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ABSTRACT 

T h e b e r y l l i u m r e f l e c t o r c o n t r o l s y s t e m d e v e l o p m e n t for 

SNAP r e a c t o r s i s d o c u m e n t e d , f r o m the i n i t i a l SNAP 1 OA S y s t e m 

t h r o u g h the c u r r e n t 5 -kwe T h e r m o e l e c t r i c S y s t e m . D e s c r i b e d 

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

s h a d o w - s h i e l d e d and 4 ? r - s h i e l d e d n u c l e a r s y s t e m s . The d e v e l o p ­

m e n t of the k e y c o m p o n e n t s , such a s the a c t u a t o r s , b e a r i n g s , 

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

SNAP lOA c o n c e p t t h r o u g h to the c u r r e n t s y s t e m . D e v e l o p m e n t a l 

t e s t r e s u l t s a r e ou t l i ned , showing t h e p e r f o r m a n c e capab i l i t y i m ­

p r o v e m e n t s m a d e t h r o u g h o u t the l i fe of the SNAP p r o g r a m s . 

C o m p o n e n t d e v e l o p m e n t w a s h igh ly s u c c e s s f u l , a s p r o v e n by 

a n u m b e r of r e a c t o r s y s t e m s t e s t s , inc luding the l aunch and 

o p e r a t i o n s of the SNAP 1 OA f l ight . 
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I. INTRODUCTION 

Since 1957 a s e r i e s of smal l compact nuclear r e a c t o r s designated "Systems 

for Nuclear Auxil iary Power" (SNAP) have been under development at Atomics 

Internat ional (AI). These r e a c t o r s have been designed to provide long- t e rm 

uninter rupted pow^er for space and remote t e r r e s t r i a l applications. Several 

generat ions of r e a c t o r s : SNAP 10, SNAP 2, SNAP 4, SNAP 8, the Advanced 

ZrH Reac to r , the Space Power Fac i l i ty Tes t (SPF), and the 5-kwe Thermo­

e lec t r i c Reactor Systems have undergone design, development, test ing, and 

operat ion to varying deg ree s . Technical developments of each generation have 

been uti l ized in succeeding genera t ions , with the bas ic r eac to r concept modified 

for power and life r e q u i r e m e n t s . 

The r e a c t o r s consis t of a U-ZrH fueled core , through which a liquid meta l 

coolant i s c i rcula ted , surrounded by a bery l l ium modera tor and reflector 

a s sembly . The r eac to r is controlled by closing "windows" in the reflector 

a s sembly to regula te the neutron leakage and consequently maintaining the 

des i red core and coolant t e m p e r a t u r e s . 

The SNAP lOA, 2 , 4 , 8, S P F , and Advanced ZrH r eac to r s have movable 

ref lector segments which a r e rota table half cyl inders para l le l to the core 

center l ine . The SNAP lOB and 5-kwe the rmoe lec t r i c r eac to r s have movable 

segments which slide ver t ica l ly para l le l to the core center l ine . 

The ref lector control a s sembl i e s of both types of r eac to r s consist of fixed 

ref lector segments , movable control r e f l ec to r s , drive motors and gea r s , posi­

tion sensor s and l imi t switches on control d rums , support s t r u c t u r e s , and a 

var ie ty of components n e c e s s a r y for s tar tup and long- t e rm uninterrupted 

r eac to r operat ion and control . 

A. REFLECTOR SYSTEM FUNCTION 

The SNAP reac to r design is based on a smal l cylindrical core packed with 

u ran ium - z i rconium hydride fuel e lements . A liquid meta l coolant is c i rculated 

through the spaces between the fuel e lements within the core and removes the 

hea t of react ion. The coolant i s then passed through either d i rect or indirect 

radiat ing the rmoe lec t r i c modules or through a mercury-Rank ine cycle evaporator . 

Control and modera t ion of the core is provided by an external bery l l ium reflector 

a s sembly . 
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The react ivi ty of the r eac to r de te rmines i ts potential life. Sufficient 

react iv i ty m u s t be buil t into the sys t em to ensure that , a s the fuel i s consumed, 

the power level can be maintained for a given design life. The bas ic function of 

the r eac to r ref lec tor a s sembly is to ref lect the neutrons generated in the 

r eac to r core back into the co re in sufficient numbers to maintain the nuclear 

reac t ion . The movable re f lec tors of the SNAP r eac to r s serve th ree functions. 

P r i o r to s ta r tup they mus t prevent spurious s tar tup during assembly and normal 

handling. Second, they mus t i n s e r t sufficient react ivi ty into the core to make 

the reac to r go c r i t i ca l and susta in the nuclear react ion. Third, they must 

mainta in the des i red power level as the fuel is consumed. 

Des igners of the SNAP r e a c t o r s calculate control d rum size based on the 

requ i red react iv i ty . However, upon as sembly , r eac to r cr i t ical i ty tes ts a r e 

conducted to de te rmine how much inser t ion of the drums (rotation toward the 

core to i n c r e a s e react ivi ty) i s requ i red for specific power leve ls . To achieve 

design reac t iv i ty l eve l s , sh ims or thin pla tes of beryl l ium a r e added to the con­

t ro l d rums as r equ i red . The essence of r eac to r control is simply to close 

"windows" in the spaces between the fixed ref lector segments as requi red to 

mainta in r equ i red react ivi ty leve ls . 

Means of shutting the r eac to r down during ground t e s t or in orbi t a r e p ro ­

vided. Three methods a r e avai lable on ground: (1) removal of react ivi ty by 

r eve r s ing the no rma l step control motor , (2) " s c r a m m i n g " the normal control 

e lements using a t r i p and spring device or by a rapid mode of operat ion of the 

normal control motor , and (3) an ult i inate s c r a m that rapidly moves both the 

fixed and movable bery l l ium away f rom the core . In orbi t it was possible to 

shut the r eac to r down by stepping the normal control outward and /o r by energiz­

ing a spr ing- loaded ref lector ejection sys tem. 

B. BASIC SYSTEM REQUIREMENTS 

The SNAP r e a c t o r s have been designed to provide power for a variety of 

mis s ions which deter inine specific power levels and configurations. 

F igu re 1 i l l u s t r a t e s the bas ic SNAP reac to r concept and design. The 

nuclear core is a cyl indrical can containing a c lose-packed a r rangement of 

smal l d iamete r e lements containing u ran ium - z i rconium hydride fuel. The 

AI-AEC-13078 
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TABLE 1 

PERFORMANCE AND ENVIRONMENTAL PARAMETERS OF 
SNAP REACTOR SYSTEMS 

• ^ 

> 

O 

o 
- J 
0 3 

P a r a m e t e r 

Configuration 

Number of Control Drums 
(Material) 

Shielding (rating) 

Per formance 

Life, Design 

Thermal (kwt) 

Elec t r ica l (kwe) 

Operating Tempera tu re 
NaK outlet (°F) 

Thermal Cycles 

Environment 

P r e s s u r e ( to r r - space) 

( to r r -ground test) 

Radiation 

(nvt) 

(gamma) 

Launch 

Vibration 

Sinusoidal (g) 

Random (equivalent g) 

Accelerat ion (g) 

Shock (g) 

Reactor System 

SNAP lOA 

4 
(beryllium) 

shadow 
(instrument) 

1 yr 

40 

0.500 

1025 

10 

10-^ 

10-^ 

7.0 X 10^^ 

1 . 5 x l 0 l ° 

7.5 

9.4 

20.0 

SNAP 2 

4 
(beryllium) 

shadow 
(instrument) 

1 y r 

100 

3.0 

U 5 0 

--

i o - « 

10-5 

1.5 X 10^'' 

3 . 5 x l 0 l ° 

7.5 

9 .4 

20.0 

SNAP 8 

S8ER 

6 
(anodized 
beryll ium) 

3,000 h r 

600 

1300 

--

1.0 a tm He 

S8DRM 

6 
(anodized 
beryll ium) 

shadow 
(instrument) 

10,000 hr 

-

10 

10-5 

10-5 

S8DR 

6 
(anodized beryl l ium) 

shadow 
(instrument) 

12,000 hr 

600 to 1000 

Function of Mission 

1300 

50 

10-5 

10-5 

I X 10^0 

i x i o " 

19 (maximum) 

21 

7.0 

35.0 

Advanced ZrH Reactor 

10 
BeO, Ta-lOW poison backed 

shadow 
(man-ra ted) 

20,000 hr 

600 

Function of Mission 

1300 

50 

10-12 

10-5 

1 8 . 7 x 1 0 ^ ° 

6.0 

2 .0 

6.0 

20.0 

5-kwe-TE 

2, sliding 
(anodized beryl l ium 

shadow 
(instrument) 

5 yr 

110 

5.0 

1200 

50 

i o - « 

10-5 

I x l O ^ ^ 

5 x 1 0 ^ 1 

16.25 



core is surrounded by a bery l l ium ref lector a s sembly . The reflector consis ts 

of fixed segments and movable rotating half cyl indrical control d rums . Rota­

tion of the control d rums i s accompl ished by s tepper type actuator motors 

through a reduct ion gear mechan i sm. Drum position s enso r s , l imit switches, 

and other ins t rumenta t ion a r e added to control and monitor reac tor operation. 

Pe r fo rmance cha rac t e r i s t i c s of the SNAP r eac to r s a r e ta i lored to specific 

m i s s i o n s . Table 1 l i s t s the per formance cha rac t e r i s t i c s and environnnental 

conditions for the var ious reac tor types and specific reac to r sys tems . 
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11. SNAP REFLECTOR SYSTEM HISTORY 

Proposed miss ions for SNAP r e a c t o r s have requi red from 500 watts to 60 

k i lowat t s e l ec t r i c power and have included both unmanned (instrumented) and 

manned space station appl icat ions . The requ i red power level , the life of the 

miss ion , and the application resu l ted in two bas ic configurations, the shadow-

shielded r eac to r and the 4-W shielded r eac to r . Both place specific r e s t r a in t s 

on the design and provide cer ta in unique design p rob lems . The shadow shield 

concepts a r e fur ther divided into ins t rument and m a n - r a t e d concepts. F igure 2 

i l l u s t r a t e s the t h r ee different bas ic des igns . The basic differences a r e the 

amount of radiat ion shielding requ i red and i ts configuration. 

The shadow shield concept places the r eac to r sys tem at the apex of a cone 

and sepa ra t e s the payload f rom the reac to r by a shield in the shape of a conical 

section. All i n s t rumen t s or personnel mus t stay within the cone or be sub­

jected to the d i rec t r e a c t o r radiat ion. The r eac to r and al l components mus t be 

inside the cone a lso or neutrons will be sca t te red around the shield into the p ro ­

tected zone. As minimizing shield weight is a p r ime object, the reac tor con­

figuration is as closely packed as p rac t i ca l . 

On a manned shado"w shield sys tem, al l approaches mus t be made to the 

space station f rom within the cone angle, and exper iments located outside the 

cone a r e subjected to r eac to r radiat ion. 

A. REACTORS 

The init ial design of the SNAP reac to r was conceived to provide long- t e rm 

power for i n s t rumen t - ca r ry ing mi s s ions . The f i r s t of these was the 500-watt 
(2) 

e lec t r i c SNAP 1 OA reac to r . ^ ' 

1. SNAP lOA 

a. Descr ipt ion and F e a t u r e s 

F igu re 3 shows the bas ic SNAP lOA flight ref lector con t ro l -d ru ra -d r i / e 

sys tem. 

The major components a r e the two ref lec tor ha lves , each consisting of a 

fixed re f lec tor , a c o a r s e control drum, a fine control d rum and its dr ive motor , 

d rum position sensor s and l imit switches , and al l necessa ry e lec t r ica l cables . 

AI-AEC-13078 

17 



SNAP-IN SPRING 

DRUM DRIVE MOTOR 

GEAR SEGMENT 

DRUM LOCK 
BRACKET ASSEMBLY 

POSITION INDICATOR 

REACTOR VESSEL 
REFLECTOR 
POSITIONING BRACKET 
REFLECTOR 
ASSEMBLY STOP 

RETAINER BAND 
SPRING HOUSING 

REFLECTOR 
RETAINER BAND 

REFLECTOR 
MAIN BLOCKS 

- + - F I N E CONTROL 
DRUM 

GROUND 
SAFETY LOCKS 

DRUM RELEASE 
ACTUATORS 

NaK TUBE 

-REFLECTOR HINGE 
BRACKETS 

EJECTION SPRINGS 
COARSE CONTROL DRUM STOP 
COARSE CONTROL DRUM 

10-6-65 7580-10467D 

F igure 3. SNAP 1 OA Control and Reflector Assembly 

In addition, the ref lector halves a r e held together by a retaining band and a r e 

spring loaded for separa t ion at the end of the reac tor operating life. Fo r ground 

test ing and checkout an emergency s c r a m or shutdown device is a lso requi red . 

(1) Ref lec tors , Control Drum, and Shims 

The neutron modera to r and ref lector a ssembly surrounding the SNAP 1 OA 

core consis ts of two halves fabr icated principal ly of bery l l ium meta l . Each 

half consis ts of a s t ruc tu ra l skeleton with a fixed bery l l ium segment and two 

rotatable half cylinder segments for control . Each ref lector d rum rota tes on a 

pair of self-aligning bea r ings . The upper bear ing is a radia l bearing and the 

lower bear ing is a r ad i a l - t h ru s t bear ing . The basic rotation couple is provided 

by a journa l - s leeve bear ing , and the self-aligning feature is at tained with a ball 

and socket configuration. 

One drum on each ref lector half is designated as a c o a r s e d rum which is 

snapped to the full-in position by tors ion springs on r eac to r s tar tup and rennains 

in that position. The second control d rum is designated as a fine control drum 
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and is rotated toward the core by a s tepper-motor actuator through a gear t ra in . 

The d rum is positioned by a closed loop control sys tem which is activated by a 

specified dec rea se in the r eac to r coolant t e m p e r a t u r e . Each control d rum con­

s is ts of a semi -cy l indr ica l sector of bery l l ium with a se r i e s of beryl l ium plates 

or " s h i m s " at tached to the flat face of the control d rum to accura te ly provide 

the n e c e s s a r y amount of modera t ion es tabl ished during assembly cr i t ical i ty 

t e s t s , 

(2) Cont ro l -Drum Drive 

The fine con t ro l -d rum-d r ive sys tem consis ts of (1) the s tepper -motor 

ac tuator , (2) the reduction gear a s sembly , (3) the control drum, (4) the support 

bea r ings , and (5) the ins t rumenta t ion requ i red to maintain and r eco rd the r e -

quired d rum position. ' 

The s t eppe r -moto r ac tua tors provide a stepping sequence of 7.2° per actu­

ation. They a r e d i scussed in depth in Reference 5. The actuator is connected 

to the control d rum through a 13.67:1 gear ra t io s ingle-s tage spur gear set. 

Following a development p r o g r a m which studied self-welding of the teeth, t r a n s ­

miss ion frict ion, and re la ted manufacturing p rob lems , a reference design -was 

selected. The pinion gear was fabricated f rom Haynes Stellite 6B and the main 

gear was fabr icated of a t i tanium alloy (Ti-6A1-4V) with a copper inse r t in the 

a r e a of pinion contact during launch loading. The teeth were coated with Alpha 

Molykote-X-1 5, d ry- f i lm lubr icant to ensure low friction and prevent self-

welding. The l a rge drive gear is mounted direct ly on the control drum and the 

upper control drum bear ing is mounted in the actuator housing. A flexible 

coupling is therefore not requ i red as the misa l ignment is minimized. 

The c o a r s e control dr ive includes a redundant squib-operated device which 

when energized wil l pull a pin f rom a hole in the drum. The r e l eased drum is 

then rotated full-in by a wound-up tors ion spring on the bearing shaft. 

(3) End-of-Life Shutdown 

The end-of-life (EOL) shutdown of the SNAP 1 OA reac tor is accomplished by 
(6) re leas ing the spring loaded band surrounding the upper reflector assembly . 

The ref lector halves a re naounted on ejection springs in such a manner that upon 

r e l ea se of the ref lector retaining band, the springs cause the ref lector halves to 
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swing out, and at 15° out the ref lector halves a r e completely ejected f rom the 

r eac to r core assembly . Release of the ref lector retaining band can be init iated 

by two methods . An e lec t r ica l ly actuated band r e l ea se device (EABRD) is in­

corporated into the retaining band which, upon a command signal, will actuate 

a hea te r in a fusible link and cause separa t ion of the link and consequently the 

ref lector band. In addition, the band is sized to mel t during reen t ry and thus 

init iate the spring ejection sequence in the event that the e lec t r ica l sys t em does 

not opera te . 

(4) Ground Tes t Sc ram Device 

A ground t e s t ki t (GTK) was designed to rep lace the flight t e s t c o a r s e and 

fine ref lector con t ro l -d rum dr ives -with special dr ive units for ground test ing of 

the SNAP 1 OA reac to r . The tes t kit replaced the con t ro l -d rum dr ives and p ro ­

vided fine r eve r s ib l e control , sensed position accura te ly , and s c r a m m e d the 

drums upon manual command or automatical ly as a function of selected oper­

ating p a r a m e t e r s . The t e s t kit i s a lso requi red for fuel loading, ref lec tor 

shimming, NaK coolant loading, and special physics t e s t s . 

The ground t e s t kit sys tem block d iag ram is shown in F igure 4, The "joy 

st ick" switch, cont ro l le r , power supply, and ins t rumentat ion a r e mounted 

within the r eac to r control console a r e a . One ground tes t kit is mounted direct ly 

onto each of the four r eac to r ref lector control d rum shafts. 

The control ler is an e lec t romechanica l pulse sequencer which provides 

d i rec t cu r r en t pulses to each of the eight coil sets of each GTK stepper motor . 

A motor within the control ler continuously dr ives a shaft with four sequencing 

cams at a speed of 300 rpm. Each cam opera tes a switch. The "joy st ick" 

se lects output sequences to dr ive the GTK in ei ther direct ion as demanded. 

Each cont ro l ler i s capable of driving four ground t e s t k i t s . Normal operat ion 

from the reac to r console i s to dr ive one kit in or out at a t ime , but it can be 

commanded to dr ive al l four d rums out s imultaneously. 

The GTK consis ts of six major p a r t s : (1) a s tepper motor , (2) a w o r m 

gear t r a n s m i s s i o n , (3) a clutch mechan i sm, (4) a s c r a m and snubber mechan ism, 

(5) a position sensor , and (6) shafting w^ith support i t ems . A sectioned i some t r i c 

view of the GTK is shown in F igu re 5. 
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F igu re 4. Ground Tes t Kit Control Diagram 

The m.otor is a d i r e c t - c u r r e n t , stepping, re luctance- type m.achine. The 

a r m a t u r e has 50 poles and the field s t ruc tu re has a pitch of 48 poles . The poles 

of the field s t ruc tu re a r e energized by eight coil s e t s . As the p r o g r a m controUe 

select ively energ izes the field coils sequentially, new poles align causing ro ta­

tion in d i s c r e t e s teps . Each d i sc re te step is 1.8° which is sequenced by the 

control ler in sets of four steps for 7.2° rotat ion of the naotor shaft. 

The worm.- to-worm wheel has a 80:1 t r ansmis s ion ra t io . The worm gears 

have a 2° 2 6' lead angle and the profile of the worm and worm wheels a r e 

cyl indr ical . Both gea r s a r e coated with a dry film. The design is such that the 

w o r m w h e e l i s self-locking to the worm and will move only when the worm is 

dr iven. 

The clutch coil , which is s ta t ionary, produces a magnetic field when 

energized. This imagnetic flux is c a r r i e d through the rotor which is keyed to 

the gear shaft. The magnet ic flux a t t r ac t s and holds the clutch a r m a t u r e which 

is connected by a bellows to the kit output shaft. The clutch rotor and a r m a t u r e 
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Figure 5. Ground Test Kit— Fina l Design 
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c o n t a c t f a c e s a r e s e r r a t e d w h i c h p r o v i d e s for g r e a t e r t r a n s m i s s i o n t o r q u e a s 

w e l l a s p r o v i d i n g a t h r o w - o u t f o r c e for d i s e n g a g e m e n t w h e n d e e n e r g i z e d if the 

s c r a m s p r i n g s h a v e e n e r g y s t o r e d . 

A p a i r of c l o c k - t y p e s c r a m s p r i n g s s t o r e e n e r g y when wound up wi th the 

output shaft . When the c lu t ch i s d i s e n g a g e d , the power s p r i n g s d r i v e the output 

shaft out to 105° f r o m the f u l l - i n d r u m p o s i t i o n . The snubbing m e c h a n i s m con­

s i s t s of c a m s tha t a r e a t t a c h e d to the k i t output shaft and s p r i n g - l o a d e d c a m 

f o l l o w e r s t h a t c u s h i o n t h e s c r a m m o m e n t u m f r o m 105 to 135° out . A r i g id s top 

i s f ixed a t 135° . A r e b o u n d s top l o c a t e d a t 100° p r e v e n t s the d r u m f r o m r e i n ­

s e r t i n g a f t e r s c r a m . T h i s r e b o u n d s top i s h e l d out wi th a so leno id dur ing 

n o r m a l d r i v e o p e r a t i o n , 

A p o s i t i o n s e n s o r h e a d i s m o u n t e d a t o p the k i t . T h i s h e a d e n c l o s e s two 

i n d e p e n d e n t s e n s o r s . One i s a p o t e n t i o m e t e r type and one i s a s e l s y n t y p e . 

T h e p o s i t i o n s e n s o r shaf t i s coup led to the k i t output shaft by the i n n e r shaft of 

a c o a x i a l shaf t p a i r . The g e a r d r i v e and c lu t ch shaft ing a r e on the ou t e r shaft 

of the c o a x i a l p a i r . 

The long shaf t ing and s u p p o r t f r o m the r e f l e c t o r to the k i t m e c h a n i s m p r o ­

v i d e s c l e a r a n c e fo r o t h e r r e a c t o r ha rd -ware . The e x t e n s i o n shaft a l s o i s d e ­

s igned to a c t a s a s p r i n g d u r i n g s c r a m i m p a c t s . The e x t e n s i o n d r i v e shaft h a s 

two f l ex ib le b e l l o w s e l e m e n t s to a c c o m m o d a t e m i s a l i g n m e n t , A r igg ing pin i s 

p r o v i d e d for a s s e m b l y and d i s a s s e m b l y to m i n i m i z e end loading of the k i t 

m e c h a n i s m , 

b . D e v e l o p m e n t and O p e r a t i o n a l T e s t s 

To d e m o n s t r a t e p e r f o r m a n c e of SNAP lOA, a to ta l of e ight p r o t o t y p e and 

qua l i f i ca t ion s y s t e m s w e r e b u i l t and t e s t e d ; t h r e e of t h e s e w e r e devo ted to 

p u r e l y s t r u c t u r a l t e s t s , t h r e e w e r e p r o t o t y p e t h e r m a l - v a c u u m p e r f o r m a n c e 
(7) 

t e s t s , and two w e r e f ina l c o m p l e t e s y s t e m qua l i f i ca t ion t e s t s . The l a t t e r two 

s y s t e m s c o n s i s t e d of a n o n n u c l e a r un i t , SNAP 10 F l i g h t S y s t e m Mockup 4 

(SlOFSM-4) (the r e a c t o r c o r e w a s r e p l a c e d by an e l e c t r i c a l h e a t e r , but in a l l 

o t h e r r e s p e c t s the s y s t e m w a s i d e n t i c a l to the f l ight u n i t s ) , SNAP 10 F l i g h t 

S y s t e m ( S l O F S - 3 ) , i d e n t i c a l to the f l ight u n i t s . T h e s e two s y s t e m s w e r e 

s u b j e c t e d to the c o m p l e t e s p e c t r u m of t e s t s inc luding i n i t i a l p e r f o r m a n c e r e c o r d 
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m e a s u r e m e n t s , full qualif icat ion-level shock and vibrat ion, t rans ien t s tar tup 

t e s t s , and long - t e rm endurance test ing in a simulated space environment. 

Test resu l t s from these two qualification s y s t e m s , especial ly SlOFS-3 which 

completed a totally successful continuous 10,000 hour endurance tes t , have 

been used extensively throughout this repor t to analyze flight sys t em pe r fo rm­

ance. The final tes t was SNAPSHOT which was launched into a 700-mile orbit 

and operated successfully for 43 days before being shut down, 

(1) System Tes t s 

(a) SNAP 10 Developmental Reactor Mockup (SIODRM) Tes ts 

The prototype t h e r m a l - v a c u u m tes t r e ac to r s -were designated as SNAP 10 

Development Reactor Mockups. The r eac to r s were subjected to p re - launch 

checkouts, s imulated shock and vibrat ion loads, and nonnuclear t he rma l -vacuum 

operat ion t e s t s . Control sys tems were operated under simulated r eac to r startup 

and flight conditions. Information gained was used to upgrade final flight sys tem 

designs, 

(b) SNAP 10 Flight, System 3 (SlOFS-3) Nuclear Ground Test 

The SlOFS-3 r eac to r sys tem operated for m o r e than 10, 000 hours at full 

power in a demonstra t ion of the SNAP 10 long-ternn rel iabil i ty. The tes t was 

initiated on January 22, 1965 and continued in operation until the tes t was con­

cluded on March 15, 1966. ^̂ ^ 

The c o a r s e d rum snap-in spr ings in SlOFS-3 were replaced with the ground 

tes t dr ive and s c r a m kit. The c o a r s e d rums were therefore dr iven into the 

full-in position r a t h e r than being snapped in. A normal s tar tup procedure was 

then followed with the fine control d rums being stepped in at a ra te of 0. 5° / I 50 

sec. Initial c l o s u r e of the t e m p e r a t u r e switch, terminat ing continuous drum 

stepping, occur red with an NaK outlet t empera tu re of 1054°F. The switch 

reopened following a t e m p e r a t u r e drop to 1032°F at which t ime two additional 

d rum steps w e r e made. The two-s tep sequence became typical during active 

control operat ion and was at t r ibuted to slower than expected response of the 

t empe ra tu r e switch. 

After 72 hours of active control , the cont ro l ler was deenergized and the 

r eac to r operated on a static control mode. About one yea r l a t e r , the control 
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sys t em was react ivated to step the d rums in and ra i se the power level. Despite 

the year - long dwell, the ref lector dr ive sys t em functioned proper ly and exhibited 

no signs of self-welding or sticking of any component. 

During s teady-s ta te operat ion, the ref lector t empera tu re s stabilized at 

620° F, the actuator s tepper motors at 530° F, and the position sensors at 

370° F. The tes t chamber caused significant neutron back sca t te r and resul ted 
19 10 

in an integrated dose of over 1.5 x 10 nvt fast neutrons and 1 . 5 x 1 0 R 

gamma. The drum limit switches per formed sat isfactori ly , but the position 

sensor s experienced slightly more drift than anticipated although they func­

tioned within acceptable levels . 

At the conclusion of the tes t , shutdown was accomplished by driving the 

fine control d rums out. The dr ive sys tem operated sat isfactor i ly throughout 

the ent i re tes t , Follov/ing shutdown the e lec t r ica l ly actuated band re l ease 

device (EABRD) was energized and the ref lector retaining band re leased as 

requi red . The ref lector a s sembl i e s were not spring loaded for the tes t and 

were not separated. 

(c) SNAP 10 Fl ight System 4 (SlOFS-4), SNAPSHOT 

The SNAP lOFS-4 nuclear r e a c t o r and i ts d i rec t conversion the rmoelec t r i c 

sys tem were launched into ea r th orbi t on Apri l 3, 1965, to become the world ' s 
(9) f i rs t space nuclear power sys tem. The sys tem operated for 43 days at its 

ra ted power (500 to 600 watts e lec t r ic) p r io r to being shutdown. Figure 6 shows 

the assembled sys tem pr io r to launch. 

Following es tabl ishment of a 700-mi le , 3800-year life orbit the r eac to r was 

given a s tar tup command. The druna lock squibs were fired, the coa r se control 

d rums snapped in, and an active control period was initiated which lasted 154 

hour s . During this per iod, the ac tua to r s , control drive mechanism, and all 

s enso r s and switches functioned proper ly . The reflector control d rum temp­

e r a t u r e stabilized at approximately 620° F once s teady-s ta te operation was 

attained. 

Following 43 days of operat ion, a signal from the Agena vehicle initiated 

r eac to r shutdown. The ref lec tor halves were ejected on command, shutting 

down the sys tem. Te leme t ry data indicated all sys tems functioned proper ly and 
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Figure 6. SlOFS-4 Reactor System 
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no s igns of s e l f - w e l d i n g due to u l t r a h igh s p a c e v a c u u m w e r e e n c o u n t e r e d . The 

r e f l e c t o r c o n t r o l s y s t e m o p e r a t e d s a t i s f a c t o r i l y th roughou t the t e s t . 

(2) C o m p o n e n t s and S u b s y s t e m s 

E a c h c o m p o n e n t in t h e r e f l e c t o r and c o n t r o l - d r u m - d r i v e a s s e m b l y went 

t h r o u g h d e v e l o p m e n t and qua l i f i c a t i on t e s t i n g . C o m p o n e n t s w e r e sub jec t ed to 

t h e r m a l - v a c u u m e n d u r a n c e t e s t s and s i m u l a t e d l aunch shock and v i b r a t i o n 

l o a d s . 

D e s i g n d e v e l o p m e n t and qua l i f i ca t ion of the a c t u a t o r s t e p p e r m o t o r s a r e 
(5) d i s c u s s e d in d e t a i l in A I - A E C - 1 3080. F i n a l d e s i g n a c t u a t o r s r e c e i v e d life 

p e r f o r m a n c e t e s t s a t 800° F o r above , and 10 t o r r a i r in e x c e s s of 10 ,000 

h o u r s . Add i t iona l u n i t s w e r e s u b j e c t e d to r a d i a t i o n e n v i r o n m e n t o p e r a t i o n a l 

t e s t s , and full shock and v i b r a t i o n l a u n c h qua l i f i ca t ion . 

The c o n t r o l d r u m s u p p o r t b e a r i n g s and t h e i r d e v e l o p m e n t h i s t o r y a r e d i s ­

c u s s e d in A I - A E C - 1 3079. The f inal d e s i g n b e a r i n g s , t i t a n i u m shaf ts and 

s o c k e t s c o a t e d wi th Al 0 „ and l u b r i c a t e d wi th MoS_ d r y - f i l m l u b r i c a n t 

a g a i n s t so l id t i t a n i u m c a r b i d e (with n i c k e l b i n d e r ) b a l l s , u n d e r w e n t t h e r m a l 

v a c u u m t e s t i n g in e x c e s s of 2500 h o u r s , and s i m u l a t e d l aunch shock and v i b r a ­

t i on load t e s t i n g wi th s a t i s f a c t o r y p e r f o r m a n c e . 

The m.anufac tu rab i l i ty of g e a r s for SNAP 1 0A w a s i n v e s t i g a t e d us ing 

m a t e r i a l s t h a t a p p e a r e d to offer f a v o r a b l e low se l f -we ld ing o r a d h e s i o n c h a r ­

a c t e r i s t i c s . M a n u f a c t u r e of g e a r s of t i t a n i u m , n i t r i d e d t i t a n i u m , and Haynes 

Al loy 90 w a s s u c c e s s f u l , and t i t a n i u m w a s s e l e c t e d for 81 OA g e a r s . L a t e r 

m a t e r i a l s f r i c t i o n t e s t s showed tha t the s e l f - w e l d i n g p r o p e r t i e s of t i t a n i u m a r e 

a s s a t i s f a c t o r y a s t h o s e of o t h e r m a t e r i a l s , thus suppor t ing the t i t a n i u m s e l ­

ec t ion . A l s o , t i t a n i u m h a s we igh t and low n u c l e a r s c a t t e r c r o s s s e c t i o n 

a d v a n t a g e s . A t t e m p t s w e r e m a d e to m a n u f a c t u r e p in ions of S te l l i t e 6B, p l a s m a -

s p r a y e d a l u m i n u m oxide on Incone l X, p l a s m a - s p r a y e d t i t a n i u m c a r b i d e on 

Incone l X, v a p o r - d e p o s i t e d a l u m i n u m oxide on t i t a n i u m , and s i n t e r e d n i cke l 

p l u s c a r b o n . The S te l l i t e 6B p in ions and t h e s i n t e r e d n i c k e l - c a r b o n p in ions 

w e r e m a n u f a c t u r e d s a t i s f a c t o r i l y . The n i c k e l - c a r b o n p in ion , h o w e v e r , f r a c -
_ 5 

t u r e d d u r i n g the i n i t i a l s t a r t u p p o r t i o n of an o p e r a t i o n a l t e s t a t 10 t o r r 

and e l e v a t e d t e m p e r a t u r e . A t t e m p t s to m a n u f a c t u r e the p in ions u s ing p l a s m a -

s p r a y e d coa t ing w e r e t o t a l l y u n s u c c e s s f u l in m a i n t a i n i n g a c c u r a c y o r a d h e r e n c e 
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Figure 7. SlOA Drum-Dr ive Gear Set 
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Figure 8. Reflector Halves During Ejection 
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of coa t ing . Of t h e s e s p e c i a l i n a t e r i a l s , S t e l l i t e 6B w a s the only s u c c e s s f u l 

p in ion m a n u f a c t u r e d . F r i c t i o n t e s t s of m a t e r i a l s a m p l e s of S te l l i t e 6B p lus 

d r y - f i l m l u b r i c a n t a g a i n s t m e t a l showed p r o m i s e and th i s m a t e r i a l s e l e c t i o n 

w a s fo l lowed. F i g u r e 7 shows t h e r e f e r e n c e d e s i g n g e a r se t . The p in ion i s 

m a d e of H a y n e s S t e l l i t e 6B and the g e a r i s m a d e of t i t a n i u m ( T i - 6 A 1 , 4V), wi th 

a soft c o p p e r i n s e r t in the a r e a of p in ion c o n t a c t d u r i n g l aunch cond i t i ons . 

Two p e r f o r m a n c e t e s t s w e r e r u n on t h e f inal g e a r d e s i g n . The f i r s t o p e r -
_ 5 

a t ed 430 h o u r s a t 800° F and 10 t o r r . T h e second c o n s i s t e d of g e a r o p e r a t i o n 
-9 

b e f o r e and a f t e r a 9 0 - d a y dwel l at 7 0 0 ° F and 10 t o r r . Both t e s t s w e r e s u c ­
c e s s f u l and no s i g n s of w e a r o r s e l f - w e l d i n g w e r e e n c o u n t e r e d . 

A m a s s m o c k u p of t h e r e a c t o r c o r e and r e f l e c t o r h a l v e s w a s bui l t for 

f e a s i b i l i t y t e s t i n g of the End of Life s e p a r a t i o n s y s t e m . F i g u r e 8 i l l u s ­

t r a t e s i n i t i a l t e s t s conduc ted showing the r e f l e c t o r s being e j ec t ed a f t e r t he 

r e f l e c t o r r e t a i n i n g band w a s r e l e a s e d . 

D y n a m i c s of the i n t e g r a t e d s c r a r a t e s t ki t s y s t e m w e r e eva lua t ed t h r o u g h 
(6) a s e r i e s of t e s t s : A n u m b e r of d e v e l o p m e n t a l t e s t s , e igh t a c c e p t a n c e t e s t s , 

and two qua l i f i c a t i on t e s t s w e r e p e r f o r m e d with s y s t e m d y n a m i c s r a o n i t o r e d . 

The t e s t f i x t u r e u t i l i z e d s i m u l a t e d r e f l e c t o r c o n t r o l d r u m s and p r o t o t y p e d r u m 
- 3 

b e a r i n g s . T e s t s w e r e p e r f o r m e d at l a b o r a t o r y a m b i e n t cond i t ions and at 1 0 

t o r r v a c u u m . A s e r i e s of s y s t e m t o r q u e s w e r e m e a s u r e d a s l i s t e d below. 

1) S t e p p e r M o t o r - T r a n s m i s s i o n M e c h a n i c a l D r a g T o r q u e - T h e s e 

t o r q u e s w e r e t a k e n by d r i v i n g t h e d e e n e r g i z e d m o t o r wi th a t o r q u e 

m e t e r wi th the c lu t ch d i s e n g a g e d . A c c e p t a b l e v a l u e s r a n g e d f r o m 

6 to 1 5 in . - o z . 

2) S y s t e m M e c h a n i c a l D r a g T o r q u e - T h e s e t o r q u e s w e r e t a k e n by 

d r i v i n g the d e e n e r g i z e d m o t o r wi th a t o r q u e m e t e r wi th the c lu tch 

engaged . A c c e p t a b l e v a l u e s r a n g e d f r o m 46 to 63 in. - oz . to d r i v e 

to the fu l l - i n d r u m p o s i t i o n . T y p i c a l da ta a r e shown in F i g u r e 9. 

3) Spr ing T o r q u e - T h e s e t o r q u e s w e r e n n e a s u r e d by d r i v i n g the output 

shaft w i th a t o r q u e m e t e r v/ith the c lu t ch d i s e n g a g e d . A c c e p t a b l e 

v a l u e s r a n g e d f r o m 1 5 to 1 9 in. - l b . T y p i c a l da ta a r e shown in 

F i g u r e 10, 
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Figure 9. SNAP lOA Scram Kit Mech- F igure 10. SNAP lOA Scram Spring 
anical Drag Torque Torque 

4) System Stall Torque - These torques were taken by e lec t r ica l ly 

driving the s tepper motor with the clutch engaged and measur ing an 

external ly imposed output load at s tal l . These values ranged from 

27 to 41 in. - lb with s tepper motor cu r ren t set at 1.7 amp. 

Compar ison of the s t eppe r -mo to r t r a n s m i s s i o n mechanical drag torques to 

typical values served to isolate any drag p rob lems . Evaluation of the spring 

torques and the sys tem stal l torques would indicate that the s y s t e m - r e q u i r e d 

torque was comparable to available torque. Average rat ios of available torque 

to requi red torque were 33:18 or 183%. This indicates the available torque had 

about 83% safety marg in over requi red torque . 

Sc ram dynamics showed consis tent reproducibi l i ty of s c r a m from 0° full-in 

to 100° out within l ess than the maximum allowable 300 m s e c . Scrams through 

angles l e s s than 100° were a lso well within the required maximum time. The 

effect of ambient p r e s s u r e upon s c r a m t ime showed that s c r a m s in vacuum were 

about 5 msec faster . This was probably caused by windage effect. Thir ty-one 

(31) s c r a m s each on eight GTK acceptance tes t s concluded the t e s t p r o g r a m , 

resul t ing in over 2650 s c r a m a t tempts with no fai lures on the final design GTK. 

AI-AEC-13078 

30 



A descr ip t ion and development h is tory of components that a r e not pa r t of 

the dr ive t r a in is given in a section on miscel laneous components l a te r in this 

repor t . 

2. SNAP 2 

The SNAP 2 Control Drum Drive Assembly is shown in Figure 11. 

a. Descr ipt ion and Fea tu res 

As with the SNAP lOA r e a c t o r systenn, the SNAP 2 ut i l izes a four -drum 
(3) control dr ive assembly . Two d r u m s a r e spring-loaded coarse control 

d rums and two a r e s t e p p e r - m o t o r - d r i v e n fine control d rums . The ref lector 

assembly is separa ted into two halves which a r e mounted on springs for end-of-

life separa t ion , and held together by a s teel band during operat ional life. 

The SNAP 2 r eac to r sys tem was basical ly a SNAP lOA sys tem upgraded 

from 500 watts e lec t r i ca l to 3 kwe poAver output. The SNAP 2 reac tor was to 

be used with the mercury -Rank ine cycle turbogenera tor in place of the t he rmo­

elec t r ic modules of SNAP 1 0A, 

The con t ro l -d rum support bear ings configuration was unchanged from 

SNAP 10, but a ma te r i a l change was incorporated based on continuing tes t 

p r o g r a m s . The re fe rence bear ing couple was upgraded to use a composite ball 

with P5-N carbon-graphi te i n s e r t s while retaining the A1_0~ coated t i tanium 

shaft and socket assembly . 

b. Development and Operational Tes ts 

(1) SNAP 2 Developmental Reactor Mockup (S2DRM) System Test 

The SNAP 2 Development Reactor Mockup No. 1 (S2DRM-1) tes t p r o g r a m 

was designed to demons t ra te the abili ty of the complete r eac to r sys tem and 

shield to meet sys t em requ i remen t s at the qualification test leve ls , to gain 

sufficient operat ing t ime to es tabl ish sys tem endurance confidence, and to 
(12) improve the quality of marg ina l components through development. The 

tes t sequence was designed to s imulate the nonnuclear conditions of the SNAP 2 

r eac to r sys tem from final a s sembly through launch and 90 days operation in 

ear th orbit . 
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Figure 11. SNAP 2 Reactor Cont ro l -Drum-Dr ive System 
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The S2DRM-1 r e a c t o r sys t em consis ted of a r eac to r vesse l with the top 

head, grid p la tes , dummy fuel e lements , in ternal re f lec tors , the ref lector 

assembly , the shield a s sembly , and the r eac to r inlet and outlet NaK lines. 

Support s t ruc tu re s were requi red for vibrat ion and the rmal vacuum te s t s . The 

r ad ia to r - condense r heat s imulator and the reac to r heat s imulator became par t 

of these s t r u c t u r e s . The heat s imula tor was designed to heat NaK and to pump it 

through the r e a c t o r ve s se l and coolant l ines . Flow was opposite that of the 

flight sys t em to maintain the outlet NaK t empera tu re above the inlet t e m p e r a ­

ture—the condition existing during r eac to r operation. 

The S2DRM-1 sys tem t e s t s consisted of (1) ref lector the rmal -vacuum 

t e s t s ; (2) launch simulation vibrat ion and shock t e s t s ; (3) NaK loading t e s t s ; 

and (4) s imulated operat ional t e s t s . In the ref lector t he rma l -vacuum tes t , the 

S2DRM-1 ref lec tor a s sembly was attached to a t es t r eac to r vesse l and placed 

in a smal l vacuum chamber . E lec t r i ca l heating units in the r eac to r vesse l 

s imulated the the rma l input to the ref lec tor assembly. The t empera tu re actu­

ated band r e l e a s e device (TABRD) was attached to a simulated NaK outlet line 

containing a heating element . SNAP 1 0A stepper motors were used to dr ive 

the control d rums during operation. The vacuum tes t chamber was capable of 

raaintaining a p r e s s u r e in the 10 t o r r range throughout testing. 

One acceptance level and two simulated ho t -c r i t i ca l t he rma l -vacuum tes t s 

were conducted during December 1964, The tes t included operat ion of the 

control d rums at room t e m p e r a t u r e and operating t empe ra tu r e (1200°F). The 

a s sembly was a lso the rmal ly cycled from room t empera tu re to 1200° F at about 

6 ° F / m i n s imultaneously with d r u m operat ion, th ree t iraes per tes t sequence. 

The ref lector a s sembly t he rma l t r ans ien t s achieved during the t e s t s were com­

parab le to these observed for SNAP 1 0A reac to r t e s t s . There was no indication 

of degradat ion or malfunction of the ref lec tor assembly during any tes t phase. 

The complete S2DRM-1 r e a c t o r sys tem, consisting of the reac tor vesse l 

and in t e rna l s , the ref lector a s sembly , the NaK inlet and outlet l ines , and the 

shield, were mounted to a vibrat ion tes t fixture and subjected to loads s imu­

lating launch and placement into orbit . The reac to r vesse l and NaK lines were 

filled with dist i l led water to s imulate the damping effects of NaK. Figure 12 

shows the tes t setup. 
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10-22-65 7635-55162A 

Figure 12. S2DRM-1 Reactor 
System Vibration Test 

The r eac to r sys t em was subjected to vibration inputs along the X (longi­

tudinal) and Y and Z (lateral) axes . A single sinusoidal sweep was conducted 

in each axis from low to high frequencies at a constant octave sweep ra t e in 

45 min. Vibration inputs •were m e a s u r e d by a c c e l e r o m e t e r s at the lower 

mounting bracket . The input levels a r e given in Table 2. 

A p re l imina ry low level (less than 1 g) survey was conducted to map r e s o ­

nant frequencies p r io r to the specified vibrat ion tes t . The r e a c t o r and shield 

response was l imited to the above levels by an a c c e l e r o m e t e r on the r eac to r 

top head. 

Two shocks in each axis were also conducted in the form of a half sine 

wave of 8 msec duration. The input levels of 5.5 g (X axis) and 1.5 g (Y and Z 

axes) were measu red at the shield mounting ring. 

The max imum t r ansmiss ib i l i t i e s for the r e a c t o r - r e f l e c t o r s t ruc tu re were 

determined and a r e show^n in Table 3. 
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TABLE 2 

S2DRM VIBRATION INPUTS 

Axis 

X 

Y and Z 

Frequency 
(Hz) 

5 to 12 

24 to 400 

400 to 2000 

5 to 10 

10 to 250 

400 to 2000 

Load 

1/2 in. ± 10% (double amplitude) 

3.5g ± 7% 

7. 5g ± 5% 

1/2 in. ± 10% (double amplitude) 

2. 5g ± 7% 

7. 5g ± 5% 

TABLE 3 

S2DRM Vibration Response 

Reactor vesse l top head 
vs input at shield mount­
ing bracke ts 

Reactor vesse l top head 
vs ref lector support 
ring 
Reflector support ring 
vs input at shield mount­
ing bracke ts 

Reflector top vs input at 
shield mounting bracket 

Input 
Axis 

X-X 
Y-Y 
Z-Z 

X-X 
Y-Y 
Z-Z 
X-X 
Y-Y 
Z-Z 

X-X 
Y-Y 
Z - Z 

Input 
Frequency 

(Hz) 

240 
50 
70 

240 
50 
70 

250 
50 
70 

70 
70 
70 

Maximum 
Transmiss ib i l i ty 

8 
12 
21 

2.7 
2,6 
2.3 

3 
4 .6 
9 

10 
12.5 
20.0 

Control d r u m response was s imi la r to the r eac to r - r e f l ec to r s t ruc ture 

in the Y and Z axes , and 1/2 the natura l frequency and t ransmiss ib i l i ty in the 

X-X axis . A per formance tes t of mechanical , e lec t r ica l , and operational i tems 

was made p r i o r to and following each vibration and shock tes t . No fai lures 

occur red . The S2DRM-1 demons t ra ted i ts ability to withstand launch shock and 

vibrat ion loads without any detectable fai lure or degradation. 
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The S2DRM-1 sys tem, without the ref lec tor assembly , was instal led m 

a vacuum sys tem and loaded with NaK. No problems were encountered. The 

ref lector assembly was then added to the sys tem to complete the full S2DRM-1 

assembly . NaK flow during t he rma l -vacuum testing was r eve r sed to obtain NaK 

outlet t e m p e r a t u r e above the inlet t empe ra tu r e consis tent with an operating 

r eac to r . The r ad ia to r - condense r heat sinnulator ^vas added to the sys tem. 

This t es t setup is shown in Figure 13. 

10-22-65 7635-1232A 

Figure 13. S2DRM-1 The rma l 
Vacuum Test 

The vacuum sys tem consisted of the la rge tes t chamber with eight ins t ru ­

mentat ion por ts and two 16 - in . oil diffusion pumps. The diffusion pumps were 

valved off for u l t ra -h igh vacuum operat ion to el iminate oil back- s t r eaming . 

The u l t ra high vacuum sys tem util ized a t i tanium depositing get ter pump and 

two 1000 l i t e r / s e c ion pumps. 
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The outlet NaK was stabil ized at 1170°F and the inlet at 1080° F instead of 

with the requi red 200° F AT due to NaK pressu r i za t ion and flow problems. Sub­

sequent p roblems resul ted in fai lure of t h r ee NaK hea te r s after approximately 

20 days operat ion with the NaK sys tem above 1000° F and chamber p r e s s u r e in 
_7 

the low 10 t o r r range. As a precaut ion against NaK line fai lures and leakage, 

the tes t was te rminated . 

A pos t - t e s t per formance evaluation and inspection of the components was 

conducted to study the effects of combined S2DRM-1 testing. No significant 

movement of the ref lec tors and components occurred. The torque m e a s u r e -

naents indicated no degradat ion of coa r se con t ro l -d rum bearings or snap-in 

spr ings . No problems were encountered with operation of ei ther fine control 

d rum. The d rums posi t ion senso r s showed no signs of failure or degradation 

and d rum posit ion switches operated sat isfactor i ly throughout testing. 

The d rum re l ease ac tua tors survived launch simulation. All squibs (Type 

Ml 30) fired and all ac tua tors r e l eased the control drums upon star tup command. 

The snubber had expanded and locked inside the s t r i ke r , as expected. 

The S2DRM-1 ref lector assembly performed without incident throughout 

the full vibrat ion and t he rma l -vacuum tes t sequence. 

(2) Components and Subsystems 

The ref lector control sys tem components were basical ly SNAP lOA com­

ponents with modifications to guarantee operat ion under the increased life and 

t empe ra tu r e requ i rements of SNAP 2. Tes t s on individual components were 

l imited and were conducted in conjunction with SNAP lOA component t e s t s . The 

S2DRM-1 tes t was the pr incipal component proof test . 

2. SNAP 8 Developmental Reactor Mockup (S8DRM) 

The S8DRM ref lector sys tem is shown in Figure 14. 

a. Descr ipt ion and Fea tu re s 

The S8DRM ref lector a ssembly is based on a s ix -con t ro l -d rum concept 
(1 3) instead of the four -d rum concept of SNAP 1 0A and 2. Three of the d rums 

a r e spring dr iven to snap in to the full-in position during reac tor s tar tup. The 

remaining th ree control d rums a r e motor driven using the var iable reluctance 
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s tepper motor developed for SNAP 10. The spr ing-dr iven and motor -d r iven 

d rums a r e a l ternated and the ref lec tor asseinbly is split into two halves , 

spring loaded, and held together by a retaining band s imi la r to those on SNAP 

1 0 and 2. 

The S8DRM-1 was designed as a flight prototype sys tem without live fuel 

e lements and was used to (1) qualify the design for flight applications, (2) tes t 

fabrication techniques, (3) demons t ra te the ability of the SNAP 8 sys tem to 

opera te in a s imulated space environment for up to 10, 000 hours following 

simulated launch conditions. 

(1) Reflector and Control Drums 

The S8DRM ref lector assembly cons is t s of two halves , fabricated of 

bery l l ium and mounted on an Inconel plate supported from the core vesse l . 

This support plate holds both the fixed ref lector segments and the lower bearing 
(14) housings. Each ref lec tor half contains three movable drums that provide a 

nominal 3-in. - thick bery l l ium cylinder when the drums a r e in their full-in 

position. The fixed ref lec tor port ions were designed to support the reflector 

retaining band. The support s t ruc tu re incorpora tes the shutdown pivot joint 

and is spring loaded for end of life (EOL) separat ion. 

The bery l l ium was hot p r e s s e d , s t r e s s rel ieved, final raachined, and ano-

dized to provide a constant emiss iv i ty surface of 0.7 or bet ter . The drunas were 

designed with a 0.060-in. c lea rance between the rotating and fixed re f lec tors . 

Each drura is provided with the capabili ty of accepting varying thickness shims 

on the flat side to allow p rec i s e fixing of the neutron reflectance during c r i t i -

cality t e s t s . 

(2) Cont ro l -Drum Drive 

Each control d r u m is mounted on a pai r of spher ical self-aligning bearings 

s imi l a r to those of SNAP 10 and 2. The reference bearing couple of S8DRM 

cons is t s of an A 1 _ 0 . against P5 -N carbon graphite journal couple, and an 

A1^0„ against MoS^ dry- f i lm-coa ted Al 0„ self-aligning socket assembly. In 

all c a s e s , the A1_0- subs t ra te m a t e r i a l is Inconel-750, 

The sp r ing-dr iven drums use an Inconel-750 tors ion spring p re - to rqued to 

16-in- lb . and captured in an Inconel housing. Upon s tar tup command, a 
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s q u i b - f i r e d , d r u r a - r e l e a s e a c t u a t o r , s i m i l a r to t h a t of SNAP 10, i s f i r e d , t h e 

lock ing pin i s r e l e a s e d , and the d r u m s n a p s to the fu l l - in p o s i t i o n . A s n u b b e r 

s p r i n g and l a t c h a r e i n c o r p o r a t e d in the d e s i g n to s top the d r u m at i t s fu l l - in 

p o s i t i o n and lock i t in p l a c e . 

T h e m o t o r - d r i v e n c o n t r o l d r u r a s u s e the v a r i a b l e - r e l u c t a n c e type of s t e p ­

ping m o t o r d e v e l o p e d for SNAP 10 and 2. The m o t o r i s b a s e d on a four co i l 

d e s i g n o p e r a t i n g on 28 vdc . S e q u e n t i a l e n e r g i z i n g of the four co i l s r e s u l t s in 

a 1.8° s t e p . The c o n t r o l m o d e i s b a s e d on a 4 p u l s e , 7.2° s t ep s e q u e n c e . A 

s e q u e n c e c o n s i s t s of e n e r g i z i n g the f i r s t co i l , r e l e a s i n g the b r a k e by e n e r g i z i n g 

i t , and e n e r g i z i n g the o t h e r t h r e e m o t o r w ind ings in s e q u e n c e . The b r a k e i s 

t hen r e l o c k e d p r i o r to d e e n e r g i z i n g the 4th m o t o r winding . 

The m o t o r d r i v e s t h e c o n t r o l d r u m s t h r o u g h a 13 .8-1 g e a r r a t i o r e s u l t i n g 

in a 0.52° s t ep of the c o n t r o l d r u m for e a c h 7.2° s t ep a c t u a t o r s e q u e n c e . The 

l a r g e d r i v e g e a r i s d r i v e n by the a c t u a t o r m o t o r p in ion and i s s u p p o r t e d off the 

a c t u a t o r h o u s i n g . The g e a r i s f a b r i c a t e d of I n c o n e l - 7 5 0 and the s u p p o r t b e a r i n g 

shaft i s Al 0 „ c o a t e d and r i d e s in a P 5 - N bush ing p r e s s - f i t t e d in the a c t u a t o r 

end b e l l . The g e a r i s coup led to t h e c o n t r o l - d r u m - d r i v e shaft t h r o u g h a f lexib le 

coup l ing to c o m p e n s a t e for r a i s a l i g n m e n t . The g e a r t e e th a r e coa t ed with MoS^ 

d r y - f i l r a l u b r i c a n t to p r e v e n t s e l f - w e l d i n g and p r o v i d e low f r i c t i on o p e r a t i o n . 

(3) E n d - o f - L i f e Shutdown 

The b a s i c e n d - o f - l i f e shu tdown raode i s t h r o u g h s e p a r a t i o n of a m e t a l band 

wh ich ho lds t h e r e f l e c t o r h a l v e s t o g e t h e r , and e j e c t i o n of t h e two r e f l e c t o r 

h a l v e s . The band , m a d e of 0 , 0 3 6 - i n - t h i c k 0.625 in. - w i d e . Type 316 s t a i n l e s s 

s t e e l i s s p r i n g loaded in 2 p l a c e s to c o m p e n s a t e for n o r m a l t h e r m a l e x p a n s i o n 

d u r i n g o p e r a t i o n and i s m o u n t e d on c e r a m i c s tandoffs to p r e v e n t s e l f - w e l d i n g 

p r i o r to E O L s e p a r a t i o n . A T - b o l t f i x tu r e i s i n c l u d e d in the band to ad jus t the 

s p r i n g load for p r o p e r t e n s i o n for l a u n c h load s u r v i v a l wi thou t o v e r s t r e s s i n g 

the e x p a n s i o n c o m p e n s a t i o n s p r i n g s o r the E O L a c t u a t i o n d e v i c e s . E a c h r e f l e c ­

t o r hal f i s p r e - l o a d e d on two 3 6 0 - l b f o r c e s p r i n g s wh ich wi l l c a u s e e a c h r e f l e c t o r 

half to swing out 15° to t h e p ivo t d i s e n g a g i n g poin t and be e j e c t e d . The s p r i n g s 

a r e f a b r i c a t e d f r o m R e n e 41 and a r e d e s i g n e d to s u r v i v e c r e e p u n d e r a 1 0 0 0 ° F , 

r a d i a t i o n e n v i r o n m e n t for 1 0 , 0 0 0 h o u r s . The r e f l e c t o r r e t a i n i n g band can be 

s e p a r a t e d by t h r e e s e p a r a t e t e c h n i q u e s a s wi th the SNAP lOA s y s t e m . 
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(4) Ground T e s t S c r a m Kit 

The g round t e s t s c r a m m e c h a n i s m d e s i g n e d for SNAP 8 d i f fe red f r o m 

tha t of SNAP 1 0 in t h a t i t i s a " p l u g - i n " uni t which r e t a i n s the a c t u a t o r m o t o r 

for n o r m a l in and out of r o t a t i o n of the c o n t r o l d r u r a , and p r o v i d e s only a 
(3) t o r s i o n s p r i n g d r i v e to s c r a m t h e d r u m " o u t " in the event of an e r a e r g e n c y . 

The m e c h a n i s m is sho-wn in F i g u r e 15 and c o n s i s t s of the s c r a m s p r i n g , a 

c l u t ch and b r a k e a s s e r a b l y to ho ld the s p r i n g in i t s cocked pos i t i on , a d r i v e 

shaft a s s e r a b l y which a t t a c h e s to t h e c o n t r o l d r u m g e a r , and a s n u b b e r to 
(15) a b s o r b the d r u m m o r a e n t u m and s top i t fol lowing s c r a m m i n g . In add i t ion , 

t h e r e a r e s e v e r a l p o s i t i o n s w i t c h e s for d i a g n o s t i c p u r p o s e s . 

1 -25-64 7568-0714 

F i g u r e 15. SNAP 8 R e f l e c t o r D r i v e S y s t e m S c r a m Kit 

The scraiTL s p r i n g and i t s r e l e a s e c l u t c h o p e r a t e t h r o u g h double c o n c e n t r i c 

sha f t s . The o u t e r tube of the double shaft i s a t t a c h e d to the l o w e r half of the 

c lu t ch , and e x t e n d s d o w n w a r d to a t t a c h to the g e a r . The i n n e r shaft i s a t t a c h e d 

to the u p p e r half of t h e c lu t ch , and e x t e n d s down to a t t a c h to the d r u m t h r o u g h 

a f lex ib le coup l ing . The l o w e r p o r t i o n of the c lu tch a s senab ly con ta in s the 
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clock-type s c r a m spring. The outside end of the spring is connected to the 

spring housing. The inside end of the spring is at tached to the inner shaft. 

P r i o r to operat ion, the spr ing is prewound by the actuator and the energy 

locked in by energizing the clutch solenoid and closing the clutch. 

Under no rma l operat ion, the ent i re clutch a s sembly is locked together 

and functions or ro ta tes as a single unit. The energy for sc ramming the d rum 

is locked in and does not irapose any drag on the d rum except for a smal l 

iner t ia effect. The no rma l dr ive path f rom the actuator is through the ro tor 

pinion, through the l a rge d iamete r dr ive gear , up through the outer tube, 

through the clutch housings, and down to the d rum through the inner shaft. 

To s c r a m the drum, the cu r ren t to the actuator b rake and the cu r r en t to 

the clutch solenoid a r e in te r rup ted simultaneously. The actuator brake locks 

the ro to r upon loss of power, and the clutch disengages upon loss of power. 

Locking the ac tuator also locks the pinion and gear , the outer tube, and the 

lower housing of the clutch, all of which a r e d i rec t ly coupled to the motor and 

brake shaft. With the clutch disengaged, the s c r a m spring dr ives the inner 

shaft causing the control d r u m to ro ta te away from the co re , the reby shutting 

down the r eac to r . 

After the d r u m reaches the full-out (180°) posit ion, it engages a spr ing-

loaded snubber shaft which absorbs i ts rotat ional energy. The energy of the 

s c r a m m e d d rum is absorbed by a spring in the snubber asserably. After com­

pleting i ts t r ave l , the spring is prevented from returning by the action of a 

spr ing- loaded ra tchet . The ra tche t engages the one-way teeth of the in tegra l 

ra tch of the snubber shaft. 

Before r e s t a r t ing the r eac to r , the s c r a m spring is rewound by the actuator . 

With clutch deenergized and open, the actuator is dr iven in the p rope r direct ion 

to step the d r u m out; but because the drura cannot ro ta te outward any further 

due to the fact it is being held by the snubber, only the outer shaft and the spring 

housing can ro ta te , thus rewinding the spring. When the spring is fully wound, 

a microsw^itch mounted on the spring housing is dep re s sed by a cam on the 

clutch housing. The clutch is then energized and closed again, holding the 

torque of the spring. The d r u m may then be rotated inward. After the control 

d rum is out of the snubber zone, a ra tchet dog t r ips the snubber ra tche t -which 
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r e l ea se s the compressed snubber spring. The r e l ease of this spring i s , in 

turn , damped by the snubber r e l ea se damping spring. 

Three l imit switches a r e mounted on a bracket attached to the snubber 

assembly. One of the switches indicates when the control d rum nears the full-

in position. The other two switches indicate when the d r u m is in the full-out 

(180°) position and when the d rum is beyond the full-out position in the snubber 

zone. 

This dr ive mechan i sm is failsafe because a power failure interrupt ing the 

motor brake power and the clutch power will automatical ly resu l t in d r u m sc ram. 

Also, in the event of burnout of the clutch coil, this mechanism will automat i ­

cally s c r a m the control d rum, and in the event of burnout of the brake coil the 

d rum can st i l l be sc ra ramed . 

The bas ic specifications of the d r i v e - s c r a m raechanism a r e given in 

Table 4. The dr ive sys t em of the final design for the s c r a m mechanisra is 

kinematical ly s imi l a r to the proof-of-pr inciple s c r a m drive. It has some 

design improvements which were der ived from the testing of the proof-of-

principle dr ive sys tem. After extensive environraental testing it was found 

that the ra tche t teeth and pavi^l of the snubber assembly were considerably worn 

due to the vacuum and t empe ra tu r e environment. The ra tchet teeth and pawl 

were therefore coated with a high t e m p e r a t u r e , cobal t -base , w e a r - r e s i s t i n g 

ma te r i a l . This hardface coating can be applied by shielded arcwelding, is 

machinable , and is re la t ive ly ductile. 

The maximum s t r e s s of the s c r a m drive motor spring was reduced from 

40, 000 to 20, 000 psi . This change was made in o rde r to reduce the ra te of 

spring relaxat ion during l o n g - t e r m (S8DS) operation. The c learance between 

the spring coils was also i nc reased in o rde r to reduce the friction caused by 

the re la t ive motion of adjacent coils during sc ramming . During bench test ing 

of the development scrana dr ive it was noticed that, when the spring is fully 

wound, the tangential force of the outer spring coil tends to force the coils to 

shift eccent r ica l ly to one side. This "bunching" of the coils caused them, to 

make contact and inc reased the friction torque of the s c r a m dr ive . A 

centering blade was therefore added to the outer coil of the s c r a m spring. 

This is a proven raethod of preventing the spring coils from making contact. 
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TABLE 4 

CONTROL-DRUM-DRIVE SYSTEM SCRAM MECHANISM CHARACTERISTICS 

Sc ram tirae 

Sc ram velocity at max imum t empe ra tu r e 

Scram acce le ra t ion at max imum t empe ra tu r e 

Drum rotat ion range 

Snubber t r ave l 

Snubber dece lera t ion (maxiraum) 1100°F 

Scram clutch data 

Holding torque 

Voltage 

Amperage 

Scram spring data 

Mater ia l 

Initial torque at operat ing t e m p e r a t u r e 

Spring ra te at operating t empe ra tu r e 

Maximum spring s t r e s s 

Calculated operat ing t e m p e r a t u r e 

Fr ic t ion torque 

Drum bushings only 

Total dr ive sys t em 

Control d rum weight 

Bearing m a t e r i a l s 

Bushings 

Shaft journal 

Shaft m a t e r i a l s 

Snubber spring naaterial 

23° in < 0.5 sec 

6.55 r a d / s e c 

19.5 r a d / s e c 

0 to 135° 

26° d rum rotat ion 
2 

-153 r a d / s e c 

45 in. - lb 

28 dc 

1.5 (at 1000°F) 

Rene-41 

19.0 in. - lb 

0,1 lb / ° 

20,200 ps i 

775°F 

2.5 in. - lb 

6.0 in. - lb maximum 

26 lb 

Carbon graphite 
(Purebon P5N) 

A1_0_ coating on 
Inconel-X 

Inconel-X 

Rene 41 

The mos t c r i t i ca l components of the s c r a m dr ive sys tem a re the s c r a m 

spring and the r e l e a s e clutch. As mentioned e a r l i e r , the s c r a m drive is 

designed to pe rmi t easy remova l from the d r u m - d r i v e control sys tem. To 

pe rmi t this design fea ture , it was n e c e s s a r y to lengthen the s c r a m shafts in 
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order to locate the s c r a m dr ive unit above the control d rum actuator . Due to 

the inc reased distance from the r eac to r core vesse l , the operating t empera tu re s 

of the s c r a m spring and r e l e a s e clutch were reduced from 1000 to 650°F. 

The proof-of-pr inciple s c r a m drive clutch utilized slip rings for power 

connections. These connections w e r e found to be unrel iable due to the l a rge 

var ia t ion in contact r e s i s t ance which occur red between the brushes and the 

slip r ings . The s c r a m drive clutch now uses a flexible cable loop which is t e r ­

minated with a h igh - t empera tu re connector . 

The S8DS upper control d r u m shaft was s t r e s s analyzed to see whether the 

shaft would yield in to rs ion if the snubber spring should break. It was found 

that the tors ional yield of the shaft would be exceeded under this kind of failure. 

As a safety precaut ion , the snubber a r m of the s c r a m drive was therefore 

redesigned to absorb additional s t ra in energy under impact . As a resul t of this 

change, the S8DS control d r u m shaft can absorb a s c r a m from the d rum full-in 

position against a s ta t ionary snubber shaft w^ithout damage. 

b. System and Component Development Tests 

The S8DRM-1 t e s t p r o g r a m was designed to proof t es t the SNAP 8 reac tor 
(14) control sys t em under nonnuclear conditions. A block d iagram of the planned 

tes t schedule is shown in Figure 16. The r eac to r assembly is shown in the 

vacuum chamber p r i o r to per formance test ing in Figure 17. 

The assembly tes t consisted of assembl ing the reac tor and ref lector sys tem 

in the p roper sequence, noting, and cor rec t ing improper fits or p rob lems . 

The per formance record tes t checked c r i t i ca l dimensions and the operation 

of the S8DRM-1 systera at arabient conditions. Hundreds of data points on the 

raechanical and e lec t r i ca l per formance of control , safety, and diagnostic com­

ponents were monitored. This p rocedure was used to check the assembly after 

each major t es t to a s s e s s the effect of that tes t and to define the condition of 

the assembly p r io r to the next tes t in the sequence. 

The sys t em met alraost all the perforraance record requ i rements ; but wiring 

h a r n e s s , cont ro l le r , and spring dr ive deficiencies were noted. The ha rness 

showed inadequate insulation at the connector pins and poor weld connections 

to the connector pins. A t r a n s i s t o r in the control ler failed and the design was 
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ASSEMBLY TEST 

PERFORMANCE RECORD 
TEST 

> 
l-H 
I 

O 

o 
00 

LOW-LEVEL SHOCK 
A N D V IBRATION 
SURVEY TEST 

V IBRATION 

1/4g, 12 TO 2000 Hz 
3/4 g, 12 TO 500 Hz 
1 g, 12 TO 500 Hz 

SHOCK 

+5 g, 6 msec 
+10 g, 6 msec 

-1 g, 6 msec 
-2 g, 6 msec 
±3 g, 10 msec 

Figure 16 

b l A H I U P K b L I A B I L I TY TEST 
(DEMONSTRATES PROPER 
SEQUENCING OF STARTUP 
EVENTS; INCLUDES FIR­
ING OF LIVE SQUIBS) 
NO. OF CYCLES: 9 

i 
PERFORMANCE RECORD 
TEST-HOT 

(TEMPERATURE-VACUUM) 
TEMPERATURE ISOOOP 

VACUUM 10"^ TORR 

i 
QUALIF ICATION LEVEL 
SHOCK A N D V IBRATION 

V IBRATION 

1/2 in. DA, 5 TO 12 Hz 
3-1/2 g, 12 TO 400 Hz 
7-1/2 g, 400 TO 3000 Hz 

30 min LOG SWEEP 

SHOCK 

H-IO g, 6 msec 
-4 g, 6 msec 

±6g, 10 msec 

pt 

STARTUP REL IAB IL ITY 

TEST 
NO. OF CYCLES: 9 

PERFORMANCE RECORD 
TEST-HOT 
(TEMPERATURE-VACUUM) 
TEMPERATURE 1300OF 

VACUUM 10-^ TORR 

S8DRM-1 Nonnuclear Test Sequence 



2-8-65 7568-551269 
F igure 17. S8DRM-1 Thermal -Vacuum Test Assembly 
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improved. Also, imprope r phase-exci ta t ion of actuator coils necess i ta ted 

cont ro l ler modification. The spr ings for the snap-in d r u m s did not mee t the 

r equ i rement s but w e r e used in the test ing to prevent a delay in the p r o g r a m . 

All other per formance record r equ i rement s were met. 

Initial low level shock and vibrat ion surveys were conducted to de te rmine 

resonant frequencies and attenuation fac tors . Surveys were raade at 0.25 g 

(12 to 2000 Hz), and at 1 g (12 to 500 Hz) in all t h ree axes sweeping at a con­

stant octave ra t e . A se r i e s of ha l f -s ine-wave shocks were also run using inputs 

of 10 g max imum in the longitudinal axis and 3 g maximum in the l a t e ra l axis . 

Responses to the 1 g vibrat ion inputs a r e shown in Table 5 for ref lec tor assembly 

components. 

TABLE 5 

S8DRM-1 VIBRATION CHARACTERISTICS 

P a r t 

V Band Clamp 

Control Drum 
Drive Bracket 

S c r a m Pivot 
Bracket 

Reflector Support 
Bracket 

Bearing Housing 

Reflector Support 
St ructure 

Reentry Band 

Resp 
1-g 

X 

4. 5 

4 

4.5 

4 .5 

7 

4 

14,5 

onse to 
Input 

Y(Z) 

6. 5 

13 

6,5 

6.5 

8.75 

13 

47 

Expected* 
Maximum 
Response 

X Y(Z) 

16 16 

14 33 

16 16 

16 16 

24.5 22 

14 33 

51 117 

Allowable 
g 

X 

95 

100 

23 

100 

100 

Y(Z) 

18 

100 

100 

100 

100 

100 

*At full launch loads extrapolated from 1 g input. 
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As a resu l t of tes t ing, seve ra l wi re ha rnes s clamps failed and a new clamp 

was designed. Also, the ground safety keylock inter locks loosened and snapped 

into a t es t position. 

Following vibrat ion tes t ing, the r eac to r assembly was placed in a t he rma l -

vacuura chamber , dehumidified overnight, and given a Per formance Record 

Test . All pe r fo rmance was met except that one d rum stopped stepping at 90° 

frora full-in. The smal l c lea rance in the bearing had packed with dry-fi lra 

lubricant during vibrat ion and had bound up. It was loosened for further testing 

and l a r g e r c lea rances w e r e incorpora ted in a new bearing design. Finally, the 

r eac to r was d i sassembled , and weld a r e a s were dye-penetrant or hel ium-leak 

checked as before with sa t is factory r e s u l t s . 

A s e r i e s of nine s ta r tup re l iabi l i ty t e s t s were conducted firing the lockout 

squibs each t irae and operating the control sys tem through a simulated r eac to r 

s tar tup. At the end of every th ree firings of the lockout squibs, a Standard 

Pe r fo rmance Record Tes t •was conducted. Measurements of the shock iraparted 

to components during squib firing were recorded . All sequences simulated a 

successful s ta r tup of the r eac to r although malfunctions of some components 

v/ere noted. 

A Hot Pe r fo rmance Record tes t was conducted to run the ref lector control 

at operating t e rape ra tu res in a vacuum p r i o r to launch level shock and vibration 

test ing and to de te rmine asserably thernaal gradients . A core hea te r was used 

to s imulate nuclear heating, and it r a i sed the sys tem t e m p e r a t u r e at a ra te of 
-5 100°F /min to an average core t e m p e r a t u r e of 1120° F in a chamber at 2 x 1 0 

t o r r p r e s s u r e . An orbi ta l s tar tup sequence was conducted, without squib 

f ir ing, and component t e m p e r a t u r e s stabil ized as noted in Table 6. The tes t 

sequence was completed without incident. 

The ent i re sys tera ( reac tor and neutron shield) was subjected to a shock 

and vibrat ion launch tes t for purposes of determining component araplification 

fac to r s , verifying component design re la ted to shock and vibration c h a r a c t e r ­

i s t i c s , test ing the adequacy of design of integrated components under a shock 

and vibrat ion environment, and determining the ability of the integrated sys tem 

to withstand this t es t environment. The information was util ized in the design 
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TABLE 6 

S8DRM-1 COMPONENT TEMPERATURES 

AT STEADY STATE* 

Coraponent 

Reflector Support S t ructure 

Reflector (fixed) 

Tempera tu re 
(°F) 

478 

560 
1 

Control Drum (in full- out position) 399 
Drura Bearings 

Actuator 

Ejection Springs 

Posi t ion Sensor 

469 

429 

598 

444 

*Drums in the full-out position 

of subsequent SNAP 8 components and sys t ems . Table 7 l i s ts the shock and 

vibrat ion t e s t levels . No major coraponent or s t ruc tu ra l m e m b e r of the re f lec ­

tor assembly failed, how^ever, t h ree l imit switches broke and two drive bellows 

failed. Following the launch vibrat ion t e s t s , a final s tar tup rel iabi l i ty tes t was 

conducted. 

Developraent test ing of ref lec tor components was a continuous effort and 

included upgrading of sorae SNAP lOA and 2 components as well as redesign of 

other components. 

(5) The S8DRM utilized an upgraded SNAP 10 actuator motor and cont ro l -

drura support bear ings of configuration s imi la r to SNAP 10, but of higher 

t e m p e r a t u r e ma te r i a l s developed in a continuous study of bearing m a t e r i a l and 
(10) 

Testing at 1000°F proved the Al O, against P5 -N friction p roper t i e s , 
ca rbon-graphi te and A1„0_ against MoS_ dry- f i lm-coated A l ^ O , bearing couple 

to be sat isfactory, but indicated a requi red coating subs t ra te upgrading to 

Inconel-750. 

The ground tes t s c r a m mechan i sm (reference to Figure 15) underwent 

p re l imina ry bench test ing and deraonstra ted the feasibility of the basic design 

following some 140 s c r a m s over 135 hours . 
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TABLE 7 

S8DRM-1 LAUNCH VIBRATION AND SHOCK INPUTS 

Vibr< 

Direct ion 

Longitudinal (X) Axis 

Longitudinal (X) Axis 

La te ra l (Y and Z) Axes 

La te ra l (Y and Z) Axes 

Longitudinal (X) Axis 

La te ra l (Y and Z Axes) 

ition Test 

Magnitude 

0.5 g 

1.0 g 

0.5 g 

1.0 g 

1/2-in. double 
amplitude 

.3.5 g 

7.5 g 

1/2-in. double 
amplitude 

2.5 g 

5.0 g 

7.5 g 

Frequency 
(Hz) 

12 to 700 

12 to 700 

12 to 700 

12 to 700 

5 to 12 

12 to 400 

400 to 3000 

5 to 10 

10 to 250 

250 to 400 

400 to 3000 

Shock Test 

Axis 

Longitudinal (+X) 

Longitudinal (-X) 

La te ra l (Y and Z), (±g) 

Magnitude 
(g, half sine wave) 

10 

4 

6 

Duration 
(msec) 

6 

6 

10 

Pe r fo rmance tes t s were conducted at 800°F and 10 t o r r and successfully 

met design r equ i remen t s for 23° rotat ion within 0.5 sec and 105 " rotation 

within 1 sec. During 115 s c r a m s over a 640-hour period, s c r a m s to a full 105° 

var ied between 0. 34 and 0. 37 sec , well under r equ i rement s . Proof-of-l ife 

t es t s were conducted to seve ra l hours and 500 s c r a m s minimum. 
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POSITION INDICATOR TRANSMITTER 

SCRAM SPRING 

WORM GEAR 

SNUBBER ASSEMBLY -^^ 

DRIVE MOTOR 

IBLY r -

SCRAM ARM SHUTDOWN 
SHIELD 
CENTER PLUG 

DUPLEX BALLBEARING 
THRUST a RADIAL LOAD 

BEARING SUPPORT HOUSING 

MAIN DRIVE SHAFT 

RADIAL GUIDE BALLBEARING 

RIGID COUPLING 
SPLINED a PINNED 
CONNECTION 

SHUTDOWN SHIELD 

SCRAM DIRECTION 

SLIP FIT IN AXIAL DIRECTION 

y ^ 

CONTROL 
DRUM ^ 

ASSEMBLY 

FIXED ATTACHMENT-

SELF ALIGNING RADIAL BUSHING 

5 / 1 / 6 2 

UPPER BRACKET 

CONTROL 
DRUM 

LOWER BRACKET 

-T—REACTOR VESSEL 

STATIONARY 
REFLECTOR 

FRAME ASSEMBLY 
7570-80177 

F i g u r e 18. S8ER C o n t r o l - D r u m Suppor t and D r i v e 

A I - A E C - 1 3 0 7 8 

52 



4, SNAP 8 Exper imenta l Reactor (S8ER) Nuclear Test 

The S8ER was the init ial SNAP 8 nuc lear test . It had fixed beryl l ium and 

rotating d rums of bery l l ium s imi l a r to the S8DRM-1, but the dr ive , s c r a m , 

and snubbing sys tem was designed specifically for the S8ER test . It operated 

for 12, 000 hours at 1300°F NaK outlet t empera tu re . Operation at both 400 and 

600 kwt verified the SNAP 8 re fe rence core and ref lector design.^ 

The core , which was 14 in. high and 9 in. in d iamete r , consisted of 211 

fue l -modera tor e lements a r ranged on 0.570-in. centers in a t r iangular a r r ay . 

Six rotating bery l l ium d r u m s , a r ranged around the core vesse l , served as 

control and safety e lements . Stationary beryl l ium cusps filled the space between 

adjacent movable d r u m s . Each d rum could be individually driven by a r e v e r s ­

ible a-c motor . Figure 18 shows a typical cont ro l -drura support and drive 

a r rangement . Sc ram action was init iated by disengaging an electromagnet ic 

clutch, permit t ing the s c r a m spring to rapidly rota te the drum to the out pos i ­

tion. Posi t ion-indicat ing t r a n s m i t t e r s , located on top of the con t ro l -d rum drive 

shafts, t r ansmi t t ed d rum position signals for control room readout. The S8ER 

core was located below ground in a shielded containment vesse l . The r eac to r 

core assembly was suspended from a shutdown shield. The 4-ft-thick shutdown 

shield, containing high-densi ty borated concre te , lead, and insulation, was air 

cooled. A compar tment above the shutdown shield contained p r i m a r y coolant 

piping, con t ro l -d rum dr ive and posit ion indicating equipment, and ins t rumen­

tation. Above this was the 4 -1 /2- f t - th ick ordinary concrete operating shield. 

The containment vesse l dome, which projected above the reac to r room floor 

level , was concre te filled. To r e t a rd cor ros ion of the beryl l ium re f lec tors , 

the hel ium a tmosphere in the containment vesse l was rec i rcu la ted through NaK 

bubblers to remove oxygen and mois tu re . Water cooling coils encircled the 

3/4-in. -thick carbon steel containment vesse l . The control d rum was p ro to­

typical; however, the con t ro l -d rum-dr ive sys tem was designed especially for 

the ground tes t operation. The t e s t operated sat isfactor i ly and demonstra ted 

the feasibili ty and re l iabi l i ty of the rotating con t ro l -d rum control system, 

5. SNAP 8 Developmental Reactor (S8DR)^ ^^~ ^^^ 

The SNAP 8 Development Reactor (S8DR) was designed to verify the ability 

of the SNAP 8 r eac to r sys tem to opera te for 12,000 hours at i ts designed power 

AI-AEC-13078 

53 



level of 600 kwt. The S8DR r e a c t o r was a complete flight sys t em with the 

addition of ground t e s t s c r a m devices to allow repeated s tar tup and shutdown 

t e s t s , and for emergency sc ramming of control drums under ground tes t condi­

t ions . 

a. Descr ipt ion and Fea tu re s 

The S8DR ref lec tor a s sembly is shown in Figure 19. The design was i n i ­

t iated in 1964 and incorpora ted seve ra l modifications based on S8ER and S8DRM 

exper ience. The basic ref lec tor a ssembly consis ted of two identical halves as 

did previous SNAP lOA, 2, and S8DRM reac tor sys t ems , however the S8DR 

r e a c t o r ut i l ized six control d r u m s each individually dr iven by a s tepper 
l\Q\ 

motor . This was different f rom previous r eac to r s which used a combina­

tion of snap- in c o a r s e control d r u m s for init ial s tar tup and s t e p p e r - m o t o r -

driven d rums for fine control . The S8DR reac to r re ta ined the ref lec tor halves 

concept for end-of-life separa t ion and had add-on s c r a m ki ts for ground tes t 

shutdown and s c r a m . 

The ref lec tor a ssembly was designed as two identical halves providing a 

nominal ref lector th ickness of 3 in. surrounding the r e a c t o r core with the 

8-AU5-119-112A 
Figure 19. S8DR Reactor Reflector 

Assembly 

AI-AEC-13078 

54 



the control d rums full-in. The fixed ref lec tor s t ruc ture and the rotating con­

t ro l d rums were both of bery l l ium meta l anodized to provide a minimum e m i s -

sivity of 0.7 for improved heat diss ipat ion and to prevent oxidation of the be ry l ­

l ium meta l . The ref lec tor halves re ta in the spr ing-load pivot mount technique 

of previous r e a c t o r s and the spr ing- loaded retaining band for end-of-life separ­

ation. These features w e r e not instal led on the assembly during the nuclear 

ground tes t , however. 

The S8DR con t ro l -d rum-d r ive sys tem incorporated two major changes 

from S8DRM design. The snap- in mechan i sms and the coa r se control d rums 

were eliminated and all d r u m s were motor driven. Reactor s tar tup is accom­

plished by stepping each d r u m in sequentially. At the same t ime , the m a s s of 

the control d rums was inc reased from a nominal 31 to 36 lb. This resul ted in 

driving torque r equ i remen t s above those of the S8DRM actuators and required 
(19) a redesigned actuator with inc reased power output. The result ing drive 

sys t em provided an actuator stepping ra te of 3.6° per 2 sequence step which 

was reduced through a redesigned 13.8:1 ra t io gear to 0.26° per sequence con­

t r o l d r u m step. 

The inc reased con t ro l -d rum weight a lso resul ted in a configuration change 

in the con t ro l -d rum support bear ings to c a r r y the additional load. Figure 20 

shows the redesigned bear ings . At the t ime of the redes ign, the A1_0_ 

against P 5 - N carbon-graphi te journal and Al 0„ against MoS„-coated A1„0_ 

self-aligning bearing couples w e r e also retained. Subsequent bearing tes t s 

resu l ted in severa l ins tances of A1_0_ shaft coating fa i lures . Following a 

detai led failure analysis and additional tes t ing, the composite bearing ball 

(P5N carbon-graphi te bushings shrunk-fi t into the A1_0_ Inconel-750 ball) was 

rep laced by a solid P5 carbon-graphi te ball in the final design.^ ' 

The d rum posit ion senso r s were also redesigned to inc rease rel iabi l i ty 

and survive the increased operat ing t empe ra tu r e of SNAP 8, 

The S8DR reac to r is designed as a ground tes t sys tem and EOL shutdown 

is based on e i ther (1) driving the control d rums to the full-out positions with 

the actuator s tepper m o t o r s , or (2) sc ramming the d rums with the add-on 
(21) s c r a m mechan i sms . No ref lec tor separat ion mechan i sm was incorporated 

AI-AEC-13078 
55 



Figure 20. S8DR Redesigned Cont ro l -Drum Bearings 

on the r e a c t o r sys tem. The S8DR ground t e s t s c r a m kit is unchanged from 

the S8DRM design and is attached to the reduction gear shaft as shown in 

Figure 19. 

b. Developnaent and Operational Tests 

Three half S8DR reflector and control a s sembl ie s were fabricated 

using flight configuration ha rdware , but also using ground tes t con t ro l -d rum 

s c r a m mechan i sms . Each ref lec tor assembly was given an assembly tes t , a 

per formance record tes t and an ambient operat ional t e s t checkout. This con­

sis ted of a complete e lec t r i ca l and mechanical checkout including d r ive - to rque 

m e a s u r e m e n t s , s c r a m t i m e s , d r u m step s ize , linait switch and position sensor 

operat ion, and complete s tar tup and shutdown operat ional sequences . 
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Two S8DR reac to r ref lector halves were assembled , and subjected to 

qualification ( thermal-vacuum) tes t ing. The full ref lector assembly was 

ins ta l led in a la rge t h e r m a l - v a c u u m chamber with an e lec t r ica l core hea te r 

to s imulate nuc lear heating. During a 50-hour t e s t at 10" t o r r , the reflector 

sys t em underwent numerous s ta r tup , shutdown, and s c r a m tes t cycles . The 

only p rob lems encountered resul ted from cont ro l le r malfunctions during 

a t tempts to rewind the s c r a m spr ings . 

Following mating of the ref lector asserably to the co re , final operational 

checkouts were conducted, the vacuum vesse l sealed, and the projected 12,000 

hour nuclear test ing was initiated in January 1969. Five automatic s tar tup 

t e s t s were conducted with no ref lec tor control sys tem prob lems . Following 

these t e s t s , the r eac to r completed 1000 hours at 600 kwt (1300°F outlet 

t empe ra tu re ) , 430 hours at 1.0 Mwt( 1150°Foutletj and approximately 5600 addi­

tional hours at 600 kwt p r i o r to shutdown. Several con t ro l -d rum s c r a m oper­

ations were per formed sat isfactor i ly during tes t . During s teady-s ta te opera ­

tion, nominal con t ro l -d rum t e m p e r a t u r e s stabilized at approximately 600° F. 

The 12j000-hour t e s t w a s t e r m i n a t e d after approximately 7000 hours due to 

excess ive fuel element cladding rup tu res . Following shutdown, the r eac to r was 

t r anspor t ed to the AI Hot Cell Labora tor ies and d i sassembled for exami-
.. (23) ation. 

During pos t - t e s t inspection of the S8DR in the AI hot ce l l s , the control-

d rum drive components were inspected for any signs of degradation, wear , and 

self-welding of moving p a r t s . ^ ' All components were in good condition. 

Bearings and gears showed no signs of self-welding and all components were 

found to be in sat isfactory working order . 

The S8DR ref lec tor a ssembly components also underwent developmental 

and qualification test ing in addition to acceptance testing of complete half-

ref lec tor a s sembl i e s . 

The redesigned S8DR actuator motors underwent detailed proof testing of 

Al-developed coil assem.blies. Three actuator a s sembl ies completed approxi­

mate ly 20, 000 hours each of t he rma l -vacuum operational test ing including 

AI-AEC-13078 

57 



7568-551501A 
Figure 21 . S8DR Scram Kit Test Assembly 
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repeated dwell t e s t s , t h e r m a l cycling, and multiple life operational test ing. 
(5) The actuator design was proven to be highly re l iable . 

The control d rum support bear ings accumulated in excess of 100,000 hours 

of t he rma l vacuum development test ing with four individual sets completing 
-5 12,000 hours each at 1150°F and 10 t o r r or lower. This was following the 

d iscovery of A1_0_ shaft coating fai lures and the subsequent replacement of 
(10) the composi te ball with the solid P5 carbon-graphi te ball. 

Three S8DR s c r a m mechan isms and actuators were subjected to combined 
-5 perfor inance and endurance t e s t s at 10 t o r r with s c r a m clutches operating at 

or above 850° F. Table 8 s u m m a r i z e s the tes t his tory. Figure 21 shows tes t 

a s sembly S/N 001 at the end of l i fe- test ing. The th ree tes t s demonst ra ted the 

ability of the s c r a m mechan i sm to function repeated after long hours of t h e r m a l -

vacuum soak. Several minor fai lures occur red with the carbon-graphi te guide 

bushings of the S/N 001 snubber cracking, and bearing c lea rance problems with 

the full-in l imit switch shaft. In all c a s e s , however, the problems did not s ig­

nificantly effect pe r formance and were co r rec ted with minor changes. 

TABLE 8 

S8DR SCRAM MECHANISM TEST HISTORY 

I tem 

Tes t Duration (hr) 

P r e s s u r e ( torr) 

Clutch Tempera tu re 

Thermal Cycles 

Number of Scrams 

(°F) 

As 

001 

13,102 

1 X 10"^ 

850 

200 

1,389 

sembly Number 

002 

15,508 

1 X 10"^ 

850 

201 

1,200 

003 

9,912 

1 X 10"^ 

950 

204 

1,448 

6. Space Power Faci l i ty Test (SPF) 

The conceptual design of the SPF r eac to r and ref lector assembly is shown 

in Figure 22. The design was based on a planned 300-kwt, 1200°F reac to r 

for the NASA Space Power Faci l i ty (SPF) at Plum Brook, ^̂ "̂ ^ 
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The r eac to r design is based upon the experience gained in previous reac to r 

t e s t s conducted in the ZrH Reactor Development P r o g r a m . The heat produced 

in the co re is removed by circulat ing NaK coolant. Reactivity control to achieve 

a r e a c t o r l ifetime of 5 yea r s is provided by 8 beryl l ium void-backed control 

d rum. 

Eight independent dr ive t r a i n s . F igure 23, with beryl l ium ref lectors were 

employed to control the r eac to r . Each dr ive t ra in consisted of an ac tua tor -

b rake , gear reduction, flexible coupling, self-aligning bear ings , and ref lector 

d rum. A c a m and pin device was also incorporated into the design to positively 

lock out the d rums during launch shock and vibration. Maximum use was made 

of S8DR-type components in the dr ive t r a in . Thermal expansion mismatches 

were accommodated by the use of ball and socket bear ings , and bellows flex 

couplings. The "full d rums out" envelope of the r eac to r was 26 in. in d iameter . 

The conceptual design of the r eac to r was completed and the p r o g r a m termi-

inated p r i o r to init iat ion of ha rdware fabrication and sys tem checkout. 

7. Advanced Zi rconium Hydride (ZrH) Reactor 

The advanced r e a c t o r design requ i rement s included operat ion at 600 kwt 
(25) with a NaK outlet tem.perature of 1300°F for a minimum, of 20, 000 hours . 

The design was compatible with t h e r m o e l e c t r i c , mercury -Rank ine , Brayton, 

or organic-Rankine cycle power -convers ion sys tems and was capable of opera ­

tion in ei ther a shadow shielded or 4 ir shielded configuration, e.g., shielded 

in all d i rec t ions . F igure 24 shows an overa l l view of the advanced ZrH reac to r . 

(a) Descr ipt ion and Fea tu re s 

The Reference ZrH r e a c t o r had 10 control d rums and utilized the basic 

SNAP concept of a cyl indr ica l core surrounded by a se r i e s of rotating control 

r e f l ec to r s , however two major changes were incorporated in the design. 

The control d r u m s for previous sys t ems were void backed or s imple 

sect ions of cyl inders . In this fully shielded design a very la rge void would be 

needed to negate the ref lect ion and sca t t e r of neutrons f rom the shield. A 

la rge void would i n c r e a s e the s ize and weight of the assembly. Therefore , 

this r eac to r design incorpora ted poison or absorber backed drums which 

instead of allowing al l excess co re neutrons to escape, captured mos t of them 
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Figure 24. Reference ZrH Reactor Reflector Assembly 

in the poison ma te r i a l . Due to the i nc reased con t ro l -d rum operating t e m p e r ­

a tu re , 1900°F vs the 1150°F SNAP 8 t e m p e r a t u r e , beryl l ium oxide replaced 

bery l l ium meta l as the control d r u m mtoderator ma te r i a l . Beryl l ium oxide, 

a c e r a m i c , i s not a suitable s t ruc tu ra l m a t e r i a l and there fore required addi­

t ional s t ruc tu re . 

A detai led study was conducted to de te rmine the best abso rbe r ma te r i a l 

and how to in tegra te the BeO, the poison, and the s t ruc tu ra l m a t e r i a l into the 

optimum ref lec tor design. The study narrowed the selection to two combina­

t ions : the f i r s t used a tanta lum-10% tungsten alloy as the absorber and s t r u c ­

tu ra l m e m b e r , and the second used a 60 wt % mixture of europium oxide in 

nickel as the abso rbe r arid e i ther a tungsten carbide or columbium alloy as the 

strongback. Due to the ex t ra complication of t h r ee components and the sub­

l imation of nickel from the Eu_0_-Ni m a t e r i a l , Ta-lOW was chosen as the 

abso rbe r m a t e r i a l . The BeO ref lector was segmented longitudinally due to 

t h e r m a l expansion differences between BeO and Ta-lOW. The individual BeO 

segments w e r e held in place on the Ta-lOW strongback by guide pins and 
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tension s t r aps . Then a thin cladding was placed around the BeO to prevent 

pa r t i c l e s that might erode during launch vibrat ion from falling into and jamming 

the d r u m support bear ings or gea r s . 

The second major difference f rom previous SNAP r e a c t o r s (see Figure 24), 

was that the ZrH control d rums were fully enclosed within wells . Due to nuc lea t 

heating, con t ro l -d rum t e m p e r a t u r e s were calculated to be as high as 1900°F 

with the abso rbe r sect ion facing the core . To cool the control d r u m s , the 

inlet NaK flowed up around the control d r u m well before entering the reac tor 

core . The main p rob lems as a resu l t of the fully enclosed control d rum were 

oxidation due to high 0-, pa r t i a l p r e s s u r e , and assembly of the lower support 

bear ings which were at the bottom of a 4-in. -d i amete r , 28- in . -deep well. 

The evolution of 0_ f rom the BeO under i r rad ia t ion and the poor conductance 

path between the BeO and space caused the re la t ively high O^ par t ia l p r e s s u r e 

inside the cladding. 

The ZrH r e a c t o r was designed for a var ie ty of miss ions and included 

shado'w-shielded and 4 tr shielded concepts . F igures 25 and 26 show the control-

d rum dr ive sys t em requi red for the two concepts . The main difference is that 

in the shadow-shielded concept the dr ive motor can be mounted di rect ly to the 

r eac to r vesse l while in the 4 TT shield concept, a self-aligning drive shaft must 

be provided and the dr ive motor placed outside the shield to prevent over­

heating. 

The actuator s tepper motor is essent ia l ly an upgraded SNAP 8 motor to 

handle the inc reased torque loads. The con t ro l -d rum support bear ings . 

F igure 27, a r e spher ica l self-aligning bear ings s imi la r in configuration to 

SNAP 8. The bearing couples of AI O vs solid P5 carbon graphite balls 

were re ta ined, but the coated shaft and socket subs t ra te was changed to Ta-lOW. 

The Ta-lOW has g r e a t e r s t rength at the 1500°F operating t empera tu re and has 

a t h e r m a l expansion coefficient close to that of P5 and A1_0„, A unique added 

feature is a tapered lip on the bear ing sockets that provides posit ive self-

alignment between the Ta-lOW socket and Type 316 s t a in l e s s - s t ee l housing and 

dry v/ell. This feature compensates for the c learance that r esu l t s from the 

difference in the socket and housing t h e r m a l expansion. The lower bearing 

socket, which provides rad ia l support is spr ing-loaded in the housing and held 
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Figure 27. Cont ro l -Drum Bearings Design 

in place by a snap r ing. The upper housing assembly is threaded and screws 

into the dry well cavity. On assembly , the lower bearing is locked into the 

dry well and the upper housing is screwed into place with the control d rum 

hanging from the p r e - a s s e m b l e d upper bearing and drive shaft. 

On both the shadow-shielded and 4 IT - shielded concepts the actuator 

d r ives the control d rum through a 6:1 gear rat io and a flexible bellows type 

coupling to prevent binding due to angular and coaxial misal ignment . In the 

shadow-shield design. Figure 25, the coupling is mounted di rect ly to the 

con t ro l -d rum-d r ive shaft and to the lower end of the main dr ive gear . The 

coupling was designed to withstand launch shock and vibration loads by p r e ­

loading. The flexible coupling for the 4 TT shield design. Figure 26, consis ts 

of a bellows coupling at each end of a long drive shaft. The bellows coupling 

at the upper end of the dr ive shaft i s connected to the lower end of the main 

dr ive gear and is designed to provide angular misal ignment only. This is 

accomplished by mounting the bellows on a spher ica l bearing that allows for 

angular movenaent but prevents axial movement. This feature was neces sa ry 

to prevent e i ther bellows from car ry ing the dr ive shaft weight during launch 

vibrat ion loading. The lower bellows allows for both axial and angular m i s ­

alignment. 
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Figure 28. Drum Launch Mechanism 
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To facili tate assembly of the dr ive shaft and mating with the control -

d r u m shaft, a keyed fork and yoke coupling was designed. This allows the 

dr ive shaft to be lowered into the blind hole and provides posit ive alignment 

and or ientat ion with the control d rum. The actuator and drive gear housing 

with the suspended dr ive shaft is then bolted to the top of the shield. 

Design requ i rement s for the r eac to r stipulated a positive d rum lock for 

launch, but excluded all e lec t r ica l ly or explosively actuated types as used on 

SNAP 10 and 2. The resul t ing lock ut i l izes a mechanical cam and slot device 

and is shown in Figure 28, 

The cam and slot device is attached to, and ro ta tes with the actuator 

pinion gear . During the las t 8° of rotat ion to the poison-in position, the cara 

engages a mating pin which is in tegra l with the dr ive gear and simultaneously 

the gear disengages from the actuator pinion. The cam and pin rotate the gear 

to the full poison-in position -when the cam and pin a re fully locked. Launch 

vibrat ion d r u m response torque is then t r ansmi t t ed di rect ly as radia l loading 

to the d r u m - d r i v e gear and bear ing. The device is s imple and provides a 

posi t ive lock without the added complexity of an e lec t r ica l ly actuated squib and 

i t s control . The lock also works equally -well on both the shadov/ and 4 77 

shielded concepts . 

The r eac to r does not have a separa te s c r a m sys tem, but uses rapid driving 

out of al l ten control d rums to shut dov/n in the event of an emergency. 

(b) Development Tes t s 

The re fe rence ZrH r e a c t o r p r o g r a m was reor iented before a complete 

r e a c t o r a ssembly was fabricated. However, the 4 7T control d rum and drive 

sys tem was fully fabricated, assembled , and subjected to launch vibration and 

t h e r m a l - v a c u u m proof test ing. 

Initial control d rum test ing concentra ted on BeO modera to r block fabr i ­

cation studies and development of techniques for attaching the BeO to the Ta-lOW 

drum s t ruc tu ra l or strong back m e m b e r . Figure 29 shows the t e s t setup for 

vibrat ion test ing of the BeO ref lec tor retaining band. The BeO block was s t r e s s 

re l ieved at 1500°F, and the rma l ly cycled four t imes to 1300°F at a p r e s s u r e 
_5 

of 10 t o r r to s imulate prelaunch t h e r m a l t e s t s of a r eac to r . It was mounted 
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Figure 29. BeO Reflector Block and Tension Band 
Vibration Test Setup 

on the a luminum fixture with a Ta-lOW retaining band tensioned to the calcu­

lated p re - load n e c e s s a r y to withstand launch loading. Strain gages on the band 

recorded l e s s than 1500-psi s t r e s s e s during 20 g shocks in all axes . The fix­

tu r e was then subjected to random vibrat ion test ing duplicating profi les expected 

on Saturn V launches (see Table 1). A resonant frequency sea rch was con­

ducted at a 2-g input level, and an 85-min ,22-g dwell was run at the 200-Hz 

resonant frequency. No damage was observed to the BeO block and the band 

tension was m e a s u r e d to be unchanged from the p r e - t e s t value. The tes t e s t ab ­

lished the re l iabi l i ty of the bas ic BeO block mounting technique. 

Following sa t is factory test ing of the BeO block mounting scheme, a p ro to-
(27) type control d r u m was fabricated of Ta-lOW, Figure 30 shows the d r u m 

during assembly p r i o r to instal la t ion of the Ta-lOW cladding. Each of the 6 BeO 

blocks a r e mounted on two pins and bemded to the Ta-lOW absorbe r . During 

assembly , one end of each band is r iveted to the strongback; the band i s then 
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8-15-69 7759-5571A 
Figure 30. Prototype Drum No. 1 P r i o r to Cladding Installation 

pulled around the BeO block with the p rope r p re - t ens ion load. Holes a re dri l led 

through the band and abso rbe r , and the band is riveted to the absorber . A 

development study -was conducted to de te rmine the p r e c i s e style and size r ivet 

requ i red to secu re the retaining bands and the cladding mate r i a l . 

The d r u m assembly was placed in a the rma l -vacuum tes t fixture and sup­

ported in flight configuration with a set of prototype support bear ings . Figure 31 

shows the complete control d r u m p r i o r to t he rma l cycle testing to 1300°F and 
_5 

back to 400° F or l e s s in a vacuum of approximately 10 to r r . P o s t - t h e r m a l -
cycle visual examination showed no signs of damage to the drum; however, it 
was slightly discolored. There was no audible sign of loose par t s in the d rum 
when it was shaken manually. Measurements of drum-shaf t alignment indicated 
no warping of the d r u m as a resu l t of t h e r m a l cycling. 

The d r u m was assembled and ins t rumented in a vibration fixture as shown 

in F igure 32. A bellows was used in the assembly to s imulate the bel lows-

type coupling in the dr ive t ra in . Nylon cord was tied around the d rum in four 

p laces to prevent the cladding fronn being damaged in case cladding r ivets 

become loose. The d rum was subjected to a 1 g sinusoidal sweep from 10 to 

2000 Hz in each of th ree d i rec t ions . The 1 g input was applied at the control 

a c c e l e r o m e t e r s on the bear ing housing shown in the figure. Natural frequencies 
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7759-40439 
F igure 31 . Development Drum No. 1 in Thermal -Vacuum Fix ture 
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^ BEARING HOUSINGS ^ 

2-12-70 7759-40490A 

Figure 32. Drum Assembled in Vibration Fixture 

of the drunn and i ts t r ansmiss ib i l i t i e s as determined by this tes t a r e given in 

Table 9. These data a r e n e c e s s a r y in determining drum design loads. 

TABLE 9 

REFERENCE ZrH DRUM NATURAL FREQUENCIES 
AND TRANSMISSIBILITIES 

Axis 

Vert ical 

La te ra l 

Longitudinal 

Natural Frequency 
(Hz) 

85 

48 

60 

Transmis sibility 

4 

8 

3.3 

Next the d rum was subjected to a 3-min random vibration tes t from 20 to 

2000 Hz in each of the t h r ee axes . The acce lera t ion spec t ra l density for the 

input to the cont ro l -bear ing housing was taken from design specifications. 

Table 10 shows the calculated peak acce le ra t ion g- response of the d rum at the 

d rum peak - r e sponse frequencies . The maximum load on the d rum during 

random vibrat ion was therefore 5,13 g along the ver t ica l axis . 
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TABLE 10 

CALCULATED LOADS ON DRUM DURING RANDOM VIBRATION 

Location of 
Acce le rometer 

End of d rum 
near control 
acce le romete r 
Middle of 
d rum 
End of d rum 
opposite control 
acce le romete r 

Frequency 
at Peak 

Responses , 
(Hz) 

73 

400 

90 
300 

90 

300 

Peak 
Accelerat ion, 

(g) 

1.79 

3.83 

3.6 
2.5 

3.42 

5.13 

Frequency 
at Peak 

Responses , 
(Hz) 

56 

280 

52 

Peak 
Accelerat ion, 

(g) 

2.66 

2.7 

2.33 
No second peak 

56 

260 

2.25 

2.33 

Frequency 
at Peak 

Responses , 
(Hz) 

75 

Peak { 
Accelerat ion 

(g) 

0.80 

No third peak 

70 0.91 
No third peak 

70 

120 

0.81 

1.84 

Pos t -v ib ra t ion examination of the d rum showed no visual damage or loos ­

ening of cladding r ive t s . Measurements of shaft alignnnent indicated no signi­

ficant warping or bo^wing of the d rum. The d rum bear ings appeared undamaged. 

The d rum weighed 80 lb, and the center of gravity of the d rum was located 

0,706 in, from the shaft center l ine , corresponding closely with the calculated 

value of 0.704 in. Manual shaking of the d r u m gave no audible sign of any loose 

par t s inside the drum. 

The d rum -was next used in some cr i t ica l i ty exper iments during which the 

d rum cladding -was removed. Upon removal of the cladding it -was found that one 

of the BeO blocks had cracked as shown in Figure 33. The smal l c racked pieces 

of the BeO block were -wedged tightly in place and the c r i t i ca l exper iments were 

continued. 

After completion of the c r i t ica l i ty t e s t s , the d rum w^as examined to de te rmine 

the cause of the BeO f rac ture . The main cause of the f rac ture is at t r ibuted to 

the BeO-block-locating do-wel pin being frozen in the absorbe r and protruding 

0.066 in. far ther into the abso rbe r than normal . The pin was designed to be a 

free fit in the abso rbe r as •well as in the BeO. There v^as a possibi l i ty of i n t e r ­

ference between the slight step in the bottom of the hole in the BeO and the bevel 

on top of the pin. 

It was also found that the band r ivets had not completely filled the holes in 

the band thus permit t ing possible loss of band tension. A sufficient loss of 

tension could have permi t ted impacting between the bottom of the BeO and the pin 
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3-4-70 7759-40535 
Figure 33. Cracked BeO Block 

during vibrat ion, f ractur ing the block. The other five blocks appeared undamaged. 

The dowel pins and band r ive ts were redesigned to prevent a r e c u r r e n c e of BeO 

f rac ture . 

(28) 
A prototype dr ive sys t em was fabricated for test ing and design evaluation. 

The tes t dr ive systenn consisted of the rebuil t development d rum and support 

bear ings , the 4 TT dr ive shaft and bellows couplings, and a mechanical mockup of 

the actuator with the launch cam lock and the dr ive gear . 

The tes t p r o g r a m included 10 t he rma l cycles to s imulate the pre- launch 

sys tem nonnuclear t e s t s , a sinusoidal sweep vibration tes t to deternaine the 

natural frequencies of components , and a random noise vibration tes t to s imulate 

acceptance levels of anticipated launch loading. Total sys tem torque and backlash 

m e a s u r e m e n t s were taken at t imes during these tes t conditions to verify sys tem 

operat ion within design l imi t s . 
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•ACTUATOR 

2-1-71 40898 

Figure 34. Drum Drive Tra in 
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A long- t e rm nonnuclear (grea ter than 10,000 hours) the rmal -vacuum t e s t 

was also planned to s imulate r eac to r operat ion in space; however, the p r o g r a m 

was te rmina ted p r io r to s tar t ing the tes t . 

The control d rum and dr ive t r a in were assemibled in the thermial-vacuum 

tes t fixture as shown in Figure 34. Ten t he rma l cycles were conducted between 
-5 400°F and a con t ro l -d rum t e m p e r a t u r e of 1350°F at a p r e s s u r e of 10 t o r r . 

Tempera tu re was stabil ized at 1350°F for 2 hours min imum during each the rmal 

cycling total of 63 hours for the var ious components at the following t empera tu re s ; 

Actuator - 900 °F 

Gear Tra in and Upper Bellows - 900° F 

Upper Bearing - 1275°F 

Control Drum Midpoint Absorber - 1350°F 

Lower Bearing - 13 50°F 

A SNAP 8 actuator was at tached to the upper shaft of the prototype mockup 

actuator through a ro t a ry torque t r ansduce r . The torque requi red to rotate the 

control d rum was m e a s u r e d in a i r p r i o r to t he rma l cycle tes t ing, and under 

vacuum at ambient and at operating t e m p e r a t u r e . Maximum torque in ambient 

a i r was 5.6 in . - lb and in vacuum was 9.75 in . - lb while at t empera tu re was less 

than 5.6 in- lb . Torque was genera l ly highest during operation of the cam lock 

mechanism, the f i rs t 8° of d r u m rotat ion. In all c a se s , however, torque was 

below specification l imits (10.6 in. - lb). This development d rum weighed 81 lb 

with an unbalanced moment of 60 in. - lb or m o r e than the final re ference design 

of 62.5 lb with an unbalanced moment of only 34 in. - lb . The lower moment 

should resu l t in a marg in of safety of about 50%. 

During test ing, the cam stuck and prevented the actuator from driving 

to gear engagement. Disassembly showed the MoS~ dry-f i lm lubrication on 

the cam surface was worn through due to repeated cycling. During actual 

operat ion, hov/ever, such repeated cycling would not occur . 

Following the 10 t he rma l cyc les , the dr ive t r a in and control d rum were 

r eas sembled on the vibration fixture of Figure 35. The d rum was positioned 
(29) to induce the maximum tors iona l loading during vibration. A sinusoidal 

resonant sea rch and random vibrat ion tes t were conducted on the full assembly. 
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5-17-71 7759-55123 

F igure 35. Drum Drive System Vibration 
Test Setup 

A spurious signal during the sinusoidal s ea rch resu l ted in a 50 to 90 g shock and 

deformed the upper bellows coupling. The coupling survived subsequent random 

vibration test ing without further damage and did not degrade rotat ional f reedom 

of the dr ive t ra in . The c a m locking device successfully prevented the d r u m from 

rotating during vibration and worked freely following the tes t . 

The t h e r m a l cycle and vibrat ion t e s t s demons t ra ted the successfulness of 

the d r ive t r a in and control d r u m design. 
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B. REFLECTOR MATERIALS STUDIES 

In the S8DR ref lector design, the p r ime concern was protection of the 

bery l l ium from oxidation from the iner t gas impur i t i e s . The S8DR required 

some oxidation protect ion but a lso needed high emissivi ty to re jec t heat . The 

re f rac to ry m a t e r i a l s on the Advanced ZrH control drums required oxidation 

protect ion even at very low oxygen par t ia l p r e s s u r e s plus high emissivi ty to 

re jec t the heat generated in the drum. 

1 • Beryl l ium Coating for S8ER and S8DR 

In the design and ana lys is s tages of the S8ER effort, it was calculated that 

the beryl l ium-f ixed re f lec tors and control drums would reach 1300°F during 

reac to r operat ion at full power. Since the t e s t was designed to operate for 

3000 hours in an iner t a tmosphere with l e s s than 2% oxygen, an investigation 

of potential be ry l l ium problems was made . P re l imina ry investigation indicated 

that the bery l l ium could suffer ca tas t rophic oxidation under these conditions. 

F igu re 36 show^s a typical bery l l ium control d rum after 300 hours at 1300°F in 

an a rgon-purged environment. Similar t e s t s on smal l beryl l ium coupons (with 

l e s s than 1% oxygen) in ni t rogen resul ted in mass ive oxidation and par t ia l d i s ­

integrat ion of the coupons. It -was concluded that the lifetime of bare bery l l ium 

at 1380°F in 200 ppm oxygen would be above 1600 hour s . Since the operational 

goal of the S8ER was 3000 h o u r s , efforts w e r e initiated at AI and the Armour 

R e s e a r c h Foundation to develop oxidation-inhibiting coatings for beryl l ium. 

Three bas ic types of protect ive coatings were evaluated and adapted to 
(31) s tandard coating techniques used for re f rac tory meta l s . An evaluation was 

then made of these and other commerc ia l ly available coatings. 

Ceramic coatings w^ere applied to bery l l ium by f lame-spraying and d i rec t 

enameling, and enameling over other base coats was at tempted. Most f lame-

sprayed coatings w^ere too porous to provide oxidation re s i s t ance , but a ba r ium-

t i tanate coating v^as sa t is factory and was used to coat a s e r i e s of tes t coupons. 

The coating appeared uniform and adherent , but spalled off the beryl l ium after 

90 hours at 1400° F in a i r . 

All a t tempted coating with g lass - type enamels resul ted in fai lure to produce 

uniform coat ings, and duplex coatings spalled when cooled following firings of 

the coatings. 

AI-AEC-13078 

79 



1 2 - 1 0 - 6 2 7568-5420 
Figure 36. Post-Exposure Appearance of Be Control Drum 

at 1300°F for 300 Hours in Argon 
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Diffusion coatings were studied with chromium, t i tanium, and silicone or 

combinations of the th ree using the pack cementation p roces s . P r o c e s s p a r a m ­

e te r s such as a tmosphere , t e m p e r a t u r e , and pack design were var ied and r e ­

sulted in promis ing chromized and t i tanized coatings. However, tes t coupons 

of coated bery l l ium began to b l i s te r and oxidize after 110 hours at 1400° F . 

F u r t h e r development of the chromized coating show^ed improved life. 

Various n i cke l - ch rome , t i t an ium-copper , t i tanium-nick el, and t i tanium-

bery l l ium base brazing alloys were applied to beryl l ium by s lur ry-coat ing and 

furnace-f i r ing techniques. All failed by separat ion from the beryl l ium during 

post-f i r ing cooldown. A duplex s i lver -n icke l coating was developed, however, 

which wetted the bery l l ium surface and resul ted in good adherence . Test 

coupons of bery l l ium coated in this manner were exposed to 1400° F a i r for 400 

hours before the s t a r t of oxidation. 

Various c o m m e r c i a l and p rop r i e t a ry coatings were evaluated for oxidation 

at 1400° F by Armour . P l a s m a - a r c - a p p l i e d alumina, z irconia, beryl l ia , and 

ca lc iura-z i rconate coatings al l resu l ted in poor oxidation r e s i s t ance . The mos t 

promis ing coating was an anodizing coating produced by Brush Beryl l ium 

Corporat ion on a p rop r i e t a ry b a s i s . 

a. Development of Anodized Beryl l ium 

Development of anodized bery l l ium coating at this stage w^as an exper i -
(32) mental l abora tory p r o c e s s at Brush Beryl l ium Company. All samples 

tes ted were smal l solid cubes or cy l inders . The beryl l ium control elements 

w e r e l a rge i r r e g u l a r shapes which contained through-stepped and blind holes . 

In o rde r to upgrade this labora tory p rocedure into a re l iable production, th ree 

apparent problem a r e a s remained to be solved. These were p rocess control 

l im i t s , anodizing of the e lect rode contact a r e a , and of the internal surfaces of 

the ho les . 

The original t e s t samples had been p rocessed under rigid labora tory control 

which would be difficult or imposs ib le to raaintain during production process ing . 

Brush Beryl l ium Company conducted thorough p rocess pararae ter studies during 

which the var ia t ion of voltage, cu r r en t density, p rocess t ime, and electrolyte 

concentrat ion and puri ty w e r e evaluated and checked by oxidation testing of 
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s a m p l e s . The f inal p r o c e s s c o n t r o l r e q u i r e r a e n t s w e r e w e l l w i th in the c a p a ­

b i l i ty of the f ac i l i t y . 

O r i g i n a l t e s t s a m p l e s w e r e a n o d i z e d u s i n g p inpoin t e l e c t r o d e s which w e r e 

m o v e d d u r i n g the p r o c e s s . T h e s e c o n t a c t a r e a s w e r e the po in t s of f a i l u r e on 

the t e s t s a m p l e s . V a r i o u s t e c h n i q u e s -were i n v e s t i g a t e d to e l i r a i n a t e t h e s e 

f a i l u r e p o i n t s . T h e f ina l so lu t ion w^as the d e v e l o p m e n t of a p o r t a b l e anod iz ing 

m e t h o d w h i c h a l l o w e d coa t ing of the c o n t a c t a r e a s a f t e r c o m p l e t i n g the t ank 

anod iz ing p r o c e s s . T h i s c o n s i s t e d b a s i c a l l y of u s i n g an e l e c t r o d e wi th an 

a t t a c h e d co t ton s w a b . 

Coa t ing of h o l e s w a s a c c o r a p l i s h e d by p l ac ing the ca thode in to the c e n t e r of 

the h o l e . Bl ind h o l e s p r e s e n t e d g r e a t e r di f f icul ty , but a d d i t i o n a l effor t p r o ­

duced p r o p e r e l e c t r o d e d e s i g n and p l a c e m e n t to a c h i e v e s a t i s f a c t o r y c o a t i n g s . 

Two s ide bene f i t s w e r e a c h i e v e d f ro ra the a n o d i z e d coa t ing . F i r s t , the 

coa t ing p r o v i d e s a b a r r i e r a g a i n s t the diffusion b e t w e e n s t a i n l e s s s t e e l and 

b e r y l l i u m . O t h e r i n v e s t i g a t i o n s h a v e shown tha t b e r y l l i u r a diffusion m a y 

s e r i o u s l y a f fec t the s t r u c t u r a l c a p a c i t y of s t a i n l e s s s t e e l in d i r e c t con t ac t wi th 

b e r y l l i u r a . No such dif fusion w a s o b s e r v e d wi th the anod ized s p e c i m e n s . 

Anod iz ing the b e r y l l i u m a l s o s ign i f i can t ly i n c r e a s e s the s u r f a c e e m i t t a n c e and 

i n c r e a s e s d i s s i p a t i o n of h e a t f r o m the c o n t r o l d r u m and r e f l e c t o r s e g m e n t s . 

An a d d i t i o n a l m a r g i n of sa fe ty i s t hus a c h i e v e d by r e d u c t i o n of the b e r y l l i u m 

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

b . Coa t ing V e r i f i c a t i o n T e s t s 

A s e r i e s of l o n g - t e r m (10,000 h o u r ) p e r f o r m a n c e t e s t s w e r e conduc ted to 

m e a s u r e a n o d i z e d b e r y l l i u m t e s t s p e c i m e n s for ox ida t ion r e s i s t a n c e and 
(33) e r a i s s i v i t y s t a b i l i t y . 

T e n s p e c i m e n s r e p r e s e n t a t i v e of a n o d i z e d r e f l e c t o r s e g m e n t s w e r e t e s t e d 

fo r 5000 h o u r s a t 1 3 0 0 ° F in h e l i u m wi th 100 ppna oxygen and a dew poin t of - 4 0 ° F 

Ox ida t ion w a s found to be m i n o r and r e s t r i c t e d to c o r n e r s , e d g e s , and l o c a t i o n s 

in c o n t a c t w i th e l e c t r o d e s d u r i n g the anod iz ing p r o c e s s . The a n o d i z e d coa t ing 

'was judged to be a d e q u a t e p r o t e c t i o n a g a i n s t ox ida t ion for the p r o j e c t e d r e f l e c t o r 

l i f e t i m e b a s e d on o n s e t of m a s s i v e ox ida t ion . 
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Emit tance of these coupons was raeasured at the end of the tes t at 800 and 

1100°F (Table 11) and agreed with emit tance tes t data showing a general de­

c rease in emit tance with tirae from the p re t e s t values of 0.80. 

TABLE 11 

POST-TEST EMITTANCE OF ANODIZED BERYLLIUM 

Coupons 

5 

5 

Exposure 
Time (hr) 

3169 

5709 

Emit tance 

at 800° F 

0.51 

0.53 

at 1100°F 

0.52 

0.54 

A second t e s t s e r i e s was conducted to study emit tance of anodized bery l -

l ium as a function of tirae at 1150°F and 10 t o r r . Per iodical ly , the tes t was 

in te r rupted and emit tance checked. As shown in Table 12, the emittance of the 

anodized coatings appeared to degrade during the init ial 1000 hours and then 

stabil ize between 0,55 and 0,70. Calculations indicated that an emit tance of 0.8 

was requ i red to maintain ref lector t e m p e r a t u r e s below 1300°F and that an 

emit tance of 0.5 would resu l t in ref lector t empe ra tu r e s as high as 1400°'F. 

Based on F igure 37, this would provide marg ina l life expectancy for 10,000-hour 

ground t es t s in a 100-ppm oxygen environment. 

TABLE 12 

LONG-TERM EMITTANCE DATA AT 800° F 

Coupons 

10 

5 

3 

Coating 

Anodized 

Anodized 

Bare 

Emit tance at 800° F 

Original 

0.76 to 0.87 

0.76 to 0.87 

0.15 to 0.23 

1000 hr 

0.52 to 0.50 

2000 hr 

0.55 to 0.68 

0.53 to 0.68 

0.12 to 0.13 

5000 hr 

0.55 to 0.68 

Two other emit tance coatings w e r e under investigation and that work was 

acce le ra ted in an atterapt to rep lace the anodized beryl l ium coating. The coat­

ings were (1) a p l a s m a - s p r a y e d , 3-phase graded chrome oxide used on SlOA 

ref lec tor sh ims , but at 700° F , and (2) an AI-90 coating of a luminum-phosphate . 
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chroraiura-nickel-cobal t oxide spinel. Both showed eraittance values of 0.85 or 

bet ter after 5000 hours at 1450° F and 10 t o r r . However, al l coated speci-

raens showed sorae degree of spalling foUow^ing ten the rmal cycles to 1375°F 

(20°F /min raaxiraura heating ra te ) . 

It was therefore decided to re ta in the proven anodized coating and accept 

the lower erai t tance. All S8DR reflector and cont ro l -drum beryl l ium pieces 

w^ere therefore anodized for oxidation protect ion. P o s t - t e s t inspection of the 
_5 

anodized ref lector segraents , after 7500 hours at 600° F and 10 to r r showed 

negligible de ter iora t ion of the anodized coating and no signs of oxidation. The 

600° F was rauch lower than the predic ted te rapera ture of the ref lector . 

The 5-kwe the r raoe lec t r i c r eac to r sys tem (refer to Section III) also was 

designed to use beryl l iura control and ref lector segments . Anodizing of the 

beryl l iura was again requ i red for oxidation protect ion and eraittance enhance-

raent. However, the original supplier of the p ropr ie ta ry anodizing technique no 

longer per formed that se rv ice and it was n e c e s s a r y to qualify a new vendor and 
(34) verify that the ne-w coating p r o c e s s resu l ted in a coating of equal quality. 

Beryl l ium tes t coupons w^ere anodized and subjected to the rmal stability 
- 6 

test ing at 1150°F and 10 t o r r and oxidation res i s tance testing at 1400° F in a i r , 

Erai t tance m e a s u r e m e n t s of all coupons w e r e raade initially and periodically 

during t h e r m a l stabili ty tes t ing. Table 13 summar i zes the eraittance data m e a s ­

u red at 800 and 1150°F. Contrary to previous tes ts conducted under the S8DR 

progra ra (see Table 12), no degradat ion of emit tance occur red after 5000 hours 
- 6 a t 1150°F and 10 t o r r . The new coating w^as proven to have an emittance 

equal to or be t ter than the S8DR vendor coatings. F igure 38 shows typical room 

t empe ra tu r e spec t ra l emit tance data vs wavelength for both the original and the 

requalified coat ings. An in tegrated emit tance over the full wavelength range 

shows no significant difference between the two coatings. 

Oxidation r e s i s t ance of the anodized coatings was tes ted at 1400° F in a i r . 

Tes t s ^vere conducted for 200 hours on the S8DR and the new anodized coupons. 

Slight discolorat ion of al l coatings occur red , but mass ive oxidation was r e ­

s t r ic ted to a r e a s w^here the anodized coating had been penetrated by sc ra tches 

which occu r r ed during emit tance measure raen t handling. F igure 39 shows the 

condition of th ree coupons following test ing. Note the difference between 
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TABLE 13 

EMITTANCE TESTING OF ANODIZED BERYLLIUM COUPONS 

Emit tance at 800° F and 1150°F 
Coating 

S8DR 
Supplier 

New 
Supplier 

"As Received" 

0.72 to 0.83 

0,78 to 0.83 

1000 hr 

0.76 to 0.85 

1500 h r 

-

0.76 to 0.86 

3500 hr 

-

0.87 to 0.92 

5000 hr 

-

0.87 to 0.94 

(1) the unaffected coupon which had no s c r a t c h e s , (2) the b l i s te red coupon with 

minor sc ra t ches ( sc ra tches w e r e mapped pr io r to test ing and were cor re la ted 

with b l i s t e r s ) , and (3) the mass ive oxidation of the S8DR anodized coating with 

deeper s c r a t c h e s . 

The above tes t s substantiated that the new anodized coating was equal to or 

be t ter than the previously successful S8DR anodized coating and no further 

test ing was conducted. A specification was p repa red to ensure anodized r e ­

flector segments of continued high quality. 

2. High T e m p e r a t u r e Reactor Reflector Mater ia l s 

Due to the inc reased t e m p e r a t u r e level of the fully shielded advanced ZrH 

reac to r , many m a t e r i a l changes and new coatings were required . The three 

major efforts were select ion of a BeO m a t e r i a l suitable for the reflector drums 

a compar i son study of Ta-lOW and Eu„0_ for the ref lector absorber ma te r i a l , 

and an investigation of potential erait tance and oxidation inhibiting coatings for 

the s t ruc tu ra l m a t e r i a l s and d ry -we l l s , 

a, BeO Selection 

Based on analysis of react iv i ty r equ i rements and con t ro l -d rum operating 

t e rape ra tu res beyond the capability of bery l l ium, beryll iura oxide was selected 

as the re fe rence ref lector m a t e r i a l . Nuclear grade BeO w^as readily avai lable , 

and physical and mechanical p rope r t i e s w e r e well establ ished. Evaluation of 

BeO l i t e r a t u r e resu l ted in the select ion of co ld -pressed Thermalox-995A 

(Brush Bery l l ium Co, ) for p re l imina ry ref lector d rum t e s t s ; however, a more 
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TABLE 14 

BERYLLIUM OXIDE MATERIAL PROPERTIES 

P rope r ty 

Density (gm/cc) 

Miniraura 

Maximura 

Average 

Grain Size, jj, 

Average 

Maximum 

Modulus-of-Rupture (p 

Room t e m p e r a t u r e , 

1500°F, min imum 

maximura 

1800°F, min imum 

raaximum 

si) 

minimum 

maximum 

Thermalox- 995 

(10 samples) 

2.85 

2.87 

2.86 

(5 samples) 

16.0 to 16.4 

66 to 73 

(9 samples) 

31,329 

37,430 

31,000 

37,000 

25,700 

26, 800 

UOX + 0. 5% MgO 

(11 samples) 

2.86 

2.92 

2.88 

(2 samples) 

8.8 to 10.7 

(20 saraples) 

21,967 

26,442 

-

-

-

-

TABLE 15 

BERYLLIUM OXIDE EMITTANCE 

Mate r i a l 

Thermalox 

UOX + 0.5% M 

Emit tance 

100°F 

0.67 

?o -

500°F 

0.60 to 0.66 

1000°F 

0.72 to 0.77 

0.75 

1500°F 

0.63 to 0.70 

0.71 

2000°F 

0.47 

0.61 

AI-AEC-13078 

88 



detailed study of i r rad ia t ion p roper t i e s showed co ld-pressed and s intered UOX 
(35) powder with 0.5% MgO to be a m o r e stable ma te r i a l . P re l i ra inary studies 

w e r e init iated with the Thermalox m a t e r i a l , including the shock and vibration 

t e s t s on BeO retent ion raethods, as it was on hand. 

Density, grain s ize , and modulus of rupture tes t s were conducted on un­

i r r ad i a t ed Therraalox-995 BeO. Tes t samples were inade from co ld-pressed 

and s in tered blocks approximately 4 -1 /2 in. in d iameter by 6 in. long. Similar 

t e s t s w e r e a lso made on co ld -p ressed and s in tered UOX + 0.5% MgO BeO used 

for the development d rum. Tes t data a r e tabulated in Table 14. It was found 

that the density of Thermalox-995 BeO w^as slightly l ess at the center of the 

block tes ted than at the per iphery at one end. Grains in the center of the 

Thermalox-995 BeO block showed a slightly l a r g e r average and maximura grain 

s ize at the sur face . 

Thermalox-995 raodulus-of- rupture samples were all core -dr i l l ed within a 

1-in. c i rc le at the center of each block, and the longitudinal axis of each sample 

was pa ra l l e l to the longitudinal axis of the block. UOX -f 0.5% MgO samples 

r e p r e s e n t both axial and radia l orientat ion of the reflector block, Modulus-of-

rupture values of the axial saraples w^ere l e s s sca t te red than for radia l samples . 

Emit tance m e a s u r e m e n t s of both the Therraalox-995 BeO and the UOX + 

0,5% MgO w^ere made . The Thermalox was m e a s u r e d between 100 and 2000° F , 
(27) Table 15 s u m m a r i z e s the emit tance data for both m a t e r i a l s . It can be seen 

that both grades of BeO suffer an emit tance loss above 1500° F , with the 

Thermalox dropping off sooner and to a g rea t e r degree . 

Mate r ia l compatibil i ty test ing was ini t iated to study the in teract ion between 

the bery l l ium oxide, absorber , and cladding m a t e r i a l s . The tes t s were conducted 
_ 7 

at 1800 and 2000° F at 1 0 t o r r a i r p r e s s u r e . Table 16 l i s t s ma te r i a l couples 

studied and F igure 40 shows typical corapatibility t es t specimens assembled 

pr io r to the rmal -vacuura tes t ing. 

After 4000 hour s , a severe react ion between two couples of Ta-lOW and 

Hastel loy-N was observed. No other react ions w^ere apparent . An amalgara had 

occur red at this in terface and was extruded out due to the p re - load on the 

s ample s . The react ion zone was approxiinately 60% Ta, 33% Ni, and 7% Mo 

with the react ion products being binary sys tems of Ta-Mo, Ni -Ta , and Ni-Mo. 

This react ion is shown in F igure 41 . 
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4-25-69 7759-40172 

Figure 40. P r e - T e s t Compatibility Coupons 

' 

1-5-70 7759-40457 

Figure 41. Reaction Zone after 4000 Hours of Compatibility Testing 
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TABLE 16 

MATERIAL* COMPATIBILITY TEST COMBINATIONS 

BeO vs Ta-lOW 

TZM 

Hastel loy-N 

Cb-752 

Ta-lOW vs Cb-752 

Hastel loy-N 

TZM vs Cb-752 

*For abso rbe r retaining bands and cladding 

Testing was t e rmina ted after 12,000 hou r s . Visual examination showed the 

same Hastel loy-N and Ta-lOW react ion on other coupon s tacks , and no other 
(Z 8) reac t ions were evident. Hastel loy-N was dropped from further considera­

tion as a BeO bonding or cladding raa te r ia l . 

b . Absorber Mate r ia l Selection 

P r e l i m i n a r y analys is of react ivi ty requ i rements indicated a 3-in, -thick 

be ry l l ium oxide ref lector would provide sufficient excess react ivi ty for the ZrH 

reac to r design life. Because the reac to r was designed for 4?T shielding, the 

void-backed drums would not be effective. Poison- or absorber -backed drums 
(37) there fore becarae the re fe rence design, 

A survey was made to de te rmine con t ro l -d rum worth for var ious poison 

m a t e r i a l s . All m a t e r i a l s except the following th ree , were rejected for reasons 

of cost, fabricabil i ty, or stabili ty at high t empera tu re in radiat ion. 

1) Boron (natural or enriched) 

2) Europium Oxide (Eu^O.,) 

3) Tantalum - 1 0 wt % tungsten (Ta-lOW) 

Table 17 shows a compar ison of re la t ive drum worth for various poison 

back configurations. 
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TABLE 17 

DRUM WORTH FOR VARIOUS POISON MATERIALS 

Poison Mater ia l 

100% dense B C 

40% boron in graphite 

40% enriched (92% B^°) boron in graphite 

93% dense Eu^O^ 

60% Eu^O^ in Ni 

60% E u - O , in Ni c e r m e t s 

60% Eu_0 in s ta in less s teel with 25% hole fraction 
filled with 93% dense Eu^O 

Ta-lOW 

Ta-lOW with 25% hole fraction, filled with 93% 
dense Eu O^ 

Worth of Ten Drums 
($) 

12.55 

10.50 

15.10 

11.75 

10.15 

10.05 

10.56 

10.70 

10.96 

1 0 The enriched B in graphi te s intered to B .C shows the g rea te s t wor th , but 

B ,C has a dis t inct disadvantage of hel ium production through the (n, a.) reac t ion 

and could p re sen t a growth problem. The Ta-lOW is much heavier than the 

other candidates . Eu-,0., compacted with Ni or s ta in less s teel offered good high 

t e rapera tu re s t rength and no gas production, and was therefore chosen as the 

re fe rence design. An in-house p r o g r a m was ini t iated to develop fabricat ion of 

Eu_0„ in Ni c e r m e t s . Pe l le t s of 60 wt % r a r e ear th oxides in Ni w e r e succes s ­

fully hot p r e s s e d at 2280° F to 88,4% theore t ica l densi ty. The B , C was chosen 

as a backup assuming the gas production could be accommodated. 

In a continuing compar ison study between the Eu„0_ in Ni and Ta-lOW 

a b s o r b e r s , it was decided to stop development work on the Eu^O., and fabr icate 

the re ference abso rbe r frora Ta-lOW, Lack of well-defined thermoraechanical 

p rope r t i e s , niobium, and observed high t e rapera tu re subliraation of the nickel 

binder al l combined to discontinue i ts use . Ta-lOW, while present ing a weight 

penalty of 27 lb (85 lb vs 58 lb) for the control d rum, was a s tandard high-

strength re f rac tory alloy available from severa l manufac tu re r s v/ith well-defined 
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p r o p e r t i e s , i t i s a l s o m a c h i n a b l e and w e l d a b l e us ing conven t iona l t e c h n i q u e s . 

R e s u l t s of a t h e r m a l a n a l y s i s on the two d r u m conf igu ra t i ons i s shown in 

Tab le 18. The b e t t e r t r a n s f e r of h e a t away f r o m the d r u m wi th a s e c t o r of 

t a n t a l u r a vs t r a n s f e r in the m u l t i l a y e r e d E u ^ O ^ a s s e r a b l y r e s u l t e d in a l o w e r e d 

BeO t e m p e r a t u r e . 

T A B L E 18 

P E A K DRUM T E M P E R A T U R E S AT 12 00 kwt 
( °F) 

Drura Posi t ion 

Absorber Out 

BeO 

Absorber 

Cb strongback 

Absorber In 

BeO 

Absorber 

Cb strongback 

Absor t 

Eu„0 in 

1930 

1620 

1750 

1800 

1940 

1850 

Ni 

e r 

Ta-lOW 

1820 

1680 

1710 

1850 

- -

A s tudy -was i n i t i a t e d to d e t e r m i n e -whether coa t ings would be r e q u i r e d on 

the T a - l O W to p r e v e n t ox ida t ion e r a b r i t t l e m e n t and a l s o to e n h a n c e e m i t t a n c e . 

M a t e r i a l c o m p a t i b i l i t y t e s t s w e r e i n i t i a t e d ( d i s c u s s e d above u n d e r BeO s e l e c ­

t ion) to s tudy any i n t e r a c t i o n s b e t w e e n the v a r i o u s r e f e r e n c e or b a c k u p i n a t e r i a l 

c o m b i n a t i o n s . 

Con t inued e f for t s to d e c r e a s e s y s t e m w e i g h t r e s u l t e d in a raodi f ica t ion of 

t h e a b s o r b e r d e s i g n by l o c a t i n g two l . l 2 5 - i n . - d i a r a e t e r h o l e s t h r o u g h the full 
(38) 

l eng th of the a b s o r b e r . T h e T a - l O W r e r a o v e d w a s r e p l a c e d by s e g r a e n t e d 

s l u g s of B . C ( F i g u r e 42) and r e s u l t e d in (1) an i n c r e a s e in d r u m ne t w o r t h of 

$1.70 and (2) a d e c r e a s e in w e i g h t and u n b a l a n c e d m o m e n t , r e s p e c t i v e l y , f r o m 

81 lb and 60 in . - l b to 60 lb and 31 in . - l b (25% and 47% d e c r e a s e s , r e s p e c t i v e l y ) . 

The so l id T a - l O W a b s o r b e r c o n c e p t w a s r e t a i n e d on D e v e l o p m e n t D r u m No. 1 

wh ich w a s a l r e a d y f a b r i c a t e d and u n d e r g o i n g t h e r r a a l and v i b r a t i o n t e s t i n g to 
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Figure 42. End View^ of Development Drum No. 2 
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evaluate BeO reflector block retaining inethods reliabil i ty. The Ta-lOW 

absorbe r with B.C inse r t s was subsequently fabricated, assembled, and sub­

jected to a cr i t ica l i ty tes t . 

At this point, the ZrH p r o g r a m was reor iented and the absorber studies 

were te rmina ted . The basic concept of the Ta-lOW absorber - s t rongback with 

the B .C inse r t s to dec rease weight and enhance drum worth was proven to be 

the p r e f e r r e d design. The composite absorbe r is shown in Figure 42. 

e. Coatings for Refractory Metals 

Following selection of Ta-lOW for the reference absorber ma te r i a l , a study 

was initiated to investigate possible coatings to (1) prevent oxidation erabr i t t le ­

ment of the Ta-lOW, and (2) to enhance i ts surface emittance and heat d iss ipa-
(38) tion. ^ ' 

Based on previous exper ience and a brief l i t e ra tu re survey, an aluminide 

coating appeared mos t prorais ing of the coatings being investigated. A 0.001-in.-

thick aluminide coating, Vac-Hyd Co. Coating No, 9, was applied to Ta-lOW 
(39) coupons.^ The coated coupons and identical bare mat t finished Ta-lOW 

coupons were bend tes ted and m e a s u r e d for emittance before and after 50 t h e r -
_7 

mal cycles between 400 and 2000° F at 10 t o r r . Table 19 shows emit tance 

r e s u l t s . 

TABLE 19 

TEST COATING EMITTANCE DATA 

Coupon 

Bare Ta-lOW 
(Matt finish) 

Vac-Hyd Coated 

Terapera ture 
(°F) 

1000 

1500 

2000 

1000 

1500 

2000 

Emittance 

P r e - T h e r m a l 
Cycle 

0,23 to 0,26 

0.24 to 0.27 

0.25 to 0.27 

0.90 

0.91 to 0,92 

0.92 

P o s t - T h e r m a l 
Cycle 

0.24 

0.76 to 0.77" 

0,86 to 0,87' 

*Side with coating flaked off 
tSide with coating intact 
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Inspection of the coated specimen following thernaal cycle tes t ing showed 

heavy spalling of the coating on one side of the coupons and the coating appeared 

to be nault i layered. The inner layer remained well bonded to the subs t ra te . 

Even though the coating emit tance was acceptable , spalling of the coating made 

it unacceptable as smal l pa r t i c l e s could fall into the d rum bear ings and resu l t 

in thei r se izure . 

The coated Ta-lOW s t r i p s , 0.010 in. thick, were subjected to bend t e s t s 

before and after t h e r m a l cycling. P r i o r to t h e r m a l cycling, the coatings 

cracked when bend around a 1/2-in. r ad ius , but were uneffected by a 1-in. 

radius bend. Similar r e su l t s were obtained with the coating st i l l adherent to 

p o s t - t e s t s t r i p s . F igure 43 shows the p o s t - t h e r m a l t es t condition of emit tance 

and bend t e s t coupons. Following these fa i lures , an i ron- t i tana te coating was 
(25) se lected to rep lace the aluminide. Due to poison prob lems with the originally 

selected Ta-lOW cladding for the BeO, new claddings were being fabricated 

from a niobiuin (columbium) allov Cb-752, m a t e r i a l . 

2-11-69 7759-4084 
F igure 43 . Aluminide Coating Coupons 

Following The rma l Cycling 
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Table 20 shows the selection of oxidation prevention and eraittance enhance­

ment coatings selected for Development Drum No. 2. 

TABLE 20 

DRUM DEVELOPMENT NO. 2 MATERIALS AND COATINGS 

Component 

Absorbe r 

Reflector Bands 

Cladding 

Substra te 

Ta-lOW 

C b - l Z r 

C b - l Z r 

Base Coating 

Tungsten 

Molybdenum 

Tungsten over 
molybdenum 

Emittance 
Coating 

Iron t i tanate 

None 

Iron t i tanate 

The tungsten and Fe~TiOr coatings on the absorber a r e both plasmia-sprayed 

coatings and a re 0.001 and 0.004 in, thick, respect ively . The molybdenum 

and tungsten on the ref lector bands and cladding a re chemically vapor-deposi ted 

(CVD) coatings about 0.001 in. thick. The CVD tungsten is n e c e s s a r y over the 

molybdenum, as Oak Ridge National Labora to ry experience show^s the Fe^TiOj. 

will not p roper ly adhere to CVD molybdenum. 

Coating proof- tes t ing was conducted in two phases with (1) endurance t e s t ­

ing at 1600° F at 50 mic rons p r e s s u r e , a i r , for 240 hours , and (2) ten the rmal 

cycles to 1800°F at 50 ra ic rons . The endurance tes t p a r a m e t e r s were 

selected to per in i t the uncoated C b - l Z r cladding m a t e r i a l to absorb oxygen 

equivalent to that expected in a 20,000-hour ground tes t . Table 21 shows the 

samples w^hich w e r e tes ted . In al l c a s e s , the iron t i tanate adhered only to the 

p l a s m a - s p r a y e d tungsten undercoat . Analyses of the specimens showed un­

coated subs t ra te s gained about 1% (10,000 ppm) oxygen during endurance test ing, 

while CVD-coated specimens gained about 250 ppm of O^ and p l a sma- sp rayed 

specimens gained about 2500 ppm of O^. F igure 44 shows typical pos t - t es t 

specimens with adherent and failed coat ings. 
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^ 

w 

7759-40585 
a. Adherent Coating P la sma-Sprayed W + Fe^TiOr 

7759-40583 

b. Fai led Coating CVD-Sprayed W + P la sma-Sprayed Fe2Ti05 

F igure 44. Pos t -Endurance Proof-Coat ing Tes t Specimens 
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TABLE 21 

COATING PROOF-TEST SPECIMENS 

Substrate 

Ta-lOW 

C b - l Z r 

Undercoat 

None 

W(CVD) 

W(CVD) + Mo(CVD) 

W(CVD) + Mo(CVD) 

W(plasma spray) 

W(plasraa spray) 

W(CVD) + Mo(CVD) 

W(CVD) + Mo(CVD) 

W(CVD) 

W(CVD) 

W(plasma) 

W(plasraa) 

Emittance 

Iron t i tanate 

-

-

Iron ti tanate 

-

Iron t i tanate 

-

Iron t i tanate 

-

Iron t i tanate 

-

Iron t i tanate 

Test Result 

Iron ti tanate 
flaked off 

Iron t i tanate 
flaked off 

OK 

Iron ti tanate 
flaked off 

Iron t i tanate 
flaked off 

OK 
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TABLE 22 

SNAP lOA POSITION SENSOR AND DEMODULATOR REQUIREMENTS 

Requirement 

1. Angular range 

2. Temperature range 

3. Accuracy 

4, Linearity 

5. Repeatability (as 
function of 
temperature) 

6. Repeatability (vs 
power supply 
variations) 

7. Torque 

8. Electr ical pov/er 
requirements 

9. Electr ical output 

System 

135° 

-

±3% 

-

-

±3% 

-

-

Sensor 

135° 

30 to 500°F 

±2,5% 

±4% (±2% zero base) 

±20 min (at fixed 
temperature) 

-

4 in,-oz 

26 v rms ±1%, 1<^,400 Hz 
±0,02% 

3.8 ±0.2 v rms , l<jt, 
400 cps ±0.02% at zero 
and 135° electr ical null at 
67,5° 

Demodulator 

-

0 to 140°F 

±0.5% 

-

±1.0% (through 0 to 140° F) 

±1% (with ±10% variation on 
28 vdc and ±5% on 115 vac 
supplies) 

-

2 va, 115 ±2.3 vrms , 400 Hz 
±0.02%, 1.5 w, 28 ±0.56 vdc 

0 to 5 vdc in 135° (coarse) 
0 to 5 vdc in 30° (fine) 

TABLE 23 

EVALUATION OF SENSING SYSTEM CONCEPTS 

Type Advantages Disadvantages 

Potentiometer 

Synchro-resolver with 
control t ransformer and 
servo amplifier 

Variable capacitance 
sensor 

Digital magnetic pickup plus 
digital to analog converter 

Variable reluctance sensor 
with ac to dc demodulator 
package 

Minimum need for demodu­
lator circui try. 

Relatively insensitive to 
tempera ture variat ions. 

Simplicity of construction. 
Ruggedne-ss. 

Simple sensor construction. 
Insensitive to temperature 
variat ions. 

Simple rugged construction 
of sensor (no wipers or 
contacts). 

Self-welding problems with 
wiper-element contact. 

Complexity and weight. 
Self-welding problem with 
rotor wipers . Cost, 

Possible effects due to 
cabling capacitance. Com­
plex demodulation circui try. 

Complex and bulky e lec­
tronics converter package. 
High system weight. 

Sensor t empera ture -
sensitive. Relatively 
complex demodulator. 
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C. MISCELLANEOUS COMPONENTS 

Each of the above r eac to r sys t ems requ i red a var ie ty of control and diag­

nost ic components which w e r e init ial ly developed for the SNAP lOA reflector 
(4) a s sembly and were used with l i t t le change on succeeding s y s t e m s . These 

i t ems include the d r u m position s e n s o r s , l imi t switches, the squib-type d rum 

launch lock and EOL shutdowr m e c h a n i s m s , descr ibed in the following pa ra ­

graphs . In addition, developraent of spring and e lec t r ica l cable technology is 

p resen ted . 

1. Posi t ion Sensors 

I t i s n e c e s s a r y to moni tor the posit ion of the reac tor control drums during 

the operating life of the sys tem. This information provides a continuous record 

of react iv i ty changes in the r eac to r caused by t empera tu re changes, fuel burnup, 

and /o r hydrogen l o s s . Drum position data is a lso useful in diagnosis of ma l ­

functions or fa i lures of the d r u m dr ives or other portions of the sys tem, 

a. SNAP lOA 

The position sensor is mounted on the ref lector assembly with i ts rotor 

shaft coupled to the con t ro l -d rum shaft. The demodulator package supplies the 

sensor with regulated 400 cps , a -c voltage, and converts the sensor output a -c 

signal , which va r i e s in ampli tude and phase as the drum is rotated, to a d-c 

r amp voltage compatible with the flight vehicle t e l emet ry sys tem. The demod­

ula tor i s mounted below the shield to pro tec t i ts electronic components f rom 

seve re radiat ion. Design r equ i r emen t s for the SNAP lOA position sensor a r e 

l i s ted in Table 22, and var ious sensing sys tem concepts a r e evaluated in 

Table 2 3, The r equ i remen t s of SNAP 2 and 8 sensor s a r e s imi la r except for 

i n c r e a s e s in operating t e m p e r a t u r e s . 

The var iable re luc tance senso r , essent ia l ly a ro ta ry differential t r a n s ­

f o r m e r , was chosen as the bes t overal l design for development. It consis ts of 

two main subassembl i e s , the s ta tor and ro to r . The stator contains the sensor 

windings and the journal bea r ings . There a r e th ree windings, of the simple 

bobbin-wound type. The ro tor consis ts of a nonmagnetic shaft and a magnetic 

ro to r shaped so that the mutual coupling between the p r i m a r y and one secondary 

is a t a max imum when the coupling with the other is at a minimum. The second­

a r y windings a r e connected e lec t r ica l ly in s e r i e s with opposing polari ty. A 

c r o s s section of the sensor i s shown in F igure 45. 
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FLAME-SPRAYED ALUMINA 
BEARING SURFACES 

BELLEVILLE 
SPRING 

ADJUSTING 
WASHER 

FIXED POLE 
PIECES 

GRAPHITE 
BEARINGS 

WINDINGS 
(PRIMARY AND SECONDARY) 

ELECTRICAL 
CONNECTOR 

FIXED POLE PIECES 

6-3-64 

GRAPHITE 
BEARINGS 

Figure 45. C r o s s Section of SNAP lOA Variable 
Reluctance Posi t ion Sensor 

7623-0330 

The magnet ic por t ions of the sensor a r e fabricated of Relay No, 5 s teel and 

Type 416 s ta in less s teel . The nonmagnetic port ions a r e t i tanium. The bear ing 

surfaces on the shaft a r e f l ame-sprayed and ground alumina, working against 

graphite journal bea r ings . The bear ing n e a r e s t the shaft extension is both a 

rad ia l and th rus t bear ing . MoS^ dry-f i lm lubricant is applied to the rubbing 

surfaces during the a s sembly p r o c e s s . A sp l i t -washer adjusting disc is used 

to es tabl ish the ro to r position and the sensor null point, and to insure adequate 

l inear output range . 

The windings a r e ce ramic - insu la t ed , n ickel -c lad copper wi re (AWG No. 32), 

encapsulated with phosphate-bonded c e r a m i c potting compound. Glass fiber tape 

is used for coil form insulation. A high t empera tu re e l ec t r i ca l connector is 

used. 

b. SNAP 8 

The SNAP lOA posit ion sensor was modified to opera te in the higher t e m ­

pe ra tu r e and longer life environment of SNAP 2 and S8DRM, However, during 

development tes t ing of S8DRM, problems were encountered and the position 

sensor was redes igned for S8DR operat ion. F igure 46 shows the redesigned 

sensor . Following redes ign , tes t ing was init iated to verify the operat ing cha r ­

ac t e r i s t i c s of the new position sensor . 
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4-20-65 7568-551419 
F igure 46. S8DR Posit ion Sensor 

Two modified S8DR design posit ion senso r s completed 12,000-hour endur­

ance t e s t s at 800°F and 10 t o r r . Two other sensors completed 200 the rma l 

cycles to 800° F and a 5000-hour endurance tes t at 800° F . Eight sensors suc­

cessfully operated throughout the life of the S8DR reac to r . 

The two units functioned p roper ly without incident throughout the 12,000-hour 

endurance t e s t s . As observed with the f i rs t two uni t s , considerable sca t ter 

existed in the output w^inding voltage readings with the input cur ren t held con­

stant, and with the input cu r ren t adjusted so that the sum of the output voltages 

was maintained constant. The magnitude of the sca t ter approached the equivalent 

of 10° rotat ion. 

The r o o m - t e m p e r a t u r e and 800° F insulation r e s i s t ances of both units r e ­

mained high throughout the t e s t as shown on Table 24. Room- tempera tu re r e ­

s i s tances for both units and 800° F r e s i s t ance of SN004 decreased slightly with 

t ime , while the 800° F r e s i s t ance of SN003 showed an upward t rend with t ime. 
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The shaft to rques , as seen on Table 25, changed very l i t t le as a resu l t of 

12,000-hour endurance test ing, show^ing a slight upward t rend. All values 

were -well -within the specification l imit of 4 in . -oz . 

TABLE 24 

S8DR POSITION-SENSOR RESISTANCE AT 50 VOLTS BEFORE 
AND AFTER 12,067 HOURS AND 61 THERMAL CYCLES 

Te rmina l s 

A-C 

A - E 

C - E 

A-GND 

C-GND 

E-GND 

Res is tance 
(megohms x 1000) 

Room Tempera tu re 

SN003 

Before 

200 

200 

oo 

200 

oo 

16 

After 

1.6 

3.0 

4.0 

10.0 

11.0 

13.0 

SN004 

Before 

150 

150 

600 

200 

oo 

150 

After 

16.0 

14.0 

20.0 

10.0 

18.0 

9.0 

800° 

SN003 

Before 

0.17 

0.18 

0.95 

0.06 

1.40 

2.50 

After 

3.0 

40.0 

40.0 

0.090 

1.7 

3,0 

F 

SN004 

Before 

0.70 

0.70 

1,90 

0.95 

2.80 

1.90 

After 

4,0 

0.25 

1.60 

0.16 

0.90 

0,095 

TABLE 25 

ROOM-TEMPERATURE SHAFT TORQUE 

Direction 

CW 

ccw 

Shaft Torque 
(in.-oz) 

SN003 

Initial 

0.8 

0.6 

End 

0.8 

0.8 

SN004 

Initial 

0.5 

0.5 

End 

0.7 

0.8 
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2. Limit Switches 

Limit switches a r e used to indicate cont ro j -drum full-in, in te rmedia te , and 

full-out posi t ions , and to indicate ref lec tor ejection,^ Signals obtained from 

the switches a r e used for control purposes or a r e del ivered to the t e l emet ry 

sys tem and t r ansmi t t ed to receiving stat ions for diagnostic purposes . 

The linait switches m u s t be capable of operat ion in the t empera tu re , vacuum, 

and i r rad ia t ion environment in the vicinity of the r eac to r throughout the reac tor 

operat ional life. The switches mus t a lso be capable of withstanding the shock 

and vibrat ion of launch. 

a. SNAP lOA 

SNAP lOA l imit switches were requ i red to indicate the full-out and full-in 

d rum posi t ions , and to indicate when the ref lector half was ejected. Each switch 

operated only once, but was qualified to 1000 cycles . They w^ere required to 

opera te on 28 vdc unregulated at 2 m i l l i a m p e r e s and to operate with a force of 

18 oz or l e s s . 

The development p r o g r a m consisted of surveying commerc ia l ly available 

switches , evaluating p romis ing ones , modifying the designs, and comprehen­

sively tes t ing the final designs. Several commerc ia l ly available high t e m p e r a ­

tu re l imit switches were evaluated to de te rmine whether any appeared capable 

of modification to mee t the environmental r equ i rements of the SNAP lOA reac to r 

application. One switch was selected as the mos t promis ing for development 

modification to mee t the r equ i r emen t s . The switch is shown in Figure 47, It 

is a snap-act ion switch using a p r e - s t r e s s e d leaf spring to produce this action. 

A ro l l e r actuator is normal ly used with the switch, to prevent side loading of 

the plunger due to cam friction. 

b . SNAP 8 

Two types of swi tches , a snap-act ion and a shor t ing-bar design, were in­

vest igated for use on SNAP 8. 

(1) Snap-Action Switch 

The snap-act ion design is based on a switch which has previously been 
(13) successfully tes ted at 1000° F in a i r . Modifications were made for vacuum 
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9-16-63 7622-5538 
F igure 47. SNAP lOA Limit Switch 

environment p r i m a r i l y to prevent galling of rubbing meta l p a r t s . One modifi­

cation is the application of dry-f i lm lubricant to rubbing p a r t s , a technique 

which was providing sat isfactory pe r fo rmance in the S8DS s c r a m mechan i sm 

t e m p e r a t u r e - v a c u u m per formance t e s t s . Another approach involves modifi­

cation of the switch to substi tute a graphite plunger to el iminate m e t a l - t o - m e t a l 

bear ing surfaces . F igure 48 shows the switch as modified for SNAP 8 u se . 

Five of these switches , th ree in the nonactuated posit ion and two with the 

plunger depressed , were tes ted in a vacuum of 10 m m Hg at 1000° F for a 

per iod of 3 weeks . Examination of the p a r t s after the t e s t revealed that the 

two p lunge r -dep res sed switches had failed by cracking of the snap-act ion spring 

actuating force for the other th ree switches remained approximately the same 

as before the t es t . Two other d ry- f i lm- lubr ican t coated switches , one with the 

plunger depressed and one in the nonactuated posit ion, were tes ted in an a i r 

furnace at 1000°F for a per iod of 3 weeks . The force requ i red to "make" the 

nonactuated switch under heat tes t w^as checked per iodica l ly . The actuating 

force was e r r a t i c on the normal ly open sw^itch while undergoing the make and 

b reak force t e s t poss ible due to difficulties w^ith the t e s t f ixture. Measu remen t s 

at room t e m p e r a t u r e at the end of the tes t showed a d e c r e a s e from the original 
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3-5-64 7568-0907 

Figure 48, Modified IHTl Microswitch 

nominal force of 14 oz to approximately 8 oz. Hence, this switch concept was 

not acceptable . 

(2) Shor t ing-Bar Switch 

The shor t ing-bar switch, a s low-make-and-break type, is shown in cutaway 

in F igure 49. This switch does not use any highly s t r e s s e d snap-act ion spr ings. 

When the plunger is depressed , switching occurs when the movable graphite disc 

contacts the t"wo fixed contacts and provides a low re s i s t ance path between them. 

The contacts a r e formed from the pins of the e lec t r ica l connector which is an 

in tegra l pa r t of the assembly . 

The shorting ba r switch proved to have^ the mos t advantages for SNAP 8 uses 

and was subjected to a s e r i e s of t he rma l -vacuum and life operational t e s t s . 

Table 26 summar i ze s the tes t h i s to ry of the switch. The rel iabi l i ty of the 

switch was es tabl ished and accepted for system operation. 
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TABLE 26 

SNAP 8 LIMIT SWITCH TEST SUMMARY 

Tes t 

Development 

Scram Kit 

I r rad ia t ion 

Verification 

Reflector 

S8DR Operat ion 

S8DR Development 

Number 

14 

3 

2 

8 

17 

32 

2 

78 

Total Unit 
(hr) 

118,702 

38,522 

6,100 

88,882 

>17,000 

>224,000 

24,114 

517,320 

Total Unit 
The rma l 
Cycles 

1212 

614 

10 

366 

>850 

>480 

116 

3648 

Maximum 
Time Unit 

(hr) 

24,807 

15,508 

3,050 

14,804 

>1,000 

>7,000 

12,057 
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3, Tempera tu re Sensor Switch 

The function of the t e m p e r a t u r e sensing device is to provide a contact 

c losure when the r eac to r outlet coolant t empe ra tu r e drops below a p re se t l imit . 

The t e m p e r a t u r e switch contacts a r e in the s tar tup control ler input circui t and 

when opened, init iate co r rec t ive action of the control sys tem by stepping the 

ref lector control d rums "in" to r a i s e the system, react ivi ty level.^ 

The t e m p e r a t u r e detector provides voltage signals to the t empera tu re switch 

which a r e propor t ional to the r eac to r outlet coolant t e m p e r a t u r e . The detector , 

in conjunction with the switch, es tab l i shes the l imi ts of the reac tor deadband 

and commands the cont ro l ler to dr ive the d rums whenever the outlet coolant 

t e m p e r a t u r e p a s s e s outside th is deadband. 

The t e m p e r a t u r e switch rece ives the output of the r e s i s t ance t empera tu re 

de tec to rs (RTC's) and provides signals to the control ler whenever the reac tor 

outlet coolant t e m p e r a t u r e p a s s e s outside the deadband l imi ts as defined by two 

p r e s e t points . 

F igure 50 i l l u s t r a t e s the final design of the SNAP lOA detector . The de­

vices were selected based on simplici ty, availabil i ty from commerc ia l sources , 

and accumulated exper ience in the industry . Evaluation test ing of the units was 

conducted and proved to mee t SNAP lOA requ i r emen t s . The only problems en­

countered were isolated ins tances of 5°F drift or m o r e after 500 hours at 1000°F. 

It was recommended that future p r o g r a m s pe rmi t such shor t - t ime drift l i in i ts . 

The S8DS design u s e s a plat inum re s i s t ance t empera tu re detector (RTD) 

which forms one leg of a t h r e e - w i r e Siemens br idge. As the res i s tance of 

the detector changes with t e m p e r a t u r e , the output of the bridge to the control 

winding of a high-gain magnet ic amplif ier in the switch va r i e s accordingly. The 

br idge is adjusted to null at that detector r e s i s t ance corresponding to the t e m ­

p e r a t u r e at the middle of the deadband. 

High- tempera tu re drift tes t ing of t h r ee prototype S8DS detectors was done 

at 1335°F in a i r . One detector , SN-002, accumulated near ly 1000 hours of drift 

tes t ing in addition to the 1000-hour stabil i ty tes t . The 500-hour calibrat ion indi­

cated the detector r e s i s t ance had drifted 0.09 ohms or -0.58° F related to the 
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VOIDS IN WINDING AREA FILLED WITH 20% 09, 80% He; O2REQUIRED TO DECREASE POSSIBILITY 
OF PLATINUM CONTAMINATION; HELIUM IMPROVES HEAT TRANSFER PROPERTIES. 

PLATINUM SENSING ELEMENT: 3 mil DIAMETER 

ALUMINA (AL2O3): PROVIDES SUPPORT AND INSULATION, CAN BE OBTAINED IN VERY PURE STATE, 
EXPANSION COEFFICIENT MATCHES THAT OF PLATINUM VERY CLOSELY. 

PLATINUM PROTECTIVE SHEATH: PROTECTS SENSOR WINDING FROM POSSIBLE CONTAMINATION BY 
TRACE ELEMENTS IN STAINLESS STEEL, IMPROVES HEAT TRANSFER PTOPERTIES. 

STAINLESS STEEL 

7623-0322 

F igure 50. C ros s Section of the SNAP lOA Resis tance 
TeiTLperature Detector 

setpoint. One detector , SN-001, failed during the f i r s t 500 hours of the 1000-

hour stabil izing per iod. The fai lure was found to be an open c i rcui t at the junc­

tion between the element wi re and the plat inum lead 'wi re . SN-003 failed im­

mediate ly following the 1000-hour stabilizing per iod. The fai lure mode of this 

unit was identical to that of SN-001. 

Drift tes t ing at 1300° F of evaluation RTD's was a lso conducted. These de­

t ec to r s w e r e continuously maintained at 1300° F to s imulate l ong- t e rm operat ing 

conditions. They w e r e checked for drift every 500 hours by cal ibrat ion in a 

t r ip le point of wa te r cell (0.01°C) util izing prec i s ion l abora to ry r e s i s t ance 

m e a s u r i n g techniques. Accuracy of th is cal ibrat ion converted to equivalent 

t e m p e r a t u r e at 1300° F is ±0.2° F . Four de tec tors of an original 25 remained 

within the acceptable l imi ts of - 4 ° F shift in 10,000 hour s . RTD No. 5, which 

had shown considerably drift at the 8000-hour cal ibrat ion, failed during the next 

500 hours and was removed from the tes t . The drift in t e r m s of equivalent se t -

point shift is shown in F igure 51. All data a r e referenced to ze ro after a 1000-

hour stabil izing per iod. This stabil ization will be per formed by the manufacture 

on future units p r io r to acceptance . 
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Figure 51 . Res is tance Tempera tu re Detector 
Drift Cha rac t e r i s t i c s at 1300° F in 

Air Environment 

Final checkout of the S8DS de tec tors p r i o r to start ing the design ver i f ica­

tion t e s t s at the vendor ' s facility demons t ra ted very e r r a t i c per formance . Dis ­

a s sembly of one unit revealed c racks in the swaged gold protect ive tubing. The 

c racks were at t r ibuted to contamination originating from a ce ramic sealant used 

to contain the insulating m a t e r i a l inside the swaged gold tubing. Thorough ana­

lys is of these problems and the failure of the f i rs t two prototypes resul ted in a 

complete redes ign of the detector to el iminate the swaged gold tubing and the 

ce r amic sealant , e l iminate a s many joints and connections as poss ib le , and 

improve the design of the connector . The redes ign simplifies the fabrication 

and improves rel iabi l i ty. The redes ign was completed, new pa r t s procured , 

and fabricat ion of the new units init iated. F igure 52 shows the final designs of 

the S8DR RTD, 

Although per formance of the S8DS design development switches, which Avere 

fabricated under controlled l abora to ry conditions, was within specification 

l imi t s , the pe r fo rmance of the f i r s t S8DS sys tem unit was e r r a t i c and very 

marg ina l . An effort was made to optimize the per formance of this switch with 

the r e su l t s given in Table 27. 
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Figure 52. SNAP 8 Plat inum Resis tance Tempera tu re Detector 

TABLE 27 

S8DS SWITCH PERFORMANCE CHARACTERISTICS 

Test Condition 

Arabient T e m p e r a t u r e , 
50 to 120°F 

Normal Room Ambient 

Line Voltage — Regulated 

Hys t e r e s i s 

Setpoint 
Variat ion 

6 - l / 2 ° F 

2°F 

1°F 

4 - l / 2 ° F 

Design 
Requirement 

±2°F 

1-1/2°F 
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In addition to the above per fo rmance c h a r a c t e r i s t i c s , the contact c losure 

re l iabi l i ty was marg ina l . This re l iabi l i ty could be improved only at the expense 

of additional h y s t e r e s i s . Therefore , the above per formance was considered to 

be the optimum for this design switch. 

A breadboard c i rcu i t r epresen t ing a fundamental design revision was fab­

r ica ted and tes ted , and showed improved pe r fo rmance . This approach is based 

on a null sensi t ive pr inciple as compared to the voltage threshold operation of 

the cu r ren t design. Tes t c h a r a c t e r i s t i c s of the revised design a re given in 

Table 28. 

TABLE 28 

SWITCH PERFORMANCE CHARACTERISTICS, 
S8DS REVISED DESIGN 

Test Condition 

Ambient T e m p e r a t u r e , 
50 to 120°F 

Line Voltage ±10% 
Variat ion 

Hys t e r e s i s 

Setpoint Stability 

±1 /2°F 

±1 /2°F 

1 ° F maximum 

This design also exhibited very posit ive contact c losure due to the higher 

inherent gain. A prototype of the rev ised switch was to be assembled and tes ted 

to evaluate per formance , 

4. Cont ro l -Drum Launch Lock 

This a s sembly is composed of two components: (1) the drum re l ease actu­

a to r , and (2) two e lec t r ica l ly - f i red squibs. The drum re l ea se actuator opera tes 
(6) on gas p r e s s u r e supplied by the pyrotechnic explosion of the squibs. The 

design for SNAP lOA was modified only slightly for SNAP 2 and 8. 

a. Drum Release Actuator 

The d rum r e l ea se actuator is a squib-operated mechanical device that p r o ­

vides posi t ive lockout of the control d rums in the leas t react ive position during 

vehicle launch. Upon e lec t r i ca l command p r io r to r eac to r s tar tup, it r e l ea se s 
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the control d rums for rotat ion. There a r e a total of four d rum r e l ea se ac tua tors 

in the r eac to r drum lockout subsys tem. Two e lec t r ica l ly - f i red squibs a r e used 

as a power source for each one-shot d rum re l ea se actuator in which gas energy 

is converted to useful mechanica l output. 

The drum r e l e a s e actuator consis ts of a t i tanium alloy cylinder and a t i t a ­

nium alloy piston, which is in tegra l with the locking pin. F igure 53 shows the 

d i sassembled ac tuator . A lockwire p reven ts pin movement , so that inadvertent 

d rum r e l e a s e will not occur . Two low-voltage M-130 squibs, one for redundancy, 

actuate the piston upon firing and drive the piston from the locked to the r e l eased 

posit ion. The firing of e i ther squib will generate enough force to shear the lock 

wire and pull the pin. In the r e l eased posi t ion, a spring collet r ece ives and r e ­

ta ins the piston to prevent further motion or bounce. The volume of the actuator 
3 

chamber in the locked position is 0.248 in. 

F igure 53. Drum Release 
Actuator , Disassembled 

7-20-62 7573-1804B 
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The drum r e l e a s e actuator was s tat ical ly and dynamically tes ted under 

anabient p r e s s u r e and t e m p e r a t u r e , elevated t empera tu re and vacuum, and low 

t e m p e r a t u r e and vacuum conditions. Variable gas chamber volumes were used 

liL or^der to de te rmine the volumetr ic m a r g i n of safety for rel iable operation. 

Body proof p r e s s u r e t e s t s w e r e per formed to demons t ra te adequate strength. 

Static t e s t s of the drum r e l ea se actuator were performed with the Instron 

tens i le tes t mach ine , and the dynamic t e s t s were performed by firing the 

McCormick Selph M-130 squibs within the actuator . 

Design c r i t e r i a requi red that both squibs be able to fire after undergoing 
_3 

10 t he rma l cycles to 700° F (at 10 t o r r ) , launch vibration and shock loads, 

and a 48-hour soak at 250° F , Either squib is required to re lease the locking 

pin in 10 m s e c under a 5-lb side load. The actuator body must also withstand 

proof loads of 6000 ps i and operate at a nominal 1470 psi . 

In stat ic force t e s t s at ambient conditions, gas p r e s s u r e s less than 460 psi 

were requ i red to r e l ea se the locking pin. In dynamic t e s t s , p r e s s u r e s to 1775 

psi were requi red with full r e l ea se requir ing up to 6.8 m s e c . 

High t e m p e r a t u r e dynainic t e s t s requi red up to 9 m s e c to obtain full pin 
_7 

r e l ea se following actuator soaks at 250° F and 10 t o r r for 48 hours . 

Actuator asse inbl ies survived p r e s s u r e s of 8000 ps i , 5.4 t imes design 

p r e s s u r e , with no dimensional changes or degradation. 

Four f l ight-design drum re l ea se ac tua tors successfully completed full 

qualification test ing. 

b . Squibs 

The squibs used in the drum r e l ea se ac tua tors a r e also used on SNAP lOA 

to init iate expansion compensator lock r e l e a s e , heat shield ejection, and des t ruct 

charge device ejection. The squib is a smal l pyrotechnic explosive capsule 

capable of firing upon application of a 28 v cur ren t . They a re one-shot power 

sources in v/hich gas energy is converted to useful mechanica l output. 

The squibs a r e requi red to operate sat isfactori ly , with 96% rel iabil i ty, fol­

lowing r eac to r checkout, launch shock and vibrat ion loading, and a 48-hour soak 

at 250° F in vacuum. They mus t not fire under 0,5 amp, dc, but must fire with 

full p r e s s u r e r i s e in l ess than 12 m s e c under a 2 to 5 amp cur ren t . 
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The McCormick-Selph M-130 squib was selected as a resul t of a c o m p r e ­

hensive study and sea rch for a suitable squib to mee t SNAP lOA performance 

and environmental r e q u i r e m e n t s . A significant factor in the choice of the M-130 

squib was that it had been prev ious ly qualified by Lockheed Aircraf t Corp. 

(Specification No. 1067248, "Elec t r i ca l ly F i red , P r e s s u r e Sealed Squib") to 

conditions that were s imi la r to SNAP lOA requ i r emen t s . The M-130 Mod. 1 

squib was original ly developed by McCormick-Selph as an init iator for a fuel 

mix ture or propel lant . The squib consis ted of a cadmium-pla ted , low-carbon-

steel case which housed a p r i m e r charge of z i rconium, ammonium pe rch lo ra t e , 

and ba r ium chromate , and a main charge of magnes ium and potass ium perch lo ­

r a t e . The dual initiating br idge wire -was Ni -chrome w i r e . Fo r redundancy 

the re were tw^o independent e lec t r i ca l c i rcu i t s through t^vo sets of connector 

p ins . The charge was sealed by a 0.010-in.- thick a luminum closure potted 

with red epoxy. A ce r amic header he rmet i ca l ly sealed the connector end. The 

p r e s s u r e output of the M-130 squib is approximately 1700 p s i g / m i n in a 2.00 cc 

closed chamber at 70° F. The sure f ire cha rac t e r i s t i c is 2,00 amp, and the 

no-f i re cha rac t e r i s t i c is 0.50 amp. 

Modifications w e r e made to the bas ic squib, including plating the body with 

e l ec t ro l e s s nickel and replacing o- r ings w^ith copper gaske ts , to provide for 

m o r e s t r ingent SNAP 1 OA environmental conditions. 

The development t es t p r o g r a m for the M-130 squibs included the evaluation 

of p r e s s u r e output at severa l bomb-chamber volumes at ambient , high, and low 

t e m p e r a t u r e s , at ambient p r e s s u r e s and vacuum, and after gamma i r radia t ion . 

The input cu r ren t to the squib was var ied to de termine the no-f i re and a l l - f i re 

cri teria. . The bomb chamber containing the squib was equipped with a p r e s s u r e 

pickup connected to an amplif ier . The bomb chamber was placed in a t r ans i t e 

box equipped with h e a t e r s for high t empe ra tu r e t e s t s and a dry ice (CO^) a i r 

cooling sys tem. 

5. Shutdown Mechanisms 

The shutdown m e c h a n i s m s include a group of devices designed to shut down 

the operating reac to r or to inc rease the shutdown m a r g i n of the sys tem w^hen 

it is not operating. These components also provide an end-of-life capabili ty 
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that will d i s a s semble the ref lec tor and control units from the reac to r and allow 

for a m o r e efficient r een t ry burnup. They may be operated by a command signal 

from the ground or from the r eac to r . The ref lector a ssembly (Figures 3 and 

11) is composed of two halves which pivot at the base and a r e held together at 

the top by a retaining band. Springs mounted at the base of each half exer t suf­

ficient force against the ref lec tor to eject the ref lector half unless it is r e ­

s t ra ined by the retaining band. The band can be re leased by e lec t r ica l ly 

energizing a hea te r device which weakens a joint in the band. The hea te r may 

be energized by t e l eme t ry signal or by a malfunction if the malfunction p e r ­

s i s t s longer than 1 min. 

The band can also be r e l eased by a t empe ra tu r e actuated device that severs 

a bolt joint in the band. This may be called an end-of-life device in that the 

ac tuator a r m s or cocks as a resu l t of sys tem t empera tu re inc rease and severs 

a re ta ining bolt when the sys tem t e m p e r a t u r e d e c r e a s e s . 

a. T e m p e r a t u r e Actuated Band Release Device (TABRD) 

To allow for decay of radioact ive m a t e r i a l s before reen t ry , the r eac to r 

mus t be capable of automatic d i sassembly while still in orbit . This d i sassembly 

involves removal of the re f l ec to rs , which a r e spring-loaded and held to the 

r eac to r by a retaining band. Release of the band allows the ref lec tors to pivot 

out and away from the r eac to r . This capability mus t exist even in the event of 

a loss of t e l eme t ry signals . 

In the event the reac tor suffers a NaK coolant loss or a NaK pump fai lure , 

the r eac to r would be unable to produce any usable power. The bat tery-powered, 

e lec t r ica l ly actuated band r e l ea se device would then be employed to d i sassemble 

the r eac to r . Should th is device fail, the t empe ra tu r e actuated band re l ease 

device will operate automatical ly to detach the retaining band and cause the r e ­

f lector ha lves to be ejected from the r eac to r . 

The TABRD is attached d i rec t ly to the NaK outlet pipe in the a r e a just below 

the retaining band. It was decided that the NaK outlet pipe t empera tu re would 

be an excellent indicator of the r eac to r condition as any major failure would 

d e c r e a s e NaK outlet t e m p e r a t u r e . Therefore an automatic t empera tu re -ac tua ted 

device, sensing NaK outlet t e m p e r a t u r e , was selected as a backup for the 
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e lec t r i ca l ly actuated band r e l e a s e device. The TABRD bolt holds the two ends 

of band together . The band tension mus t be r e s i s t ed by the bolt (in shear) for 

the life of the r eac to r . 

b . E lec t r i ca l ly Actuated Band Release Device (EABRD) 

Reactor shutdown is init iated by r e l e a s e and ejection of the neutron re f lec­

t o r s surrounding the r e a c t o r co re . Ejection of these re f lec tors prevents 

r eac to r s ta r tup or shuts down an operat ing r eac to r . The EABRD is one device 

used to shut down the r eac to r . An e lec t r i ca l signal to this device will sever 

the band which holds the . re f lec tor halves together . Once the band is severed , 

the re f lec tors a r e ejected by spr ings . 

Three concepts were init ially proposed for the e lec t r ica l shutdown device. 

These were an explosive p in-pul le r , a solenoid latch, and a r e s i s t ance heat 

switch. The explosive p in-pul le r concept, t e r m e d the ref lec tor band r e l ea se 

ac tua tor , was chosen because of the low weight, s implici ty, and high t e m p e r a ­

tu re and radiat ion capabili ty. La t e r , however , a newer concept, called the 

fusible link EABRD was invest igated and became the final choice. 

(1) Reflector Band Release Actuator (P in-Pul le r ) EABRD (Figure 54) 

The exploding br idge wi re (EBW), squib-powered actuator was considered 

as the actuator for the p in-pul le r because it is an ex t remely effective, compact 

p r e s s u r e genera tor . Two e lec t r i ca l ly - f i red EBW's w e r e used a s a power source 

for the one-shot band r e l ea se actuator in which gas energy was converted to u s e ­

ful mechanica l output. The p r i m e r charge , which is sensi t ive to t e m p e r a t u r e 

soak, is e l iminated in this type of squib. Additionally, the high voltage firing 

initiation requ i rement makes the EBW squibs insensi t ive to ord inary shock, 

s t ray c u r r e n t s , and radio frequency energy. 

(2) Fus ib le Link EABRD 

A second EABRD concept consis ted of two concentr ic hollow cyl inders joined 

together with a low melt ing point b r aze alloy and with a heating e lement encap­

sulated inside these cyl inders to provide in terna l heat generat ion. This concept 

was designed to opera te at 28 volts and actuate in 5 sec or l e s s after voltage is 

applied. Product ion control to achieve a uniform and repeatable b raze a r ea 

proved unsuccessful and the concept was modified to e l iminate the b r a z e . 
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10-17-62 7573-5135a 

Figure 54. Disassembled Band 
Release Actuator 

(3) Rene 41 Tube EABRD 

A single tube Rene EABRD housing was designed to e l iminate the need for 

braz ing. In th is design, band r e l e a s e r e su l t s from rupture of the thin tube-wall 

when the hea t e r is energized, as opposed to mel t ing a brazed joint in the previous 

design. The exper ience gained from development of the previous designs was 

factored into the new design. F igure 55 shows the assembled EABRD and also 

an EABRD housing and hea te r before final assembly . Numerous per formance 

t e s t s were conducted on the single tube Rene 41 EABRD design at these t e s t 

conditions. The t e s t s resul ted in acceptable separat ion t ime and energy input; 

the nriaximum values obtained were 17 sec to separa te , with 1320 wa t t - sec input 

energy. 

To de te rmine the s t ruc tu ra l quality of the single tube design, it was sub­

jected to a s h o r t - t e r m tens i le t es t . The pul l - tes t was conducted at 700° F (140% 

of the expected operat ing t empera tu re ) . Rupture of the housing occur red in the 

end fitting at a tens i le load of 690 lb (380% of the nominal design load). 
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10-13-64 7623-1223A 

F igure 55. Reference SNAP lOA Design Elec t r ica l ly Actuated Band 
Release Device (EABRD) Assembly 

A method of supporting the hea te r cable to survive launch loads was inves t i ­

gated. Several types of cable r e s t r a in ing devices w e r e instal led on the single 

tube Rene 41 EABRD as sembl i e s which were subjected to vibrat ion and shock 

tes t ing at the qualification t e s t l eve l s . EABRD as sembl i e s without cable r e ­

s t ra in t s were a lso tes ted. The e lec t r i ca l c h a r a c t e r i s t i c s of the EABRD a s s e m ­

bl ies w e r e not affected by the vibrat ion and shock tes t ing. However, chipping 

of the alumina adapter , and movement between the adapter and the bobbin were 

observed on EABRD as sembl i e s without cable r e s t r a i n t s . The mos t sat isfactory 

cable r e s t r a i n t design was a U-bolt and backup plate configuration which clamped 

the cable to the s t ruc tu ra l housing. This design el iminated the alumina adapter 

and encapsulated the fer rule which at tached the cable a r m o r to the hea te r bobbin 

inside the EABRD housing. A favorable feature of th is design was that al l potting 

m a t e r i a l was contained inside the housing and would not fall into other r eac to r 

components if flaking occur red . 

During the final development s t ages , the re fe rence design EABRD assembly 

was subjected to nineteen (19) firing t e s t s , two (2) s h o r t - t e r m tens i le t e s t s at 

700° F , and s ix (6) shock and vibrat ion tes t s at the component qualification tes t 

levels . 
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The single tube Rene 41 EABRD assembly with the one-piece hea ter bobbin 

and the U-bolt cable r e s t r a i n t was selected as the reference design for SNAP lOA. 

The selection was based on the ease of fabrication, the elimination of c r i t i ca l 

p r o c e s s b r aze r equ i r emen t s , and the repeatabi l i ty of performance data (Table 29). 

TABLE 29 

SNAP 8 EABRD FIRING TEST DATA 

EABRD 
Sample 
Number 

22 

24 

Housing 
Material 

Rene 41 

Rene 41 

Temper­
ature 
(°F) 

650 

70 

Tensile 
Load 
(lb) 

650 

600 

Heater 
Resistance 

(ohms) 

0.294 

0.310 

Line 
Resistance 

(ohms) 

0.54 

0,54 

Wall 
Thickness 

(m. ) 

0.0125 

0.012 

Heater 
Wire 

Diameter 
( in . ) 

0.020 

0.020 

Material 

Tantalum 

Tantalum 

Time to 
Separate 

(sec) 

11.7 

16.4 

Total 
Energy 

(watt-sec) 

2800 

4000 

Remarks 

Satisfactory 
separation 

Satisfactory 
separation 

In the final design (Figures 56 and 57), a 0 .040- in . -d iameter tantalum wire 

was passed through the center of a lavite bobbin and a 0 .020- in . -diameter tan­

ta lum wire was wound around it; the tanta lum wi re s were joined together at one 

end of the bobbin and joined to individual lead w i r e s . 

6. Springs 

(4) A wealth of information about spr ings has been developed since 1920. 

Basic spring des igns , the i r behav io rs , and m a t e r i a l s effects a re well es tab­

l ished for mos t commonplace applications a s well as for a number of exotic 

appl icat ions. However, the SNAP appl icat ions, requir ing energy s torage for 

v e r y long durat ions at elevated t e m p e r a t u r e and in nuclear radiation environ­

m e n t s , r equ i red an extension of existing spring technology. 

Investigations of spring life and re laxat ion p roper t i e s were initiated under 

the SNAP lOA p rog ram and were continued through SNAP 2 and SNAP 8. Two 

bas ic spring designs were ut i l ized in the ref lec tor assembly . The clock-type 

power spr ings used for the "snap- in" dr ive for the coarse control reflector 

d rums on the SNAP lOA, 2, and S8DRM uti l ized tors ional spr ings . These 

spr ings operated only on init ial r eac to r s tar tup and at ambient t e m p e r a t u r e s in 

nonradiat ion environments and were therefore within spring s t a te -o f - the -a r t 

design. 
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SEPARATION ZONE • LEAD WIRE CABLE 

,»#<?Vi-»** 

ATTACHMENT LUG 

5-12-65 flBL. 55I373A 

Figure 56. SNAP 8 Electrically Actuated Band 
Release Device Assembly 

HOUSING 

TANTALUM 
HEATER 
WIRE 

STAINLESS-
STEEL-CLAO 
STRANDED 
COPPER 
LEAD WIRES 

1-26-69 H l ^ 7968-OeOtaA 

Figure 57. X-Ray of SNAP 8 EABRD 
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Scram spr ings l a t e r developed for SNAP lOA and SNAP 8 ground tes t ki ts 

were the clock-type spr ings and opera ted at elevated t empe ra tu r e s (up to 700° F) 

in the i r r ad ia t ion environment. These were fabricated of Rene 41 based on data 

obtained from the compress ions spring evaluations and subjected to checkout 

t e s t s . 

The second type spr ings were hel ica l compress ion spr ings and were used 

p r i m a r i l y for the end-of-life ref lec tor ejection, and to mainta in tension in the 

ref lec tor re ta ining band to rupture the EABRD at end of life (Figures 3 and 11). 

These spr ings were requi red to function at the end of 10,000-hour reac tor life 

after exposure to compress ion loading, radiat ion, and t e m p e r a t u r e s to 900° F. 

Spring re laxat ion t e s t s w e r e init iated to m e a s u r e spring deflection under a 

constant load as a function of t ime for SNAP lOA. Relaxation is defined as 

follow s : 

Initial at Operating Temperature " ^^ Final at Operating Temperature' 
Relaxation = x 100% 

Initial at Operating Temperature 

Both Inconel-X and Rene 41 to rs ion spr ings were tes ted . Resul ts showed 

the Rene 41 spr ings w e r e be t te r than Inconel-X springs for the conditions tes ted 

and for design applicat ions. Relaxation was 9.5% for Rene 41 springs deflected 

to 48,000-psi ini t ial elevated t e m p e r a t u r e bending s t r e s s and held at constant 

deflection at 1200° F for 4300 hour s . The relaxat ion was 13.0% for Inconel-X 

spr ings deflected to 43,000-psi initial elevated t empe ra tu r e bending s t r e s s and 

held at constant deflection at 1000° F for 1000 hour s . Haynes-25 springs r e ­

laxed 22%) when deflected to 36,700-psi initial elevated t empera tu re s t r e s s and 

held at constant deflection for 500 hour s . These data a r e shown in Figure 58. 

Hel ical compress ion spring relaxat ion t e s t s were performed in a i r at a 

constant height. These t e s t s were operated measu r ing load with a 0,001-in, 

deflection from the constant height as a function of t ime . Nine reference design 

ejection spr ings were tes ted in th ree se ts of th ree springs at 900, 1000, and 

1100°F, respect ive ly . Representa t ive curves for each t empera tu re of load vs 

t ime is shown on Figure 59, and a tabulation of spring data is shown in Table 30. 
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Figure 58. Load Relaxation of Tors ion Springs at Constant Deflection 
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Figure 59. Hel ical Compress ion Spring Relaxation Test 
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TABLE 30 

SUMMARY OF HELICAL SPRING TESTS 
Mater ia l : Rene 41 

Loading: Constant Height at 2.200 in. 

Test Tempera tu r e 

Sample Serial No. 

P r e t e s t load at room 
tempera tu re (lb) 

Pos t t e s t load at room 
tempera tu re (lb) 

P r e t e s t maximum 
correc ted s t r e s s at 
room tempera tu re 
(psi) 

Tes t duration at elevated 
t empera tu re (hr) 

Load at end of tes t at 
elevated t empera tu re 
(lb) 

Total load loss froin p r e ­
tes t at room t e m p e r a ­
ture to pos t tes t at 
elevated t empera tu re 
(%) 

Time to re lax final 1% 
(hr) 

Relaxation from initial 
elevated t .emperature 
to final elevated 
t empera tu re reading 
(%) 

900°F 

1 

103.3 

100.8 

44,300 

866 

88.4 

14.4 

500 

1.2 

2 

100.6 

102.7 

43,300 

866 

88.3 

12.4 

866 

1.0 

6 

101.8 

102.2 

43,700 

866 

89.9 

11.7 

866 

0 .3 

1000°F 

3 

101.4 

100.6 

43,000 

1,080 

83.9 

17.5 

500 

3.0 

4 

101.4 

99.1 

43,400 

1,080 

83.4 

18.0 

500 

3.5 

5 

103 

99.0 

41,700 

1,490 

83.9 

18.6 

500 

4.0 

1100°F 

7 

102.5 

95.8 

44,200 

1,030 

78.8 

23.2 

300 

9.0 

8 

99.9 

92.9 

43,500 

1,030 

76.7 

23.2 

300 

8.7 

9 

97.8 

92.8 

42,400 

1,030 

96.2 

21.1 

300 

8.3 

There was high confidence that the reference design Rene 41 ejection springs 

on SNAP lOA v/ould not r e lax beyond the c r i t e r i a of 70 lb force available after 

10,000 hours at 900° F in a nonradiat ion environment. Although i r radia t ion t e s t ­

ing re su l t s were not avai lable , investigation indicated that radiation would not 

p r e sen t a problem for SNAP lOA. 

Considerable l i t e r a tu re searching and test ing of springs in support of SNAP 8 

and subsequent ref lec tor sys tems was done. Reference 42 repor t s on i r radia t ion 

t e s t s of Rene 41 hel ical spr ings . Tables 31 and 32 summar ize some data on non-

i r r ad ia t ed and i r r ad ia ted Rene 41 spr ings . 

Inconel 750 was selected for spr ings on the 5-kwe reac to r based on data in 
(43 44) 

REIC and NASA r e p o r t s . ' The REIC document also l isted additional data 

on i r r ad ia t ed Rene 41 , 
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T A B L E 31 

SUMMARY O F DATA ON NONIRRADIATED R E N E 41 SPRINGS 

I 

> 
H 
O 

CO 

o 
00 

Tes t 
T e m p e r ­

a ture 
(°F) 

1051* 

1149* 

1154* 

inoo 

1000 

700 

700 

700 

1100 

1100 

Test 
Time 
(hr) 

3800 

3800 

3800 

950 

950 

2200 

2200 

2200 

16.7 

16.7 

Spring 
S t ress 

(psi) 

40,000 

40,000 

40,000 

43,000 

43,000 

45,000 at 
R. T. 

45,000 at 
R. T, 

65,000 at 
R. T. 

30,000 

60,000 

% Change 
In 

Initial 
Deflection 

-10.3 

-27.1 

-20.5 

-4.35 

-3.62 

-14.14 

-15.9 

-16.88 

Not 
known 

In 
Spring 

Rate 

+2.0 

+2.5 

+ 1.6 

+2,9 

+0,2 

-1.0 

+ 1.4 

+ 1.3 

Not 
known 

In 
Spring 
F o r c e 

-7,8 

-25 

-18,2 

-1.9 

-3.2 

-10.5 

-11.6 

-11.9 

Not 
knownt 

In 
Spring 
S t re s s 

Not 
calcula ted! 

Not 
calculated! 

Not 
calculatedt 

-21 

-28 

Heat 
Trea tment 

Anneal 
at 1950°F 
Age at 
1400°F 
for 16 
hours 

Same as 
above 

Same as 
above 

Not 
known 

Wire 
Sizing 

Operation 

Drawn and 
annealed, 
coiled as 
received 

Not known 

Drawn and 
annealed, 
coiled as 
received 

Not 
known 

"Heat-
set" 

No 

No 

No 

Not 
known 

No 

No 

No 

Not 
known 

Cold 
Work 

None 
(only due 
to coiling 
operation) 

Not known 

None 
(only due 
to spring 
coiling) 

15% (not 
including 
that due 
to spring 
coiling) 

No. of 
Springs 
Tested 

*Reference 42 
tThe % change in s t r e s s is the same as the % change in load or force, assuming the modulus of elast ici ty does not 

change with t ime at elevated t empera tu re . 



TABLE 32 

SUMMARY OF DATA ON IRRADIATED RENE 41 SPRINGS 

> 
n 
> 
H 
O 

o 
00 

T e s t 
T e m p e r ­

a t u r e 
C F ) 

706 

706 

700 

1050 

1 1 5 0 ' 

1150 

1150 ' 

1000 

1000 

1000 

700 

700 

700 

T e s t 
T i m e 
(hr) 

2000 

8000 

3200 

3200 

3200 

3200 

3200 

950 

950 

950 

2200 

2200 

2200 

Spr ing 
S t r e s s 

(psi) 

73,500 

42,000 

40,000 

40,000 

40,000 

40,000 

40,000 

43,000 

43,000 

43,000 

45,000 at 
R. T. 

45,000 a t 
R. T. 

65,000 at 
R. T. 

F a s t 
Neu t ron 

Dose 
R a t e (nvt) 

1 X lO"^ 

1 X 10l6 

1.31 X l o ' ' ^ 

1.98 X 1 0 l 9 

1.01 X 10l9 

3.11 X 10^8 

2.36 X l o l ' ' 

4.8 X 10l8 

4.8 X 1018 

4.8 X 1 0 ' 8 

1.55 X l o ' ' 

1 . 4 7 x 1 0 1 9 

1.47 X l O ' ^ 

% Change 
In 

In i t ia l 
Def lect ion 

-4 .16 

-4 .16 

-16 

-10 .54 

-26 .1 

-22 .7 

- 1 0 . 3 

-0 .54 

+0.54 

+0.76 

-50 .8 

- 4 0 . 3 

-59 .9 

In 
Spr ing 

Ra te 

Not 
known 

+ 5.4 

+2.4 

+0.6 

+ 1.2 

+2.9 

Not 
known 

+ 0.6 

+ 0.3 

+ 1.9 

In 
Spr ing 
F o r c e 

Not 
known 

-6 .7 

-4 .1 

-21.2 

-18 .4 

-6 .9 

Not 
knownt 

-57.2 

-37 .2 

-62 

Spr ing 
S t r e s s 

Not 
c a l c u l a t e d t 

Not 
c a l c u l a t e d t 

Not known 

- 2 . 8 
a v e r a g e 

Not 
c a l c u l a t e d t 

Heat 
T r e a t m e n t 

Anneal at 
1 9 5 0 ' F , 
age M O O T / 
16 h r 

Same a s 
above 

S a m e a s 
above 

Anneal at 
2 1 5 0 « F , 
age at 
1 6 5 0 ° F / 
4 h r 

W i r e 
Sizing 

O p e r a t i o n 

C e n t e r l e s s 
g r ind ing 

Drawn and 
annea led . 
coi led a s 
r e c e i v e d 

Not known 

Drawn and 
annea l ed . 
coi led a s 
r e c e i v e d 

" H e a t -
s e t " 

Yes 

No 

No 

No 

No 

No 

Not 
known 

No 

No 

No 

Cold 
Work 

None 
(only due 
to sp r ing 
coil ing) 

Same a s 
above 

Not known 

None 
(only due 
to sp r ing 
coil ing) 

Sp r ings 

R e f e r e n c e 42 
t T h e t change m s t r e s s i s t h e s a m e a s t he % change m load o r f o r c e , a s s u m i n g the modu lus of e l a s t i c i t y d o e s not 

change wi th tmne at e l eva ted t e m p e r a t u r e and i r r a d i a t i o n . 



The genera l conclusions that can be made regarding spring design for use 

in a high vacuum, high t e m p e r a t u r e , neutron radiat ion environment is that below 

1000° F , Inconel 750 should be usable . Rene 41 appears usable to 1100°F. Above 

that t e m p e r a t u r e , no m a t e r i a l s that have been tes ted could be considered s a t i s ­

factory, 

7. E lec t r i ca l Cables 

The cable h a r n e s s is requi red on SNAP r e a c t o r s to transpnit power from 

the ins t rument compar tment to the con t ro l -d rum ac tua to r s , t empera tu re and 
(4) 

posit ion s e n s o r s , squibs, and the safety components . It mus t a lso t r a n s m i t 

e lect ronic signals from the diagnostic components to the ins t rument compar t ­

ment . P rov i s ion m u s t be made for detachable connections to components and 

radio frequency in te r ference (RFI) protect ion mus t be provided. 

The original design concept consis ted of an insulated flexible cable joined 

to ei ther t e rmina l lugs or e lec t r i ca l connectors to form a cable h a r n e s s . The 

connectors included mating pa r t s on the ref lector dr ive ac tua tor , actuator 

b rake , and position sensor while the t e rmina l lugs were fastened to the l imit 

switches and squibs. This concept was not significantly a l te red throughout the 

SlOA developmental p r o g r a m . 

A survey was f i r s t made of commerc ia l ly available high t empera tu re m a t e ­

r i a l s from which to fabr icate the h a r n e s s . The original selection of m a t e r i a l s 

w^as based on s h o r t - t e r m t e s t s and product l i t e r a t u r e . The m a t e r i a l s chosen 

and the cons idera t ions governing each choice a r e outlined below. 

To min imize the voltage drop over the length of cable, copper w^as con­

s idered to be the best conductor m a t e r i a l . Cladding of the copper wi re was 

n e c e s s a r y to reduce cor ros ion during t he rma l cycling in acceptance tes t ing. 

Interdiffusion of copper and mos t cladding m a t e r i a l s occurs at SNAP lOA t e m ­

p e r a t u r e s , causing an inc rease in r e s i s t ance with t ime . S ta in less - s t ee l -c lad 

copper was shown to be free of this defect and was chosen as the conductor 

m a t e r i a l . Subsequent t e s t s on cable samples and application in cable h a r n e s s e s 

on SNAP lOA sys tems showed no evidence of failure in the conductor. Therefore 

the s t a in l e s s - s t ee l - c l ad copper wi re was the choice for the cable conductor. 
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Since organic insulating m a t e r i a l s cannot be used above 500°F, it was n e c e s ­

sa ry to find inorganic m a t e r i a l which would combine flexibility with good insula­

tion r e s i s t ance at operat ing t e m p e r a t u r e s . The only m a t e r i a l s which mee t these 

r equ i r emen t s a r e glass or quar tz f ibers . P u r e quartz is known to have excellent 

d ie lec t r i c p rope r t i e s and was chosen a s the insulation on the f i rs t SNAP lOA 

cable h a r n e s s . A s t a in l e s s - s t ee l sheath was braided over the insulation for RFI 

protect ion. Fo r added RFI protect ion, the conductors were twisted 12 t imes / f t 

to cancel out any in ter ference . The f i rs t SNAP 10 DRM-1 cable h a r n e s s was 

fabricated with quartz fiber insulation but failed ser iously. A lack of s trength 

in the quar tz f ibers had caused e lec t r ica l shor t s as the insulation had frayed and 

ruptured during a s sembly on the r eac to r . 

Glass fiber insulation with epoxy sizing was substituted for quar tz . The 

change gave m o r e rel iabi l i ty and ea r ly t e s t s showed the insulation p rope r t i e s 

to be adequate. This glass can be used to t e m p e r a t u r e s in excess of 1200° F , 

In the SNAP lOA cable h a r n e s s , two l aye r s of the glass fiber were placed 

around each individual conductor. After the conductors were twisted to provide 

RFI protect ion, another layer of glass fiber was woven around the bundle of 

conductors to form a mult iconductor cable. For further RFI protect ion, a 

s t a in l e s s - s t ee l sheath was braided over the cable, followed by a layer of glass 

fiber, and finally another s t a in l e s s - s t ee l sheath for mechanical protection. 

F igure 60 i l lus t r a t e s construct ion deta i l s . F igure 6l shows the SlOFSM-1 

h a r n e s s employing this insulation scheme and assembled onto the r eac to r . 

Commerc ia l ly available connectors were purchased for use at SNAP lOA 

t e m p e r a t u r e s . A s e r i e s of sho r t - t ime screening t e s t s w e r e conducted on severa l 

types of g lass - insu la ted connectors to de te rmine the connector best qualified for 

SNAP lOA. 

Coincident with the screening of cable, conductor, and connector m a t e r i a l s , 

cons iderable effort was directed towards te rmina t ion of the e lec t r ica l conductors 

in the cable. The f i rs t te rminat ion at tempt of the s tranded conductor was to 

he l i a rc the wi re d i rec t ly to the connector pin. This method was unsat isfactory 

due to the embr i t t l ement of the wire following the welding procedure . The s i lver 

braz ing technique was then at tempted but abandoned due to lack of control of the 
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braz ing p r o c e s s . No reproducibi l i ty or re l iabi l i ty could be attained with a 

s t ra ight b razed joint. Final ly , a double fe r ru le was clamped direct ly onto the 

s t randed conductor to anchor the insulation on the cable. The fer rule has an 

open weld-cup which is c r imped and spot-welded to the connector pin. 

After successful solution of the initial te rminat ion and routing problems , 

environmental tes t ing was conducted on cable and connector samples to de te r ­

mine the degradat ion of e lec t r i ca l insulation as a function of t ime at elevated 

t e m p e r a t u r e s and p r e s s u r e s to 10 m m Hg. 

F igure 62 shows the r e su l t s of t e s t s conducted on samples of high t e m p e r a ­

tu re e l ec t r i ca l cable. The f i r s t cable tes ted was the glass fiber insulation with 

epoxy sizing. The insulation r e s i s t ance remained at approximately 30 megohms 
-5 

for 200 hours at 700° F and 10 m m Hg. 

-8 
A t e s t was then conducted at 750° F and 10 m m Hg on a 3-ft length of the 

cable with epoxy sizing, joined to the e lec t r i ca l connector. This combination 

was the proposed re fe rence design c a b l e h a r n e s s for SNAP lOA. Since this 

re fe rence design cable h a r n e s s had reached the lower l imit of insulation r e -
5 

s is tance (10 ohms) in approximately 1000 hours at 750° F , the cable ma te r i a l 

was considered unsuitable for SNAP lOA serv ice of 1 year at 700° F . 

Cable m a t e r i a l s , with silicone sizing, were obtained from two new vendors . 
-5 

The difference in the per formance of these two cables at 1200° F and 10 m m Hg 

over a 1700-hour per iod was at t r ibuted mainly to the carbur iza t ion of the s i l i ­

cones in one m a t e r i a l . The other m a t e r i a l had been baked out by the vendor to 

remove organics introduced during fabricat ion. 

The cable insulation re ta ined a re la t ively high degree of workabili ty, indi­

cating that not all of the si l icones a r e removed in the bake-out p r o c e s s . The 

workabil i ty, or abras ion r e s i s t a n c e , of the insulation is an ex t remely cr i t ica l 

p a r a m e t e r , since the insulation mus t re ta in its physical integri ty during fabr ica­

tion of the h a r n e s s and subsequent a s sembly onto a SNAP reac tor system. 

Long- t e rm t e s t s of up to 2000 hours at t e m p e r a t u r e s of 700° F or g rea te r 

indicate the glass fiber cable with silicone sizing (baked) and commerc ia l con­

nec to rs would per form rel iably on the SNAP lOA sys tems . The second cable 

m a t e r i a l showed comparable per formance but was m o r e sensit ive to handling 

as it is baked out before receipt from the vendor. 
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Figure 62. Effect of Tempera tu re and Vacuum on Insulation Res is tance 
of E lec t r i ca l High Tempera tu re Cable 

Cable h a r n e s s e s developed for SNAP lOA were used on SNAP 2 and SNAP 8 

sys tems essent ia l ly unchanged, except that glass fiber with baked silicone sizing 

was used. 

Development of the advanced ZrH Reactor required cabling which mus t oper ­

ate at a higher t e m p e r a t u r e and for double the 10,000-hour life of SNAP 8. A 

survey of new insulation and cable m a t e r i a l s and fabrication techniques was r e ­

viewed. (45) 

The resu l t s of the study showed the mos t re l iable technique was the use of 

sheathed cabling much the same a s s tandard s t a in l e s s - s t ee l - shea thed t h e r m o ­

couple m a t e r i a l . The sheathed cabling and the n e c e s s a r y te rmina t ions were 

developed under the actuator p r o g r a m and a r e d iscussed in Reference 5. The 

conceptual design consis ted of 0 .040- in . -d iameter , s t a in l e s s - s t ee l - c l ad copper 

conductor wire with MgO insulation swaged inside a 0 .090- in . -d iameter Type 

304 s t a in l e s s - s t ee l sheath. 
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Limited test ing was conducted to evaluate fatigue l imi ts of the wi re due to 

coiling and bending during handling, and long- te rm insulation res i s t ance cha r ­

a c t e r i s t i c s . The hard cabling was a lso to be used on position s enso r s , l imit 

switches, and other control and diagnostic components with terminat ion housin 

s imi la r to those of the ac tuator . No operat ional test ing was conducted due to 

te rminat ion of the r eac to r efforts. 
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I I I . 5-kwe REACTOR THERMOELECTRIC REFLECTOR SYSTEM 

The 5-kwe t h e r m o e l e c t r i c r e a c t o r i s the las t SNAP-type sys tem designed 

by AI and is the culmination of 1 5 ye a r s of compact r eac to r development. The 

r eac to r , shown in Figure 63, is designed for 5-year unmanned space miss ions 

with a nominal 5-kwe the rmoe lec t r i c power conversion sys tem. 

A. BASIC DESIGN REQUIREMENTS 

The 5-kwe r e a c t o r i s a shadow-shielded sys tem with the r eac to r located 

at the apex of the shielded cone. The cyl indr ical core is surrounded by the 

ref lec tor and control segments in the shape of a conical section. 

The operat ional r equ i remen t s of the 5-kwe ref lector sys tem a re l is ted in 

Table 33 and summar i zed in Table 1. 

B, CONCEPT OPTIMIZATION STUDIES 

Based on technology developed in previous SNAP p r o g r a m s , the basic 

r eac to r control concept i s that of a cyl indr ical r eac to r core with a beryl l ium 

ref lector s leeve. Control i s by closing windows in the ref lector sleeve. Con­

figuration and control techniques were optimized through detailed studies, 

1. Fixed Reflector and the Control Segments 

The f ru s t rum-of -a -cone shape of the ref lector was chosen to minimize 

overal l sy s t em weight. The cone is de te rmined by the ref lec tor d iameter at the 

co re midplane, the d i ame te r of the dose plane, and the dis tances to the dose 

plane. When the cone shape, core d i ame te r , and ref lector thickness were 

defined, var ious re f lec tor concepts were analyzed. The basic requ i rement in 

these ana lyses is that at operating condit ions, port ions of the movable control 

e lement must not p ro t rude outside the cone. Protruding port ions would cause 

radiat ion sca t te r on to the dose plane so the shield d iamete r would have to be 

inc reased . Configurations analyzed w e r e : ( l ) a cyl indrical ref lector with 

rotat ing control d r u m s , (2) a t apered cyl indrical ref lector with tapered rotating 

d r u m s , and (3) a t apered cyl indrical ref lec tor with reflector segments sliding 

pa ra l l e l to the core . The f i rs t two concepts util ized con t ro l -d rum-dr ive motors 

on top of the co re , while the sliding ref lec tor concept was studied with dr ive 

motors at ei ther the top or bottom of the co re . Figures 64 and 65 show the basic 

conceptual layouts. Each design was also studied for a two-or four -con t ro l -d rum 
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TABLE 33 
OPERATIONAL REQUIREMENTS OF THE 

5-kwe THERMOELECTRIC 
REFLECTOR SYSTEM 

Itetn 

Control Reflector Segment 

Control Motion 

Control Stepping Rate 

Drive Tra in Backlash 

Flight Safety 

Launch 

End of Life (EOL) 

Ground Tes t Safety 

Normal Sc ram 

Backup Shutdown 

Function 

0 to 4 in. Ver t ical movement 
(2 segments) 

0,005 in. / s t ep (1 e lec t r i ca l 
revolution of actuator phases) 

1 s t e p / s e c or slower (a l te r ­
nate ref lec tor segments) 

< 0.005 in. axial and < 4.0° 
rotat ional 

Control section locked in 
shutdown (out) position 

Reflector a s sembl ies ro ta t -
able away f rom core ves se l 
to achieve shutdown 

Simultaneous withdrawal of 
both ref lector segments at 
5 s t e p s / s e c 

EOL ref lec tor a s sembly 
rotat ion with s tored energy. 
Reflector a s sembl ie s r e p o s -
it ionable for r e s t a r t 

dr ive sys tem. The sliding ref lec tor design resul ted in a shield weight savings 

of some 100 lb or m o r e over the rotat ing d r u m concepts (approximately 350 vs 

up to 470 lb), 

2. Control Reflector Drive 

Following select ion of the sliding ref lec tor as the r eac to r control mode, a 

conceptual design study was conducted on the method of ref lector support , the 

type of dr ive mechan i sm, gear ing and bearing r e q u i r e m e n t s , and ref lec tor 
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ant i - ro ta t ion devices . Studies w e r e conducted to de te rmine the p re fe r red loca­

tion of dr ive moto r s and other components on the bas i s of min imum envelope 

and weight cons t ra in t s . A key r e s t r a i n t was the requirem.ent that backup EOL 

shutdown for ground t e s t be accomplished by swinging the ref lector halves away 

from the core . 

Reflector dr ive options were nar rowed to a ball sc rew, plain sc rew, or rack 

and pinion. The t ravel ing rack and t ravel ing sc rew options were eliminated as 

they requ i red penet ra t ions into the shield and, consequently, complicated EOL 

mechan i sm design. The plain s c r ew was dropped because of high friction. A 

ba l l - screw with a t rans la t ing nut was selected as the final dr ive design, because 

i t i s efficient and s imple . The major advantages a r e low dr ive torque , min imum 

self-welding potent ial , s imple and re l iab le design, and availabili ty of supporting 

t e s t data at operat ional conditions. 

The actuator was located nea r the shield instead of at the opposite end of 

the r e a c t o r because of g r e a t e r design flexibility and because m o r e space is 

available in which to locate the dr ive components. In addition, this layout 

shortens the sc rew and locates it nea r the cen te r of gravity of the segment, 

locates the actuator adjacent to the load ca r ry ing s t ruc tu re , and shortens the 

e lec t r ica l cables . 

Expected operat ional conditions of the b a l l - s c r e w and dr ive mechan ism a r e 
-5 800°F and 1 x 1 0 t o r r (air) or l e s s for 5 y e a r s . A detailed study of ba l l - s c rew 

design s tate of the a r t was conducted, and vis i ts were made to the engineering 

depar tments of the two major manufac tu re r s of special application ba l l - s c r ews . 

Table 34 l i s t s exper ience with ball sc rews operated under s imi la r conditions. 

The key c r i t e r i a i s the select ion of ball nut, screw, and ball m a t e r i a l s , A 

var ie ty of high t e m p e r a t u r e , high s t rength alloys a re available with t e s t exper ­

ience. Exper iments also show no prob lem with application of MoS- dry-f i lm 

lubr icants which was planned to further lower friction and reduce any self-

welding potential . 

The dr ive support bear ings and gea r s a r e based on s t a t e -o f - the -a r t techno­

logy generated and proven in the SNAP 8 and Advanced ZrH Reactor P r o g r a m s , 

The dr ive support bear ings ut i l ize a self-aligning spher ica l bearing with a 
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TABLE 34 

HIGH TEMPERATURE BALL SCREW EXPERIENCE 

Test 

NASA Lithium 
Valve Loop 

NASA N b - l Z r 
Corros ion Loop 

Concorde Jet 
Silencer Drive 
(Air-Re search) 

F F T F IVHM 
Drive (LMEC) 

Design 

17-4 PH Nut, Hipercut 
Screw, WC-6C0 Ball, 
3 / 8 - i n . - d i a m e t e r by 
1/8-in. Lead, No 
Lubricat ion 

17-4 PH Nut, Hipercut 
Screw, WC-6C0 Ball, 
3 /8- in . - d i ame te r by 
1/8-in. Lead, 
No Lubricat ion 

Nickel Plated H-11 , 
Nut and Screw, WC-6C0 
Ball, 3 /4- in . - d i ame te r 
by 1 /16- in . Lead, 
X-15 Dry Lubricat ion 

Inconel-718 Nut, and 
Screw, Stellite S t a r - J 
Ball , 2 -7 /8 - in . - d i am­
e te r by 0.66 Lead 

Exper ience 

5,000 h r at —800° F in 
10-'7 t o r r , 500 to 1000-hr 
dwell under '-^1000-lb axial 
load, 95 cycles (3 turns) 
on 1 unit, 600 cycles (1 to 
3 turns) on 1 unit 

2 units used to control 
thro t t le valve during 
10,000-hr t e s t , >500°F, 
Ip-"^ torr 

4,000 cycles ('-'48 turns) 
under 1700-lb load ( '-90 
h r ) , 4 5 0 ° F i n a i r , effi­
ciency ~ 9 3 % (1 unit) -
88% (final) 

Soaked in 1100°F sodium 
and operated at 450° F 
under 1,450-lb and higher 
loads 

carbon-graphi te against alumina friction couple. This combination has accu­

mulated in excess of 70,000 hours tes t ing under elevated t e m p e r a t u r e - v a c u u m 

conditions and individual bear ing se ts have completed 18,000 hours at 1150°F 
-5 

and 1 x 1 0 t o r r p r e s s u r e . No incidents of bear ing fai lure have been encount­
ered. The dr ive gea r s a r e a lso of proven design with a MoS- d ry- f i lm lubricant 
on the gear teeth for low friction operat ion. The coating has per formed well in 
repeated l ong - t e rm operat ional t e s t s , both nuc lear and nonnuclear . Table 35 
gives the t e s t background of gear pe r fo rmance for previous r e a c t o r p r o g r a m s . 

Two techniques were studied to prevent rotat ion of the ref lec tor segment as 

a r e su l t of b a l l - s c r e w react ion. One scheme consis ted of a to r s ion bellows 

r igidly attached to the ref lector segment and the base plate on the ball sc rew 
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TABLE 35 

M0S2-COATED CONTROL DRUM GEAR HISTORY 

System 

SNAP lOA 

SNAP 8 

Mate r ia l 

Stellite 6B (Pinion), 
Ti tanium + MoS~, 
13.6:1 Ratio 

Inconel 750 (Pinion), 
Inconel 750-1- MoS^, 
13.8:1 Ratio 

T e s t s * 

1) 90 days at 700° F , 10"^ t o r r 

2) 500 h r at 800°F, lO" t o r r 

3) Shock and vibration 

4) SNAP lOA nuclear ground t e s t 

5) SNAP lOA space operation 

1) 15,000 h r at 800° F , 10"^ t o r r ( s c r am 
kit t e s t s ) 

2) S8DR half ref lector acceptance tes t 

3) S8DRM shock and vibration 

4) S8DR 7,000-hr nuclear ground tes t 

*No significant w e a r , no self-welding, w e r e noted for ei ther ma te r i a l 
combination. 

center l ine . Calculations indicated the resul t ing bellows was prac t ica l , but the 

dr ive sc rew support and gear a r e a became highly congested. 

The selected approach u s e s a single guide t r ack and t rans la t ing spher ica l 

ro l l e r on one edge of the sliding ref lector . The guide is in an uncongested a r e a , 

and the react ion force is smal l due to the l a rge moment a r m . The spher ica l 

ball and the t r ack design i s immune to t h e r m a l misal igninent between the sliding 

and fixed re f lec tors . Use of a M0S2 dry- f i lm coated ball , or a carbon-graphi te 

ball against an a lumina-coated t r ack ut i l izes a proven low friction couple for the 

r eac to r environment. 

C. DESIGN DESCRIPTION 

The final conceptual design of the r e a c t o r control ref lec tor sys tem is shown 

in F igure 66. Two ha l f - re f lec tor a s sembl i e s a r e individually hinged to the core 

vesse l s t ruc tu re nea r the coolant outlet, and a r e held together at the opposite 

end by a retaining device. The device incorpora tes a spring to take up the deflec­

tion between the two ref lec tor halves caused by the t he rma l expansion of the core 

vesse l . 
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The r e a c t o r control ref lec tor is essent ia l ly a 16-ln. high, thick-walled 

bery l l ium cyl inder , with an ID of 10.7 in. and a min imum wall of 1.2 in, at one 

end, inc reas ing uniformly at a half cone angle of 8,5°. Each fixed half ref lector 

has a 10-ln. -high window which subtends an angle of 117.5°, located at the thick 

end, to accommodate the movable control segment. The fixed ref lector and the 

lower support b racke t fo rm the bas ic s t ruc tu re of each half ref lector assembly . 

The ref lec tor h inges , locating and re tent ion devices , the movable control seg­

ment , and i ts guide and dr ive mechan i sms a r e attached to the main s t ruc ture . 

The fixed ref lec tor and the control segments a r e made of nuclear grade beryl l ium. 

The surfaces facing outward a r e black anodized, and surfaces facing the r eac to r 

core ves se l a r e uncoated to min imize the bery l l ium t e m p e r a t u r e s . 

The r e a c t o r operat ion, f rom the safe shutdown through star tup and long-

t e r m power operat ion, is controlled by the axial positioning of the two control 

segments which adjust the width of the neutron leakage in the ref lector system, 

A s imple t rans la t ing ball sc rew m e c h a n i s m both guides and dr ives the control 

segment. Basical ly , the control segment is supported by the t rans la t ing nut and 

the guide bear ing, both of which t r ans l a t e on the main dr ive screw. The dr ive 

sc rew, in tu rn , is supported by bear ings in the fixed ref lector and the lower 

support bracket . All t h r e e of the guide bear ings a r e of the self aligning mono-

ball design and a r e identical . The configuration and m a t e r i a l combination of 

carbon graphi te ball within the a lumina-coa ted spher ica l socket, rotating on an 

alumina coated shaft, Is the same as the S8DR control d r u m bear ings . The 

bear ing motion and loading (radial only or rad ia l and thrust) on the dr ive sc rew 

shaft bear ings a r e s imi l a r to the S8DR, The control segment guide bearing 

undergoes s imultaneous rotat ion and t r ans la t ion under ve ry light rad ia l loads. 

While th is type of bear ing action was not p r e sen t on the S8DR, pure t rans la t ional 

ca rbon-graph i te bear ings were successful ly operated on the S8DR s c r a m snub-

b e r s . In addition, MoS^ d ry - f i lm lubr icant on the bearing surfaces will lower 

friction and enhance bearing operat ion. 

The c r i t i ca l bal l sc rew p a r a m e t e r s (ball d iameter , pitch d iamete r , and 

ma te r i a l s ) of the conceptual design w e r e selected to provide a l a rge design m a r ­

gin under the expected operat ional conditions. The calculated life is 10 in. of 

t r ave l under 350-lb load, compared to the max imum operat ional requ i rement of 
3 

1.8 X 10 in, of t r ave l under 26 lb. The double ball c i rcu i t feature was selected 
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to r e s i s t the overturning moment Induced by the center of the gravity of the 

control segment being located off the dr ive sc rew cen te r l ine. 

To allow for the t h e r m a l expansions over the wide operat ion t empe ra tu r e 

range, adequate physical c l ea rances between moving p a r t s of the dr ive sys tem 

a re provided. The resul t ing axial backlash at the control segment is el iminated 

by spring loading the control segment in one direct ion. 

A var iab le re luc tance d-c stepping actuator genera tes the motive torque for 

the ref lec tor d r ive . This ac tuator i s a conflgurational and dimensional modifi­

cation of the successful ly tes ted S8DR actuator design. The m a t e r i a l s , e l ec t ro ­

magnetic design, and the coil fabricat ion techniques a r e ident ica l to the S8DR. 

As with the S8DR, the actuator produces d i s c r e t e s teps of 1.8° of rotat ion when 

the success ive phases a r e energized. The 2.78:1 ra t io of the in tegra l gea r box 

coupled with the 0,75-ln. lead of the ball s c rew resu l t s in 0.0054 in, of control 

segment motion (0.5?^ of react iv i ty change) for each 7.2° rotat ion of the actuator . 

The 7,2° actuator rotat ion p e r control s tep, which r e p r e s e n t s a complete e lec­

t r i ca l revolution of the e lec t romagnet ic phase s , was selected to simplify the 

cont ro l ler r e q u i r e m e n t s . Because the actuator always s t a r t s and stops at the 

same phase , the cont ro l le r does not r equ i r e any menaory, such as was requi red 

for the S8DR ^where 3.6° pe r control step was used, 

A bui l t - in mechanica l brake locks the actuator ro to r in place except when 

stepping motion is requi red . Face gea r s on the mating brake d iscs provide 

posit ive braking with min imal braking force. Rotational backlash of the b rake 

is el iminated by util izing a tors ional ly rigid bellows to give the fixed b rake disc 

axial flexibility for the engagement and disengagement . The brake is mecha ­

nically designed to hold the control segment in place during the spacecraf t 

launch. 

Both the ac tuator s ta tor and the brake a r e designed to accommodate the 

sheathed cable wir ing. The sheath of each single conductor cable i s clamped at 

the t e rmina l box, and the conductor i s welded to a cable junction which, in turn , 

is c lamped at an insulated t e rmina l s t r ip . The te rmina t ion design p e r m i t s 

a t tachment of " jumper cab l e s " to opera te the actuator until the final Instal lat ion 

and welding of the sy s t em cables . 
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The ac tuator a s sembly is at tached to the lower ref lec tor bracket , and the 

output shaft of the gear box is at tached to the shaft of the ball screw drive 

through a bel lows-type flexible coupling. The axial and angular flexibility of 

the coupling sepa ra t e s the bear ings and shaft of the actuator gear box and those 

of the b a l l - s c r e w dr ive to prevent any binding react ion between the two units . 

Two tapered lock pins on the lower re f lec tor b racke t engage mating holes 

in the control sec tor when the sec to r i s in the full-out position. These pins not 

only act as mechanica l full-out s tops , but a lso prevent rotation of the control 

segment during the launch. The normal ant i - ro ta t ion device is unloaded at this 

segment position. In the no rma l r e a c t o r - u p launch vehicle configuration, the 

full-out stop function of these pins prevents axial segment motion induced by the 

spacecraf t forward accelera t ion . In the reac to r -down launch configuration, the 

control segment i s locked (from the m o r e reac t ive position) by the mechanical 

b rake of the actuator through the bal l s c r ew dr ive and the reduction gea r s . 

An S8DR-type switch signals that the control segment is in the full-out pos i ­

tion. By slight modification of the t apered pins and l imi t switch actuating lever , 

any in te rmedia te full-out posit ion of the control segment may be selected. 

The hinge mounting feature of each ref lec tor half assembly is utilized to 

achieve end-of-life shutdown. Tors iona l spr ings located at each hlngepln a r e 

designed to overcome the bending r e s i s t a n c e of the hard cable to rota te the 

ref lector a s sembly away from the co re ves se l when the retaining device is sep­

ara ted . The ref lec tor re ta ining device will be an e lec t r ica l ly actuated fusible 

link s imi l a r to that of the SNAP lOA sys tem. Upon rece ip t of the shutdown s ig­

nal , e l ec t r i ca l energy is applied to a smal l h e a t e r located within the device, 

heating the housing until i t s s t rength falls below the applied load, causing rupture 

and separat ion. The t he rma l expansion spr ing at the ref lector retaining device 

has sufficient force not only to overcome the tors ional hinge spr ings , but a lso to 

r e s i s t the l a t e r a l launch acce le ra t ion on the ref lector a s sembl i e s . The end-of-

life spring force on the ref lector re ta ining link is adequate to cause rapid rupture 

of the link when i ts t e m p e r a t u r e is i nc reased by the hea te r . If the ref lector has 

not been ejected p r i o r to entry of the a s sembly in the ea r th ' s a tmosphere , the 

link will heat up and break to ini t ia te ejection of the re f lec tors . 
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The no rma l s c r a m requ i rement is achieved by the rapid withdrawal of both 

control segments by the continuous operat ion of both ac tua tors . In this ope ra ­

tional mode, the actuator brake is disengaged by continuously energizing the 

brake solenoid, while the actuator i s being stepped at a 6 - rpm ra t e until the full-

out l imit switch Is actuated. At the end of the s c r a m , the brake solenoid is de-

energized and the mechanica l brake engaged to lock the control segment p r io r to 

deactivating the actuator phases . 

The end-of-life shutdown capabil i ty of the ref lector sys tem is also used to 

provide a backup shutdown feature for ground tes t ing. As shown in F igure 67, 

the ref lec tor sy s t em i s modified slightly and ref lector latching and r e s e t mecha­

n isms a r e added. The ref lector retaining device and i t s t he rma l expansion spring 

a r e removed f rom the ref lec tor , and a r e s t a r t a r m is attached to each ref lec tor 

half assembly . This a r m contains the a r m a t u r e of the s c r a m magnet and the 

thernaal expansion spring. A dual coll magnet acting on the a r m a t u r e , which, in 

tu rn , i s spr ing-mounted to the a r m , holds each ref lec tor-hal f a s sembly against 

the co re vesse l during normal operation. When the backup shutdown signal is 

init iated, the power to both coils of the magnet is shut off, de-energ iz ing the 

magnet , allowing the end-of-life shutdown tors ion spr ings at the hinges to ro ta te 

each ref lec tor -ha l f a s sembly away from the core . In the expected coolant- in le t -

down or ientat ion of the ground t e s t , the cen te r of gravi ty effect of each ref lec tor 

half a s s i s t s in the rotat ion away f rom the core . A snubber spring within the 

pneumatic r e s e t cyl inder cushions the ref lec tor a s sembly at the end of the ro t a ­

tion. The t h e r m a l expansion spr ing, which mounts the magnet a r m a t u r e , acts 

as a secondary snubber. 

To r e s e t the ref lec tor a s sembly for the r eac to r r e s t a r t , each pneumatic 

r e s e t cyl inder i s p r e s s u r i z e d with iner t gas to ro ta te the re f lec tor half against 

the core vesse l , A slight additional force c o m p r e s s e s the expansion spring to 

pe rmi t contact between the magnet a r m a t u r e and the magnet face, establishing 

the magnet ic latching. A l imit switch is actuated when the ref lec tor half i s in 

the r e s e t posit ion. Upon depressu r i za t ion of the pneumatic cyl inder , the re tu rn 

spring within the cylinder reposi t ions the piston to the r eady- to - snub location. 

An indicator switch on the cyl inder indicates when this pis ton posit ion is r e -
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F igure 67, Backup Shutdown-Restar t Mechanism 

established. This signal i s n e c e s s a r y , p r i o r to r eac to r s ta r tup , to a s s u r e that 

each ref lec tor a s sembly is capable of another backup shutdown operation. 

The backup shutdown holding magnets a r e designed s imi la r to the brake 

solenoid of the dr ive ac tuator , using the s ame m a t e r i a l s and coil winding tech­

niques. Each coil of the dual coil i s designed to hold the ref lector with adequate 

force marg in . The ref lec tor r e s e t l imit switch is identical to the control sector 

full-out switch. The pneumatic cyl inder is of commerc i a l design, modified for 
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for the t e s t environment . The snubber and re turn spring a r e designed for this 

application. The piston r e t u r n s^witch is of the reed design. The magnets and 

the r e s e t cyl inders a r e mounted on the upper half of the ground tes t r eac to r 

support s t ruc tu re . 

In the coolant- inlet-down orientat ion of the r eac to r during the ground tes t , 

the gravi tat ional effect on the movable control segment is toward the more 

reac t ive direct ion. Normal ly , the actuator brake holds the control segment at 

i ts position except during stepping. The torque generated at the ac tuator rotor 

during stepping is adequate to r a i s e or lower the segment against the gravi ta­

tional pull. If, however , one or m o r e actuator phases a re inact ive , and the 

stepping is ini t iated, the gravi ta t ional pull on the segment may cause it to move 

downward until the stepping is completed and the b rake i s , again, mechanical ly 

applied. Such a fai lure of the actuator phase could be caused by the following 

malfunctions: open c i rcui t in both coils of a phase, fai lure in the e lec t r i ca l 

cables between the control ler and the actuator t e r m i n a l s , or naalfunction of 

the cont ro l le r . To preclude this possible incident, the weight of the control 

segment is counterbalanced. The normal flight ant i -backlash spr ings between 

the fixed ref lector and the segment a r e replaced with heavier an t i -gravi ty spr ings . 

The counter balancing action of these spr ings is sufficient to prevent inadver tent 

uncontrol led downward (inward) motion of the control segment in the event of 

actuator malfunction. 

D. EXPECTED PERFORMANCE 

The conceptual ref lec tor sys t em is designed to s t ruc tura l ly withstand the 

launch environment and, subsequently operate for 5 y e a r s in a space environ­

ment . Additionally, the sys t em is capable of operat ion in the ground tes t 

environment of 10" t o r r or l e s s p r e s s u r e and 1 g. 

During r eac to r s ta r tup , the ac tua tors a r e stepped to move a l t e rna te 

segments at se lected ra te(s) not exceeding one 7.2° s tep ('~0.5«^)/sec. Once 

the power operat ion is es tabl ished, an actuator is stepped per iodical ly only to 

maintain the power level or to change power level . This periodic ac tuator 

motion will continue until both segments a r e moved to the full-in position or 

the shutdown signal is given. 
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In addition to the s ta r tup and per iodic stepping, reac to r s c r a m (5?S/sec) by 

the rap id rotat ion of the actuator may be requ i red during the ground tes t . The 

sys tem design is capable of 50 s c r a m s and subsequent r e s t a r t during the 5-year 

l i fet ime. The number of shutdowns employing the backup shutdown sys tem is 

expected to be very l imi ted. The possible l imitat ion to the number of this type 

of shutdowns may be the flexing endurance of the e lec t r ica l cables . This endur­

ance has not been es tabl i shed, although t e s t s a r e planned. 

1. Control Segment Driving and Braking Torques 

The torque requ i red at the actuator ro tor to position the control segment 

under the n o r m a l control mode is dependent on the net effective weight of the 

segment , bear ing loads , the frict ion coefficient of the bear ings , and the efficien­

cies of the bal l screw^ and gear d r i ve s . F igure 68 shows a summary of friction 

data used for design of the ref lec tor dr ive torque r equ i remen t s . An expected 

value of 0.35 was selected for per formance predict ions with 0.10 and 0.60 as the 

possible lower and upper l im i t s . The expected torque requ i rements under the 

ground t e s t and flight conditions a r e shown in F igures 69 and 70, The torque 

values for fr ict ion coefficients of 0.35 and 0.60 were based on the lowest expected 

ball sc rew efficiency of 0.70, while the highest expected efficiency of 0.90 was 

used with the frict ion coefficient of 0.10. The gear efficiency was maintained 

at 90% for a l l c a s e s . 

Control segment s c r a m , during ground tes t only, will r equ i re movement 

toward the full-out posit ion. The max imum torque requ i red to move the segment 

in this d i rect ion is approximate ly 66% of the maximum torque requi red to move 

the segment to full-in. The expected torque output of S8DR type actuator at the 

s c r a m speed of 6 r p m is approximately 70% of slow speed stepping torque out­

put. Thus , an actuator designed to mee t the torque requ i rement to step the 

segment to fuU-ln has adequate torque capability for the s c r a m requi rement . 

The actuator torque r equ i remen t s of 100 oz- in . , during stepping and 70 oz-in. 

during s c r a m w e r e selected to allow approximately 33% marg in over the maxi­

mum expected dr ive r e q u i r e m e n t s . 

The ac tuator b rake torque under the flight or ground tes t operat ion need 

only be sufficient to hold the control segment against acce le ra t ion or gravity 

effect on i t between actuator stepping. During normal launch, the mechanical 
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full-out stops r e s t r a i n the segment agains t the react ion to forward accelera t ion . 

However, in the inver ted (reactor-down) launch, the actuator brake must lock 

the control segment agains t the launch acce le ra t ion generated fo rces . This 

torque was calculated using the min imum friction coefficient of 0.10, maximum 

drive sc rew efficiency of 0.90 and gear efficiency of 0.90. The s t a t ed l6.25-g 

launch acce le ra t ion includes 25% marg in . The actuator brake torque r equ i r e ­

ment of 180 oz- in . was selected to provide approximately 33% marg in over the 

maximum expected r equ i r emen t s . 

2. Control Segment Locking During Ground Tes t 

As mentioned e a r l i e r , for ground tes t ing, the control segment ant i -backlash 

springs a r e replaced with heavier an t i -grav i ty spr ings . The drive torque 

r equ i remen t curves of F igure 70 show that positive actuator torque is requi red 

to drive the control segment in ei ther direct ion if the coefficient of friction is 

0.35 or 0.60. If the friction coefficient drops to 0.10, positive actuator torques 

a r e sti l l r equ i red to move the segment in. When the segment is raore than 50% 

in, the loss of any actuator braking will cause the segment to move outward to 

approximately the midpoint of t r ave l . Thus, for this sys tem, the control seg­

ment should not move toward the m o r e reac t ive position in the event of the 

postulated malfunction of the ac tua tor , e lec t r i ca l cables , or control ler . In 

fact, under normal conditions, the segment should remain at i ts position at 

the t ime of fa i lure . 

E. VERIFICATION TESTS 

Reflector drive sys tem verif icat ion tes t s •were divided into four a r e a s : 

(1) therraal-vacuuiTL test ing of conventionally applied MOST dry-f i lm lubr icants 

and newer ion sputter applied M0S2 on developmental ball bearing screws under 

expected ref lector conditions of 800° F and 10"^ t o r r , (2) launch shock and 

vibrat ion and operat ional t he rma l -vacuum test ing of prototype ball s c r ews , 

(3) s imulated life testing of a complete ref lector and drive sys tem, and (4) proof 

testing of a ground tes t backup shutdown mechanism. 

P r i o r to tes t s of developmental ball bearing screws (with M0S2 li^bricant), 

additional bas ic friction studies w e r e conducted for MoS^ against M0S2 on 

Rene 41 or Inconel-750. ^ Table 36 s u m m a r i z e s friction coefficients and tes t 
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conditions for the friction t e s t s (discussed in Reference 11) and Figure 71 

p resen t s an overa l l compar ison of M0S2 friction coefficient values against 

M0S2, ca rbon-graph i te , and ba re Inconel-750, All th ree conditions could 

exist during operat ion of the ball screw dr ive . 

TABLE 36 

M0S2 FRICTION AND WEAR LIFE CAPABILITY 

Tes t 
T e m p e r a t u r e 

(°F) 

500 

1150 

600 

800 

900 

1000 

Vacuum 
(torr) 

10-7 

10-7 

10-3 

10-3 

10-3 

10-3 

Wear 
Cycles 

1200 

600 

424 

520 

200 

135 

Tes t 
Time 
(hr) 

~ 1 0 0 

~ 1 0 0 

411 

433 

108 

117 

" ' ' — ' • • - '-•' '••• v:::^J:i..'i:gJLgi 

Fr ic t ion 
Static 

0.12 to 0.13 

0.13 to 0.16 

0.15 to 0.22 

0.12 to 0.16 

0.16 to 0.22 

0.17 to 0.31 

Dynamic 

~ 0 . 1 0 

--0.10 

0.07 to 0.15 

0.08 to 0.10 

0.10 to 0.14 

0.10 to 0.20 

Tes t s w e r e conducted on th ree ball screw^s to conapare an unlubricated 

a s sembly to ones that had M0S2 applied by spraying and sput ter - ion methods . 

The sprayed coating was 0.0006 to 0.0011 in. thick and was M0S2 ^^ ^ sodium-

si l icate binder that was heat cured after application. The sput tered coating 

•was eight angs t roms thick applied in vacuum by a d-c t r iod p r o c e s s . The screw 

and nut w e r e made of 17-4 PH s teel , while the bal ls were tungsten carb ide . 

The coated assennblies w e r e subjected to six t empe ra tu r e cycles from 300 to 

800° F in a 10-^ t o r r p r e s s u r e . This was followed by 7600 wear cycles on the 

sprayed coating and 3892 wear cycles on the sput tered coating. Pe r fo rmance 

was gauged by efficiency calculations for the ball sc rews using measu red 

driving to rques . The M0S2 spray-coa ted assembly gave efficiencies in the 

0.82 range , while the sput ter coated a s semb l i e s gave efficiencies in the 0.84 

range. Both a r e well above the 0.70 efficiency used for actuator sizing for the 

drive sys tem. The unlubricated assembly was inadvertent ly overheated to 

1150°F during the f i r s t cycle to 800° F and was not tes ted fur ther . Both coatings 

w e r e judged suitable for the use but a p re fe rence was given to the sprayed 

coating because i t was l e s s expensive to apply and was thicker which gives more 

a s su rance of M0S2 being p re sen t after 5 y e a r s in vacuum. 
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