before carrying out
any tests, always verify that the battery is satisfactory by pressing the

GSE BATTERY TEST button and checking that the adjacent indicator illuminates.

If the lamp does not illuminate, reconnect the GSE to the 28V bench supply.

Always check the quantity of paper on the printer roll. Red lines on the
printer show the roll diameter at which the roll should be changed.

. To load the
paper, refer to fig. 4-1 and proceed as follows:

(1) Open the viewing window by turning the catches and then hinging
the window to the right.

(2) Press the Paper Feed Release Button and remove the existing
paper.

(3) Insert the paper spindle into a new roll of paper*(E1ectro-
sensitive) and place the spindle into the slots in the Paper
Spindle Bracket. The locse end of paper should come off the
bottom of the r11 and up towards the cperator.

(4) Pass the end of the paper down into slot A in tne top of the
printhead.

(5) Feed the paper into slot A while turning the Paper Advance
Thumbwheel towards the rear of the printer. The paper auto-
matically cycles through the printhead and out of slot B.

(6) Hinge the viewing window to the left and latch into position
by turning the two catches.

4
# Replacement part number 19-17210 Page 1
(United Systems Corp. Dayton, OHIO) June 80
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: ADVANCED FIRE DETECTION SYSTEM

i At any time the paper can be pulled through the printer by holding the

E ‘ Paper Feeder Release Button down.

: The GSE will only operate ful!: when the GSE switch is set to IN. When the

; switch is set to OUT, the inputs and outputs are isolated from the GSE

¢ internal circuits. By reconnecting the aircraft cableform to the CCU, ¢

' normal operation of the aircraft equipment can be obtained with the GSE

i still connected to the GSE connector on the CCU.

: For standard flight testing, the GSE is operated in the AUTO mode. The
MANUAL routine selection position of the keyswitch enables each test to be
individuslly selected, as long as certain rules are observed, as follows:

(1) Tum key switch to Manual.

: (2) Depress start button.

P

: NOTE: Having printed the opening messages the printer will print:

MANUAL MOQE-=--e<o==e- SELECT TEST?~secv-cen- ‘X'
§
(3) Select DATA READ program. )
Having read the data printer will print message 'X' again.
(4) Select Control Unit tests.
Having performed and printed results the printer will print
message 'X' again.

. (5) Select UV Head Tests.

1 Having performed and printed results the printer will print

; message 'X' again,

(6) Select Parametric Test.

. Having performed and printed results the printer will print

i message 'X' again.

f (7) Select Functional Test.

E Having performed and printed results the printer will print

; message 'X' again.

: (8) Select Data Analysis Test.

; Having performed and printed results the printer will print

{ message ‘X' again.

i (9) Power off and disconnect cables as for AUTO MODE if the above

E tests are not to be repeated.

E The four indicators marked '1, 2, 3, 4' provide additional diagnostic

¢ information if a fault develops. They are used only when cable 1 of the

i GSE is connected (the aircraft cable form is connected straight to the

E ] CCUu), and the GSE switch is set to IN.

‘ 4
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ADVANCED FIRE DETECTION SYSTEM

INDICATOR ' FUNCTION

1 2 I1luminate alternately at the time sharing rate
(each on for 167ms) to show that the time sharing

is operational.

3 4 Indicator 3 illuminates when side 1 emitter
operates (every 15 seconds) and indicator 4
illuminates when side 2 emitter operates.

The main features of the RAM print-out are identified in fig. 4-2,

ttery, cable 4 has addi tional

In addition to its use when recharging the GSE ba
h check-out of system units.

connectors which enables it to be used for a benc
The connections are shown in fig. 4-3.
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¥ ADVANCED FIRE DETECTION SYSTEM
Inaicates valid Main umer Timeof or Errorccde causing  Time when FIRE
data voliows operation code opposite processor  DET TEST button
00 00 shut-down was pressed
Hi Lo 00 00
Lo Hi
Fire, level 5
00 00 00 00 Fire, ievel 2
Lo Hi Store 00 00 00 0C
I Time last \ Lo Hi Store
Count event : Time lost
Fire, level 4 N . Count ovent
g 00 00 - Fire, level 4
Hi Store last — 00 00
| event | Lo Time
Tm\o .......................... . ‘_ Count
Error code VO Fire, lovel 3
causing seif- 00 00 00 00
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Y Time last
Time of X Count event
shat down d.
00 00 Adjacency set
Lo Hy ot subsequent
or last fire
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First tire Adjacancy Background Time of last Adjscency Time when last
umes set where count head tailure head failure fire anded
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FIG. 4. #2'N FEATURES OF RAM PRINT-OUT
[}
4
Page 5
June 80

194

i

r
b - e e Y S vemm. o0

et

PRIttt

i ot



ADVANCED FIfc UETECTION SYSTEM

CHAPTER S
OPERATIONAL PROCEDURES

Pre-Flight Checks

These checks ensure that the equipment is fully functional pefore a
flight test is started. Proceed as follows:

(1) Switch on the aircraft circuit breakers for the engine fire
control system and run the equipment on groun- -ower for 30
minutes; this ensures that the RAM refresh bat ries in
system B CCU have sufficient charge to hold ed data.

(2) Ensure that the GSE has been on charge for at least 3 hours
immediately prior to use. Press the GSE BATTERY TEST button
and check that the adjacent indicator illuminates (GSE refresh
battery is charged). Check that there 1s sufficient paper on
the printer paper roll. If necessary, replace the roll (see
Chapter 4).

(3) Connect the GSE to the CCU of system A (Part No. 53813-203),
starting with cable 1 and then connecting as shown in fig. 5-1,

WARNING: WHEN THE AIRCRAFT PLUG IS REMOVED FROM THE CCU, AC
POWER IS PRESENT ON THE EXPOSED CONNECTIONS Of THE
AIRCRAFT PLUG.

(4) On the GSE set the POWER switch to ON and check that ll%v aide 1 and
115v side2power rail indicators illuminate, noting that with

system B only side 1 indicator will illuminate. Set the GSE
switch to IN, ensure that the AUTO/MANUAL keyswitch is at AUTO

and press the START PROGRAM button. The flight data print-out

will be meaningless but will show how many good detector heads:

are available. Ver{fy that there are no equipment faults

indicated on the rest of the print-out.

{5) Reconnect the aircraft cableform to the CCU of system A and repeat
the connections and checks c¢f (3) and (4) above for the CCU of
system B (Part No. 53813-204).

Cockpit Check

With ‘he equipment power on, the following checks must be made prior
to a (st flight:

(1) Press the FAIL IND TEST button on the Crew Warning Unit (CWU)
and check that the left and right FIRE DET FAIL indicators
i1luminate,
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ADVANCED FIRE DETECTION SYSTEM

(2) Press the FIRE DET TEST button and record the time at which it was
pressed. Check that the left and right FIRE indicators illuminate.

NOTE: The FIRE OET TEST button can be pressed at any time
during a flight to check the circuit but the time at
which the button is pressed must be recorded on every
occasion. This providec the datum time for the stored
flight data.

ln-Fliggp Operation

If a fire occurs during the flight, the appropriate FIRE button will
{1luminate (LEFT or RIGHT).

For future analysis, the equipment records the time and sensor inputs
for all fire or 'near-fire' events in relation to the time when the
FIRE DET TEST button was last nressed.

Post-Flight Checks

CAUTION: THE FOLLOWING CHECKS MUST BE CARRICD OUT WITHIN A FEM
HOURS OF THE AIRCRAFT LANDING. THE TIME IS DETERMINED
BY THE CHARGE ON AN INTERNAL BATTERY; IF THE BATTERY
DISCHARGES BEFORE THE CHECXS TAKE PLACE, ALL THE FLIGHT
DATA WILL BE LOST. WITH A FULLY CHARGED BATYERY THE
DATA WILL BE HELD FOR UP TO 8 HOURS BUT FOR SAFETY IT
IS RECOMMENDED THAT THE CHECKS ARE M.~ WITHIN 2 HOURS
OF LANDING.

Proceed as follows:

(1) Remove power from Fire Detection System as follows:-
(a) Break CCU/CWU 28V DC Breaker
(b) Bresk AC system A o~ system B Breakers as ap ' .riate
NOTE: System A has twvo AC Breakers

(2) Ensure that the GSE has been on charge for at lea.' 3 hours
immediately prior to use. Press the GSE BATTERY . T button
and check that the adjacent indicator §1luminates (GSE refresh
battery s charged). Check that there is sufficient paper on
the printer paper roll. If necessary, replace the '211 (see
Chapter 4). Set the GSE switch to IN, ensure that .he AUTO/
MANUAL keyswitch §s at AUTO, and that the POWER switch s OFF.

NOTE: There is an instruction label on the GSE giving connection
" and operating {nformation.

(3) Connect cable 1 from GSE socket 1 to the GSE plug on the CCU of
systam A (Part No. §3813-203).




ADVANCED FIRE DETECTION SYSTEM

CAUHON:" YO ENSURE THAT THE STORED DATA IS NOT LOST, SYSTEM ‘A’

=" (CU MUST ALWAYS BE CHECKED BEFORE SYSTEM ‘'B', AND CABLE
1 MUST ALWAYS BE CONNECTED BEFORE THE AIRCRAFT CABLE-
FOR}! 1S DISCONNECTED FROM THE CCU.

(4) Complete the connectiod~ between the GSE and CCU as shown in fig.

(5)

(7

(8)

(9)
(10)

5-1. Note that the aireraft cableforn to systea A CCU is thicker
than “hat to system B CCU. Mska AC Bteckers followed by DC
Circuit Brsakers.

On the GSE set the POWER switch %0 OM ar.. check that the adjacent
power rail indicators {1luminate, noting that with system B8 only
one 115Y fndicator will {1luminate (not side 2). If the indicators
do not f1luminate check the afrcraft circuit breakers.

Press the START PROGRAM button. The GSE will start to print out the
stored RAM data. There are two tables of data from system A and

one from system 8. After the RAM data the GSE will perform a series
of tests, If the tests are satisfactory an appropriate print-out
will resylt. If a fault {s present, the print-out will indicate
which LRU should be replaced. Typical print-outs are shown in fig,
5-2. Total test run time in sutomatic mode is typically T4 simutes.

On the OU (cockpit) press the FIRE DET TEST and then the FAIL IND
TEST buttons. Che :k that the appropriate indicators i)luminats.

When the checks on system A have been completed satisfactoriily,
disconnect the aircraft cableform from the GSE extension cable
and reconnect it securxly to the A/C PLUG on system A CCU. Dis-
connect the 6SE PLUG cable (cable 1) fiom system A CCU.

Repeat procedures (2) to (8) for system B (Part No. 53813-204).

After checking and carefully reconnecting both units, carry out a
:oc:git check of the (WU to ensure that the connections are satis-
actory.

4 Bote. Systes B may be cheoked ocut in isolation by carrying out
procedures (2) to (8) for systea B only, bovever data
retained in system A will be lost.
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ADVANCED FIRE DETECTION SYSTEM

CHAPTER 6
SYSTEM DESCRIPTION

Thefunitg gf the system are shown in fig. 6-1, and a simple block diagram
in fig. 6-2.

1. Sensors

The sensors used are Graviner developed units which give a signal when
exposed to ultra-violet (UV) radiation at frequencies below those in
solar radiation; hence they discriminate against sunlight. Within the

operating spectrum of the sensor there is still sufficient UV radiation
from the flames.

When the sensor operates, an avalanche action occurs and the increase ;
in current is detected at the Computer Control Unit (CCU). The 320V :
sensor supply is then switched off to allow the sensor to recover, and |

5 then switched on again. If the UV sensor avalanches four times er ;
more in three successive 167ms gating periods then a fire condition is i
computed. i

In the dual system (system A), two sensors are mounted on each 3
detector head and are controlled in a time-share arrangement. A fire
condition will only be computed 1f both sensors avalanche four times

or more in each of three successive gating periods per side.

In certain parts of the installation two detector heads view the same
area. This is termed adjacency, and the processor checks that all
sensors covering a particular area give a similar output under fire
conditions. The heads which provide adjacency outputs are given in
Table 6-1. The outputs of both sides of a detector head and adjacent
heads are fed via an AND system to give the greatest certainty of a
fire condition. If a fault condition exists in any sensor, the output
will change to an OR system so that valid fire warnings will still pe
given even when up to three of the four sensors (two system A detector
heads) covering an area fail. The approximate positions of the sensors
in the engine nacelle is shown in fig. 6-3.

TABLE 61
ADJACENCY
Fire Area ] ‘5//2 ‘{/3\Si
Sensor No. 1‘Z// 2 3 4 5
.
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ADVANCED FIRE DETECTION SYSTEM

To ensure that the sensors are operating correctly, each has an adjacent
UV emitter which is activated every 15 secs while the equipment is oper-
ating. In system A, the side 1 emitters are energised simultaneously and
the processor checks the output from every side 1 sensor. The side 2
emitters are then energised and the processor checks every side 2 sensor.
If a sensor is found to be faulty, the processor arranges to disregard
its output when computing a fire condition.

Computer Control Unit (System A)

The CCU contains two microprocessor systems each with their own power
supplies. Each processor controls one sensor in every dual detector
head but each is interconnected so that the fault status of the sensors,
the processors themselves, and the associated electronics can be
verified. The power supplies are completely separate so that if one
fails half the system is still available to detect fires,

The CCU operates in a continuous series of 167ms periods, as indicated
in fig. 6-4,

A random access memory {(RAM) keeps a record of all sensor 'counts'
(number of gate periods in which 4 or more avalanches took place),
sensor and processor status, etc. To retain the information when the
aircraft supplies are switched off, a rechargeable RAM refresh battery
is contained in the CCU of system B which supplies the two RAM's in
system A and the one in the system B CCU.

Computer Control Unit (Systewm B)

The CCU contains a single microprocessor only. However, it will take
note of adjacency conditions (table 6-1). The same self-checking
facilities are incorporated as in system A,

Crew Warning Unit

The CWU has FIRE and FAULT indicators for two installations (system A,
LEFT engine and system B, RIGHT engine). In addition, it has test
buttons for both the FIRE and FAULT indicator circuits.

Ground Support Equipment

The GSE is connected into the aircraft system by cables. [t provides
an automatic print-out of the RAM contents so that the time of a fire,
the number of fires, etc, can be quickly ascertained. The RAM also
provides a mass of other data which will be used as an aid to future
designs. The GSE is also used to give a comprehensive check-out of
the aircraft equipment. These include a CCU test, a sensor test, a
parametric test (power supplies, etc), a functional test, and finally
a data analysis. The print-out indicates when tests are satisfactory
and also {dentifies fajlures down to LRU level,
6
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ADVANCED FIRE DETECTION SYSTEM

CHAPTER 7
MAINTENANCE

1. Detector Heads

Each time that an engine is renoved from the aircraft, inspect and
clean all the detector heads (both sensors and emitters) 'n that
nacelle with metal polish.

If a sensor fault is indicated, before replacing the appropriate
detector head, check for cleanliness. When a head has beun either
cleaned or replaced, repeat the GSE check to ensure that the sensor is
operational and there is no wiring fault.

After 1000 flying hours, the detector heads should be replaced.

2. Crew Warning Unit

Replace the indicator lamps in the OWU periodically according to the
aircraft maintenance schedule.

3. Ground Support Eguigﬂt

If the battery test indicator does not illuminate when the button is
pressed and the GSE has just been on charge, check the battery indica-
tor.

Periodically connect one end of cable 4 to cable No. 2 socket and the
appropriate wires at the other end to 115V a.c. and 2BV d.c. bench
supplies. Set the POMER switch to ON and check that the appropriate
indicators illuminate.

A partial indication that Ground Support Equipment is functional
may be ocbtained by pressing and relessing the start progras button
on the OSE front panel.

The printer sbould respond with the messages
SYJT'SNM B
NO GSB - CCU PATH
CHBCK CABLE 1 or REPLACE CCU
TRST ABORT.

i
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