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ABSTRACT 

T h i s r e p o r t s u m m a r i z e s the r e s u l t s of SNAP lOA/Agena 

d e v e l o p m e n t a l t e s t ing and final veh ic le s y s t e m s t e s t s . D e v e l o p ­

m e n t a l t e s t ing was p e r f o r m e d with the SNAP lOA F S E M - 3 payload 

e l e c t r i c a l s i m u l a t o r and an Agena Func t iona l Mockup. F S E M - 3 

w a s u t i l i zed dur ing veh ic le sys tenns t es t ing p r i o r to sh ipmen t of 

the Agena to the launch s i t e . 
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I. SUMMARY 

F S E M - 3 , an e l e c t r i c a l m o c k u p of SNAP lOA, 

was d e s i g n e d and f a b r i c a t e d by the A t o m i c s 

I n t e r n a t i o n a l Div i s ion of Nor th A m e r i c a n A v i ­

a t ion for the p u r p o s e of ver i fy ing c o m p a t i b i l i t y 

be tween the p r o j e c t SliJAPSHOT payload and the 

Lockheed M i s s i l e s and Space C o r p o r a t i o n Agena 

s p a c e c r a f t . It w a s a l s o u t i l i zed for final s y s ­

t e m s t e s t i ng of the Agena fl ight v e h i c l e . C o m ­

pat ib i l i ty t e s t s inc luding an E l e c t r o m a g n e t i c 

I n t e r f e r e n c e (EMI) i nves t iga t ion w e r e p e r f o r m e d 

with a funct ional m o c k u p of the p r o g r a m -

modif ied Agena 

The T e s t P r o g r a m was conducted a t LMSC ' s 

Sunnyvale fac i l i ty b e t w e e n May 1964 and F e b r u ­

a r y 1965 Compa t ib i l i t y t e s t s c o n s i s t e d of p r o ­

g r a m m i n g the two m o c k u p s th rough a s i m u l a t e d 

flight s equence of events wi th the m a m u n r e g u ­

la ted power bus m a i n t a i n e d a t e i t h e r 28 or 23.5 

vdc . The t e s t s wi th the bus a t the lower vo l tage 

leve l w e r e d e s i g n e d to ver i fy that a l l veh ic l e and 

payload e q u i p m e n t s could o p e r a t e wi th in s p e c i f i ­

ca t ion l i m i t s unde r condi t ions b o r d e r i n g on m i s ­

s ion f a i l u r e . A u t o m a t i c c i r c u i t r y in the SNAP 

lOA Nuc lea r P o w e r Unit (NPU), if enab led , wi l l 

in i t i a te a f a i l u r e s e q u e n c e if the u n r e g u l a t e d bus 

d r o p s below 22 5 p lus 0.5 m i n u s 0.0 vdc and does 

not i n c r e a s e above 24.0 p lus 0.5 m i n u s 0 0 vdc 

wi th in one m i n u t e . The f a i lu re s equence is c o m ­

ple ted wi th e jec t ion of the r e a c t o r r e f l e c t o r a s -

sennbly F S E M - 3 / F M U t e s t i ng r e v e a l e d that i n ­

compa t ib i l i t y be tween the veh ic le and the p a y -

load e x i s t e d m the t e l e m e t r y (TM) s igna l cond i ­

t ioning c i r c u i t r y for the c o n v e r t e r vo l t age t a p s . 

The o r ig ina l c i r c u i t r e s u l t e d m e x c e s s i v e c o m ­

m o n m o d e vo l t ages being p r e s e n t e d to the 5 0 - m v 

s u b m i l t i p l e x e r which c a u s e d m a g n e t i c a m p l i f i e r 

i n s t ab i l i t y and i n c o h e r e n t TM data It was a l s o 

d e t e r m i n e d tha t ad jacen t c o n v e r t e r l egs c o u l d b e 

s h o r t e d dur ing TM sampl ing due to l ack of i s o ­

la t ion be tween c i r c u i t s and a p o s s i b l e m a k e -

b e f o r e - b r e a k s i tua t ion m the s u b m u l t i p l e x e r 

c o m m u t a t i n g r e l a y s . Lack of ac i so la t ion b e ­

tween the NPU t h e r m o e l e c t r i c c o n v e r t e r and the 

veh ic le e q u i p m e n t s connec ted to the un regu la t ed 

bus s e r i o u s l y af fected the r e s o l u t i o n of the con­

v e r t e r i m p e d a n c e m e a s u r i n g d e v i c e . The v e h i ­

cle ac i m p e d a n c e of 0.2 to 0.4 ohm shunted the 

c o n v e r t e r i m p e d a n c e r e s u l t i n g m a 5 - to 6 -mv 

TM output v e r s u s the expec ted 0- to 5 0 - m v c a l i ­

b r a t i o n for c o n v e r t e r i m p e d a n c e v a r i a t i o n s of 

0 to 3 o h m s . An i so l a t i on choke was added 

l a t e r to i m p r o v e the i m p e d a n c e m e a s u r i n g d e ­

v ice c a l i b r a t i o n , and the vol tage tap c i r c u i t s 

w e r e r e d e s i g n e d for the flight Agena. 

EMI t e s t s w e r e conducted in a c c o r d a n c e wi th 

the g e n e r a l r e q u i r e m e n t s of M I L - E - 6 0 5 IC A 

6-db (factor of 2) m a r g i n was found to ex i s t b e ­

tween veh ic l e mal funct ion and s e l f - g e n e r a t e d 

i n t e r f e r e n c e o b s e r v e d on the veh ic le plus 28-vdc 

u n r e g u l a t e d and r e g u l a t e d b u s e s . The flight 

v e h i c l e ' s r a d i a t e d EMI s i g n a t u r e was obta ined 

dur ing veh ic le s y s t e m t e s t i ng (VST) 

Signif icant s y s t e m i n t e r a c t i o n s be tween the 

payload s i m u l a t o r and the Agena veh ic le w e r e 

u n c o v e r e d dur ing VST. Pay load r e s i s t a n c e 

t h e r m o m e t e r s ' outputs which s a t u r a t e the 50 -mv 

s u b m u l t i p l e x e r m a g n e t i c a m p l i f i e r dur ing the 

flight t e s t w e r e found to have d e l e t e r i o u s effects 

on ad jacen t TM c h a n n e l s . The c i r c u i t s for the 

NPU c o n v e r t e r cont inui ty u m b i l i c a l m o n i t o r 

s h o r t e d the i so la t ion choke p reven t ing p r e l a u n c h 

m o n i t o r i n g of th is v a r i a b l e Dynamic i n t e r ­

a c t i o n s be tween the TM s y s t e m and the NPU 

d r u m and expans ion c o m p e n s a t o r pos i t ion i nd i ­

c a t o r s and c o n v e r t e r vo l tage m o n i t o r s r e s u l t e d 

in a p p a r e n t e r r o n e o u s TM r e a d i n g s . Reso lu t ions 

of t h e s e and o ther p r o b l e m s w e r e ach i eved b e ­

fo re sh ipmen t of the Agena veh ic l e to Vandenberg 

Ai r F o r c e B a s e . 
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II. SNAP lOA NPU DESCRIPTION 

The SNAP IDA n u c l e a r power unit (NPU) 

( F i g u r e 1) is a s t a t i c e l e c t r i c a l power s y s t e m 

for space a p p l i c a t i o n s . E l e c t r i c a l power is 

g e n e r a t e d by us ing a n u c l e a r r e a c t o r a s the 

t h e r m a l power s o u r c e , a l i q u i d - m e t a l h e a t -

t r a n s f e r fluid, and a t h e r m o e l e c t r i c c o n v e r t e r . 

The h e a t - t r a n s f e r fluid, a m i x t u r e of sod ium 

and p o t a s s i u m (NaK), is hea t ed in the r e a c t o r 

c o r e and c i r c u l a t e s th roughout the c o n v e r t e r , 

hea t ing the hot junc t ion of the t h e r m o e l e c t r i c 

e l e m e n t s . 

7561-0753 

Figure 1. SNAP lOA Nuclear Power Unit 

An a l u m i n u m fin loca ted on the cold junct ion 

of e ach e l e m e n t r e j e c t s the hea t to s p a c e . The 

t e m p e r a t u r e d i f fe rence be tween the r a d i a t o r and 

the NaK r e s u l t s in the g e n e r a t i o n of a vol tage 

and, when connec ted to a load, e l e c t r i c a l power . 

A dc conduct ion pump is u sed to c i r c u l a t e the 

NaK. C u r r e n t to the p u m p is suppl ied by i ts 

O'wn t h e r m o e l e c t r i c m o d u l e . 

The des ign object ive of the SNAP IDA NPU 

is to supply a m i n i m u m of 500 wa t t s of e l e c t r i c a l 

power for 1 y r in s p a c e . To ta l weight of the 

s y s t e m wil l be a p p r o x i m a t e l y 950 lb . Major 

s u b s y s t e m s of the NPU a r e the r e a c t o r a s s e m ­

bly, t h e r m o e l e c t r i c c o n v e r t e r , coolant loop, and 

con t ro l and i n s t r u m e n t a t i o n s y s t e m . 

A. REACTOR ASSEMBLY 

The r e a c t o r a s s e m b l y c o n s i s t s of the r e a c t o r 

c o r e and r e f l e c to r a s s e m b l y . The r e a c t o r c o n ­

ta ins the fuel e l e m e n t s and p r o v i s i o n s for p a s s ­

ing the NaK th rough the c o r e . The r e f l e c t o r a s ­

s e m b l y inc luded the b e r y l l i u m r e f l e c t o r s , c o a r s e 

and fine con t ro l d r u m s (a lso f a b r i c a t e d f rom 

b e r y l l i u m ) , a c t u a t o r s to ro t a t e the fine con t ro l 

d r u m s , and safety d e v i c e s (F igu re 2). 

At tenuat ion of the n u c l e a r r a d i a t i o n e m a n a ­

ting f rom the r e a c t o r is a c c o m p l i s h e d by a r a d i ­

a t ion sh ie ld ( F i g u r e 2) loca ted d i r e c t l y benea th 

the r e a c t o r . Sens i t ive e l e c t r o n i c equ ipment is 

loca ted wi th in the " s h a d o w " c r e a t e d by p lac ing 

the sh ie ld be tween the i n s t r u m e n t s and the s o u r c e 

of r a d i a t i o n . The neu t ron flux is a t t enua t ed to 

a l eve l which p r e s e n t l y p e r m i t s o p e r a t i o n of 

s o l i d - s t a t e componen t s for p e r i o d s of 1 y r . 

Rad ia t ion effects and qua l i f ica t ion of SNAP lOA 

and Agena e l e c t r i c a l componen t s in the expec ted 

e n v i r o n m e n t cons t i tu ted a s igni f icant effort in 

the o v e r a l l flight t e s t p r o g r a m . 
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B. T H E R M O E L E C T R I C CONVERTER 

The t h e r m o e l e c t r i c c o n v e r t e r changes the 

t h e r m a l e n e r g y to e l e c t r i c power th rough the 

use of Ge-Si a l loy t h e r m o e l e c t r i c e l e m e n t s . 

The NaK flow i s divided be tween 40 p a r a l l e l 

tubes a r r a n g e d ax i a l l y a long the N P U ' s con ica l 

s u r f a c e (F igu re 3). The t h e r m o e l e c t r i c e l e ­

m e n t s a r e p laced a long the length of each tube 

and a r e e l e c t r i c a l l y connec ted in s e r i e s ( F i g ­

u r e 4). This a s s e m b l y is ca l led a m o d u l e . The 

tube m o d u l e s a r e e l e c t r i c a l l y i n t e r c o n n e c t e d in 

g roups of p a r a l l e l and s e r i e s combina t ions to 

give an o v e r a l l o p e n - c i r c u i t vo l tage of a p p r o x i ­

m a t e l y 66 v o l t s , wi th an i n t e r n a l r e s i s t a n c e of 

about 1.9 ohm. The m e t h o d of connec t ion m i n i ­

m i z e s the poss ib i l i t y of o p e n - c i r c u i t e d couples 

caus ing a s y s t e m f a i l u r e . F i g u r e 5 is a s c h e ­

m a t i c of the c o n v e r t e r c i r c u i t . 

A l u m i n u m fin r a d i a t o r s s e r v e as an e l e c t r i c a l 

connec t ion a s we l l a s a t h e r m a l r ad i a t i ng s u r ­

face . A c l e a r a n c e gap bet 'ween each r a d i a t o r 

p la te i s p rov ided . The to ta l r a d i a t o r a r e a , i n -
2 

e luding g a p s , is a p p r o x i m a t e l y 65 ft . 

A t h e r m a l sh ie ld , u s e d to p r e v e n t p r e s t a r t u p 

NaK f r e e z i n g , c o v e r s the e n t i r e c o n v e r t e r unt i l 

the NaK t e m p e r a t u r e is a p p r o x i m a t e l y 2 7 5 ° F , 

a t which t i m e squ ibs a r e f i red and the t h e r m a l 

sh ie ld is e j ec ted , exposing the r a d i a t o r s to 

s p a c e . 

C. COOLANT L O O P 

The coolan t loop c o n s i s t s of the l i q u i d - m e t a l 

fluid, a dc conduct ion pump , expans ion c o m p e n ­

s a t o r s , and i n t e r c o n n e c t i n g piping. The dc c o n ­

duct ion pump is e n e r g i z e d by a t h e r m o e l e c t r i c 

g e n e r a t o r ope ra t i ng be tween NaK hea t ed to the 

r e a c t o r out le t t e m p e r a t u r e and a cold junc t ion 

d e t e r m i n e d by r a d i a t o r f ins . A p e r m a n e n t m a g ­

net p r o v i d e s the r e q u i r e d m a g n e t i c flux. 

Two expans ion c o m p e n s a t o r s , loca ted on the 

NaK r e t u r n l i n e s , r e g u l a t e NaK p r e s s u r e and 

8 -2 -63 7623-0019 

F i g u r e 2. SNAP lOA R e a c t o r - R e f l e c t o r -
Shield 

m a i n t a i n a suff icient quant i ty of fluid in the s y s ­

t e m to p r e v e n t the f o r m a t i o n of voids ( F i g u r e 6). 

D. CONTROL AND INSTRUMENTATION 

Once the s t a r t u p s e q u e n c e is in i t i a t ed , the 

con t ro l s y s t e m p r o v i d e s a l l the log ic , t im ing , 

and power swi tch ing to b r i n g the s y s t e m to i t s 

des ign point and m a i n t a i n it for a fixed pe r i od 

of t i m e . The c o n t r o l s y s t e m is d e e n e r g i z e d 

af ter s t e a d y - s t a t e condi t ions have been a t t a ined . 

The r e a c t o r c o m p e n s a t e s for l o n g - t e r m changes 

in r e a c t i v i t y by the addi t ion of b u r n a b l e po isons 

in the fuel e l e m e n t s . 

The r e a c t o r is t h e r e f o r e c o n s i d e r e d to be on 

p a s s i v e con t ro l af ter the ac t ive con t ro l s y s t e m 

is d e e n e r g i z e d . This is expec ted to occur about 
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r 
LOWER TORQUE BOX 

3-5-63 7561-5429A 

Figure 3. SNAP lOA Conical Structure 

3 days after the initiation of the startup sequence. 

The control system also automatically initiates 

the recording of diagnostic information when a 

system malfunction is present and automatically 

ejects the reactor reflectors at the end of use­

ful life. 

The control system contains an electronic 

temperature controller, temperature switches, 

f ine-control-drum actuators , re lays , t imers , 

voltage sensors , shutdown devices, and other 
necessary hardware. 

An extensive diagnostic instrumentation sys ­

tem monitors important NPU performance and 

safety variables during all phases of the mission. 

Pa ramete r s measured a re as follows: 

1) NaK and radiator temperatures 

2) NaK flow 

NAA-SR-11129 
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3-6 -65 7561-5102Bb 

F i g u r e 4. T h e r m o e l e c t r i c E l e m e n t A s s e m b l y 

- 20 LEG PA us ARE PLACED N SERES TO OBTAIN APPBOK MATELT 60v OPEN-C RCU T POTENTIAL -

ONE LEG MIR 

, , t . . . 

NOTE 
ONE LEG PftrH CONS STS OF 
72 TMERMOEUCTRIC ELEMENTS 

F i g u r e 5. C o n v e r t e r Schennatic 

3) C o n v e r t e r vo l t age , c u r r e n t , l e akage 

c u r r e n t and i n t e r n a l i m p e d a n c e 

4) Shock and v i b r a t i o n 

5) N u c l e a r r a d i a t i o n 

6) R o t a r y and l i n e a r pos i t ions which indi­

ca te the extent of c o n t r o l - d r u m i n s e r t i o n 

( r e a c t i v i t y r e q u i r e d ) and NaK p r e s s u r e 

7) Contac t and swi tch c l o s u r e s to ind ica te 

p r o p e r sequenc ing of the con t ro l s y s t e m and 

the s t a tu s of v a r i o u s c o m p o n e n t s . 

Over 120 t e l e m e t r y channe l s a r e r e q u i r e d to 

t r a n s m i t t h i s i n fo rma t ion . Sect ion III-D d i s ­

c u s s e s the Agena t e l e m e t r y s y s t e m u s e d to con ­

di t ion , c o m m u t a t e , and t r a n s m i t the da ta . 

E PYROTECHNICS 

Squibs a r e e n e r g i z e d by c o n t r o l - s y s t e m r e ­

lay swi tch ing Squ ib -ac tua t ed p m p u l l e r s p e r ­

f o r m the r e q u i r e d o p e r a t i o n s , such a s r e l e a s i n g 

the c o n t r o l d r u m s , the t h e r m a l sh ie ld , and the 

expans ion c o m p e n s a t o r s . 

F . SYSTEM OPERATION 

The SNAP lOA NPU is p laced m orb i t by an 

A t l a s / A g e n a launch veh ic l e ( F i g u r e 7) ( see F i g ­

u r e 8 for s equence of ope ra t i on flow d i a g r a m ) 
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PUMP-

T/E CONVERTOR RADIATORS' 

EXPANSION COMPENSATOR 

STRUCTURE a RING STIFFENERS 

UOWER NaK MANIFOLD 

INSTRUMENTATION COMPARTMENT 

7-24-62 7561-0033A 
Figure 6. SNAP lOA System 

The NPU remains attached to the Agena, the 

latter performing the converter power condi­

tioning, te lemetry signal conditioning and t rans Ĵ '̂f*l*"'G 

mission, command receiving and decoding func­

tions. A more complete description of the NPU-

related Agena subsystem is contained in 

Section IIL 

AGENA 

After the Agena second burn is completed 

and the nose fairing is ejected, the NaK com­

pensators are released. Squib firing is initiated 

by an Agena t imer signal. The compensators 

a re maintained in a compressed condition during 

the period of maximum launch acceleration to 

prevent mechanical damage. 

ATUS BOOSTER 

ATUS SUSTAINER 

6-24-63 7580-10455A 

Figure 7. Vehicle Integration 

The NPU startup command is transmitted 

after the proper orbit has been established. This 

command energizes the startup relays. Power 
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PRELAUNCH UMBILICAL 
MONITORS 

NOSE CONE 
EJECTED 

ASCENT-AGENA D 
TIMER FUNCTIONS 

EXPANSION 
COMPENSATOR 

RELEASE 

ORBIT INJECTION--
AND VERIFICATION 

STABILIZED 
ORBIT 

SNAP lOA STARTUP 
TO FULL-POWER 
OPERATION PERIOD 

NPU STARTUP 
(INITIATED BY 

REAL-TIME 
COMMAND) 

FULL-POWER 
OPERATION 

6 - 1 1 - 6 4 

THERMAL SHIELD 
EJECTED (TEMPERATURE 

SENSOR ACTUATION) 

FULL-POWER 
OPERATION 
ACHIEVED 

STARTUP 
CONTROLLER 
Dt ENERGIZED 

SURGE BATTERY 
PLACED ON THE 

UNREGULATED BUS 

MALFUNCTION 
DETECTION CIRCUIT 

ENABLED 

COARSE CONTROL DRUMS 
ROTATE IN 
FINE CONTROL DRUMS 
RELEASED FROM 
OUT LIMIT 
STARTUP CONTROLLER 
ENERGIZED-BEGINS 
DRIVING FINE CONTROL 
DRUMS 

THERMOELECTRIC 
RADIATORS EXPOSED TO 
SPACE NAK TEMPERATURE 
APPROXIMATELY 2 r 5 ° F 

CONTROLLER ACTION IS 
STOPPED BY TEMPERATURE 
SENSOR ACTUATION FINE 
CONTROL DRUMS STOP 
ROTATING IN 

FUNCTIONS INITIATED BY 
REAL TIME COMMAND, 
OTHER COMMANDS 
AVAILABLE 

1 ENERGIZE CONTROLLER 
2 OVERRIDE CONTROLLER 

TEMPERATURE SENSOR 
3 MEASURE THERMOELECTRIC 

CONVERTER IMPEDANCE 

MALFUNCTION 
MODE 

MALFUNCTION 
NDICATEO 

45-MINUTE 
TIMER ENERGIZED, 
TAPE RECORDER 
READ- IN OF NPU 

DIAGNOSTIC 
INFORMATION FOR 

4 5 MINUTES 

RECORDER READ-OUT 
DURING DATA 

ACQUISITION, TIMER 
RESET AND REMAINS 

UNTIL ANOTHER 
MALFUNCTION 
IS INDICATED 

SNAP lOA 
FAILURE AND 
END-OF-LIFE 

LOW-VOLTAGE 
MALFUNCTION 

4 5 MINUTE 
TIMER ON, ^APE 

RECORDER READ- IN 

LOW-VOLTAGE 
CONDITION FOR 

MORE THAN 
6 0 SECONDS 

FAILURE SIGNAL 

REFLECTORS 
EJECTED 

I HOUR AFTER 
FAILURE SIGNAL 

TELEMETRY 
TURNED ON, READ OUT 

DIAGNOSTIC DATA 

F i g u r e 8. F low D i a g r a m , Sequence of Ope ra t ion 

LOW NAK TEMPERATURE 
HIGH NAK TEMPERATURE 
LOW CONVERTER VOLTAGE 
NAK LEAK 

RESETS 4 5 -
MINUTE TIMER 
RECORDER CONTINUES 
TO READ IN , 
ENERGIZES NPU 
I HOUR TIMER, 
STARTS AGENA 
24 HOUR TIMER 

REACTOR BECOMES 
SUBCRITICAL 

7561-01577 

i s app l i ed to the r e a c t o r t e m p e r a t u r e c o n t r o l l e r , 

and the c o n t r o l - d r u m squibs a r e f i red . Two 

c o a r s e - c o n t r o l d r u m s i m m e d i a t e l y snap to a 

" fu l l - in" pos i t ion . The two f i n e - c o n t r o l d r u m s 

a r e r o t a t e d slo-wly t o w a r d the " in" pos i t ion by 

the c o n t r o l l e r sequenc ing and a c t u a t o r m o t o r s . 

B a t t e r i e s supply the veh ic le and payload with 

e l e c t r i c a l power unt i l useful power is g e n e r a t e d 

by the c o n v e r t e r . 

Rota t ing the c o n t r o l d r u m s i n w a r d i n c r e a s e s 

the effective r e f l e c t o r t h i c k n e s s . M o r e n e u t r o n s 

a r e r e f l e c t e d back into the r e a c t o r c o r e , i n ­

c r e a s i n g the n u m b e r of n e u t r o n s ava i l ab l e for 

in i t ia t ing u r a n i u m f i s s i o n s . R e a c t o r c o r e and, 

consequen t ly , NaK out le t t e m p e r a t u r e i n c r e a s e . 

When the r e a c t o r outlet t e m p e r a t u r e r e a c h e s 

a p p r o x i m a t e l y 27 5 ° F , two redundan t t h e r m a l 

sw i t ches c lo se ene rg i z ing r e l a y s which f i r e the 

t h e r m a l - s h i e l d e jec t ion s q u i b s . The t h e r m a l 

sh ie ld , which up to th is point h a s s u r r o u n d e d 

the e n t i r e c o n v e r t e r , is e j ec ted and the SNAP 

s y s t e m beg ins r a d i a t i n g hea t to s p a c e . 

The c o n t r o l l e r and a c t u a t o r s cont inue to 

d r ive the f i n e - c o n t r o l d r u m s in unt i l t he r e a c t o r 

out le t NaK t e m p e r a t u r e r e a c h e s a p p r o x i m a t e l y 

1000°F. T e m p e r a t u r e s e n s o r s p rov ide the "off 
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s igna l for the c o n t r o l l e r . The s t a r t u p c o n t r o l 

s y s t e m is then d i s a b l e d by a r e a l - t i m e c o m ­

m a n d . The r e a c t o r wi l l m a i n t a i n e s s e n t i a l l y 

cons t an t ope ra t ing t e m p e r a t u r e for the r e m a i n ­

de r of the m i s s i o n . R e a l - t i m e c o m m a n d s a r e 

ava i l ab l e to t u r n the c o n t r o l l e r on and to o v e r ­

r i d e the c o n t r o l l e r t e m p e r a t u r e s e n s o r s to in ­

c r e a s e the r e a c t o r out le t t e m p e r a t u r e , if 

n e c e s s a r y . 

Other functions which c a n be in i t i a t ed by r e a l 

t i m e c o m m a n d a r e : 

1) E jec t ion of the r e f l e c t o r a s s e m b l y 

2) C o n v e r t e r i m p e d a n c e t e s t "on and off" — 

a p e r i o d i c d i agnos t i c m e a s u r e m e n t of c o n ­

v e r t e r i n t e r n a l i m p e d a n c e 

3) Malfunct ion de tec t ion c i r c u i t a r m 

The m a l f u n c t i o n - d e t e c t i o n c i r c u i t a r m c o m m a n d 

enab le s a logic c i r c u i t which p r o v i d e s a s igna l 

to t h e Agena to in i t i a t e o n - b o a r d da ta r e c o r d i n g 

in the event an o f f - n o r m a l condi t ion ex i s t s in the 

NPU. This comnnand a l s o enab le s the a u t o m a t i c 

shutdown c i r c u i t . Of f -no rma l condi t ions which 

wi l l e n e r g i z e the Agena t e l e m e t r y and r e c o r d e r 

a r e : 

1) E x c e s s i v e l y low c o n v e r t e r output vo l t ­

a g e . N o r m a l r a n g e of th i s p a r a m e t e r i s 

22.75 to 29 vdc . 

2) Lo-w r e a c t o r out le t t e m p e r a t u r e 

3) High r e a c t o r out le t t e m p e r a t u r e 

4) NaK expans ion c o m p e n s a t o r pos i t ion . 

Both c o m p e n s a t o r s m u s t be c o m p r e s s e d to 

in i t i a te mal funct ion data r e c o r d i n g . A b n o r m a l 

c o m p r e s s i o n of the c o m p e n s a t o r be l lows i s 

ind ica t ive of a l eak in the coolan t loop. 

Data a r e r e c o r d e d for a p e r i o d of 45 m i n a f t e r 

a mal funct ion i s i nd ica ted . The r e c o r d e d in fo r ­

ma t ion is t r a n s m i t t e d to the g round s t a t ion d u r ­

ing r e a l - t i m e da ta a cqu i s i t i on . A low-vo l t age 

condi t ion ( c o n v e r t e r output l e s s than 22.75 vdc 

nomina l ) wi l l p rov ide a mal funct ion s igna l . A 

1-min t i m e r is e n e r g i z e d a t the s a m e i n s t a n t . 

If the vol tage r e m a i n s below 22.75 vdc for m o r e 

than 1 m i n , the a u t o m a t i c shutdown c i r c u i t is 

e n e r g i z e d and 1 h r l a t e r the r e a c t o r r e f l e c t o r 

i s e j ec t ed . E jec t ion is a c c o m p l i s h e d by me l t i ng 

a fusible l ink in a band holding the r e f l e c t o r a s ­

s e m b l y in p l a c e . P r e l o a d e d s p r i n g s d i sp l ace 

the a s s e m b l y . 

G. R E F L E C T O R E J E C T I O N 

As p r e v i o u s l y men t ioned , the r e f l e c t o r c a n 

be e j ec t ed by c o m m a n d and by a u t o m a t i c end-of-

life shutdown upon l o s s of NPU output . While 

on the launch pad, the r e f l e c t o r s a l s o can be 

e j ec ted t h rough ac t iva t ion of an u m b i l i c a l s igna l . 

A t h e r m a l l y a c t u a t e d b a n d - r e l e a s e dev ice 

(TABRD) a l s o i s p rov ided a s p a r t of the r e f l e c t o r 

a s s e m b l y . Th i s safe ty device i s a r m e d when 

the s y s t e m t e m p e r a t u r e i s i n c r e a s i n g . If the 

t e m p e r a t u r e d e c r e a s e s once the safe ty dev ice i s 

a r m e d , a pin i s s h e a r e d r e l e a s i n g the r e t a i n i n g 

band and e jec t ing the r e f l e c t o r s . 
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III. NPU/AGENA RELATED FUNCTIONS 

The Agena v e h i c l e , m add i t ion to p lac ing the 

SNAP lOA s y s t e m in o rb i t and o r i en t ing the two 

s y s t e m s v/ith r e s p e c t to the e a r t h , p e r f o r m s 

o ther functions d i r e c t l y r e l a t e d to NPU o p e r a ­

t i o n s . Agena s u b s y s t e m s d i r e c t l y a s s o c i a t e d 

wi th NPU o p e r a t i o n a r e a s follows 

1) E l e c t r i c a l power s u b s y s t e m — a l l 

b a t t e r i e s , t h e r m o e l e c t r i c c o n v e r t e r output 

condi t ion ing , d c / a c i n v e r t e r s , and d c / d c 

c o n v e r t e r s 

2) C o m m a n d t e l e m e t r y 

3) P y r o t e c h n i c power 

4) T e l e m e t r y da ta s igna l condi t ion ing , 

r e c o r d i n g , and t r a n s m i s s i o n 

5) Umbi l i c a l funct ions 

A. E L E C T R I C A L POWER SUBSYSTEM 

The c o n v e r t e r output is m a i n t a i n e d a t n o m i ­

na l ly 30 vdc by a shunt vo l tage r e g u l a t o r l oca t ed 

m the Agena . A s impl i f i ed equiva len t c i r c u i t of 

the c o n v e r t e r i s a b a t t e r y wi th an open c i r c u i t 

vo l tage of a p p r o x i m a t e l y 66 vol t s and an i n t e r ­

nal r e s i s t a n c e of abou t 1.7 ohm. The vo l tage 

be tween the output t e r m i n a l s A and B of F i g ­

u r e 9 IS m a i n t a i n e d a t 30 vo l t s if the combined 

r e s i s t a n c e of the veh ic l e load and the r e g u l a t o r 

equa ls a p p r o x i m a t e l y 1.4 ohm. As the veh i c l e 

load changes r e s i s t a n c e , the r e g u l a t o r r e s i s t ­

ance a l s o changes ma in t a in ing a cons t an t 1 4 

3 VOLTS 28 VOLTS A' 

SHUNT 
REGULATOR 
RESISTANCE 

/T 

VEHICLE 
LOAD 
RESISTANCE 

F i g u r e 9. C o n v e r t e r Equ iva len t C i r cu i t 

ohm and the d e s i r e d l ine vo l t age . The n u m b e r s 

u s e d above a r e n o min a l va lues of the expec ted 

c o n v e r t e r output . The r e g u l a t o r c o m p e n s a t e s 

for changes m c o n v e r t e r o p e n - c i r c u i t vo l tage 

or i n t e r n a l r e s i s t a n c e . 

F i g u r e 10 is a b lock d i a g r a m of the e l e c t r i c a l 

po'wer s y s t e m including the c o n v e r t e r , r e g u l a t o r , 

b a t t e r i e s , c o n v e r t e r s , and i n v e r t e r s . SNAP lOA 

r e q u i r e s five d i f fe ren t types of e l e c t r i c a l 

pov/er 

1) 2 2 - to 29vdc u n r e g u l a t e d — used ma in ly 

for c o n t r o l c i r c u i t r y 

2) -F28-vdc r e g u l a t e d d iagnos t i c i n s t r u ­
m e n t a t i o n , s t a r t u p 

3) - 2 8 - v d c r e g u l a t e d c o n t r o l l e r 

4) 115-vo l t s , 4 0 0 - c y c l e ac — d iagnos t i c 

i n s t r u m e n t a t i o n 

5) 1.5-vdc — p r e s t a r t u p power for NaK 

p u m p 

The 2 2 - to 29-vdc power is de s igna t ed a s the 

u n r e g u l a t e d bus and i s e s s e n t i a l l y the c o n v e r t e r 

t e r m i n a l vo l tage m a i n t a i n e d a t the d e s i r e d l eve l 

by the a b o v e - m e n t i o n e d shunt r e g u l a t o r . Dur ing 

n o r m a l o p e r a t i o n the bus vo l tage is he ld a t 

28 vdc plus and m i n u s a p p r o x i m a t e l y 2%. When 

the bus i s powered by b a t t e r i e s , the vol tage 

l eve l IS about 25 vdc . 

The plus and m i n u s 28 -vo l t s r e g u l a t e d power 

is obta ined f r o m a d c - t o - d c c o n v e r t e r which is 

e n e r g i z e d by the u n r e g u l a t e d b u s . A d c - t o - a c 

i n v e r t e r changes the c o n v e r t e r output (un regu­

l a t ed bus) to 4 0 0 - c y c l e , 115-vac. 

F i g u r e 10 a l s o shows p r i m a r y b a t t e r i e s , a 

s u r g e b a t t e r y , and f a i lu re b a t t e r i e s on the un ­

r e g u l a t e d b u s . The p r i m a r y b a t t e r i e s supply 

e l e c t r i c a l power unt i l suff icient c o n v e r t e r out­

put is ob ta ined . The s u r g e b a t t e r y is swi tched 

into the c i r c u i t to m a i n t a i n the u n r e g u l a t e d bus 
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Figure 10. Block Diagram of Electr ical Power System 

within design limits during periods when the 

power demand is in excess of the converter out­

put. The surge battery is t r ickle-charged dur­

ing normal converter operation. 

The failure batteries a re connected to the un­

regulated bus from launch until full power opera­

tion is achieved and after a failure signal from 

the NPU is received in the Agena. The bat ter­

ies a re disconnected from the bus by the same 

command which connects the surge battery. A 

single inverter and converter a re normally used 

to supply ac and regulated dc power. A redun­

dant unit is energized when an out-of-spec. con­

ver ter or inverter output voltage is detected by 

the sensing relay. 

The dc conduction pump used to circulate the 

NaK is energized by two 1.5-volt batteries until 

sufficient NaK temperature enables the pump 

thermoelectr ic element to supply the required 

current . A switch, located in the Agena, per ­

mits activation of this circuit shortly before 

launch. 

B. COMlvIAND TELEMETRY SYSTEM 

The Agena command system accommodates 

32 real - t ime command signals. The SNAP lOA 

unit uses the following 11 commands: 

1 and 2) NPU startup command — combi­

nation of two commands given within a p r e ­

determined interval. The first enabling the 

circuit for execution of the startup signal by 

the second command. 

3 and 4) Reflector eject command — also 

consists of two interlocking commands. Re­

flectors a re ejected, thereby disabling the 

reac tor . 
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5) C o n t r o l l e r "off" c o m m a n d — d i s a b l e s 

the r e a c t o r s t a r t u p c o n t r o l l e r . 

6) C o n t r o l l e r "on" c o m m a n d — r e a c t i v a t e s 

the s t a r t u p c o n t r o l l e r . 

7 and 8) Mal func t ion -de tec t ion c i r c u i t a r m 

c o m m a n d — e n a b l e s the NPU ma l func t ion -

de tec t ion f a i lu re logic c i r c u i t . (See Sec t ion 

II for o p e r a t i o n of t h i s c i r c u i t . ) 

9) C o n v e r t e r i m p e d a n c e t e s t "on" c o m ­

m a n d — a m e a s u r e m e n t of the t h e r m o e l e c t r i c 

c o n v e r t e r i n t e r n a l i m p e d a n c e is obta ined 

w^hen t h i s c o m m a n d i s e x e r c i s e d . 

10) C o n v e r t e r i m p e d a n c e t e s t "off" c o m ­

m a n d — n e g a t e s the above c o m m a n d and 

swi t ches the m e a s u r i n g dev ice to the infl ight 

c a l i b r a t i o n condi t ion . 

11) T e m p e r a t u r e swi tch o v e r r i d e c o m ­

m a n d — the t e m p e r a t u r e s e n s o r swi tch input 

to the s t a r t u p c o n t r o l l e r can be o v e r r i d d e n 

wi th th i s c o m m a n d . In i t ia t ion of t h i s c o m ­

m a n d p r e s e n t s a s i m u l a t e d l o w - t e m p e r a t u r e 

s igna l to the c o n t r o l l e r wh ich c a u s e s the c o n ­

t r o l l e r to r o t a t e the fine c o n t r o l d r u m s in , 

i n c r e a s i n g r e a c t i v i t y and thus r a i s i n g the 

r e a c t o r t e m p e r a t u r e . 

The c o m m a n d t e l e m e t r y s y s t e m r e c e i v e s the 

ground in i t i a t ed s igna l , decodes i t , p e r f o r m s 

the n e c e s s a r y swi tch ing func t ions , and p r e s e n t s 

a t the SNAP lOA/Agena i n t e r f a c e a 2 8 - v o l t p u l s e . 

Th i s s i g n a l , l a s t i ng f r o m 20 to 80 m s e c , e n e r ­

g izes the a p p r o p r i a t e r e l a y s in the NPU c o n t r o l 

s y s t e m . T h e r e m a i n i n g c o m m a n d s a r e u s e d by 

the Agena to c o n t r o l s e c o n d a r y p a y l o a d s , t e l e m ­

e t r y l i n k s , t a p e r e c o r d e r s , t i m e r s , e t c . 

An Agena t i m e r s igna l i s p r o v i d e d to r e l e a s e 

the NaK expans ion c o m p e n s a t o r s s h o r t l y be fo re 

the veh ic l e i s in j ec ted into o rb i t . 

C. PYROTECHNIC AND DESTRUCT SYSTEM 

A s e p a r a t e p y r o t e c h n i c b a t t e r y for e n e r g i z i n g 

squib c i r c u i t s i s l o c a t e d in the Agena . SNAP lOA 

squibs a r e f i r ed by o p e r a t i o n of the NPU pow^er 

and c o n t r o l c i r c u i t s . 

D. DATA SIGNAL CONDITIONING" RECORDING, 
AND TRANSMISSION 

Onboard d iagnos t i c i n s t r u m e n t a t i o n u s e d in 

the SNAP lOA f l i g h t - t e s t p r o g r a m i s t a b u l a t e d 

in Tab le 1. The Agena con ta ins the m u l t i p l e x e r s , 

t r a n s m i t t e r s , t ape r e c o r d e r s , an t enna , and 

s o m e of the s igna l condi t ioning c i r c u i t s r e q u i r e d 

to c o m p l e t e the da ta t e l e m e t r y s y s t e m . F i g ­

u r e 11 i s a b lock d i a g r a m of th is s y s t e m . T h r e e 

types of s igna l l eve l s c a n be a c c e p t e d by the s u b -

m u l t i p l e x e r s ; outputs b e t w e e n 0 and 20 m v , Oand 

50 m v , and 0 and 5 v o l t s . The mi l l i vo l t s igna l s 

a r e ampl i f i ed to 0 - to 5-vol t l e v e l s be fo re be ing 

f u r t h e r c o m m u t a t e d by the con t ro l m u l t i p l e x e r . 

SNAP lOA i n s t r u m e n t outputs a r e condi t ioned to 

u s a b l e l eve l s e i t h e r in the NPU i n s t r u m e n t c o m ­

p a r t m e n t or in the Agena . The Agena con ta ins 

a t h e r m o c o u p l e r e f e r e n c e junc t ion and junc t ion 

box which e l e c t r i c a l l y e s t a b l i s h e s s e v e r a l d i f fe r ­

ent " co ld" junc t ion t e m p e r a t u r e s for a l l the 

SNAP lOA c h r o m e l - c o n s t a n t a n t h e r m o c o u p l e s . 

I n t e r c o n n e c t i o n for ob ta in ing t e m p e r a t u r e dif­

f e r e n c e m e a s u r e m e n t s a l s o i s a c c o m p l i s h e d in 

th i s box. T e m p e r a t u r e d i f f e rences a r e obta ined 

by m e a s u r i n g the r e s u l t a n t vo l tage o b t a i n e d w h e n 

two t h e r m o c o u p l e s a r e p l aced in s e r i e s wi th 

t h e i r g e n e r a t e d v o l t a g e s opposing each o t h e r . 

SIGNALS 

OTOaOmv 

OTOSO-nv 

SUBMULTIPLEXER 
2 SAMPLES/»«:, 

64 GATES 

20 mv 
SUBMULTIPLEXER 

2 SAMPLES/MC, 
32GATtS 

50 mv 
SIGNALS 

16 S A M P L E V M C . 
64 GATES 

H 

Sv 
CONTROL 

MULTIPUXER. 
128 SAMPL£S/Mc 

IsOmv 
SUBMUaiPLEXER 

\OUTPUT 
SAMPLED AT 
B GATES 

4S mm 
TIMER 

24 hr 
TIMER 

ANTENNA 

-

VOLTAGE 
CONTROLLED 
OSCILLATOR 

VOLTAGE 
CONTROLLED 
OSCILLATOR 

TAPE 
RECORDER 

1 

L i N x n 
TRANS­
MITTER 

LiNKm 
TRANS­
MITTER 

V 

TELEMET 

24 hr AFT 

RYON, 
ORDER READOUT 
ER FAILURE SIGNAL 

F i g u r e 11. Data T e l e m e t r y S y s t e m 
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T A B L E 1 

SNAP lOA DIAGNOSTIC INSTRUMENTATION 

Instrumentat ion 

1. 

2 . 

3 . 

4 . 

5 . 

6. 

7. 

8. 

9 . 

10. 

1 1 . 

12. 

13 . 

Voltage dividers 
(VT) 

Voltage taps 

Rotary and l inear 
posit ion t r a n s d u c e r s — 
variable t r a n s f o r m e r s 

(Pnl) 

Thermocouples 
(TO) 

Res is tance 
t h e r m o m e t e r s 

(RT) 

Radiation de tec tors 
(ND, RD, ND ) 

o 

A c c e l e r o m e t e r s 
(AC) 

Tempera tu re switches 
(TS) 

Posi t ion switches 
(PnS) 

Relay contacts 
(EvM) 

Curren t shunts 
(IT) 

AC impedance m e a s ­
uring device 

(CZ) 

Conver ter leakage 
cur ren t measu remen t 

a. 

b. 

a. 

b. 

a. 

b . 

a . 

a. 

a. 

a . 

a . 

a . 

a . 

a. 

b. 

a . 

a . 

Information Obtained 

Thermoe lec t r i c conver ter 
output 

Control ler operat ion 

Conver ter module outputs 

NaK flowrate 

Rotary — Fine control d rum 
posit ion 

Linear — Expansion compen­
sator position 

Pump radia tor , ref lector 
surface, t he rmoe lec t r i c 
radia tor , t he rma l shield, 
squib, safety device and NaK 
t e m p e r a t u r e s 

Ins t rument compar tment , 
pump radia tor , and NaK 
t e m p e r a t u r e s 

Reactor neutron flux, i n s t ru ­
ment compar tment fast and 
the rma l neutron and gamma 
flux 

Launch shock and vibrat ion 

NaK t e m p e r a t u r e s 

Drum, ref lector , expansion 
compensator , heat shield, 
and ref lector retaining band 
posit ion 

Verification of p roper control 
sys tem operation 

Conver ter output cur ren t 

NaK pump bat tery cur ren t 

Conver ter impedance 

Conver ter cu r ren t shunted 
to ground 

Simulation of Variable or 
Ins t rument on FSEM-3 

a. Conver ter output was s imu­
lated by PSM-2. Fl ight- type 
dividers were instal led 

b. Actual control ler was 
instal led 

a. Ten r e s i s t o r s were para l le led 
a c r o s s the PSM-2 output 

b. Simulated with a ba t tery and 
voltage divider c i rcui t 

a. Actual device instal led 

b . Actual device was instal led. 
Compensator posit ion s imu­
lated by manually moving 
core of t r an s fo rmer 

a. T ransduce r s were instal led 
and st imulated with heat 
guns and res i s tance hea te r s 

a. T ransduce r s were instal led 
and st imulated with heat 
guns and res i s t ance hea t e r s 

a. Ins t ruments were instal led but 
not s t imulated. Fas t flux 
de tec tors were adjusted to 
provide on-sca le TM readings . 
ND's and RD were la ter s i m ­
ulated with voltage divider 
networks . 

a. Ins t ruments were instal led 
and st imulated by str iking 
sensor 

a. Simulated with toggle switches . 
Variable r e s i s t o r s were used 
for the cont ro l ler s enso r s 

a. Simulated with toggle 
switches 

a. Complete control sys tem was 
instal led and operated in the 
same manner as the flight 
sys tem 

a. Stimulated by PSM-2 output 

b . Stimulated by external power 
supply 

a. Actual device instal led in 
FSEM-3 

a. Not instal led on FSEM-3 
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The ne t vo l t age output is then mu l t i p l exed and 

t r a n s m i t t e d . 

Other outputs condi t ioned by Agena e q u i p ­

m e n t a r e : 

1) C o n v e r t e r leg vo l t ages — 0 to 7 vo l t s 

condi t ioned to 0 to 50 m v by vo l tage d i v i d e r s . 

2) Switch and r e l a y con t ac t s — con t ac t 

opening and c los ing in the NPU is condi t ioned 

to 1 o r 4 vo l t s by vo l t age d i v i d e r s l o c a t e d in 

the Agena . 

The P A M - F M t e l e m e t r y s y s t e m o p e r a t e s a s 

fo l lows. The 2 0 - m v and 5-vol t s u b m u l t i p l e x e r s 

c o m m u t a t e the condi t ioned s igna l s a t r a t e s of 2 

s a m p l e s pe r s e c . The 5 0 - m v s u b m u l t i p l e x e r 

c o m m u t a t e s a t the r a t e of 16 s a m p l e s pe r s e c . 

The c o n t r o l m u l t i p l e x e r c o m m u t a t e s the 0- to 

5-vol t outputs of the s u b m u l t i p l e x e r s a t a r a t e 

of 128 s a m p l e s p e r s e c . The pu l se t r a i n ob ­

t a ined f r o m the c o n t r o l m u l t i p l e x e r b e c o m e s the 

input to two vo l tage c o n t r o l l e d o s c i l l a t o r s . The 

o s c i l l a t o r s output f r e q u e n c i e s , which v a r y wi th 

pu l se a m p l i t u d e i n p u t s , in t u r n f r e q u e n c y -

modu la t e the Link II and III R - F t r a n s m i t t e r 

c a r r i e r s i g n a l s . 

R e a l t i m e and r e c o r d e d in fo rma t ion a r e 

t r a n s m i t t e d on the s a m e c a r r i e r . Redundancy 

of L ink n r e a l t i m e i n f o r m a t i o n i s obta ined by 

t r a n s m i t t i n g the s a m e da ta th rough the Link III 

s y s t e m . 

S e c o n d a r y payload i n f o r m a t i o n i s a c q u i r e d 

f r o m the Link III t ape r e c o r d e r . 

E . MALFUNCTION AND F A I L U R E DATA 
SYSTEM 

After p r o p e r s t a r t u p h a s been a c h i e v e d , a 

r e a l - t i m e c o m m a n d a r m s the mal func t ion d e ­

t e c t i o n c i r c u i t in SNAP lOA. The o p e r a t i o n of 

th i s c i r c u i t i s exp la ined in Sect ion II . A m a l ­

function s i g n a l is ob ta ined when any of the fol low­

ing condi t ions ex i s t : 

1) U n r e g u l a t e d bus vo l tage of l e s s than 

22.5 + 0.5, -0 .0 vdc 

2) E x c e s s i v e l y low NaK r e a c t o r out le t 

t e m p e r a t u r e 

3) E x c e s s i v e l y high NaK r e a c t o r out le t 

t e m p e r a t u r e 

4) C o m p r e s s i o n of both expans ion c o m ­

p e n s a t o r b e l l o w s , due to a NaK l e a k . 

The t i m e r and r e c o r d e r men t ioned in S e c ­

t ion I I - F a r e l oca t ed in the Agena . A SNAP lOA 

mal func t ion s igna l i n i t i a t e s a 4 5 - m i n t iming s e ­

quence in the t i m e r . The Link II t e l e m e t r y s y s ­

t e m , wi th the excep t ion of the t r a n s m i t t e r , i s 

t u r n e d on. The tape r e c o r d e r r e c o r d s a l l 

Link II da ta for 45 m i n . The 4 5 - m i n t im ing s e ­

quence and da ta r e c o r d i n g wi l l cont inue even 

though the mal func t ion s igna l is r e m o v e d . 

After the 4 5 - m i n c lockout due to a m a l f u n c ­

t ion, the t i m e r m u s t be r e s e t to t i m e z e r o by 

r e a l - t i m e c o m m a n d . A low-vo l t age condi t ion 

which r e m a i n s for m o r e than 1 m i n p r o d u c e s a 

f a i l u re s i gna l . The f a i lu re s igna l , a con tac t 

c l o s u r e o r ig ina t i ng in the SNAP uni t , i n i t i a t e s 

an i r r e v e r s i b l e s e r i e s of even t s in both the 

Agena and the NPU. The f a i lu re b a t t e r i e s a r e 

p l aced on the u n r e g u l a t e d b u s , a 2 4 - h r t i m e r i s 

e n e r g i z e d , and the 4 5 - m i n t i m e r i s r e s e t to z e r o 

and beg ins a n o t h e r 4 5 - m i n s e q u e n c e . The r e ­

c o r d e r , c o n t r o l l e d by the 4 5 - m i n t i m e r , a c c u ­

m u l a t e s Link II da ta unt i l c lockout . 

One hour a f t e r the f a i l u r e s i g n a l , the r e a c t o r 

r e f l e c t o r s a r e e j ec ted by the SNAP lOA c o n t r o l 

s y s t e m . Clockout of the 2 4 - h r t i m e r r e s u l t s in 

the Link II t e l e m e t r y s y s t e m being t u r n e d on and 

the t ape r e c o r d e r s-witched to the r e a d - o u t m o d e . 

F . UMBILICAL FUNCTIONS 

The Agena u m b i l i c a l is u sed for s e v e r a l 

SNAP lOA p r e l a u n c h mon i to r and c o n t r o l s i g n a l s . 

NAA-SR-
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The m o n i t o r s , d i sp l ayed on a pane l m the launch 

c o m p l e x , a r e r e q u i r e d to ve r i fy that the r e a c t o r 

con t ro l d r u m s a r e in a "full out" ( p r e s t a r t u p ) 

pos i t ion , the r e f l e c t o r a s s e m b l y i s in p l a c e , the 

t h e r m o e l e c t r i c c o n v e r t e r is not d a m a g e d , the 

squib bus i s a r m e d , the squib c i r c u i t " a r m " plug 

IS i n s t a l l e d , suff icient c u r r e n t is p r e s e n t m the 

NaK pump c i r c u i t , and the NaK is a t a t e m p e r a ­

t u r e suff icient to p r e v e n t it f rom f r eez ing be fo re 

the s t a r t u p c o m m a n d is g iven. 

The squib bus i s a r m e d before launch by a 

s igna l t r a n s m i t t e d th rough the u m b i l i c a l . The 

bus a l s o can be d i s a r m e d m the s a m e m a n n e r . 

E jec t ing the r e a c t o r r e f l e c t o r s and swi tch ing the 

NaK p u m p b a t t e r y m and out of the p u m p c i r c u i t 

can be a c c o m p l i s h e d th rough umbi l i c a l s igna l s 

F i g u r e 12. Analog P o w e r S i m u l a t o r , PSM-2 

NAA-SR-11129 

18 



IV. FSEM-3 

F S E M - 3 i s a n e l e c t r i c a l m o c k u p of the 

SNAP lOA n u c l e a r power uni t . It w a s d e s i g n e d 

to ve r i fy the e l e c t r i c a l c o m p a t i b i l i t y be tween 

the SNAP lOA NPU and Agena v e h i c l e . S ince it 

w a s not e c o n o m i c a l l y and t e c h n i c a l l y f ea s ib l e to 

conduct t h e s e t e s t s m a t h e r m a l , n u c l e a r , and 

v a c u u m e n v i r o n m e n t , i t w a s dec ided tha t 

F S E M - 3 would con ta in m a s s m o c k u p s of the r e ­

a c t o r a s s e m b l y , p u m p , and r a d i a t i o n sh i e ld . NaK 

piping, expans ion c o m p e n s a t o r s , p y r o t e c h n i c s , 

and t h e r m o e l e c t r i c c o n v e r t e r w e r e o m i t t e d . 

Other t e s t s y s t e m s and f ac i l i t i e s w e r e des igned 

and bui l t to e n v i r o n m e n t a l l y t e s t the SNAP lOA 

des ign . E n v i r o n m e n t a l t e s t i n g w a s p e r f o r m e d 

a t the AI f ield fac i l i ty . 

A s e r i e s of t e s t s •was p lanned u t i l iz ing 

F S E M - 3 and an Agena funct ional m o c k u p . Both 

v e h i c l e s w e r e to con ta in f l igh t - type e l e c t r i c a l 

equ ipm e n t . A conso l e v/as d e s i g n e d to s i m u l a t e 

the SNAP lOA t h e r m o e l e c t r i c c o n v e r t e r output . 

This conso l e w a s d e s i g n a t e d P S M - 2 , Analog 

P o w e r S i m u l a t o r (F igure 12). 

A. REACTOR ASSEMBLY 

As ind ica t ed a b o v e , the F S E M - 3 con ta ined a 

m a s s m o c k u p of the r e a c t o r and r e f l e c t o r a s s e m ­

bly . The only f l i gh t - type c o m p o n e n t s of th i s a s ­

s e m b l y w e r e the two f m e - c o n t r o l - d r u m a c t u a t o r s 

and pos i t ion t r a n s d u c e r s . The t r a n s d u c e r s a r e 

r o t a r y d i f fe ren t ia l t r a n s f o r m e r s . D e m o d u l a t o r s 

( P N I - 1 , 2 , 3, and 6), l oca t ed m the i n s t r u m e n t 

c o m p a r t m e n t , supply power to the s e n s o r s and 

rec t i fy t h e i r ou tpu t s . The r e s u l t i n g dc ana log 

s igna l IS t e l e m e t e r e d to g round s t a t i o n s and i s 

ind ica t ive of the a m o u n t of r e a c t i v i t y i n s e r t e d to 

s u s t a i n the f i s s ion p r o c e s s in the r e a c t o r c o r e . 

D r u m m o v e m e n t i s s i m u l a t e d by a g e a r t r a m 

coupl ing the a c t u a t o r m o t o r to the t r a n s d u c e r s . 

D r u m and r e f l e c t o r " m " and "out" l i m i t s w i t c h e s 

a r e s i m u l a t e d on F S E M - 3 wi th togg le s w i t c h e s 

( P n S - 1 t h rough 8, and 15 t h r o u g h 18). 

NAA-SR-

SIMULATIONS 

B. T H E R M O E L E C T R I C CONVERTER 

The c o n v e r t e r output was s i m u l a t e d wi th the 

PSM-2 c o n s o l e . PSM-2 i s e s s e n t i a l l y an a c - t o -

dc power supply . The output is u n r e g u l a t e d , 

r i p p l e - f r e e dc p o w e r . The open c i r c u i t vo l t age , 

i n t e r n a l r e s i s t a n c e , P e l t i e r cool ing effect and 

t i m e c o n s t a n t s a r e p rov ided and a r e fully a d ­

j u s t a b l e . The following wi l l suffice a s a n e x ­

p lana t ion of P e l t i e r cool ing and t i m e c o n s t a n t s , 

a de ta i l ed d i s c u s s i o n being outs ide the scope of 

th is r e p o r t . 

C u r r e n t flowing th rough a t h e r m o e l e c t r i c e l e ­

m e n t coo ls the e l e m e n t hot junc t ion . The t e m p e r ­

a t u r e d i f fe rence a c r o s s the e l e m e n t d e c r e a s e s , 

which m t u r n l o w e r s the ne t o p e n - c i r c u i t vo l t age . 

This p r o p e r t y of t h e r m o e l e c t r i c m a t e r i a l s h a s 

been u s e d a s a cool ing t echn ique m m a n y a p p l i ­

c a t i o n s . If the c u r r e n t t h rough the c o n v e r t e r 

c h a n g e s , the cool ing effect a l s o c h a n g e s , though 

not i n s t an t ly b e c a u s e of t h e r m a l l ag . Th i s i s the 

t i m e cons t an t m e n t i o n e d a b o v e . 

S imula t ion of the c u r r e n t pa th on the she l l of 

the NPU was a t t a ined by rout ing 12-gage w i r e 

m s e r i e s and p a r a l l e l a r r a n g e m e n t s m the s a m e 

m a n n e r a s the a c t u a l c o n v e r t e r . Th i s c i r c u i t 

is p l aced m s e r i e s wi th the PSM-2 output . In the 

flight NPU, p r o p e r o p e r a t i o n of s ec t ions of the 

c o n v e r t e r is v e r i f i e d by tapping the c i r c u i t a t 

10 points and m e a s u r i n g the vo l t age p r o d u c e d by 

tha t s ec t i on . T h e s e vo l t age t a p s (VT-3 th rough 

12) a r e s i m u l a t e d on F S E M - 3 by r e s i s t o r s p l aced 

a c r o s s the P S M - 2 output . NaK tubing, t h e r m o ­

e l e c t r i c e l e m e n t s , r a d i a t o r s , and the t h e r m a l 

sh ie ld w e r e omi t t ed f r o m F S E M - 3 . 

C. COOLANT L O O P 

The e n t i r e coolant loop (pump, expans ion 

c o m p e n s a t o r s , NaK fluid and piping) was not in ­

s t a l l e d on F S E M - 3 . A m a s s m o c k u p w a s p r o ­

v ided for the p u m p . B a t t e r y power i s r e q u i r e d 
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to e n e r g i z e the p u m p f r o m launch unt i l the p u m p 

t h e r m o e l e c t r i c modu le c a n p r o d u c e the r e q u i r e d 

c u r r e n t to k e e p the NaK flowing. The two b a t t e r ­

i e s a r e l oca t ed in the Agena . W i r e s to conduct 

th i s power to the p u m p w e r e i n s t a l l e d and rou t ed 

in F S E M - 3 in a c c o r d a n c e wi th flight s y s t e m r e ­

q u i r e m e n t s . A shunli ( IT-3) u s e d to m o n i t o r the 

c u r r e n t in th i s c i r c u i t v/as inc luded . NaK flow-

r a t e IS obta ined f r o m taps on the p u m p . T h e s e 

s i g n a l s ( F T - 1 and F T - 2 ) w e r e s i m u l a t e d on 

F S E M - 3 wi th a b a t t e r y and r e s i s t o r n e t w o r k 

which dup l ica ted the vo l tage l eve l (0 to 50 and 

0 to 20 m v , r e s p e c t i v e l y ) and output i m p e d a n c e s 

Th i s s i m u l a t o r a l s o con ta ins toggle s w i t c h e s to 

s i m u l a t e t h e r m a l sw i t ches (TS-3 th rough 6), a 

s i m u l a t e d r e f l e c t o r - a s s e m b l y e l e c t r i c a l b a n d -

r e l e a s e d e v i c e , and v a r i a b l e r e s i s t o r s to a c t u ­

a t e the c o n t r o l l e r e l e c t r o n i c t e m p e r a t u r e 

s w i t c h e s (TS-1 and 2) . 

L i n e a r pos i t ion t r a n s d u c e r s moun ted on the 

NaK expans ion c o m p e n s a t o r s w e r e i n s t a l l e d in 

F S E M - 3 m t h e s a m e a p p r o x i m a t e loca t ion a s the 

flight s y s t e m s , even though the c o m p e n s a t o r s 

w e r e not inc luded . The two t r a n s d u c e r s a r e 

l i n e a r d i f fe ren t ia l t r a n s f o r m e r s . T h e i r outputs 

a r e condi t ioned by two d e m o d u l a t o r s ( P n I - 4 and 

5) l oca t ed in the i n s t r u m e n t c o m p a r t m e n t . The 

i n s t r u m e n t w a s s t i m u l a t e d by m a n u a l l y moving 

the t r a n s d u c e r c o r e . 

D. CONTROL AND INSTRUMENTATION 

F S E M - 3 conta ined an e s s e n t i a l l y c o m p l e t e 

con t ro l s y s t e m With the excep t ion of s i m u ­

lat ing the r e f l e c t o r e jec t m e c h a n i s m and t e m ­

p e r a t u r e swi tch s e n s o r s , the c o n t r o l l e r , r e l a y 

box, con t ro l d r u m a c t u a t o r s , t i nne r s , vo l t age 

s e n s o r s , i n t e r c o n n e c t i n g w i r i n g , and o p e r a t i o n 

of the c i r c u i t r y w e r e in e s s e n t i a l e l e c t r i c a l 

a g r e e m e n t wi th the flight s y s t e m d e s i g n a s of 

the date of a s s e m b l y , a p p r o x i m a t e l y S e p t e m b e r 

1963 

Tab le 1 i s a l i s t of the d iagnos t i c i n s t r u m e n t s 

u s e d in the flight s y s t e m and shows the i n f o r m a ­

t ion obta ined f r o m t h e s e d e v i c e s . The ac tua l 

i n s t r u m e n t s moun ted on F S E M - 3 w e r e f l ight-

type c o m p o n e n t s . Mos t of the t r a n s d u c e r s , 

n o r m a l l y moun ted on componen t s omi t t ed f rom 

F S E M - 3 such a s NaK piping, pump r a d i a t o r , 

c o n v e r t e r r a d i a t o r f i n s , and con t ro l d r u m s , 

•were moun ted m the a p p r o x i m a t e loca t ion of the 

omi t t ed h a r d w a r e and in a pos i t ion •which m a d e 

t h e m a c c e s s i b l e f r o m the ou t s i de . 

Co lumn 3 m Tab le 1 shows the me thod of 

s i m u l a t i o n u s e d for the i n s t r u m e n t s not moun ted 

on F S E M - 3 , and l i s t s the t echn ique of s t imula t ing 

the s e n s o r s tha t w e r e i n s t a l l e d . 

E . PYROTECHNICS 

Squib w i r i n g and p lugs w e r e i n s t a l l e d p e r 

fl ight s y s t e m r e q u i r e m e n t s . The plugs w e r e 

moun ted m t h e i r a p p r o x i m a t e loca t ions on s p e ­

c i a l b r a c k e t s . The pin p u l l e r s w e r e not u s e d 

on F S E M - 3 . Squib s i m u l a t o r s w e r e u s e d dur ing 

compa t ib i l i t y t e s t s . 

F . STRUCTURE 

P r i m a r y f l i gh t -de s ign s t r u c t u r a l componen t s 

w e r e u s e d in F S E M - 3 , and inc luded a c o r r u g a t e d 

t i t a n i u m c o n v e r t e r s h e l l , r e a c t o r suppor t a s ­

s e m b l y , and a f l i g h t - s y s t e m i n s t r u m e n t c o m ­

p a r t m e n t . 

F S E M - 3 w a s e l e c t r i c a l l y and m e c h a n i c a l l y 

s i m i l a r to the l a t e s t SNAP lOA flight des ign . 

E l e c t r i c a l c o m p o n e n t s w e r e e i t h e r f l igh t - type 

h a r d w a r e or suff icient ly s i m i l a r so tha t va l id 

da ta c o n c e r n i n g the o p e r a t i o n of the c o n t r o l , i n ­

s t r u m e n t a t i o n , and power s y s t e m s could be 

ob ta ined . 

NAA-SR-

20 

11129 



V. TEST PLANNING 

The r e q u i r e m e n t for two e l e c t r i c a l mockups 

of the SNAP lOA s y s t e m for u s e in combined 

t e s t s wi th an Agena F u n c t i o n a l Mockup (FMU) 

w a s e s t a b l i s h e d in D e c e m b e r 1961. T h e s e 

mockups w e r e d e s i g n a t e d F l igh t S y s t e m E l e c ­

t r i c a l Mockup 2 and 3 ( F S E M - 2 and F S E M - 3 ) . 

Compat ib i l i ty t e s t s p e r f o r m e d with F S E M - 2 

o c c u r r e d be tween N o v e m b e r 1962 a n d J u n e 1963. 

The r e s u l t s of th i s s e r i e s of t e s t s w e r e r e p o r t e d 

in N A A - S R - 9 8 9 3 . The F S E M - 2 / F M U t e s t p r o ­

g r a m w a s in tended to ve r i fy compa t ib i l i t y b e ­

tween the SNAPSHOT payload and Agena veh ic le 

e l e c t r i c a l s y s t e m s . F S E M - 3 , an upda ted v e r ­

s ion of F S E M - 2 , w a s o r ig ina l l y d e s t i n e d for u s e 

d u r i n g E l e c t r o m a g n e t i c I n t e r f e r e n c e ( E M I ) t e s t s 

•with the FMU af te r which it w a s to be u t i l i zed 

d u r i n g the flight Agena checkout and s y s t e m s 

t e s t s . Subsequent a n a l y s i s of the F S E M - 2 t e s t 

r e s u l t s p r o m p t e d A t o m i c s I n t e r n a t i o n a l t o r e ­

ques t the p e r f o r m a n c e of add i t iona l s y s t e m s 

t e s t s wi th an upda ted FMU befo re flight veh ic l e 

checkout . It w a s felt that the m i n i m a l combined 

s y s t e m o p e r a t i o n a c c o m p l i s h e d d u r i n g the 

F S E M - 2 / F M U t e s t p r o g r a m fa i led to e s t a b l i s h 

conf idence in the r e l i a b l e , c o m p a t i b l e o p e r a t i o n 

of the payload and veh ic l e e l e c t r i c a l s y s t e m s . 

The e n t i r e F S E M - 3 / F M U t e s t effort at 

LMSC ' s Sunnyvale fac i l i ty as of D e c e m b e r 1963 

c o n s i s t e d of the fol lowing: 

1) S u b s y s t e m checkout of FMU and v a l i ­

da t ion of F S E M - 3 

2) EMI t e s t i n g in the anechoic c h a m b e r 

3) Addi t ional s y s t e m s t e s t s in the S y s t e m s 

E n g i n e e r i n g L a b o r a t o r y (SEL). 

The above w a s schedu led to take p l a c e b e ­

tween O c t o b e r 1963 and J u n e 1964. Fo l lowing 

the s y s t e m s t e s t s , F S E M - 3 w a s schedu led to 

be u s e d du r ing the s y s t e m s checkout on the 

fl ight Agena v e h i c l e . 

F S E M - 3 w a s d e l i v e r e d to LMSC on Oc tobe r 

14, 1963. H o w e v e r , p r o g r a m schedu le r e ­

d i r e c t i o n o c c u r r e d du r ing s u b s y s t e m checkout 

and a l l t e s t i n g c e a s e d . F S E M - 3 was p l aced in 

s t o r a g e at LMSC unt i l the t e s t p r o g r a m was 

r e a c t i v a t e d in A p r i l 1964. The F S E M - 3 s c h e d ­

ule w a s r e v i s e d as shown in Tab le 2. 

The EMI inves t iga t ion inc luded the following: 

1) Conducted i n t e r f e r e n c e compa t ib i l i t y 

t e s t — a s i m u l a t e d flight s e q u e n c e of even ts 

to ver i fy p r o p e r o p e r a t i o n of the s y s t e m s 

T A B L E 2 

F S E M - 3 TEST PROGRAM - A P R I L 1964 

1. Update FSEM-3 and FMU and Sub­
system Checkout 

2. Integrated Systems Compatibility 
Tests 

3. Electromagnetic Interference Tests 

4. Flight Vehicle Systems Tests 

1964 

Apr 

22 

May June 

5 

July Aug 

15 

Sept Oct 

9 

Nov Dec J a n 

15 
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2) Conducted i n t e r f e r e n c e m e a s u r e m e n t s 

t e s t ~ m e a s u r e m e n t of the magn i tude and 

f r equency of the conduc ted EMI p r e s e n t in 

the veh ic l e and pay load s i m u l a t o r 

3) Conducted suscep t ib i l i t y t e s t s (con­

t inuous w a v e and t r a n s i e n t s ) — e s t a b l i s h tha t 

a 6-db m a r g i n e x i s t s be tween a componen t 

mal func t ion which would lead to a m i s s i o n 

f a i lu re and the v e h i c l e ' s " n o r m a l " conduc ted 

EMI e n v i r o n m e n t 

4) Rad ia ted i n t e r f e r e n c e compa t ib i l i t y 

t e s t s — a s i m u l a t e d fl ight s equence of even ts 

conducted in an anechoic c h a m b e r wi th the 

c o m m a n d and da ta t e l e m e t r y s y s t e m s t r a n s ­

mi t t i ng "open loop" 

5) Rad ia t ed s i g n a t u r e d e t e r m i n a t i o n wi th 

t h e veh ic l e and pay load s i m u l a t o r s in the 

p r e l a u n c h a s w e l l as the a s c e n t and o rb i t 

conf igura t ion 

6) Rad ia t ed EMI suscep t i b i l i t y t e s t s —to 

d e t e r m i n e if a 6 -db m a r g i n e x i s t s be tween a 

s y s t e m mal func t ion and the v e h i c l e ' s self-

g e n e r a t e d r a d i a t e d EMI e n v i r o n m e n t 

A tomics I n t e r n a t i o n a l defined EMI t e s t r e ­

q u i r e m e n t s in Speci f ica t ion NS10FSM3-00-002 , 

"SNAP lOA F S E M - 3 E l e c t r o m a g n e t i c I n t e r ­

f e r e n c e T e s t , " da ted August 2, 1963. The 

spec i f i ca t ion r e q u i r e m e n t s ca l l ed for p e r f o r m ­

ing an EMI inves t i ga t i on on F S E M - 3 s e p a r a t e l y 

be fo re ma t ing it to the Agena . The p u r p o s e of 

th i s r e q u e s t w a s to identify p o s s i b l e n o i s e gen­

e r a t o r s and s u s c e p t i b l e s u b s y s t e m s p r i o r to 

s y s t e m leve l t e s t i n g . This t e s t w a s s u b s e ­

quently p e r f o r m e d at AI us ing F S E M - 2 A . S y s ­

t e m leve l conducted EMI t e s t s w e r e p e r f o r m e d 

at LMSC in the S y s t e m s E n g i n e e r i n g L a b o r a t o r y . 

(1) " T e s t P l a n - P r o p o s e d Addi t ional SEL T e s t i n g 
D e c e m b e r 13, 1963 

The add i t iona l s y s t e m s compa t ib i l i t y t e s t s ' 

p lan r e q u i r e d the p e r f o r m a n c e of four " s u c c e s s f u l " 

F u n c t i o n a l S y s t e m s T e s t s ; t̂ wo wi th the p r o g r a m 

u n r e g u l a t e d bus m a i n t a i n e d at i t s n o m i n a l l eve l 

of 28 vdc and t̂ wo t e s t s •with the bus m a i n t a i n e d 

be tween 22.5 to 23.5 vdc . A funct ional t e s t w a s 

defined as a s i m u l a t e d flight s equence of even ts 

beginning •with NPU s t a r t u p and ending wi th 

c lockout of the 1-hr r e f l e c t o r e jec t ion t i m e r 

(ELD), a p p r o x i m a t e l y 6000 sec l a t e r . A s u c ­

ce s s fu l t e s t w a s defined as one ^vhere "no c o m ­

ponent , due to f a i l u r e , p r o h i b i t s the n o r m a l 

sequence of o p e r a t i o n a s s o c i a t e d with the p r i ­

m a r y m i s s i o n , o r w h e r e no componen t , due to 

f a i l u r e , l i m i t s the capab i l i t y to m o n i t o r s y s t e m 

o p e r a t i o n p r i m a r y to the m i s s i o n . " F a i l u r e s 

w e r e f u r t h e r c l a s s i f i e d a s p r i m a r y and s e c o n d a r y . 

F a i l u r e s o r " o u t - o f - s p e c " o p e r a t i o n of c o m p o ­

nen t s wi th s e c o n d a r y i m p o r t a n c e did not n e c e s s i ­

t a t e r e p e a t i n g the s y s t e m s t e s t . Since m i s s i o n 

f a i lu re i s defined as the point when the u n r e g u ­

la t ed bus r e m a i n s below 22.75 vdc for g r e a t e r 

than 1 m i n , two t e s t s w e r e p e r f o r m e d at the 

lower b u s vo l t age to ver i fy tha t a l l n e c e s s a r y 

equ ipmen t s o p e r a t e d p r o p e r l y at the lowes t 

po t en t i a l expec t ed d u r i n g the m i s s i o n . 

F S E M - 3 a n d t h e A g e n a FMU w e r e upda ted b e ­

fo re the beginning of t h e s y s t e m s t e s t s to r e f l ec t 

m o r e a c c u r a t e l y the flight s y s t e m s e l e c t r i c a l 

conf igura t ion . F u r t h e r modi f i ca t ions w e r e m a d e 

to F S E M - 3 be fo re the s t a r t of EMI t e s t i n g for 

the s a m e r e a s o n . S i m i l a r i t y be tween t h e flight 

SNAP unit and F S E M - 3 w a s n e c e s s a r y , of 

c o u r s e , to p e r m i t r e a c h i n g val id conc lus ions 

f r o m the t e s t r e s u l t s c o n c e r n i n g the o p e r a t i o n 

of the flight p a y l o a d s . 

r a c t A F 04(695)-136" LMSC documen t da ted 
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VI. FSEM-3/FMU SUBSYSTEM AND COMPATIBILITY 

A. MODIFICATIONS TO F S E M - 3 B E F O R E 
SUBSYSTEM CHECKOUT 

Changes to the e l e c t r i c a l c i r c u i t s of the 

SNAP lOA fl ight s y s t e m s w e r e i n c o r p o r a t e d in 

F S E M - 3 a s soon as p o s s i b l e wi thout i n t e r f e r i n g 

wi th the t e s t p r o g r a m s c h e d u l e . F S E M - 3 w a s 

upda ted d u r i n g the f i r s t week in May 1964 in 

p r e p a r a t i o n for the in i t i a t ion of s u b s y s t e m 

checkout wi th the F M U . The payload s i m u l a t o r 

w a s a l s o modif ied be tween the conc lus ion of 

s y s t e m s compa t ib i l i t y t e s t s and the beginning 

of the conduc ted EMI inves t iga t ion . 

Addi t ional mod i f i ca t ions and r e p a i r s w e r e 

effected on a n o n - i n t e r f e r e n c e b a s i s at v a r i o u s 

t i m e s d u r i n g the t e s t p r o g r a m . 

1. Modif ica t ions 

While F S E M - 3 w a s in s t o r a g e at LMSC ' s 

Sunnyvale fac i l i ty , s e v e r a l changes w e r e i n ­

c o r p o r a t e d into the flight s y s t e m s . The fo l low­

ing l i s t s u m m a r i z e s the upda t ing effort on 

F S E M - 3 which o c c u r r e d d u r i n g May 1964: 

1) Added c o n t r o l l e r e l e c t r o n i c t e m p e r a ­

t u r e s w i t c h e s . The s e n s o r s i m u l a t o r w a s 

changed f r o m a toggle swi tch to a v a r i a b l e 

r e s i s t o r to p r o v i d e the p r o p e r input to the 

e l e c t r o n i c s^witches. C a p a c i t o r f i l t e r i ng 

w a s a l s o added in the c o n t r o l l e r t e m p e r a t u r e 

swi tch input c i r c u i t . 

2) I n s t a l l ed c o n v e r t e r d e g r a d a t i o n m e a s ­

u r i n g dev ice t r a n s f o r m e r . 

3) R e w i r e d t e s t p lugs to p r o v i d e a m o n i ­

t o r i ng c i r c u i t for the modif ied one m i n u t e / 

one h o u r (ESD/ELD) t i m e r . The f l igh t - type 

t i m e r •was i n s t a l l e d in N o v e m b e r 1964 be fo re 

checkout of the Agena flight v e h i c l e . 

4) Added the e x t e r n a l c a l i b r a t i o n d e v i c e s 

for m o n i t o r i n g d r u m and expans ion c o m p e n ­

s a t o r pos i t i on i n d i c a t o r outputs and TC and 

RTD s igna l l e v e l s . 

5) C o n s t r u c t e d and i n s t a l l e d two addi t iona l 

h e a t - s h i e l d h a r n e s s e s •which w e r e used when 

the hea t sh ie ld w a s not i n s t a l l e d . 

B . SUBSYSTEM TESTING 

S u b s y s t e m t e s t i n g and checkout of the Agena 

funct ional m o c k u p c o m m e n c e d in la te A p r i l 1964. 

The p u r p o s e of th i s effort •was to p r e p a r e the 

t e s t veh ic l e for the combined s y s t e m s c o m p a t i ­

bi l i ty t e s t p r o g r a m . S u b s y s t e m t e s t ing t e r m i ­

na ted on June 25, 1964. 

When a t t empt ing to m e c h a n i c a l l y m a t e the 

F S E M - 3 and F M U , it w a s found that the F S E M - 3 

suppor t l egs •were m i s a l i g n e d and would not 

m a t e to the Agena pay load a d a p t e r r i n g . The 

feet w e r e r e p o s i t i o n e d be fo re the EMI t e s t s . 

Shor t c i r c u i t s in a t h e r m o c o u p l e and t h e r e a c t o r 

n e u t r o n l e akage flux d e t e c t o r c i r c u i t and an 

open c i r c u i t e d a c c e l e r o m e t e r cab le w e r e the 

only o t h e r p r o b l e m s e x p e r i e n c e d with the payload 

s i m u l a t o r d u r i n g s u b s y s t e m t e s t i n g . The FMU 

power c o n t r o l uni t w a s found to have fused r e l a y 

con t ac t s and s e v e r a l i n c o r r e c t w i r e t e r m i n a t i o n s . 

Malfunct ions in the veh ic l e p o w e r t r a n s f e r 

s w i t c h e s , 5 0 - m v s u b m u l t i p l e x e r gate m o d u l e , 

D t i m e r , T i m e r IV (ma l func t ion / f a i lu re t i m e r ) , 

d c / d c c o n v e r t e r , vo l tage r e g u l a t o r , and the ac 

i n v e r t e r s w e r e a l s o o b s e r v e d . All s e r i o u s 

p r o b l e m s , to the extent the s u b s y s t e m s w e r e 

ch eck ed , w e r e c o r r e c t e d be fo re the f i r s t s y s t e m 

run on June 25, 1964. 

Addi t ional t e s t a ids w e r e i n s t a l l e d on F S E M - 3 

( F i g u r e 13) in p r e p a r a t i o n for the s y s t e m s l eve l 

t e s t s . Spec ia l f i x tu r e s w e r e i n s t a l l ed on the 

expans ion c o m p e n s a t o r pos i t ion i n d i c a t o r t r a n s ­

d u c e r and the d r u m pos i t ion s e n s o r . T h e s e 

d e v i c e s enab led the t e s t p e r s o n n e l to d e t e r m i n e 

the TM output l eve l s of t h e s e i n s t r u m e n t s f r o m 

e x t e r n a l i nd i ca t ions . A p r e c i s i o n depth gage 

w a s coupled to the expans ion c o m p e n s a t o r s e n s o r 

shaft ( F i g u r e 14). D r u m s e n s o r m o v e m e n t •was 
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7561-02614 
F i g u r e 13. F S E M - 3 R e a c t o r A r e a . 
F i b e r g l a s s Rol l s Conta in T u b u l a r 
H e a t e r s and 0 .0005- in . Moni to r ing 
T C ' s f o r F S E M - 3 R T D ' s and TC ' s 

7561-02615 

F i g u r e 14. Expans ion C o m p e n s a t o r P o s i t i o n 
I n d i c a t o r E x t e r n a l C a l i b r a t i o n Device 

ind ica t ed by d i s p l a c e m e n t of a p o i n t e r along a 

p r o t r a c t o r s c a l e . The p o i n t e r w a s connec ted 

to the s e n s o r shaft th rough a g e a r t r a i n ( F i g ­

u r e 15). The s e n s o r w a s not coupled to the 

a c t u a t o r m o t o r which enabled the t e s t o p e r a t o r s 

to m a n u a l l y v a r y the d r u m pos i t ion ind ica t ions 

th roughout t h e i r o p e r a t i n g r a n g e and to p r e ­

d e t e r m i n e d p o s i t i o n s . 

NAA-

7561-02616 
F i g u r e 15. D r u m Pos i t i on Ind ica to r 

C a l i b r a t i o n Device 

T u b u l a r h e a t e r s and m o n i t o r i n g t h e r m o ­

couples w e r e connec ted to a p p r o x i m a t e l y 16 

F S E M - 3 t h e r m o c o u p l e s ( T C ' s ) and r e s i s t a n c e 

t e m p e r a t u r e d e t e c t o r s ( R T D ' s ) . The m o n i t o r i n g 

T C ' s ( 0 . 0 0 5 - i n . - d i a m e t e r , c h r o m e l - c o n s t a n t a n ) 

w e r e spot w e l d e d to the F S E M - 3 s e n s o r s in the 

v ic in i ty of the s e n s i t i v e ac t ive e l e m e n t . 

The m o n i t o r i n g T C ' s w e r e r e a d - o u t on a 

Honeywel l s t r i p - c h a r t r e c o r d e r . After c o r ­

r ec t ing for r o o m t e m p e r a t u r e , the r e a d i n g s 

w e r e used to p r e d i c t the TM outputs of the 

F S E M - 3 i n s t r u m e n t s . 

C. I N T E G R A T E D SYSTEMS TESTS 

The i n t e g r a t e d s y s t e m s t e s t s c o m m e n c e d on 

June 25, 1964. The final two s i m u l a t e d flight 

s e q u e n c e s w e r e p e r f o r m e d on S e p t e m b e r 11 , 1964. 

Data f r o m t h e final two s e q u e n c e s w a s ana lyzed 

c o n c u r r e n t l y with the pe r fo rnaance of the c o n ­

ducted EMI t e s t s . 

1. Check Run No. 1 

The NPU s e q u e n c e of even t s du r ing the s y s ­

t e m s t e s t s a p p r o x i m a t e s the da ta m F i g u r e 8, 

page 11, Sect ion I I - F . To ta l d u r a t i o n of t h i s 

t e s t w a s a p p r o x i m a t e l y 1-1/2 h o u r s . An a d ­

d i t iona l s t a r t u p s e q u e n c e de s igna t ed T a s k II 
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with NPU TM da ta a c q u i r e d and r e d u c e d f r o m 

the Link II t ape r e c o r d e r began wi th the NPU 

s t a r t u p c o m m a n d and ended 700 sec l a t e r w^ith 

the s i m u l a t e d SNAP s y s t e m m a s t a b i l i z e d , 

fu l l -power condi t ion . 

Check run No. 1 w a s p e r f o r m e d to ver i fy tha t 

a l l F M U s u b s y s t e m s and t h e pay load s i m u l a t o r 

w e r e o p e r a t i n g p r o p e r l y be fo re p r o c e e d i n g to 

the four t e s t s , c a l l e d F u n c t i o n a l S y s t e m s T e s t s , 

which r e q u i r e d s u c c e s s f u l c o m p l e t i o n . N u m e r ­

ous p r o b l e m s w e r e found -which r e q u i r e d a c o n ­

s i d e r a b l e t r o u b l e s h o o t i n g and modi f i ca t ion 

ef for t . The f i r s t F u n c t i o n a l t e s t w a s p e r f o r m e d 

on Ju ly 2 1 , 1964 af te r m o s t of the p r o b l e m s 

w e r e c o r r e c t e d o r ident i f ied and d e e m e d n o n -

d e t r i m e n t a l o r u n n e c e s s a r y for ver i fy ing 

v e h i c l e / p a y l o a d e l e c t r i c a l c o m p a t i b i l i t y . 

F i g u r e 16 IS a road m a p showing the a c t u ­

a t ion of the s igni f icant veh ic l e and payload 

componen t s and funct ions as e x e r c i s e d du r ing 

the S y s t e m s T e s t s . 

2. F u n c t i o n a l S y s t e m s T e s t s No. 1 and No. 3 
( N o r m a l Voltage T e s t s ) 

F u n c t i o n a l S y s t e m s T e s t No. 1 ( F S T - l ) w a s 

p e r f o r m e d on Ju ly 2 1 , 1964, F S T - 3 on Ju ly 23 , 

1964. In a c c o r d a n c e wi th the t e s t p l an , t e l e ­

m e t r y da t a for F S T No. 3 w a s l i m i t e d to 25 p a y -

load TM channe l s and 15 veh ic l e da t a p o i n t s . 

All pay load and s e l e c t e d veh ic l e and s e c o n d a r y 

pay load channe l s w e r e r e d u c e d f r o m F S T No. 1. 

3 . F u n c t i o n a l T e s t s No. 2 and No. 4 

P e r f o r m e d with the u n r e g u l a t e d bus m a i n ­

t a ined at a n o m i n a l 23.5 v d c . 

P r i o r to p e r f o r m i n g the two " s e l l " r u n s , a 

check run w a s a t t e m p t e d on Ju ly 27, 1964. 

Vehic le o p e r a t i o n w a s m o n i t o r e d f r o m l a n d l m e 

r e c o r d e r s and conso le i n d i c a t i o n s . T e l e m e t r y 

da ta w a s not r e d u c e d . The p r o c e d u r e shown m 

F i g u r e 16 w a s u t i l i z e d . T r a n s i e n t s on the u n ­

r e g u l a t e d bus such a s e n e r g i z i n g the c o n t r o l 

d r u m a c t u a t o r s c a u s e d the bus vo l tage to d r o p 

below 22.75 v o l t s , the t r i p point of the low 

vol tage s e n s o r s . S ince the r e s e t l eve l of the 

s e n s o r s i s about 24.2 vol t s and the bus w a s at a 

majcimum l e v e l of 23.5 v o l t s , p r e m a t u r e f a i l u r e 

o c c u r r e d . It w a s then dec ided to p e r f o r m the 

low vol tage t e s t s at 24.2 vol t s but s i nce tha t 

l e v e l w a s ou t s ide the l i m i t s spec i f ied m the t e s t 

p lan (22.5 to 23.5 vdc) , the 23.5 volt l eve l w a s 

s e l ec t ed and the t e s t p r o c e d u r e changed to de lay 

a r m i n g the mal func t ion de t ec t ion c i r c u i t unt i l 

i m m e d i a t e l y p r i o r to s imu la t ing a low vol tage 

mal funct ion R e s e t of the low vo l t age s e n s o r s 

was a c c o m p l i s h e d before the s i m u l a t i o n by 

r a i s i n g the bus to a p p r o x i m a t e l y 26 vo l t s 

Low pov/er output of the TM s y s t e m t r a n s ­

m i t t e r r e v e a l e d tha t e x c e s s i v e vo l tage d r o p s of 

up to 2.5 vol ts v /e re p r e s e n t be tween the veh ic le 

f o r w a r d d i s t r i b u t i o n point and the aft r a c k . The 

d r o p s w e r e r e d u c e d to 1 vol t by p a r a l l e l i n g 

s e v e r a l w i r e s c a r r y i n g -1-28 vol t s u n r e g u l a t e d 

e n t e r i n g t h e FMU P o w e r C o n t r o l Unit and r e -

so lde r i ng s e v e r a l e l e c t r i c a l c o n n e c t i o n s . The 

p e r f o r m a n c e of a p p r o x i m a t e l y 14 low-vo l t age 

s y s t e m s t e s t s w a s r e q u i r e d m a i n l y due to m a l ­

functions m the 4 5 - m m m a l f u n c t i o n / f a i l u r e 

t i m e r and the Link II t ape r e c o r d e r be fo re two 

" s e l l " r uns w e r e ob ta ined . The s u c c e s s f u l 

t e s t s w e r e both c o m p l e t e d on S e p t e m b e r 11, 1964. 

D. SUMMARY O F COMPATIBILITY 
TEST RESULTS 

The F S E M - 3 / F M U compa t ib i l i t y t e s t effort 

was d e s i g n e d to i n v e s t i g a t e the i n t e r a c t i o n s b e ­

tween the payload and veh ic l e s i m u l a t o r s •which, 

by s i m i l a r i t y , would d e t e r m i n e the d e g r e e of 

compa t ib i l i t y be tween the SNAPSHOT payload 

and Agena v e h i c l e . E x t en s iv e t e s t i n g and 

t roub le shoo t ing o v e r a pe r i od of 6 m o n t h s u n ­

c o v e r e d s e v e r a l unexpec ted veh ic le and payload 

i n t e r a c t i o n s and equ ipment d e f i c i e n c i e s . I n c o m ­

pa t ib i l i t i e s be tween F S E M - 3 and the FMU w e r e 

r e l a t i v e l y few and c o n s i s t e d of the following 
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1) The c i r c u i t d e s i g n of the FMU Type X 

s igna l cond i t i one r which condi t ioned the NPU 

c o n v e r t e r vo l tage t a p s f r o m 0 to 7 vol t s to 

0- to 5 0 - m v t e l e m e t r y s igna l s c a u s e d high 

c o m m o n m o d e vo l t ages (up to 30 vdc) to be 

p r e s e n t on the l o w - l e v e l TM i n p u t s . In 

addi t ion , it was p o s s i b l e that adjacent c o n ­

v e r t e r l egs would be s h o r t e d out when TM 

w a s on due to a m a k e - b e f o r e - b r e a k condi t ion 

of the 5 0 - m v s u b m u l t i p l e x e r r e e d r e l a y s . 

The high c o m m o n m o d e vo l t ages c a u s e d the 

s u b m u l t i p l e x e r m a g n e t i c a m p l i f i e r to o s c i l ­

l a t e . As a r e s u l t , 5 0 - m v T M data w a s no i sy , 

e s p e c i a l l y the c o n v e r t e r vol tage tap c h a n n e l s . 

The c o n v e r t e r c u r r e n t shunts m F S E M - 3 

•were i n c o r r e c t l y w i r e d m the pos i t i ve s ide 

of c o n v e r t e r c i r c u i t which r e s u l t e d m c o m m o n 

mode vo l t ages of 30 vdc be ing p r e s e n t on 

t h e s e two 5 0 - m v c h a n n e l s . TM da t a showed 

l eve l v a r i a t i o n s of up to 50 to 60% of full 

s ca l e due to the r ing ing p r o b l e m . The f l ight-

type s igna l cond i t i one r •was modif ied to e l i m i ­

na te a l l c o m m o n m o d e v o l t a g e s above 0.5 vdc 

and p r o v i d e d high i m p e d a n c e i so l a t i on b e -

t^ween c o n v e r t e r leg c i r c u i t s to p r e v e n t s h o r t ­

ing du r ing TM s a m p l i n g . The c u r r e n t shunts 

m F S E M - 3 w e r e r e w i r e d to p l a c e t h e m m t h e 

r e t u r n s ide of the c o n v e r t e r . 

T r o u b l e shooting of the TM no i se p r o b ­

l e m was accorhp l i shed af ter the comple t ion of 

the s i m u l a t e d flight s e q u e n c e s . C o r r e c t i o n s 

m a d e to the s igna l cond i t ione r w e r e va l ida t ed 

on the bench and m the flight v e h i c l e . How­

e v e r , s y s t e m s t e s t s on the flight veh ic le 

r e v e a l e d that the 5 0 - m v s u b m u l t i p l e x e r da ta 

w a s s t i l l no isy and f u r t h e r t r oub l e shoo t i ng 

w a s r e q u i r e d . The m a g n e t i c amp l i f i e r f eed­

back w a s i n c r e a s e d which s t ab i l i z ed the 

c i r c u i t . The p r o b l e m i s d i s c u s s e d f u r t h e r 

unde r F l igh t Vehic le S y s t e m s T e s t s , 

(Sect ion VIII ) 

2) The NPU c o n v e r t e r i m p e d a n c e m e a s ­

u r i n g (CZ) dev ice o p e r a t i o n w a s found to be 

affected by the i m p e d a n c e of the veh ic le 

which is m p a r a l l e l wi th the t h e r m o e l e c t r i c 

c o n v e r t e r as shown m F i g u r e 9. The CZ 

device TM output w a s be tween 5 to 6 m v 

when it should have been r ead ing about 25 to 

26 m v which ind ica ted a net i m p e d a n c e of 

0.2 to 0.4 o h m . An i so l a t i on choke of 5 . 5 m h y 

w a s added to the Agena flight veh ic l e to i n ­

c r e a s e the AC i m p e d a n c e of the veh ic le to 

13 to 14 ohms at 400 c p s . 

O the r p r o b l e m s a s s o c i a t e d wi th pay load 

c i r c u i t s •which w e r e m o r e a r e s u l t of i n c o m p l e t e 

u n d e r s t a n d i n g of s y s t e m i n t e r a c t i o n s r a t h e r 

than i n c o m p a t i b i l i t i e s inc lude 

1) The 24 .2-vdc r e s e t l eve l of the low-

vol tage s e n s o r s and the o p e r a t i o n of t h e s e 

d e v i c e s d u r i n g one of the lô w vol tage t e s t s 

m e n t i o n e d p r e v i o u s l y r e s u l t e d m a m o r e 

c o m p l e t e def ini t ion of the in i t i a t ion of m i s s i o n 

f a i l u r e due to lô w vo l tage on the u n r e g u l a t e d 

b u s . It w a s found tha t , should the bus d r o p 

below 22.5 + 0.5 - 0.0 vdc and not r e t u r n to 

24.0 -I- 0.5 - 0.0 vdc w i t h m one m i n u t e , the 

r e f l e c t o r s •will be e jec ted 1 h o u r l a t e r . 

2) The t h e r m o c o u p l e (TC) r e f e r e n c e 

junc t ions m the Agena a r e e n e r g i z e d f r o m a 

power supply w h o s e r e t u r n i s connec ted to 

the Vehic le Ground Poin t (VGP). TM da ta 

for any TC which u t i l i z e s one of t h e s e ref­

e r e n c e junc t ions w i l l be affected to the point 

of be ing unusab le should i t o r a d i f fe ren t i a l 

TC connec ted to it sho r t to g round . The 

d i f fe ren t ia l m e a s u r e m e n t w i l l a l s o be affected. 

The effect of g rounded T C ' s on the TM leve l s 

was not i nves t i ga t ed du r ing FMU t e s t i n g due 

to t i m e l i m i t a t i o n s . A br ie f t e s t w a s allo^wed 

dur ing t h e flight Agena s y s t e m s t e s t s , h o w ­

e v e r , t h e s e t e s t s w e r e i n c o m p l e t e m that 
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they did not p r o v i d e da ta to d e t e r m i n e the 

change in output of the d i f fe ren t i a l T C . 

3) An a p p a r e n t anoma l ly which w a s o b ­

s e r v e d du r ing FMU t e s t i n g w a s the high TM 

va lues of the d r u m pos i t ion d e m o d u l a t o r s . 

This p r o b l e m w a s exp la ined a s a r e s u l t of 

t r o u b l e s h o o t i n g p e r f o r m e d du r ing flight 

veh ic l e s y s t e m s t e s t s . This p r o b l e m is 

d i s c u s s e d in m o r e d e t a i l in Tab le 3. 

Br ie f ly , t he c a p a c i t i v e l y f i l t e r e d output of 

t h e d e m o d u l a t o r s , when s a m p l e d by a TM 

gate wi th an input i m p e d a n c e of 100 k ohms 

r e s u l t e d in a t i m e cons tan t of 100 to 150 m s . 

The ga te r e m a i n s open for only 7.8 m s . Output 

l eve l s of t h e s e d e v i c e s had p r e v i o u s l y been 

checked wi th a 100-k - load r e s i s t o r a c r o s s 

the output t e r m i n a l s . Due to the t r a n s i e n t 

n a t u r e of the output , it w a s n e c e s s a r y to 

check the outputs of t h e s e d e v i c e s with a 

9 0 0 - k - l o a d r e s i s t o r which r e p r e s e n t s an 

equ iva len t a v e r a g e r e s i s t a n c e du r ing the 

7 . 8 - m s s a m p l e p e r i o d . 

4) A m i n o r o p e r a t i o n s p r o b l e m w a s u n ­

c o v e r e d w h e n it w a s found that r e s e t t i n g the 

1-hour r e f l e c t o r - e j e c t t i m e r w o u l d d e e n e r -

gize the s e c o n d a r y pay load b u s . Launch 

o p e r a t i o n s p e r s o n n e l at VAFB w e r e notif ied 

of th i s condi t ion . 

In addi t ion to p r o b l e m s a s s o c i a t e d with p a y -

load c i r c u i t s , s e v e r a l componen t s on the Agena 

m o c k u p exhib i ted a n o m a l o u s b e h a v i o r . 

1) The c o m m a n d s y s t e m w a s found to be 

s u s c e p t i b l e to the app l ica t ion of e l e c t r i c a l 

po^wer. E x t r a n e o u s c o m m a n d s would be sen t 

w h e n e v e r po^ver w a s appl ied to the t e s t 

v e h i c l e . 

2) An unexpla ined 2 - k - o h m r e s i s t o r w a s 

found on the input c i r c u i t of the 5 0 - m v s u b -

m u l t i p l e x e r m a g n e t i c a m p l i f i e r . 

3) The z e r o c a l i b r a t e c i r c u i t on the s a m e 

s u b m u l t i p l e x e r w a s open c i r c u i t e d i n s t e a d of 

be ing s h o r t e d as r e q u i r e d . 

4) S e v e r a l r e e d r e l a y c o n t a c t s w e r e w e l d e d 

c l o s e d and a s h o r t c i r c u i t be tween s e v e r a l 

TM c i r c u i t s r e s u l t e d in b u r n e d w i r e s in t h e 

5 0 - m v s u b m u l t i p l e x e r . 

5) The m a l f u n c t i o n / f a i l u r e t i m e r w a s 

e x t r e m e l y s u s c e p t i b l e to EMI g e n e r a t e d by 

o t h e r veh i c l e equ ipmen t e s p e c i a l l y t h e L i n k -

II t ape r e c o r d e r . The t ape r e c o r d e r a l s o 

had m e c h a n i c a l and e l e c t r i c a l d e f e c t s . 

6) The c o n t r o l m o m e n t gy ro (CMG) l and -

l ine m o n i t o r s r e f l ec t ed the loading effect of 

TM s a m p l i n g . 

7) E x c e s s i v e vo l tage d rops be tween the 

f o r w a r d and aft r a c k s w e r e men t ioned e a r l i e r 

u n d e r F u n c t i o n a l T e s t s No. 2 and No. 4 

r e s u l t s . 

8) Difficulty w a s e x p e r i e n c e d in ident ifying 

da t a e x t r a c t e d f r o m the L ink- I I t ape r e c o r d e r . 

The L ink- I I r e c o r d e r does not have an o r b i t a l 

c lock i n d i c a t o r as does the L i n k - I l l unit and 

i t i s m a n d a t o r y tha t the quant i ty of i n f o r m a t i o n 

and the s e q u e n c e in which it w a s r e c o r d e d b e 

known at a l l t i m e s . The t ape w a s e r a s e d 

p r i o r to the s y s t e m s runs du r ing FMU t e s t i ng 

and the flight veh ic l e checkout effor t . 

The F S E M - 3 / F M U compa t ib i l i t y t e s t s in 

addi t ion to the F S E M - 2 / F M U t e s t s conduc ted 

du r ing the f i r s t half of 1963 p r o v i d e d AI and 

LMSC with sufficient da ta and e x p e r i e n c e to 

conc lude that the pay load and the Agena veh ic le 

o p e r a t e d t o g e t h e r >vithout any s e r i o u s i n c o m ­

pa t ib i l i t y . Repea t ed p r o g r a m m i n g of the two 

mockups th rough s i m u l a t e d flight s e q u e n c e s at 

n o r m a l and o f f - n o r m a l (low vol tage) condi t ions 

p rov ided a h i g h e r d e g r e e of conf idence in the 

b a s i c d e s ig n s of the two uni t s and ind ica t ed 
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t ha t t h e o p e r a t i o n of v i ta l p o w e r , c o m m a n d 

and TM funct ions could be expec ted d u r i n g the 

a c t u a l flight t e s t s . Though a l l equ ipment on the 

m o c k u p s w a s not flight-t^ype, t h e c o r r e c t p e r ­

f o r m a n c e of un i t s of s i m i l a r d e s i g n w a s a c c e p t e d 

as va l ida t ing the o j je ra t ion of flight a r t i c l e s . 

The F S E M - 3 / F M U t e s t e x p e r i e n c e l a t e r 

p r o v e d to be va luab le du r ing the p e r f o r m a n c e 

of the f l i gh t -veh i c l e s y s t e m s t e s t s . Some p r o b ­

l e m s r e a p p e a r e d dur ing the l a t e r t e s t s such as 

the no isy 5 0 - m v s u b m u l t i p l e x e r , CMG m o n i t o r 

a n o m a l i e s , and t i m e r dif f icul t ies a l l of which 

w e r e ident i f ied and c o r r e c t e d us ing in fo rmat ion 

and background obta ined f r o m the deve lopmen t 

t e s t ef for t . 
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1. E x c e s s i v e no i se on 5 0 - m v s u b m u l t i p l e x e r TM 

d a t a . Th i s p r o b l e m was o r ig ina l ly thought due to 

high c o m m o n m o d e vo l t ages on s e v e r a l AI TM 

s i g n a l s . 

2 . Rea l t i m e c o m m a n d No. 31 •which, in addi t ion 

to e n e r g i z i n g the s e c o n d a r y pay load b u s , c o n n e c t ­

ing the s u r g e and d i sconnec t ing the f a i lu re b a t t e r ­

i e s , fa i led to d e e n e r g i z e the pay load a s c e n t 

i n s t r u m e n t a t i o n b u s . 

3 . Pay load R T D ' s which wi l l have outputs in e x ­

c e s s of the 5 0 - m v s u b m u l t i p l e x e r band width wi l l 

affect the TM gate following the s a t u r a t e d channe l 

to the extent tha t da ta ^vill be e r r o n e o u s . 

4 . Val ida t ion of c o n v e r t e r i m p e d a n c e i so l a t i on 

choke ind ica t ed tha t the choke w a s not effective 

and the C Z device cont inued to m e a s u r e the v e h i ­

cle i m p e d a n c e in p a r a l l e l wi th the NPU c o n v e r t e r . 

5 . The d r u m pos i t ion d e m o d u l a t o r s ( P n I - 1 , - 2 , 

- 3 , and -6) TM da ta l eve l s w e r e up to 10% h ighe r 

than the l eve l s m e a s u r e d at the payload i n t e r f a c e . 

1. I n c r e a s e d feedback of m a g n e t i c a m p l i f i e r c i r ­

cui t which d e c r e a s e d r i s e t i m e of a m p l i f i e r e l i m ­

inat ing o sc i l l a t i ons which c a u s e d " n o i s y " TM 

in fo rma t ion . 

2 . A po ten t ia l is g e n e r a t e d on the "open" coi l of 

the s u r g e b a t t e r y t r a n s f e r swi tch which holds in 

the r e l a y coi l which e n e r g i z e s the a s c e n t b u s . 

Th i s r e l a y wi l l open if the c o m m a n d i s e x e r c i s e d 

t w i c e . The o r b i t a l s equence of even t s for S N A P ­

SHOT inc ludes t h i s s e c o n d o p e r a t i o n . 

3 . TM ga tes w e r e r e a s s i g n e d in o r d e r to follow 

the s a t u r a t e d gate wi th a s p a r e g a t e . 

4 . The c o n v e r t e r cont inui ty m e a s u r e m e n t in the 

AGE conso le c r e a t e d a g round loop which b y p a s s e d 

the choke . The m e a s u r e m e n t •was d i s c o n n e c t e d 

dur ing the VST and changes w e r e i n c o r p o r a t e d in 

the launch s i t e c o n s o l e s to p r e v e n t a s i m i l a r 

o c c u r r e n c e . 

5 . In te r face m e a s u r e m e n t s w e r e o r ig ina l ly a c ­

c o m p l i s h e d by loading the d e m o d u l a t o r TM output 

wi th a 100-k ohm r e s i s t o r s imu la t i ng the TM gate 

input i m p e d a n c e . Capac i t i ve f i l t e r ing of the TM 

output coupled wi th the 100-k load r e s u l t e d in a 

d i s c h a r g e t i m e cons tan t of a p p r o x i m a t e l y 100 to 

150 m s . The gate is s a m p l e d for 7.8 m s . An 

equ iva len t i m p e d a n c e of 900 k ohms was c a l c u ­

l a t ed f rom the vol tage leve l ob ta ined 3.5 m s af ter 

the gate was open. C o r r e l a t i o n of 1 to 2% of full 

s ca l e w a s subsequen t ly obta ined be tween TM data 

and in t e r f ace l eve l s us ing the 900-k load i m p e d ­

a n c e . F l igh t s y s t e m d e m o d u l a t o r s •were s i m i l a r l y 

c a l i b r a t e d . 

NAA-SR-11129 
32 



T A B L E 3 

AGENA VEHICLE 7 0 0 1 / F S E M - 3 INCOMPATIBILITIES AND RESOLUTIONS 
(Sheet 2 of 4) 

P r o b l e m Reso lu t ion 

6. TM data l eve l s for c o n v e r t e r vol tage t aps 

V T - 1 and -2 w e r e 8 to 10% lower than the va lues 

m e a s u r e d at the i n t e r f a c e . 

7. TM data l e v e l s for the t̂ wo expans ion c o m ­

p e n s a t o r pos i t ion i n d i c a t o r s , P n I - 4 and - 5 , w e r e 

5 to 6% lower than the va lues m e a s u r e d at the 

i n t e r f a c e . 

8. Umbi l i c a l m o n i t o r s du r ing the p r e l i m i n a r y 

T a s k X for NaK t e m p e r a t u r e and pump c u r r e n t 

showed r a n d o m f luc tua t ions of ±10% to 20% of 

full s ca l e and changed l eve l s -when TM •was 

swi tched on and off. The f luc tua t ions d i m i n i s h e d 

to ±5% of full s c a l e dur ing the f inal s y s t e m s t e s t . 

6. VT-1 and -2 TM points a r e m o n i t o r e d on a 

0- to 5-vdc s i n g l e - e n d e d s u b m u l t i p l e x e r . The 

ground r e f e r e n c e at the s u b m u l t i p l e x e r g a t e s w a s 

a p p r o x i m a t e l y 0.4 volt h igher m po ten t i a l than the 

r e f e r e n c e point at the i n t e r f a c e . The 0 .4-vol t 

d i f fe rence was c a u s e d by the flo^w of 17.5 a m p s 

t h r o u g h the CZ i so l a t i on choke , w i r e , shunt , and 

plug contac t r e s i s t a n c e m the c o n v e r t e r r e t u r n 

c i r c u i t . C o r r e c t i o n s to flight da ta wi l l be m a d e 

b a s e d upon the c u r r e n t flo^w as ind ica ted by I T - 2 

and the r e s i s t a n c e m the c o n v e r t e r r e t u r n c i r c u i t 

bet-ween VGP and the i n t e r f a c e . T e m p e r a t u r e 

c o m p e n s a t i o n of the r e s i s t a n c e is a l s o a n t i c i p a t e d . 

7. The c a u s e for th i s anoma l ly was n e v e r d i s ­

c o v e r e d but the condi t ion was r e p e a t a b l e . A 10-

pomt c a l i b r a t i o n , i n t e r f ace l e v e l vs TM data 

v a l u e , was p e r f o r m e d for e ach dev ice and the 

r e s u l t i n g in fo rma t ion u s e d to c o r r e c t flight da ta . 

T h e s e i n s t r u m e n t s a r e b r i d g e c i r c u i t s wi th a 

v a r i a b l e induc tance m two l e g s . Diodes m the 

b r i d g e c a u s e it to o p e r a t e on a half cyc le of the 

4 0 0 - c p s veh ic le i n v e r t e r . The 4 0 0 - c p s i n v e r t e r 

u s e s a Scott T connec t ion and one phase (which 

is u s e d by Pn I -4 and -5) is capac i t i ve ly coupled 

to g round . A step-do-wn t r a n s f o r m e r m the P n l 

c i r c u i t r e d u c e s the vol tage and a p p a r e n t l y i s o ­

l a t e s the b r i d g e f rom the power s o u r c e . Difficulty 

•was e x p e r i e n c e d dur ing VST with AGE m o n i t o r i n g 

of the 4 0 0 - c y c l e vo l t age . 

8. The r e a s o n for the va ry ing u m b i l i c a l s igna l 

l e v e l s was not d e t e r m i n e d . TM va lues for the 

s a m e t r a n s d u c e r s did not exhibi t t h e s e c h a r a c ­

t e r i s t i c s . It has been a s s u m e d t h a t e i t h e r r e w o r k 

of the guidance modu le or the addi t ion of g rounds 

at a l l the Agena d o s i m e t e r s , both effor ts being 

c o m p l e t e d be fo re the f inal t e s t , •were the c a u s e 

of the i m p r o v e d r e a d i n g s . 
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9. The 4 5 - m i n p o r t i o n of T i m e r IV i n t e r m i t t e n t l y 

c locked out l e s s than 2 m i n af ter a mal func t ion 

s igna l w^as s i m u l a t e d dur ing VST. 

10. NPU s t a r t u p c o n t r o l l e r would c lock out 

50 sec a f te r swi tch ing the s o u r c e of r e g u l a t e d dc 

power f r o m one veh ic le c o n v e r t e r to a n o t h e r . 

11 . I nadve r t en t l ow-vo l t age ma l func t ions o c ­

c u r r e d dur ing the f inal s y s t e m s t e s t which r a i s e d 

doubts a s to the va l id i ty of s i m u l a t i n g the fl ight 

NPU c o n v e r t e r wi th PSM-2 se t t i ngs of 57 vol ts 

open c i r c u i t and 1.6 ohms i n t e r n a l i m p e d a n c e . 

9. P r e - T a s k X veh ic le condi t ioning which in­

c luded power swi tch ing and e x e r c i s i n g c o m m a n d 

funct ions c a u s e d t r a n s i e n t s which se t the m a g ­

net ic c o r e logic to a point w h e r e it would c lockout 

e a r l y af ter a mal func t ion s igna l e n e r g i z e d 

T i m e r IV. P r o p e r o p e r a t i o n of the t i m e r o c ­

c u r r e d if a r e s e t c o m m a n d was e x e r c i s e d p r i o r 

to the ma l func t ion . The t i m e r wi l l be r e s e t d u r ­

ing the flight t e s t p r i o r to enabl ing the NPU m a l ­

function de t ec t ion c i r c u i t and p e r i o d i c a l l y t h e r e ­

a f t e r . 

10. The swi tch ing function would m o m e n t a r i l y 

i n t e r r u p t the r e g u l a t e d dc power to the c o n t r o l l e r 

r e s e t t i n g the i n t e r n a l logic to z e r o t i m e . The 

f i r s t s equence of the c o n t r o l l e r is 50 sec in d u r a ­

t ion fol lowed by 1 5 0 - s e c p e r i o d s un t i l the r e a c t o r 

r e a c h e s ope ra t i ng t e m p e r a t u r e . 

11 . The mal func t ions and o the r e x c e s s i v e vol tage 

d r o p s on the u n r e g u l a t e d bus dur ing th i s t e s t w e r e 

c a u s e d by veh ic le power d e m a n d s in e x c e s s of the 

power ava i l ab le f rom PSM-2 which was about 

520 w a t t s at the i n t e r f ace and a p p r o x i m a t e l y 

500 wa t t s at the Agena f o r w a r d d i s t r i b u t i on point . 

Vehic le power d e m a n d at one point was 580 w a t t s . 

The s u r g e b a t t e r y s i m u l a t o r which •would n o r m a l l y 

supply the e x t r a power was se t at the f a i lu re l eve l 

of 22.75 vol t s and t h e r e f o r e did not supply c u r r e n t 

unt i l tha t l eve l w a s r e a c h e d . 

Ana lys i s of the p a r a m e t e r s of the flight con ­

v e r t e r e s t a b l i s h e d the va l id i ty of the PSM-2 

s e t t i n g s . A s e p a r a t e t e s t was conduc ted wi th 

PSM-2 se t t i ngs se t at the va lues expec ted dur ing 

the flight t e s t (a) a f te r a n o r m a l s t a r t u p , and 

(b) af ter 90 days of o p e r a t i o n . The PSM-2 

p a r a m e t e r s •were a l s o se t to the v a l u e s u s e d 

dur ing the p r e l i m i n a r y and f inal T a s k X ' s . A 

f l igh t - type s u r g e b a t t e r y •was i n s t a l l e d in the 
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12. E x c e s s i v e l o s s of TM s y n c h r o n i z a t i o n due to 

a r e p e a t e d mal func t ion in the 2 0 - m v s u b m u l t i ­

p l e x e r . 

13. The a m b i e n t r e a d i n g s of the veh ic le r a d i a ­

t ion d o s i m e t e r s e x c e e d e d spec i f i ca t ion l i m i t s . 

11 . (Continued) 

v e h i c l e . The veh ic le bus was ove r loaded in the 

s a m e m a n n e r a s dur ing T a s k X without the o c c u r ­

r e n c e of a low-vo l t age mal func t ion . The veh ic le 

r e s p o n d e d in the p r e d i c t e d m a n n e r t h e r e b y v a l i ­

da t ing the d e s i g n of the power s y s t e m . Power 

m a n a g e m e n t du r ing the flight was a l so examined 

to ver i fy t ha t o v e r l o a d s do not o c c u r . 

12. L o s s of synch o c c u r r e d m o s t l y when the un­

r e g u l a t e d bus vol tage was a p p r o x i m a t e l y 23.5 vdc . 

Voltage at the s u b m u l t i p l e x e r w a s n e a r 22 vol t s 

•which is i t s lo^wer ope ra t ing l i m i t . Another unit 

•was i n s t a l l e d in the veh ic le and was found to o p e r ­

a te s a t i s f a c t o r i l y . 

13 . This condi t ion w a s c o r r e c t e d by grounding 

the u n r e g u l a t e d bus r e t u r n to the veh ic le s t r u c t u r e 

at the d o s i m e t e r s . Though ground loops w e r e 

c r e a t e d , o the r equ ipment was not affected. 
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VII. ELECTROMAGNETIC INTERFERENCE TESTING 

E M I t e s t s w e r e p e r f o r m e d be tween S e p t e m ­

b e r 23 and October 9, 1964. The Agena FMU 

and F S E M - 3 w e r e modi f i ed p r i o r to the t e s t 

effort to m o r e a c c u r a t e l y r e p r e s e n t the flight 

s y s t e m s . The r a d i a t e d E M I inves t iga t ion o r i g i ­

nal ly schedu led for t h i s p e r i o d was pos tponed 

to c o m m e n c e s y s t e m checkout of the f l i g h t v e h i -

cle and to obta in a r a d i a t e d s i g n a t u r e on the 

ac tua l Agena r a t h e r than a mockup . The s igna­

t u r e was obtained in the veh ic l e s y s t e m s t e s t 

a r e a . 

A. F S E M - 3 AND FMU MODIFICATIONS PRIOR 
TO E M I TESTS 

The mod i f i ca t ions to update F S E M - 3 w e r e 

c o m p l e t e d before the p e r f o r m a n c e of the f inal 

two low-vo l t age i n t e g r a t e d s y s t e m s t e s t s . 

Changes to F S E M - 3 inc luded : 

1) Ins ta l l a t ion of eight fas t n e u t r o n flux 

d o s i m e t e r s 

2) R e m o v a l of d e s t r u c t c i r c u i t w i r i ng 

which was de le ted f r o m the flight s y s t e m 

3) De le t ed w i r i n g to two hea t sh ie ld squib 

plugs wh ich w e r e a l so r e m o v e d f rom the flight 

s y s t e m 

4) Re loca ted the suppor t l egs which m a t e 

the payload to the Agena in o r d e r to a l ign a l l 

bolt ho les 

5) R e m o v e d TC and RTD h e a t e r s and m o n ­

i to r ing i n s t r u m e n t s 

6) R e w i r e d c o n t r o l l e r s e n s o r input and 

t e s t points to a g r e e wi th the l a t e s t flight NPU 

c i r c u i t r y 

In addi t ion to f i l t e r ing the FMU mal func t ion / 

f a i l u re t i m e r input pow^er l i n e s and t e s t i ng guid­

ance and c o n t r o l s u b s y s t e m c o m p o n e n t s , LMSC 

m e a s u r e d Link 2 and 3 t r a n s m i t t e r f r equency 

dev ia t ions and R F power outputs and the i n s e r ­

t ion l o s s e s of a l l R F cab le pa ths and s w i t c h e s . 

B. EMI TESTS 

The conducted E M I inves t iga t ion c o n s i s t e d of 

the folloTving t e s t s : 

1. T e s t C - 1 , Conducted Compa t ib i l i t y , P r e l a u n c h -
Ascen t P h a s e 

F S E M - 3 and the FMU w e r e p r o g r a m m e d 

th rough a s i m u l a t e d launch and a s c e n t s equence 

of e v e n t s . Landl ine r e c o r d e r s , t r a n s i e n t d e t e c ­

t o r s , and o s c i l l o s c o p e s m o n i t o r e d veh ic le bus 

vo l t ages and s e n s i t i v e c i r c u i t s . Vehicle o p e r a ­

t ion was eva lua t ed f rom AGE conso le l igh ts and 

m e t e r s . H i g h - s e n s i t i v i t y squib s i m u l a t o r s w e r e 

i n s t a l l ed in a l l F S E M - 3 py ro c i r c u i t s excep t the 

expans ion c o m p e n s a t o r r e l e a s e c i r c u i t which is 

e n e r g i z e d dur ing a s c e n t by the Agena D t i m e r . 

S t anda rd squib s i m u l a t o r s cons i s t i ng of M - 7 9 

squib b r i d g e w i r e s w e r e u t i l i zed for th i s a s we l l 

a s for FMU pyro func t ions . 

2. T e s t C - 2 , Conducted Compa t ib i l i t y , Orbi t 
P h a s e 

The m o c k u p s w e r e p r o g r a m m e d th rough a 

s i m u l a t e d orb i t s equence of even t s and the v e h i ­

cle o p e r a t i o n w a s m o n i t o r e d f rom AGE ind i ca ­

t i o n s . P r i o r to being f i r ed , the high sens i t i v i t y 

squib s i m u l a t o r s in F S E M - 3 w e r e r e p l a c e d by 

the M - 7 9 s i m u l a t o r s . 

The p u r p o s e of t e s t s C -1 and C-2 was to 

ver i fy tha t the mockups w e r e not su scep t i b l e to 

s e l f - g e n e r a t e d i n t e r f e r e n c e . 

3. T e s t C - 3 , S t eady-S ta t e Conducted I n t e r f e r ­
ence M e a s u r e m e n t , P r e l a u n c h - A s c e n t P h a s e 

The veh ic le was r e t u r n e d to the a s c e n t phase 

at a t i m e when TM Links I, II, and III w e r e on 

and m o s t of the guidance and c o n t r o l s y s t e m was 

a c t i v e . This condi t ion g e n e r a t e d the h ighes t 

E M I l eve l s du r ing the p r e l a u n c h - a s c e n t p h a s e . 

M e a s u r e m e n t s of the conducted i n t e r f e r e n c e on 

the u n r e g u l a t e d bus and the p lus 28-vdc r e g u ­

l a t ed bus w e r e m a d e be tween 20 cps and 25 m c 

NAA-SR-11129 

36 



us ing t h r e e 915501-1 S toddar t c u r r e n t p r o b e s m 

conjunct ion wi th NM-40A, URM106, and NM20B 

S toddar t r e c e i v e r s . 

4 . T e s t C - 4 , S t eady-S ta t e Conducted I n t e r f e r ­
ence M e a s u r e m e n t , Orbi t P h a s e 

The F M U / F S E M - 3 t e s t veh ic le was cond i ­

t ioned to the " w o r s t c a s e " o rb i t conf igura t ion 

•which inc luded ope ra t i ng a l l TM l inks •with the 

L m k - I I t ape r e c o r d e r r e a d m g - o u t , flight con t ro l 

s y s t e m to high g a m , s e c o n d a r y pay loads G r o u p A 

on, ion engine on, and NPU i m p e d a n c e t e s t on, 

m addi t ion to the NPU c o n t r o l l e r and veh ic le 

e q u i p m e n t s n o r m a l l y e n e r g i z e d w h e n e v e r po\ver 

IS suppl ied to the m a m po^wer b u s . PSM-2 s i m ­

u la t ed the NPU c o n v e r t e r output . 

E M I m e a s u r e m e n t s w e r e m a d e of the conduc ­

ted no ise be tween 20 cps and 25 m c p r e s e n t on 

the 4-28 volt r e g u l a t e d and u n r e g u l a t e d b u s e s 

us ing the s a m e t e s t equ ipmen t a s m C - 3 . 

5. T e s t s C-5 and C - 6 , S t eady -S ta t e Conducted 
Suscep t ib i l i t y , P r e l a u n c h Ascen t (C-5) and 
Orbi t (C-6) Phase 's 

In two s e p a r a t e e f f o r t s , F S E M - 3 and the FMU 

w e r e condi t ioned to a conf igura t ion iden t i ca l to 

the C - 3 and C-4 t e s t s . White no i se was induced 

on the -t-28 volt r e g u l a t e d and u n r e g u l a t e d bus 

us ing a G e n e r a l Radio 1390-A no i se g e n e r a t o r , 

a 200B Mcin tosh ampl i f i e r — 200 w a t t s , and a 

So la r 6220-1 coupling t r a n s f o r m e r . D i s c r e t e 

f r e q u e n c i e s w e r e aga in m o n i t o r e d wi th the 

S toddar t equ ipmen t . TM da ta was r e c o r d e d for 

100 sec wi th the veh ic le ope ra t i ng n o r m a l l y . 

Noise was then in jec ted for 100 s e c on one bus 

at a t i m e . The ampl i f i e r g a m was i n c r e a s e d to 

obtain a no ise l eve l 6 db h ighe r t han the m e a s ­

u r e m e n t s m a d e m C-3 and C - 4 . This •was p o s ­

s ib le only up to 3 to 10 m c . In a t ta in ing the 

6 db m a r g i n at h ighe r f r e q u e n c i e s , the no ise 

l eve l at l ower f r e q u e n c i e s was m u c h g r e a t e r 

than 6 db ove r the m e a s u r e m e n t t e s t s though no 

abso lu te m e a s u r e m e n t •was m a d e . O s c i l l o g r a p h 

wave t r a i n s of the m a m m u l t i p l e x e r outputs w e r e 

ana lyzed to a s c e r t a i n the extent of TM s u s c e p ­

t ib i l i ty . L a n d l m e m o n i t o r i n g was a l s o u s e d to 

m o n i t o r veh ic le p e r f o r m a n c e . T w o - h u n d r e d s e c ­

onds of L m k - I I t ape r e c o r d e r da ta •were r e c o r d e d 

and ana lyzed m the s a m e m a n n e r a s the r e a l 

t u n e TM in fo rma t ion . 

6. T e s t C - 7 , T r a n s i e n t Conducted Suscep t ib i l i t y , 
Orbi t P h a s e 

The t e s t veh ic le was p r o g r a m m e d to an o rb i t 

conf igura t ion and s ix swi tch ing even t s w e r e e x ­

e r c i s e d . The even t s ^vere , TM on and off, ion 

engine on and off, NPU s t a r t u p and NPU d r u m 

a c t u a t o r s e n e r g i z e d . T r a n s i e n t i n t e r f e r e n c e 

was m o n i t o r e d on the -F28 volt r e g u l a t e d and un ­

r e g u l a t e d b u s e s us ing an o s c i l l o s c o p e . The 

m o s t s e v e r e t r a n s i e n t (-4 vo l t s ) on the u n r e g u ­

la t ed bus was c a u s e d by the TM on c o m m a n d . 

The execu t ion of the NPU s t a r t u p c o m m a n d r e ­

su l ted m a -4 vol t pu lse on the r e g u l a t e d b u s . 

A - 8 volt pu l se w^as in jec ted upon each bus at 

a r e p e t i t i o n r a t e of 1 p p s . The veh ic le was p r o ­

g r a m m e d as fo l lows: 

1) TM on, L m k - I I TR r eadou t - 100 s e c 

without no i se in jec t ion 

2) TM on, L m k - I I TR r eadou t - 100 sec 

wi th p u l s e s in jec ted 

3) TM t r a n s m i t t e r s off. L ink - I I TR r e a d -

in — 100 sec without no i se in jec t ion 

4) TM t r a n s m i t t e r s off, L m k - I I TR r e a d -

in — 100 sec with p u l s e s in jec ted 

O s c i l l o g r a p h r e c o r d s of the L m k - I I r e a l t i m e 

and tape r e c o r d e d m a m m u l t i p l e x e r wave t r a i n s 

w e r e ana lyzed to d e t e r m i n e the su scep t i b i l i t y of 

the TM s y s t e m . Vehicle o p e r a t i o n was m o n i ­

t o r e d f rom l and lme r e c o r d s and v i s u a l i n d i c a t o r s . 

T r a n s i e n t s p r e s e n t e d to the ma l func t ion / 

f a i lu re t i m e r due to Link II t ape r e c o r d e r o p e r ­

a t ion w e r e m e a s u r e d to obta in the w o r s t - c a s e 

condi t ion . The l a r g e s t sp ike due to the above 

was found to be 1 vol t . The "TM on" c o m m a n d 
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caused a -10 volt spike to appear on the t imer 

power input. Clockout of the 45-min and 24-hr 

(fast-clocked to 30 min) portions were then 

checked while a pulse of -24 volts was imposed 

on the power input line. Both sections of 

Timer IV clocked out properly in the presence 

of the injected interference. The NPU 1-min 

and 1-hr t imers as well as the 3 one-min, orbit, 

and 14-min t imers all functioned properly when 

pulses of approximately -10 volts were injected 

on the FMU regulated and unregulated l ines. 

C. SUMMARY 

The EMI tes ts at LMSC verified that the 

FSEM-3 and FMU conducted EMI charac te r i s ­

t ics were compatible and that at least a 6-db 

margin existed between the self-generated EMI 

environment and equipment malfunction. It was 

not possible to verify the 6-db margin at 775 

and 1550 kc or above approximately 10 mc . 

Noise generating equipment limitations prevented 

the insertion of interference at 775 and 1550 kc 

at twice the vehicle generated level. The source 

of these frequencies was not determined but ap­

peared to be associated with the TM system. 

When attempting to attain a -h6-dblevel at 25mc, 

the amplitude of the lower frequencies were 

significantly greater than +6 db over their m e a s ­

ured values causing the Agena dc-dc converter 

t ransfer relay to oscillate thereby interrupting 

regulated dc power. 

Qualitative evaluation of TM data was limited 

to analysis of the main multiplexer wave t ra in . 

The ambient noise level of the Link-II tape r e ­

corder was observed to increase when noise 

w âs injected on the regulated and unregulated 

buses . 

Radiated and conducted interference tes ts 

were conducted on a payload simulator desig­

nated FSEM-2A at Atomics International's field 

facility. The tests were performed in accord­

ance with MIL-I-26600 procedures (compared 

to the MIL-E-6051C techniques used at LMSC) 

to measure the interference generated by the 

payload and to determine the susceptibility 

threshold of the system. Continuous wave inter 

ference generation and susceptibility was ex­

amined over the frequency range of 50 cps to 

15 kc and 150 kc to 25 mc . Radiated EMI was 

investigated between 150 kc and 400 m c . Tran­

sient interference generation and susceptibility 

was also determined. Test resul ts were pub­

lished in AI report NAA-SR-TDR-10746. NPU 

radiation detectors and accelerometer ampli­

fiers •were found to generate continuous wave 

interference in excess of MlL-I-26600 requi re ­

ments . Relay and s^witch transients also ex­

ceeded specification l imi ts . The reset levels 

of the lo^w-voltage sensors were found to vary 

•when cw interference between 50 and 400 cps at 

an amplitude of greater than 0.5 volt rms was 

injected on the unregulated bus. The startup 

controller timing sequences were reduced from 

150 to 50 sec by injecting 15-volt positive pulses 

of 10 )[isec duration on the plus andminus 28-vdc 

regulated neutral l ine. 

EMI tests at LMSC did not reveal any signif­

icant anomalous behavior of the controller or 

the low-voltage sensors due to self-generated 

noise. Ho^wever, the controller was found to 

clock-out incorrectly 11 out of 155 sequences 

during the conducted transient and continuous 

wave susceptibility tes ts C-4 and C-7. Tw^enty 

controller timing malfunctions out of approxi­

mately 500 sequences occurred during normal 

operation of the FMU and the Flight Agena and 

FSEM-3. 
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VIII. FLIGHT AGENA SYSTEMS TESTING 

S y s t e m s t e s t i ng of the F l igh t Agena, veh ic l e 

7001 , c o m m e n c e d on Oc tober 29 , 1964, and 

ended wi th d e l i v e r y of 7001 to VAFB on F e b r u ­

a r y 17, 1965. Vehic le S y s t e m s T e s t (VST) is 

the va l ida t ion and final checkout of the s p a c e ­

craf t p r i o r to sh ipmen t to the l aunch s i t e . 

F S E M - 3 was u t i l i zed to s i m u l a t e the pay load 

and PSM-2 p r o v i d e d s i m u l a t e d c o n v e r t e r output 

p o w e r . The final s y s t e m s r u n , d e s i g n a t e d 

T a s k X, w a s p e r f o r m e d af ter a l l s u b s y s t e m s 

w e r e individual ly va l ida t ed . T a s k X w a s s i m i l a r 

to the a b b r e v i a t e d flight s equence of even t s p e r ­

f o r m e d dur ing F S E M - 3 / F M U compa t ib i l i t y t e s t s . 

Succes s fu l comple t i on of T a s k X l eads to "buy-

off" of the veh ic le by the A i r F o r c e . T a s k X 

•was a m o r e c o m p l e t e s i m u l a t e d m i s s i o n than 

the e a r l i e r F M U t e s t s and inc luded r e a l - t i m e 

c lockout of both Agena 2 4 - h r t i m e r s . The to ta l 

length of the t e s t was about 32 h r plus s e t u p 

t i m e . 

Th i s s e c t i o n wil l s u m m a r i z e b r i e f ly the t e s t 

effort a s it affected the p r i m a r y payload and in ­

c o m p a t i b i l i t i e s d i s c o v e r e d be tween F S E M - 3 and 

the Agena . 

A. MODIFICATIONS TO F S E M - 3 PRIOR TO 
VST 

C u r r e n t l imi t ing r e s i s t o r s •were added to 

F S E M - 3 swi tch c i r c u i t s u t i l i z ing h i g h - t e m p e r a ­

t u r e w i r e to update the s i m u l a t o r to the f l ight-

s y s t e m d e s i g n . R e s i s t o r s w e r e added to the 

flight pay loads to p r e v e n t a s h o r t c i r c u i t in the 

h i g h - t e m p e r a t u r e w i r e f r o m abor t i ng the m i s ­

s ion . TM data l e v e l s w e r e affected s l ight ly but 

s t i l l p r o v i d e d sufficient r e s o l u t i o n (1 volt —open, 

3 vol ts m i n i m u m — c losed ) to de tec t a change of 

swi t ch s t a t u s . A f l igh t - type E S D / E L D w a s a l s o 

i n s t a l l e d . The new t i m e r p r o v i d e d t e s t point 

ind ica t ion •which was m o r e i n fo rma t ive in d e ­

t e r m i n i n g r e s e t s t a t u s t han the o lde r u n i t s . 

Other changes to the payload s i m u l a t o r w e r e 

m a d e to suppor t the m o r e r i g o r o u s t e s t p r o c e ­

d u r e s p lanned for VST. T h e s e changes inc luded : 

1) Rep lac ing the RTD s e n s o r s wi th fixed 

r e s i s t o r s . Known TM outputs for t h e s e d e ­

v i c e s , dependent only on -l-28-vdc r e g u l a t e d 

bus vol tage and not r o o m t e m p e r a t u r e and 

v o l t a g e , enab led the AI p e r s o n n e l to eva lua te 

TM da ta qua l i ty and a c c u r a c y and to p rov ide 

o n - s c a l e r e a d i n g s for a l l RTD TM c h a n n e l s . 

2) The r a d i a t i o n d e t e c t o r s ' R D - 1 , N D - 1 , 

and ND-3 -were s i m u l a t e d wi th vol tage d iv ide r 

netw^orks for the s a m e r e a s o n s . Output i m ­

p e d a n c e s of the a c t u a l d e v i c e s -were dup l i ca ted . 

3) A toggle swi tch was p l aced in p a r a l l e l 

wi th one l ow-vo l t age s e n s o r TM contac t in 

o r d e r to s t i m u l a t e i ts TM gate independent ly 

of the o the r s e n s o r . Both TM m o n i t o r s n o r ­

m a l l y o c c u r e s s e n t i a l l y s i m u l t a n e o u s l y upon 

lo^v-voltage ma l func t ion . 

4) Des igned a m v s i m u l a t o r to s t i m u l a t e 

up to 9 TC c i r c u i t s du r ing T a s k X in o r d e r 

to eva lua t e TM qual i ty and to ver i fy p r o p e r 

Agena TC r e f e r e n c e junc t ion o p e r a t i o n . This 

s a m e device w a s u s e d to va l ida te the p r o p e r 

o p e r a t i o n of a l l TM ga t e s on the 2 0 - and 50 -

m v s u b m u l t i p l e x e r s . 

B . TEST SEQUENCE - PAYLOAD CIRCUITS 

The follo^wing t a s k s w e r e c o m p l e t e d p r i o r to 

T a s k X to sa t i s fy the r e q u i r e m e n t s of s u b s y s t e m 

t e s t i n g of the pay load and payload a s s o c i a t e d 

c i r c u i t s . 

1) P r i o r to m a t i n g , a l l veh ic le i n t e r f ace 

plug pins •which c a r r i e d p r i m a r y power i n ­

cluding 28 vol t s for swi tch c l o s u r e TM s igna l 

condi t ioning w e r e checked for p r o p e r vol tage 

l eve l and p o l a r i t y 
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2) All pins w^hich car r ied 28-volt com­

mand pulses were validated 

3) Proper operation of the Agena voltage 

regulator in conjunction with PSM-2 was 

verified 

4) Proper •wiring and polarity of all pay-

load analog TM channels was verified by 

stimulating up to 10 gates at once to different 

levels using either the mv simulator test aid 

or s imilar circuits for 5 volt signals. Visi-

corder records of the submultiplexer and 

main multiplexer outputs •were utilized in the 

analysis of this effort. 

5) An abbreviated flight sequence was 

performed to validate FSEM-3 circuitry in­

cluding control system response, controller 

operation and proper functioning of all te l l ­

tales (switch and relay contact c losures) . 

6) TM system accuracy was determined 

by stimulating 18 payload diagnostic channels 

and comparing TM input levels measured 

using breakout boxes against the reduced TM 

data. 

7) Setup for Task X included measuring 

the output levels of FSEM-3 diagnostic in­

s t ruments . This information was later used 

to evaluate TM system operation from r e ­

duced TM data. 

C. TEST RESULTS 

The vehicle 7001 system test effort revealed 

and provided a resolution or explanations for 

incompatibilities between the payload and the 

Agena system not uncovered during develop­

ment testing between FSEM-3 and the FMU. 

Table 3 is a listing of the significant difficul­

t ies encountered during VST and their resolu­

tions which •were associated •with the pr imary 

payload. 

In addition to the changes in flight-test oper­

ations, instrument calibration, e t c . , generated 

as a result of the vehicle systems t e s t s , t̂ wo 

other significant changes were made to the flight 
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vehicle which necessitated changes in vehicle 

operation. Concern over the failure of one TM 

t ransmit te r causing the loss of pr imary payload 

information resulted in the use of the Link 11 

and III RF links to t ransmit Link II rea l - t ime 

data. The three one-min t imers associated 

•with the NPU startup, reflector eject and ma l ­

function circuit enable commands w^ere replaced 

by latching relays due to the EMI susceptibility 

of the t i m e r s . The relays are latched open by 

the same command •which turns off secondary 

payloads Groups A and B. 

A revalidation test was performed after com­

pletion of the final Task X on January 8, 1965 

to determine if the 20-mv submultiplexer l o s s -

of-synch problem had been corrected. The 

resolution for the Timer IV problem was deter­

mined after the revalidation tes t . Noise on the 

unregulated bus due to initial startup of the Ion 

Engine 200-watt battery charger circuit con­

tinued to impose t ransients and noise on the 

unregulated bus and, though a cause and c o r r e c ­

tion could not be determined, malfunctions in 

the operation of other equipment were not ob­

served. 

Mean values and standard deviations were 

calculated by hand from TM data generated dur­

ing the TM accuracy verification test mentioned 

in Section B-6. Interface values agreed with 

reduced data to within ±3% of full scale on all 

the channels examined. Instruments were se ­

lected for this test based on their uniqueness 

with respect to: 

1) Output impedance 

2) TC reference junction temperature 
(0, 32, or 800''F) 

3) Multiplexer input (20 mv, 50mv, 5 volts 

submultiplexer and 5 volt controlmultiplexer) 

4) Reference of output signal to ground 

5) Nature of the signal source (TC, RTD, 
ND , e tc . ) o ' 
FSEM-3 was returned to Atomics Interna­

tional on February 23, 1965. 
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