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Vert:'.et. 1 and • Head:ln,': Reft>rcace Sg/ste:.. 

rj: : e 3 Axis Repeater le an in ci o ( 
the Vertical d !:• ding Reference port.'.. . of the 
Act. a 1 Rlcctronico Syotc. . The repeater la built 
with variations to suit system re puireaents as 
follows : 

a) Int» ; ri r. Z o t i 

J-A Co ): .3:3 

D~DG:oOOOA"l 

cc-iiprisin^: 

ï : i r e e t i o n a 1 Gy r o 
Vertical Gyro 
lower Supply 
3 Axi s R G o e a t e r 

Revo 1 r,p..Ac ntal lys t-: : : D - -Y'- TOg A-l comp:; i s in 2 : 

D-GGG3A-1 
D-lGl^lA-l 
D--'GC) )D-1 

C t a b 1 o P1 a t f or ai 
l! Xt. t f o r a A p lift o v A s c o r. ■ " ; i y 
3 Axis Repeater 

c) Pre-f ?r o du c t i on £ y s t c i Y G? 0 9 A - 2 c omp r 1 c i n g : 

D-GG63C-1 
D-1G151:.)-1 

Stable Plo.tfcr::: 
Platform Aaipii:."*. ' Assembly 
3 Axis Repeat-: . 

F u n c t i o n i n S y s t e a 

' 

to s P - il fief . '...ci'. s 9 of tie elevation, roll 
ci A heading a. a of the It i, in Platform portion of 

. 

E tabillzi .tien ,t :r a . i PIatf oral Computer as 
described in (.ft- ■ 10 6 c.nd XO67 respectively. 

Figure l.t G iciIü tie parte of the Astra Fiec- 
tronics lyccm 1 '.c 1 r... ce 1 7c infov.^afion on ti e 
plat for, a posit:, on from one or more of the repeater 
servos. 

I 11 c t o ry of l ■■} vc 1 pmc a t 

In the original planning for the ASTRA system 
it was intended ici; each sub-system requiring 
Vertical ani I a c Lag Reference data on Id receive 
this data directly from the synchro trans: itt< rs on 
the gl..ieals of the liinluture Stable Platfo Any 
specific function 3 of ihe reference angl? • roll. 



-i /: : :: t ' [) -tic ni nr c. - ^ " , . 

T o / -T A system lo '..cell;/ :oy. prised Wo main 

with" cimbtt duties and ;:' at - .. t'r. folio:;:'.:.. 

Tin hnta 3,inh, Bada:;, 3/i ? .. Co: t,ol Cr.i.pao.:v and 
The second group was associated with 

. 

yaiie. Cn -eat :r, V. .-tlcr/l a a i: / - 
7X- 

fysto.i r... d Pliint la stria? to. Tho Do /pi r "tfc.r 
was ./-oep a with the fœ::,.r_. alt ci /a. its fua< tlon 

. 
two .\ic :.zi ;r -s cf sub-o: ' ,t :/ iert;s, each with 

Platform c-iitpi ts. 

B.C.A. di.de to a; e..?tr: t io :/og.uirod f%: no- 
tions" of : ;?13. and cl .vat:'' ii cayloc o.t a centre! 
point in the first sub-systcn. group and designed 

he Aft hec:-c Bay of the aircraft. 
a servo 
in 

I';tnneapolis-Honeywell i ». e: ho ct, tool: slnil r 
action, and provided servo r-. lectors to supply roll, 
elevation ail tea t: : : 
Bli /;'■ Ht ‘ 0a: trc 1 uye t ■ :.■ ' ' . 

.i or t:lo. to the .tv:tear.tic 
/. li, ‘J./.if h t P i r G c t o r - A tti t- 

ude In "1 or ':• a: wo; 1 - :htr h/ hr A th :.se ABCS servos 

obtainable from the platform. 

her lysis of the air loti re stable pi-therm 
rover 1 f a.aO'.d for - si:rrtt (befh ing) res " tien 
to provide the r ..rorcary et. - ..-râlants tv:... : '.vrr.nlon 

■ 
stability of 'tig outer re 11 fhfL/l could be improve,: 
by écho dull / the . rain of the fir. he,1 servo. 
suite ha? f i: s< . ,r j.ir.p :h ' ..tip:: is the secant 
of fh oleva .f. r ;lr . - oa.Jp. tli ise two fuac- 
thou r -'C-uId be p; r od h;y a r ,t. : Ivor and secant 
potent'./. t. .' (hr.. :tly dri; u 1 .} the respective 
gimbals• Eovotor, the glHbrl’ design was not ready 
for or i. r s/ hut:' ? .. It r à i t h ? i the final 
design aim. 'A reed was hhetf ."..pressed for a sep- 
arate azimuth a::is repeater of high dynamic per- 
f or in once. h -. //./ .hr : is /ere no s vero that the 
ABCS heading servo would not pvcvide adequate 
response. 

Concern was expressed that the parallel con- 
nection of several synchro control transformers 

Document OR-ED 10 -2- 



O" Id a.y.'. '' ? de he r cc :rr cy cf 
’, - r r s : t :, r J t - G 1 u p a c .j c. v 1 a b 3.. e à : g r e e , ai. d t h e 

. 

their refereace inputa . 

because of the large number of outp t device: 
required, it vas felt that the central repeater 
could not provide the dynamic response necessary 
for the mini ture stable platform, hence -he 2 
axis, high performance tintform repeater vas left 
as a separate unit, This resulted in a maximum 
number of 3 paralleled repeaters in the Elevation 
axis and 2 in each of the So) L and Azimuth axes. 

Responsibility for the central 3-Axic Repeater 
was for a time ill-defined, but finally rested 
with Minneapolis-H oneywe 1 '1 on tr .= y rounds that they 
would need such a rapeator for Initial platform testing 

By this time the available space in the for- 
ward electronics bay war United: to approximately 
6" x 9" x 15".. thus defining the envelope size of 
the repeater» A design study was then commenced 
using this envelope size, and an arbitrary choice 
was made to provide 12 output devices on the Roll 
and Elevation axes end 6 on the Azimuth a s. 

in the initial design phase a basic output 
modular repeater was designed. Two such units were 
be used in cascade for the Roll and Elevation axes 
and one for the Azimuth axis. Figure 1.3a shows a 
rockuo of one module 

to 

EC, 

Analysis shewed that the second of the cas- 
caded repeaters would have inadequate response. 
It was then proposed to parallel the two modules, 
This would have degraded the accuracy of the plat- 
form synchro transmitters and left little permis- 
sible error in the repeaters. At this time the 
number of required azimuth outputs rose to 7, so 

shown in f 1 gure 2 , 3b . 

Three such modules 
within the given envelope, 
lation space was requested 

could not be accommodated 
end additional instal- 
from R oC A. 

The final design envelope was, excluding 
shockmounts, '' x 1C x 15 1/2" with a max 1.xurn 
height of 6" at the rear of the unit, 
output module not only improved the aysto: accuracy 
by eliminating one paralleled control transformer, 
out also eliminated four electronic amplifiers and 

servo motors. two 
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Design vas predicated upon the following detail 
specific aiions and the various mi1it ary specific- 
ations as referenced therein. 

a) Technical Deoign Bpecification (ï.D»S, 
12269"05 as subsequently modified by Com- 
ponent Specification sheets, 

b ) Minneapolis-Honeywell Restricted Engineering 
Document (R-ED 876). 

c) T.D.S. 12257 

d) T.D.S. 12269-03 

e) MIL-E-7894A 

f) Astra I Environmental Spec. #1, Revision 
A {as amended by R-ED 932)., 

g) R.C.A. Spec. 895055 

h) R-ED 930 

i) R.CoA. - Antra Standard Parts List 

j) BND-RÜAP SpeCo Proc-100-11 (as modified 
by R-ED 938) 

Document CR-ED 10’i-l 
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3 

UNCLASS 

1.1 

DES CRI p.?T ci" 0? UNIT GENERAL 

Physi cc.l 

The P-DG600Q Repeater consists of three 

frame. The rack frane contains an integral junc- 
tion box from which run the cables to the Astra I 
sub-systems. The Repeater is counted on a shock 
and vibration isolating base D-QOrQOOA-l. The 
overall dimensions o the two together are 11.7 x 
15«7 x 8.74 inches. The weight of the 3 axis 
repeater including shock mount base is 30 lb. 
maximum. 

The rack frame -and modules are painted a fine 
crinkle black with the amplifiers and chassis in 
flat black. The shockmouni base has c, cl- - anod- 
ised finish. All hardware is passivated inless 
steel » 

3.2 

3.2.1 

3.2.1.1 

Eleetrical 

I nmits 

Powe r Sun?) 11 e s 

A single phase, 
400 i; 20 cycles per 

115 volts 4 10$ at 
second supply is applied 

3.2.1.1. The maximum A.C. power drain does 
not exceed 35 watts. 

A.b.l, supply of R'7.5 -f 1.0 volts is 
also applied at connector Jo. The maximum 
D.C. current drain does not exceed 2.0 amp- 
eres . 

3.2.1.2 Signal Inputs 

Each of the three repeater modul. , 
requires a three terminal output from 
platform (or equivalent) synchro control 
transmitters. These transmitters are ex- 
cited from a 400 cycle per second voltage* 
in-phase with the A.C. power supplied to 
the repeater The error sensing control 
transformer used is o Clifton Precision Pro- 
duc s S T C -11-1 - 2 ( e qu i v al ent to a Bendix 
il-135-A2) , This requires maximum input 
voltages of 11.8 volts line-to-line from the 
external control transmitter. 

HC/MP Document CR-Fr U41 



3 O 1 S 
a t «. o @ 

3.2,2 

3.2.2.1 

F u s e ir r o t e c won UNCLASSIFIED 
J, design requirement stipulated absence 

of fuse or circuit breaker protection in this 
equipment. 

Outputs 

The output devices consist of sync".::.-e-s 
■ 

formers and resolvers), potentiometers and sector 
switches• These ere listed in fable 1 and Table 
2 for the r-'DOtOJOl 1 and D-D&6G003-1 repeaters 
respectively, 

The specifications of the non-standard 
nr-: listed : n the f .'lloving sections: 

Roll Control Transformer (BR4) 

Connected to the rotor of BRt is a 
temperature compensating network. The require- 
ments of the thermistor and resistor are as 
follows : 

. 

Thermistor - Keystone Carbon Company part 
number LA-300-3902 
300 ohms 4 5# at 37«8*C, 
and maximum rating of 1 watt. 

Resistor - M-H part number 455755 KKA. 
499 ohms v l.O^f 1/4 % : . it, 

To function effectively, the thermistor 
Is located near BR4. 

3.22.2 

3.2.2.3 

Roll Sector Switch: (SR?) 

formally closed over a range of -63° 
t 2’" thru 0° to 4-63° 2" and open over the 
balance of 36O0. Rating of the switch was 
l/4 ampere, 28 volts D.C. inductive load of 
1/2 henry. 

Roll Sector Switch (SR8) 

Normally closed over a range of 47.5 + 
1" thru 0 to “7-5 y 1°, and open over the""" 
balance of 360*. The rating of the switch 
was 1/4 ampere, rS volts D,C1/2 henry 
inductive load. 

HC/hiP Document CR-ED 1041 



UNCLASSIF! 

.)ot ntiozaote:' was character::.Bed 
to -nr ovl&e v. secant minus one function and , 
will conform to the following: 

Active range from +{60" «0° thru 
0* to -{60® %). Output to be 

—0 
constant from +60® to +T0° (<- 4“ ; and 
fi'om -60T to -70® (+ ^®) . Further 
rotation of the wiper bey ond +70c 

or -70® ohall provide a linear^de- 
crease in output over a 20° +g%) range. 

Balance of the potentiometer to be 
a short circuit and connected to the 
centre tap. The potentiometer must 
work into a 5OK load to maintain 
this linearity, 

!>) Deviation f.vtn secant minus one func- 
tion will be + 5# proportional or 
#0 ,lÿ indcpenderit; whichever is 
greater, (existing potentiometers 
can only supply 2$ independent tol- 
erance) . 

Centre tap width not to exceed 2° o 

d) Resolution noL greater than 23 pro- 
portional. 

e) Resistance measured between the centre 
tap anct the snorted sector between 
1000 and 1500 ohms, 

f) The potentiometer capable of 5 volt, 
kOO cycle excitation between the shorted 
sectors and the centre tap. 

Elevation Potentiometer RE7) 

This potentiometer is characterized to 
provide a one minus cosine function and will 
conform to the following: 

a) Active range from >-190° %'g») to -(90*--&*) 
and the balance of the potentiometer 
will be a short circuit, 

b ) Deviation from the one minus cosine 
function will not exceed 4- 5$ pro- 
portional or 0 ,1#* of maximum output, 
whichever is greater. 
Coexisting potentiometers can only 
Gupply 2y indepcndent tolarance») 

HC/MÏ Document CR-EI 10^1 WM 



UNCLASSIFIED 
c) Centre tap width will not exceed . 

d Resolution will not exceed 10 /o- 
portional» 

e} Ae s i o tan ce mo sour o d bet re e n ce n tr e 
tap and the shorted sequent will be 
5000 ohms 4 $$. 

) Tie potent!erneter is capable of es- 
ci ntion of 2 volts, hOO cycles between 
centre tap and the shorted segment. 

Normally closed over a range of 
4 k° to 455® 4 4* and open over the balance 
of 360°. Switch rating will be 1/4 amperes 
28 volts, 1/2 Henry inductive load. 

circuit. 

b) Conformity to the function will be 

10 volt, 400 cycle excitation between 
the shorted segment and center tap. 

Sieve,t ion Se ctor Swi t ch ( SB8 ) 

S1evation Potent!oneter (RE10) 

Till « potentiometer will be characterized 
to provide a secant Kiinus one function c.nd will 
conform to the following: 

a) Active range from -{87 * 4 X'' to 4{87"' 
4 l6), balance of 3603 to be c, short 

c) Centre tap width not to exceed 2 , 

0 ) Resistance between centre tap and 

e) Resolution will not be greater than 
1 „0$ proportional. 

t) The potentiometer will be capable of 

ü L a r /Ibb r e v 1 at i on 0 

RPTR 

PC 





D-I)G6000A-1 
Mtg 

TABLE I 

FUNCTION INDEX 
UNCLASSIFIED 

TYPE PC CONNECTORS 

P os 
Aero 
Ref 

BIO 

B2 

ft o)t 

10NT 

32 

B8 

is 

(ONT 

b7 JULY 28 58 

Honeywell 
Aero No. 

TD~¥gO$8V" 
480722-1 
480590 
480590 

480722-1 
48064$ 
46064$ 

480722-1 
48064$ 

480722-1 
480$84 
48064$ 

480722-1 
48059% 
480$88 
481269 

%D^4Bô$3nr~ I 
480722-1i 
48o6$o 
48o$8$ ; 
430722-1 
480591 
480590 

/ 480592 
; 480589 
' 480722-1 
; 480780 

480588 
480722-1 

. 480722-1 
480584 
481269 

Unit 
Ref 
CT1 
PLUG 
CX$ 
CXI 
PLUG 
TX2 
TX1 
PLUG 
?X$ 

. PLUG 
CT2 
TX4 
PLUG 
CX4 
CXS 
MOTOR 

Vendor 
Np 

CT1 
PLUG 
B$ 
B2 
PLUG 
CX4 
CX5 

SIC sw 
CXI 
PLUG 

i-cos m 
CX2 
PLUG 
PLUG 
CT2 

MOTOR 

AD-480534 
480722-1 

430585 
, 48058$ 
480722-1 
480661 
480585 
480829 
480591 
481020 
480587 

430722-1 
480584 

480722-1 
481071 
481269 

CT1 
PLUG 
S3 
B2 
PLUG 

SEC.POT 
B4 
SEC SW2 
CXI 

CT2 
PLUG 
CT$ 
PLUG 

SEC SW 
MOTOR 

BTC-ll-F-2 

BGC-1X-P-9 
BGC-ll-P-9 

EGC-IX-F-6 
EGC-ll-F-6 

EGC-ll-P-6 

ETC-ll-F-2 
BGC-ll-P-6 

BGC. 

MplS 
Ref 

ll-F-2 
SGC-ll-F-4 
15-1M-460-3 

BHCT+ 

BE7- 
BH1- 

BE$- 
BH2- 

BH4- 

BH9+ 
BH5+ 

BE8+ 
3H6+ 

Mpis Mfr 
No. 

AY-935-A2 

7R8-910-5E 
7RS-910-5E 

CG-ll-B-6 
CG-ll-B-6 

CG-ll-B-6 

AY-955-A2 
CG-ll-B-6 

7RS-910-7E 
7RS-910-1E 

User 

DL4- NC 
AFC 8 

NC 
NC 

NC 

INST 
IDI 

FDAI 
DL 

BTC-ll-F-2 

ESC-ll-F-1 
ESC-ll-F-3 

BGC-ll-F-2 
EGC-ll-P-9 
C.I.C. 115 
EGC-ll-P-3 

SNT $97 
EGC-ll-F-4 

BTC-ll-F-2 
15-XM-460-3 

BECT+ 

BE3- 
BB1- 

BB6- 
BE5- 
8É8+ 
BB2- 

RE7+ 
BE 4+ 

B29+ 

BTC-ll-F-2 

ESC-ll-F-3 
ESC-II-F-5 

SNT 601 
ESC-ll-F-3 
c.i.c. 115 
EGC-11—F—2 
NETWORK 
ETC-ll-F-8 

ETC-ll-F-2 

C.I.C. 115 
15-1M-460-5 

me*?* 

BR2- 
BR1- 

RR6- 
BR$- 
§S2$ 
BR5- 

BR4+ 

3R9+ 

SR 10+ 

AT-9$$-A2 

CS-ll-B-2 
7RS-950-3E 

7RS-910-7E 
7RS-9IO-5E 
55/ SECTOR 
7R8-910-4B 

T.D.S 
7RS-910-1E 

-955-A2 

AY-935-A2 

7R8-950-3B 
7R8-9)0-$S 

T.D.S. 
7RS-930-3E 
63° SECTOR 17 e o ft 
7R3-910-7E 

7R8-900-2S 

AY-935-A2 

5°SECTOR 

NOTE: B2 turns C ,W. for positive glmbal angle. 
+ same direction of rotation as B2 
- opposite direction of rotation ae B2. 

NC 
FC 

FDAI 
AFC 8 
AFC8 
SBC 

AFC 8 
DOP 

INST 

FC 
FC 

AFC a 
SBC 
AFCS 
FDAI 

AFCS 

INST 

NC 

HC Aero Document CR»1B 1041 
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TABLE 2 

I-DG6000B-3. FUNCTION INDEX 

iOOlB-2 
[TE 

(EAR 

15 

ROWT 

ITIOH 

Mtg 
Pos 

Aero 
Ref 
32 

o. 5 
(EAR 

@16 

1*4- 

RONT 

001B-X 
lit 

D®' 
'*© % 

5 

REAR 

M 

0»4 

’ROWT 

B2 

B2 

36 

Sa 

UNCLASSIFIED 
TYPE PT CONNECTOR^ 

B10 

B9 
311 

Hoaeyvell 
Aero No 

AD-480584 
480722-1 

480$90 
430590 
480650 
480645 
430645 

480722-1 
480645 

480722-1 
480584 
480645 

480722-1 
480591 
480588 
481269 

Unit 
Bef 

AD-V805M 
480722-1 

480650 
480651 

480722-1 
480591 
480590 
480592 
480589 

480722-1 
480780 
480585 

480722-1 
480588 
480584 
481269 

CTI 
PLUG 
CX5 
CX1 
B2 
TX2 
TX1 
PLUG 
TX$ 
PLUG 
CT2 
TX4 
PLUG 
CX4 
CX2 
MOTOR 

CTI 
PLUG 
B5 
SEC l PO 
PLUG 
CZ4 
ex 5 

3BC SW 
CX1 
PLUG 

H^COS 
B2 
PLUG 
CX2 
CT2 
MOTOR 

Vendor No 

ETC-X1-F-2 

EGC-ll-F-9 
EGC-ll-F-9 
ESC-ll-F-1 
EGC-ll-F-6 
SGC-ll-P-6 

Mpls 
Bef 
BHCT+ 

BS7- 
BH1- 

BH10- 
BE5- 
3S2- 

Mpls Mfr No 

EGC-ll-F-6 IBB4- 

BTC-11 F-2 
EGC-ll-F-6 

BGC-ll-P-2 
E0C-X1-F-4 
15-1M-460-5 

PO F 

AD-480584 
480722-1 
480585 
480585 

480722-1 
480661 
480585 
480829 
480591 
481020 
430587 

480722-1 
480584 

430722-1 
481071 
481269 

DATE; JULY 23 58 

CTI 
PLUG 
B5 
B2 
PLUG 
SEC POT 
34 
SIA 
81B 
CX1 

CTS 
PLUG 
CT5 
PLUG 
3EC SW 
MOTOR 

BTC-ll-F-S 

ESC-ll-F-1 
? SNT 593 

EGC-Xi-F-2 
2GC-11-F-9 
c.i.c. 115 
EGC-ll-F-3 

SNT 5.97 
ESC-11-F-3 

EGC-ll-F-4 
BTC-ll-F-2 
15-1M-460-3 
ETC-ll-F-2 

ESC—11—F—3 
BSC-ll-F-3 

SST 601 
BSC-H-F-3 
c.î.c. 115 
EGC-H-F-2 
NETWORK 
ETC-ll-F-8 

EÏC-13.-F-2 

c.i.c. 115 
15-1M-460-3 

3E9+ 
BES^ 

E8-f- 
B.H6"> 
Jts. 

BBCTi- 

BE) 
RE10* 

«•» 

BB6- 
BB5- 
SE8+ 
BE2- 

RE7-*- 
BE1+ 

BB4* 
BE9+ 

AY-935-A2 

7KS-910-5B 
7RS-910-5B 
CS—IX—B—2 
CG—XI—B—6 
CG—11—B—6 

CG-11-B-6 

AY-955-A2 
CG-ll-B-6 

7R8-910-7B 
7RS-910-1B 

User 

NOTE; B2 turn C.W. 
* same dircc 

BRCT+ 

BR2- 
BRI- 

RR6- 
BR3- 

SR7+ 
8R8+ 

RR 5"* 

AY-935-A2 

C8-11-B-2 
T.D.8. 

7RS-910-7E 
7RS-910-5B 
55° SECTOR 
ÎHS-9X0-4E 

T.B.S. 
7RS-930-3B 

TRS-910-1E 
AY-935-A2 

DL4 NC 
AFC8 
VERS 
NC 
NC 

NC 

INST 
IDI 

FDAI 
BL 

AY-935-A2 

TRS-930-3B 
7RS-930-3B 

T.D.S. 
7RS-930-3E 
63° SECTOR 
7.5°SECTOR 
7RS-910-7B 

7RS-900-2E 

AY-935-A2 

5° SECTOR 

NC 
VERS 

FDAI 
APC 8 
AFCS 
SBC 

AFCS 
FC 

DO P 
INST 

AFCS 
SBC 

AFCS 

FDAI 

** opposite 

for positive gisabaî angle 
tioa of rotation as B2 
irection of rotation as B2 
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Four captive socket head, screws secured, 
each module to the rack by cnguaing mit::, self 
locking clinch nuts mounted on the module 
chassis. 

An additional stiffening member was four: 
necessary at the rear edge of tlie rack. This 
1s shown in Figure h.1.1.c. 

Repeater, Servo Modular 

The design aim was to provide an easily 
interchangeable modular assembly to facilitate 
servicing of the 3 Axis Repeater. It was further 
decided to group the Electrical and Mechanical 
components into separate sub-assemblies, since 
the mechanical assembly was to be carried out 
in a dust-free clean room, and the nature of the 
electrical wiring-up operation is such as to 
leave small clippings of wire and insulation. 

The amplifiers and 3tor phasing and tuning 
capacitors were mounted on the chassis together 
with a terminal board, All electrical connections 
between the chassis and the mechanical assembly 
were brought to screw terminals on this terminal 
board. Figure 4,1,2 shows the terminal board 
and the gain setting resistors. 

Description of Repeater Servo Module 

Each Repeater module consisted of the fol- 
lowing items mounted on a suitable cast frame 
and sheet metal chassis. 

a) Two phase 400 cycle inertia damped 
servo motor 

b) A synchro control transformer for 
error sensing. 

c) A voltage amplifier 

) A po* or ampli Tier 

c) A gear train for coupling the rotor 
to the control transformer. 

f) A gear train for coupling the co trol 
transformer to the output devices. 

g) Output devices as specified 

A possible total of fourteen output 
positions were available on each module, though 
it was desirable to have a blank position where 
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casting» 

Pies01c 

7 * n ri 
cables were protected by 
and suitably cla:pod to 

S 01 cl 3 r 3. c s s c r i ip ty ) e 1 • 
sr:iinations in all cases except the 

' U.:' 

sreuue.ies at leteitiousters, which dor 
levelopr.ent models had colder terminal 

Pa 3 <r stainless steel bar dm:- ; v sa o 
j.uea wu ougiout t 10 ne c nan ism to eliminate 
possible malfunction due to mechanical removal 
oz 'iiavin': 

bac' noter was secured by five BuOrd synchro 
eiin.-po, and tnc output devices were secured by 
Single and double clamps, the latter being 

’od by close spacing of the output de- «•— '*■■-* c. O *41 kl »v.i 

vices. i« igur 
S> V* J* -p v*? rr/^ TVf 1 \ ♦’•- .•» 
'• * ■ • • —*'~A L • ■ - ■ •»»! . W iP a 

h . A he clamping 

Sym gear case assembly 

p :S A 
oi .î.ü'tcn cion was to msue removal 

replacement of 
without disturb1ng 
of 

ne output device possibl 
the remainder the setting of 

une devices. For this the outside diameter 
of the gear on each output shaft had to be 
smaller man 1 .000 inch diameter mounting hole 
in the plate. This gear- had to mesh through 



gear vith s gear of z ZQ on an idler 
the error sensing control transformer shaft in 
order to preserve the 1:1 angular correspondence 
■between input and output an las. The 

ur&cy requirement, however, #| r{ A 

this it possible and only one gear mesh was 
permissible between the control transformer 
gear and any one output gear. Further, the 
need for scissor type anti-backlash gears 
made straight replacement of outputs irpossible. 

A design was runs therefore prepared, 
six, 80 tooth, 6h pitch output gears aally 

spaced around a similar central gear mounted on 
the control transformer shaft, as shown in 
Figure 4 .1.3.1. a. The central gear was wide 
enough to allow staggering of the output gears 
to avoid locking and to accommodate the build- 
up of tolerances. 

of 
The maximum allowable overall dimension 

the module did not permit mounting the si 
15 motor in either a central position or in 
any one output position, therefore, an idler 

a compound cluster gear was intro shaft with 
1 h . 1, :-4 tooth, 

control tree 
dueed. 
with the 
an 88 tooth 
A 1*1-7 tooth, 97 pitch 

pitch ge ar, 

the 15 tooth, 9.6 

integral 
former gear, meshed vi 

6h pitch gear on the cluster, 
gear on the 
pitch motor 

cluster me, 
pinion 

•ectly 

These two stages of gearing gave the 
ratio^ of 16:1 which was originally intended 

was later found that inadéquat: 
was obtained and an 
was introduced by the use 
15 gearhead on the motor. 

additional 3. ho ; 1 
v ... 

ration 
ratio 

1 sise 

The combination of load inertia due to tb 
large ecuvro gear, and the large amount of 
uvcnlash in the drive train, led to instabilit; 
at gains sufficient to give the required 
resolution. The second gear of the cluster 
gear was then replaced by a scissor type anti- 
backlash gear, which 
increased to achieve 

allowed the 
the desired 

gain o be 
resolution 

The idler 
6b pitch pinion 

shaft also carried 
me shine; with a 72 tooth, 64 

a 22 tooth, 

the shaft pivch anti-backlash gear fitted to   
!'JX additional output device mounted opposite 
the motor. This output shaft had a 1:2 
angular correspondence with the input Sc c 
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of rather limited knowledge of the output 1^1 
characteristics. A sise 1$ motor with torque 
characteristics similar to a BuOrd MKT motor 
was considered to provide an adequate torque 
safety margin. 

Originally the usual form of an A.C. 
servo system using tachometric feedback was 
planned. The parallel development cf the Two 
Axis Repeater did; in fact, employ rate gener- 
e.tora on the model construc ted. About that 
time; however, a following rate specification 
was received which required a constant slewing 
rate of 1200 degrees per second for a maximum 
output lag of 5 degrees• Such a requirement 
was incompatible with the other system para- 
meters (resolution, damping ratio) were rate 
feedback compensation to be used. 

Analyses using the newly introduced inert- 
ial damped servo motors showed that high fol- 
lowing rates presented no problem. The damping 
portion oi such motors consists of* a drag CUD 
fchr.t is attached to the rear of the motor 
shaft and rotates in the field of a bearing 
mounted permanent magnet. This magnet being 
itself free to rotate provides a damping force 
only under conditions of relative magnet-drag 
c,u> i-io id on. The mass inertia of the ;* let 
ensures such relative motion only when A e 
rowor shaft is accelerating. Thus a c 
force does not occur under conditions of 
input velocity and a high following rate 
available. 

Aping 
constant 
is 

nxper .men :G carried out with such units 
show::A that equal, and in some cases superior 
frequency response and transient response 
%-iic/v.i ^eristics of the servo loop were obtained. 

.ui^rtiax camping also offered benefits in 
the form of : 

increased reliability of a mechanical 
system. 

no generator excitation required (k.2 watts 

3» Do adding network and simplified 
circuitry. 

wwe possibility of using a sise 11 unit 
^2x: investigated. For the D-mode 1 configuration 
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however, it vas found that the torque charact 
eristic oi SUCH a unit was inadequate 
ins 

Follow- 
rates as high as 400 degrees per second 

were not obtainable with the Beckman 11~1M46I 
inertial damned motor. 

The final choice of motoi', therefore, 
became the Beckman 153il460-3 series. Such a 
unit requires 8.5 watts at 115 volts on the 
reference phase and 8.5 watts at 40 volts on 
the control phase. The stall .orque- ana 
acceleration characteristics for no load are 
1.5 ounce-inches, 6000 r.p.m. and 53,000 rad/ 
see2 respectively. A flywheel damping factor 
of hhO dyne-cm-seconds was originally speci- 
fied; later considerations suggested that this 
be increased to a minimum of 600 dyne-cm-sec. 

Back-up Design effort in Minneapolis 

About the time the preliminary dec.' ...... was 
completed, an alternative design was produced 
by Minneapolis Honeywell, which, it was claimed, 
had superior performance and was easier to 
manufacture. 

-his device, a modal of which is shown in 
Figure 4.1.4 had the output devices driven by 
a connecting plate through crank arms clamped to 
the output shafts. 

A magnetic amplifier with transistorized 
preamplifier stages was used to drive a size 
11 motor and 80:1 gearhead. 

The connecting plate could only be statically 
and dynamically balanced for a known fixed num- 
ber of output devices„ At that time the total 
number was not fully determined, and spare pos- 
itions were required by specification. 

The Minneapolis designed model accommodated 
only four outputs and occupied approxinr Xy 
the same volume as the D-DG6001 12 output module. 
Actual performance of the crank-arm model was 
Li owe v; bat De low specifications for velocity constant 
and resolution. These shortcomings might have 
been eliminated by further design effort. 

was decided to continue with the geared 
OA-signec. on the grounds that the development of 
the special manufacturing techniques required for 
w:e crank—arm repeater would, delay the program 
by an unacceptable period. 

TTM 'VTi 
Document CR-ED X04l 



4.2 Servo Amplifiers - General 

UHCLRSS1HED 
It vas the original intention to use the 

Minneapolis-Honeywell D-EG129 transistorised 
magnetic amplifier to drive the repeater servos , 

used in many other applications in the Minneapolis- 
Honeyveil portions of the ASTRA system. This 
amplifier, however, was found to have a time 
constant which proved excessive for the peater 
application. The D-EG129 measured appro: ateiy 
2 3/6t! x 2 3/8 x 2 3/8' and weighed il. -, ounces. 

It vas then decided to use two transistor 
amplifiers in cascade. The preamplifier chosen 
was a Minneapolis-Honeywell D-EGX13C, already 
specified for use in other parts of the ASTRA 
system, and a separate transistor power amplifier 
specifically designed for the repeater applic- 
ation. 

4,2.1 D-EG113C Preamplifier 

The D-EGX13C silicon transistor amplifier 
consisted of a two stage preamplifier and a 
stage of push-pull discrimation. It was designed 
as a printed card unit in a hermetically sealed 
case measuring approximately 2 3/8" x 2 3/8" x 
1” with a weight of k ounces, A single external 
4-00 cycle a.c. power source was required. The 
input signal could be of sinusoidal or square 
wave form. 

Three terminal outputs produced p -.so 
sensitive, full wave d,c. or a.c. cur r t. 
fie maximum gain ratio expressed in milliampères 
per volt, (or volts per volt using 1000 ohm 
load resistors) was 20,000 with an associated 
input impedance greater than 1.5 kilohms. The 
gain ratio could be reduced by means of a 
specified external resistance to a minimum of 

with a related increase of input impedance 
to a value exceeding 1 megohm. 

The amplifier with push-pull a.c. output 
was capable of driving a small motor directly, 
or a power transistor output stage. 

The füiX wave d.c. output was suitable 
.■.ox operating hydraulic valves, relays or mag- 
netic amplifiers. 
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Up to one watt output could be obtained with 
1,000 ohm minimum load„ The amplifier v c pro- 
visioned to accept an additional a.c, si d as 
miglrc be derived from a velocity signal enerator 

The amplifier can be seen at the left re&z 
of the chassis in Figure 1.3.b. 

4»2.2 Experimental Silicon Transistor Power Amplifier 

A design was prepared using four, Texas 
instrument 9/0 n—p—n silicon power transistors 
m parallel push-pull. Transformer coupling was 
employed at input and output. In addition a 40 
V B4 supply was required and was to be provided 
by a separately packaged power supply unit, 
A/.., 'Wepii.i. i v:was built and tes te d in both bread** 
board and packaged form and performed well, 
although its sise was somewhat excessive, apurox— 
imating to a 2 3/6" cube. Schematic and typical 
section are shown in Figure 4.2.2. 

4.2.3 Silicon Power Amplifier DD-48o8l3 

A new silicon power transistor, the 
instruments 21.389, became available, and 
-the amplifier design to be simplified, 

Texas 
ib led 

ihe DBA80813 power amplifier was a single 
s cage transistorized unit in a hermetically 
sealec ccncainer. A single external d.c, power 
source was required. It was found that sufficient 
ou (.put was obtained using the aircraft 28V D.C. 
supply as Bd-, and the separate power supply pack- 
age was eliminated. ’ ” - 

T.;*,- .-.cXeis ins (.ruaents 2ÎJ 389 n—p—n sill con 
power- transistors operating in clans B push-pull 
provS eu up to 6watts continuous a.c.output power 

a double ended load of 50 ohms per side, 

Designed for excitation from the D-EG113C 
ne unit could be driven to full output 

oy any single ended or push-pull 400 cycle, 1000 
onm input signal source capable of supplying 1/2 
w a 11 o 

_ 0 onapj.if 1er fed directly into the tuned 
vo.we centre tapped control phase wind/ of 

Lhc servo motor of the module. 

j.ransrorwer coupling was used at the input. 
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A feedback transf 
concected i ierosa 
an ou tpu t I vvp .5 d an 
amplif1er was des 
an ambient temper 
f 16 0 d e g r e e s F . 
made to a solder 
envelope sins vas 
the unit was moun 
on the baset The 
ounces. 

nil 

o r3er having a 1:1 ratio wa s 
the push pull output, and had 
ce of less than 3000 ohms. The 
igned to work satisfactorily in 
ature range of -30 degrees to 
Electrical connect!ons were 
type header on the base♦ The 
13/8x1 5/lb % 2 3/8 and 

ted by four threaded studs 
weigh., of the unit vas 5 

The DD 480813 amplifier can be seen to the 
right rear of the chassis In Figure ! .3 ,b and 
a sectional view is given in Figure 4.2.3* 

DD 431313 Capacitor Assembly 

To obtain a 90° voltage phase 
motor fixed phase winding a combina 
and shunt capacitors was used. In 
control phase winding was tuned by 
acitor. The required values of cap 
non-standard aui had to be made up 
31an dard values of capa citors„ The 
on a terminal 1 : ard and enclosed in 
filled can. The assembly measured 
1 l/t ' x 1 3/4" and weighed 5 ounce 

shift on the 
tion of series 
addition, the 
a shunt cap- 
acitance were 
of pairs of 
s e we r e m ©un te d 
an epoxy foam- 

2 3/8" % 
s, 

121 e c t r i cal co n n e étions w e r e m a c 1 a to a so X d e r 
type healer and the unit was mounted by four 
threaded studs on the base. The capacitor assem- 
bly c an e set n centrally mounted, on the front 
of chase in Figure 1 3*b. 

4 r F . 0 Back-up Design Effort in Minneapolis 

An Indepen dent 
made i n l li nne spoil 3 
amplifier for the r 

■ 
transistors in clas 
feedback, was recel 
The unit was approx 
•• >D (! 8 0813 amp 11 f :L er 

but parallel, effort was 
to design a translate power 

epeater application. . sample 
o Honeywell germanim power 
s B push-pull, with positive* 
ved for evaluation in Toronto. 
i:lately the same size as the 
/ out was filled with magnesium 
o i j. t o a i d h. e a t d :i ssipatio n . 

test specification was received with the 
unit, OUT, unfortunately the amplifier would not 
fun ce:, on with the recommended circuit and no com- 
parative tests w 
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$ sTATic Aim DYNAMIC 

5.1 The or et il cal Anjaly s :i 3 

In the initial s *\*o~loop analysis the fol- 
lowing simplifying assumptions have been made» 

a) The system behaves according to linear 
theory. This excludes any effect on per- 
formance due to gear train backlash, 
amplifier saturation, imperfect waveforms, 
etc. 

b) No significant electrical time constants 
exist in the amplifier system or in the 
amp1ifler-motor coup1ing. 

5 *1.1 System Tran sfer Functiona 

Consider a system as shown in Figure 5*1-1 
@1, ©H, ©o = input, motor shaft and output angle, 

in radians* 

©d 

S 

- Damper mass angle, radians 

- the 'Laplace operator 

N gear ratio, control transformer to motor 
shaft, 

KA 

K<y 

Jl 

Jr 

d n 

J2 

f x 

*r 

o 

* amplifier gain, volts/volt 

« control transformer sensitivity, volts/radian 

= motor torque constant, dyne-cm/volt 

= effective inertia at motor shaft, gm cm” 

- rotor inertia, gm cm^ 

= output load inertia, gm cm^ 

= damper flywheel inertia, gat CM2 

= effective damping at motor shaft, iyne-cm/rad/sec 

= motor damping constant, dyne-cm/r d/sec. 

= output damping, dyne-cm/rad/sec• 

* damping constant due to coupling between 
the motor shaft and the damper inertia, 
dyne-cm/rad/sec* 

= effective frictional torques at motor 
shaft, dyne-cm » 















O rr-y T T) V T>V rp T 







UNCLASSIF! 
. 

; 
P Pi' t Pov t c op , 

■ ... : 

volt .'■■Oil 

Pie . c.: 

0 = 0 . 

I :.C; 

16.0 

:1.,0 

o. : : 

reou.a :,e . 

' it cr.. it ; oil 
RIM51!’ 

.. > «a. 

m 



- ü:'. :/ /' . %: 

% ' ' ),, :.:i . : 

(I ){:.40.%32 3H.! 

y -'' P : : a'-.c-v.s the me,g:- litcdo-yar s 

■ ' i ( •• " : f.fii #*§ F j|fi 
. - : ::'' * 

• 'J (fc*l 

■H 
•■ ■ ■: 













UNCiJSSIFfP 



w
 



5.2.1.3 

cycles per second, this curve applies only to 
the one-ampiifier-motor combination and cannot 
be used as a general calibration curve. 

Amplifier 3/stem Time Constants 

tion 

$.2.2 

In order bo check the assumption c ' sec- 
5*1 that the amplifier system co...t '.ns 

no significant time constants, the for: owing 
test was performed: 

A sup-ore seed carrier modulated kOO 
cycle/second signal was applied to the 
input of the motor loaded amplifier 
system. This signal was derived from 
a synchro transmitter control tranr.- 
for; or pair with the transmitter shaft 
rotating at a constant rate (see 
Figure $.2.$) With this, the envel- 
ope frequency could be varied from 
0 to about 60 cycles per second while 
the peak amplitude was kept con- 
stant at 190 millivolts (l/2 degree). 

Both the input and output envelope 
waveforms were monitored simultaneously 
with a Sanborn pen recorder, while the 
input frequency was increased, in steps 
from 0 to 60 cycles per second. 

ue observed traces showed no detect— 
c.’bze phase shift (f 3°) between input 
a,no. output in the frequency range used. 
This indicated that any first order 
time constants within the amplifier 
o y 0 •-IÏ2Ï1 ad values not exceeding 10"^ 
be conus and hence could be neglected 
here . 

Stability Checks 

With the module connected as Figure $.2.? 
any tendency for oscillation of the servo-lôôô' 
was observed on the recorder error signal trace, 
violent disturbance inputs were made for various 
values of amplifier system gain, the latter being 
adjusted with R3. 

PT 
Gains in excess of 1?0 and 210 for motors 
and rT"° respectively were needed to pro- 

uuce any form of sustained or long lived osci]. 
lation. 
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solution Checks 

Using the experimental set-up of Figure 5,2.2 
'he resolution of the system vs amplifier gain was 
eterrained as follows : 

With the error signal being traced on the 
recorder, the external transmitter shaft was 
rotated very slowly until the recorder pen pas- 
sed through a maximum displacement. At this 
point the transmitter shaft was then slowly 
rotated in the opposite direction until the re 
corder pen reached an opposing maximum, Thi x s 

-.3 . epea^ea for several cycles. The peak—to- 
peak voltage represented by the trace indicates 
the resolution of the system; iedivide this 
voltage by KB for the angle in radians. 

Such a procedure was carried out at 20 
••'■eg/, fjc :.itsi: vax.s over the compj.ete 3(oO degree 
range, :it,i she maximum : Le vecorded taken 
as the system resolution, 

î■"- ’■ -*- esv.ts using the two motors are as 
tabulated below % 

5.2.4 

Gain KA 
volts 
volt " 

60 
100 
140 
200 

' oy ARC 
Motor PT-13 I Motor PT-0 * 

3.5 
2.0 
1.3 
0.9 

Following Rate Error 

AO to 5 volt, 400 cycle per second, line 
p^ase signal source was 6%b&tl luted for the Dr.rmai 
control transformer error signal (Figure 5 ? 2) 
at the E-SG113C input. The control ZrelsîormU 
" ''wOX keadu were then connected to the pen 
recorder. 

tnis open-loop configuration the output 
ws &L en angular velocity dependent on the 

amputer voltage input. The recorder traces 

angular velocity. Thus, the 
is presented as a function 

- - - -c— J!z.. “ ausu 

ou\,puc, following rate 
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of the inp 
aient. 

error :naj, or 

txi shovs the 
three gain:., These rates arc ccnci 
than those p ' .-.dieted (section g .2 .6 
the fact that the servo-notevs have 
speed (about 7280 rpm) greater than 
Part of this increase is also clue to the use of 
a line frequency of P?3.9 cyc3.es/second for these 
te s t s . 

vt 1A. 3. À L; ti U \ 

that specified 

5.2 l0BPOnSK 

Closed--loop frequency response tov j were 
made u; ing ':hv . rimental arrange vent shove 
in Fii\re 5 «2.5, By means of this circuitry an 
amplitude modulated suppressed carrier signal is 
added to the normally nulled servo error signal. 
This causes the output of the servo loop to oscil- 
a 'ù~ sxuusoiually about the angular null position 

The frequency of this oscillation is con- 
'.rolls*' b b?:e dr ? /o motor a uvular veXjcit-.;; the 
maximum amplitude by the 10K potentiometer Eg, 
I'o'cant:: ometor hi enables the input to be kept, 
constant as the drive rate is increased. 

He corder veuvage Eg traces the output 

- Gib/.*.! vude antt frequency ii.e., the actual 
mechanical oscillation at an output device) 
Recorder yoltagt ces the reference input 
traquer cy avf no .,: constant times the innut~siP- 
nal amplitude. 

pnasc oxiift between the input and 
output may be read directly on the recorder 

* 
synchro i % an in-phase Lissajous figure is 
ma:.nia.:ved on the oscilloscope. Thus^ closed 

.° ■'t' ^1 ‘eqtiency response data were obtained • 

.Lnuüt sign »J. amplitudes of 1/2 degree ( » 190 
millivolts; were used for small signal" (i .e% 
aon-saturawion conditions) plots. Also, ampli- 
tudes corresponding to $.0 degrees and 15 de- 
groes were inserted to determine the large signal 
break frequencies. 

response plots using rotor XT 
cm/rad/sec) and for small s.! 

t.hf L re quency 

(f2= All dyne- 
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Graphs 17 ana 1=3 show the large stgi.el rc^po-.-.ses 
to ^ degree and 15 degree input susplitudee. 

These latter curves are /.low -, at aupliiier 
gains of 100.hovever, gains of 60 ana 140 were 
also tried with essentially identical results 

The corresponding curves using motor PI -0 
are given by graphs 19* 20 and PI. 

These results along with those predicted by 
theory* have been summarised in the following 
tabulation: 

nmnrmGm?:  

L-2 ELEVATION .AXIS (P-DCSOOIB-S) 0? 
THEBE A):13 REPEATER 

PEAK 
mGHI. 
TODE 
Db 

FRBQ 
OF PEAK 
mGNi?" 
DDE 
cys/sec 

Motor -, 1 
Beckman 

151M460-3 
PT-13 
(fg =4ll) 

Theoretic 
calResultr 
for 
Motor #1 

Gain 
Constant 
Kil* volts 

Motor . : 
Beckman 
151M460-3 
PT-0 
(fg= 643) 

Theoreti- 
cal re- 
sults for 
Motor #2 

Gain 
Constant 
KA*volts 
/volt 

Gal 11 
Constant 
KA*volts 
/volt 

60 I 45 
100 4.6.3 
i4o +7.3 

BAND 
WIDTH 
•3ÜV 

cys 

-90° 
PHASE 
SHIFT 

,FREQ. 

I see. 

2nd EQUIV 
ORDER 
DAMPifG 
RATIO AT 
RESOHANCZ'] 

15.8 
16.9 
20,7 

24.1 

33.5 
3^.0 

17.9 

22.6 

Gain 
Constant 
KA*volts 
/volt 

50 
100 
l40 

60 
100 

+0.6 
4*0.8 
4-1.5 

4,0 
16.0 
23.9 

T 
19.5 
37.2 

23.0 
32.0 
38o$ 

ii;t 

0,30 
0.25 
0.22 

4*0 o X 
4-2 o 6 

140 43.O 

5.9 
13.4 
17.6 

50 
100 
140 

+1.0 
4*0 08 
+1 « 1 

4.0 
8.0 

19 * 2 

15o3 

25.8 

16 cl 
23.5 
24,9 

15.9 
30.8 
4l. 1 

19.7 
28 c 6 
34.8 

0.58 
0.55 
0.48 

0.40 

0.37 

0.?2 
0.54 
0.52 
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LARGF SIGNAL FREQUENCY RESPONSE 
L-2 ELEVATION AXIS (D-DG-6001B-3) OF 

THREE AXIS REPEATER 

IXPERIKENTAL 

THEORETICA:: 

5 Degrees * 15 Degrees ) 5 Degrees \ 15 Degree 
Break \ Break 
Frequency | Frequency 
cye/sec j cys/oec. 

5,6 2.2 

2.5 

B an d w lût h Ban &w i d t. h 
eys/see 

7.5 

yd/sc c 

2.90 

5.2.6 Transient Responsé 

Transient %^espo.:sa chr.raoterlntlcs can be 
deduced from the foregoing 'freque%icy responre 
data, however; it was found simpler to conduct 
arete tests, 

3 2D» 

Input step functions were applied to the 
system (refer Figure 5.2.2) by s ./itching off both 
the con .ro; transmitter excite.' .Lor. and the servo 
aotf? control phare voltage; moving the transmitter 
rotor through the angle dosirnd; and then simul- 
■• an e o u B : y re i m p r e a s :i n g t h e s e v o 11 a g e s „ 

The error signal was monitored on the pen 
recorder » Only large signal inputs have been 
recorded here and for these both motors gave 
essentially the same results. 

AD a measure of the spaed of the system re- 
spouse, ffr rise ti.ao of 90% (defined as the time 
required for the error signal to pass through 90$ 
of the tnifiai/y Impressed value) was used. 

The the following results wore obtained 

APPLIED INPUT 

5 step 
function « 

15 step 
function 

No «, of 
overshoots 

1 

RESPONSE 

« P over- 
shoot » 

135J 

7.9$ 

Rise time 
to 90$ 

0 o 7 0 secs 

O.76 sees 
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5.2.7 

c; p 7 1 / o C. o { O J* 

System vith Minimum Backlash 

The existence of ‘backlash in the gear train 
had presented some difficulties during the 

the effects of backlash on the .present D-model 
configuration, tests were conducted using an 
additional anti-backlash mesh in the system. 
Thus, a double anti-backlash gear vac subs situbed 

providing aero backlash between the gear - X pin- 

referred to the motor shaft was reduced from 15 
to 1.7 degrees. 

to behave yaore :.;n acc ordance with that predicted 
by linear theory « 

Resolution 

Frequency Response 

'Jraphs >722, 23 &nd 2k show plots of the 
small signal closed loop frequency response0 
In these tests motor PT-X3 only, was used, 

Graph ii‘r[•) gives the large signal response, 

These results along with those obtained 
~rom the regular 15* of backlash) system and 
those predicted from linear theory are listed 
on the following page: 

repeater development♦ To gain come insight into 

Since backlash is the largest non-linearity 
in the system, it Was expected that the addition- 

The additional frictional load ir.;, 
by the ant%-1 acklash me oil had a signifiean c 
effect on resolution as shown below: 

GAIN K\ Resolution With 
11 orma1 By stem 
Motor PT-13 

Resolut.1 on With 
Anti-Backlash 
Gear Added. 
Motor PT-13 

volts 
volt 

60 
100 
14 0 

3.5 mins 
2oO mine 
1.3 mins 

5«3 mins 
3 mins 
1 mins 

EC/MP Doci 
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For the ;? degree large signal response, 
the valuea compared as follows : 

HC/KP Document CR-1D 3-Ql‘l 
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Pre-Production Design Tes 

Tests were conducted on a repeater modul: 
constructed in accordance with the ?>rc nosed 

mounted concentrically about the* control trans- 
former or motor, are geared 1:1 with anti-back- 

essor./ electronics o A 60:1 gear fee ad rat at 10 

men no.*» re su .its obtained can be regarded as a 
good indication of those expected from the DG 
6000-0 repeaters» 

Initially the breadboard was tested with 

thereon, as shown in Figure $.2»8c. These con- 
sisted of 7 synchros (excluding the input C.T.) 

roü/ù'i/.ometer, double- sector switches and 
1 oingle sector &\/itch» 

oorrespor.ding checks were then made with 
all c tl: output devices removed. Thus, the 

cnee c .. each axis lies somewhere between 
t ; M..e re su,*.. and, as will be seen, is es senti ally 
1a&ependen t of 1oadin g. 

The static resolution versus amplifier 
&!"• (- -i-3 tabu :L a ted below for both the con- 

- - ■ on.: of maximum and minimum loading» As 
would be expected in view of the D-model 
theory rad experiment, the effect of the loads 
on the resolution is small. 

10 deg - o at 

Resolution Cliecks 
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GAIN && RESOLUTION FOR 
MAXIMUM 'LOADING, 
IXLUTLS OF ARC 

RESOLUTION FOR 
KLOADING 
MINUTES OF ARC 

100 

3*0 
2.2 
1 .k 
1 .0 

$.2.8.2 

5.2.8.3 

5.2.8.1* 

For the ( • .-d :i fci un of minimus’ ,-,.oadx ng i va:' 
possible to get the system to hunt at this gam 

sec and 9.5 -limites of arc amplitude. 
of K A les s t h an ' 80 volts / v o 1 t a. i i, ow e d n n su c / - 
hunting to occur. 

Following Rate Error 

Graph #26 shows the foil owing rate a 
f y H c t i o n oa n gu 1 ar ou up u t 1 a g ; .nu &î : c. i . ■- {- 

system gai n. These curves were obtained c'roa 
the unloaded nodule 0 
coincident with those taken under the condition 
of muximm It ' " i . Differences when coup ed 
to those plotted for the D model ; Graph 13.# 

Transient Re sponse 

Large signal transient response tv ces 
were, within the limits cf experiw.enlo.l accur 
acv . cauivsient t ;.i those ob tcinsd in Be ^ wi ^u 
5/2.6, A g in, the effect of loading was small. 

Frequency Response 

Graphs #27, 28 and 29 show the closed loop 
frequency response, at the gains xnui ca >.ed , 
the co n <3 i 11 - a s o f m a x i mum 1 oaring , T he corres- 
ponding curves for minimum loading are given 
by graphs 30, 31 and 32'. 

A comparison of the salient points involve". 
along with th re obtained from the D model con- 
figuration is tabulated on the following page* 

X is apparent that the loaded IGoCeO-G 
configuration has a frequency response very 
nearly matching that of the Dt60013=3 module. 



0 o 31 

0.50 

0.35 

■ 1 r ntal Te stins 

do three a;cis repeater 
Astra environmental testing 
down in Astra 1 Environmental Specification 

s undergone the f uj 

quiromenta a3 
k 4 >f\ n 

? 

aid 
Rev o A 

1C 

TV O 

ü 600(1 
idels, tne D-DGoOOOA-1 vL-«2 and 
fL = 1 had bccii teste 

•who 

uith 

.5 cigi ) 

Env i. 

eci. 1 n ac cor. au ce 
'Minimum Pro«shipment Tests" excerpted 
H memo. C.A« Swenson to Ayrc./ Project 

! e r s e n i 111 e d 'AIT .ectro n i c S y a te n & D 
ntal Spec c a 11 o n s ,■ 

c- 

f the 
i n th< 

cne testing as app*ied to 
OB-1 repeater scries ; 

1.. o w 1 n 
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9 
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9.2 

,2.9.3 

High Temperature 

With the repeater in thermal equ? rium 
with e,i tempera : ire ci' 'C ^ para- 
metSTS oi loop liability, null voltage, static 
r & o l u t i o n an d 1 ar ge s i y n e 1 ' r an % i e 111 r e s p o use. 
■were checked. In every case and for each ax is, 
t h e r ep e a t er per f o r in a nee u ; a a f o u n d t o b e w i thi n 
the specifications. 

Low Teroperatura 

W i t h t h ■ ; re p e a t er ii: t b e r m a \ e g,u i I i b r i u m 
with an a:.blent temperature of -30BF, the para- 
meters of 5 *2 .9 •! were again Checked , 
s t ab i J. i t y ? n u 11 v o 11 age and t r c a r ' e :i r e spouse 
were within specifications for aid axes. The 
azim i :• 11 > a n d r o X1 a xes ho w ever, f a i 1. ed o c o n form 
to the specified minirum static reaelution of 

were 7=3 and 5.6 minutes of arc respectively s' 

Altiiude 

The repeater was placed under a' 
pressure equivalent to thu i at %C\, V?. 
but at room temperature, and silowed 
there for one hour. 

The servo loop checks of section 5.2.9.1 
were made, with at X exes meeting the specification;, 

Vibration 

The repeater war subjected to a resonant 
frequency scan over the range 5 to $00 c »p «3., with 
a double amplitude of 0.0X8 inches or a maximum 
acceleration of 2 g’s (whichever vac smaller?, 
in each of the three mutuaX1y perpend!cu1ar 
v o or d i. n ate axes 0 

> n <i X’ 3. c 

remain 

Figure 5 «2 09 » ^ below 
ref e r e a ce e 11 a r ts for th e 

shows the choice of 
three axer: 

il 7* 

/ 
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W AV <L si *i*' »W I«v 

5.2.9.^.1 X Axis Vibration 

For vibration along the A a 
case conditions were at 95 c.pvo 
of the serve motors with respect 

{less t Î ; an a1 minutes of arc) pr 
elevation and roll axes fro::; nee 
fications , 

the ors 
Meref Motio 
the module 
a a x on s 

nteci the 
cr T, : : {■•> o r i 

5 2.9,^.2 Y Axia Vibration 

Again relative mô t or - c as t :l n g notion occu. 

red. ai 30 to 50 c.p.o. Electrical resonances 
in the range 103 to 115 cps résulte On oacil 
1. a t ion" 

1 1 ■: •/• 
of the e 1 ovation and ro,ia a 

tes of arc amplitude} w 
6 H "G r ,o /Ï 

ÀC o O 
prev 

th% repeater from meeting specifications 

5.2.9,W Z Axis vloration 

An ; .1. e ; : r i c a 1 r e son a a c e a t 85 c p s re- 
suited in small (12 minutes of arc) oocil- 
lations of the elevation and azimuth axes. 

5 .2 10 Test Results Conclusions 

From all of the foregoing r a s i) 11 s 
repeater wheth i s ap. pare n t t h a t t h e t h ree a x 1 

of the D model or the pre-production design 
figuration failed only on two counts to meet 
spe cifications : 

signa The srasl 
erally below tn 
minimum 

aamp1ng 
require 

ac LOT 
value OJL V> 

, e u - 

2 Small oscillations in the se 
occurred during the vibrati0 

... o o y 
: t.i n g 

Attempts to overcome these difficulties 
had been ini tia’ed with the following results- or 
proposals. 

. I ï e r ’ 1 £ i d a . p e d a e r v o m o t c > r w i t h big he r 
va]ueo of t he c oup1ing con stant f 2 
then those used, would amost certainly 
end t; : ï e ose i 1,1 ati o n s a r i s i n g u n dor vi~ 
b r ation ' ; c z tin e? T h c to B 11: c o n J. u c t e d 
w i h o a e s u c h ra o t o r { FT - 0 ; s .1 iminated 
anp tendency for the repeater module to 

hun t a n d p emitted a s i g n i flea 1111 y 
i n c r e a 3 e d g a i n :n a r gin ■ 

A p h ï?. s e • adv a n c e n e tv o r k .. s u c h 





FUTUREFLANS 

General 

Exp e i1 i o. c 3 ■.. 1 n e d i ■. 
testing the Developmental 
for improvements; althoug 

at temperatures of minus 

manu f a c tu r e , a s o e ml> I y a n d 
Repeaters indicated room 

i ce spe cification except 

s0° Fahrenheit and below, 
! 0 

A full 
the trouble 
after care: 
: e chc.nl ce 
unit which 

advisable if 
actio n« Howeve 
that a major 
arrive at a 

uan txty produc t 

> 

«T 

8 Ub -1 

presented by 

-1X360(1 

The method of mounting the modules to the 
rack was not positive. The modules could float 
by the amount of the clearance between the captive 
screws and the holes in the rack. In extreme 
cases the modules could contact the front panel 
or side gussets. 

On a in del delivered to RCA Camden, the 
nuts became loose in the module chassis, and 
caxtive screws could not be either tightened 
removed. 

Rack Pinal Assembly DD480Ô21 

Vibration tests showed severe resonance of 
the side gussets, and a very severe resonance at 
the rear centre of the rack floor, at 46 cycles 
pei second at which frequency under an np died 2g 
ver t cal a c c e1eration a 40: 1 amp1ificatdon wa s 
measured on the centre repeater module . dais 
led to failure at the rear corners of the rack, 

The Connectors used oi: the *B,s series 
repeater: were not specifically designed for 
back : .nunting., end in some cases the mounting screw 
heads fouled the mating plug. 

c 1 i n c h 
the 
or 



Modular Repeat? 

n i nu.si plate 

to de ore a 

efficient to 

e iricre ase in r c; ao 1 u 1 i on 

e bellows coyp .1.ing proved 
' -1 tc ma n ufac tyre. 

5 e ab ] ? t- o the s y n c h r o qju ■ 3 
due to lack of access spa 

t vac intended that the output devices 

be zeroed by the following procedure, C 

g vroi be achieved by rota.tin .{ the . ody 

t o c1amping. Fine zeroing wc u1d be a c hi 

riing the shaft while the gear vae e .d 

1J 4* A t ;.' u 

he procedure had to be abandoned, since 

ni ng the gear clamp set screws disturbed 

rc set ring, 

Zeroing .as, therefore, achieved by rotating 

s body of the output devices The use of double 

amps made this more difficult- since the ad- 

cent device could easily be disturbed. 

It was undesirable to have lean vire s older- 

g operation a carried out on the switches and 
-sntio■ :cxcva after mechanica1 asseMb' y , 

n the control transformer 

inertia, which, combined 

J gear train imposed . 

shaft had considerabl 



The require 
. 

though the angu1 

H O t; U U A* , u \ . 6VC] 

h a If the G g e e I T i. 

on each sector. 

c eu 
U'i 

cy of t 

t ■ h c c i o :. c c o f 11 
e c t o r p : ; t i e r n r 
to1erances beln 

C 
e* 

The method of assembly, a 
drawings required revision, so 
could be completely assembled, 
as a sepr r ■ t > sub- as s embly . 

.Ci\0 11.bergids cov€*T rings 
VV

T e r e n o t c o n s i d e r ed sa t i J f a e t o 
(The method of manufacture was 
the developmental models since 
were easily incorporated.) 

ns uffi • : ient c pace vas avai1able for the 
leadwires between the plastic end covers and the 
output devices, consequently the leadwires and 
ten. i i n a 1 s w ere under continuous m e c h a ni c a 1 1 o a d 
when the cover was installed. This was offset 
somewhat by the flexible nature of the p! 5tic 
cove: , but wao considered an unsatisfac to : • y sit- 

d aufc - as s emb 1 y 
1 hat the chassis 
\ .* ir ? o. a. d t es ted 

;r Amplifier VDhê( 

nera, 

hi] t nsi 

design was too cramped. Satis 
b ni1% by G ki1 ed technicians, 
ire was required to avoid ground 

ot satisf actor 
everal units a 
poxy resin, 

on uu De on x 
for repair p 
eal was effe 

ass header wa 
es, and ïn 
by the use of 

insuffi ci 
heat sinks 
eased the 

er flow. 

t space was available -or wiring, 
which were not at ground potential, 
obab11ity of groundin g due to 

sistor 
therma 

40A si 
was la 
cribed 

Ii cor. 
ter 

ere considered to be too 

ode was originally ape ci- 
acet since the TJ series 
from the standpoint of 

I \ ' Wp’s W ® 

U 



6.3 

6.3.1 

Preproauction 3 Axic Repeater DO600( 

Consideration of the shortcomings of 

r. 3 ï. ï fc a 1 n odels i n die a ted t h e need fo r m e c h 
redesign action to give a more produceat■ 
liable device in pre-production quantitie 

A si 1 " 1 r?i Q 7 ' v of* the de s i gn f o 11 ovs : 

3 Axis Re pec a mb ly DO 600C 0 - 1 

The haoi^ design concept of three modular 
repeaters me ant-. L on a rack was preserved, but 
>he m e t h o d o f r e i a i modules vas consider 

T w o h ole s in t h e 1> a s e of t h 
. * *r.i *5 n on the l); se of the rack 

ably improved, 
ule engaging w 
provided location in the plane of the rack floor 
A quick disconnect band clamp with screw fastening 
secured the module to the rack. this clamp also 
served to dress the cables into s cots on the moo." 
ule body. Bendix Pygmy FT06? plugs formed the 
termination to the module cables. 

6,3.2 

The procedure fo removal of a module vas 
thus simplified. Once the clamp screw was 
loosened, the clamp could be unlatched, and the 
two plugs disconnected by one half turn. 

fid not have to be inverts aring 

the operation 

R a c k F i a a 1 IX sse mb 1 y 

The ra 
a tiffness a 

ck \ as redesigned to achieve maximum 
unease of servicing. An end. view is 

shown i gun CD 

An epoxy bonded aluminum honeycomb sandwich 
formed the base of ac v The bottom sheet of 

the sandwi oh folded up to form the front pane;; 
and over towards the rear to form a platform to 
which a separate junction box assembly WEO bolted. 
Two triangular gussets connected the top flange 
to the front panel between the modules. Triangular 
end jursets formed by folding up the bottom sheet 
were riveted to the front panel, the upper sandwich 
sheet and the junction box platform. 

The junction box was of folded sheet aluminum 
having a hinge along the centre of its top face. 
The front of the box hinged up and back '■ allow 
lie ce ns f o insertion and servicing of iring. 

The Bencix Tygmy FTOOP wall mount 
were fi11ed vith ny1on potting boots a. 

it a 
«ô- h ( 

Document Ck^FD '04] 
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wiring harues& cample to wi ta connectors arid 
terminal boards was prefabricated as a sub- 
assembly . 

By designing the lox to open at 
the modules did not have to be reaov 
access to the runctl on box * 1‘ti. s e n 
tinuity checks to be performed on a 
assembly prior to potting if so de,::. 

c* 

The viri-,7 was re--arranged to bring the 
necessary firs t lino mainte: ance test pointr all 
to pins on on lector J7> which wan increased in 
sixe for the purpose, 

Repeater • Servo Modular k-TPOOl'd 

The basic principle Vas unchanged, though the 
mechanical design was extensively altered to emp’-oy 
e simple casting, which gave support for the 
electronic chassis components and provided sup- 
port and enclosure for the mecn&nisa• Figure 
6.3 3a shows a typical cross section of module « 
By ellmina11 ng the aheet met1 chassis and the 
rack centre gussets, sufficient additional width 
was obtained for each module to allow the output 
devices to be more widely spaced# This in turn 
allowed the use of three single BuOrd clamps 
per device, with the motor and gearhead mounted 
centrally on the front plate . This eliri . =3.ted 
the large gear and cluster gear with co '.derable 
reduction in inertia# The ratio of the gearhead 
was increased to 60:1 with maximum backlash of 
10 ni nu te s of e.rc measured at the output shaft# 

The two plates were connected by six pillars. 
The mechanic i was completely assembled prior to 
insertion In the housing# This gave free access 
to each gear and output device, and allowed 
removal and replacement of all but the centre 
davices with>ut de ;troyin g the %erc adjustments 
of the remainder# 

The front cover, which also formed the chassis 
for the electronic components war. of deep drawn 
aluminum and was located on a turned diameter of 
the body casting. Three screws secured the chassis 
to hexagonal extensions on three of the mechanism 
mounting screw,: . •figure 6.-3»3b shews a front 
view of moduie, 

The motor windings were 
the use of mtaudard values of 
capacito ru whi ch were mount ed 
The two air.pj.ifj ers and a term 

nt OR-ED 10h'î 

redesigned to allow 
tuning end pbasing 
under the chassis , 
Inal bio c k \ : e r e 



were mounted on the front of the • chassis. ‘rnxs 
allowed access to the screw terminals without 
inverting the assemblyt thus facilimating aervicing 
and testing of the nodule 

end ox 
s i.i 1 ar OU p cove * o nr 

The mechanism was held in the occ 
ccra.n I'.assing through the casting am 
plate and engaging with tapped holea : 
the pillars «, The front' plate located 
register in the casting. II o c::;trcuc j 
or dimensions were required on the 
than the two locating holes in the 
small annular clearance betweeh tfc 
the casting was closed by a si11co 

cat* 

r u o D e r 
held in place by a stainless steel ring. 

screws enga; 

The front and rear 
321 stainless steel„ 
$h-k8 clamp 
holes in th< 
for spot facing« Unmod 
and clamps were used th 
plae material also res 
gear centre d 1 atance at 
t he binôin g tendency„ 

emperature whe 

-i f i 

OU 

r V" 1 

e .11 m mated :: h a n o e c 

i;e ; ;ure, off set tin 
mesh occurred 

at hign 
to the lubricant was 

v.ne vis cous resx o cance duo 

e. 

The bellows coupling was rep] 
a tat n le o r steel flexible disc-and-api d r coupliuj 
Sufficient axia -, alignment was obtainsC 1-y the 
use of a gauging plug prior to dowel]ing the pi a- 

to the supporting pillars,. 
tes 

The use of large' {9 a tooth) gears slightly in 
c r a a o e d t h e c b a t i c accuracy of t. h e d e v ice « 

All output devices had an integral gear cu1 

on the mounting flange. A pinion key was used 
to rotate the body of the device to obtain aero 
adjustment0 

6o3.^ Power Amplifier AD48X3&3 

The power amplifier package WE- redesigned 
u s i n p t h e s am e eix-eui t . n i e dove! o urne n t a 1 
verni on T:>4f08? 3 but substituting the smaller 
Transitron 2H54? silicon power transistors for the 
Tex? .1 ms t r u m e n t s 2 K 3 8 9 transistors previousl y used 
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ME* St 
SsB I 

Although no significant reduction in overall sise 
resulted, more space was aval able for wiring, am 
due to the smaller bias current, the thermal 
stress on the bias resistors was reduced, the 
evacuation pinch- tube was mounted on the top of 
t h e c o n « T h ■ ; t r a unis o r s w e r 
the heat sink /hich vas at ground pou< 
minimising the probability of ground faults due 

typical 

insulated t3 
r»+.- * 

O o ^ c . j 

to solder 
cross sect 

Su V P ' ijr 

Figure 6.3 o4 shovo 
of the amp1if1er. 

lore reliable 
eight saving 

i e r e su 11, e d in a cleans r, 
.nd effected an estimated 

breadboard model was built, and tested, 
shown in Figure $ «2,8,ab, and c « 

A wooden mock-up module was constructed to 
facilitate design of the cable harness and is 

igure 6 » 3 » $a, and mounted in a modified shown in 
d e v e 1 o p in e ntal rack i n F i g u r e 6,3 b 

EC/MP CR-ED 10^1 



7.1 

STATUS AT CUT-OFF 

The original requirement vac lor o 
3 units of D-DG6000A~1 and 3 units of 13 

Status as of September 26, 19^9 

D-DG60QQA~1 serial Mo, 1-1 was shipped 
ac a CSX model to RCA Camden, on May 10, 
1958 and completed over 200 hours of systems 
tests. Was to be returned to Honeywell 
Controls for modifications and environmental 
testing to qualify as a ’:Dn model, 

D-DG6000A-1 Serial No 
RCÂ as a F1 i gh tv or t by 
13, 1958. 

‘ x 

"D" model 
was shipped to 

moor 

7.2 

c) D-D.GoOQOA-l Serial No * L-3 assembly was 
comple ted « Outputs require.d zeroing and 
then environmental testing to qualify 
as a Flightworthy "D" model 

d) D-DGbQQQB-l Serial No « L-l had completed 
envir©nmntvl tests on September , rpSt, „ 
This unit incorporated the stre: sned 
rack and had the best performa:::: of units 
tested so far,a Flightworthy : odel. 

e) D°DG6000B”1 Serial No , L 2 was completed^ 
but required environmental te sting for 
flightworthy certification , 

f) D-DG6OQOB-I Serial No, L-3 assembly was 
only partially completed. 

Redesign D-DG6000G-1 

Layouts complete * Part drawings $Cf complete. 
One Breadboard, model of gear train including the 
6o/l, 10 min, gearhead tested and proved to have good 
performance characteristics. Wooden moctup of the 
module constricted to study a) space requirements 
in rack, b) cable layout, c) module clamping, 

7.3 Test Fixture 

A test fixture was designer to enable a com- 
plete 3 axis repeater to be checked eut through 
the junction box connectors. The circui vas de- 
signed and parts procured, but assembly v .3 curtailed 
by contract cancellation. Figure 7 «3 slurs the 
control panel for the test fixture. 

Document CR-ED 104l 
CONFIDENTIAL 



8 CONCLUSIONS 

Based upon the test results obtained from the 
present and the projected Three Axis Repeater con- 
figurations, it appears that the following specifi- 
cations can be met. 

a) A static resolution of 2 minutes of arc. 

b) A following rate of 600 degrees per second 
at an output device, with a lag not exceeding 
1 deg. 

c) A mean acceleration to of full speed of 
17 «5 radians per second squared at an output 
device 0 This is equivalent to at o ■ put 
device rate of kQO degrees per s ; c attained 
in 0,4 seconds. 

d) 

e) 

A damping ratio in excess of 0,56 

A bandwidth of 25 cycles per second 

Using 7 minute synchros, an overall angular 
accuracy with a 3tr value of 12 minutes is 
readily obtainable. 

tote that these are obtained - using an elementary 
cervo»ioop and whey couid, if necessâry, be improved 

°y incorporating equalising networks, harmonic and 
quadrature filters, additional anti-backlash measures, 
etc., into the system. 

The preproduction design was carried out with 
emphasis on ease of manufacture, calibration and 
servicing; so that normal factory grade labour could 
be employed. 

lie external surfaces were kept as uniform as 
possible to minimize accretion of dust, vLi is be- 
coming of more importance due to its radio tive 
confent. 

kadi modula could readily be equipped with re- 
cep taelea in lieu of the plug and cable harness, and 
could be used as a separate unit with up to 12 BuOrd 
Size 11 output devices. 

J 
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