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CO'T 

INTRODUCTION 

This Document summarizes 
in designing the CF-105 Avro 
System Test Equipment. It w:\ 
sections, each descrihing one 
Equipment. This will permit 
broken iip if necessary and di 
interested parties. For this 
documents is self-contained, 
document as a whole one will 
of repetition. 

the work performed 
Arrow Flight Control 
11 consist of eight 
aspect of the Test 

the document to be 
stributed among the 
reason each of the 

and on reading this 
find a certain amotmt 
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1.2 RELEVANT SPECIFICA I0H3 

1.3 RESCRIPT!01 OF UNIT 

1.3*1 Breadboard Teat Equipment 
1.3.2 Developmental Models 

X.k STATUS AT CANCELLATION 

1.5 PROPOSES FUTURE PROGRAM 

1.6 CONCLUSIONS 



EC Ae 

The «round ta; : e ulpment for the flight 
control, system of the Cr-'l05 Arrow Aircraft was 

r:’>e - ••••o r.ï-■:-/ I do v : t;- testing facilities 
ae ol .owing it-aeu of Minneapolis-Honeywell 

de s i gn e d e mi pane at; 

Ar--;;ic d,i ; d Control System Amplifier 
Calibrator (AFC’S Amp Cal) 

■oms: 1c .eight Control System Coupler 
(A7CS Coupler) 

c) till Ccuputer {ADC) 

’•••' ' * igt'.' di: actor Vfchifcude Indicator 

®) YG6000 Mach Indicator 

f : Vertical and Heading Reference System (VHRS) 
consisting of the following; 

(2,i DO6OO6 Three A is Repeater 
( 3 iSC'151 Amplifier Assembly 

8Î CG ,8 Functic a Selector 

‘i’he above items with the exception of uhe 
ihree Axis Repeater Function Selector and the 
Mach Indicator were developed at the Aeronautical 
;>>.i '..si or. of the .Minneapolis» Honeywell Regulator 
Company in Minneapolis, Minnesota. The Three Axis 

were deve loped in T onto. Ac; a result there were 
considerable liaison problems in producing a set 
of tear, equipment hat would be compatible with the 
equipment to be tested» Further difficulties were 

ro Document CE-ED 1048 1-1 
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Introduced, in that much of .he design authority 
rested with RCA in Camden, hew Jersey, and in many 

pilot.. Thé APCS Cou. . ;r .pi >vided those facilities 
necessary t. couple : fire control system to the 
auto pilot, The Function Selector provided a means 

of the auto pilot. The Function Selector is des- 
cril a more fully in JR-BE 1047 "ASTRA TERMINATION 
REPORT ON THE 0078' t ' IL 1WNCTI0N SELECTOR AFCS 
FOi THE CF-105 ARROW / IRCRAFT", 

The tes< «cs.ui.pmR: design was further com- 
pté; "ted he ' iso t.'-.c 1' ir-rity for test equipment 
develop:, ont vas not. received until development 
of the act.- flight 1 >ntrol system was well under 
way. As a result, : t?; compromises were necessary 
i: >rder to produce, equipment compatible with the 
Flight Control System equipment. These were an ex- 
cessive number of connections to the equipment 
bi ing teste* rathe r than the provision of a single 
test connector; and the necessity of providing 
breadboard test equipment to provide interim test 
facilities for the early models of the Flight Con- 
trol System equipment. Work on the Flight Control 
System test equipment began in January of 1958, 
although funding was not available until June of 
that year. As a result, the project was not fully 
active until funds were available to support the 
additional personnel required for an adequate design 
team. The work in the early stages, therefore, con- 
sisted principally of feasibility studies. The 
test equipment requirements were not defined until 
9th. of June 1958' It was early decided that 
breadboard test equipment would be necessary to pro- 
vide testing facilities for the initial sets of 
Flight Control Systems equipment provided to RCA, 
The Engineering or "D" models would fallow later 
and were to be representative of a final model to 
be delivered to the RCAF as reduction test equip- 
ment . 

Because components of the F ight Control System 
equipment were to be evaluated in Minneapolis, Camden 
(New Jersey) and Toronto, it was decided that the 
breadboard test equipment design would be such that 
one piece of test equipment would be furnished with 
each Flight Control System device to be tasted. 
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■he engineering or ' B’ models 

ortab. bo c > - >.t should parmi» & .verles of 
o-no go!' 1 -formed on the complete 

£■ ight Control S; : ;e Mounted in the aircraft, A 
second box,which was to be used only If a series 
of "no-, inc ations were obtained from the "go- 
n tsMiter, was perm: the technician to 

box) in the -tight Contro System. The faulty 
black box was ;hen to be returned to the hangar, 
p g,ced ' c til1, s' : 'and ,nt subjected o iui' iier 
tests. The test stand was to contain a complete 
operating flight control system, and the method of 
testing was to substitute the suspected component 
for the known good one on the test stand. A further 
set of "no-go" readings was to be considered as 
verification that the component was faulty. 

Ho firm definition on the degree of maintenance 
•hat only 

plug-in components and those items that could be re- 
placed without the use of a soldering iron or com- 
plex me chanical manipulation and adjustment would 
be replaced at the squadron level, Any maintenance 
beyond this was to be performed.at a base workshop 
or at the factory. The maintenance problem was 
being resolved at the time the contract was cancel- 
led. 

As finally evolved, the test equipment was to 
be in accordance with the RCA statement Q.. vo,-. K 
dated 13 February 1958 as defined by RCA Astre. Memo 
637 dated 5 June 1953. The relevant paragraphs 
follow: 

a) The breadboard and engineering Model #3. 
shall be electrically inter changeable and 
caoable of testing the Flight Control. 
Systems delivered to R.CA for use on air- 
crafts 4 and 5 and on the spare. These^ 
systems consist of models i, 2, and 3 °f 
the AFCS Amp Cals, AFCS Coupler and the 3 
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FD/AÏ and :: ta Amplifier Calibrator; modela 
2, 3a and 4 ( ' the Mach Indicator and its 

the Air Ira Computer» 

b Engineering models #2 and #3 shall be 
-electrically interchangeable and at least 
capable of testing the Flight Control 
Systems delivered RCA for use in envlron- 
mentai testing and on aircraft #9 and its 
spare. These Systems consist of Models 
4, 5, s.nd 6 of the AFCS Amp Gal and the 
AFCS Coupler; modela 1, 2, and 3 of te 
'/HRS, models 7, 9 and 10 of the FD/AÏ 
and its Amp Ilf1er Calibrator; 8, 9 and 10 
of the Mach Indicator and its Amplifier 
Calibrator; and models 1, 2 and 10 of the 
Air Data Computer» 
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c RCA Specifications 5638 and 5375 govern™ 
ing finishes on front panel and external 

MÏ' -T~9!4f:A amendment 2 dated 14th of May 
• 9'■ "t-.u:eral Specifications for Test 

ipnsenv for use with Electronic Equip- 
ment” . 

eRCA Specification 8958509 - Specification 
fo; t Ground Equipment for Flight Con- 
trol System of the ASTRA I Airborne Weapons 
Control System dated 19 tb of February 1958» 

f } Mil'., « STD-?,08C Defin .tions of and basic re- 
quirements for enclosures for electric and 
electronic equipment» 

g) MII-E-^970 "General Specification for 
Environmental Testing Ground Support 
Equipment"» 

h) MIL-E-5^00 "General Specifications for 
Aircraft Electronic Equipment"» 
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She .it, ; rot s stem Breadboard Tes* 

£: ; -•■->■'■ ‘ ■ic : light Contre'.. Systems 
.mplifer Calibrator Breadboard Test 

0- -scribed in SECTION f: of 
t ii doevnent. 

h? :x: ■/; - light Control System Coupler 

ftJC'j/IVf 3 of this 'document. 

.ir Data Computer and Mach Indicator 
Breadboard Test Set X1003 as described 
s £ -r .of this document. This 

unit tests not only the Air Data Com- 
• iirv-jp but ••he Mach Indicator as well, 

d) VHBS & FD/AI Breadboard Test Set X1Q04 
c:.c described in SECTION 5 of this 
document, This unit tests the Three 
Axis Repeater as ’.fell as the Flight 
Director Attitude Indicator, . 

The carrying cases, in general consist- 
ed of a fibre-gla33 combination type 
case measuring 20" x 15" x 11"or 13".. The 
breadboard test sets weighed approx- 
imately 50 pounds each, 

1«3»2 Developmental Models 

The developmental ("D") models of the 
Flight Control System test equipment were divided 
in i.o 2 basic funct ions; first line maintenance 
and second line maintenance, 

10,2,1 First Line Maintenance Equipment 

First line maintenance wan defined as that 
maintenance which coul l be performed in three 
hours or less; second line maintenance required 
more than three hours but less than eight hours. 
Any work requiring longer than eight hours was 
considered as base workshop or factory repair 
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IIHCLASSlfiE 

' bis unit 

by Ill .'light- ontrol 'System Aux- 
i . t Set. This unit- was used 
w : ^ i s :■ it.-o ''no-go" : • bad in- 
d 1 were obtained with the Flight 
Control System Test Set to isolate the 
fault to a particular system component 

r is unit is fully de- 
SECTION 7 of this document. 

Second 7 ne Maintenance Equipment 

TA second 3.iat; maintenance equipment con- 
: Acted two a.yl: a first .vine ter;, equipment 

described in 1,3.2.1 above, and' two test 
stands. The test stands were to be; 

a) -The ,FCS Test Stand which would pro- 
vide the necessary cabling and mount- 
ing for the following:- 

1) ; . .n ' -vatic Flight Control System 
/imp2,ifier Calibrator 

2) erratic Flight Control System 
Coupler 

3 - -lir ata Computer 
4) Hr-eh Indicator and Mac. It Indicator 

Amplifier Calibrator 
5) Function Selector 

b) The Vertical and Heading Reference 
System Test Stand was to provide mount- 
ing facilities for the following: 

3.5 St ah le Platform 
2) Amplifier Assembly 
3) lhrAxis Repeater 
4) ; high Director Attitude Indie- 

The test equipment pregram had not proceeded 
far enough for th actual test stands to be 

ator and Flight Director Attitude 
Indicator Amplifier Calibrator. 
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asfeer 1958 $h' - tas f the Test Equipment 
as follows: 

r, i Auto-::',%:' r ■ --:utrol System: Ampli- 

' 

was cc• 1 b* ; ?'ori cation à not yet 
begun. 

£ ;■ Au t one, ni c •??>. à ght Control 8yu hem Coupler 
Breadtoerd 'I est Set.~"~A de sign "was es- 

' 
anical assembly had begun. Wiring had not 
started because not all electrical com- 
ponents were in. 

cÎ Air Data Computer Breadboard Test Set. The 
design was established and ordering was 
complete. Fabrication iras nearly com- 
pleted. Final assembly was delayed until 
the summing calculations for the Air Data 
Computer were received in order that 
the test set could be calibrated. 

dÎ Three Axis Repeater Breadboard Test. Set. 
The Three Axis” Repeater Test Set design 
was complete. Ordering had begun but was 
not complete, consequently no fabrication 
had started. 

e ^ UG6010 Flight Centro3. System Teat Set. 
the general design on this unit was es- 
tablished. Parts had not been ordered nor 
had fabrication begun. Drafting was 
about to begin. 

f Î TOoOli Flljr;b t Control_System Auxiliary 
Test Set The general configuration of 
this unit was established but no layout 
or schematics had been developed. Wo 
drafting, procuring or fabrication had 
started, 
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ï : ■ .ntl . Ta îïal pack;:gï hi: this 
Ul-It c 7 •. : 1: •' i no 8 ch :;.7ati cs 
o: ’ '■ 7: 10p:;u. No dr i ;'v-~ 

iu,,, 'i ;.if;ral cabinet arrange- 
7. >nt c: hut i o schema tics, 
wiring diagrams or layouts had seen evolved» 
C ;5s 7.0 . afting, procurement or 
fabrication was started. 
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It was propos à to complete the fabricat- 
ion of the breadboard tert equipment with all 
possible speed in c.-j ;r to have suitable test 
equipment iz the her is of field service engin- 
eering personnel in time for them to evaluate 
it. The first and second line mainte ranee equip- 
ment was to proceed at a somewhat slower pace but 
it was anticipated that fabrication would begin 
early in January of 1959 with delivery in August. 
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'OHtiLUSXOÏi 

'■‘■'l'-'i £’;• pf -2 d'd Control ';:3ten te t 
er;;, eut p oâuced a number of valuable lessons» 
'..'hese aye • ,s follows:- 

) It- is p was;'. le to .esign related equip- 
Eoat in duo wilt I; • separated plants pro- 
viding do; li;. in un is maintained. 

b) Due to the increased complexity of air- 
borne electronic systems, it is necessary 
to design test equipment concurrently 
with the system being tested. It is pos- 
sible to design this test equipment for 
delivery with the device to b. tested, 
providing that the penalty of additional 
cost in manpower and money is accepted, 

c) Where test equipment design must be con- 
current with the equipment design, it is 
necessary to design maximum flexibility into 
the test equipment, This flexibility can 
be removed once tl equipment design is 
frozen, 

d) It is highly desirable from a cost and 
delivery point of view to design develop- 
mental test equipment with a view to the 
ultimate use to which the test equipment 
is being placed without losing sight of 
the immediate objective of servicing the 
developmental equipment being tested, 

e) As far as possible, the test equipment used 
on the test stand should be similar to 
that used or. the aircraft in order that 
the time required to train technicians be 
kept to a minimum. 

f) Because of tactical, considerations, it 
is necessary that the test equipment check 
as many functions as possible in a minimum 
of time. These fu étions should be given 
the following priority:- 

1) Safety of flight 
2) Completion o: .. ission 
3) Crew Assist. 

1-12 
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should be el' eked. The time allowed for 
testing the quiinent will determine 
whether or not (2) and (3) can be checked. 
In some cases where the equipment has a 
high degree of reliability, periodic 
checks may be sufficient for (2) and ( 3 ) • 

g) In order to reduce the amount of time, 
spent checking equipment on the aircraft, 
consideration should be given to making the 
tests on the developmental equipment semi- 
automatic. This will simplify the problem 
of providing automatic test equipment at 
a later date. 

The principal contribution of the Plight Con- 
trol System test equipment to the state of the art 
has been the rather simple means used for checking 
complex equipment. In general, step functions have 
been applied to the Flight Control System and the 
resulting signal read at the output of the Plight 
Control System. With a properly integrated Plight 
Control System (and providing its location in the 
aircraft is judiciously chosen), it should be pos- 
sible to apply signals to the input to the system 
and determine the effects of these’signals, as a 
motion of the control surface. Rather simple means 
were found for checking for satisfactory operation 
of integrators. It was also proven during a similar 
program that, it is possible to secure the help of 
the aircraft manufacturer by having him supply 
certain additional features on the aircraft to permit 
an easy checkout of the Plight Control System. 

When proper project management is applied, no 
difficulty should be experienced in developing a weapons 
system that is completely integrated in that it will 
give the best possible performance with the least, 
possibl.e maintenance and the least amount of testing. 
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j?E R MX N Aï10H REPORT OH THE GROUND TEST EQUIPMENT 
FOR THE FLIGHT CONTROL SYSTEM OF THE CF-105 
ARROW AIRCRAFT. 

SECTION 2 5IFIED 
X-1005 AUTOMATIC FLIGHT CONTROL SYSTEM AMPLIFIER 
CALIBRATOR BREADBOARD TEST SET. 

The X-1005 Automatic Flight Control System Amp- 
lifier-Calibrator Breadboard Test Set vas to be a 
part of the ground test equipment for the Flight Con- 
trol System of the CF-105 ARROW aircraft, and was to 
perform First and Second Line tests on the BG93 Auto- 
matic Flight Control System Amplif ier-Cal.ibr ator 
(AFCS Amp Cal). 

The AFCS Breadboard Test Equipment was split 
into four separate pieces at an early stage to obtain 
easily portable equipment and uniform appearance. In 
addition, the size of the Breadboard Test Sets was re- 
strieted by the requirement that it be mountable in a 
standard 19" rack and have a weight limitation of 60 
pounds. This rack mounting requirement was later drop- 
ped. The AFCS Amp Cal Breadboard Test Set was to be 
capable of testing any of the first six AFCS Amp Cals 

2.1 GENERAL 
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2,2 RELEVANT 3PECIFICATIü ÎS 

a) RCA statement of work dated 13 February 
1958.» as amended by Astra memo 637 dated 
June 5, 1958. 

b) ASTRA 1 specification, Revision C. 

c) RCA Specifications 5638 and 537? govern- 
ing finishes on front panel and external 
surfaces . 

d) MIIJ~T~9^5A amendment 2 dated 14th. of May 

3-953; "General Specifications for Test 
Equipment for use with Electronic Equip- 
ment" . 

e) RCA Specification 8958509 - Specification 
for the Ground Equipment for Flight Con- 
trol System of the ASTRA I Airborne Weapons 
Control System dated 19th of February 1958. 

f} MIL-STD-IO8C Definitions of and basic re- 
quirements for enclosures for electric and 
electronic equipment. 

g) MIL-E-4970 "General Specification for 
Environmental Testing Ground Support Equip- 
ment" . 

h) MIL-E-5400 "General Specifications for Air- 
craft Electronic Equipment. " 
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2.3.3.1 

lEB 
a) Fibregls,3E carrying case 

b) Connecting cables 

c) Chassis Assembly with following subassemblies : 

1) Front Panel (See Figure 2,2) 
2) Chastis Connectors 
3) Chassis 

Theory of Operation 

First Line Tests 

The AFCS.Amp Cal Breadboard. Test Set was to 
simulate all the inputs provided to the AFCS Amp 
Cal from other components of the Automatic Flight 
Control System. 

These included: 

a) Heading, Roll and Pitch output synchros in 
the AFCS Amp Cal. 

b) Sec 0-1 and 1-cosE potentiometers in the 
Three Axis Repeater (0 is bank angle, E 
is elevator angle) 

c) Angle of Attack (<), True Air Speed (v), 
Altitude (h) and Pitot differential pres- 
sure (<ic) in the Air Data Computer. 

d) Signals from the AFCS Coupler and switch- 
ing of the various coupler modes. 

The input synchros for the AFCS Amplifier Cali- 
brator were simulated by transformers tapped to 
give the voltages required in testing. Provision 
was to he made for changing the quantities simu- 
lated by a small step in order to observe the 
operation of various servos in the AFCS Amp Cal. 

The following First Line Teste were to be 
performed on the AFCS Amplifier Calibrator: 

a) Operation of 

b) Operation of 

c) Check of the 
settings, 

d) Check of the 
se ttings . 

the Roll Synchronizer Servo 

the Heading Synchroniser Servo 

"Gear Up" scheduled gain 

"Gear Down" scheduled gain 

HC A^ro Document CR-ED 10^.3 
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UNCLASSIFIED 
e) Opération of tie Pitch Synchronizer Servo. 

f) Operation of the Lag Pitch Attitude Servo. 

g) Operation of the Command Signal Limiter 

h) Operation of the "q.^ Servo" 

i) Operation of the Pitch Axis Fader. 

j) Operation of the Anti-Engage Feature 

If the "Go-No-Go" meter (Figure 2„3) read 
"go" for all the above tests the AFCS Amp Cal 
being tested vas to be considered flight-worthy, 
even though there was a small probability of the 
AFCS Asp Cal being incorrectly adjusted. As an 
example, the Command Signal Limiter (CSL) oper- 
ation was only checked at a few points on its 
operating characteristic. However, a complete 
check of the CSL was to be regularly performed 
as part of the Second Line Tests, and any sudden 
deterioration of the CSL between the Second Line 
Teats had a very low probability. This approach 
to the testing problem was adopted in order to 
minimize the time required for performing the 
First Line Teats. 

A typical "go-no—go" test arrangement is 
shown in Figure 2.3» The important features ares 

a) A coEimon voltage source for the output 
potentiometer and the bucking voltage 
potentiometer, making the balancé point 
independent of the supply voltage ; 

b) Two resistors for setting the meter 
sensitivity to make the width of the 
"go" region correspond to the permis- 
sible output voltage range for this 
measurement, 

A typical Gain Setting check is performed 
by providing predetermined inputs to all servos 
involved and reading the output of the AFCS Amp 
Cal with the "go-no—go" meter. 

The servos contributing to an output being 
monitored by the "go-no-go" meter were checked 
operationally by slightly displacing the input to 
the servo in question. On returning the S.rvo 
input to its original value, the "go-no—go" meter 
should return to its original reading. This test 
ensured that the servo operated without an excessive 
dead zone . 
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In the Altitude and Mach Hold modes, the Pitch 
Synchronizes* Servo was connected as an integrator, 
and it was desirable to form an estimate of the 
integrator drift without using accurate timing de- 
vices. Accordingly the integrator drift was con- 
sidered to be caused by an equivalent input voltage, 
ea, which would appear at the integrator input in 
series with a resistance R if the integrator input 
signal was zero. How the integrator transfer 
function is approximately - and if a resistance 

5 

of, say, 100 ohms was connected between output and 
input, the steady-state integrator output voltage 
due to the equivalent input drift voltage, e<j, 
would be ec = 100 e<i. This eQ was easily measured 
and provided a good estimate of drift rate of the 
integrator. The "go-no-go” meter was used for 
measuring e0. 

The Lag Pitch Attitude Servo was checked oper- 
ationally by applying a s.tep input to it. To keep 
the Pitch Synchronize! servo stationary during this 
test, the AFCS should be in the Mach Hold mode. 

The Command Signal Limiter was checked by 
applying an input signal large enough to obtain 
limiting action. The limited output is checked 
with the "go-no—go" meter. The Pitch Axis Fader 
is checked by initiating a Fader cycle and simul- 
taneously monitoring the APCS Amp Cal Pitch Axis 
output with the "go-no-go" meter. At the completion 
of the Fader cycle, the meter reading should return 
to its previo\i3 value. 

A number of test jacks were mounted on the 
front of the AFCS Amplifier Calibrator; these com- 
bined with the test jacks on the AFCS Amplifier 
Calibrator Breadboard Test Set panel provided 
access to all circuit points of interest for Second 
Line Tests. The remaining toggle switches located 
along the right-hand edge of the Test Set panel 
and numbered K1 to K25 were used to operate the 
AFCS Amp Cal relays for Second Line Tests. 

2.3.3.2 Second Line Tests 

HC Ae.ro Document CR-ED 10 U8 
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DESCRIPTION OP PARTS 2 . k 

ENTI AIi 

The Carrying Case was to he s IV x 20" x 11" 
grqr fibreglass instruisent caeej reinforced by an alum- 
inum moulding which extended around the edges of the 
ease and the lid. The carrying handle, latches and 
hinges were fastened to the ease moulding which also 
held a gasket to render the case weatherproof. The 
brackets for mounting the panel were likewise fastened 
to the case moulding. The lid of the case was removable. 

Six Teat Set cables were to be used» The First 
Line Test Cable was to be 16 feet long and fixed to 
the Test Set at a terminal board. The three Second Line 
Test Cables were also to be 16 feet long and had ident- 
ical connectors at either end (except one of the cables 
which waa to have an extra connector for receiving air- 
craft power). In addition, two jumpered connectors 
without cables were to be provided for the Flight IVat 
Panel connectors on the AFCS Amp Cal, All connectors 
for the AFCS Am;? Cal Breadboard Tester were to be Pygmy 
PT bayonet type. Adapters for IT to PC connectors 
were to be provided, so that the Teat Set could be used 
in conjunction with any of the First six Development 
Models of the AFCS Amplifier Calibrator. The Cables 
were to be stored in the Carrying Case, beside the 
Chassis. 

The Tester Panel (Figure 2.2) was to be made of 
1/8" aluminum. The markings were to be transferred 
from the X-1005 Panel Layout Drawing to a .01" sheet 
of photosensitized aluminum which vas to be lacquered 
before placing on the Tester Panel. 

The tester chassis was to carry the transformers 
for simulating synchro inputs, the potentiometers from 
which the bucking voltages were to ht obtained, the 
remainder of the circuitry, internal cabling and the 
terminal boards required. 

Figure 2 shown the Tester Panel layout. Mounted 
on the panel are: 

a) AC and DC fuses and pilot lights. 

b) Three Oak rotary switches - "Mode Selector", 
"Output Selector" and "Calibrated Inputs". 

c) Three First-Line toggle switches: 
«A U /A’*" IV üM/ûü - lj c ♦ 

d) Five Pygmy panel connectors J1 thru J5 

e) Ten test jacks Jo thru J15. 
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f) Tea Second Line toggle switches beginning 
with K1 and ending with K25, numbers referring 
to the relays in the AFCS Amplifier Calibrator 
controlled by the toggle switches. 

The "go-no-go" meter was to be a aero centre phase 
sensitive AC RMS meter, identical with the one in 
AFCS Coupler Breadboard Test Set. It was to be mounted 
in a cutout in the panel. The V.T.V.M. could be used 
for all first line and Auxiliary teats and for most 
of the second line tests, except those requiring quad- 
rature voltage measurements * The "go-no—go” meter 
received power and signals from the AJC8 Amplifier Call- 
’orator Breadboard Test Set through a short cable. 

The AFCS Amplifier Calibrator Breadboard Test Set 
Contrôle used for first line tests were as follows: 

a) A four-position two-deck rotary "Mode 
Selector" switch. 

b) A six-position three-deek rotary "Output 
Selector" switch. 

d) A six-position two-deck rotary "Calibrated 
Inputs" switch. 

The "Mode Selector" switch selected one of 
the following four modes: 

a) Heading and Attitude Hold. Rormal Flight 
(NF) . 

b) Control Stick Steering (CSS) 

c) Mach Hold (MH} 

d) Altitude Hold (AH) 

The Output Selector Switch selected the AFCS 
Asp Cal Output to be monitored by the "go-no-go" meter. 
The "AM/dh" toggle switch introduced a test voltage 
into the Autopilot in either the Mach Hold or Altitude 
Bold mode, thereby simulating a Mach Deviation or an 
Altitude Displacement, as required. 

The "q,g" toggle switch belonged, to the Auxiliary 
Teat Set circuitry. It permitted rotation of the "qj," 
input synchros by a known amount which, provided 
information on the serviceability of the o', servo and 
the Command Signal Limiter. 

c) Three 
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The "Sc" toggle switch energized the "AFCS 
Engage" relay (Kl8) in the AFCS Amplifier Calibrator. 

The "Calibrated Inputs" switch had one deck and 

6ix positions (one "off"and five "on" positions). 
Two of the five positions were used to provide input 
signals for checking the roll and pitch axis scheduled 
gains, the other three positions were for second-line 
t.e s ts. 
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2.5 PERFORMANCE UNCLASSIFIED 
The deviations from nominal output voltages approp- 

riate for each test were to be observed as a deflection 
of the "go-no-go" meter. Because different deviations 
were permitted for different tests, the "go-no-go" 
region of the meter would correspond to the acceptable 
output voltage ranges by virtue of resistors arranged 
to suitably change the sensitivity of the "go-no—go" 
meter for each particular test. 

The bucking voltages could be set to within „5# 
of nominal and the meter sensitivity could be set 
to within 1$ of desired sensitivity. Variations in 
supply voltage also effected the "go-no—go" measurements. 
A 10# change in supply voltage would cause a change of 
10# in the indicated reading on the meter. Where the 
meter was set for a 15# tolerance this error would be 
a maximum of 1.5#» The error decreased as null was 
approached. 

It would be necessary, therefore, to check the 
supply voltage subsequent to each marginal reading. 
With this provision the overall accuracy expected 
from the First Line Tester was 2# or better. There are 
no experimental data on tester performance, since the 
tester construction was not sufficiently far advanced 
to permit evaluation. 
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2.6 STATUS AT CANCELLATXOK 

UNCLASS 
CCJ / ' DEXvXX 

All parts had been ordered (except small items, 
locally available from stock) and about 50$ of the 
parts were on hand {primarily connectors and. rotary 
switches). Panel layout was completed. 

Fabrication of panel and chassis had been initia- 
ted! \fork on cables was not initiated. 
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2.7 PROPOSED FUTURE PROGRAMME 

It was proposed to complete 
Breadboard Test Set and to deliver it to Minneapolis- 
Honeywell, Minneapolis, Minnesota for evaluation with 
developmental ARCS Amplifier Calibrators. Results of 
this evaluation and reports from the users were to 
form the basis for modification to the test procedure 
on the Plight Control System Test Set as described in 
Section 6 of this document. 
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2.8 CONCLUSION 

The problem of devising first line cheeks adequate 
for determining the flightworthiness of the APCS 
and simultaneously minimizing the testing time required 
was solved by adopting a combination of steady-state 
quantitative tests and transient qualitative tests,, 
All transient quantitative tests and the time-consuming 
steady-state tests were scheduled for Second Line 
Maintenance„ 

The liaison problem was appreciably simplified by 
an early decision by AFCS Amplifier Calibrator designers 
in Minneapolis to Incorporate both a test connector and 
a number of strategically located test jacks» 
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GERMINATION REPORT OH TES GROUND TEST EQUIPMENT 
FOR THE FLIGHT CONTROL SYSTEM OF THE CP-105 ARROW 
AIRCRAFT. 

3.1 

SECTION 3 

X-1002 AUTOMATIC FLIGHT CONTROL .SYSTEM COUPLER 
BREADBOARD TEST SET. 

GENERAL 
UNCLASSIFIED 

The X-1002 AFCS Coupler Breadboard Test Set was 
part of the Test Equipaient designed to check the 
operation of the MH 65 Automatic Flight Control Sub- 
system for the CP-105 aircraft. 

The purpose of the Coupler Breadboard Test Set 
iras to check the operation of the D-DG63A AFCS Coupler 
ns an independent unit both on the bench and in the 
air craft. 

Phasing of various equipments into the flight 
test programme dictated separate sets of Test Equip- 
ment,, As a result, one Breadboard Test Set was re- 
quired for the first Developmental!"B") Model Couplers 
used in the Flight Test Programme on the partial AFCS. 

When design of the Coupler Breadboard Test Set 
commenced, fabrication of the "B" Model Couplers was 
largely in progress. The test connector on the Coup- 
ler was used entirely for Flight Test instrumentation, 
hence it was not possible to provide the desirable 
parallel connected test connector(s) and relay(s) 
for the Test Set. This was not considered a serious 
difficulty as these facilities could be provided in 
the preproduction models. It was intended that the 
Breadboard Test Set should be adaptable for testing 
preproduction Couplers as well as the "B' models. 

During the design of the Test Set, certain 
Coupler modes were discontinued. 

a) The Automatic Ground Controlled Approach 
was no longer required » 

b) The requirement for a Breakaway and Rollout 
manoeuvre was dropped » 

The status of two other features of Coupler 
operation was somewhat dubious throughout the develop- 
meet. These were Integral Control and Bs.nk Limit. In 
the case where a mode has been deleted, it was felt 
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that the Test Set should have provision for incorpor- 
ating this or another mode should the requirement be 
latex' raised„ It was considered that provision should 
be made for switching the "optional" features "in" or 
"out" at will. 
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3.2 RELEVANT SPECIFICATIOKS 

a) RCA statment of work dated 13 February. 1958. 
as amended by Astra memo 637 dated 5 June 
1958» 

b) ASTRA I specification, Revision C. 

c) RCA Specifications 5638 and 5375 “ governing 
finishes on front panel and external surfaces» 

d) MIL-T-945A amendment 2 dated 14 of May, 1953? 
"General Specification for Test Equipment for 
use with Electronic Equipment»’’ 

e) RCA Specification 8958509 « Specification for 
the Ground Equipment for Flight Control 
System of the ASTRA I Airborne Ueapona Con- 
trol System dated 3,9th of February 1958. 

f) MIL-STD-108C Definitions of and basic require- 
ments for enclosures for electric and electronic 
equipment. 

g) MIL-E-U970 - "General Specification for Env- 
ironmental Testing Ground Support Equipment„" 

h) MIL-E-5400 "General Specification for Air- 
craft Electronic Equipment." 
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3 «3 DESCRIPTION OP UNIT 

3.3.1 

3.3.1.1 

Gsneral 

Physical 

The X-1002 APCS Coupler Breadboard Test Set 
was contained in a drip-proof grey fibreglass 
carrying case measuring approximately 20" x 15" 
x 13" and weighing approximately 50 pounds. The 
necessary interconnecting cables were stored in 
the lid. 

3»3.1.2 Electrical 

a) Inputs. The APCS Coupler Breadboard 
Test Set required two electrical inputs,, 
vi z: 

Ci) 115V + 10$, 400 ± 20 cp3 single 
phase""per MIL-E-7894A, 

ci1Î 26.5V DC + 10*. 

b) Ou touts. 

(i) The Breadboard Test Set provided 
direct current and 400 cycle and 
500 cycle signals to the DGÔ3 
APCS Coupler, simulating the inputs 
from the Fire Control Computer, 
the Data Link Coupler and the 
Navigation Computer. 

ci1) The Test Set supplied the net- 
works required for some of the 
analogue computations normally 
performed in the HG32 Air Data 
Computer. 

(ill) The Test Set provided the 23V 
DC relay switching power required 
for energizing the various coupler 
mode s . 

(iv) The Test Set supplied appropriate 
400 cps reference voltages for 
each test. 

(v) The 400 cps power to the Coupler 
was supplied and adjusted from 
the Test Set. 

3-4 
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3.3.2 Component Parts 

SSSFIED 
The Test Set consisted of the following assem- 

blies and sub-assemblies: 

a) Carrying Case {Figure 3d) 

b) Cable Harness 

c) Panel Assembly 

d) VTVM Sub-Assembly 

3.3.3 Theory of Operation 

3.3.3.1 Coupler Operation 

The Coupler consists principally of two d. c. 
servos » The only inter-action between the two 
servo loops is via the Azimuth Gain Scheduling 
Potentiometer (this is actually a sector switch 
with resistors connected from sector to sector). 
The Azimuth Gain Scheduling Potentiometer is 
characterized to attenuate the d„c„ signal input 
to the Azimuth Servo Differential Amplifier for 
"up elevator"outputs from the Elevation Servo. 

The Coupler inputs are dc,400 and 500 cycle 
voltages and potentiometer positions (analogue 
resistance inputs). Amplifiers, demodulators, 
computing networks, and filters operate on the 
Input signals to provide suitable d.c. voltages 
to the differential amplifiers. The signal to 
the differential amplifiera is selected by switching 
circuits in the Coupler. The 28 V. DC for switching 
to the appropriate Coupler mode is supplied ex- 
ternally or internally, depending on the partic- 
ular case. The Coxipler Outputs are all 400 cycle 
voltages (phase reversible) from potentiometers 
located on the servo output shafts. The roll 
(azimuth) signal output may be modified by sel- 
ecting the Bank Limit or Rollover position. Both 
azimuth and elevation axes may be switched to int- 
egral control by the Integral Control Switch. 

3.3.3.S Test Set Operation 

For test purposes the Coupler is electric- 
ally disconnected fro® the Aircraft and connected 
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in series with the Test Set (Figure 3.2). Power 
(MO and 28V DC'» is applied to the Coupler from 
the Test Set., and the 400 cycle 'voltage is ad- 
justable from the Test Set (Figure 3.3) The Test 
Set contains a 400 cycle transformer with multiple 
secondaries to provide 400 cycle signals to the 
input of both servos (or the Hav-AGCÏ attenuator), 
A plus, and minus 10 ¥ DC power supply in the Test 
Set provides the necessary d.c. steering error 
signals „ A 500 cycle oscillator - power amplifier 
produces signals for the Lead Pursuit inputs and 
square wave excitation for the demodulator. Relay 
switching is accomplished from the Test Set by 
supplying 23v DC to the appropriate relays for the 
Coupler mode selected by the Function Selector 
Switch, Suitable positions of the AFCS Function 
Selector are duplicated in the Test Set along 
with pilot lights to indicate visually the Coup» 
1er status. 

The selected 400 cycle output from the 
Coupler is applied to one input terminal of the 
AC^ V„T<,V,M, la the Test Set and the other terminal 
is provided with a voltage corresponding to the 
proper coupler output. The difference between these 
two voltages is amplified and displayed as e, 
deviation on the sero centre A.CV.T.V.M. which 
has ‘'good'1 ancl ‘bad" sections marked on it. The 
proper A„C „p V.T.V.M. range for any test condition 
will be indicated by the lighted V.T.V.M, Range 
Indicator Lamp. 

if desired, the actual voltage output from 
the Coupler may be read by rotating the Indicator 
Function Switch (s4) to the ’VOLTS OUT" position. 
This connects the second input terminal of the 
A.C„. V.T.V.M. to signal ground. The A.C., 
V.T.V.M. range indicated by the panel lamp is 
selected and the 400 cycle VOLTAGE ADJUST knob is 
rotated until the pointer on the D„C„, V.T.V.M, 
reads zero. 

The ZERO pushbutton on the Test Set shorts 
all inputs to the Coupler and indicates the offset 
and/or sero drift at the coupler outputs. 

The AZ-EL {Azimuth Elevation) switch selects 
the Coupler output to be displayed on the "go-no-go" 
meter (A„C„P V.T.V.M.). Both V.T.V.M,#s are pro- 
vided with IJJT-EXT (Internal-External) switches 
and connectors to facilitate trouble-shooting the 
Coupler and checking the calibration of the Test 
Set, For the latter purpose, the Test Set provides 
test points and adjustment pots on the front panel 
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by means of which the signals or bucking voltages 
etc,, may be changed if required0 

To use the Test Set with s, pre-production 
Coupler it is necessary to replace the cable harn- 
ess provided in the Test Set» In addition, 
several switching functions are accomplished by 
operating switches on the Armament Panel in the 
cockpit when testing pre-production models. When 
this is required, a red indicator lamp on the Test 
Set will light indicating the cockpit switch to 
be operated» The lamp will extinguish when the 
switch is "made"» 

HC Aero Document CH ED 1043 3-7 
CONFIDENTIAL 



3.4.1 Carrying Case 

A moulded fiberglass instrument case measuring 
approximately 20" x 15" x 13" was selected since it 
vas a stock item and fulfilled the requirements of 
being light, rugged and rainproof. A gasketed panel 
mounting angle vas fitted inside the flange of the 
case. The gasket permitted a wider tolerance on 
the mounting angle dimensions and provided a rain- 
proof seal between the panel and carrying case. The 
lid of the carrying case was provided with compart- 
ments for stowing the cable harness, test leads and 
instruction manual, 

3.4.2 Cable Harness 

Bendix Pygmy connectors with integral strain 
relief fittings were used throughout. For economy 
end ease of fabrication, flexible sleeving was used 
on the wires. Any necessary wiring changes are more 
easily accomodated with this method of cable con- 
struction . 

3.4.3 Panel Assembly 

This panel was of 1/8" thick aluminum. All 
necessary brackets for component mounting were fast- 
ened with flat head screws from the front of the 
panel. Panel lettering and component mounting 
centres were transferred from an ink tracing to a 
thin f0.010") sheet of photosensitive aluminum. 
This sheet of aluminum then covered the bracket 
mounting screws when cemented to the 1/8" panel, 
Also, a full eize template vas provided for front 
panel holes. This method has the advantages of 
ease and economy over etched panels hut the dura- 
bility is not as good even when lacquered, It is, 
however, a suitable method of development equipment 
because panel lettering may be readily changed. 

3.4.4 V.T.V.M. Assembly 

Two V.T.V.M.'s were provided mounted in a 
front removable box. One V.T.V.M, was a zero 
centre A.C. RMS - phase sensitive type, the funct- 
ion of which was selected by a toggle switch on 
the front V.T.V.M, mounting bracket. The other 
V.T.V.M. was a zero centre DC V.T.V.M. Separate 
range selector switches were provided for each 
V.T.V.M. The complete V.T.V.M. assembly plugs into 
a connector beneath the panel on the Test Set, 
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The phase sensitive AC, 7.T.V.M. was used as a 
"go-aa-go'' indicator for it could provide information 
on direction of the error ae well as its magnitude,. 

The second 7.T„V„M. (d ,c . zero-centre) was 
used for troubleshooting, field calibration checks 
and for monitoring the d.c. and a.e. supply voltages, 
She latter was continuously monitored during test 
on the D,C0. V.T«V0M. The hOO cycle voltage was 
rectified and a portion of it was compared with a 
reference voltage, and the deviation was displayed 
on the D.C«, 7,T,V»M„ Adjustment of fcOO cycle 
voltage was accomplished es described in 3,3,3,2, 
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3.5 PERFORMANCE 

The A.F.C.S. Coupler was designed to have a 
static accuracy of * 10$ with nominal inputs and sup- 
ply voltage. 

For use as a "go-no-go" checker, the Test Set 
had the central 50$ of the À.C», V.T.V.M. scale rep- 
resenting this + 10$ deviation from the nominal Coupler 
output, and hence the "go” sector» The errors which 
could accrue due to the Test Set were due to several 
different causes via: 

a) Line Voltage » Line voltage variations affect 
the coupler output and the bucking voltage 
equally» At null, therefore, line voltage 
would have no effect. At the outer limits of 
the "go" sector with 10$ high line voltage, 
the width of the "go" sector would be increased 
by 10$, or 1$ of the output voltage. Similarly 
with 10$ low line voltage the width of the "go" 
sector should be decreased by 10$ or 1$ of 
the output voltage » To reduce this "grey" 
region the Test Set permitted the line volt- 
age to be adjusted to within + 2$ of the 
nominal value. Hence, the uncertainty in 
reading a marginal output became ♦ 0.2$. 

o) Analogue Computing Networks. Each of the 
lead pursuit computing networks in the air- 
craft consisted of three potentiometers and 
two fixed resistors. If the network was 
simulated by four fixed + 1$ resistors the 
error could be 4- 2$. However, using potentio- 
meters in the Test Set, the voltage ratio of 
the network could be set to 0.4$. 

c) Voltage Outputs, The d.e. voltage outputs 
could be set to 0.4$, The 400 and 500 c.p.s. 
voltage outputs may be set to + 1$. Phase 
shift between the 500 c.p.s. signal, and de- 
modulator excitation is not considered. The 
400 c.p.s. reference voltage may be set to 
+ 1$ • 

d) V.T.Y.M. At null, the V.T.V.M. error should 
be negligible. The accuracy of the A.C., 
V.T.V.M. is '£ 3$ of full scale. Since the 
scale is zero centre the maximum error becomes 
•Ï- 6$ of the scale reading, The scale represents 
+ 20$ of the output voltage, therefore, the 
peak V.T.V.M, error is 1.2$. 

The maximum possible Test Set error in indication 
will occur when reading the Azimuth Axis Fire Control 
Output in the Lead Pursuit Mode, because in this case 
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UNCLASSIFIED 
the contributing factors are two d„c. voltages, two 
500 c.p.s, voltages, two computing networks, the line 
voltage, the bucking voltage, and the Ï.Ï.V.M. error. 

Maximum error is +(2 x 0.4 + 2 x 3..0 4> 2 x 0.4 
•f 0.2 + 1 + 1.2) = £ 6$„ 

The H .S .S is 

vj 2 x .42 + 2 x 12 -3= 2 x .42 + £2 + i'2 + lo2
2 = + 2.3$ 

HOTE : The aforementioned Maximum R.S.S. errors apply 
for indicated deviations around the limits of the "go” 
seetor . 

If it is desired to use the Test Set to calibrate 
the Coupler, then the line voltage and meter errors 
may be neglected as the Coupler would be adjusted to 
null out the bucking voltage. 

For the same case ®s considered 
maximum error is 

previously, the 

6.0 -Co.2 X 1.2) = + 4.6# 

The R.S.S. error is 

\| 2. x . 42 + 2 x l2 x 2 x , 42 4> l2 * 4_ 1.9$ 

In a more usual case e,g., Lead Collision'the 
maximum and R.S.S. error (near null) become 1.4$ and 
1.1$ respectively, the chief sources of error being 
limited principally by the accuracy of the a.c. meters 
used in calibration. 
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3.6 STATUS AT CANCELLATION 

At cut-offj, the test set was being assembled, 
and most bought-out components had been received» 
The front panel assembly was 90$ complete and mounted 
in a suitably modified carrying case, but components 
behind the panel were not mounted, and wiring was 
not started. 
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3,7 PROPOSED FUTURE PROGRAMME 

The Breadboard Test Set was to have been completely 
assembled, wired, tested, calibrated and shipped to 
AVRO by the 15 of November 1958, 

It was anticipated that delivery would be delayed 
approximately two weeks pending arrival of the V .T,V0M<. 's. 
During this period it would have been possible to use 
the Test Set with externally connected laboratory type 
V „ T „ V. M,,” s „ A modification of the Breadboard Test Set 
circuit was to have been incorporated in the "D" Model 
AFCS Test Set, 
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3,8 CONCLUSIONS 

a) The purpose of the Breadboard. Test Set to 
provide facilities to Flight Test Engineers 
to test and/or adjust the "D" Model AFCS 
Couplers, would have been fulfilled» 

b) A further aim of the Breadboard Test S@t 
was to provide simplicity of operation so 
that a low skill level technician would be 
able to perform "go-no-go" tests with a 
minimum of instruction or experience» It 
is considered that the small number of 
operating controls fulfill this objective» 

c) The Test Set was designed and built in the 
four months preceding cut-off, and, although 
full co-operation was received from Minneap- 
olis Aero, it is felt that the design of the 
Test Set and the test procedures could have 
been simplified considerably had the test 
equipment design started earlier in the 
programme. e .g., had it been possible to 
excite the Coupler F/C pots with D.C. rather 
than A.C«, a V.T.V.M. would not have been 
required for "go-no-go" tests, and the use of 
a d,c, microammeter as a null indicator would 
have permitted automatic range selection to 
be incorporated in the Test Set. 
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TERMINATION REPORT ON THE GROUND TEST EQUIPMENT 
FOR THE FLIGHT CONTROL SYSTEM OF THE CF-105 ARROW 

AIRCRAFT 

SECTION 4 

X-.IOO3 AIR DATA COMPUTER AND MACH INDICATOR, 
BREADBOARD TEST SET 

GENERAL 

The X-1003 Air Data Computer and Mach Indicator 
Breadboard Test Set was part of thé Arrow Electronics 
System Test Equipment and was designed to test the D~ 
6000A-1 Mach Indicator System and the D-HG32A-2 Air 
Data Computer. This breadboard model teat set was 
being designed coincidentally with the Air Data Com- 
puter development. 

Document CR-ED 1048 
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4.2 RELEVANT SPECIFICATIONS 

a) RSA statement of work dated 13 February 
1958J aa amended by Astra memo 63?' dated 
June 5, 1958. 

b) ASTRA I specification, Revision C. 

c) RCA Specifications 5838 and 5375 govern- 
ing finishes on front panel and external 
surfaces. 

d) MIL-T-945A amendment 2 dated l4th of May 

1953j "General Specifications for Test 
Equipment for use. with Electronic Equipment". 

e) RCA Specification 8958509 - Specification 
for the Ground Equipment for Flight Con- 
trol System of the ASTRA Ï Airborne Weapons 
Control System dated 19th. of February 1958. 

f) MIL-STD-108C Definitions of and basic re- 
quirements for enclosures for electric and 
electronic equipment. 

g} MIL-E-4970 ''General Specification for 
Environmental Testing Ground Support Equip- 
ment. " 

h) MIL-E-5400 "General Specifications for Air- 
craft Electronic Equipment." 

Because this test set was meant to be used only 
as an interim measure until the integrated test equip- 
ment could be designed and built, the specifications 
were used as guides only. ■ In all cases, however, good 
commercial and military design practices were followed 
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4.3 

4.3.1 

DESCRIPTION OF UNIT 

General 

,3.1.1 Physical 

The X-1003 Breadboard Air Data Computer and 
Mach Indicator Test Set and associated cables were 
to fit inside a 20” x 15" x 11" reinforced fibre- 
glass instrument case. With the case open, It is 
seen that the Test Set was mounted in the lower 
section and the upper section was used for the 
storage 
4.1). 

of cables and instruction manuals ,Figure 

4.3.1.2 

Because the Test Set was designed to perform 
both first and second line tests, test cables were 
provided for both functions. First line test 
cables -were .to be sixteen feet long to enable 
placing the Test Bet on the ground under the 
electronics bay of the aircraft, and connecting 
to the Air Data Computer above it. Second line 
test cables were six feet long for use on a work 
bench when the Air Data Computer had been re- 
moved from the aircraft. 

Electrical 

The Test Set was designed to obtain its power 
from the Air Data Computer via the test connector, 
J29; on the A.D.C, The power supply built into 
the Test Set required 113V + 11V, 400 cps at 100 ma 
and supplied 27.5V D.C. at about 300 ma., to oper- 
ate the test relay and the clutches for the Mach 
Hold and Altitude Hold functions in the Air Data 
Computer . 

The inputs which the Test Set could measure 
were of two types: 

1. Voltage outputs from the Altitude Rate, 
Mach Error, Altitude Error and Differential 
Pressure signal sources. 

2. Potentiometer ratios or resistances of 
all output potentiometers. 

The test set had output terminals to which 
a phase sensitive AC VTVM having a floating ground 
must be connected for use as a "go-no-go" indicator. 

4.3.2 Component Parts 

The X-1003 Breadboard Air Data Computer and 

4-3 
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Mach Indicator Test Set consisted of the foil-wing 
parts. 

a) Case 

b) Main chassis Assembly consisting of 

The Air Data Computer Test. Set was divided 
functionally into three sections: 

a) A.D.C. First Line tests 

b) A.D.C. Second Line Teste 

c) Mach Indicator tests 

In order to facilitate first line testing, the 
Air Data Computer had a built-in self-test feature.. 
The self-test feature was activated by supplying 
27.5V. D.C. to the self-test relay XI via the test 
connector J29. When K1 was powered it set up 
simulated air data conditions corresponding to values 
of speed (M) of X.55QM, altitude (h) of 50,000 feet, 
angle of attach (of) of 0 degrees and total temperature 
(TT) of 573.6°B. These values were sufficient to 
determine shaft positions, and hence output potentio- 
meter ratios, or synchro output voltages, of all 
output shafts in the A.D.C. 

Three of the output shafts had potentiometers 
brought out through the test connecter J29. These 
were R33 on the true air speed (V) shaft, R20 on 
air density {/>) shaft, and Rôl on the angle of attack 
(<Yi) shaft. In addition, the first line portion of 
the test set had facilities for applying 28V. D.C. 
to the Mach Hold and Altitude Hold solenoids. The 
A,D.C. had leads brought out to J29 to permit the 
measurement of Altitude Rate, Altitude Error and Mach 
Error voltages when there solenoids were powered. 
The differential pressure (<jc) synchro also had leads 
brought out to J29. 

l) Test Panel including switches, 

c) Cable compartment assembly 

d) Cables 'even) 

k.3.3 Theory of Operation 
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Beceuse he values of the voltage" " s and 
their tolerances for the various functions were 
known the Test Set was designed to connect each 
voltage into the simple bridge circuit shown in 
Figure 4.2. The bucking voltage was supplied by 
the Test Set and the Meter with the divider network 
to select the proper "go-no-go1’ range was connected 
between the output device and the voltage divider. 

In the cases where a potentiometer position 
(or ratio) was to be measured,, the bridge circuit 
was modified slightly so that the Test Set supplied 
both a fixed voltage across the whole potentiometer 
and the proper bucking voltage. This is shown in 
Figure 4.3. Included in the Test Set was a precision 
potentiometer, with a fixed voltage across it, which 
could be used as a calibration reference for the 
remainder of the test circuitry. 

In the second line portion of the Test Set, 
provision was made for checking the potentiometer 
ratios of all the output potentiometers on all the 
A.D.C. output shafts, with the exception of those 
checked on first line tests. In addition it was 
possible to check the voltage at every pin of 
connectors J3 and J4 (which connect the pressure 
data module to the other modules) by "teeing in" 
with the cables supplied. 

Mach Indicator tests were to be performed by 
switching the amplifiers in the Mach Indicator 
Amplifier Calibrator from one channel, to another by 
means of the switch ir. the Test Set. Thus, for 
example, if a fault appeared, in the Command Mach 
channel, it would be possible to switch the amplifier 
from the Mach Limit servo or the Actual Mach servo 
into the circuit and so isolate the fault to the 
amplifier or the external circuitry. 

4-5 
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4.4 DESCRIPTION OP FARTS 

4.4.1 Case 

In order to meet the requirements of MIL-T-945A, 
as far as ruggedness watt concerned, a fibreglass 
reinforced epoxy case was chosen. This case is com- 
paratively light in weight for its strength and 
is rainproof. The case size was dictated by the 
panel size as described in a further paragraph. 
A cable compartment with a hinged cover was riveted 
to the lid portion of the case. The seven cable 
assemblies were stowed in this compartment. 

4.4.2 Main Chassis Assembly 

One of the design objectives for the A.D.C. 
Teat Set was that the method of construction be 
such that the unit could be mounted in a portable 
carrying case for first line tests, and, also be 
capable of being installed permanently in a standard 
type of mounting rack for second line use. The 
two requirements were not entirely compatible because 
the carrying case mounting required connectors on 
the side of the chassis (the bottom being inacces- 
sible) whereas the rack mounting required no obstruct 
ions on the sides to permit passing the assembly 
through an opening the size of the panel. The 
objective was met, however, by designing for a rack 
type mounting with the connector mounting easily 
changed to permit carrying case mounting. 

The main chassis assembly consisted of the front 
panel of. 3/32" steel with the chassis side and end 
panels of l/l6" aluminum. The chassis sides are 
formed to shallow channel or Z sections for stiffness 
A recessed side panel is provided for eight adjust- 
ment potentiometers. Miscellaneous circuit resistors 
are collected together on terminal boards which are 
mounted at convenient places on the chassis. 

The front panel was a standard rack size of 
8 3/4" by 19'' notched for rack mounting. Rather than 
engraving the panel itself, the panel markings were 
reproduced on .010" thick sensitized aluminum sheet 
which was exposed and developed by a photographic 
process. The aluminum sheet was then glued to the 
steel, panel with a contact adhesive. A sprayed coat 
of lacquer protects the markings from abrasion. This 
method resulted in a professional appearance and was 
considerably leoa expensive than engraving. Panel 
markings are easily changed by making a new sheet. 

A sub-assembly holds twenty-nine miniature 
trimmer potentiometers which were used in the bucking 
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voltage circuit. These trimpots were accessible 
through slots in the panel. Rubber gaskets are provided 
to make the slots rainproof. 
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PERFORMANCE 

It was anticipated that the 
would he capable of testing the various Air Data Com- 
puter outputs (voltage outputs- and potentiometer 
ratios) within fourteen per cent of the tolerance 
on each individual output. Since there are separate 
tolerance figures on each output, the test set”accur- 
acy is different for each measurement. Thus, a 1$ 
output may be tested with an accuracy of Q.l4$„ 

Because the construction of the Test Set had not 
been completed, there was no opportunity to prove its 
performance and accuracy in practice. 
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STATUS AT CANCELLATION 4.6 

At the time of cancellation of the Astra System 
the design of the A.D.C. Test Set was within a few 
days of completion. All that remained was the cal- 
culation of some of the resistance values in the 
.■ridge circuits. We were waiting to receive a document 
from Minneapolis^ which would have given the tolerances 
on soma of the A.D.C, output potentiometers. This 
information was necessary to complete the calculations. 

The construction of the Test Set had reached the 
stage where all mechanical assemblies had been made 
and mounted. The chassis wiring was approximately half 
completed. Six of the seven cable assemblies were 
completed. The remaining cable lacked two connectors, 
which had not been received from the vendor. The 
purhease order for the connectors was subsequently 
cancelled. 
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PROPOSED FUTURE PROGRAM k.7 

It had been proposed, of course, that the design 
and construction of the X-I003 Test Set be carried 
to completion under the original contract arrangements 
for A.E.S. Test Equipment, The cancellation of the 
program ended all work on the project. 
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b.B CONCLUSIONS 

The program for the development of this Test Set 
has demonstrated that it Is possible to design and 
produce test equipment simultaneously with the devel- 
opment Ox" equipment to be tested. Furthermore, 
efficient liaison has mc.de it possible to carry out 
the two programmes in companies separated by an 
international boundary and distant geographical 
.'Locations « 

The one difficulty encountered in this programme 
was extreme time lag in the transfer of classified 
information. This lag was caused by the complex channel 
of flow required for all engineering documents and 
drawings. 
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TERMINATION REPORT ON THE GROUND TEST EQUIPMENT 
FOR THE FLIGHT CONTROL SYSTEM OF THE CF-105 ARROW 
AIRCRAFT. 

SECTION 5 

X-1004 VERTICAL AND HEADING REFERENCE SYSTEM AND 
PLIGHT DIRECTOR/ATTITUDE INDICATOR, BREADBOARD 
TEST SET. 

5.1 GENERAL 

, The X-1004 Vertical and Heading Reference System 
CVHRS) and Flight Director Attitude Indicator (FD/AI) 
Breadboard Test Set was part of the Arrow Electronic 
System (AES) Test Equipment. It was designed to per- 
form 'go-no~go'' and fault isolation teats on the 
cG227B~l FD/AI, the BG114A-1 Amplifier Calibrator 
and the Interim VHRS part of the Arrow Electronic System 
(AES), and wae to be used only with Aircraft 4, 5, and 
spare for Plight Test purposes. 

The Interim VHRS did not use the GG63 Stable 
Platform, but comprised instead a GG48B-3 Vertical 
C-yro (and its Amplifier Calibrator, the BG12IA--X) 
a J-4 Compass and the BG6000A-1 Three Axis Repeater. 
The J-4 Compass was to have been supplied by RCA.to 
provide the heading reference for the Interim system. 
Proper operation of both the Vertical and Directional 
C-yro systems was to have been confirmed by direct ob- 
servation of their outputs on the Test Set angle moni- 
tor. Be cause the test procedure was well developed for 
testing the J—4 Compass, no special provision was made 
in the Test Set for it. Any trouble detected by ob- - 
eervatiea of faulty attitude information from the 
Vertical gyro was to be remedied by changing first the 
BG121A-1 .Amplifier Calibrator (Amp Cal) and, if this 
did not remedy the situation, by changing the Vertical 
gyro assembly itself. The GG48 is hermetically sealed. 

The Three-Axis Repeater comprised a rack and -junc- 
tion box on which were mounted the Heading, Roll, and 
Elevation Repeater Servo Modules. Each cf the Repeater 
Servos contained tea output devices, which provided 
angle information, or functions thereof, to other sub- 
systems within the Arrow Electronic System (AES.) The 
output devices were a combination of synchros, charact- 
erised potentiometers and sector switches. The Three- 
A :1s Repeater was located in the Electronics Bay, and 
the Vertical and Directional Gyro systems in the Aircraft 
Duct Bay. Individual Repeater-Servo modules could only 
be removed if the rack was removed from the aircraft. 
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The JC227A-1 PD/AI provided a “moving horizon! 

type of attitude presentation and lateral and vertical 
steering information. Associated with the JG227A-1 was 
the BGll^A-i Amplifier Calibrator, which contained the 
associated electronics. In addition to providing a 
continuous display of aircraft attitude, the indicator 
provided lateral and vertical rate-correeted error 
|deviation), and lateral and vertical displacement 
{directions)» 

Testing of the two sub-system» was broken down 
into First and Second Line Maintenance. Both were to 
have been performed by the Breadboard Test Set, the 
selector switches for each being clearly marked. 

First line testing was to have involved a simple 
"go-no-go" test of both units, with an additional 
fault isolation feature available for the FD/AI to 
provide isolation of a fault to either the Indicator 
or the Amplifier Calibrator (Amp Cal). 

"Go-no-go" performance tests on the FD/AI involved 
simply slewing of each of the three axes to a predeter- 
mined angle and observing the Indicator for the proper 
values. Fault isolation to either the Indicator or 
:,ts Amp Cal was to have been accomplished by driving 
the indicator motors directly from a source in the 
Tent Set with the Amp-Cal disconnected, and measuring 
the corresponding tachometer voltage. 

Details of the theory behind the tents are out- 
lined in a later section. 

It must be emphasized that the Breadboard Test 
Set described herein was a "one of a kind" item. It 
was designed only for use with the Interim VHRS. 
Described in Section 6 is the complete Flight Control 
System Test Set which Included many of the tests per- 
formed by this Breadboard, and which was to have been 
used with the whole Flight Control System 
the Stable Platform) 

i including 
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5 «2 RELEVANï SPECIFICATIOKS 

a) RCA statement of work dated 13 February 1958 
as amended by Astra memo 637 dated 5 June 
1958. 

b) ASTRA 1 specification, Revision C„ 

c) RCA Specification 5838 and 5375 ~ Governing 
finishes on front panels and external sur- 
f aces 

d) MIL-T-9Jt5A amendment 2 dated Ik of May 1953. 
"Générai. Specification for Test Equipment for 
use With Electronic Equipment." 

e) RCA Specification 8958509 - Specification for 
the Ground Equipment for Flight Control System 
of the Astra 3. Airborne Weapons Control 
System dated 3.9 of February 1958. 

f) MIL-STD-108C. Definitions of and basic re- 
quirements for enclosures for e3.ectric and 
electronic equipment. 

g) MIL-E-1*970 - "General Specification for 
Environmental Testing Ground Support Equipment" 

h) MIÏ.-E-5400 "General Specification for Aircraft 
Electronic Equipment." 
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5 • 3 DESCRIPTION 01? UNIS 

5 «3 •! General 

5.3.1»! Physical 

Reference is made to Figure 5„1 where the 
general configuration of the overall Test Set is 
illustrated. The carrying case was to he of 
fibreglass, grey in colour and about 20" x 15" 
x 13" deep when closed. Two handles were to be 
provided for carrying purposes. The top, which 
contained all cabling coiled about a framework, 
was to be removable for the sake of convenience 
in use. Two suitcase type fasteners were to provide 
the means for securely fastening the lid to the 
bottom. The whole unit would have weighed between 
50 and 60 pounds. The general layout of the panel 
can be seen in Figure 5 • < - » 

5» 3» 1.2 Electrical. 

It will be noted from Figures 5.1, 5.2 and 
5.3, that all connections to and from the Test 
Set were to be made through a set of nine con- 
nectors arranged in a line along the top of the 
panel. Power and output signals from the Interim 
VERS were to have been brought in on one of the 
connectors. Two others were to have been connected 
to test connections located on the Three-Axis Re- 
-peater and the FD/AI Amp Cal. Another was to go 
in series with the FD/AI. The remaining five were 
to have been connected to the output connections 
of the Repeater, thus giving access to all output 
devices « 

Such a situation in a production test set, 
where existing connectors had to be removed in 
order to allow connection of the Test Set Con- 
nectors, would be intolerable from the reliability 
standpoint. However, because this Breadboard was 
to be used for flight tests only and it would be 
ridiculous to demand parallel connections to all 
signals desired on a "one-off" basis, the situation 
was considered acceptable. The cabling necessary 
for connection to the components under test was 
to have been permanently connected to the Test 
Set, and stored in the lid, as indicated previously. 

For First Line "go-no-go" tests, three of the 
nine cables were connected. For Fault Isolation 
an additional^connection was required. Second 
Line testing required that all cables be connected. 
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exception of the angles, whicVJ 
to have been read directly on an output single 
monitor in the Test Set, all readings were to have 
been taken on a null-reading A „ C „, V.T.V.M. 

5.3=2 Component Parte 

The Breadboard Test Set consisted of the 
following: 

a} Panel, mounting all switches and meters„ 

b} Carrying case containing the panel and 
interconnecting cables» 

c) Interconnecting cables for joining the 
Test Set to the VHRS and PD/AI. 

5=3.3 Theory of Operation 

This section will be broken down into two 
parts, Section 5.3.3.1 and Section 5.3.3.2» Section 
5»3.3.1 will describe the basic theory involved 
behind the slewing of the Three-Axis Repeater by a 
perfect input angle simulator, testing of output 
devices an the Repeaters and tests involving the 
PD/AX. Section 5.3«3.2 will describe the test 
procedure with reference to Figures 5„2 and 5.3» 

5.3.3»! Basic Theory 

5.3.3.1.1 Perfect Angle Simulation 

As was mentioned previously, the Repeater 
Servo Control Transformers (CT'a) were to serve 
as the command points for all angle inputs. 
Perfect input angles can be simulated very easily, 
as can be seen from Figure 5 A . 

ID Figure 5.4a the typical repeater servo 
connection is shown, where CX is the control 
transmitter, and CT the control transformer. 
Figure 5.4b shows the CX replaced by a single 
voltage source E and a network which is usually 
a low impedance voltage divider. 

Figure 5.4c indicates that the maximum 
induced voltage E across any two of the stator 
windings occurs at maximum coupling. The source 
S in Figure 5.^b will then have the value E= E 
max Cos 30°. For example, 3 = 11.3 Cos 30° = 
10.2V for a 11.8V CT. Figure 5,4d defines the 
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conventional direction of the rotor angle fmj/ 
positive rotation for the indicated lead desig- 
nations „ 

The general relationship between the volt- 
ages produced by three independent sources and 
a required angle 6 is given in Figure 5 .he . By 
grounding the appropriate terminal, the required 
network for a desired angle command will reduce 
to the forms shown in Figure 5.4f. For negative 
angles between 0° and -180% leads 1 and 3 need 
only be interchanged. Trim-pots usually suffice 
for the voltage dividers. Synchro tuning capac- 
itors are usually required. If extreme accuracy 
is re quired pot-loading corrections may be nec- 
essary . 

By means of the above method of angle sim- 
ulation it is possible to use switching to com- 
mand various desired angles from the repeater for 
test purposes. If, for example, a test is to be 
made on à certain output device at a specific 
angle, both the command and test functions can 
be combined on a single rotary switch. This is 
essentially what was to be done in the Bread- 
board Test Set for most of the tests„ 

It will be readily seen that the method 
described above also lends itself to testing 
of any CX8 s and CT’3 on the output shaf ts of 
the Three-Axis Repeater. 

5.3 °3 «1.2 Repeater Servo Performance Tests 

The simple "go-no-go*'’ check of each of the 
Repeater Servos was to have been achieved by 
introducing perfect angle inputs of 0°, 120°' and 
2k0°. These were to be observed on the Output 
Angle Monitor, which was a pointer on a Torque 
Receiver (TR) shaft mounted on the Test Set 
front panel. The TR's were connected to corres- 
ponding Torque Transmitters {TX's) on the Repeater 
Servos. These TX"s, which ordinarily went to 
the Flight Director .Attitude Indicator (FD/AI 
CT's) were disconnected from the FD/AI for the 
repeater tests. 

In addition to the visual check (which gave 
no indication of accuracy), a null reading was 
to be made using the Instrumentation CT8s pro- 
vided as one of the Repeater outputs for Flight 
Test Purposes. By connecting them in Perfect 
Angle configurations corresponding to 0°, 120° 
and 2k00 a null reading on the VTVM would be 
obtained which would be a measure of the Repeater 
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Servo accuracy. This is illustrated in Figure 5.5a 
for the Zero degree case. Any deviation in the 
null reading obtained for the three teat angles 
indicates excessive gear train wear, or synchro 
misalignment. 

Indication of the dynamic performance of 
the Repeater Servos was to have been accomplished 
on a Second Line Maintenance basis by the trans- 
ient response test illustrated in Figure 5.5b. 
With the switch in the 0° position, the CT is 
connected in a 0° configuration. Thus, the 
shaft output position corresponds to 0°. Instrument- 
ation C1'2 is connected in a 15° configuration and 
hence gives an output corresponding to a 15® 
error, (about 5 volts). 

When the switch is turned to the 15° 
position, CTi is connected in a i>“ configuration, 
and slews the servo through an angle of 15® This 
corresponds to a 15° step input. During the trans- 
ient period the output of CT2 decreases from the 
5 volts to zero. When displayed on a recorder 
the response should indicate about .6 damping 
ratio. 

5»3°3>1.3 Three Axis Repeater Output Devices Tests 

Pour basic steps were to be involved in the 
testing of each of the output devices on the 
Three-Axis Repeater, namely: 

a) Connecting and exciting the output 
device under test in an active, working 
configuration. 

b) Commanding a specific angle into the 
appropriate Repeater servo which will 
give a known output from the device 
under test in accordance with step a. 

c) Supplying a bucking voltage equal to the 
known output obtained in step b. 

d) Comparing the voltage obtained from 
steps b and c by means of a V.T.V.M. 

All of the'e steps would be taken simult- 
aneously by turning the selector switch to the 
position corresponding to the output to be tested, 
Repeater output devices were to be checked on 
a Second Line Maintenance basis. Figure 5«6a 
illustrates the procedure. 
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0 
'The following five different types of out- 

put devices required testing: 

1. Sector Switches 

2* Control or Torque Transmitters (CX and TX) 

3 « Control Transformers (CT) 

4. Co-ordinate Resolvers (B) 

5» Characterised potentiometers. 

^Sector switches were to be checked at angles 
of 0 and l80° because they were all symmetrical 
about the axle so defined. They were to be tested 
by a simple lamp circuit energized by the 28 volt 
line. Changes in the sector angles due to dirt, 
arcing over at high altitudes, etc., were not 
checked because the tolerances were quite loose, 
and the switch reliability was found to be quite 
high. See Figure 5.6b. 

Control and Torque Transmitters were to 
have been checked at a command angle Sc = 0®, 
and with the synchro connected in a 0° config- 
uration. See Figure 5.6c, It should be noted 
that all devices were checked in such a way that 
a definite value of bucking voltage was required 
to produce a null. Thus, there was little danger 
that a null reading could occur on the test of 
one of the devices unless its performance was 
acceptable . 

Control Transformers required 9c = 60% and 
were connected in a 05 configuration. See 
Figure 5.6d„ 

the command angle for Resolvers was 30°. 
ihe connections of the terminals depended on 
the terminals which were made available at the 
connectors. See Figure 5„6e for typical con- 
nection . 

5.3<.3-lo^ FD/AÏ Performance Checks 

The "gc-no-go” check planned for the Indi- 
cator portion of the Flight Director Attitude 
Indicator f-FD/AX) involved visual inspection 
ox (.he Three—Axis Ball Indicator by an observer 
in the cockpit. By means of the Three-Axis 
Repeater, all axes were first to be slewed to 
zero. Each axis in succession was then to be 
slewed to an angle of 60°. If the ball indicated 
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the above readings, it was assumed to be oper- 
ational, provided, of course, that there was not 
evidence of sluggishness or oscillation about 
the equilibrium position « 

Testing of the Director portion vas to have 
been achieved by inserting a D.C, test signal 
and noting a deflection on both the Deviation 
and Director Needles, Even though there was no 
provision for AGCA on ILS on the Arrow at the 
time, the shove simple test of the needles.was 
incorporated in the Test Set„ 

5.3«3-2 Test Procedure 

In giving the following brief description 
of the procedure in using the Breadboard Test Set, 
reference is made to Figures 5,2 and 5.3, 

5*3*3.2.1 First line maintenance testing 

''Go-no-go" tests, and any required fault 
isolation was to he performed in First Line 
Maintenance Testing. Cables from Jl, J7 and 
J8 of the Test Set were connected as indicated 
in Figure 5.3 for the "go-no-go" tests. The 
cable from J9 was connected in place of Jl on 
the FD/àI only for fault isolation purposes. 

The Main Selector Switch is shown with its 
five positions in the middle of the panel (Fig- 
ure 5,2}. This switch controls the whole oper- 
ation of the Test Set, The first three active 
portions of this switch were to be used in First 
Line, A pilot light arrangement provided visual 
indication of the test being performed. For example, 
on the position shown as "Repeater Performance" 
the pilot light in the column under the heading 
"Repeater Performance" would light up. Similarly, 
the light in the column under the heading "FD/AÏ 
Performance" would light up indicating that the 
Test Set was ready to check the performance of 
the FD/AI when the Main Selector Switch was in 
the FD/AI Performance position. 

The Output Angle Monitor and VTVM were 
automatically connected so that angle and null 
voltages for a given test in progress were 
available„ 

5.3.3-2.2 Second line maintenance testing 

The last position of the Main Selector 
represented Second Line Maintenance Tests. This 
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amounted to checking all the output devices on 
the Three Axis Repeater. For these tests, all 
the connections indicated in Figure 5.3 were 
required. 

Pilot lights were arranged so that the 
Heading, Roll and Elevation Axes were checked 
.i.r< succession, the pilot lights shown in Figure 
'),2 opposite the S" numbers on the switch 
(indicating sector switches) provided indication 
OJ. switch continuity as indicated in a previous 
section. 

The two switch positions shown as "Transient 
Response' in the "Repeater Performance" Column 
provided the means of introducing a 15° step 
into each axis, as explained in Section 5.3,3.1.2. 
This is really a Second Line Test, since a 
recorder would be required for reading. It is 
an omission that it was not so indicated. 

Pour pin jacks were to be provided for ob- 
servation of the Repeater Servo error signala 
and Instrumentation CT’s. These would have ap- 
plication in the "Transient Response" test for 
recorder readout and for general troubleshooting. 

If the existence of a fault was discovered 
in the go-no-go1 tests on the FD/AI as indicated 
in Section 5.3°3olJ+ above, the problem of isol- 
ation to either the FD/AI or its Amplifier Cali- 
brator (Amp Cal) remained. The Amp Cal, which 
was located in the Electronics Bay, was relatively 
accessible; the FD/AI located in the cockpit, was 
not. It was, therefore, important to provide 
fault isolation in order to allow removal of the 
defective component. 

The procedure used was to be that of simu- 
lation. The Amp Cal was to be disconnected from 
the FD/AI and simulated by three voltage sources 
in the Test Set. These sources provided the 
proper voltage to drive the motors in the FD/AI 
at a known speed. 

The corresponding tachometer voltage outputs 
were to be compared with a bucking voltage in the 
Test Set producing a null if the motors and the 
tachometers were operating properly. If so, the 
Amp Cal was concluded to be at fault, and replaced. 
If not, then the FD/AI was to be replaced. 
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5 .4 

5.4.1 

DESCRIPTION OP PARTS 

UNCLASSIFIED 
Panel 

The panel was to be mounted, on the lower case 
and support the VTVM, controls, angle monitor and 
all the components necessary to generate signals 
and monitor outputs. 

5.4.2 Carrying Case 

The carrying case was to be made of fibreglass 
and was of weatherproof construction. It was to 
provide accommodation for the panel assembly, and 
the interconnecting cables. 

5.4.3 Interconnecting Cables 

The interconnecting cables were to be of suf- 
ficient length to permit the test set to be placed 
on the ground while performing tests. They were to 
be a collection of ^'20 teflon covered wire sheathed 
in a close-fitting vinyl sleeve. 
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5.5 PERFORMANCE 

Since the Breadboard Test Set described herein 
was not constructed there is no performance data 
available. 
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5.6 STATUS AT CANCELLATION 

CONFIDENTIAL 

UNCLASSIFIED 
A. ij cut—off; all components were on order, and 

most had arrived. Construction had just begun. The 
pane], master, from which the panel was to have been 
made.by a photographic process, was completed {p 
5«2 is a reduced drawing thereof 
Indicator and VTVM drawn in). 

with knobs, 
igure 

Dial 
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5.7 PROPOSED FUTURE PROGRAMME 

Ko future programme was envisioned for this 
Breadboard since it was one-of-a-kind item, and was 
built for testing of interim equipment. 

5-.U 
CONFIDENTIAL 
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5.8 CONCLUSIONS 

The concepts used, in the design of the Breadboard 
lest Set are simple and straightforward and are common 
knowledge to all those skilled in tîfe art. 

There is one idea which came up during the design 
c . «üe Breadboard Test Set which is of some interest. 
It was not incorporated because it was untried and it 
was felt that further development time was not possible 
because of the tight schedule; and because the Bread- 
board was only required to fill an interim need. The 
idea involved the "Transient Response" test referred 
to earlier „ It was proposed that the test be made 
go-no-go'1 by replacing the recorder by the simple 
circuitry shown in Figure 5.7. 

The upper part of Figure 5.7a is identical to 
Figure 5.5b. Instead of the recorder a simple phase- 
sensitive demodulator, rectifier and RC filter is used 
with a DC. V.T.V.M. 

Iz. ligure 5 «7b the envelope of the voltage output 
from CT2 is shown during the transient due to the 15° 

. (this could just as well be the servo error signal). 
This wave is essentially what comes out of the demodu- 
lator. The diode D can be arranged to have polarity 
siich that only the shaded portions are fed into the* 
Rt filter „ The iliter time constant can he adjusted 
so that the reading on the DC VTVM is a measure of the 
number of overshoots. If the reading persists, the 
servo AS oscillating. If the reading is below a pre- 
determined reference value the servo is too sluggish, 
and if the reading is higher than the reference, the 
servo is underdaraped. 
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FD/M FAULT ISOLATION 

FIG 5-3 

INTERCONNECTION DIAGRAM 
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TERMINATION REPORT ON THE GROUND TEST EQUIPMENT 
FOR THE FLIGHT CONTROL SYSTEM OF THE CF-'iOS ARROW 
AIRCRAFT. 

The UG-6010 U3ed alone performed first line 
maintenance functions on the Flight Control Svst.™ 

go-no-go tests to determine the serviceability of 
the Flight Control System. 

In the normal modes of operation of the Flight 
Control System, some of the inputs to the AFCS 
/.apli 1.1er-Calibrator and/or Coupler were outputs 
from the other components of the Flight Control System 
Ey a judicious selection of tests, not only could 
go-no-go" tests be performed, but a substantial degre- 

of fault isolation .as possible merely by interpreting 
tue results oi the 'go-no-go" teats. Further fault 
isolating facilities where required were provided by 
the UG-6OII Flight Control System Auxiliary Test Set 
(escribed in Section 7 of this document. 

In the earlier stages of development, it was 
anticipated that all the functions of both the 
L0-603.0 and UG-oOll Test Sets might be incorporated 
into one 15 x 20‘ x 13" equipment case. The test 
harnesses and instruction manual were to be stowed 
in the lid of the equipment case. Figure 6.1 shows 
t nt ( light ..ontrol System Test Set as visualized at 
this early stage, of. development. 

SECTION 6 

UG-6010 FLIGHT CONTROL TEST SET 

6.1 GENERAL 

The UG-6010 Flight Control 
part of the test equipment provided in 
vith the R.C.A. Statement of Work A «-he, 

-ovided in accordance 

— '-<»   ■-'= üOCU. s.u caecs me opera 
of the MH65 Automatic Flight Control Subsystem of 

•. 0 A Q 'HD A T O.. . 

.A. Statement of Work dated 13 February 
nded bv Astra it--/ J-JU-J r'~ 

..... ^ ./.= uocu s.u caeca me operation 

the ASTRA I System. 

f ngût Control System components on the bench. 

J-be UG-6010 Flight Control System Test Set 
integrated the various Breadboard Test Sets for the 
flight Control System. Primarily it was designed 
t o peritni t the üerf ornisnr>-P «  n _ 

. , . ^ /-.« .w* wjoocui J. c: fc» O O 

integrated the various Breadboard Test Sets for the 
flight Control System. Primarily it was designed 

permit^the performance of a series of simple 

ntrol System Test Set 
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The disadvantage a of t :is configuration which 

3ed to its ultimate abandonment were: 

a} The overall weight of the Test Set including 
cable harness would have been approximately 
60 to 70 pounds. 

b, Thu capacity for cable stowage in the lid 
was somewhat marginal. 

c) The platform simulator would have been some- 
what larger than originally envisaged. 

d) A D.C> Vacuum Tube Voltmeter was required 
for use in some of the VHRS fault isolation 
tests rather than the D.C, Voltmeter function 
provided by the one V.T.V.M. 

e) Two Teat Sets were considered more adaptable 
for use with the AFCS & VEBS Test Stands 
UG-6012 and UG-6013, than a single Test Set. 

in view of the aforementioned reasons it was 
intended that two separate Test Sets with an inter- 
connecting cable be constructed. 
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6.2 RELEVANT SPECIFICATE IS 

a) MIL-T-9^5A Amendment 2, lb May 1953, 
"General Specification for Test Equipment 
for Use with Electronic Equipment" 

b) R.C.A, Specifications 5638 and 5375-1 
governing finishes required for the external 
surfaces of the carrying case and front 
panel respectively. 

c) R.C.A, Specification 8958509, 19 February 
1958> "Specification for the Ground Equip- 
ment for the Flight Control System of the 
Astra I Airborne Weapons Control System” 

d) Astra I Standards -- Relating to selection 
of parts, materials and processes. 

e) MIL-STD-103C "Definitions of and Basic Re- 
quirements for Enclosures for Electric and 
Electronic Equipment," 

f) MIL-E-1-970 - "General Specification for 
Environmental Testing Ground Support Equip- 
ment" . 

g) MIL-E-5^00 "General Specification for Air- 
craft Electronic Equipment", 
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ator Amplifier Calibrator {h220) 

g) BG93 Automatic Flight Control System 
Amplifier Calibrator {4110) 

h) DG63 Automatic Flight Control System 
Integrated Coupler (4120) 

- he f o :■ t. owing comprise the intended "go — no-go 
«ests- for the Vertical and Heading Reference 
System: 

Connect the Heading Alignment 
unit to the connector provided. Align 
the Heading Alignment servo in the Plat- 
form Amplifier to the Heading Alignment 
Unit. Simultaneously apply a signal from 
me tAT-6010 Flight Control System Test 
Set to the EG151 Amplifier Assembly Test 
con ïctor 4420J6 to introduce a 4-55 

Heading error. Hote that the only test 
connectors which need be connected in ore 
to perform the Vertical Heading and 
Reference System "go-no-go" tests arc 
the test connectors to the Amplifier 
A u sc:.uu.{ v 20 J 6 and the test connector 
to the Three-Axis Repeater 444-QJ7 - 

b, '.urn on the Automatic Flight Co trcl 
System (AFCS) power from the cockpit and 
monitor the erection sequence. This 
will be indicated by six indice-, r lamps 
on the Test Set. As each lamp e x tin girls he 
it will indicate that the respective 
circuitry is operating satisfactorily. 
The modes indicated are as follows : 

Mode 1: Warm-up 

aj VHRS "OK" Lamp. This serves to in- 
dicate the over-temperature condition 
as .a ll as the "off-on" condition. 

b) Platform Heater Lamp. This will ex- 

i) CO78 AFCS Function Selector 

a) Cage 
refe 

the Heading Alignment Unit . .. the 
rence pylon and wheel out to the 

aircraft. Re 
Unit from its 
aircraft refe 

r-ott. Remove the Heading Alignment 
from its cart and place it on the 
aft reference plate in the nosewheel 
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tinguish when the Platform tkeimostat 
opens at 3.60°F, 

c) Temperature Control Circuitry lassp. 
Tills lamp will cycle two or three 
times per minute. 

Mode 2: Past Erection Lamp 

Mode 3: Drift Trim Lamp 

Modo 4: Normal Lamp 

HOTE : A timer in the Test Set will 
automatically force the system to the 
normal mode after five minute period in 
the Drift Trim Mode has elapsed. 

c) Monitor the aircraft attitude and modi- 
fied heading on the Angle Indicator 
located on the Test Set panel. The 
Three-Axis Repeater may now he discon- 
nected from the Amplifier Assembly by 
means of its test relay 444OKI a: the 
other 5 light Control System tests com- 
menced . 

dj When the VHRS is switched to the normal 
mode . e 15 minute timer is started. 
At the completion of this timer cycle an 
indicator lamp on the VHBS sub-panel will 
ixgh » '■ inr.err:'. .y that a. reading of the 
Platform Drift Rate should be taken. A 
reading cc aye u .ng to a Drift Rate o:; 
less than 0.8° per hour will indicate 
that .■ G vertical and Heading Reference 
System is operating satisfactorily. 

The remainder of the system is checked 
in the following manner (Sec Figure 6.5} 

6.3.3*2 Three Axis Repeater (4440) 

The Throe—Axis Repeauer is checked by apply— 
ing electrical signals simulating the outputs of 
the Platform Transmitters to the Three-Axis Re- 
peater Control Transformers. Outputs from the 
Three-Axis Repeater are supplied to the following 
units: 

a) The Plight Director and Attitude Indicator 
(4210). The three outputs are displayed 
on 'cne pitch, roll and heading indicators 
in the cockpit. 

6-6 
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b) AFCS Amplifier Calibrator (4110). Mal- 
functions of the Three-Axis Repeater will 
be indicated as a "no-go" reading at the 
output of the AFCS Amplifier Calibrator. 

c) AFCS Coupler (4.120). A malfunction of 
the Three-Axis Repeater will be indicat- 
ed as a "no-go" reading at the output 
of the AFCS Amplifier Calibrator. 

6.3.3.3 Air Data Computer (4310) 

Energising the Air Data Computer test relay 
4310K1 causes the Air Data Computer to run to 
the following fixed test conditions. 

a) Mach (M) = I.55M 

b) Temperature (Typ) = 573.5 °R 

c) True Air Speed (Va) = 500 yds. per sec. 

d) Altitude (h) = 50,000 ft. 

e) Indicated Angle of Attack tf±) ~ 0 degrees 

f) Differential Pressure (o.c) = 631.1 lbs. 
per square foot. 

g) Lo ; toe,tic Pressure (log Ps) = 2.384 

Of the outputs listed above, a, b, e, d, 
are checked by visual in \catl. .1 on the cockpit 
instruments. 

The remainder of the- Air Data Computer out- 
puts, that is o, f, g, arc supplied as inputs 
to the AFCS Amplifier Calibrator (4110) and the 
A PCS Coupler (4-120), A malfunction of the Air 
Data Computer will be indicated as a "no-go" 
reading at one or more of the outputs of the 
AFCS Amplifier Calibrator end/or the AFCS Coupler. 

6.3.3.4 Flight Director/Attitude Indicator and its Amp- 
lifier Calibrator 

The Flight Director/Attitude Indicator is 
checked by applying three known inputs from the 
Three-Axis Repeater to the Flight Director/ 
Attitude Indicator Amplifier Calibrator t.:„d obs- 
erving the orientation of tine indicators in the 
cockpit. 

HC Aero Document CR-ED 1048 6-7 
CONFIDENTIAL 



6.3.3,5 Mach Indicator and its Amplifier Calibrator 

Actual Mach and Mach Limit signals are 
supplied to the Mach Indicator Amplifier Cali- 
brator from the ADC when the test relay in the 
latter is energized and the readouts are observed 
in the cockpit, 

6,3,3,6 Automatic Flight Control System Amplifier Cali- 
brator, 

Tests on the AFC3 Amplifier Calibrator are 
divided into: 

a) Pitch axis tests 

b) Roll axis tests. 

6,3„3,6,1 Pitch Axis Tests 

The following modes are checked on the 
pitch axis: 

a) Pre-engage 

b) Mach hold 

c) Altitude hold 

d) Normal flight 

e} Control stick steering 

f) Fire control 

g) Fader circuitry 

NOTE: The Command Signal Limiter is not- 
checked in the gear down mode, 

6.3.3«6.2 Roll Axis Tests 

The following modes are checked on the 
Roll Axis: 

a) Pre-engage 

b) Navigation-automatic ground control 
interception. 

c) Normal flight 

d) Control stick steering 

e) Fire Control 
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6,3.3.? 

fiÇÇIFIFF) ÜLk# 
Signal inputs to the Automatic Flight 

Control System Amplifier Calibrator are from the 
UG-6010 Automatic Flight Control System Test 
Set directly or from the following parts of 
the sub-system under test. 

a) Air Data Computer 

b) Three-Axis Repeater 

c) Automatic Flight Control System Coupler, 

Relay operation in the AFCS Amplifier 
Calibrator is accomplished directly'from the 
test set or indirectly via the AFC'S Coupler. 

Outputs from the AFCS Amplifier-Calibrator 
are applied to the "go-no-go” meter of the UG- 
6010 Automatic Flight Control System Test Set, 

interpretation of one or more "no-go" readings 
will be covered later under "Fault Isolation", 

Automatic Flight Control System Integral .:. Coupler 

The following Coupler modes will bo checked: 

a) Synchronization circuit 

b ; Lead—eollision circuit 

c) 3db gain 

d) Lead pursuit 

s ) Snap up 

P) Collision 

:;) Breakaway 

v. ar :a :! n ■; 

Te s t ?r o c a dur e 

General 

Turn the ROLL AXIS TEST SELECTOR switch to 

di’rCa AXAS" ;;t.. The switch remains i: t: ia 
position for all the pitch axis tests (6,3,k„l to 
6,3,k,8 inclusive). Turn the PITCH AXIS TEST 
SELECTOR t! to position ”a" "PITCH 3YECER0E- 
ÏZES1' test. This engages the Automatic Flight 
Contre,. System in the Fire Control mode and is 
applied as test voltage to the Integrated Coupler 
in parallel with the output "n" from the normal 
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accelerometer » 
pitch output to 

6.3.4.2 

The 'go-no-go" meter checks the 
the Damper. 

HOTE: See Figure 6.5 for system blocks tested 
by the PITCH AND ROLL TEST SELECTOR switch. The 
switch position {a, b. etc.) is referenced cn the 
block diagram switches indicating the path taken 
by the test signal. 

Mach Hold Test 

6.3.4.3 

6.3.4.4 

6 » 3 « 4.3 

Turn the PITCH AXIS TEST SELECTOR switch to 
position "b" "MACH HOLD” test. This engages 
tne Automatic Flight Control System in the Mach 
Hold mode, connects negative feedback from pitch 
synchronizer and integrator servo output to in- 
put and applies a test voltage at the’Mach devi- 
ation input to the Automatic Flight Control System 
Amplifier Calibrator. This also commands e rol' 
angle to set the "secant 0-1" Potentiometer and 
a pitch angle to set the "1 - cosine E" potentiomete 
me go-no-go' meter checks the pitch output to 
the Damper. 

v „ 

Command Signal Limiter Test 

Turn the PITCH AXIS TEST SELECTOR switch to 
position V "COMMAND SIGNAL LIMITER" test. This 
sets up a tost identical to the Mach Hold test 
except tor the Mach deviation input signal which 
13 now large enough to cause limiting in the 
Command Signal Limiter, The "go-no-go" meter 
checks the pitch output to the Damper. 

Al fc i tv: de Ho id Te ; » o 

Turn the PiTCH AXIS TEST SELECTOR switch to 

?«*«•» "AM™* IOLD". This engagea the 
A* -! a “ie Altitude Hold mode, connects negative 
feedback around the pitch synchronizer and inte- 
grator and applies a test voltage at the Altitude 
iis. uc and Altitude displacement inputs to the AFCS 
Amplifier Calibrator pitch axis. This also commands 
a roil angle to set the ."secant ~ 1" potentiometer 
and a pitch angle to set the "1 - cosine E" pot- 
entiometer. The "go-no-go" meter checks the pitch 
output to the Damper. 

Control Stick Steering and Normal Flight and 
Fader Test 

Turn the "PITCH AXIS TEST SELECTOR switch to 
position "E" "CONTROL STICK STEERING AND NORMAL 
FLIGHT AND FADER" test. This engages the Automatic 

6-10 
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H«sji 

6.3»^.6 

6.3.4,7 

6„3 *4„8 

Flight Control System in the 
Steering mode and also commands a roll and pitch 
test angle,, A toggle switch is provided for 
switching the Automatic Flight Control System 
Amplifier^Calibrator to Normal Flight mode, The 
go-no-go' meter checks the pitch output to the 

Damper, Another toggle switch is provided for 
changing the pitch command angle in the Normal 
Flight mode,, A pushbutton is provided for de- 
energizing the Automatic Flight Control System 
in-order to check the Fader operation. When the 
pioch command angle is changed or when t^e Fade- 
is,operated the - .go" meter acts an a mint- 

Lead Pursuit (T less than 20 seconds) 

„„,..+
TUrn„^e„PrfCH «ÏS SELECTOR switch to position £ "LEAD PURSUIT"„ This engages the 

Pur°mf+iC c°ntrol System in the Lead Pursuit mode with time to go less than 20 seconds 
simulates the k/T input to the Integrated Coni'--’ 

Erro^input TnV >tC the Elevation'steerinj 
<nnut K » thS Lt&A Purault Compensation P . ^he go-no-go meter checks the gear un 
pitch output to the Damper. & P 

Armament Selection Integral Control & Snap-up Test 

JUrEntî?e„PïTCH AXIS TEST SELECTOR switch to 

S SAP I" INTEGRAL COHTIÎL 
, r irU test‘ This switches the Automatic flight Control. System from Lead Pursuit with time 

time°toe^ taan 20 seconds to Lead Collision with time to go greater than 20 seconds. Inputs 

ff® 6«3»^.6„ The "go-no-go" meter checks the 
P/.vch output to the Damper, A toggle switch •* s 
provided for switching the Coupler to the "it-gral 

Tt llc Tom- »*“ of. -Che GOOD sector , Releasing the Integral 
Control toggle switch will cause the "go-no-go" 
meter to return to the "GOOD" sector. Another 
toggle switch is provided to check the Snap-up 

+f
pe*àting thi*> switch will cause the "Jo-no- 

sectôr ! t0 150/6 °ff SCale aQd return to the "GOOD’ 

Breakaway Test 

Turn the PITCH AXIS TEST SELECTOR switch to 
position h" "BREAKAWAY TEST", This initiates 
cue breakaway and rollout maneouvrea, The "go-no- 
go meter checkr, the pitch output to the Damper 
during;— 

SC Aero Document CR-SD 1048 
6-li 

CONFIDENTIAL 



6.3-4. 9 

a) The breakaway maneouvre 

b) Rollout 

At the completion of these aaneouvres the 
Coupler Disengaged light will come on. 

NAV-AQCI Teat 

Turn the PITCH AXIS TEST SELECTOR switch to 
"ROLL AXIS TEST". The switch remains in this 
position for the remainder of the roll axis tests. 
Turn the ROLL AXIS TEST SELECTOR switch to posi- 
tion :t "MAV-AGCI" test. This engages the Auto- 
matic Flight Control System in the BAV-AGCI mode 
and applies a test voltage to the Integrated 
Coupler at the Coupler Heading Error input. The 
"go-ao-go'1 meter checks the output from the 
Coupler Roll Axis» 

6.3.4.10 Amplifier Calibrator Roll Axis Test 

Tux-n the ROLL AXIS TEST SELECTOR switch to 
position "J" "AMPLIFIER CALIBRATOR ROLL AIIS" 
test. This engages the Automatic Plight Control 
System in the BAV-AGCI mode and applies c. test 
voltage to the Integrated Coupler at the Coup3e** 
Heading Error Input. The "go-no-go" meter checks 
the gear up roll output to the Damper. 

6.3-4.11 AGC' Close Control Test 

Turn the ROLL AXIS TEST SELECTOR switch to 
position "k" "AGCI CLOSE TEST". This engages 
che Automatic Flight Control System in the AGCÏ 
Close Control mode and also applies a test 
voltage to the Integrated Coupler at the Coupler 
Heading Error input. The "go-no-go" meter checks 
the Integrated Coupler output. 

6.3.4.12 Roll Synchronizer Test 

Turn the ROLL AXIS TEST SELECTOR switch to 
position "1" "ROLL SYNCHRONIZER" test. This 
engages the Automatic B'JLight Control System in 
the ire Control mode and commands roll and pitch 

axis test angles from the Three-Axis Repeater. 
The "go-no-go" meter checks the gear down roll 
output to the Damper„ 

6.3-4.13 Lead Pursuit Test 

Turn the ROLL AXIS TEST SELECTOR switch to 
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UNCLASSiFii 
position "m" "LEAD PURSUIT" test. This engages 
the Automatic Flight Control System in the Lead 
Pursuit mode, simulates 4/T inputs to the In- 
tegrated Coupler, and applies a test voltage to 
the Integrated Coupler Lead Pursuit input. The 
"go-no-go" meter checks the gear up roll output 
to the Damper* A push button is provided for 
checking the Collision Warning circuitry during 
this test. Depressing this pushbutton will cause 
the Coupler Disengaged lamp to light. 

6.3.h.l4 Armament Selection and Integral Control Test 

Turn the ROLL AXIS TEST SELECTOR switch to 
position ”n" "ARMAMENT SELECTION AND INTEGRAL 
CONTROL" test. This engages the Automatic Flight 
Control System in the Lead Collision mode with 
time to go greater than 20 seconds and applies 
best yoj. tags s to the Azimuth Steering Error input 
m addition to the inputs described in 6.3.4.13. 
The go-no-go" meter chec.ks the gear up roll 
output to the Damper. Operate the Integral Con- 
trol toggle switch as in 6.3.4.7. The "go-no-go” 
meter will now drift off the "GOOD" sector. 

6.3.4.15. Breakaway Test 

Turn the ROLL AXIS TBST SELECTOR switch to 
position "o'* "BREAKAWAY" test. This initiates 
the Breakaway and Rollout maneouvre. The "go- 
nc-go" meter checks the Roll output to the Damper 
during 

a) The Breakaway maneouvre 

b) Roll out 

me completion of these maneouvres the 
Coupler Disengaged lamp will light. 

Control Stick Steering and Normal Flight Test 

Turn the ROLL AXIS TEST SELECTOR switch to 
position "p" "CONTROL STICK STEERING AND NORMAL 
FLIGHT" test. This engages the Automatic Flight 
Control System in the Control Stick Steering mode 
and also commands a roll and a heading test "angle 
from the Three-Axis Repeater. The "go-no~go" 
meter checks the gear up roll output to the Damper 
A toggle switch is provided to switch the Auto- 
matic. Flight Control System into the Normal Flight 
mode. Two pushbuttons are provided for changing 
the commanded roll and heading angles respectively 
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With the Automatic Flight 
Normal Flight mode, the " 
as a monitor„ 

UNCLASS 
go-no-go" meter 

r r 
xn the 
acts 

6.3.4.17 Command Signal Limiter Output Tests 

Turn the ROLL AXIS TEST SELECTOR switch to 
"FITCH AXIS" test. Turn the PITCH AXIS TEST 
SELECTOR switch to position ”r" "COMMAND SIGNAL 
LIMITER OUTPUT" test. This will engage the Auto- 
matic Fire Control System in the Fire Control 
mode,, and will duplicate the conditions for 6.3.4.1 
"Pitch Synchronizer" test. The "go-no-go" meter 
will check the output of the Command Signal Lim- 
iter; the 1-cosB potentiometer is not involved. 

6.3.4.18 Flight Director/Attitude Indicator Test 

ROTE: a) This test and those following require 
an operator in the cockpit. 

b) Communication between the cockpit 
operator and the Test Set operator 
is required by the aircraft intercom- 
munication system. 

c) The Test Set operator will operate 
the Test Set under instructions from 
the cockpit operator. 

6.3.4.18.1 The Test Set operator will turn the PITCH and 
ROLL AXIS TEST SELECTOR switches to the pos- 
itions "t" and "u" "FLIGHT DIRECTOR/ATTITUDE 
INDICATOR ATTITUDE" test. This will command 
the.Three-Axis Repeater to zero degrees. The 
cocii.pxt operator will observe*' the indicator for 
zero and check elevation trim by turning the 
knob provided on the indicator and observing 
the deflection of the elevation axis. The 
elevation axis is returned to zero and each 
axis in turn is commanded to 30° by the Heading 
Roll and Elevation pushbuttons on the Test Set" 
while the cockpit operator observes the indicator 

6.3.4.18.2 The Test Set operator turns the PITCH and ROLL 
AXIS TEST SELECTOR switches to positions "v" 
and "w" ’FD/AI DIRECTOR" test. This engages the 
AGCA mode and applies simulated AGCA Vertical 
and Lateral displacement signals to the FD/AI. 
The cockpit operator will observe the Vertical 
and Lateral displacement and deviation needles 
for proper calibration. He will also observe 
the Data Link reliability and power failure flags 
and check the panel lighting. 
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6.3.U.19 Mach Indicator 

6.3.4,20 

'lest 

The cockpit operator will observe the Mach 
Indicator Actual Mach and the Mach Lirait pointers 
and the power failure flag. He will also check 
the Mach Indicator panel lighting and observe the 
Total Temperature and True Air Speed Indicators. 

The Test Set cable harness is now disconnected 
and all aircraft cabling and jumper caps, if any. 
rep3.aced, 

Function Selector Test 

The cockpit operator will check the Function 
Selector as follows: 

a) The APCS toggle switch is moved to the 
■'ENGAGE" position. The solenoid will 
hold it in this position. 

b) The MACH-ALTITUDE HOLD switch is turned 
to the "MACH HOLD" position. The 
solenoid will hold it in this position. 
Turn this switch to the "ALTITUDE HOLD" 
position where it will be solenoid held. 

c) Turn the AUTO STEER NORMAL switch to 
"AUTO STEER". Now all three switches 
will be solenoid held, 

d) Turn the AFCS switch from "ENGAGE" to 
"STANDBY". The remaining two switches 
will return to "NORMAL" position. 
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DESCRIPTION OF PARTS 6.4 

6. 4. l 

6 „ 4.2 

Carrying Case 

<1. moulded fibreglass instrument case was sel — 
eated to fulfill the requirements of being light, 
rugged and rainproof,, 

on» rxginally it was felt that a case approximately 20 x 1^ x 10 1/2 deep with a single carrying 

îanàle on the 20" side would suffice; but inadequate 
cable stowage space necessitated later adoption of a 
j feep case „ This necessitated using two handles 

ihe+
1| Bide of the case since the overall weight oi lest Set had also increased, (figure 6.2) 

" sameieo panel mounting 
t0 *lanSe ot the ease » The gasket permitted 
a wider tolerance on the mounting angle dimensions 
and, in conjunction with the gasket around the 
panel, provided a rainproof seal between the carry- 

ing case and panel „ 

Ca'o Ac Harness 

rp,, «endix Pygmy connectors with integral strain -elxcf fittings were used throughout and flexible 
sleeving was used on all cables. Moulded cable 
harnesses might conceivably be used on the Pro- 
duction models « This metnod of cable construction 
was not favourer for developmental or preproduction 
test equipment since any wiring change necessitated 

scrapping all affected cables. 

Test leads 
vol tine ter . 

were provided for tne VTVM and 

6.4.3 Pa ne 1 A s s e rn b 1 y 

A composite type of construction 
for the panel assembly, viz: 

sole c ted 

a-' The front panel was a flat 
sheet of ,032" aluminum, with a light blue 

anodized finish* 

b ) Sub Fane j The sub panel was 'of ,091" alum- 
inum. All mounting brackets are flush 

riveted to the sub panel. This procedure 
was followed to simplify the assembly of 
the panel and bracket modules. Previous 
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experience has indicated that welding on 
the panel produced excessive distortion. 

Components were mounted on the sub-panel 
brackets as required and then the front- 
panel was placed over the sub panel and 
all controis; switches and indicators 
mounted through the composite panel. The 
rubber channel was fitted around the edges 
of the panel and the composite panel was 
almost as rigid as a solid .panel» 

-L'ÏXIü The VTVM was a purchased component 
and was packaged ready for mounting in a 
rectangular cutout in the panel by means of 
four screws. 

Ail necessary terminals for connecting the 
VTVM to the Test Set were brought, out on 
the back of the instrument,, 

The VTVM was designed for mounting on a 
one-eighth inch panel and hence was flush 
with the front panel» 

The VTVM panel included a three inch aero 
centre meter with 3=0=3, 10-0-10 scale and 
red and green "GOOD" and "BAD" sectors» 
ilie centr&j. naif of the scale constituted 
the "GOOD” sector 0 

A ten position Range Switch was provided, 
with ranges from 10 mv to 300 v full scale. 

An iMTernal - EXTernal toggle switch 
permitted the VTVM to be used as an inte- 
gral par' Of the Test Set or independently 
by connecting the test leads to the coaxial 
connector adjacent to the toggle switch» 
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6.: PREDICTED PERP OH MAH CE /jt* 

The overall accuracy of a test result sai^o be 
indicated by the Test Set Null Indicator and would 
have varied widely depending on the number of test set 
inputs required, and the number of ARCS components 
involved and the accuracy of their respective outputs. 

Aside from the errors due to tolerance build-up 
in the equipment under test,, there were several pos- 
sible sources of error inherent in the Test Set itself, 
vi 2 : 

a) Line Voltage 

Line voltage variations would have affected 
Doth the AFCS output being checked and its 
bucking voltage equally „ At null, therefore, 
line voltage would not be a source of error. 

Ai; the limit of the ’’GOOD' sector c. line 
voltage variation of 10$ would cause a 1# 
error in Test Set indication. 

Fixed Ret itive Me Works 

Fixed resistive networks could be factory- 
adjusted to within + 0.5$ of nominal or bet- 
ter . 

Voltage Outputs 

D.C., voltages could be set to -i- 0.5$ and A„C. 
voltages to +1$ of nominal. The errors 
introduced by this means would never be 
greater than the setting error. 

VTVM 

At null the VTVM error was negligible. When 
used as a null indicator the maximum error 
was + 1.2$ of the output voltage for an 
indication at the edge of the GOOD sector. 

Other Sources of Error 

In come tests, several components of the 
AFCS were in cascade. The accuracy of a 
particular component - e.g., the coupler might 
have contributed an error of -5- 10$ without being 
out of tolerance, and there are several com- 
ponents in series, hence the' acuuracy of the 
system might be 25$. 
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Test Set caused error might reach a maximum 
of * 7 to 8^ but normally would be less than 
i 3p• Cbased on the error analysis for the 
breadboard test sets»} 
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PROPOSED FUTURE PROGRAMME 6.7 

The first Automatic Flight Control System Test 
Set was to have been completed by November 1955 with 
subsequent units to be delivered in January of I960. 

6-21 
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6.8 CONCLUSIONS 

b) 

c) 

It 1 s felt that the AFCS Test Set as outlined 
represents the simplest approach to the per- 
formance of go-no-go system tests. 

More exotic and more nearly automatic check- 
out equipment could he provided, but the 
savings in time required to perform the tests 
■would be small and the increase in complexity 
and required lead time would be very consider- 
able . 

The degree of fault isolation provided was 
greater than originally anticipated and would 
require the use of the Auxiliary Test Set on 
first line maintenance less frequently than 
might be expected . 

It would be desirable to provide a single 
large test connector for the Test Set rather 
than several smaller connectors on the individ- 
ual components. This would eliminate the 
necessity for opening numerous access doors 
and panels and making multiple connection for 
routine checks. 
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COMF1] INTIAL 

TERMIHATION REPOST ON THE GROUND TEST EQUIPMENT 
FOR THE FLIGHT CONTROL SYSTEM OF THE CF-105 ARROW 
AIRCRAFT 

SECTION 7 

UG 6011 FLIGHT CONTROL SYSTEM AUXILIARY TEST SET 

7.1 GENERAL 

The UG 601X Flight Control S\-stem Auxiliary Test 
Set was & part of the ground test equipment for the 
Flight Control System of the CF-105 Arrow Aircraft 
and was provided in accordance with R.C.A. Statement 
of Work dated 13 Feb. 195©j as amended hy Astra Pro- 
je et memo 637 dated 5 June 1958,, It was designed to 
augment the ÜG 6010 Flight Control System Test Set 
in carrying out First and Second Line tests. In First 
Line tests the UG 6010 System Test Set was used to 
determine if the Flight Control System was flight- 
worthy. If i.t was non-flightworthy, the UG 6011 Aux- 
iliary Test Set together with UG 6010 were used to 
locate the fault to a replaceable system component. 
Both the UG 6010 System Test Set and the UG6Ô11 Aux- 
iliary Test Set were to be used in conjunction with the 
UG 6012 and UG 6013 Test Stands to provide complete 
facilities for operation and calibration of the whole 
CF-105 Arrow Aircraft Flight Control System. 

The various Flight Control System Breadboard 
Test Sets were functionally combined into the UG 6010 
System Test Set and the UG 6011 Auxiliary Test Set. 
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7.2 RELEVANT SPECIFICATIONS 

cou: 

a) RCA Statement of 
1958, as amended 
June 5, 1958. 

Work dated 13 February 
by Astra memo 637 dated 

. 

e) RCA Specifications 5638 and 5375 govern- 
ing finishes on front panel and external 
surfaces « 

d) MIL-T-9^5A amendment 2 dated l4 of May 
1953,- "General Specifications for Test 
Equipment for use with Electronic Equip- 
ment . " 

e) RCA Specification 8958509 - Specification 
for the Ground Equipment for Flight Con- 
trol System of the ASTRA I Airborne Weapons 
Control System dated 19th of February 3956. 

f} MIL-STS-IOBC Definitions of and basic 
requirements for enclosures for electric and 
electronic equipment,, 

g) MIL-E-'-:-970 'Genera?. Specification for 
Environmental Testing Ground Support 
Equipment„" 

h) MAL-E-5^00 'General Specifications for 
Aircraft Electronic Equipment„" 
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i » i, -   ■ C. ’ i .1 'i' 

7.3*1 ■ General 

The UG-Ô01X Plight Control System Auxiliary Test. 
Set and associated cables were to fit inside a 20" 
x 15" x 1V reinforced fibreglass instrument case, 
the cables being stowed in the lid (Fig. 7..}. The 
weight of the Test Set was to be approximately 50 
pounds. The Test Set proper was to be mounted on a 
modified 19 inch rack panel and finished in light 
blue-gray. 

7.3*1.2 Electrical 

The UG-6011 Test Set required the following 
electrical power inputs from the Plight Control 
System being tested: 

115 volts + X0% AC l’-00 cycles 4- 20 cps single 
phase* 27.5 V. D.C.. 4- 10$. 

7.3*2 

The remainder of the electrical connections 
between the Test Set and the Flight Control System 
permitted simulation, electrical interchanging and 
monitoring of certain Flight Control System outputs 
and components. 

Component Parts 

The component parts of tne 
System Auxiliary Test Set were: 

UC—6011 Flight Cor: • o'? 

a) Carrying case (with cable stowage facility 
and panel mounting flanges.) 

b ) Test cables. 

c) Panel Assembly, with the following sub-panels 
Power, V.T.V.M., VERS Fault Isolation, Indi- 
cator Lights, Test Points, Mach Indicator, 
Fault Locator Flight Director - Attitude 
Indicator Fault Locator and sub-system 
Sole etor „ 

d.) Chassis Assembly, holding various circuit 
components and internal cabling. 

7.3.3 Theory of Operation 

7*3»3*1 General 

The UG-6011 Flight Control System Auxiliary 
Test Set isolated faults to a particular component 
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7.3-3.2 

(black box) of the following SrfS8#iLi 

The Vertical & Heading Reference 
sisting of : 

a) GG63 Stable Platform (4410) 

b) EG151 Platform Amplifier Assembly •{ 4420} 

Mach -Indicator Sub-system, consisting of: 

a) JG3.68 Mach Indicator (^2^0) 

b) BG94 Mach Indicator Amplifier Calibrator 
(4240) 

Plight Director/Attitude Indicator Sub-system, 
consisting of : 

a) JG227 Plight Director/Attitude Indicator 
(4210) 

b) BG114 Plight Director/Attitude Indicator 
Amplifier Calibrator 14220) 

A multipole, aultiposition rotary subsystem 
selector switch selected a suitable low voltage 
from a tapped step-down transformer. This voltage 
was applied to the subsystem and iras also read on 
the V.T.V.M. A series of satisfactory readings 
indicated a good Amplifier Assembly and a probable 
faulty Platform. 

Purpose of Tests 

The following wore the Fault Location tests 
perforated on the Vertical and Heading Reference 
Sub-system. 

The UG--6011 Auxiliary Test Set located faults 
within the Vertical and Heading Reference Sub- 
system by simulating the GC-63 Stable Platform and 
checking the operation of EG151 Platform Amplifier 
Assembly. If the E0151 Platform Amplifier vas 
found to be operational, the GC-63 Stable Platform 
required replacement. 

The UG--6011 Auxiliary Test Set located faults 
in the Mach Indicator Sub-system by simulating the 
Mach Limit and Actual Mach inputs from the Air 
Data Computer. If the Mach Indicator Sub-system 
was found to be operational, the Air Data Com- 
puter was to be replaced; if not, the Mach Indicator 
Pault Locator switch was used to interchange servo 
amplifiers in the B094 Mach Indicator Amplifier Cali 
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brator thereby isolating the fault to the Indi- 
cator or to the Amplifier Calibrator. 

The UG-oOll Auxiliary Test Set located faults 
within the Flight Director/Attitude Indicator Sub- 
system by simulating the Flight Director/Attitude 
Indicator Amplifier Calibrator. If this substitution 
resulted in an operational sub-system the BG114 
Flight Director/Attitude Indicator Amplifier Cali- 
brator was to be replaced,; if not, thé JG227 Flight 
Director and Attitude Indicator was to be replaced. 

7.3- 3«3 Details of Tests 

7.3.3- 3-1 VHRS Fault Isolation (Fijjsaife 7.2) 

The procedure to be used in testing the 
various equipment was as follows; 

Turn SUB-SYSTEM SELECTOR switch to V HRS 
.position. Turn PLATFORM AMPLIFIER ELECTRONICS 
switch to Mode Selector Position. Rotate the 
MODE SELECTOR switch through the positions 
corresponding to the VERS modes. Outputs are 
monitored on the UG-6010 Flight Control System 
Test Set. 

With SUB SYSTEM SELECTOR switch set at VHRS 
position and MODE SELECTOR switch at Platform 
Amplifier Electronics position, rotate the 
AMPLIFIER ELECTRONICS swithh through the summing 
and alignment amplifier and drift time servo 
check positions. Outputs are measured across 
dummy loads in the' DC V.T.V.M. in the Auxiliary 
Test Set fUG-601l) and/or the AC V.T.V.M. in 
the Test Set (UC~6010). 

7.3- 3;3-2 Flight Director/Attitude Indicator Fault Isolation. 

a) Heading Axis Test Turn the SUB-SYSTEM 
TÈST ■SEEBüfSSswftch to FD/AI. Turn 
the FD/AI FAULT ISOLATION switch to 
"HEADING", A voltage corresponding to 
a pre~detersnined motor speed is applied 
to the control phase of the servo motor 
and the velocity generator voltage is 
compared with a reference voltage and the 
deviation is displayed on the.AC V.T.V.M. 
on the UG6010. 

b) Soil Axis Test Turn the FD/AI FAULT 
ISOLATION switch to "ROLL" and read 
the output as in 7.3.3.3.2(a) 
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c) Elevation Axis Test Turn the FD/AI 
FAULT ISOLATION switch to "ELEVATION" 
and read the output as in 7.3.3.3.2(a) 
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7 A 

7 A.l 

DESCRIPTION OF PARTS 

7 A.2 

7 A.3 

7 A. 

Carrying Case 

UNCLASSIFIED 
The Carrying Case was a 20" x 15" x 14" grey 

fibreglass instrument case, reinforced by an alum- 
inum moulding which extended around the edges of the 
case and the lid (Figure 7.3)- Two carrying handles - 
one at each end of the case were attached to this 
moulding, as well as latches, hinges and a rubber 
gasket to render the case weatherproof. The lid of 
the case was removable. 

Test_Cables 

The Test Cables were l6 feet long to allow the 
connections to the Flight Control System components 
to be made with the tester on the ground (Figure 7 A), 
The cabtes had transflex jackets and identical strain- 
relief connectors at either end (Pygmy type PT 
bayonet connectors). 

Connections were to be made from the U0-6011 
Flight Control System Auxiliary Test Set to the 
UG-6010 Flight Control System Test Set and to selected 
connections in the Flight Control System. This 
would involve interrupting the aircraft wiring but 
this is necessary for fault isolation. 

Tes ter Panel 

The Tester Panel was a modified 19" panel sup- 
porting a.11 the necessary switches, meters and controls 
and all mounting brackets for circuit components 
and cabling located underneath the panel. 

Tester Panel Subdivisions 

The UQ-6011 Flight Control System Auxiliary 
Test Set had the following functional divisions 
on the front panel:- 

a) Metering Circuitry - The Vacuum Tube 
Voltmeter had overlapping ranges from 10 
millivolts to 300 volts i It was a con- 
ventional DC instrument and requires no 
further description. 

b) Subsystem Selector - The sub-system sel- 
ector switch provided simulated signal 
voltages to the Flight Control Sub-system 
under test. 
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In the actual fault isolation the UG-6011 
vas connected to the EG151 Amplifier Assem- 
bly in place of the GG63 Platform. It 
provided loads and signal sources corres- 
ponding to some conditions of a serviceable 
platform. As the selector switches were 
rotated, voltages were applied to the Amp- 
lifier Assembly and the output was read 
on the VTVM, A series of satisfactory 
readings indicated a good Amplifier Assembly 
and a probable faulty Platform. 

d) Indicator Subsystem - The Indicator Sub- 
system consisted of a series of lamps 
connected in series with relays and/or 
switches and a voltage source. Satis- 
factory operation of the relay or switch 
indicated proper operation of the VHRS 
EGI5I Amplifier by lighting a lamp. The 
lamps were self-testing so that their 
proper operation could be checked. 

e) Mach Indicator Fault Locator - The Mach 
Indicator Fault Locator S' itch permitted 
the interchange of the servo amplifiers in 
the three Mach Indicator servos. If the 
particular fault moved with the amplifier, 
the amplifier must be faulty, otherwise the 
Mach Indicator was faulty, 

f) Flight Director-Attitude Indicator Sub Panel - 
The rotary switch on the FD/âÏ sub-panel 
tested the Heading, Roll and Elevation 
axes of the FD/AI by applying a voltage 
corresponding to a pre-determined motor 
speed to the control phase of the servo 
motor for the axis being tested, and com- 
paring the velocity generator voltage 
with a reference voltage. 

g) Test Points Sub Panel - A number of Test 
Points were available on the front panel 
for Second Line tests. 

h) Power Sub-Panel - The Power Sub-panel 
contained the power on-off toggle switch, 
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7,5 PERFORMANCE 

The function of the UG-6011 Plight Control System 
Auxiliary Test Set was.largely that of simulating certain 
inputs and outputs of the Flight Control System. The 
accuracy expected from the tests, therefore, depended 
on the accuracy of the simulated voltages and resist- 
ances, which was .5$, and the accuracy of the "go-no-go" 
metering circuitry in the UG-6010 Flight Control System 
Test Set. There were no experimental data on Auxiliary 
Test Set performance because the Test Set construction 
was not initiated. 
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7.6 STATUS AT CANCELLATION 

The tests to be performed with the UG-6011 Test 
Set had been chosei.; the front panel of the Test Set 
was laid out; long lead-time components, such as con 
nectors and rotary switches, had been ordered. Con- 
struction had not been initiated. 
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PROPOSED FUTURE PROGRAMME 7 .7 

The first UG 6011 Flight Control System Auxiliar 
Test Set was to have been completed by November 1959 
with subsequent units to be delivered in January of 
I960. 
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7.8 

a) It is felt that the AFCS Auxiliary Test Set 
as outlined represents the simplest approach 
to the performance of go-no-go system tests. 

More exotic and more nearly automatic check- 
out equipment could bs provided, hut the 
savings in time required to perfora the tests 
would he small and the increase in complexity 
and required lead time would he very consider- 
able . 

h) The degree of fault isolation provided was 
greater than originally anticipated and would 
require the use of the Auxiliary Test Set on 
first line maintenance less frequently than 
might be expected. 

c) It would be desirable to provide a single 
large test connector for the Auxiliary Test 
Set. rather than several smaller connectors on 
the individual components, This would élimina 
the necessity for opening numerous access door 
and panels and making multiple connection for 
routine chocks. 
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TERMINATION REPORT ON THE GROUND TEST EQUIPMENT 
FOR THE PLIGHT CONTROL SYSTEM OP THE CP-105 AVRO 
AIRCRAFT. 

SECTION 8 

SECOND LINE MAINTENANCE EQUIPMENT FOR THE ARROW 
ELECTRONIC SYSTEM 

8.1 GENERAL 

The. Second Line Maintenance Equipment for the 
Arrow Electronics System was to consist of two units 
the UG-6012 Automatic Flight Control System Test Stand 
(AFCS Test Stand) and the UG-Ô013 Vertical and Heading 
Reference System Test Stand (VHRS Test Stand). These 
two test stands were to be used in conjunction with 
one set of first line test equipment consisting of the 
UG-6010 Flight Control System Test -Set and the UG-6011 
Flight Control System Auxiliary Test Set. 

The Second Line Maintenance Equipment was to be 
designed to perform the following functions: 

a) Verification by substitution of a faulty com- 
ponent and the repair of that component if 
it was within the scope of second line mainten- 
ance . 

b) Calibration and harmonization (if necessary) 
of all subsystems prior to installation in the 
aircraft. 

c) Training technicians on the Automatic Flight 
Control System eqxiipment. 

d) Training technicians on the use of the Automatic 
Flight Control System test equipment. 

In order to accomplish the above functions the 
test stand was to provide the necessary interconnecting 
cables, mounting racks, junction panels and controls 
for operating the complete flight control system. 

The design of the secoxid line test stands was 
delayed due to the delay in receiving a contract 
from RCA. The schedule for the development called 
for the design of the Second Line Maintenance Equipment 
immediately after the design of the First Lire Equipment 
was completed. This design was to be carried out by 
the personnel who had designed the First Line Equipment. 
This provided the most economical means of providing 
Second Line Maintenance Equipment. Further delays were 
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encountered however in the choice of the final con- 
figuration for the test stand. It was a requirement 
that these stands be air transportable with a complete 
complement of the flight control system mounted on them. 
Sketches of several configurations were prepared by 
Honeywell Controls for submission to RCA in March of 
1958. As it turned out RCA had already decided on a 
test stand configuration and Honeywell Controls vere 
asked to comment on any necessary modifications required 
to accommodate the Honeywell portion of the Arrow Elec- 
tronic System. Ho modifications were necessary although 
personnel in general were not in total accord with the 
test stand configuration. In April of 1958 the first 
drawings of the test stand were received by Honeywell 
Controls from RCA. Sufficient information was contained 
in these to enable the Honeywell Engineers to begin 
considering replacement of equipment on the test stand. 
However,, the drawings ,iere not complete enough to enable 
cable routings to be decided upon. It was felt by the 
Honeywell personnel that cable locations were going to 
be a considerable problem. V?or k had proceeded to 
the point where a general configuration in the form of 
arti-st sketches had been prepared for the test stand 
and these were submitted to RCA September 1958 in the 
form of a Honey’.rell Aero Document CR-ED 1029 entitled 
"Model Specification Plight Control System Test Equip- 
ment." Shortly after the issue of this document the 
Astra programme was cancelled and no further work was 
done on the test equipment. 
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8.2 RELEVANT SPECIFICATIONS 

a) RCA statement of work dated 13 February 1958 
as amended by Astra memo 637 dated 5 June 1958. 

b} Astra I Specification, Revision C. 

c) CR-ED 1029 entitled "Model Specification 
Plight Control System Test Equipment”, dated 
29 September 1958. 

d) MIL-T-9*I5A Amendment 2 dated Ik May 1953; 
"General Specification for Test Equipment for 
use with Electronic Equipment." 

e 5 RCA Specification 8958509 - Specification for 
the Ground Equipment for Flight Control System 
of the Astra I Airborne Weapons Control System 
dated 19 February 1958. 

f) MÏL-STD-10ÔC Definitions of and basic require- 
ments for enclosures for electric and electronic 
equipment. 

g) MÎL-B*.4-970 "General Specification for Environ- 
mental Testing Ground Support Equipment". 

h) MIL-E-5400 "General Specification for Air- 
craft Electronic Equipment". 
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8.3 

8.3.1 

DESCRIPTION OF UNIT 

General 

I'.'ie test stand8 were to measure approximately 
nil- inches toy. 56 inches by 19 inches wide in the 
closed position , nd lit inches toy 58 inches toy 38 inches 
when open. The weight of the test stand was to toe 
a minimum consistent with the requirements of 
strength and rigidity. The colour of the test stand 
was to be in accord with RCA Specifications 5638 and 
5375 governing finishes on front panels and external 
surfaces. 

8.3*1.1 Electrical 

The test stand was to operate from the follow- 
ing sources of power: 

a) 108 to 121 volts 3.ine to neutral (neutral 
grounded) 400 cycles + 20 cycles 3 phase 
AC at 3 amperes per phase. 

■to) 24 volts to 29 volts DC at o amperes, 

c) 115 volts TT 10$ 60 4- 6 cycles at 10 amperes 
for energizing convenient outlets on the 
test stand. 

Outputs from the test stands were to be applied 
to the automatic flight control systems under test 
and were to toe derived from sources within the 
test stand or from the first line test equipment 
that was to toe provided with the test stands. 

8 = 3.2 C omp ono n t Par t rj 

Second Line. Maintenance Equipment. was to consist 
of two units; thf ÜG-6012 Automatic Flight Control 
System Test Stanc (( AFCS Test Stand) and the UG-6013 
Vertical and Heading Reference System Test Stand 
{VERS Test Stand) 

8=3.2.! . AFCS Test Stand {Figure 8.1) 

The AFCS Test Stand was to consist of the 
following: 

a) The Test Stand proper. 

to) Junction panels and controls for operating 
the components of the automatic flight 
control system. 
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The isolation of faults o a particular black 
box on the Flight Control System was to be underta i 
by the substitution method. This consisted of placing 
the suspected black box in the test stand in place of 
the known good one that iras to be part of the test 
stand and performing the series of go-no-go checks 
again using the ’irst Line Test Equipment as described 
in Sections 5 tad 7 of this document. If a series 
of no-go readings were obtained, indicating a fault 
in the black box, this was to be considered sufficient 
indication that the black box was at fault. Fault 
isolation would then be undertaken to confirm the 
location of the fault by substituting it for a good 
unit on the Test Stand. Where repairs to a component 
were bqrond the capabilities of the Second Line Main- 
tenance organization the component was to be returned 
to the Fourth Line facility for repair and a spare 
unit obtained from stores. 

In addition to the signal sources and indicators 
mounted on the First Line Test Equipment, auxiliary 
signal sources were to be provided in the sst Stands 
to assist in the fault isolation. Consideration was 
to be given to the provision of facilities for oper- 
ating a particular black box independently of the 
other sub-systems. This was considered desirable in 
that the amount of running time on the equipment 
would then be kept to a minimum. Some units, however, 
were not adaptable to this type of opeiation namely 
the JG227 Flight Director Attitude Indicator and 
the BGllk Flight Director Attitude Indicator Amplifier 
Calibrator which had to be tested jointly. The GG63 
Platform and EG151 Amplifier Assembly the BQ9h Mach 
Indicator Amplifier Calibrator and the JGl68 Mach In 
dicator also had to be tested jointly. All other 
units were able ;o be tested as individual entities. 

The operation of the equipment wcu to consist 
of the application of signal of known magnitude and 
phase to the input of the sus ;cted unit or system 
and to read the output on either the y -no-go meters 
or the vacuum tube voltmeterc provided with the First 
Line Test Equipment. The skill level for performing 
such functions was to be kept to a minimum. 
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c) The necessary interconnecting cables and 
mounting racks for mounting the following 
coi -orients of the Automatic Flight Control 
System. 

l) BG93 Automatic Flight Control System 
Amplifier Calibrator. 

2J DG63 Automatic Flight Control System 
Coupler. 

3) HG32 Air Data Computer 

4 Jt168 Mach Indicator 

5) BG94 Mach Indicator Amplifier Cali- 
brator . 

6) CG78 Function Selector 

8.3.2.2 UG 6013 VHRS Test Stand 

The UG-6OI3 VHRS Test Stand was to onsist of 
the following major components: 

a) The Test Stand proper 

b) The Junction Panel 

c) Interconnecting cables for joining the 
VHRS components. 

d} Mounting racks for the following: 

1) . VHRS consisting of: 

I) GG63 Platform 
ii) EG151 Amplifier A. ibly 
iii) DG6000 Three Axis iepeater. 

2) JG227 Flight Director/At itude Indicator 
{FD/AI) 

3) BG114 Flight Director/A itude Indi- 
cator Amplifier Calibrator. 

8.3.3 Theory of Operation 

The Second Line Maintenance Equipment was de- 
signed to be used in conjunction with one set of 
First Line Maintenance Equipment, namely the UG-oOlO 
Flight Control System Test Set and the- UG-oOli Flight 
Control System Auxiliary Test Set. 

8-5 
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DESCRIPTION OF PARTS 8.4 

ligure A illustrates "the Second Line Ms.intenance 
Assembly. The UG-6012 AFCS Test Stand ana the ÜG-Ô01, 
7
 ■'--S -«sv, Stand % ere essentially identic:,’ with the 
:ceptioi! of ;he mount of the Flight Control System 

components on the control panel. In the itored condition 
the bench portion folded up to fora the front of the 

:auinat. ihe legs and outriggers were folded into 
jcetoes in the fr nt and corners of tire cabinet so 
oa, the unit presented a reasonably clean configuration. 

s to be such that the equi ment could be 
aanhand3.ed using a fork 3.1ft truck. The test stands 
oh erase 1A ; s were to be of a frame construction with a 

.aluminum skin. Folding doors were to be provided 
?.t the rear to provide access to the wiring and to 

Folding doors at the front provided 
cec to additional wiring and power supplies. The 

Mounting racks for equipment were to be provided with 
;lide tc allow them to be pulled out to the ork sur- 
ace of ;he equipment. The mounting racks and slides 

wore to be sufficiently rigid to support be equipment 
it, any altitude. Control panels were to be nrovided 
hat were easily read and as far as possible were to 
e 3elf-exp3.anatocy, A roll chart was to he provided 

’n each ?f control panels showing the schematics 
or each of the sub-systems mounted on the test stand, 
'revision was to be made for stowing handbooks and 
cables. 

Shown in Figure 1 is a concrete pylon for mounting 
he GG63 Stable Platform on its tilt table. Space wan 

also provided for supporting the reference gyro which 
as to be used in the calibration of the GG63. 

As can be seen in the diagram the UCr-6010 Flight 
Control System Test Set and the UC-6011 Flight Control 
• ycteK Auxiliary Test Set were so be mounted separately 
. r ora ,ne tes b r, banc Th:.s provided a maj:; au t degree 
of flexibility in the test equipment for these units 
could also be used at the aircraft as First Line Test 
Sets . 
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because the design hac- not progresse, beyond the 
t; p;e of def ining the functions of the ïest Stands no 

■erformance figures are available. 
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shown in Figure 8,1. 

HC Aero Document CR-FD 1048 



PE OP os 3D ï ITEGEE PRC G ; AEîEE 

Because of .an ce Hat . on of th; 
no f: tare work will e perf o .. o th.. 

HC Aerc Docuaeat 3B--.3D 
( 

A .’row prog 

8-10 







CONFIDENTIAL 

UG6 
V H K S TST STAND 

CONFIDENTIAL 



TICO DO GIME NT CIRCULATION SLIP (#_ 60 

TO; SfO 
DATE: 60 

"l-r-rrrrrt 
'LlridO IFM 

(Please initial and pass) 

TITLE: 

C c - ^ - ( v ^ ? 1 

-4- 

J - C, ^J 

4 A ■/- /(5S A. 

- v / 4- 
— 

fSfS CuJ 

RETENTION 

(1) The attached document has been incorporated in the Technical Reference 
Library as Item Id - //^r and is tentatively indexed as follows: 

J 
y, c/4 / ('c ^ -J-isc/ -'Csçpr gt-vi 

v o>D 

i-xTssuks =XE ^ ^7" 

Any requests for loan of this document or changes to the tentative index 
should be minuted on the reverse of this form for action on completion of 
circulation, 

LOAN 

(2) The "attached document has been received jen.. laa&_iicoc   

and must-be-returned by _____ c. Please action/circulate and 
return 'to TIOu (.Library, as soon as possible*, ~ '    

/ / 
r;, !/<Y C " bid ' ‘‘A-, Co. 

7‘ 

(See reverse) 




