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Foreword 

It is now more than a decade since the Management of Elliott Flight Automation, aware of the 
increasing complexity of avionics testing, set up a specialist product Division to develop 
automatic test s ystems . The Division wa s established both to provide this spec ialist function 
to support t he Company's avionic products and also to compete in markets for general
purpose and multi-system automatic test equipment. 

The Division has been in the forefront of the development in computer-controlled automatic 
test s ystems and has established a reputation for high quality, advanced technology products 
fully compatible with the United Kingdom and Unit ed States military requirements. 

The tec hnology developed provides greater flex ibility in test capability than previous genera
tions of equipment, and thus a utoma tic test equipment hardware for a particular problem 
now costs l ess and has much greater scope for extension of application. The Company 
believes these considerations to be immediately relevant to airlines and that the automatic 
test equipment described in this proposal to s upport the Elliott/SFENA Automatic F light 
Control Sy stem for the Concorde offers considerable technical benefits and economies to 
airlines. The ATE is offered with the full confidence that it will enhance the Company ' s 
reputation in the field of civil a vionics. 

W. H. Alexander 
Director, Marconi-Elliott Avionics 



12 Years in Automatic Test Equipment 

ARB Approval 

Total Capability: Design 
Manufacture 
Programming 
Service 

ATE Commissioning Area 

Automatic Test 
Equipment 

TECHNICAL PROPOSAL 

Hardware 

Operational Procedures 

Unit Under Test Software 

Technical Support 

ATE Spares 

Training 

for 
CONCORDE 

~ The Copyright in this document is the property of Elliott Brothers (London) lirn"led Th .. . 
eKpress terms that it is to be treated as confidential and that it may not be co lied " U ~ docu~ent IS suool,ed bv Elllott Brother s (London) L i mited on the 

. . . p , se or disclosed to others for any purpose except as author i sed in 
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Project Milestones 
Computer Controlled ATE for USN 

MONTH 0 Contract Award 

MONTH 11 First Delivery 

MONTH 22 Acceptance 

MONTH 23 Peak Deliveries 

MONTH 27 Completion 

2 LRU' s Fault Diagnosis to Card Level 
34 Cards Functional Test 
Self Test Fault Diagnosis to Card Level 

Service Test Model 
Initial LRU Programs 

All Programs Completed and accepted. 
5th Test Set Delivered. 

4 Test Sets in one month. 

14th Test Set Delivered. 

ATE for Nimrod Avionics 

General Purpose 33 LRU's 

Computer Controlled 

Operational 3 Locations 

Availabil ity 2750 Hours 

F light Con trol System 
Inertial Navigation System 
Routine Dynamic Display 
Wind Computing 
Mission Analysis System 

General Purpose 
8K Core Store 
Alphanumeric Display 

On site engineering support 
Program update service 
Multi-shift working. 

In first machine year . 



Factory Automatic Test Equipment 

Installed at Rochester 
2 Years - No production time lost 
Testing Avionics Modules. 
24 hour shift working. 

Batch Testing 

27 Units and Cards 
P r inted Docket for re-work. 

Magnetic Tape Store 
On demand Programs 
D iagnostic to component level 
Select on Test Routines. 

Contents 
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Pre-Production Flight Control System ATE 

P r e - production ATE 

Features of the System 

Concorde ATE 
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Advanced Technology ATE 

Complex Waveform Generation and 
Analysis by 
Integrated Computer Control 

COMPUTER CONTROL 

Mini Computer 
8K Core Store 
16 Bit P arallel Ope ration 
1· 2/ MS Acces s Time 
Calculation of ordinates to Function 
Generator 
Analys i s of Data from Sampling Volt
meter 
Controls Peripherals 
Manipulation of T est Program 
On Line Test Program Preparation 
On Line Editing 
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FUNCTION GENERA TOR 

dc to 100kHz 
14 Simultaneous output signals 
Xtal Controlled Frequency 
Programmable Waveshape 
Modulated Carrier 
3 Wire Synchro Signals 
Trigger for Coherent Sampling 

SAMPLING VOLTMETER 

Measurement of Convential Parameters 
Coherent Sampling 
Random Sampling 
Frequency and Time Measurement 
Phase Measurement 
Distortion Measurement 
Harmonic Analysis 
Synchro Measurement 

----===. 
~""" ":"1I1111ll1l' 

PERIPHERALS 

Alpha Numeric Display 
Tape Reader and Handler 
24M Bit Disc Store 
Keyboard 
Mosaic Printer 
Punch 

MAN MACHINE INTERFACE 

Minimal Controls 
llluminated Controls and Indicators 
Legible Alpha Numeric Display 
Standard Keyboard to Input Data 
Hard Copy Printout 
Automatic or Step by Step Control 
Manual Control 

UNIT UNDER TEST INTERFACE 

Rigid 
Easily and positively located 
Rapid Removal 
Replaceable ATE Interface 
Access to Unit Under Test 
Forced Air Cooling 
Signal Monitoring Panel 
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UNIT UNDER TEST SOFTWARE 

IDEAL Language 
A high level subset of ATLAS 

Simple to read 

Simple to write 

English message to operator 

Many mod states in one program 

Rapid access to disc 

MECHANICAL CONSTRUCTION 

Filtered cross flow cooling 

Lightweight Chassis 

Telescopic Slides 

Front Access for Maintenance 

Units operational in extended position 

Ergonomically designed 

RFI Protection 

- 6-

T EST 56203 ~ 
SET UP, 'SAM PU "'G VOLTMETE R', (VOLTAGE - HMS). RANGE 100 ~ 
CLOSE, 62 ~ CO ~I MEJ\'T. THIS CONNECTS H8- 43 TO SAt.IP LI NC VOLT fl l ETER $ 
READ, 'SAMPLI l«> VOLTr,IETER' , FILT ERED $ 
COMPA RE, 'M'. U L 7: '1 , Lf .2 4 U NTTS VAC;:; 
GO TO, 56900, IF NO GO ~ 
DISPLAY r-. l ESSAGE, CIIECK T EST L AJ\I P IS O N. PRESS GO/NOGO $ 
WAIT FOR, MAl\'UAL INTERVENTION, STOPPINC 1> 
GO TO, 56900, IF 1'\0 GO $ 
OPEN, 62 ~ 
TEST 56204 ~ 
SET UP, 'SAMPLlr-1C VO L Tl\I ETER', IVOLT AGE). RAI'\GE I $ 
CLOSE , li S:; COJ\\ J\ IENT, CON1'.'ECTS ZA - 37 TO SAJ\I PLmc VO LTM ETE R $ 
R EAD , 'SAr-.IP LI NG VOLTJ\IE T E R' . FILTERED 1> 
CQ 1II PAR E, 'M', U L 400, UNlTS l\IVDC 1> 
GO TO , 56900, I F' 1'\0 GO $ 
OPEN, 116:; 
TEST 56205 :; 
CLOSE, 127 ~ COMMENT, CONNECTS ZA-3 TO SAi\lPLI NG VO LTMETER ~ 
READ, 'SAM PLIt\'G VO LTM ETER', F ILTERED ~ 
COMPARE, 't-.t', U L 400 ~ 
GOTD, 56900, IF t\O GO ~ 
OP EN, 1271-
TEST 56206$ 
SET UP, 'SAMPLING VQ LTr-.IETE R' (VOLTAGE) RANGE 10 0 S 

RELIABILITY 

Over 300 Hrs. between failures 

Reduction in Hardware 

Use of MSI 

High Quality COITlponents 

Printed Wired Boards 

Advanced Bonded Cha ssis 

RELIABILITY i s a quantati ve 
characteristic 

PREDICTABLE in design 

ASSUREABLE in production 

MEASUREABLE in test 

MAINTAINABLE in the field 

Flexibility of Extension 

SOFTWARE 

Depth of Diagnosis 

Analogue Modules 

Artificial Feel Comput'2r 

Air Intake Control 

Throttle Control 

Master Warning 

Flight Data Acquisition 

MAINTAINABILITY 

Preventative Maintenance minimised 

Interchangeability of identical modules 

Autornatic Self Check 

Aut.omatic Self Test 

Functionally Designed Cards 

Maintenanc e Manual 

A utomatic Calibration Routine 

Minimal Support Equipment 

SOFTWARE/HARDWARE 

Digital Units 

Digital Modules 

Air Data Computer 
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Application of the ATE 
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Value of Ownership 

The value of ownership of Concorde Auto 
matic Test Equipme nt is fourfold in regards 
to Avionic SysteIns. By it s application an 
airline will:-

o b e capable of rapidly filtering Line 
Replac eable U nit s reIl1 ·Jved from the 
aircraft. 

o decrease the time required for modifica
tion emboduTlent. 

o r apidly and accurately diagnose faults. 

o obtain the n1axi m um advantages from the 
luodular construction of th e components 
of avionics systems . 

Anyone of th ese vi rtues will increase the 
availability of useable spares and h e n ce thei r 
utilization, and, while maintainin g a s atis
factory confide nce level of spares availability, 
decreas e the investment and spares holdings. 

Rapid Filter. It is fair to assume that, 
despite the existence of Built-In T est Equip
ment, the pressures on Line-Maintenance 
T e ams to turn aircraft around quickly will 
result in justified removals being not more 
than 70% of the total removals. The avail
ability of automatic test equipment will 
ensure that unnecessary rem·')vals can be 
rapidly detected and returned quickly to 
Flight-Line Stores. 

Modification Embodiment. To ens u re spares 
ava;i.lability during the embodiment of modifi
cati ons. speed in testing components of avion
ics systems aft er modification is vital, and 

- 10 -

turn-round tiIn es similar to those for repair 
of unit s c an be e a s ily achieve d when p r operly 
programmed automatic test equipment is 
available. A test p r o gram up-date service 
i s available to e nsure that th e ATE i s 
capable of testing units after the incorpora
tion of modifications. In the case of Elliott/ 
SFENA unit s it is proposed that an e dit tape 
i s s upplied and costed as part of the modific
ation kit, 

T he Speed of Fault Diagnosi s, a nd of re t est 
and certification after unit repair, which 
can be obtained from the u se of autom.atic 
test equipment will s ubstantially redu ce 
"mean times to repai r ". This in turn will 
reduce the total tu rn-round time of a unit, 
and hence reduce the nUluber of spares 
requi red, The effect of tu r n -round time 
on spares holdings is indicated in the graph . 
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Obtain maxim um advantages of Modular 
Construction 

The tota l a dva ntages of the modular con
struction of the components of Avion ic s 
Systems ca n be ac hieved only when a fau lty 
module can be detected easil y, quickly and 
accuratel y; the faulty module c ha nge d by 
plugging in, a nd the expensive Unit Under 
Test rapidly retested , recertified and 
returned to Flight Line Stores. 

It is felt that a to tal turn- round time of 7 
days (including logistics times) i s achieve
able when automati c test equipm e nt is 
available, whereas the us e of manual test 
equipment will requi re total tu rn -round 
times of 21 days or longer. This difference 
in total turn-round tiInes will con s iderably 
reduce the number of spare unit s require d 
to maintain an airline's requi red confidence 
level of spares a v ailability , 

In the following exmuple a s sume that:-

(a) a confidence l evel of not less than 97% 
is required, 

(b) failur e s will be random. 

Qty 
Part Number Nam e MTBTR 

7 Days 

41-001-02 Computer 630 hours 4 

40-001-02 Computer 630 " 4 

47 - 002-02 Computer 1000 " 4 

42-001-02 Computer 1210 " 3 

(c) an airline wi ll fly 3200 hours per year 
per ai rcraft. 

(d) the fl eet size is 5 aircraft. 

(e ) th e demand rate for a spare will be cal
culated f rom:-

D = N . F'. T 
MTBTR x 365 

where D = Demand rate 
N = number of equipments in the 

aircraft 
F = Fleet 'fly ing hours 
MTBT R = mean time between total 

r emovals (including 
unjustified removals ) 

T = turn-round time in days 

(f) Since reInovals are assul11.ed to be random, 
by the application of the Poisson 
dist ribution: - N-l 

A (ND) = 2: e -D D
X 

x = 0 X I 

where A denotes the availability per cent 

(g ) That the demand rates are based on 7 
and 21 days turn-round times 

Qty Unit Total 
2 1 Days Price"~ Saving 

8 £ 26, 000 £104,000 

8 £26,000 £104,000 

6 £23,000 £ 46,000 

5 £14,000 £ 28, 000 

,~ Prices are given for th e purposes of this example only to indicate the effect that 
automatic test equipment can have on investment, They are given without prejudice 
to any which may be negotiated in the future . 

From. these four ex~ples it will be seen that cost of Automatic Test Equipment can 
be qUIckly absorbe d m the savings of spares investment. 

- 11 -



TEST REQUIREMENT 

A study of the individual test specifications 
for the units comprising the Concorde Flight 
Control System indicates that these units can 
be tested using a low frequency analogue ATE 
system. In cases where logic testing is 
required (i. e. for the Item Computer) the types 
of test to be performed are solely combina
tional logic such that the input / output logic 
states can be considered as discrete d. c. 
levels. 

ELLIOTT / SFENA UNIT REQUIREMENTS 

The eleven ELLIOTT /SFENA units studies are 
manufactured using similar technologies. 
Although the individual test requirements of 
each unit may vary in detail there is a 
commonality in basic Power supply, types of 
measurement and a. c. / d. c. stimulus require
ments. A breakdown of the overall require
ment for all eleven units is listed below: 

Power Supplies 

*115V / 400Hz single phase 200VA 

phase 15VA Reference phase 
* 26V/ 400Hz / 0

0 
single ] 

26V/ 400Hz / 25° single 115V/ 400Hz supply 
phase 5VA 

26V 1800Hz single phase 5VA 
* +28V d. c. 3A 

:l:15V d. c. 300mA 
:l:12V d. c. 300mA 

*These supplies are required to be variable 
for margin tests on certain units. 

The AC power supplies are generated in the 
Frequency Converter Unit. D. C. supplies are 
generated in the UUT Power Supply Unit. 

A. C. / D. C. Stimuli 

A. C. and D. C. signal conditioning representa
tive o~ fixed level, ra.rn.p and step functions 
are required for unit testing. The varying 
para.rn.eters of these signals are: 

- 12 -

A. C. Stimuli 

Amplitude - from mV to 20V r. m. s. 
Frequency - from 400 to 1800Hz 
Phase _ 80 ,250 ,35

0
,180

0
,) Reference 

000 

188 ,205 ,215 ) ~~~i~OOHZ / Oo 
D. C. Stimuli 
Amplitude - from mV to :!:30V 

Miscellaneous Stimuli 

3 wire 26V / 400Hz synchro control 
transmitter 0-360 Degrees angular rotation 

Measurement 

The various types of measurement to be 
recorded from signals output by units under 
test are: -

D.C. Volts 
A. C. Volts 

Resistance 
Current 

range mV - 30 volts 
range mV - 125 volts 
frequency 80Hz - 5KHz 
range 0 - 10M ohms 
A. C. / D. C. range mA -
3· 5 Amps 

Phase range 0 - 180 
o 

Period range 0 - 40 seconds 
Frequency range 0 - 5KHz 
Harmonic Distortion 
Synchro Position: range 0 - 360 Degrees 
(3 wire and 2 wire 26V/ 400Hz synchro) 

All measurements are performed by the 
Sampling Voltmeter. This is at least 
an order more accurate than the most 
stringent requirement required for testing 
any of the eleven UUTs for each parameter 
measured. 

I,'I~'~II~I Elllon SfENA UUT 

D OTH ER MANUfACTURERS UUT 

PILOT'S CONTROLLER 

OA~AOJUST~. 
ITEM CO NTROLLER 

UNIT TESTING 

ITEM 

Generally the number of facilities required 
for testing a unit is proportional to the 
number of input/ output signal lines. The 
unit under test is connected via an adaptor 
unit to the interface of the ATE. Each 
adaptor unit contains resistive loads and 
other cornponents associated with the 
unit testing. In addition it is the means of 
connecting all U. U. T. input/output signal 
lines via reed relays to the ATE stimulus 
and measurement units. The Pitch 
Computer, for example, has approximately 
400 input/ output lines resulting in an 
estimated requirement for 640 reed relays 
for the switching of signals between the 
ATE and UUT when performing 1100 
functional tests. 

In general the unit on test will require more 
than one signal stimulus to be applied at 
any instant when performing a specific 
functional test. For the eleven units 
considered the worst case simultaneous 
stimulus requirement is for 9 off 
different signal levels to be applied to the 
U"nit Under Test. Two function generators 
capable of providing up to 14 simultaneous 
outputs, each output being separately 
programmable in amplitude, frequency and 
waveshape, adequately meets the 
s imultaneous signal requirement of any of 
the listed units. In addition 4 A. C. /D. C. 
buffer amplifiers are provided to extend 

AZIMUTH 
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AUTOSTABllIZER 

t he output voltage/ current capability of any 
function generator output. 

Some UUTs are required to be cooled 
during testing, cooling air at 601b/hour/ 
1 OOW .i s supplied by small fan s mounted 
in the associated UUT adaptor. 

No. of No. of 
Unit Title relays Tests 

Pitch Comp. 640 1100 
Azimuth Comp 487 1857 

Warning & 
Landing Comp. 250 1268 

Autostabiliser 
Comp , 600 1032 

Autothrottle 
Comp. 385 473 

Electric Trim 
Comp. 290 355 

Safety Flight 
Control Comp. 450 500 

ITEM Comp. 400 350 

Datum Adjust 
Unit 85 200 

Pilots Control 
Unit 39 0 325 

ITEM Comp. 
Unit 110 300 

The table lists the estimated number of 
reed relays and fu nctional tests for each 
unit. 



AT E Worldoad 

T he fo llowing assessment or workload is ror 
the testing or eleven Elliott/S I: I';N /\ unit s . 
T he propose d !-\ T E utilises com pute!' il!teg 
rated instrumentation wh i c h is ca pable or 
rapid m easurement and stimulu ,,; . All test 
program s are stoJ'ed o n a magne tic disc 
providing a ccess in milli;; cco nds, r educing 
progr'am sea l'c h tim es almost to ze r o . Th e 
above features combined with an efficie nt 
man ma c hin e intel'l'ace lend th e> systpm to 
high speed testing . 

TESTING TIMES 

The times and numbel' of jests quoted a l' e 
ba c ked by automatic testing eX I)(' I'icnce o[ 
analogue fl i g ht control systC'ms , anti th e 
assistance of the A PCS desig n C'ngi nee l" s . 

Test specifications fOJ ' the main units/ 
computers ha ve been studied in detail and 
till' times ar e quoted with a hig il level of 
confidenc e . At the time or writi ng, 
specifica tions fOl ' ITEM a nd t il e Safel), 
Flight Contl'ol co mpute l's have no t b e~n 
finalised, however the times al'e quotpd 

QUANTITY/ ;lITBTR FUNC TIONAL 
UN IT/CO"IPUTER AIRCRAFT (H I's ) TESTS/UNI T 

Pi tch 2 630 1 100 

Azimuth 2 630 1857 

Au tot hrottle 2 12 10 473 

Autostabiliser 2 1000 1032 

Elec tr ic Trim 2 1400 355 

Warning and 
La nd ing 2 1400 1268 

Safety Flight 
Contro l 2 12 10 500 

ITE "I 2 2 000 350 

Pilots 
Contro ller I 575 325 

ITEM 
Controller I 3000 3 00 

Datum Adjust I 1830 200 

with a reasonable degree of confide nce that 
they ca n b e achieved. 

The tim es take into account th e number and 
ty pe of tests, tim e delays and recovery 
tim e of the [JUT after completion of a tes t. 

A considera ble saving in tim e i s mad e by 
taking m e a s ure m e nts of th e Command and 
Monitor lines almost simultaneously . These 
tes ts are carried o ut a s two separate ite ms 
on manual e quipm e n t, however it is possible 
to com bine the t e sts a nd still maintain the 
co rrect sequence. 

Time allow ed fo r' interfacing occupies val
uable testing tim e and mus t th erefo r e be 
kept to a minimum . The interfaci ng in
cluti es handling of th e UUT , adaptio n to the 
ATE i nterface , p rogram loading and initia
tion of tes ting . The proposed adaptors 
fac ilitate rapid co nnec tion and removal .. 
minimising handl i ng tim e . Programs are 
rea dily a va iJable fro m the disc s tore, 
e liminating pl"ogram loading tim e . 

TOTAL 
ESTBlATED UN ITS TE STED/ TESTING 

TE STI NG A IRCRAF T/yR • TIME/ 
TI ME A IRC RA FT/ 
/UNIT AF TER AFTER YEAR 
(Hr s ) REmVALS REPAIR TOTAL (H 1's.) 

4.3 ID 7 17 73 

5.0 10 7 17 85 

1 .0 5.2 3.6 8.8 8.8 

1 .6 6 . 4 4.4 10.8 17.3 

I . 9 4.6 3.2 7 . 8 14.8 

I .3 4.6 3.2 7.8 10.2 

1.2 5.2 3.6 8 . 8 10 . 6 

0.8 3.2 2.2 5.4 4.3 

1 .5 5.6 3 . 9 9.5 14.2 

0 . 4 1.0 0.7 1 .7 0.7 

0. 1 1 .8 1 . 2 3.0 0. 3 
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Utilisation 

The cal c ulations within this section assum e 
the fo llowing conditions: 

(a) 3200 ho urs / aircraft /year 

(b) 70 % of removals are justified 

(c) A working week is 40 hours 

(d) 50 weeks in a year 

(e) ATE Availability is 100% 

Appl ying the figures quoted in the table it i s 
possible to cal c ulate the total number of 
units tested. 

It is assumed that all nineteen units, e lev e n 
different types, are tested on the A T E 
'a fter removal ' and subsequently 'after 

10 

8 

w 
N 
;;;04 

2 

repair' . Failure of units a fter repair 
pla ces a further workloa d on the ATE not 
a cco unte d for in the cal c ula tions . 

The tota l testing time requ i red for t h e units 
of one aircraft is 240 hours . Ta king a 
sample of fiv e aircraft, the requirement 
becomes 1 200 hou rs wi th a possibl e 2000 
hours available . 

It is a known fact that th e ATE c a nno t be 
utili sed for 100% of a vaila ble time. Utilisa
tion is dependant on m a ny factors, including 
the operator, customers m a inte nance policy , 
qu e uing factor and s pa res a vaila bility. 

The ATE requirement is presented in gra phi
·cal form, showing the required utiliz a tion 
of the ATE ' s against fleet size in order to 
test the eleven ELL IOTT /SFENA units . 

20% 040% &0% 
ATE UTILISATION 
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Operators Controls and Displays 
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Simplicity of Operation 

Modes of Operation 

AUTO 

In the Auto mode testing proceeds con 
tinuously with Progra m Control obeying a ll 
GO decisions . The test sequence stops on 
NO -GO with the measurement and limits 
displayed . In a diagnostic program the 
operator can decide, if the failure indicated 
is marginal, to proceed with testing or further 
diagnose the indicated failure. 

MANUAL 

A list of key characters is displayed on 
operation of the Manua l Mode cont rol. These 
characters when input on the keyboard enable: 

Statements to be assembled a nd executed 
in 'Ideal' . 
Statements to be edited in a Test Program 
and the program re-compiled. 

Ne w t ape copies of test program to be 
punch 

Single frames to be set up and repeated to 
exercise instrumentation a nd interface 
link within the ATE for fault location. 

EMERGENCY OFF 

=1 

__ f' 

IQ; ...... ;I ... 
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MULTI-MODE 

Optimum modes of control are provided for: 

Functional and Diagnostic Testing 
Program Proving 
Fault Location during Self Test 

DIRECT CONTROL BY ILLUMINATED 
PUSH BUTTONS 

Simplifies Mode changing 
Indicates Mode Selected 
Leads Operator through Control Sequence 
by indicating in WHITE an enabled control. 

ALPHA NUMERIC DISP _,AY 

Indicates Point Reached in Program 
Displays Test Status 
Provides Direct Instructions to Amplify 
or Replace Test Manuals 

KEYBOARD 

Data can be entered for: 
Indication of Serial Number and 
Modification State 
Selection of Tests 
Panel Meter Readings 
Program Editing 

SINGLE TEST OR DECIDE 

In the Single Test mode the test sequence 
stops on each test limit statement. The 
test sequence can then be restarted in three 
ways . 

Repeat 

The computer searches back to the nearest 
Test Entry point and repeats the test up to 
the Test Limit Statement. 

GO or NO GO 

The program will continue either down the 
main routine or into the diagnostic routine. 

Frame Step or Statement Step 

The program is advanced a single statement 
at a time. This allows direct comparison 
with the program as written in 'Ideal'. 

Displays 

The Unit Under Test Interface and the 
Controls and Displays are conveniently 
grou ped for an ope rator to select mode or 
test procedure whilst making adjustments to 
the Unit Under Test. 

ALPHA NUMERIC DISPLAY 

The Alpha-numeric display is capable of 
displaying a total of 256 c haracters arra nged 
in eight lines of 32 characters eac h . A bright
ness of 50ft l amberts at a contrast ratio of 
20 : 1 allows visibility in direct sunlight. T he 
display is angled to give ' straight -on ' viewing 
by the operator at the unit under test inter
face. 

o 
o 
'" '" N 

00IITlI0l 
fAil 
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KEYBOARD 

The keyboard provide s a full a lpha-numeric 
capability on typewriter l ayout. The key
board and printer slide into a rece ssed 
housing to a llow easy removal of the bench 
top for servicing of the computer and power 
supplies. 

PRINTER 

A mosaic dot printer provides a permanent 
test record in a fu ll Alpha-numeric set of up 
to 20 characters per line. The UUT type 
a nd serial number, test results and 
diagnostic informati on can be provided in 
any desired format. 



On Demand Programs 

REPLACEABLE DISC PROGRAMMING 

The System Software - Interpreter Program, 
'Ideal' Edit, and Self Test Programs - a nd 
Flight Control System Test Programs are 
held on a Magnetic Disc file of 24 megabit 
capacity. To load a disc the load switch is 
operated ; the cover opened after 10 seconds; 
a magnetic cartridge placed on the turntable 
a nd the cover closed. The disc runs to 
operating speed in 50 seconds a fter the Run 
Switch is m a de. 

The Disc Ha ndling E xec utive Program is 
permanently stored in the computer a nd 
provides a ll facilities for loa ding the s ystem 
software a nd Test Programs. As the 
Program is loa ded into core a parity check 
is made to ensure s y stem integrity. A ha rd 
wired Write Protect facility prevents 
corruption of progra m on the Disc but a llows 
Editing in the Manua l Mode. 

' .• I /tl I 1/ .,' t, ) I 11, t - 20-

The m agnetic disc system provides access to 
a ny Test Program, Self Test progra m or 
Editing Program within 135 milliseconds . 

TAPE READER AND HANDLER 

The T a pe reader is used to load Test Programs 
a nd Program Modifications onto the Disc file. 
Where a disc file is not fitted the system 
software is stored in the computer core and 
Test Programs a re held on spools. In order 
to test a UUT the appropriate spool is loaded 
onto the ta pe handler mechanism. A bi
directional fast searc h facilit y is provided 
t o e na ble rapid location of the required 
sec tion of the test program. The program 
loader holds 750ft of Paper T a pe a nd pro-
vides acces s to 90,000 8 bit characters at 
500 characters per second. 

Mechanical Features and 
ATE/ UUT Interface 

- 21-
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Mechanical Features 

MODULAR CONSTRUCTION 

To provide a n A TE system whi ch is adapt
abl e to various tasks and which is readily 
extended to encompass extra UUTs and ext
ensions to testing policy (for instance , fault 
diagnosi s or s u b module testing) a modular 
system of construction has been developed. 

The s ys tem utilises: 

Standard 19 inch P . O. racking. 
Standard Chassis design . 
Standard plug in modules. 
Functional test units which are self con
tained. 
RFI and EMI interference protection 
Telescopic slides on a ll UUTs. 
Cross-flow coolin g system . 
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HUMAN ENGINEERING FACTORS 

The human e n gineering factors of the man 
machine interface are a paramount factor in 
design of ATE . 

Special attention h as been given to the oper
ator participation in the test procedure to 
provide: 

Maximum access to unit under test. 
Close proximity of UUT to controls . 
Ease of Interfacing UUT to ATE. 
Rapid selection of test progr~m s. 

Ergonomically designed controls and dis
plays for important functions . 
Wide angle viewing of display screen . 
Eases of maintenance, all maintenance may 
be undertaken from the front of the ATE. 

ATE/ UUT Interface 

RANGE OF A DA PTORS 

Azimuth Computer 
Pitch Computer 
Autothrottle Computer 
Autostabiliser Computer 
Electric Trim Computer 
Display Computer 
Item Computer 
Safety F ligllt Control 
Datum Adjust 
Pilots Control Unit 
ITE M Control Unit 

40-001-01 
41-001-01 
42-001-01 
47-002-01 
49-004-01 
51-002-01 
59 -017-01 
49-020-01 
20-002-03 
20-001-0 2 
25-001-01 

The list of test subjects being con s idered 
will a ll be mounted in indi vidua l adaptor 
units. The adaptor unit s are tile interface 
between the UUT and the ATE a nd conta in 
the interconnections necessary to allow the 
full flexibility o[ stimulus and measurement 
routeing. It i s not e nv isaged that active 
components will be moun ted in adaptors. 

The adaptors will utilise th e unit a ircraft 
rack mounting features to secure the uni t to 
the adaptor. 
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The adaptors a l so provide: 

Moni tor poin ts. 
Mechanical key ing to ensure a daptor - UUT 
compat.ibi li ty. 
Electrical keying to e ns ure adaptor - test 
program com pa tabili ty. 
Common connector format [or connection to 
LSU . 
Guides [or aligni.ng adaptor to interface. 
Mounting for passive electrical loads. 
Fans [or cooling UUT. 

UUTINTERFACE 

All UUTs are interfaced to th e tester v ia the 
Line Switch Unit. Des ign features:-

Single lever operation to electrically ' make ' 
adaptor to tester . 
Ze ro - force cam operated connectors. (life -
20 ,000 plus matings). 
Mechanical interface unit wi.th cam operating 
mechanism. 
Replaceable cabl e connector assemblies . 
Moni tor points for st imulu s a nd measurement 
lines . 
A ccessable patching to effect rap id modifi c 
ation to accommodate c h a n ges to the build 
standard o[ UUT. 

I' I 
I 

I 
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l 
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LINE SWITCH MODULES 

The Line Switch Unit is a standardised de
sign. It contains an interface unit to receive 
instructions from the control complex and 
the stimulus circuits for operating the relays. 

The relays are bistable and require power 
only when it is desired to change the relays 
state. 

The relays are housed in replaceable mod
ules of three types which contain either:-

5t jry reed relays 
50 mercury wetted relays 
22 power relays 

Special purpose modules are also available:-

Solid state switching module (for demod
ulating AC carrier signals) 
Programmable decade resistance module 
Programmable decade capacitance mod
ule. 

All modules are mechanically interchange
able in the Line Switch Unit. The module 
designs incorporate:-

Minimal circuit resistance 
Minimal circuit capacitance 
Minimal inter-circuit cross talk 

The Line Switch Unit can accommodate a 
total of 18 such modules, in addition to the 
two 156 way stimulus and measurement 
sockets for connection of the ATEs function
al test unit instrumentation. 
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Software 
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Software System 

UUT Orientated 
Test Specification 

'English' 

'ATLAS' 

I 
ATE Sy stem 
Orientation 

'IDEAL' 
Program 

I 
ATE Instrument 

Orientation 

A.T.E . 
'Object' 

Code 

I 
Computer 

Orientation 

A . T . E . 
'Instrument ' 

Code 
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T he basic specifi cation for th e UUT is de
fi ned i n th e manufacturer ' s p erformance 
sp e cification whi ch may be written in plain 
English or Atlas . Both these languages are 
problem orientated and describe the testing 
philosophy in engin eering terms. 

T he Manufacturer's test specification will be 
examined for ambiguity and incompl e teness 
as the first step towards its impl ementation 
by the Automa tic Test Equipment (ATE). 

To enable the performance specification to 
be aligned to the ATE System it is necessary 
to include the allocation of the ATE Source 
and Senso t- resou rces into the specification . 

This has to be a simple operation and the 
r e sulting p rocedu re easily unde rstandable. 
To this end the ' Ideal' program Language 
has been developed and it is into this lan
guage that the test specification is translated. 

High level langua ge Test Programs in 'Ideal' 
are converted into a code suita ble for in
putting to the ATE ' s Executive Software On 
line. This intermediate stage (object code) 
has a high density binary format which can 
be either stored on punched tape and entered 
from the Tape Handler or held in a backing 
disc store and read directly into the ATE 
when required. 

This 'Object' code contain s both triggering 
instructions for Master Program Routines 
and self contained routines for implementing 
the test procedu re. 

The ATE Compu ter contains a program 
called the Interpretive Master Program 
(IMP) . It performs all the ' Real-time' 
Execu tive Routines of the ATE, including 
ou tpu tting th e rou tines which control the 
Fun ctional T est U nits (FTUs ) as di rected 
by the Test Program. 

Any data transmitted to an FTU is returned 
a nd verified in th e computer for correct
ness of format thereby giving a high level 
of confidence of correct parameter demand. 

All arithmetical routines are evaluated in 
the computer under the control of the 
M aster Program. 

Data Aquisition 

Initial test i nforn,ation is deri ved from the 
appropriate Test Speci ficatio n by exami nation 
of th e i ndi v idual u nit circuit drawings to
geth er with other relevant data . 

Assimilation of this Data will requ i re liai
son with the Elliott-SFENA consortium., 
through Flight Controls Division whi c h is, 
toge ther with ATE Division, a member of 
the Rochester establishment . 

Such liaison will allow rapid and accurate 
modificati ons to the specifications to be 
agree!=! so th at more effi cient test programs 
can be written. Each modification will h ave 
the Prime Equ ipment Manufacturer ' s approval . 

The interface between the Test Specification 
and the ATE hardware is the Test Program, 
written in 'Ideal'. 'Ideal ' i s an easily read
able language which expresses the stimulus 
and me a surement requirements of a UUT in 
terms orientated to the parameters of the ATE. 

In parallel with th e program writing Test 
Rou teing Diagrams will be generated. T hese 
record the interconnections of th e ATE and 
the UUT, includi ng any loads etc. whi ch may 
be located i n the Adaptor . 

These diagrams are orien tated to the FTU ' s 
as datum and form the basis for the Adaptor 
Unit Wirin g Schedule. 

Assembly of the Ideal Program either on a 
remote computer facility or in th e AT E ' s 
computer system will result i n an 'Ob ject 
Code ' program. Assembly can be a chieved 
with the ATE computer whether or not the 
disc facility is provided. 

The test program is s hown to be compatible 
with its source specification durin g the 
commissioning phase when it i s run together 
with its adaptor against a previously cali
brated UUT on a proven ATE. 
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Program Proving 

During the proving of a T es t Program there 
are inevitably problems which have to b e 
resolved. Thes e problems fall mainly into 
the areas of ATE orientation and errors in 
Source documentation. 

OPERATIONAL MODES 

To reduce 'on line ' running tim e in tracing 
errors, a clear ide ntification of Tests at 
which the program may be r e - entered is 
available in the Program language. Exam
ination of the suspect are a can then b e 
carried out either in the Automatic or 
Decide Mode of operation of the ATE 01' in 
more detail by means of the Frame Step 
facility. 

DECIDE MODE 

If the problem is time dependent, then with 
the ATE in Decide Mode repeated samples 
of analogue signals can be displayed on 
e ach measurement instruction. 

Repeat Test Mode 

A single signal condition may be re-cycled 
by demanding the Repeat Test Mode whereby 
the ATE automatically repeats the test rou
tine from the last nominated Test Entry point. 

PROGRAM EDITING 

Detailed examination of the routine may re
quire the 'Ideal' Test Program to be altered. 
With the 'on line' edit and compile programs 
the Test Programmer has the facility to 
manipulate his program using the existing 
ATE computer and 'in house' Disc and Line 
Printer peripherals, allowing both 't rial' 
and 'permanent' editing. 

To change a Test Program as a trial, the 
Statement to be modified is approached in 
the Frame Step mode where each statement 
is referenced and its number displayed. On 
arrival at the required point in the program, 
depression of the Manual Switch displays a 
list of instruction characters and their mean
ings. Selection of the appropriate char 
acter will allow the progran1mer to insert 
valid 'Ideal' statements into the operation 
routine. R e -pressing the Manual Switch 

-28-

re turns the pl'og ram to th e testing se
qu enc e as modified. 

To incorporate a permanent change to the 
program, the Manual Switch enables a 
further instruction letter to be called up, 
thereby display ing the first f ew instructions 
on the display of the program to be modi
fied. By demanding the tests, statements 
and characters required the program is 
changed and re-assembled. Re-running 
of the Program this time has to b e from 
the beginning of the group. 

SAFETY ]\I[ E l-\SU RES 

To minimise th e possibility of a test sub
j ect accidentally being damaged during 
tesLi ng, various precautions are built 
into the Software system. 

To ensure correct selection of T est Program, 
Adaptor and UUT there is an e lectrical key 
in the form of a unique electrical resistance 
measurelnent to be called up by the appro
priate program. This combined with the 
individual UUT Adaptor mechanical plug 
keying ensure a correct test system. 

T o eliminate the initial commissioning 
routeing problems the Test Program is 
monitored in a 'Dry Run' mode. The 
program parameters are measured on the 
UUT sockets without the UUT connected 
and any faults corrected. 

To aid rapid diagnosis of a discovered 
fault a number of monitor points are 
available in the adaptor. They are pro
vided at the discre tion of the test pro
gramlner. 

SELF CHECK 

Test failures may possibly be due to ATE 
failures and to differentiate between these 
and genuine test failures Self Check rou
tines are provided, These enable a rapid 
'on line' verification of the FTU's status. 
Failure of Self Check will lead automatically 
to a Self Test entry point from which Self 
Test and ATE fault diagnosis will proceed 
automatically once the operator has replaced 
the UUT and its adaptor with the appropriate 
Self Test adaptor. 

Documentation 

T es t Software data is published in the "Pro
gramming Manual" and the series of manuals 
relating to UUT tes ting e. g . " Operating 
Inst r uctions: Azimuth Computer Testing" 

P rogramming Manual 

This includes the specification for 'Ideal' 
program language and gives instructions fo r 
translating test procedures written in 'Atlas' 
to 'Ideal' test language. It also gives 
ins tructions for processing test programs in 

. 'Ideal ' to produce 'ATE Object Code' test 
tapes. 

Operating Instructions: UUT Testing 

This series of manuals provides detailed 
information and instructions relating to each 
UUT test procedure . 

Step-by-step instructions for fitting adaptor 
and UUT, and for program selection. 

The test program in 'Idea l' test language is 
provided with cross references to the' Atlas' 

Programming Language 
The 'Ideal' language has been designed to be 
aligned as near as possibl e to the 'Atlas' 
language whilst also being related to the par
ticular instruments of the ATE. The lan
guage is as readable as possible enabling 
engineers to unders tand the procedures with
out any specialist knowledge of computers or 
of ATE. It has a logical format which is 
readily converted into codes suitable for 
direct input to the ATE on line. 

PREAMBLE AND PROCEDURE 

The 'Ideal ' language allows a Test Program 
to be written which may include a Preamble 
and Procedural section. 

The Prean1ble allows th e Programmer to 
'Define ' labelled Procedures, Messages and 
Functions. These may contain variable 
parameters according to the data declared 
in the procedure. 

The procedure is a seri es of statements 
built up from a standard list of verbs, nouns , 
and modifiers. The procedural section 
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t e st procedures in th e UUT overhaul Manual. 
Test Rout eing diagrams are also provided. 

Routeing Diagrams 

Signal Routeing is presented a s a series of 
drawings in a clear, handlable size. They 
show the electrical path progressing from 
the ATE function to th e UUT socket via the 
associated Line Switches showin g any com
ponents which are mounted in the Adaptor 
Unit together with diagramatic represent
ation of wire typ e, screening, etc. 

I 
UUT I ADAPTOR 

UNIT 
A TE ATE 

VADC 
~+-~~~~~-4~r~~~~--~~~~HL 

PL.3K----1f-------'of--='~tf___---\:b.~ ~-\1-~3-r-~'=-'d--\1-I-Lo 
~ G 

SKA J .....-,f+----J.,----::--:-=-t+------j+--.r ~-I+-=--=' 
SKAK - \-I--++----c-"-=::+t----'r-!:-;,-c ~-++-_2:::.. 4 .. 5-,,-C -' 

SKAL 
2.46C 

contains the information required for the 
previously defined preamble and contains 
the instructions to implement the program. 

Vocabulary 

The standard list of verbs, nouns and modi
fiers allow individual manipulation of speci
fic FTUs. 

Examples of meaningful words are 'Set Up' 
'Close', 'Open', Display', 'Read', 'C0I11-
pare', etc. 
which result in the FTU action as written. 

Other words have an executive action and 
operate a s written. Such are 'Go-To', 
'Wait For', 'Calculate', 'Remove ' etc. 

COlnment 

The Comment facility is purely an opera
tor's aid providing extra informatio!1 which 
the operator may find informative and use
ful but which is ignored by the assembly 
process becaus e it i s not instruction to the 
ATE. 



Manufacturers Test Specifications 

Type No. 51-002-01 

Unit Title: Warning and Landing Display Computer 

---

T est T es t Procedure 
No. 

---

5.6 AUTOPILOT FAILURE WARNINGS 

5.6.1 Autopilot failure warning Amber 

Disconnect -15V and connect +15V to ihe 
following points: 

HA-44 (Alp No. 2. F .W.) 

The voltage at the follo wing points and 
the state of the corresponding indicato r 
lamps shall b e : 

Pin Lamp State 

HB-9 Alp Red off 

HB-8 Alp Amber off 
ZA-37 
ZA-41 

5.6.2 Dis connect +15V and connect -15V to 
JB-5 (Land or Lock TRK Mode Selected 
Corn) and to JB-28 (G IS Captured). 
The voltage at the following points and 
the state of the corresponding indicator 
lamps shall be:-

Pin Lamp State 

HB-9 Alp Red off 
HB-8 Alp Amber on 

HB-43 Test on 

ZA-37 
ZA-41 
ZA- 3 

5.6 .3 Disconnect -15V and connect +15V to 
JB-5, JB-28 and JA-91. 
The voltage and the state of the 
corresponding indicator lamps shall be: 
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Ideal Test Procedure 

Spec No. TS 51-002-01 

Issue A 

Value Tolerance AL 

+28V +1V 
-4V 

OV d. c ± 100mV 
+0.4V Max 
+0·4V Max 

OV d . c ± 100mV 
+28V +lV 

-4V 
28Vrms +1V rms 

-4V 
+0.4V Max 
+15V ± O. 45V 
+0·4v Max 

TI,: ST . :)fi IOI , ENTIlY ~ C'Ol\ l i\ tE l\'T . AU TOPILO T f." AILU n E WAn l\f]l\'C TEST S . PTS nT·:r. . 5, 0 .1 '$ 
OPE N. 27 '$ 
C LOSE. 28'$ COI\ I I\ I EN1' . C ONNECTS + 15V to H A - 44 ~ 
S ET liP, 'snl TnlGGE I1 ' , rO~ I P Ll T E n $ 
SET liP, 'S Al\lPLl I\'(; VO LTl\ I ETER' . (VOLT A(;F.l, R ANC: E ]{JO '$ 
(" LOSE . f't 4 '$ r 01\1 I\ IE NT . CO NNECT S 11 8 - 9 SAl\ IPLl KC, VOLTl\IETER 10 
HEAD. 'S}\j\IPLl l\'('; VOLT i\IETEH' , F ILTE R ED $ 
( 'O i\ ll'}\RE , ' 1\1 ' U L 29 . LL 24, UNITS VDC ~ 
GOTO, 569 00, I F NO GO ~ 
DIS PLAY, 1 IESSAGE, CHEC K A/ P R E D LA~IP IS OFF, p n ESS GO/NOGO ~ 
WAlT FOR , !\ I A l\'U AL l N T ERVENTION, STO P PI NG '$ 
GOTO, 56900, IF NO GO $ 
OPEN, 54 $ 
T EST 56 1 02~ 
SET U P , 'SAl\ I PLl NG VO LTl\ I ETP.R', (VOLT AGE)' R }\ t\GE 1 '$ 
CLOSE, 51'$ C01\ II\ I£NT. CONNECTS 1"18-8 T O SA. IPLl r.:C VOLTl\ l ETER '$ 
RE AD, 'SAM PLI NG VO LTl\ l E T E R' , FILTE R ED $ 
CO I\ IPARE , '1\1' , LlL I nn , LL -1 00, Uf\IlT S l\ IVDC $ 
GOTO, 56900 , IF NO GO $ 
DISPLAY ~ I ESSAG E, C HECK A/ P M I8ER LMIP IS OFF, pnESS GO / NOGO $ 
WAIT FOR , l\ IAl\TUAL INT E RV ENTION') ST O PPI NG '$ 
GOT O, 56900, IF NO CO $ 
OPEN, 57 $ 
T EST 56 103$ 
C LOSE. II G '$ COI\\l\ l ENT , C O NNEC T S 2/\ - 37 TO SAl\ lPLl NG VOLTl\ l E T E R '$ 
READ . 'SAi\lPU r.:C VOL T I\ IETER ', F ILT E RED $ 
CO~ I PAnE , '~I', l ' L 400 ~ 
GOT O, 569 110 , IF NO GO $ 
OPEN. II G '$ 
T EST 56 104$ 
C LOSE , 11 2'$ C'O!\ I1\ l ENT, CON NECTS Z A- 41 TO SAl' lPLl NC VO LT l\ lE TER '$ 
R E AD . 'SAMPLl NC VO LTI\ I E T E R' , FILTER E D ~ 
COI\ IPARE , ' 1'1', UL ·100 S 
GO TO, 56900 , IF NO GO ' ~ 
OPEN , 11 2 '$ 
T EST 5G201$ COi\ \ l\ IENT, PTS I 'ef 5 . 6 , 2 '$ 
OPE N. 11 3'$ COlo. lI\I ENT , DISCON NEC TS +I 5V FRO!\ I J 8 - 5 '$ 
C LOSE, 43, 69 COl\ Il\ IENT, CO NNECT S -1 5V TO JB-5 AND ,18 - 28 '$ 
C LOSE , 54 '$ COl\ Il\ JE NT , CON NECT S H B- 9 TO SAi\ IPLiNG VO LT i\ IE T E R '$ 
R EAD , 'SAM PLI NG "OLT1\lETER', F ILTERED ~ 
COl\ IPARE , 'i\I', UL 100 , LL - 100 $ 
GOTO, 569 00. IF i\'O GO 1-
DISPLAY, l\ l ESSAGE, C HECK }\ / P RED L Ai\ IP IS OFF. PRESS GO / NOCO $ 
WAIT FOR , l\ 1}\l\l J AL INTER\' ENTIO N, STO PPI NG $ 
GOTO, 56900, IF NO GO $ 
OPE N. 54 '$ 
T EST 56 202 '$ 
SET U P , 'S Al\ IPLI NG VOLT l\ IET E R' , (VOLT AGE), RANGE 100 '$ 
C LOSE . 57'$ COI\ II\ IENT , CON NECT S H B - 8 TO SAl' tPLl NG VO LTl\ IETER '$ 
READ , 'SAl\ IPLI NG VOLTl\ t ETER', F ILTERED '$ 
C01\IPARE , '1\1' , U L 29. LL 2 4, UN ITS VDe '$ 
GO TO, 56900, IF NO GO '$ 
DISPLAY , 1 I ESSAGE, C >l ECK A/ P A11BER L M IP IS O N pnESS G O / NO GO $ 
GO TO, 56900, IF NO GO ~ 
OPEN, 57 $ 
TEST 56203 $ 
S ET UP, 'SAJ.. I PLING VOLTl\lETER' , (VOLTAG E - Rl\IS), RANGE 100 $ 
C LOSE, 62 $ CO~ 1 1IE NT, T>lIS CONNECTS HB-43 TO SMIPLl NG VOLT11ETER ~ 
R E AD , 'SAMPLING VOLThIETER', F ILTE RED $ 
CO~IPARE, 'M', U L 2" , LI. 24 , UNITS VAC S 
GO TO, 56900, IF NO GO ~ , 
DISPLAY 1 IESSAGE, C HEC K T EST LAMP IS O N. PRESS GO/ NOGO $ 
WAIT FOR, ~ I A NUAL I NTERV ENTIO N, STOPPI NG $ 
GO TO, 56900. IF NO GO $ 
OPE N, 62 $ 
TEST 56204 $ 
SET UP, 'SMIPLI NG VO L nlETER', (VOLTAG E), RANGE I $ 
C LOSE, 116 $ C0 1 IMENT, CON NECTS Z A- 37 TO SMIP LI NG VOLT11ETER $ 
R E AD, 'SAl\IPLING VOLTl\ IETER', FILTER E D ~ 
COhIPARE, '11' , U L 400, UNI T S ~ I VDC $ 
GO TO, 56900, IF NO GO $ 
OPEN , 116 $ 
T EST 56205 $ 
C LOSE, 127 $ C011 ~ I ENT. C O NNECT S ZA -3 TO SAM PLING VOLnl E T E R $ 
R E AD, 'SMIPLING VOLTMET E R' , FILTERED $ 
COMPARE, 'h I ', U L 400 $ 
GOTO, 56900, IF NO GO $ 
OPEN, 127 $ 
TEST 56206$ 
SET UP, 'SMI PLING VOLnIETER ' (VOLTAGE) n ANGE 100 $ 
C LOSE, 112 $ COM~IENT, CO NNECTS ZA-41 TO SMIPLI NG VOLnlET ER ~ 
READ, ' SM1P LING VOLThIETEn', FILTE RED $ 
COMPARE, 'M ' , UL 15. 45 , LL 14, 55, U NITS VUC ~ 
COT O , 5 fi 90r, IF NO ,,0 g 
OPEN, 112 , 4 3, 69 '$ 
TEST, 56 301 '$ C O l\ l l'I ENT . PTS ,'er 5 , fl . 3 $ 
TEST, 56900, J Ul\1 P $ 
m SP L I\ Y. 1' IESSA(;E , F AII.S AU TOPILOT FA IL U RE WAnNING TEST S ~ 
GOTO, 57f100 $ 
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Computer Programs 

SYSTEM PROGRAMS 

The ATE computer store holds the various 
system progran1s when th ey are being run. 
If the disc option is implemented, all systems 
programs are stored on the disc and are 
called into store as required by the operator. 
The principal systems progran1 is the Inter
pretive Master Program (IMP) which per
forms the on-line con trol of the ATE thus 
testing the UUTs. Other systems programs 
include the Compiler whic h translates test 
programs writte n in 'IDEAL ' into the' ATE 
object code' which i s used as th e input to the 
IMP, t h e Editor, the Self Check and the Self 
Test progrruus and the debug progrru11s used 
during the commissionin g of a new or modi
fied tes t program. 

THE POWER OF THE COMPUTER 

As well as its role of controlling th e ATE 
the Interpretive Master Program provides 
the real power behind th e Function Generator 
and the Sru11pling Voltmeter. The F unction 
Generator can produce waveforms of any 
shape which can be sensibly described in 64 
ordinates including waves with programmed 
harmonic compon ents up to the 16th harmonic . 
Each of these wave shapes may also be used 
to modulate a higher frequency carrier. The 
software can extract a wide range of physi
cal parameters from a set of samples : DC 
voltage and current, AC peak, mean or rms 
voltage or cu rrent, resistance, frequ ency 
and periodic tim e and the phase angle be
tween two waves of the sruue frequency. In 
addition the computer can extra ct the ru11pli
tude of the in-phase and quadrature com
ponents of the first sixteen harmonics of a 
fundamental by the u se of Fou r ier Analysis 
techniques. The phase angle and total 
ruuplitude of these harmonics can be calcu
lated by the computer from these measure
ments. An extension of the Fourier Analy
sis technique e nables the total distortion of 
a nominally sinusoidal wave to be calculated 
automatically. Th ese techniques have been 
shown to permit transfer function analysis, 
of d. c . and a. c. carrier systems, to be 
performed to the same accuracy as is 
achieved by specialised TF A instruments. 
Transfer functions can also be measured by 
cross correlating the output and input to the 
UUT. A pseudo-random binary sequence is 
employed a s the UUT input. 
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CONTROL OF THE ATE 

The operations performed by the ATE are 
determined by instructions from three 
different sources. The test programmer 
converts the test specification into IDEAL 
which is compiled to the object code of the 
ATE. T h e operator controls the way in 
which the tests are performed by operating 
the controls on the Control and Display 
Unit (CDU) and the keyboard. These two 
control sources feed information to the 
computer. The Interpre tive Master Pro
gram is designed to implement these 
instru ctions by modifying the actions it per
forms whil e performing a test program. 
To enable the operator to control the ATE it 
is e ssential that he is given information 
about the progress of the test program. The 
IMP derives this information from the test 
program and the result s of the tests per
formed and formats it before displaying it 
on the alpha-numeric display. 

CONTROL OF THE INSTRUMENTS 

Th e principal instructions in the test pro
grruu are concerned with controlling the 
instruments of the ATE. The test pro
grruumer writes the instruction in IDEAL 
which is very English-like. This is con
verted into the object code which is care
fully defined to minimise the amount of 
backing storage requi red with out comprom
ising the modular integrity of the IMP. The 
IMP interprets thi s data and causes the 
required s ubroutines to be obeyed , thus 
causing th e instrument to generate or 
measure the required s i gnal. 

SEQUENCING OF TESTS 

The IMP also interprets the variety of test 
program instructions which are concerned 
with th e correct sequencing of the tests. 
These range from time delays and pauses 
of indefinite l en gth to permit the operator 
to take some action (su ch as operating a 
switch on the UUT) to the test number and 
jump frames whi ch alter the sequence in 
which tests are applied according to the 
state of the UUT. The IMP includes 
facilit i es to permit a wide variety of differ 
ent build standards of a UUT requi ring 
marginally different test specifications to 
be tested by a common test program. 

Reliability and Maintainability 
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Optimum Quality 

QUALITY IMPROVEMENTS BROUGHT 
ABOUT BY: 

Full printed wiring boards and modular 
sub-assemblies. 

Advance bonding techniques u sed in 
chassis design giving high strength/weight 
ratio, close tolerance and simplified 
construction. 

Maximum use of cable forming on chassis 
and cabinet wiring. 

Maximum use made of plated through holes 
to improve packaging. 

Use of Computer Aided Design for artwork 
generation giving high accuracy - uniform 
layout. 
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Controlled soldering techniques. 

Use of tywrapping to secure cable forms. 

Production personnel working to fully 
documented process instructions . 

Cross flow cooling provides fresh air 
cooling to all chassis. 

Use of Kynar shrink sleeves to give 
added support to conductors soldered to 
terminal po s ts of edge connectors , 

Use of s older sleeves fo r terminating 
conductors and screen tails. 

Use of standard white jacket cables , 
colour coded to assist Maintainability. 

Quantative Reliability 

HIGH RELIABILITY - is achieved by 
adh erence to the following policy 

Stri ct Quality Control of wire jointing 
processes. 

Choice of High Quality Components under
run with special attention to their thermal 
and mechanical environment. 

Use of Medium Scale Integration (MS I) 
gi ving improvement in overall reliability 
for a given functional complexity and 
improvernent in packaging techniques. 

Reduction in number of display tubes 
required by utilising an advanced Alpha
Numeric Display integrated into a single 
Plasma Display Matrix. 

High Reliability Power Supply Modules as 
integral part of unit. 

Use of Ground Plane techniques to improve 
noise immunity. 

Use of High Noise Immunity Data Highway 
g i ving a reduction in number of trans-

Reduction in Hardware by:-

Use of MSI 
/ 

U se of Sampling Techniques 
Multi Purpose Stimulus Device s 
Advance Bonding Techniques for 
c hassis construction 
F ull Printed Wired Boards with plated 
through holes 
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mission lines required. 

Reduction in s ize and number of Inter
face cards by use of a serial data system 
utilising MSI components. 

Advanced Electrostatic and Electro
magnetic s hielding to improve Noise 
Immunity, fully isolated sub-chassis to 
improve Comm.on Mode Rejection. 

Use of durable, low mating force, low 
contact wear connectors. 

The QUANTATIVE RELIABILITY 
parameters of the equipment are: 

Mean Time Between Failures 
(MTBF) 312 hour s 

Mean Time to Repair (MTTR) 60 mins. 
Equipm.ent Availability A = 1 

/ /' 

- - - - - -

/' 

- - - , 

/ 

1 + MTTR 

MTBF 

O' 996 

99 ' 6% 

/ 7 
/ 

/ 

// 
V 

/ 

/ 
I · 

-
/ 

I· - I CO;1YIIQhl rJllf,1 1 Brnlhl!I.-. (Lljrtd;'nt J [mlldt 



On Demand Availability 
A vailability i s D ependen t upon Maintenance Procedures 

Maintenance Simplicity 

Infrequent Maintenance 

Minimum Downtime 

MAINTENAN CE PHILOSOPHY 

Maximun1 u se will be l11.ade of automatic 
diagnostic self test routines to locate 
malfunctions quickly in order to reduce 
repair times, s kill l evel a nd special 
s upport e quipm e nt. 

The de s i gn of t he ATE will be s uch as to 
a llow a u tomatic diagnosis to board or 
module le vel. 

Repair of the ATE will be to replaceable 
board or module. 

Self te st routines can be stored and 
accessed quickly by selected keyboard 
operations with disc option fitted or 
direct from the self check program. 

Limited amount of manual diagnosis 
required. 

PREVENTIVE MAINTENANCE 

No preventive maintenance will be required 
on th e A TE other than routine servicing 
on electro mechanical peripherals of the 
control cOlnplex s uch as the tape reader, 
disc, printer, punch and air filters 
fitte d. 
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Maintainability Targets 

Adequate identification, vi s ibility and 
accessibility of parts . 

Inte rchangeability of identical s ub
a ssemblie s . 

Limitation in number and variety of 
tools , accessories and support e quipment. 

Fails safe and Fault limitation features 
in the de s ign. 

P a rt s s elected that require little or no 
preventive maintenance. 

Adequate toleran ces provided which 
allow for u se and wear throughout life. 

Corros ion prevention or control features. 

Rapid and pos itive detection of unit 
failures . 

Quick remo val achieving ease of fault 
correction s . 

Rapid and positi ve adju strnent calibration 
a nd verification of correction. 

Check calibration program carried out at 
180 day interval s . 

CORRECT IVE MAINTENANCE 

Diagnosis is accomplished by self check 
and/ or self test diagnostic routines. 

The self test diagnostic program will 
i solate malfunctions to board, module, 
or a s ub-a ssembly. Where an 
indi vidual board or module cannot be 
indicated groupings with a maximum of 
four boards will be specified in the most 
probable order of failure. 

Diagnosi s to a lower level in these 
additional areas will require secondary 
ll1aintenance action. 

The secondary action takes the form of 
manual diagnosis by the technician aided 
by circuit diagrams and information 
contained in the ATE maintenanc e manual. 

Areas that will require some manual 
diagnosis are: 

Power Supply Units 
Chassis/ Cabinet Wiring 

Individual UUT Check 

I 

UUT TESTS 

J 
F 

SELF CHECK 

P 

2 7 
UUT F 

SELF TEST SATIS FACTORY 
P 

.. 
(a) OPERATOR 

DECISION 

b (b) 8 
DIAGNOSE 

UUT FAULTY FAULT IN LSU 

5 
LSU 

SELF TEST 

~ 

P A F :0 
'" '" 

ATE Checkout 

FAILURES WITHIN THE ATE RAPIDLY 
IDENTIFIED BY: 

SELF CHECK 

These routines arrange for stimuli to be 
routed back via the appropriate measurement 
system on detection of a fai lure by the test 
program. 

Failures in Self Check will produce an 
indication of a sel ected entry into the 
Self Test Program. 

PROGRAM MONITORS 

These are written within the Interpretive 
Master Program and include : -

Continuous checks of a ll dat a transfers to 
verify that information received and stored 
by an IFU i s the same as that transmitted 
from the control system. 

1 Connect UUT to ATE - Select Program -
Test UUT 

2 All Tests Pass - UUT Satisfactory -
Remove UUT 

3 UUT Tests Fail - Program Proceeds to 
Self Check Routines 

4 Self Check Tests Pass - Stimuli and Meas
urement Units Satisfactory - Remove UUT 
Operator Decides -

(a) A TE Previously in Operation - No Similar 
UUT Failure Confidence in ATE Perform
ance - UUT Faulty 

(b) ATE Not Previou sly in Operation - Recent 
Similar UUT Failure - Suspected ATE 
Relay Fault 

5 Carry Out Rapid 5 Minute Check of LSU by 
Selecting Program from Store 

6 Line Switch Unit (LSU) Tests Pass - UUT 
F aulty - Repair Action 

7 Self Check Tests Fail - Program Indicate s 
Selection of Self Test Routeings - Diagnosis 
to FTU Board , Module or Sub-assembly 

8 LSU Tests Fail - Immediate Diagnosis to 
Relay Module and Relay Failure 

Detection of any fault by the program 
1110nitor causes the Master Program to 
reset the ATE and provide a fault 
indication. 

POWER SUPPLY FAILURE MONITORS 

Failures of the system power s upplie s are 
detected and indicated by: 

Power Fail Indication on the Main 
Control Panel 

A specific supply failure indication on 
the system power supplies front panel 

A logic signal will inform the computer of 
a supply failure in order to bring about 
a program and hardware reset condition. 

Failures of the measuring system power 
supplies are indicated separately on the 
unit front panel. 
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SELF TEST 

SELF 
CHECK 
ENTRY 

TEIT ATE 

CONTRO L 
COMPLEX 

TEST 
LSU 

TEST ATE 

ATE 
SAT I SF ACTORY 

DIAGNOIE 
PERIRH ERAL 
FAILURE 

D IAGNOSE 
FAULT IN 

L SU 

INC ICllTES 
BOARD OR 
SUB ASSY. 
FAILURE WITHIN 
CON TROL & 
DISPLAY UNIT 

INDICATES 
RELAY MODULE 
AND RELAY 
FAILURE 

DIAGNOSE BOARD 
MODULE OR SUB' 
ASSEMeLY FAILURE 
WITHIN UNIT 

INDICATE CHECK 
CAll BRAT ION 
ROUTINE FOR 
ADJUSTMENT 

CONTROL COMPLEX SELF TEST 

The Control Complex Self Test routines 
establish the integrity of, and perform 
fault diagnosis on the units of the Complex. 

The program is stored and is designed 
to be accessed quickly via a selected 
operation of the keyboard. 

Diagnostic routines will isolate faults to a 
unit of the Complex with further diagnosis 
to board level for the serial data transfer 
system. 

Tests on all control functions to and from 
computer are checked and information on 
any failure showing type of error and data 
bit malfunction will be indicated. 

INSTRUMENTATION COMPLEX SELF TEST 

Tests on the ATE instrumentation provide 
for the adequate checking of all Functional 
Test Unit parameters identifying any 
faulty unit and diagnosing the malfunction 
to board or su b-assembl y l evel. 

The program consists of three main 
features: 
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Rapid and complete checkout of the Line
Switch Unit using a Self Test Adaptor 
designed only to test the relays. Indication 
of Relay Module and Relay Failure will 
be displayed. 

A comparison check of all FTUs one 
against another using an FTU routeing 
adaptor will provide a checkout of all 
parameters to fulfil an ATE operational 
test while using second opinions as 
necessary to isolate any malfunction 
first to the failing unit and then to 
indicate the faulty board, module or 
s ub-assembly within that unit. 

The program is constructed such that 
selected entry into the program is allowed 
to provide a direct link from Self Check 
failure s . 

Routines can be contained on the disc 
backing store and selected quickly when 
required. 

Failure information will be indicated by 
the Display or Printer with references to 
the Maintenance Manual as necessary 
for detailed repair action. 

CHECK CA LIB RA TION 

Calibration will be carried out at 180 day 
intervals using a check calibration program. 

A limited amount of external equipment 
will be used to calibrate selected units 
which are then considered as standards. 

These are then used to calibrate the 
remaining units. 

All units are calibrated via the UUT 
Interface to take into account any 
inaccuracies due to cabinet wiring. 

After Sales Support 
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Support Policy 

Marconi Elliott Avionics policy for the 
support of Automatic T es t E quipment has 
been evol ved from experi e nce of supporting 
systems for military and c ivil custom er 
on a world wide basi s . 

Support is of p r im e impor tanc e while th e 
us er is int roducing th e ATE into his 
maintenance unit and the Marconi Elliott 
Avionics policy is to provide an e n gineer 
at the u sers site for a period of one ye a r 
after delivery . 

Spares parts and factory repair service 
requi red during this first year are also 
included in the bas i c price. T echnical 
Manual s to ATA Specificati o n 101 a nd 
consistent with the maintenance and 
spares provisioning poli cy are provided . 

T raining cou rses can be arranged at 
Ro ch es t er fo r u ser personnel as require d. 
Subsequent to th e fir st year a spares 
package will be n egotiat e d and a facto ry 
repair service a nd e ngineel'in g servi ce on 

Course Syllabus 

( \) Int l'ndu c tio n 

(2 ) Desc l'ipti o n o f T es t Se t 

(3) Locatio n and Put'pose of Ind :v idu rl l Sub - assembli e s 

(4) T h eo l'Y of Ope r a li o n (Bl ock diag l' alll l evel) : 

(a) C ontro l Complex 
(b) P e ripheral Contl 'o l 
(c ) Meas u l'em e nt a nd Stimulu s U nit s 
(d) Powe l' Supplies 

(5) G e n e r al Ope rating Proce dul'es 
(in c ludi ng pl~a c tical dc m onstl 'ations and ex pe l"ie nce ) 

(6 ) [JU T T e s t in g : 

(a ) Tape PI 'eparation 
(b ) T es t PI 'og r'amlll e and ,\da p tOl' fO I' a l l IllJ T' s , 
(c ) Prac tic al WOI' I< tes tin g a ll lI11 T's , 

F o !' each UU T th e tes t J'equi l'em cnts will be discus s e d 
and th e s tud ent wil l be in fo l'lll ed o f th e tes t m c tho ds, 
fa c i li ti es o f th e ATE and th e tes t p ,'og l'allllll e s c mployed 
to m ee t these l'equil'elnents . Emphas i s will bp. plac e d 
o n s pe ci a l and com pl ex te sting procedul~es and procedures 
wher' e manual int e n rc nti ons an~ j'eqllil 'e d . 

a I per di em I basis a re available. 

TRAINING 

T raining cou rses covering des i gn theory , 
operation, mainte nanc e and programming 
can b e arranged to Ineet particular user 
personn el requirem ents, in te r ms of 
dep th of treatm ent. 

A general course of four weeks duration 
is recommended . This course would take 
plac e at Rochester about three months 
b efore d e livery . 

Th e course provides a theoretical 
background to th e sys te m hardware and 
software design, and includes prac tical 
inst r u c tion in operating and mainte nance 
procedures. 

This cou rse also allows us er personnel to 
b e famili aris e d with the technical manuals, 
and UUT test procedures. The cou rse 
syllabus is shown as follows. 

(7) Th cory of Ope l'ation (CilTui t diag l'atll leve l) of 
Contl'ol Com plex : 

(a ) Ta pc Ha ncll cl-j Rc ade l' 
(b) Disc Back in g StO I'C 
(c ) Co m pu tcl' 
(cl) K eyboal'd a ncl Pri ntc l' 
(e ) Co nt r o l and Dis pl ay U nil 

(8 ) Theol'Y o f Ope l'al io n (e il 'cuit diag l'atll l eve l) o f 
Stim ulu s and Measul' e nlent Units: 

(a ) Functio n G e n(, l'at o l' 
(b) Sampl i n g Voltm e te l' 
(c ) Sca li n g Unit 
(d) L ine S witc h Unit 

(9) Theo l'Y o f Ope l'atio n (CiI T Uit dia g l'am levcl) of 
P o we r Suppl y U nit s : 

(a ) System P o we r s uppl y U nit 
(b) PU T d . e , P owe l' Su ppl y ni l 
(c ) lIP T a . c . POW~ I ' Suppl y U ni l 

(la) Fault Diagnos i s, Mai nt e n ance and Re pnit' 
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(a ) Se l f Ch cck P I'og l'am 
(b ) F a lllt Indica ti o ns 
(c ) Se l f- test Pl 'og n l. mll1 es and P )'ocedu) 'cs 
(cl) C lu "ck Calib) 'ntion Pl'og l'an111leS and 

P l'O CC elU ,oes 
(e ) Routine J'vl a in te nan c-(' P,'occdu) 'cs 
(f) R e m oval nnd I1 c [1 1accmcn t of U nits and l'Vl odul es 
(g ) F ault di Rgnos i s, C a libl 'ation and l'vl a.in tenan ce 

PI'oC'ecJlI" C's (Pnl.c ti ca l) 

TECHNICAL SUPPORT ON-SITE 

An e ngineer is provided for one year after 
d e livery to support us er p ersonn el in 
s y stem ope r ation and mainte nance . 

This e n gineer will also assist us er 
personne l in developing u p -date d test 
software if required , all will provide a 
close link with Automatic T est E quipm e nt 
Division and Flight Controls Divisions 
engineering desi gn personnel at Rochester. 

E n gineering support of this kind ensures 
troubl e -free int roduction of ATE into th e 
users service . 

In addition, this t echni cal support provides 
extensive info r mal training to user 
p e rsonnel to supplement any formal training 
and th e information and in s t r uctions 
p rovided in the technical manuals. 

Contents of Technical Manuals 

OPERATIO N l\ IAl\iUA L 

Chapt!'I ' 1 
Dc scl'iptio l1 and 
Opcl 'ation 

C hapte l' 2 
O pcl'at in g 
p "oced ll r'es 

C haptE I' 3 
Se l'vi ci ng 

L C'acli ng pal ,ticu la l's: location and 
plll 'pOSC' ('If unit s: gC' Il C' I'aJ I1H'cha niral 
descr ipt io n : bl ock di agn:u1\ leve l 
e l ectl' i ca l c1esc l'i pti o n: f l'ont pallel 
co nt l'o l s and i ndicatol's . 
l\ I ai ntenan cc philosophy: se l f ch eck : 
self test check calib I'atio n. 

G ene ,'al ope r a ti ng ins U'lIcti o ns , 
i. e . switch on ; fi t adaptel': conn ec t 
l lU T : pl 'og t'::lm selec tion , llse of 
displ ay and inc1ic a to l's . 

Routin e se nT}cin g, ,'e co gnition o f 
c l enl c nta,'y fault s; l anlp 
"('placem e nt: fus l' ,'cplaCf'n lcnt e tc . 

OPE RATI NG I NSTR UCTIONS : 
AZ IMU TH COMPUTER 

C h a pt e l' I 
ATE Opc l'atin g 
Ins tru cti o ns 

C hapte l' 2 
' IDEAL' Language 
T es t Progratn 

S t c p-by - s tcp in s tl 'lI ct i ons fOI' 
fittin g ad ap to l' and UU T , pl'og loam 
se l ec tio n, and any ins t, 'uc- tions 
pa, oUclIla,' to the U T . 

T cs t !, mg l'a m in 'IDI,:A L ' t c st 
lan guage with C' J'os s l' e fc r pl1cc s to 
ATLAS test pl'oc c du l'cs in UUT 
Ove rh aul IVlanu al . 
T est I1 0utc ing D iag l'alns . 

- 41 -

SPARES 

All ATE spares required du r ing the first 
year after delivery are included. 
Maintenance policy for th e ATE i s to 
di agnose faults to replaceable board or 
module l evel. 

A spares package of these items will be 
n e gotiat ed with th e u ser and s uppli ed at 
th e end of the first year . A fac tory repair 
s e rvice for faulty boards and modules i s 
provided. This repair s e rvice operates 
with an average turn round tim e of one 
m on th. 

TEC HNICAL MANUALS 

T echnical manuals conforming to AT A 
Specification 101 are provided, compri sin g 
an Operati on Manual, a s e r i es of 
individual manuals for each UUT gi v ing 
operating instru c tions for testing th e 
parti cular UU T , a Mainte nance 
Manual , an Illustrated Parts Catalogue 
and a P rogramming Manual. 

S im i lal' ma nu als 1'0 1' each UU T al'e p l'ovided as follows :-

OPER ATI NG INSTR UC TIONS : 
TRI Al CO il lPUTEH 

OPER ATING INS TR UC TIO NS : 
AU TO ST ABILI Z ER COMPUTER 

OPER ATI NG I NSTRUCTIO NS : 
AU TOTJ-IROTTLE C OMPUT E R 

OPERATI NG I NSTR UCTIO NS : 
W AR NI NG AND L ANDI NG CO M PUT E R 

OPE RATI NG INSTR UC T IO NS : 
PITC H COMPUT E R 

OPERATI NG INSTRUC T IO NS : 
AF CS P ILOTS CO NTROL UNIT 

OPER AT I NG INSTR UC TIO NS : 
ITEM CO l\ IP U T E R 

OPER ATING INSTRUC TIONS : 
ITEl\1 CO NTROL U NIT 

OPER ATI NG INSTRUC TIO NS : 
SAFETY FLIG HT CO NTROL CO M P U T E R 

OPER ATI NG INSTR UC TIONS : 
DATI I l\·1 AD') UST UNIT 
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Contents of Technical Manuals-continued 

Jl I AINTENANCE II I !\ Nll AL 

C ha pt (, I' l 
D t-'sc ripti o ns and 
O pc:' I 'at io n 

C haptcJ' 2 
TJ'oub l" 
s hooting 

C hapt e r 3 
Se l'vi c ing 

C hapte J' 4 
n en10val and 
In stal l a tion 

Chapter 5 
Adjustment / T es t 

COlll pi C' l( ' f UIl Ctit) ll a.i dC'sc l'iption 
nf Ill(' ATE . cn l ll nH' I1 <: in g with 
systf'm nl'if'n lnlt'd fUl1 ct ions 

PI'O!!"l'ss ing down to fun ct i ons 
withi n th p T rn " s , T h<' u'xt will u(' 
compl e l1ll' ll tC'd hy hlock di:lg ":llTl s. 
boa l'cl and un it intl' ITonn C' ction 
diag l'3t11S. 

F ault tii::l gnosis info nnat.i o n I'elated 
to t1 H' us e of th e sd f cill' c l;/s('1f 
t es t p ,'og l'am lI a tn pl'(nrided in tl1 (
fO J'm o f tnbl cs , Th (' s" labl('s will 
)'e l atc m ess ages n l1 the dispJa.y to 
p l'obabl e fault y b0 31'(1 s 01' modu lc's 
and C I 'OSS ,'e r c l' to i1lu stJ'ations in 
Ihe I1lu s tJ'at cd PaJ't s C atal ogul' to 
e nabl e faulty boa i'll 0 1' m odul e to be' 
physicall y located and J'e placed , In 
the C'vent of th e l"I?p i accll1£'nt of th e 
boal'Clj m o dull' not clea l' in g faul t. 
indicatio ns o f pt'obab lc al 'eas of 
faulty cabul<'I / uni t \I'i l'in g will be 
giv e n and I'e l evant i1 !u s tl 'a tion s will 
be l'e f£'ITed to . In tninol ' al'ea s 
wh e J'(' Ih e sel f ch ecl,/s e lf les l 
pl'o~lyam <:a l1n ot diagnose to a 
fau l ty bo ard 0 1' l1 H.\dule (in 
a l'C'o l'dancC' with m aintenan ce 
philosophy ) rnanunl diagnos i s 
pl 'occdul 'es will b e p rovid ed. 

D ata will be pl'ovi.ded in the fOl' m 
of tabl es to J'elate manual 
pI '(lcedul' e s. connec tin g ('x t e l'nal 
pquipm cnt etc , to th (' c1H'C"k 
ca libl'a tion pt'og l'am . 

Tok e n l eaves ,'c fc ITinj! tu 
Chapte J's 2 an d 3 , 
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C haplt' j' (j 

InspL' ct ion / ("h e el\ 

C haptC' I' 7 
CiJ ' ~ n i ng / 
r;lilllin ~ 

C"~JllC'J' 8 
H('IHlil' 

G l' Il C'ral 5tat«:> 111cnt cove ring 
i nspect i on of th e gcne J'a.l 
conditio n of th e equipmen t. 

Tok e- 11 It'af coveTin g gen e l'al 
maint C' nan cC' . 

D C'tail p l'occdul'es to cOv e l' 
I'(" placcm ent of T RU's 01' tTIodul es 
\\' 11 (, I'e any s pecial te chniqu e is 
I'equil'cd. D e tail ed pl"occdul'cs 
[0 1' I'cplacing COllncctOI'S wh C' I'C' 
c l'im ping 01' special tech niques 
a l '(> I'cqui ,'ed . 

ILLUSTnATED PAnTS CAT ALOG U E 

Intl 'oductioll 

Chapt" J' l 

C hapt e J' 2 

L is t of suppHer·s . with coti0s 

N ume rical Ind ex 

Detail e d parts list, 
Exploded vi e ws. 
IIlu s tJ 'ations and list s wi ll only 
I,, 'ovid e details to th e l <,ve l J'equiJ 'ecl 
fol' boa l'Cl 01' modul e I'eplacem e nt. 
Data will not be p l'ovidcd fO l ' ,'c pai I ' 

of boa l'cl and modul es, 

pnOGHAJlI~llll:G JlIAl'IUAL 

C haptC' J' I 
Id pnl 
Pl'ogl 'anl 
L an guage 

C haptC'I' 2 
PI 'ng l '~u11 n ~ in g 

Specification [ 0 1' 'Id e al' pl 'OJ!.I'aIll 
l anguage . 

Instl'uctions fOl' tl'anslating t est 
pl'ocl'dul'(:"!;; w l'i tten in 'ATLAS ' to 
'IDEAL' tes t lrul J."ruage. InstJ'U c tions 
[01' process in g test prog l'ams in 
' IDEAL' test l a nguage and 
pmdcJc ing UU T tes t tapes u s in g the 
ATE , 

Technical Specification 
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ATE Layout 

Shaded A reas Denote RFI Covers 

SPARE 

U U T POWER SUPPLY 

SPARE 

N 

SPARE 

FUNCTION GENERATOR 

SAMPLING VOLTMETER 

LINE SWITCH 
AND 

ATE INTERFACE 

PLINTHS 

CONTROL & DISPLAY 

KEYBOARD & PRINTER 

'" 
~ ~------------------------~------------------------~------------------------.. 
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Control Complex 

SYSTEM ENVIRO JMENTAL COND ITIONS 

T emperatu re range 
Operating: + 10

0 
C to + 44

0 
C 

Temperature range 
Storage: - 100 C to + 50

0 
C 

Relative Humidity: 30% to 80% 

THE CONTROL CO MPLEX 

The Control Complex is hou sed in the 
extreme righ t- hand cabin et of the ATE . It 
consists of a Control Computer, a Cont rol 
and Dis play Unit, a Printer and Keyboard, 
a Punch e d Tape Reader and Handler and a 
System Power Su pply U nit . In additi on a 
multi-test progl' am storage facility is 
provided in the form of a magnetic di sc 
store . 

Control Data and Measu rement Results are 
passed between th e Control Com.plex and 
the Test Complex via a serial data highway 
system which operates between the Master 
Multiplex Unit (MMU) located in the Control 
and Dis play Unit and the IFU ' s associated 
with each programmable unit in the ATE 
T e st Complex. 

THE CO NTROL COMPUTER 

The main function of a computer in an 
automatic test e quipment is to control 
variou s Functional Test Units (FTU) that 
comprise the ATE from data defined by the 
test program i npu t . It also makes 
calculations and comparisons b e tween the 
measured valu e and limits set by the test 
program, determining wh eth er the U nit 
U nder Test (UUT ) i s satisfactory . 

Several subsidiary function s necessary to 
the running of the ATE are associated 
with this main function . 
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These include:-

R eading the t es t program data into the 
computer, searching and verification which 
i s necess ary in order to find and load the 
correct section of the program . 

Selectin g output of results and instructions 
either directly from the test program data 
or from measurements taken. Suitably 
processing all results Ineasurements and 
i nstructions . 

Controlling man-machine interface 
instructions initi ated by the Operator . 
Controlli ng display and keyboard servicin g 
routines, 

U sing a computer simplifies the hardware 
of the ATE and renders test prograrn.ming 
simple and powerful. 

THE COMPUTER 

T h e computer is a modern fast 'lnini' 
computer selected because it is s uitable 
for controlling Au ton"latic Test Systems. 
A bility to handl e input/output data and its 
computin g ability are of equ al importance. 

The following major features are 
considered necessary: 

16 bit parallel operation general purpose 
Single address 
Four accumulators 
Interru pt by automatic interrupt sou rce 
id e ntification 
Di rec t and autonomous data transfer 
8192 words core store (expandable up to 
24K) 
1. 2 \1 8 core store cycle time. 

C ONTROL AND DISPLAY UNIT 

Th e alpha-numeric display is capable of 
displaying a total of 256 characters arranged 
in eight lines of 32 ch aracters each . The 



display operates on the gas discharge principle 
similar to a nixie tub e ., each character 
being made by illuminating the appropriate 
dot matrix for that particular character . 

. The dot matrices are 7 dots high and 5 
dots wide. The scan rate is 85 ch/sec and 
the brightness is 50 ft lamberts at a 
contrast ratio of 20:1. 

The control function s are as follows:-

PRINT ALL/PRINT FAULTS, RESET , 
START , FRAME STEP , AUTO/DECIDE , 
MANUAL, TEST LAMPS , REPEAT TEST, 
GO/MAN INT , MAINS ON/TESTER ON, 
POWER FAIL/ FAN FAIL, CONTROL FAIL 

KEYBOARD 

The keyboard provides a full alpha-numeric 
capability on typewriter layout and 
employs: 

53 keys - operating pressure 3 oz. 
2 key roll over prot~ction 
Life of keys 20 x 10 operations 
ASC II coded output 
Positive TTL logic 

DATA TRANSFER 

The serial data transfer system, interfacing 
the computer with the signal gen erator and 
measurement Functional Test Units (FTU), 
is divided into three sections; the Computer 
Interface, the SerialiseI', and the FTU 
together form the Master Multiplex Unit 
(MMU) which is located within the Control 
and Display Unit. IFU' s are mounted 
adjacent to their respective FTU's. Using 
a serial system minimises cabinet wiring 
and improves reliability. The amount of 
control lo gic required is considerably less 
than that for a comparable parallel 
arrangement, so that reliability is further 
improved and power consumption reduced. 
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PERFORATED TAPE READER AND 
HANDLER 

This unit provides access to approximately 
2. 0 Megabit of information at 500 
characters/ second. A bidirectional fast 
search facility is provided to enabl e rapid 
location of the required section of the test 
program at 1200 characters/second. 

The test program are h eld on spools that 
aloe loaded onto the tape h a ndl er mechanism . 

Spe cification: 

Speed: 
Unidirectional 
synchronous: 
Bidi re ctional 
fast search : 
Pedorated tape 
Spools: 
Capacity : 

500 Characters/second 

300 Characters/second 

1200 C haracters/second 
1 in. wide, 8 track 
7 t in. NAB spools 
1000ft. 0.0025 in. Mylar 
750 ft. 0.004 in. Paper 

SYSTEM POWER SUPPLIES 

The system power supply unit is made up 
of two power supply modules providing 
+ 5 volts and + 28 volts to the system. 

Each module is over and under voltage 
protected and has over current protection . 
If any supply is outside ±50/0 of its nominal 
voltage tolerance, the complete power 
supply system is switched off by SCRs. 
Remote indication of a shut down is 
provided on the Control and Display Unit. 
Indication of individual supply failure is 
provided on the front panel of the system 
power supply unit. 

MOSAIC PRINTER 

A mosaic printer is provided to give a 
permanent record of test results and 
important maintenance instructions. The 

information to be printed is defined in th e 
test program . 

The printer has full alpha num eric 
capabili ty . 

Printing speed 
Throughput 
Line Width 

TAPE PUNCH 

50 ch /sec 
1 line per sec . 
20 Characters. 

A Tape Punch is included as an additional 
facility for the recording of test results . 
This punch i s capable of punching paper or 
mylar tape . 

Brief Specifications: 

Punching speed: 
No. of tracks: 

T ape Mate l"ial: 
Reel Capacity: 

Note ... 

80 characters per sec . 
5,6,7 or 8 hole tape 
ISO standard 
Paper 01' My lar 
1000 fee t 

If the ATE computer is to be us ed for Test 
Program assembly off-line a punch is 
required to produce the T es ter Tap e . 

THE BACKING STORE 

Software is stored on a standard magnetic 
disc. This provides rapid computer access 
to any part of any test program, and 
permits the flexible operating system 
described in this document to be employed on 
the ATE. As the range of tasks allocated 
to an ATE is increased the disc can be 
replaced simply by operating a switch and 
then withdrawing one dis c from the 
mechanism and inserting the replacement 
befo re returning the switch to its original 
position. 

DATA DENSITY 

Bit density 200 bits per inch 
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T r ack density 
Bit TI"ansfer rate 
Recording Mode 

CAPACITY 

per disc 
per track 
per sector' 

AC CESS TIME 

Rotation 
Average latency 
Head positioning 

ty pical , track
to-track 

ty pical, average 
maximum, track

to-track 
111 axin1u 111 , 
average 

POWER 

Drawn from the 
computer 

Instantan eous 
peak load 
Worst Case 
Average 

Size 

Width 

H eight 

Depth 

Weight 

WARM UP 

Typical warm up and 
acceleration time 

Decellera tion time 

100 tracks per inch 
1562kHz 
Double Frequency 

24 000 000 bits 
60 000 bits 

7 500 bits 

1500 r. p. m . 
20 millisecs . 

12 millisecs. 
60 millisecs . 

15 millisecs. 

70 millisecs. 

+ 15V d. c . 
- 15V d. c. 

7 amps 

4 amps 

19in rack mounted 

7 inc hes 

22i inches 

35 pounds 

50 secs . 

10 secs . 



Test Complex 

THE SAMPLING VOLTMETER 

The sampling voltmeter is a program.mable 
'sample a nd hold' strobing voltmeter, 
c apable of making ins t a ntaneous voltage 
amplitud e m easu rements on UUT waveforms. 
Th e voltage measurement point in tim e may 
be delayed over a cont rolled I"ange following 
a m easu rem e nt - en a bling trigger or a 
computer gen erated n1easurement point. 

Wh e r e waveforms under test are derive d 
from the Function Generator, th e 
measurement - e nablin g t r i gger i s 
supplied by the Function Generator. Where 
a waveform under test i s not deri ved 
from th e Func tion G enerator, the 
measurement-enabling trigger can e ith e r 
b e obtained from th e waveform '.ll1der test 
within the sampling voltmeter, 01· from an 
ext ernally supplied trigger. The voltage 
Ineasurement 'poin t in time ' , with respect 
to the m easu rem e nt- e n abling trigger i s 
p r o g rammable . 

SPECIFICATION 

D C VOLTAGE 

F ull scale ranges: 

Resolution: 

±l V , ±10V , ±100V , 
±1000V 

15 
1 part i n 2 

Accuracy (24 hou rs ) ±O' 01 % of full scale 
(6 months) ±O' 02% of full scale 

T elnperatu re 
co-efficient: 

Input Impedance: 

Con1mon mode 
voltage : 

COlnmon mode 
rejection: 

Filt e ring : 

AC VOLTAGE 

Full scal e peak 
r anges: 

R esolution: 

±O· 0025 % of f. s. d. 
7

0 
C . 

10M ohm 

±500V max. 

100dB d. c. to 50Hz 
with 100 ohm in either 
lea d 

Digital 

IV , 10V, 100V, 1000V 

. 15 
1 part 111 2 

Accuracy (all ranges): 

DC - 1 k H z 

1KHz - 10kHz 

10KHz - 50 kHz 

50KHz - 100 k H z 

T emperature 
co-effici ent 

Input resistance: 

Common mod e 
voltage: 

Common mode 
I"e jec tion: 

RESISTANCE 

± O' 04% f. s. d. 

± O· 35 % f. s . d. 

± O' 80% f. s, d. 

± l' 80% f. s. d. 

o 
± O' 006 % f. s. d. / C 
up to 50k Hz 

10M ohm 

± 500V max. 

100dB at 50Hz with 
100 ohm in e ither l e ad 

Full scale r anges : 1k ohm, 10k ohm, 
lOOk ohm , 1M ohm, 
10M ohm . 

R esolution: 

Accuracy: 

1, 10, lOOk ohm 
ranges : 

1M ohm range: 

10M ohm range: 

T emperatu re 
co-effici ent: 

PHASE 

Frequency range: 

Amplitude range: 

Accuracy : 

Input Impedance 
Signal : 
R efe rence: 

Measurement Tilne : 

14 
1 part in 2 

± O' 0 3% f. s. d. 

± O' 07 % f. s. d. 

± 1· 20% f. s. d. 

o 
± O· 002% f. s. d. / c. 

O' 5Hz to 100kHz 

1 to 500V full accuracy 

± 0.40 maximum 
± O. 1

0 
minimum 

10M ohm 
10M ohm 

B elow 100Hz < 5 cycles 
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100Hz to 100kHz 1 sec a t 100Hz 
Decreasing to 10ms 
at 100kHz 

MEASUREME NT D 8LA YS 

Unlocked mode, 
Measurement delay 
increments: 

Delay 

Accuracy : 

Delay Jitter: 

200ns, 2us, 20 us 
200u,s, 2ms, 20ms 

(1 to 1024) x (delay 
increments) in steps 
of 1. 

± 2% of delay 

O' 05 % of delay 

FREQUE NCY PERIOD 

Frequency range: O' 5Hz to 1MHz 

Accuracy : One part in 105 

Ma ximum 20ms above 10Hz 
Measurement Time: Below 10Hz the time 

taken for measurement 
is 2 cycles ma ximum. 

Amplitude range : IV to 500V 

Input Resistance: 

Common mode 
voltage: 

FOURIER ANALYSIS 

Frequency range: 

Amplitude range: 

Signal input 
resistance: 

Common mode 
voltage: 

10M ohms 

500V 

O· 5Hz to 100kHz 

1 to 500V for full 
ac c uracy 

10M ohm 

500V 

Measurementmodes: In phase component, 
quadra ture component. 
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Accuracy 

DC - 10kHz 

10kHz - 50kHz 

Ha rmonic s 

DISTORTION 

Frequenc y range: 

Signal amplitude 
range: 

Signal input 
Impedance 

Common mode 
voltage: 

± O' 75% of f. s . d. 

± l' 2% of f. s. d. 

Up to 16th 

O' 5Hz to 100kHz 

1 to 500V for full 
accuracy 

10M ohm 

500V 

M easurement mode: r. m. s. value of 
residue after removing 
fundam ental 

Accura cy 

DC - 10kHz ± l' 5% of f. s. d. 

10kHz - 50kHz ± 2' 4% of f. s. d. 

SYNCHRO MEASUREMENT 

Frequency: 

Amplitude ranges: 

Resolution: 

Input resistance: 

Common Mode 
voltage: 

Common Mode 
Rejection: 

Positional measure-

All standard synchro 
frequencies between 
O' 5Hz and 100kHz . 

IV, 10V, 100V, 
1000V, pk 

1 point in 2
15 

10M ohms 

± 500V max. 

100dB at 50Hz with 
100 ohms in either 
lead 

mentaccuracy: <± 2 minutes of arc. 



THE FUNCTION GENERATOR 

The Function Genera tor is a general
purpose stimulus unit capable of generating 
d . c . and a. c . signals, modulated signals 
and phase rela ted signals simultaneously . 
The number of outputs can be increased 
depending on Customer req uirements. 

The Function Generator contains 2 DAC ' s 
and 2 HM's . The two HM's can be switched 
directly to a DAC to obtain a fixed or vari
able reference signal. Each output may be 
used direct for low current and simulta n
eousl y through a Buffer Power Amplifier for 
high current. 

In addition to the DAC's and HM's 4 Sample 
and Hold amplifiers are a vailable to provide 
independent d. c . signal s. These amplifiers 
are 'set ' in turn by the analogue output of a 
DAC which cycles the amplifiers continu
ously. 

The Function Genera tor genera tes signals 
with waveform, frequenc y , and amplitude 
independently variable. Trigger signals 
are provided to externally synchronise the 
Sampling Voltmeter . The FunctionGenera
tor output signals are isola ted from the ATE 
Power Supplies . 

SPEC IFICATION 

Wa veforms d. c., Sine, Sq uare, Ramp, 
Triangular, Special, Synchro 
Position, Synchro Rate 

V oltage Range Max. No . 
outputs 

d.c. ± 10V 7 off 
a.c. o to 7·07Vr.m.s. 4 off 
Synchro (26V r.m . s .) 1 off 

Special 
Waveforms ± 10V peak 4 off 
Resolver 1 off 

of 
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Resolution 

DAC 
H.M. 
S ynchro 

O' 3mV 
5mV 
4 minutes 

Accuracies (at 25
0

C) 

DAC 
H . M. 
Synchro 

O' 005 "/0 F Is 
0'02%F/S 
± 3 minutes 

Tempera ture 
Coefficient O' 0012"/0 f C max. 

Frequency Range 0 
to 100kHz 

CWor 
modulated 

Modulation Frequency Range 0 ~ 10 kHz 

Special Waveforms 

Output Impedance 

Output Current 

Output Current 
(with amplifier) 

Reference 

Ext Ref 

As defined by 64 
equally spaced 
ordina tes 

100mA 
3mA 

500mA 

Int or Ext 

± 10V 

4 off 
4 off 
2 off 

Frequ ency 0 to 10kHz 

NOTE: 

The total number of simultaneous outputs are 
restricted to seven per Function Genera tor . 
Two Function Generators are provided in 
the ATE 

As synchro stimuli can be measured by the 
sampling voltmeter to better than 2 minutes 
of arc, a measure and correct technique 
can be employed to further increase 
accuracy . 

THE LINE SWITCH UNIT 

Mercury wetted relays, dry reed relays and 
heavy duty relays, required to switch LF 
signals, are a rranged in sub -modules, both 
ends of each relay being available a t the 
ATE output connectors . Connection from 
the A TE to the UUT is made through an 
Adaptol' Unit which provides facilities for 
patcl1ll1g between FTU's, the Line Switc h, 
and the UUT, and contains any required UUT 
loads . Also available a t the A TE output 
connectors are the inputs and outputs of the 
FTU 's . 

The Line Switch Unit conta in s 10 Mercury 
Wetted Rela y modules, 6 Dry Reed Relay 
modules and 1 Heavy Duty Relay module to 
the fo llowing specifica tions . 

Mercury Wetted Relay Module 

No . of Relays per 
Module 

Line Current 
Maximum 

Line Current 
Switching Maximum 

Relay Contact 
Resistance 

Repea tability 

Maximum Voltage 
Switching 

Maximum Voltage 
Open Circuit 

50 

5 amps 

2 amps or 
100VA 

20m ohms 

± 2mohms 
(ove r life) 
(109 

Operations) 

500 Volts 

1000 Volts 
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Interelec trode 
Capacitance 

& 
Insulation 
Resistance 

Capacitance and 
Insulation Resistance 
of the Switching 
c ircuit depends upon 
the routeing of the 
total wiring centred 
wi thin the Line Switch 
Unit . 

Relay Interelectrode 
Capacitance -
30pF max . 

Relay Insula tion 
resistance -
1000M ohms min . 

Dry Reed Relay Module - General P urpos e 

No . of Relays per 
Module 50 

Line Current 
Maxin1um 

Current Switching 

Voltage Rating 
(Switching) 

Voltage Rating 
(Open Circuit) 

1 amp 

1 amp at 20V or 20VA 

150 Volts 
Maximum 

350V maximum 

Heavy Duty Relay Module 

No. of Relays per 
Module 

Line Current 
Maximum 

Current Switching: 

Voltage Ra ting 
(Switching): 

Voltage Rating 
(Open Circuit): 

22 

10 amps 

lO A at 28V 

130V maximum 

500V maximum 

I. I LOjJYI10hl fJIHltl GHlIiK'I.-. (L/jf"jr-'nt J [mlldt 



U. U. T. POWER SUPPLY 

The U. U. T. Power Supply drawer contains 
the fixed d. c. power supplies required for 
the units under test. 

Five p. S. U. modules are contained in this 
drawer and the following voltages are 
genera ted:-

+28V +15V +12V 

+28V P.S. U. 
Output V 01 tage 
Regula tion 
Output Current 
ripple and noise 

+15V P.S. U. 
Output Voltage 
R egula tion 
Output Current 
ripple and noise 

+12V p. S. U. 
Output Voltage 
Regulation 
Output Current 
ri pple and noise 

-12V P.S. U. 
Output Voltage 
Regulation 
Output Current 
ripple. and noise 

-15V P.S. U. 
Output Voltage 
Regulation 
Output Current 
ripple and noise 

-12V -15V 

+28V 
±0'05 % 
5A 
O' 5 mV p-p 

+15V 
± O' 05% 
2A 
O' 5 mV p-p 

+12V 
± O' 05% 
2A 
O' 5mV p-p 

-12V 
±0'05% 
2A 
O' 5mV p-p 

-15V 
± O' 05% 
2A 
O' 5mV p-p 

All modules contain over-voltage crowbar 
protection and re-entrant current limiting. 
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SCALING UNIT 

This unit contains the following items: 

Multiplying Amplifiers 

These amplifiers are used to increase the 
a vailable output voltage range of the Function 
Generator. 4 Amplifiers are supplied. 

Multiplying constant 
Output Voltage Range 
Accuracy 
Output Current 
Frequency range. 

Phase Genera tors 

x5 
±45V peak 
±O· 2% 
100mA max. 
d.c. -10kHz. 

U. U. T's require the generation of 400Hz 
signals a t various phases. These phases 
are generated on the phase generator 
boards from the 115V 400Hz supply. 

Output voltage 
Accuracy 
Phase Angles 

Phase accuracy 

3'5V r.m.s. 
± 2% 
0

0 
8

0 
35

0 
180

0 
188

0 

205
0 + 215

0 

± 10 

FREQUENCY CONVERTER 

This unit provides the 115V 400Hz required 
for the U. U. T's from the 240V 50Hz mains 
Input. 

Input voltage 240V 50-60Hz single ~ 
Output voltage 400Hz single ~ 
Output Frequency tolerance ± 1 % 
Output Voltage tolerance ± 3% 
Power Output 500VA at O' 7 p. F. lagging 
Distortion 3% total 
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