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ABS TRACT 

A lubricant-coolant pump for the SNAP-8 space power system was sub- 
jected to shock, vibration, and acceleration loads in accordance with 
the SNAP-8 environmental specification. Functional performance tests 
conducted before and after the test series indicated no discernible per- 
formance change. Disassembly and detailed inspection produced no evi- 
dence of life-limiting physical damage. 
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SUMMARY 

A lubricant-coolant pump for the SNAP-8 space power system was en- 
vironmentally tested (shock, vibration, and acceleration) at the Lewis 
Research Center in accordance with the SNAP-8 environmental specifica- 
tion. To properly assess the effects of this testing, the pump was 
electrically and hydraulically tested before and after the environmental 

N test series. In addition, the pump was run deadheaded after each phase 
of the shock, vibration, and acceleration testing in order to pinpoint 

I any environment resulting in malfunction. In all cases, pump perform- 
ance and operation, both before and after environmental testing, were 
identical. Subsequent disassembly and inspection revealed no signifi- 
cant physical damage to the pump. It was concluded that the SNAP-8 
lubricant-coolant pump satisfactorily fulfilled the shock, vibration, 
and acceleration-load requirements of the SNAP-8 environmental speci- 
f ication. 
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INTRODUCTION 

A SNAP-8 lubricant-coolant motor-driven pump (unit number 6/2) was 
tested in accordance with the shock, vibration, and acceleration-load 
portion of the SNAP-8 environmental specification. This was done to 
give assurance that this SNAP-8 component could survive the expected 
vehicle launch and maneuvering loads as defined in the specification. 
These loads were simulated by mounting the pump on the various shock 
and vibration machines located in the environmental laboratory at the 
NASA Lewis Research Center. This was the first of the major SNAP-8 
components to be subjected to the shock and vibration portion of the 
environmental requirement. In much of the previous literature on 
SNAP-8, this pump is referred to as the "lubricant-coolant pump motor 

b assembly" or "L/C PMA." 

Lubricant-Coolant Pump 

The SNAP-8 lubricant-coolant pump (fig. 1) circulates polyphenyl 

In addition, it serves as a 
ether (4P3E) which serves as the ball bearing lubricant in both the 
turbine-alternator and the mercury pump. 
coolant for the alternator, space seals, mercury pump motor, and various 
electronic components. 

The pump is driven by a 208-vo1tY three-phase, 400-hertz motor 
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having a des ign  r o t a t i n g  speed of 8000 rpm. It is  h e r m e t i c a l l y  s e a l e d ,  
and t h e  f l u i d ,  pumped by t h e  c e n t r i f u g a l  i m p e l l e r ,  c i r c u l a t e s  through 
both t h e  motor and t h e  carbon bea r ings  f o r  coo l ing  and l u b r i c a t i o n .  No 
e x t e r n a l  s h a f t  seals o r  connect ions,  other  t han  e l e c t r i c a l ,  are r equ i r ed .  
Figure 2 shows a c r o s s - s e c t i o n a l  view of t h i s  pump. One pump has oper- 
a t e d  i n  excess  of 24 000 hours without  maintenance, and two o t h e r s  have 
s u c c e s s f u l l y  exceeded 1 2  000 hours of ope ra t ion .  

APPARATUS 

Instrumentat ion 

A s k e t c h  of t h e  pump showing accelerometer l o c a t i o n s  i s  shown i n  
f i g u r e  3 .  The r e f e r e n c e  axes r e l e v a n t  t o  t h e  d i r e c t i o n  of imposed loads  
are i n d i c a t e d  i n  f i g u r e  1. For t h e  shock tests, t h e  accelerometer  out- 
p u t s  were f ed  t o  an o s c i l l o s c o p e  and photographical ly  recorded.  During 
t h e  v i b r a t i o n  t e s t i n g ,  t h e  accelerometer ou tpu t s  w e r e  condi t ioned and 
recorded as G-level ve r sus  frequency. 

The c o n d i t i o n  of t h e  L / C  PMA, as t h e  v a r i o u s  tests w e r e  completed, 
w a s  monitored by u s e  of an  a c o u s t i c  chamber. The pump w a s  run  i n s i d e  
t h i s  chamber wh i l e  an a c o u s t i c  recording w a s  made; p r i o r  t o  environ- 
mental  t e s t i n g ,  a frequency a n a l y s i s  of t h i s  r e c o r d i n g  w a s  made i n  o r d e r  
t o  o b t a i n  t h e  pump's a c o u s t i c  "s ignature ."  
t h i s  a c o u s t i c  s i g n a t u r e  subsequent t o  any phase of t e s t i n g  would i n d i -  
cate damage w i t h i n  t h e  pump. 

Any s i g n i f i c a n t  change i n  

I n  o rde r  t o  d e t e c t  any change i n  t h e  pump's motor c h a r a c t e r i s t i c s ,  
such as w i r e  o r  i n s u l a t i o n  damage, an o s c i l l o s c o p e  t r a c e  of t h e  motor 
c u r r e n t  w a s  made f o r  t h e  t h r e e  phases. A s i g n i f i c a n t  change i n  wave 
form o r  amplitude would i n d i c a t e  damage due t o  t h e  previous t e s t .  

Test F a c i l i t i e s  

The test  f a c i l i t i e s  used t o  conduct t h e  test series were l o c a t e d  i n  
t h e  S t r u c t u r a l  Dynamics Laboratory of LeRC and included an  Avco Shock 
Machine ( f i g .  4 ) ,  t h e  MB Model C60 Vib ra t ion  E x c i t e r  ( f i g .  5) , and t h e  
T r i  Tech Cen t r i fuge  ( f i g .  6 ) .  The pump assembly w a s  mounted on a one- 
inch-thick aluminum p l a t e  having attachment p o i n t s  s u i t a b l e  f o r  i n s t a l -  
l a t i o n  on a l l  l oad ing  machines involved i n  t h e  test  program. 

TEST PROCEDURE 

General 

The test series w a s  conducted with t h e  pump f i l l e d  wi th  polyphenyl 
e t h e r  4P3E as would b e  t h e  case  during an a c t u a l  launch. The i n l e t  and 
d i s c h a r g e  p ipes  were capped. 
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The procedure included a func t iona l  test  a f t e r  completion of each 
load series along a p a r t i c u l a r  axis.  I n  t h i s  way, t he  exact  t ype  and 
d i r e c t i o n  of loading  t h a t  caused any f a i l u r e s  would have been known, 
and weaknesses more e a s i l y  reso lved .  
head p res su re  r ise ,  motor c u r r e n t  i n  each phase,  and t h e  a c o u s t i c  re- 
cording.  

The d a t a  taken  included pump dead- 

I n  o rde r  t o  p e r m i t  des ign  speed to  b e  a t t a i n e d  wi th  t h e  margina l  
400-hertz l abora to ry  power supply,  the  pump w a s  heated t o  338 K 
(150' F ) .  
duced t h e  r equ i r ed  s t a r t i n g  e l e c t r i c a l  c u r r e n t .  

Th i s  reduced t h e  v i s c o s i t y  of the 4P3E and consequent ly  re- 

Shock Tests 

The shock tests were t h e  f i r s t  t o  b e  performed. The s p e c i f i c a t i o n  
r equ i r ed  t h e  pump t o  be  capable  of withstanding t h r e e  20-g shocks i n  
each d i r e c t i o n  (p lus  and minus) a long  t h r e e  mutual ly  perpendicular  axes. 
The wave shape w a s  t o  b e  a h a l f - s i n e  of 10-mill isecond dura t ion .  Enough 
elapsed t i m e  w a s  allowed between each of t h e  t h r e e  shocks f o r  t h e  pre- 
v ious  v i b r a t i o n s  t o  have damped o u t .  The pump f u n c t i o n a l  t e s t  w a s  run  
a f t e r  each s e t  of t h r e e  shocks i n  any one a x i s .  

Vibra t ion  Tes t ing  

Af te r  completion of the shock t e s t i n g ,  the pump w a s  mounted on t h e  
MB C60 v i b r a t i o n  e x c i t e r  f o r  t h e  s i n u s o i d a l  and random-vibration tes t -  
ing .  The programed i n p u t s  as def ined  by t h e  Vib ra t ion  Sec t ion  of t h e  
S p e c i f i c a t i o n  are as fol lows:  

S inuso ida l  sweep. - This  test was performed a t  a frequency range  
from 2000 t o  5 cps a t  t h e  r a t e  of 1 octave per  minute i n  each of t h r e e  
mutual ly  perpendicular  axes at t h e  following i n p u t  l e v e l s .  

5 t o  22 h e r t z  a t  0.36 c m  (0.14 i n . )  double  ampli tude d i s p .  

33 t o  140 h e r t z  a t  8.0 g ' s  peak 

140 t o  240 h e r t z  a t  0.02 cm (0.008 i n . )  double ampli tude 
d i s p .  

240 t o  2000 h e r t z  a t  24.0 g ' s  peak 

Random v i b r a t i o n .  - The L / C  pump w a s  sub jec t ed  t o  random-noise 
e x c i t a t i o n  over a frequency i n t e r v a l  of 20 t o  2000 h e r t z  f o r  5 minutes  
i n  each of t h r e e  mutual ly  perpendicular  d i r e c t i o n s  wi th  loadings  as 
fo l lows  : 
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20 t o  200 h e r t z  a t  2 dB/octave 

200 t o  700 h e r t z  a t  0.64  g / h e r t z  2 

700 t o  900 h e r t z  a t  17 .5  dB/octave 

900 t o  2000 h e r t z  a t  0.15 g / h e r t z  2 

Accelerat ion T e s t i n g  

The L/C PMA w a s  mounted i n  t h e  c e n t r i f u g e  and sub jec t ed  t o  accel- 
e r a t i o n  loads  i n  accordance wi th  t h e  SNAP-8 environmental  s p e c i f i c a t i o n .  
The loads  were imposed f o r  5 minutes each i n  t h e  fol lowing d i r e c t i o n  and 
11 11 G l e v e l  combinations : 

+X a x i s ,  6 G +Y a x i s ,  2 G +Z a x i s ,  2 G 

-X a x i s ,  3 G -Y a x i s ,  2 G -Z a x i s ,  2 G 

A f u n c t i o n a l  t es t  w a s  run  between each of t h e  above test  runs .  

D I S C U S S I O N  OF T E S T I N G  

Shock Tests 

Table I summarizes t h e  shock t e s t i n g ,  showing t h e  programed machine 
i n p u t s  i n  each a x i s  and t h e  responses of t h e  accelerometers  mounted on 
t h e  pump, a l s o  f o r  a l l  t h r e e  axes.  In g e n e r a l ,  t h e  response acceler- 
ometers showed l i t t l e  a m p l i f i c a t i o n  with t h e  maximum be ing  25 pe rcen t  i n  
t h e  +X a x i s .  
than 2 t o  3 G ' s  w i th  a 20-G i npu t .  
taken pho tograph ica l ly  from an osc i l l o scope ,  is  shown i n  f i g u r e  7 .  The 
nonreturn of t h e  trace t o  t h e  absc i s sa  merely means t h a t  v i b r a t i o n s  re- 
s u l t i n g  from t h e  shock had no t  f u l l y  damped when t h e  p i c t u r e  w a s  taken.  

Also, t h e  two mutually perpendicular  axes  showed no more 
A sample of t h e  d a t a ,  which w a s  

Vibrat ion Tests 

Table  I1 is a summary of t h e  v i b r a t i o n  tests showing t h e  i n p u t s  
and maximum responses  a t  t h e  va r ious  tes t  f r equenc ie s .  During run  20, 
t h e  weld t h a t  a t t a c h e s  t h e  d i scha rge  tube t o  t h e  pump housing cracked.  
A t  t h e  t i m e ,  t h e  i n p u t  w a s  24 G ' s  i n  t he  X d i r e c t i o n  a t  a frequency of 
approximately 300 Hz. The accelerometer near t h e  weld w a s  r ead ing  
60 G ' s .  
w a s  n o t  considered programmatically s i g n i f i c a n t  s i n c e  i n  a f l i g h t  con- 
f i g u r a t i o n  t h e  d i scha rge  tube would not have been c a n t i l e v e r e d  as on 
t h e  test  specimen, b u t  would have continued on t o  some support  b r a c k e t .  
A s  a p r e v e n t a t i v e  measure, t h e  tube  was sho r t ened ,  reducing t h e  load ing  
on t h e  weld. The tests p r i o r  t o  t h e  f a i l u r e  w e r e  r epea ted  du r ing  

The tes t  w a s  terminated and t h e  weld r e p a i r e d .  This f a i l u r e  
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runs 20 and 21, and t h e  remainder of t he  v i b r a t i o n  t e s t i n g  w a s  continued 
without  i n c i d e n t .  

I n  t h e  X a x i s ,  t h e  1-G s i n u s o i d a l  tests showed most of t h e  reso-  
nances a t  350 t o  360 Hz, w i th  t h e  h ighes t  a m p l i f i c a t i o n  f a c t o r  of 20 a t  
t h e  top of t h e  motor housing ( run  21). For t h e  s p e c i f i e d  X-axis sweep, 
t h e  resonances occurred from 250 t o  300 Hz, t h e  h i g h e s t  response be ing  
110 G ' s  a t  t h e  d i scha rge  tube.  I n  the Y-axis 1-G sweep (run 24) ,  t h e  
resonances occurred a t  360 Hz and 2000 Hz wi th  a m p l i f i c a t i o n  f a c t o r s  of 
10  a t  t h e  motor housing and 13 a t  t h e  d i s c h a r g e  tube ,  r e s p e c t i v e l y .  For 
t h e  s p e c i f i c a t i o n  load-frequency sweep ( run  25) ,  maximums of 100 G I s  

were noted a t  t h e  pump v o l u t e  and d i scha rge  tube  a t  f r equenc ie s  of 1600 
and 1800, r e s p e c t i v e l y .  

The 1-G sweep i n  t h e  Z axis (run 27) showed a l l  resonances t o  b e  i n  
t h e  800- t o  1000-Hz range wi th  a maximum v a l u e  of 18 G ' s  occu r r ing  on 
t h e  pump-motor end cover a t  800 Hz. A maximum of 90 G I s  a t  760 Hz 
occurred a t  t h e  v o l u t e  housing during t h e  s p e c i f i e d  sweep. 

A t y p i c a l  p l o t  of "G" l e v e l  versus frequency f o r  an accelerometer  
on t h e  motor housing is  shown i n  f i g u r e  8. 

Table  I11 shows a summary of t h e  random-noise t e s t i n g  i n  each a x i s .  

The random-noise v i b r a t i o n  t e s t i n g  w a s  run  according t o  s p e c i f i c a -  
t i o n  w i t h  t h e  except ion of t h e  X-axis test  which w a s  1 0  dB higher  t han  
s p e c i f i c a t i o n  va lue  between 1175 and 1375 Hz. 
p e c u l i a r i t y  of t h e  equipment and test specimen a t  t h i s  p a r t i c u l a r  f r e -  
quency, bu t  i t  w a s  no t  a s e v e r e  o v e r t e s t  because of t h e  narrow band- 
width of t h e  excursion.  

This  w a s  probably a 

Accelerat ion Tests 

The a c c e l e r a t i o n  tests were r u n  according t o  s p e c i f i c a t i o n ,  t h e  
X-axis ( s h a f t  a x i s )  being s e l e c t e d  as t h e  major v e h i c l e  a x i s .  These 
tests w e r e  run  wi thou t  i n c i d e n t .  

Functional Tests 

A s  previously mentioned, func t iona l  tests of t h e  L/C PMA were 
performed a t  every a x i s  change f o r  each tes t  series. The parameters 
measured (deadhead p r e s s u r e  , motor cu r ren t  , and a c o u s t i c  "s ignature")  
showed no s i g n i f i c a n t  change du r ing  o r  a f t e r  t h e  e n t i r e  tes t  series. 
This  i n d i c a t e d  t h a t  t h e  pump su f fe red  no g ross  damage due t o  t h e  en- 
vironmental  t e s t i n g .  
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RESULTS OF POST-TEST EXAMINATION 

To a s c e r t a i n  whether t h e  shock, v i b r a t i o n ,  and a c c e l e r a t i o n  t e s t i n g  
had damaged t h e  pump, t h e  u n i t  was sen t  t o  t h e  Aero je t  Nuclear Systems 
Company, Azusa, C a l i f o r n i a  f o r  performance t e s t i n g ,  l eakage  measurements, 
and a complete disassembly and inspec t ion .  

Externa l  Examinat i o n  

The pump w a s  f i r s t  e x t e r n a l l y  inspected f o r  damage. No s i g n s  of 
damage were ev iden t .  The u n i t  passed t h e  same helium l e a k  test  ( t o  
10-7 s t d  cc/sec l e a k  l i m i t )  as conducted a f t e r  i t s  i n i t i a l  assembly. 
The to rque  r equ i r ed  f o r  s h a f t  r o t a t i o n  w a s  3 i n . / o z ,  which w a s  t h e  
same as p r i o r  t o  t e s t i n g .  
resistances were normal w i t h  i n f i n i t e  r e s i s t a n c e  t o  ground. 

The e lec t r ica l  three-phase and speed pickup 

Performance T e s t i n g  

A s  p a r t  of the o r i g i n a l  assembly of t h e  pump, a performance test  
w a s  conducted a t  Aero je t  Nuclear Systems Company, Azusa, C a l i f o r n i a .  
This  t e s t  cons i s t ed  of a head-flow curve,  power and c u r r e n t  consumption, 
and a n e t  p o s i t i v e  s u c t i o n  head t e s t .  
p r i o r  t o  t h e  environmental  t e s t i n g ,  was normal, be ing  d i r e c t l y  compar- 
a b l e  t o  o t h e r  L / C  pumps t e s t e d .  
i d e n t i c a l  test  series w a s  run  on t h e  pump. 
previous f i n d i n g s  and e s t a b l i s h e d  t h a t  o p e r a t i o n a l l y  t h e  pump had n o t  
been a f f e c t e d .  
o r i g i n a l  performance test .  

The o r i g i n a l  performance t e s t ,  

Following t h e  environmental  t e s t i n g ,  an  
Th i s  t e s t  d u p l i c a t e d  t h e  

The tes t  r e s u l t s  were point-for-point  i d e n t i c a l  w i t h  t h e  

Disassembly and I n s p e c t  i o n  

A f t e r  t h e  performance t e s t ,  the pump w a s  completely disassembled 
and in spec ted  f o r  damage. 
dimensional  check. 
to-base c o n t a c t  s u r f a c e s  and two abraded exposed thermocouple wires. 
The g a l l i n g  i s  of no consequence s ince  t h e s e  p a r t s  would be  welded to- 
ge the r  when i n  f l i g h t  conf igu ra t ion .  
a b l y  exposed by rubbing a g a i n s t  t h e  smooth p a r t  of the  speed-pickup 
housing du r ing  t h e  v i b r a t i o n  t e s t i n g .  
couples  are not  used.  I n  t h e i r  disassembled p o s i t i o n  t h e s e  thermo- 
couples  had j u s t  been b a r e l y  exposed and were n o t  grounded. 

This  was done v i s u a l l y ,  by dye  p e n e t r a n t ,  and 
The only  damage found was g a l l s  on t h e  motor housing- 

The thermocouple wires w e r e  prob- 

I n  pump ope ra t ion  t h e s e  thermo- 

The rubbing of t h e  thermocouple wire r e s u l t e d  from a doubled-over 
t i g h t  l oop  c r e a t e d  by i n c o r r e c t  assembly. The ha rness  should have 
cu r l ed  about  230° counterclockwise from i t s  p r o t r u s i o n  through t h e  
motor-end bea r ing  housing t o  t h e  bottom area; t h i s  o r i e n t a t i o n  would 
avoid rub  p o i n t s .  The harness  w a s  i n c o r r e c t l y  wound clockwise through 
a 130' arc.  None of t h e  power l e a d s  were a f f e c t e d .  
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The bea r ing  s u r f a c e s  and dimensions were c a r e f u l l y  checked f o r  
ab ras ion ,  c r a c k s ,  out  of roundness or  squareness .  A l l  were s a t i s f a c t o r y  
and w i t h i n  t h e  o r i g i n a l  drawing to l e rances .  

CONCLUSIONS AND RECOMMENDATIONS 

The lub r i can t - coo lan t  pump suffered n e i t h e r  o p e r a t i o n a l  nor s i g n i f -  
i c a n t  physical  ill e f f e c t s  from t h e  environmental t e s t f n g .  This  compo- 
nent  i s  considered t o  b e  a b l e  t o  m e e t  t h e  v e h i c l e  launch and l i f t - o f f  
v i b r a t i o n  cond i t ions  as def ined by the SNAP-8 environmental  s p e c i f i c a -  
t i o n  and launch v e h i c l e  loads.  The abrasion of two thermocouple wires 
i n  t h e  motor ha rness  r e q u i r e s  a s l i g h t  process  mod i f i ca t ion  i n  t h a t  
area. 

To prevent r ecu r rence  of t h e  harness rub ,  t h e  ha rness  design w a s  
modified on a subsequent pump assembly w i t h  t h e  fol lowing f e a t u r e s :  

1. Reduce weight and s t i f f n e s s  by removing fou r  p a i r s  of unused 
thermocouple connec t ions ,  
r e t a i n e d .  

The two winding end-turn thermocouples were 

2 .  Cover t h e  remaining thermocouple and power-lead w i r e s ,  a l r e a d y  
p r o t e c t e d  wi th  ML-varnished g l a s s  s l eev ing ,  w i t h  an o v e r a l l  Ben Har 
h e a t - t r e a t e d  F i b e r g l a s  s l eeve .  

3 .  With t h e  ha rness  i n  t h e  f i n a l  p o s i t i o n ,  wrap t h e  s l e e v e  along 
wi th  t h e  speed-sensor w i r e  w i th  112-inch-wide F i b e r g l a s  tape.  

4 .  T i e  t h e  shaped ha rness  i n  p o s i t i o n  t o  an i n t e r n a l  post  and 
apply ML v a r n i s h ,  c u r i n g  even tua l ly  a t  490 K (420' F ) .  
m i s o r i e n t a t i o n .  

This  p reven t s  
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1 
2 
3 

4 
5 
6 

7 
8 
9 

10  
11 
12 

13 
14  
15 

16 
1 7  
18 

8 

TABLE I. - SHOCK LOAD INPUTS AND RESPONSES 

Axis G l e v e l  
t e s t  input 

-X 22 
-X 22 
-X 20 

*X 20 
+X 1 9  
i-X 1 9  

*Y 1 9  
*Y 20 
*Y 1 9  

-Y 20 
-Y 20 
-Y 20 

+Z 1 9  
i-Z 2 1  
*Z 20 

-Z 21  
-Z 22 
-Z 22 

Response G l e v e l  
axis response 

X 20 
Y 2 
2 0 

X 25 
Y 0 
Z 2 

X 2 
Y 23 
Z 3 

X 2 
Y 24 
Z 4 

X 2 
Y 2 
Z 22 

X 2 
Y 3 
Z 23 
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TABLE 11. - VIBRATION INPUT/RESPONSE SUMMARY 

Run Inpu t  Programed Response Response Maximum 
ax is inpu t  acce le r .  a x i s  response  

p o s i t i o n  ( G I  

1 9  X 1.0 G 

20 

1 X 2.5  
2 1 . 9  
3 13  
4 9 
5 11 
6 11 

2 1  X 
(Repeat 
of 1 9 )  

X 0 .36  cm (0 .14 " )  DA* 1 X 43 
@ 5 - 33 HZ 2 34  

3 7 0  
8 G @ 33 - 140  HZ 4 60 

5 7 6  
0.02 cm (0 .008" )  DA 6 70  

@ 1 4 0  - 240 HZ 

24 G @ 240 - 300 HZ 

1.0 G 

22 X 0 .36  c m  (0 .14 " )  DA 
(Repeat @ 5 - 33 HZ 
of 2 0 )  

8 G @ 33 - 1 4 0  HZ 

0.02 c m  (0 .008" )  DA 
@ 1 4 0  - 240 HZ 

X 1 . 5  
2 .9  

8 .5  
9.5 
8 . 8  

20 

11 

X 60 
44  
7 5  
56 
77 
77 

110 

R e s  onan t 
f r equency 
(Hz) 

350 
350 
360 
350 
3 50 
350 

270 
270 
270 
270 
270 
270 

350 
370 
350 
370 
380 
350 
370 

250 
260 
280 
3 20 
300 
290 
270 

24 G @ 240 - 300 HZ * 
DA - double  ampli tude.  



Run 

24 

25 

1 0  

TABLE 11. - Concluded. VIBRATION INPUT/RESPONSE SUMMARY 

Input  Programed 
a x i s  i n p u t  

Y 1 .0  G 

27 Z 

Y 0.36 cm ( 0 . 1 4 " )  DA 
@ 5 - 33 HZ 

8 G @ 33 - 140 HZ 

0 .02  cm (0 .008" )  DA 
@ 140  - 240 HZ 

24 G @ 240 - 2000 HZ 

1 . 0  G 

Response 
acce le r  . 
p o s i t  i o n  

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

Response Maximum 
a x i s  response 

(GI  

Y 3.7 
2.4 

5.8 
6.5 
6.0 

10 

13 

Y 88 
64 
80 

100 
60 
58 

100 

1 Z 
2 
3 
4 
5 
6 
7 

28 Z 0.36 cm (0 .14 " )  DA 1 2 
@ 5 - 33 HZ 2 

3 
8 G @ 33 - 140 HZ 4 

5 
0 .02  cm (0.008") DA 6 

C! 140  - 240 HZ 7 

4 .O 
6.6 

10 
13 
11 
18  
11 

60 
80 
65 
90 
75 
88 
86 

Resonant 
frequency 
(Hz) 

2000 
1800 
3 60 

1800 
360 
3 60 

2000 

1800 
1600 
1900 
1600 

240 
220 

1800 

1000 
1000 

800 
1000 

800 
800 

1000 

7 00 

7 50 
7 60 
680 
700 

1650 

1000/1900 

24 G @ 240 - 2000 HZ 
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TABLE 111. - RANDOM VIBRATION TEST RUNS 

Run Axis G-level Duration Overa l l  Frequency 
inpu t  input  

20-200 
200-700 
700-900 5 min 25 G 8.2 

12.7 900-2000 

23 X 

26 Y 8 .77  20-200 

5 min 8.2 
200-700 
700-900 

22 G 

12.7) 900-2000 

20-200 
200-700 
700-900 5 min 25 G 8.2 

12.7 900-2000 

29 2 



Figure 1. - SNAP 8 lubricant-coolant pump motor assembly. 

t-- Discharqe 

W 
CD-10118-22 

Figure 2. - Sectional view of SNAP 8 lubricantlcoolant pump. 
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Figure  3. - Locat ion  of acce lerometers  on Snap-8 
l u b r i c a n t  - c oolan t  pumpmotor assembly. 
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Figure 6. -T r io  tech centrifuge. 

(a) Control  accelerometer; Y axis, (b)  Response accelerometer; r u n  10. 

Figure 7. -Typical  shock test data from control  and response accelerometers. 
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