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ABSTMCT 
Lo 

I 
co cu co The pump used f o r  r e a c t o r  cooling i n  t h e  SNAP-8 space power system 

was sub jec t ed  t o  t h e  expected vehicle  launch, v i b r a t i o n  and shock load- 
- E l  i n g  i n  accordance d t h  t h e  SNAP-8 environmental s p e c i f i c a t i o n .  Sub- 

sequent disassembly revealed damage t o  t h e  t h r u s t  bearfng p f n s ,  which 
should be redesigned and strengthened. 
e v e r ,  when run f n  a t e s t  loop a f t e r  reassembly. 

The u n i t  was ope ra t fona l ,  how- 

"Aerojet General Corporation, Azusa, C a l i f o r n i a  
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SHOCK B_ND VIBRATION TESTS OF A SNAP-8 N a K  PUMP 

by A .  J .  Stromquist ,  R .  B.  Nelson," and Lawrence Hfbben 

Nat ional  Aeronautics and Space Administration 
L e w i s  Research Center 
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SUMMARY 

A N a K  pump from t h e  SNAP-8 space power system w a s  subjected t o  t h e  

Th i s  is  a he rme t i ca l ly  s e a l e d  pump 
expected veh ic l e  launch shock and v ib ra t fon  as descr ibed i n  t h e  NASA 
SNAP-8 environmental s p e c i f i c a t i o n ,  
with a canned motor and N a K  l u b r i c a t e d  t i l t i n g  pad bear ings.  

A f t e r  the  shock and vi'bration t e s z i n g  at NASA L e w i s  Research Center ,  
t h e  N a K  pump w a s  s en t  t o  t h e  Aerojet General Corporation, t he  pump con- 
t r a c t o r  , f o r  examination. 

The u n i t  was disassembled and a l l  f n t e r n a l  p a r t s  inspected.  This  
i n spec t ion  revealed damage t o  t h e  t h r u s t  bea r lng  p ivo t  and a n t i -  
r o t a t i o n  p i n s .  These were benT andlor  p a r t i a l l y  sheared. 

A p a r t f a l ,  i n t e r m f t t e n t  short-to-ground i n  t h e  s t a t o r  windings w a s  
also discovered. To determine if the observed damage was s eve re  enough 
t o  prevent  normal ope ra t ion ,  t h e  u n i t  w a s  t es ted  i n  t h e  N a K  s imulated 
(H20) t es t  loop. 
n a l  q u a l i f i c a t i o n  tes t  i n  t h i s  loop. 

The pump performed f n  a manner f d e n t i c a l  t o  i t s  o r f g i -  

Other f a i l u r e s  t h a t  occurred during t h e  t e s t i n g  were t o  nonpro- 
toty-pic components; t h e  pump mounting s y s t e m  and a tube  connection to 
a vent  valve.  

It w a s  concluded t h a t ,  although t h e  pump w a s  ope ra t iona l  a f t e r  the  
v f b r a t i o n  and shock t e s t i n g ,  it i s  prsblema-eical whether it would be 
re l iable  i n  a long du ra t ion  t e s t  with h o t  N a K .  Recommendattons are ,  
t h e r e f o r e ,  t h a t  t h e  p i n s  i n  t h e  t h r u s t  beal-ing assembiy be s t rengthened.  
The weakness t h a t  caused t h e  s t a t o r  wiflding i n t e r m i t t e n t  short-to-ground 
had been previously co r rec t ed  i n  subsequent pumps. The f a i l u r e  of t h e  
pump mount i n d i c a t e s  t h a t  t h e  f l i gh t - type  mount w i l l  have t o  be  c a r e f u l l y  
desjigned t o  a l low for thermal expansion, thermai isola-cion, and s t i l l  

*Aerojet General Corporation, Azusa, C a l i f o r n i a  
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not  permit free motion under t h e  iaunch vehfc i e  loads .  It is probable 
t ha t  mount f a i l u r e  i n  t u r n  caused t h e  observed i n t e r n a l  damage. I n  
a d d i t i o n ,  t h e  record of t h e  shock loads incu r red  i n  t r a n s i t  show t h a t  
a redesign of  t h e  shipping container i s  r equ i r ed .  

INTRODUCTION 

The SNAP-8 power system i s  a nuclear power s y s t e m  designed t o  
produce 35 t o  90 kW of" e l e c t r i c a l  power. 
development program, t h e  system components are r e c p i r e d  t o  demonstrate 
c a p a b i l i t y  of enduring t h e  simulated shock , v i b r a t i o n  and a c c e l e r a t i o n  
loads  t h a t  are expected during vehicle  launch and maneuvering and as 
def ined i n  the SNAP-8 environmental spec i f i caL ion .  

A s  a p a r t  of the SNAP-8 

One of t h e  components t e s t e d  f o r  t h i s  c a p a b i l i t y  was the NaK 
( a  e u t e c t i c  a l l o y  of N a  and  K) pump ( i d e n t i f f e d  in previous l i terature  
as t h e  N a K  pump-motor assembly o r  N a K  PMA). 

I n  each of  the maJor axes t h i s  pump was sub jec t ed  t o  t h e  spec i f f -  
c a t i o n  values  of s i n u s o i d a l  and  random v i b r a t i o n  and t h e  shock require-  
ments. These shock and v i b r a t i o n  t e s t s  were conducted at the NASA L e w b  
Research Center ;  t h e  r e s u l t s  of these tes ts  were determined by a post-  
t e s t  disassembly, examirratfon and evaluat ion.  T h i s  fncluded a complete 
ope ra t iona l  hydrau l i c  t e s t  of  t h e  pump by the Aerojet  General Corpora- 
t i o n  (AGC), Azusa, C a l i f o r n i a ,  as a p a r t  of con t rac t  NAS 9-417. 

DESCRIPTION OF APPARATUS 

NaK pump. - The pump was designed t o  c i r c u i a t e  895 K (1150° F )  NaK 
A second i d e n t i c a l  pump through the SNAP-8 nuclear  r e a c t m  and b o i i e r .  

i s  used t o  c i r c u l a t e  533 K (500° F) N a K  from t n e  system r a d i a t o r  through 
the condenser. A photograph of t h i s  pump is shown f n  f f g u r e  1. A cross- 
s e c t i o n a l  view of  t h e  pump i s  shown i n  f i g u r e  2 .  

The pump assembly c o n s i s t s  of a centPirZPgal pump driven by a her- 
m e t i c a l l y  sealed (canned) 400 h e r t z  squiryei-cage induc t ion  motor, ro- 
t a t i n g  a t  6000 rpm. The r o t a t f n g  componenw are mounted on a s i n g l e  s h a f t  
vh ich  is  supported by hydrodynan5c t i l t i n g  pad. bea r ings  l u b r i c a t e d  with 
N a K .  Mounted on t h e  end of t he  shaf t  opposfte the main impel ler  5s a 
small r e c f r c u l a t f n g  impel ler  that pumps zhe N a K  used f o r  motor cool ing 
and bea r ing  l u b r i c a t i o n  through an e x t e r n a l ,  bu-t sealed, cooling and 
f l l t r a t f o n  system. Reference 1 i s  a more complete desc r fp t ion  of t h i s  
Pump 

FacfSi ty .  - The shock and v ib ra t ion  t e s t i n g  w a s  conducted i n  t h e  
environmental t e s t  l abora to ry  at the L e w i s  Research Center . 
and v i b r a t i o n  w a s  done i n  an MB Elec t ron ic s ,  model C210 v i b r a t i o n  machine, 

Both shock 
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which is capable of 924 500 newtons (28 000 I b f )  a t  frequencies of up 
t o  2000 h e r t z .  Th i s  machfne i s  shown i n  f i g u r e  3. The N a K  pump w a s  
mounted t o  t h e  machine through a magnesium t ab le  b a s e ,  and a r i g i d  
aluminum mounting f i x t u r e .  The normal pump mounting base inco rpora t ing  
thermal  barriers made of Dow Corning 302 s i l i c o n  compound and t ens ion  
s p r i n g s  w a s  r e t a i n e d .  This ty'pe of mount fs  r equ i r ed  t o  thermally i so -  
l a te  t h e  ho t  pump body from t h e  adjacent s t r u c t u r e  and a l s o  ailow f o r  
thermal  growth. 

Instrumentat ion.  - The accelerometers , loca ted  as i n d i c a t e d  i n  
f f g u r e  2 ,  were i n s t a l l e d  as follows: 

(1). Main pump vo lu te  housing-three i n d i v i d u a l  accelerometers 
( X ,  &, and Z axis) cemented t o  an alumhum block and i n  t u r n  cemented 
t o  the t o p  of t h e  main pump vo lu te  housing. LocaTfon of  t h e  X ,  &, and 
Z t e s t  ax i s  i s  shown i n  f i g u r e  1. 

( 2 ) .  Rec i r cu la t ing  pump voiute  housing - a triaxial ty-pe cemented 
t o  t h e  t o p  of the r e c i r c u l a t i n g  pump housing. 

( 3 ) .  Pmp mounting bracket  - t h ree  i n d i v i d u a l  accelerometem mounted 
t o  an aluminum block and cemented t o  t h e  pump mountfng b racke t .  For 
tes t  runs 2 through 8,  they were moved from the  b racke t  t o  a p o s f t i o n  
on the main pump body immediately above t h e  b racke t .  

i n  t h e  Z - a x i s  , cemented t o  t h e  end p l a t e  of t h e  motor housing, re-  
c i r c u l a t i n g  pump end. 

Z - a x i s ,  cemented t o  t h e  c e n t e r  of  the mafn motor housing i n  t h e  3 o ' c lock  
p o s i t i o n  as viewed from t h e  main pmp end. 

cemented t o  t h e  base of t h e  pump mount. 

Z - a x i s  mounted on t h e  r ec f r cu la t fng  pump end of t h e  main motor housing 
i n  t h e  9 o ' c lock  p o s i t i o n .  

X - a x i s  mounted on t o p  of t h e  mafn motor housing. 

(4). End p i a t e  of  motor housing - a s i n g l e  accelerometer o r i e n t e d  

( 5 ) .  Mafn motor housing - a s ing le  accelerometer o r f en ted  i n  the 

(6). Mount base - a s i n g l e  accelerometer o r i e n t e d  i n  t h e  Z-axis, 

( 7 ) .  Main motor housing - a s fng le  accelerometer o r i e n t e d  i n  t h e  

( 8 ) .  Main motor housing - a s ing le  accelerometer orfen-eed i n  t h e  

DISCUSSION OF TESTING 

Pro ce dur e 

The pump was  shipped from the  Aerojet  General Corporatfon, Azusa, 
C a l i f o r n i a ,  (AGC)  t o  t h e  NASA L e e s  Research Laboratory.  A recording 
accelerometer was included f n  t h e  shfppfng case s o  as t o  have a h i s t o r y  
of  the shock loads incu r red  durfng shipment both be fo re  and a f t e r  t h e  
t e s t  s e r i e s .  The r e s u l t s  of  t h f s  recordfng are considered when analyz- 
i n g  t h e  t e s t  r e s u l t s .  
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Because t h e  pump would be f i l l e d  wfth NaK at  launch,  it should a l s o  
be f i l l e d  during t h e  shock and v ib ra t ion  t e s t i n g .  To avoid t h e  danger of  
a NaK f i l l e d  pump during t h e  t e s t f n g ,  a s u b s t i t u t e  f l u i d ,  Brayco 922, w a s  
used. A comparison of t h e  two f1uSd.s i s  as follows: 

Brayco 922 NaK 

S p e c i f i c  g r a v i t y  @ 20' c 0.760 0.868 

Absolute v i s c o s i t y  @ 20' C 0.000891 newton-see 0.00088 newton-sec 
2 meter 2 met,er 

(0.891 c e n t i p o f s e s )  (0.88 cen t ipo i ses  

F la sh  po in t  315 K (k08' F )  

The pump w a s  a l s o  subgected t o  a performance test  a t  AGC f n  water 
p r i o r  t o  t h e  shock and v i b r a t i o n  t e s t f n g  t o  e s t a b l i s h  base-line per- 
formance i n  terms of head, f l o w ,  and power consumption. 

The prevfously descr ibed pump mount w a s  b o l t e d  t o  t h e  v f b r a t i o n  
machine ( shake r )  t ab le  adaptor .  The fnstrumentatfon w a s  t hen  connected 
e,nd a 1G sweep was  made t o  2000 h e r t z  on the  f f x t u r e  alone i n  order  t o  
2ktermine f i x t u r e  resonances. The pump w a s  t hen  i n s t a l l e d  and t h e  re- 
maining instrumentat ion connected. 

The sequence of t e s t i n g  was t o  complete a l l  of the t e s t f n g  (sfnu- 
s o i d a l ,  random, and shock) i n  t h e  X - a x i s  f i rs t .  
shake r  was f n  t h e  v e r t f c a l  p o s i t i o n  from a prevfous t e s t .  
t i o n  of t h e  X - a x i s  t e s t s ,  t h e  shaker was  r o t a t e d  t o  t h e  h o r i z o n t a l  
p o s i t f o n  and t h e  Y- and Z-axis tes ts  completed. Ffgure 3 shows t h e  shaker 
i n  t h e  X - a x i s  p o s i t i o n .  

T h i s  was because t h e  
Upon comple- 

Test ing f n  t h e  X Axis 

Sinusoidal  v i b r a t i o n .  - The ffrst  series of tests were conducted 
shakfng i n  t h e  d i r e c t i o n  of t h e  X axis. A summary of t h e  i n p u t s  and 
responses f o r  t h e  e n t i r e  t e s t  series i s  contained i n  table  I. A t y p i c a l  
response accelerometer p r i n t o u t  i s  shown i n  f i g u r e  4.  
2-uring the  1.OG sweep were 5.5 and 6 . O G ' s  a t  275 t o  310 h e r t z  on both 
r e c i r c u l a t i n g  and main pump housings. Input t o  t h e  pump c o n t r o l  ac- 
celerometer  w a s  1.6G's a t  t h i s  time. 

The peak responses 

The run was  completedwithout i n c i d e n t .  

Random v i b r a t i o n .  - A random vfbratfon w a s  imposed f n  accordance 
wfth t h e  s p e c f f f c a t i o n .  The random e x c i t a t i o n  was t o  be conducted f o r  
3 minutes t o  t h e  power l e v e l s  as follows: 
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20-100 Hz a t  3 dec ibe ls  per  octave (dB/Oct) i nc rease  
100-600 Hz a t  0 .4  G2/Hz  
600-2000 Hz a t  6 dB/Oct decrease 

The t o t a l  G value o v e r a l l  f o r  t h i s  power l e v e l  i s  ca l cu la t ed  t o  be 
19.7 rms. Response d a t a  w a s  not recorded durfng t h e  random v i b r a t i o n  
t e s t i n g .  

During t h e  course of t h e  random-X a x i s  t e s t i n g ,  t h e  s i l i c o n e  com- 
pound thermal i s o l a t o r s  i n  t h e  pump mount f a i l e d  and allowed t h e  pump 
t o  become loose .  It i s  be l ieved  t h a t  t h e  spr ings  incorpora ted  i n  t h e  
mount housing s t r a p  allowed enough motion s o  t h a t  t h e  impact loading 
on t h e  thermal i s o l a t o r  blocks caused them t o  crumble. Following com- 
p l e t i o n  of t h e  run ,  t h e  pump mount was modified e l imina t ing  t h e  spr ings  
and t h e  thermal i s o l a t o r s  and making t h e  mount r i g i d .  

Shock. - Following t h e  random v ib ra t fon  t e s t i n g ,  t h e  NaK pump was 
submitted t o  t h e  s p e c i f i c a t i o n  shock loading which cons i s t s  of 3 - 15 G 
shocks (20 milfsecond dura t ion )  i n  both d i r e c t i o n s  along each of t h e  
t h r e e  major axes ,  
t e s t i n g .  

Response da t a  were not  recorded f o r  any of t h e  shock 

I n  addi t ion  t o  t h e  programmed shock t e s t i n g ,  t h e  NaK pump received 
s e v e r a l  s i g n i f i c a n t  shocks during t r a n s i t  between Lewis  and AGC. These 
data were recorded by an accelerometer packaged wi th  t h e  N a K  pump. 
completion of t h e  shipment, t h e  accelerometer which was l eased  from t h e  
Impact-0-Graph Corporation, was sent back t o  them f o r  ana lys i s  of t h e  
data. This ana lys i s  showed t h a t  the  pump experienced 17 not iceable  i m -  
p a c t s  with four  of  them equal t o  or g r e a t e r  than t h e  s p e c i f i c a t i o n  l e v e l  
o f  1 5  GIs. The d i r e c t i o n  of t hese  
impacts was not  given.  

Af te r  

They were 22, 1 5 ,  15.4 and 23.6 G I s .  

Tes t ing  i n  t h e  Y Axis 

S inusoida l  v i b r a t i o n .  - A s inusofda l  1 G scan was run on t h e  NaK pump 
i n  t h e  Y a x i s .  The response accelerometers showed t h a t  t h e  change t o  a 
"hard" mount conf igura t ion  had ra i sed  t h e  n a t u r a l  frequency of t h e  
pump-mount combination from approximately 300 h e r t z  t o  1180 h e r t z  on t h e  
r e c i r c u l a t i n g  pump housing and 820 h e r t z  on t h e  main vo lu te  housing d t h  
maximum G-values of 4 . 1  and 5 .0 ,  r e spec t ive ly .  

Random v t b r a t i o n .  - The random v i b r a t i o n  tes t  was conducted a t  t h e  
same power l e v e l s  i n  t h e  Y ax i s  as prev'fously descr ibed for t h e  X a x i s .  
During t h e  course of t h i s  run t h e  vent valve on t h e  s t a t o r  housing 
broke o f f  a t  t h e  tube-to-housing weld j o i n t .  The run was stopped and 
a r e p a i r  made t o  prevent leakage of t h e  i n t e r n a l  f l u i d .  
completed without i n c i d e n t .  

The run was 
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Shock t e s t i n g .  - Runs 11 through 16 subjec ted  t h e  N a K  pump t o  
t h e  requi red  shock t e s t i n g  and completed t h e  t e s t i n g  i n  t h e  Y a x i s .  

Test ing i n  t h e  Z Axis 

S inusoida l  v fb ra t ion .  - The s inusoida l  v i b r a t i o n  i n  t h e  Z axis 
produced maximum G l e v e l s  a t  1750 he r t z  of 1 8  G I s  i n  t h e  Y a x i s  on t h e  
r e c i r c u l a t i n g  pump housing and 24 G I s  i n  t h e  Z axis on t h e  mounting 
b racke t .  
a t  t h i s  frequency as shown by t h e  cont ro l  accelerometer on t h e  mounting 
base .  

Because of  a c o n t r o l  problem, t h e  i n p u t ,  however, w a s  2 G I s  

Random v i b r a t i o n .  - The random v i b r a t i o n  was completed i n  t h e  Z 
axis wtth no vis ible  f a i l u r e s .  

Shock t e s t i n g .  - Three 15 G ,  11 mil l i second shocks i n  t h e  p o s i t i v e  
and negat ive  d i r e c t i o n s  completed the NaK pump shock and v i b r a t i o n  t e s t i n g .  

The N a K  pump was then  drained of t h e  t e s t  f l u i d  and s e n t  t o  AGC wi th  
t h e  recording accelerometer.  

RESULTS - POST TEST EXAMINATION 

Ext e rn  a1 Examin a t  i on 

Before disassembly, t h e  pump motor assembly was  f lushed wfth freon 
TF wfth t h e  pump end i n  t h e  down pos i t i on .  
f i l t e r e d  t o  catch any p a r t i c l e s  for  a n a l y s i s  by t h e  ma te r i a l s  group. 

The f lu sh ing  conten ts  were 

The genera l  ou ts ide  contit t ion of t h e  u n i t  revealed t h e  vent  valve 
on t h e  s t a t o r  housing had broken off a t  t h e  tube  t o  housing weld j o i n t .  
The s t a t o r  housing w a s  deformed around t h e  base mount l o c a t i n g  hole  
( f f g .  5 )  as a r e s u l t  of t h e  f a i l u r e  of  t h e  holding s t r a p  allowing t h e  
s t a t o r  housing t o  bounce aga ins t  the p i n  i n  t h e  base. Both of t h e  
thermocouple header l o c a t i n g  lugs are  loose  bu t  s t i l l  i n t a c t .  A sub- 
sequent helium l eak  check of t h e  winding a rea  showed no leakage t o  be 
p r e s e n t .  
l u g  area. 
were frozen.  
Dye penet ran t  inspec t ions  of a l l  b o l t  covers showed no de fec t s .  

This i n d i c a t e s  t h e  ceramic was not  cracked through i n  t h e  
A l l  t h r e e  pump housing t o  motor housing pfn  t o  lug  J o i n t s  

Rapping these  wfth a h m e r  d i d  not  dis lodge t h e  p i n s .  

A l l  phase-to-phase and phase-to-neutral  e l e c t r i c a l  measurements 
v e r e  balanced and c l o s e l y  comparable t o  pre-environmental t e s t  measure- 
ments. 
The thermocouples had con t inu i ty  and t h e  speed sensor  c o i l  r e s i s t a n c e  
was  measured a t  200 ohms. T h i s  i s  t h e  acceptable  range. 

In su la t ion  t o  ground r e s i s t ance  showed an i n f i n i t e  reading.  
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I n t e r n a l  Examination 

The pump motor assembly was disassembled according t o  e s t a b l i s h e d  
procedures .  Throughout t h e  disassembly a l l  b o l t s  were removed wi th  
comparative ease .  However, i n  some areas t h e  breakaway torque was less 
than ,  o r  i n  excess o f ,  t h e  allowable to l e rances .  These values  are tabu- 
l a t e d  i n  table 11. Also shown i n  t a b l e  I1 a r e  t h e  s i g n i f i c a n t  c learance  
measurements. 

During disassembly metal p a r t i c l e s  were found throughout pump 
motor assembly, A concentrat ion of t h e s e  p a r t i c l e s  w a s  found i n  t h e  
t h r u s t  bear ing a rea .  Also,  t h e  e n t i r e  i n s i d e  sur faces  were coated wi th  
Moly Kote, a l u b r i c a n t  used on a l l  b o l t s  during assembly t o  prevent 
g a l l i n g  of t h e  th reads .  

The t h r u s t  runner ,  support  r i n g s ,  and t h r u s t  pads show no s igns  of 
damage. However, t h e  gimbal r i n g  was chipped i n  both socket  a reas  
which mate wi th  t h e  bear ing  support  r i n g  as shown i n  f i g u r e s  6 and 7. 
The backplate  had numerous burn ish  marks a t  the i n t e r f a c e  t o  t h e  
housing. The housing had matching burnish marks r e l a t e d  t o  t h e  back- 
p l a t e  and a l s o  radial  inden ta t ions  approximately 0.005 of an inch  deep 
i n  fou r  p laces  matching t h e  configurat ion of t h e  backplate .  The p i n s  a t  
t h e  two socket  j o i n t s  ( t h e  s i d e  tha t  mates with t h e  support  r i n g )  of t h e  
motor end t h r u s t  bear ing  gimbal r ing have both been p a r t i a l l y  sheared i n  
t h e  same d i r e c t i o n .  One p in  w a s  loose on t h e  backplate  mating s i d e  as 
seen i n  f i g u r e s  8 and 9 .  The motor end backplate  and housing have s i m i -  
l a r  damage po in t s  as t h e  housing and backpla te  on t h e  opposi te  end. The 
a n t i r o t a t i o n  p ins  i n  both housings (p ins  t h a t  keep t h e  backplates  from 
r o t a t i n g  during ope ra t ion )  were both worn t o  a cone shape as seen i n  
f i g u r e  10 .  

The jou rna l  bear ings showed minor burnishing only as  a r e s u l t  of 
d e b r i s  g e t t i n g  i n  between t h e  pads and t h e  s leeves  on t h e  r o t o r  s h a f t .  

The suc t ion  housing and impel ler  vane faces  showed marks t h a t  were 
produced by fore ign  p a r t i c l e s  ge t t i ng  between t h e  i n t e r f a c e s .  
s u c t i o n  housing has one s i g n i f i c a n t  s c r a t c h  approximately IT r ad i ans  
(180O) across  t h e  face  ( f i g ,  11). A l l  o the r  components of t h e  pump 
motor assembly showed no s ign  of  damage as a r e s u l t  of t h e  environmental 
t e s t .  

The 

Analysis of t h e  previously mentioned p a r t i c u l a t e  m a t e r i a l  found 
i n s i d e  t h e  pump s u b s t a n t i a t e s  t h e  source of t h e  m a t e r i a l  by t h e  damaged 
a r e a s  found during disassembly. 

E l e c t r i c a l  Evaluat ion 

To f u r t h e r  eva lua te  t h e  s t a t o r  housing, e l e c t r i c a l  measurements phase- 
to-phase, phase-to-neutral ,  and in su la t ion  r e s i s t ance  were taken at e leva ted  
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temperatures.  These measurements were taken i n  55.6 K ( ~ 0 0 ~  Fj fncre-  
ments u n t i l  589 IC (600' F) was res,fied. At t h i s  temperature ali eiec-  
t r i c a l  measurements were balanced. The i a s u i a t i s n  n-esistanee w a s  meas- 
u red  a t  1 meg-ohm which i s  normal a t  589 K ( 6 O O U  F). 

The s t a t o r  was oven cooled t o  room temperature, and elsc-t-Pical 
measurements were again taken .  A I L  phases balanced and were comparable 
t o  pre-environmental measurements; however, the  i n s u ~ a t f o n  yes f s t ance  
t o  ground had dropped t o  30 000 ohms. By rappfng t h e  s ide of t h e  s t a t o r  
housing l i g h t l y  t h e  r e s i s t a n c e  f iut tuated LO 208 OOG ohms. A s  part  of 
the e l e c t r i c a l  examination, a surge comparison t e s t  was performed. An 
i n t e r m i t t e n t  breakdown i n  vol tage occurred i n  the  phase 2 w-indfngs at 
500 v o l t s  dc and a continusus shorL occurred a t  1000 vs i t s  dc. The 
housing w a s  grounded during t h f s  tes~,. T h i s  type of t e s t  compares t h e  
vo l t age  amplftude p r o f f l e  of each pnase ta t he  o t h e r  phases dt varying 
v o l t a g e s .  An ungrounded surge eomparlson t e s t  was performed wi th  no 
s h o r t  detected i n  any phase at jGO ohms, L O W  v s l t s  de.  Although the  
above t e s t i n g  i n d i c a t e d  a p o t e n t i a l  s h o r t  LO grJ-und, i t  w a s  decided t o  run 
t h e  u n i t  i n  t h e  simulated NaK (water)  m o p  afcer the s t a t o r  housing was 
leak checked. A s tandard heiiwn leak check w a s  performed on t h e  s t a t o r  
windfng area by openling the pinch-off-tube p o r t  arid p u l i n g  a vacuum 
through t h i s  p o r t .  H e l i u m  was appl ied to the  terminal  headers and 
s t a t o r  end covers and can with p13 leak detecLsble a t  a l e &  race of 
1x10-7 cc/sec.  
f i l l e d  wfth dry n i t rogen  (dewpoint 236 K i - 3g0  F)) and sealed i n  t h e  
p re sc r ibed  manner of  a welded pinchoff and capping, 

While s t i l l  under a vacu-m the mnding  al-ea w a s  back- 

Hydraulic Performance Test  

The pump motor assemkly was reassembled and was t e s t e d  Bn t h e  
s imulated NaK loop TO e s t a b l i s h  post shock snd v i b r a t i o n  tes t  data. 
The results of t h e  t e s t  c l o s e l y  compared with the  pre-shock and 
v i b r a t i o n  t e s t ,  i n d i c a t i n g  no change i n  hydra-uic performance. N 0  
abnormal condftions were apparent dLri&g tne test. 

Evaluation cf S ~ a m r  Winairg 

Because o f  t h e  apparent short c i r c d t  i n  the s t a Z c x -  winding, 
discovered durfng t h e  e l e c t r i c a l  t e s t i n g ,  sme f u r t h e r  i n v e s t i g a t i o n  
was performed. The u ~ f t  w a s  removed frsm t n e  t e s t  loop and disassembled. 
Seve ra l  t es t s  were performed Gn t he  S t B t c r  hOuSir!g zo deLePmfne the  
source o f  t h e  s h o r t .  These methods used LOW power fn t h e  mfcro amp 
range and were i n e f f e c t i v e  i n  ,Pearing o r  s u s t a i n i n g  the shor t ed  area. 
An e f f o r t  t o  l o c a t e  t h e  grounded mea using hign power was then made by 
C s c h a r g i n g  95 p f  capacitance a f  1000 volts de through t h e  windings, 
A subsequent surge comparison tes t  a t  >GO and l O O U  v o l t s  dc confirmed 
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t h a t  t h e  "ground" had been "cleared". 
assembled i n  an e f f o r t  t o  pinpoint  the "ground" by removing t h e  s t a t o r  
and end covers and c a r e f u l l y  chipping t h e  ceramic p o t t f n g  away.  
"ground" was discovered where a connection knuckle of t h e  winding had 
touched t h e  s t a t o r  housing near  the phase 2 lead wi re .  After removal 
of t h e  s t a t o r  can, approximately 30 pe rcen t  o f  t h e  area between lamina- 
t i o n s  and s t a t o r  can had a t h i n  coating of  powdered ceramic. 

The s t a t o r  housing w a s  then dis- 

The 

CONCLUSIONS AND REC OMMENDAT1 ONS 

The results o f  t h e  shock and v fb ra t ion  t e s t f n g  showed damage t o  
t h e  mechanical and e l e c t r i c a l  components of t h e  NaK pump. 
observed d id  not prevent operatfon of t h e  pump i n  a water t e s t  loop ,  
however , af te r  reassembly, 

The damage 

It is  problematical  whether the gimbal bear ing support  p ins  which 
were p a r t i a l l y  sheared and bent could remain f n t a c t  through a long en- 
durance t e s t  wi th  hot  NaK. It i s  also problematical  whether t h e  debris 
founds as a r e s u l t  of t h i s  damage would have even tua l ly  found i t s  way 
i n t o  t h e  bear ings and caused f u r t h e r  damage. 
c i r c u l a t i o n  system, whfch contains  a f i l t e r ,  may have removed t h e  debris.  

It is p o s s i b l e  t h e  re- 

The i n t e r m i t t e n t  s h o r t  o r  ground that  w a s  found i n  t h e  s t a t o r  
winding would not  have occurred had a la te r  model of t h i s  pump been used. 
It had been recognized ea r l i e r  i n  the  pump program tha t  t h i s  was a weak 
area and t h e  i n s u l a t i o n  from d n d f n g  t o  ground had been redesigned i n  
t h i s  area. 

The external damage occurred t o  nonprototy-pic p a r t s ,  t h e  c a v i t y  
It fs very l i k e l y  t h a t  t h e  d r a i n  tube and the pump mounting system. 

loosening o f  the pump because of the f a i l u r e  o f  t h e  mount i n  t u r n  
caused v i b r a t o r y  impacts g r e a t l y  i n  excess  of t h e  normal launch loads .  
Also,  t h e  shock loads incurred during shfpment were  f n  excess of t h e  
expected launch loads  , one by 50 percent .  

The recommendations f o r  t h e  SNAP-8 N a K  p-mp t o  fnsu re  c a p a b i l i t y  of 
su rv iv ing  t h e  p r e s e n t  launch shock and v i b r a t f o n  loads are as follows: 

1. Design a prototype mounting system %ha% w i l l  thermally i s o l a t e  
t h e  pump from t h e  s t r u c t u r e  while allowing thermal growth and s t i l l  
p re load  t h e  pump s u f f i c i e n t l y  t o  prevent any f ree  motion and consequent 
ampl i f i ca t ion  of t h e  veh ic l e  loads.  

2. A minor redesign of t h e  t h r u s t  bea r ing  a n t i r o t a t i o n  and p i v o t  
p i n s  t o  s t r eng then  them. 

3. An a n a l y s i s  of t h e  pump housing t o  motor housing p i n  t o  l u g  
j o i n t s  t o  determine if clearances should be altered o r  material changed 
t o  prevent  f r eez ing  of t h e s e  J o i n t s .  
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TABLE IT. - COMPARISON OF PRE-ENVIRONMENTAL TEST AND 
POST-ENVIRONMENTAL TEST BOLT TORQUES AND CLEARANCES 

Bolt  
l o c a t i o n s  

P r  e-envi ronment a1 
torque requirements 

Post  -envf ronment a1 
torque values 

newton-meter s 

Pump housing 

R e  c i r c  u l  a t  i on pump housing 

Suct ion housing 

J o u r n a l  bear ing housing pump end 

J o u r n a l  bea r ing  housing,  

Rec i r cu la t ion  impe l l e r  lock nut 

Main pump impe l l e r  b o l t  

Thrust  bear ing 

Thrust  bear ing nut  

J o u r n a l  bear ing r e t a i n e r  screws, 

J o u r n a l  bear ing r e t a i n e r  screws, 

Thrust  bear ing holding screws 

r e c i r c u l a t i o n  pump end 

r e c i r c u l a t i o n  pump end 

pump end 

8.14-10.8 

8.14-10.8 

5.65-6.2 

8.14-10.8 

8.74-10.8 

11.8-13h 

4.0-4.5 

8.14-10.8 

40 e 7-46 e 4 

5.3-6.0 

5.3-6.0 

3.4-4.0 

b in- lb  . 
72-96 

72-96 

50-55 

72-96 

72-96 

96-120 

35-40 

72-96 

360 -420 

47-53 

47-53 

30-35 

Assembly 
r e a u i  rement s 

Rec i r cu la t ion  impe l l e r  t o  
housing clearance 

Total. axial end p l a y  
r o t o r  s h a f t  

mi l l imet e r  s f n ches 

0 a 228-0.28 0 009-0.01: 

0.051-0.10 0.002-0.001 

iew-t on-me t er  s 

PO. 2-11.3 

5 -65-11.3 

2.8-5.65 

10.2-12.4 

9.6-10.7 

17.0 
1.7 

10.2-10.7 

54.3 

2.6-2.8 

2.3-2.8 

3.4 

in - lb  . 
90-100 

50-100 

25-50 

90-110 

85-95 

150 

15 
90-95 

4 80 

23-25 

20-25 

30 

Pas t-environment a1 
values 

mill imeters inches 

0.228 0.009 

0.228 0.009 



Figure 1. - SNAP 8 NaK PMA used for shock and vibrat ion test ing showing test axis. 
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Figure 2. - SNAP 8 NaK PRlA - InuI 'walS lndlcate accelerometer p o ~ ~ t ~ o n s l .  
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Figure 3. - A l B  Electronics C210 vibration and shoch machine in position for X axis testing. 
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Figure 4. - Response of recirculat ing pump housing accelerometer - X axis, X-axis 
input. 
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Figure 5. - Result of stator housing bouncing on base mount locating pin dur ing  environmental  testing. 



Figure 7. - Pumpend t h r u s t  bearing gimbal r ing. 

Figure 8. - Motor end t h r u s t  bearing gimbal r i n g  w i th  part ial ly sheared and bent pin. 
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