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SSME M A I N  INJECTOR 4000 HERTZ PHENOMENON 

In t roduc  t i on 

Several Space S h u t t l e  Main Engines have experienced very h i g h  
acce le ra t i on  responses measured i n  t h e  main i n j e c t o r  o f  t h e  powerhead 
du r ing  s t a t i c  f i r i n g s .  T h i s  unusual response has been noted t o  occur 
ve ry  prominent ly  on about fou r  engines i n  p a r t i c u l a r .  The responses a r e  
centered around 4000 her tz ,  and as f a t i g u e  sets i n ,  t h e  frequency sh i f t s  
downward. 

T h i s  purchase order  (H-85081B) was issued t o  e n l i s t  a d d i t i o n a l  h e l p  
from t h e  p r i n c i p a l  i n v e s t i g a t o r ,  G. D. Johnston, t o  monitor f l o w  t e s t s  
on a powerhead i n s t a l l e d  a t  Test Stand 116 f o r  water f l o w  experiments 
designed t o  re-create t h i s  "4000 Her tz "  h i g h  Q response. The p r i n c i p a l  
i n v e s t i g a t o r  was t o  study t h e  t e s t  setup, a s s i s t  w i t h  ins t rumenta t ion  
problems t o  assure good data, witness t h e  t e s t s  and a s s i s t  i n  t h e  da ta  
a n a l y s i s  review. 

F igures  1 and 2 show t h e  l o c a t i o n  and number o f  accelerometer, 
pressure and s t r a i n  gages used t o  record  data du r ing  t h e  var ious  f l o w  
tes ts .  These sketches show the  basic s t r u c t u r e  used i n  t h e  t e s t  setup; 
however, t h e  o v e r a l l  setup w a s  more invo lved.  

Data from prev ious  ho t  f i r e  SSME t e s t s  r e l a t i n g  t o  t h e  4000 h e r t z  
phenomenon were reviewed t o  prov ide a b e t t e r  understanding o f  t he  n a t u r e  
o f  t h i s  s t r u c t u r a l  response. The o b j e c t i v e  was t o  t e c h n i c a l l y  understand 
t h e  way t h i s  phenomenon works, recommend a f i x  and t e s t  t he  f i x .  

Work Performed 

The pe r iod  o f  t h i s  work e f f o r t  o f f i c i a l l y  began on Apr i1 '22,  1986, 
and was necessa r i l y  stopped on Ju ly  21, 1986, when t h e  amount o f  t i m e  
app l ied  t o  t h e  e f f o r t  exhausted the a v a i l a b l e  funds. The work covered 
e x a c t l y  a th ree  months per iod.  Considerable work remains t o  be performed 
on the  o v e r a l l  program, and i t  is w i t h  a g rea t  deal  o f  r e g r e t  t h a t  w e  
m u s t  s top  our e f f o r t  s ince  w e  had -just begun t o  get  a " f e e l '  f o r  t h e  
na ture  o f  t h e  problem. 

To get t h e  work s ta r ted ,  a l a rge  package o f  data i n c l u d i n g  t ime  
h i s t o r i e s  and spec t ra l  p l o t s  were reviewed from past  enaine f i r i n g s =  
T h i s  data was a compi la t ion  o f  p l o t s  sec lected from over 200 t e s t s  
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cover ing  SSME u n i t s  2025, 2116, OllOF, 0005, 2026, 2011, 0010, 2024 
and 2012. I n  a d d i t i o n  t o  t h i s  review o f  data, t h e  author met w i t h  M r .  
B i l l  S m i t h  and M r .  Wayne Swanson t o  d iscuss o ther  data r e l a t e d  t o  t h e  
4000 h e r t z  problem. T h i s  served t o  p rov ide  t h e  author w i t h  an up-to- 
date s t a t u s  on t h e  s e v e r i t y  of  the problem. 

The modal t e s t  data performed p r i o r  t o  t h e  s t a r t  o f  t h e  water 
f l o w  t e s t s  on the  Main I n j e c t o r  #0008 was reviewed. The t e s t  cou ld  
have been enhanced had more data p o i n t s  been obtained, p a r t i c u l a r l y  
on t h e  ‘hot dog’ and L o x  I n l e t  Tee. The data does show a t  l e a s t  t h r e e  
p o t e n t i a l  modes which could be r e l a t e d  t o  t h i s  phenomenon. These modes 
show very  l i t t l e  damping which d e f i n i t e l y  f i t s  t h e  c r i t e r i a  f o r  t h e  
‘buzz’ frequency. 

Mode 8 (3850 Hz) o f  t e s t  TSS-001 shows t h e  t ype  o f  s t r u c t u r a l  
response t h a t  could p rov ide  the  necessary phasing f o r  t h e  s p l i t t e r  
vanes t o  have a h i g h  ’a’ response. The damping is very low i n  t h i s  
mode, b u t  no t  enough data p o i n t s  a re  a v a i l a b l e  t o  r e a l l y  p i n p o i n t  i t  
as the  s t ronges t  p o s s i b i l i t y .  I n  t e s t  TSS-002, mode 2 (4107 Hz, .24% 
damping) i s  another s t rong candidate; however, t h e  l i m i t e d  amount o f  
data on t h e  ‘hot dog’ doesn‘t a l low one t o  see t h e  p r e c i s e  movement. 
I n  f a c t ,  t h e  data tends t o  show l ess  ‘hot dog’ a c t i o n  than i n  t h e  
3850 h e r t z  mode. The e f f e c t  of water mass load ing  t h e  i n j e c t o r  t o  
cause these f requencies t o  be lowered w i l l  probably be o f f s e t  by t h e  
i n t e r n a l  pressure which w i l l  tend t o  s t i f f e n  t h e  s t r u c t u r e  and increase 
t h e  frequencies. The modal t e s t  proves t h a t  t h i s  t e s t  setup has l i g h t l y  
damped modes i n  t h e  range o f  3700 t o  4200 h e r t z  where t h e  problems 
have been observed. 

Regardless o f  whether #0008 i s  proven t o  be a ‘buzzer‘ i n  t h i s  
setup or  no t  a ‘buzzer’, i t  i s  recommended t h a t  t h i s  main i n j e c t o r  b e  
removed from t h i s  setup a5 soon a5 p r a c t i c a l  and subjected t o  a very  
d e t a i l e d  modal a n a l y s i s  t e s t  i n  a f r e e - f r e e  cond i t ion .  I f  data can be  
obtained from t h e  s p l i t t e r  vanes, i t  should be of a h i g h  p r i o r i t y .  

Inst rumentat ion problems developed du r ing  t h e  e a r l y  low-level  f l o w  
t e s t s .  The author ass i s ted  i n  acqu i r ing  replacement pressure t ransducers 
+or  damaged ones f o l l o w i n g  t h e  f l o w  t e s t s  on A p r i l  15. The accelerom- 
e t e r s  l oca ted  on t h e  ‘hot  dog’ near t h e  s p l i t t e r  vanes ( p a r t i c u l a r l y  A4) 
were being shaken o f f .  One accelerometer was l i t e r a l l y  shook apar t .  The 
author was requested t o  p rov ide  an exper t  i n  epoxy bonding t o  r e a t t a c h  
t h e  accelerometers. V i b r a t i o n  and Acoustics, Inc., p a i d  M r .  B i l l  White 
t o  i n s t a l l  t h e  accels  on f o u r  occasions. The author ordered a large 
supply o f  t he  epoxy t h a t  Rocketdyne u5es (Kalex D-85) and a l s o  obta ined 
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some Normco 7343, a proven epoxy f o r  t h i s  type a p p l i c a t i o n  even a t  
cryogenic temperatures. The ins t rumenta t ion  attachment i s  very impor- 
t a n t  because wi thout  a cont inuously  r i g i d  a t tach  p o i n t  t h e  data i s  n o t  
r e l i a b l e  o r  i s  l o s t  a l together .  The author ordered pressure t ransducer 
adapters from PCB I n d u s t r i e s  (#62 PCB adapters).  A recommendation was 
made t h a t  l i g h t e r  mass accelerometers be used (Endevco 2226) t o  reduce 
t h e  s t r e s s  on the  epoxy bond. Also, i t  was recommended t h a t  Endevco 
2225 shock accels  be used where stud mounting was acceptable. 

On A p r i l  15 two t e s t s  were run. One a t  2000 p s i  supply pressure 
and t h e  other  a t  2500 ps i .  The accelerometer bonding was b e t t e r ,  b u t  
t h e  v i o l e n t  environment eventua l l y  shook t h e  bonded accels  o f f  and 
backed t h e  stud-mounted accels  out t o  where they  were loose. We 
cont inued t o  experiment w i t h  Kalex D-85 and Normco 7343 u n t i l  we g o t  
t h e  acce ls  t o  s t a y  on through some o f  t h e  4000 p s i  t e s t s .  It should be 
po in ted  out t h a t  above 4000 p5 i  supply pressure t h e  v i o l e n t  environment 
n o t  o n l y  debonded t h e  accels  i t  1 i t e r a l  l y  destroyed t h e  pressure 
sensors. 

The author made arrangements w i t h  t h e  Dynamics Test Branch t o  run  
v i b r a t i o n  t e s t s  on t h e  pressures t ransducers (PCB 113AZ3,  K i s t l e r  and 
M u l i t e )  used t o  o b t a i n  pressure data t o  determine t h e i r  s e n s i t i v i t y  t o  
mechanical e x c i t a t i o n .  The v i b r a t i o n  t e s t  d i d  no t  show an excessive 
response t o  mechanical e x c i t a t i o n  i n  t h e  frequency range t h a t  i t  was 
dr iven,  Th is  tends t o  prove t h a t  t he  s igna l  from t h e  pressure t rans-  
ducers i s  t h e  f l u c t u a t i o n  o f  t h e  f l u i d  pressure i n  t h e  l i n e .  W e  know 
t h a t  t h e  spec t ra l  content o f  t he  pressure measurements were very much 
l i k e  t h e  mechanical response o f  the accels. Th i s  a l l  seems t o  say t h a t  
t h e  f l u i d  i s  the  source of  energy t h a t  i s  d r i v i n g  t h e  i n j e c t o r  
s t r uc t ur e. 

The author fo l lowed t h e  f l ow  t e s t  through t h e  h ighes t  supply 
pressures (4750 p s i )  and t h e  subsequent va l ve  t h r o t t l i n g  t e s t s .  A 
l i m i t e d  amount o f  data was reviewed. 

On A p r i l  29, t h e  author attended a meeting t o  d iscuss t h e  t e s t  
setup f o r  t h e  p l a s t i c  model water f l o w  t e s t .  A shaker (model UD 6) 
was recommended t o  support t h i s  t e s t .  The author l a t e r  went t o  Eldg. 
4650 w i t h  M r .  Tomas Nesman t o  i d e n t i f y  t h e  shakers t o  be used f o r  t h i s  
t e s t .  

Fo l low ing  t h e  f i n a l  water f l o w  t e s t  on #0008, t h e  author ass i s ted  
w i t h  t h e  inst rumentat ion on t h e  6.4% model acoustic ~ptt_!p +CY the WT!? 
con f igu ra t i on .  A v i b r a t i o n  t e s t  procedure was, w r i t t e n  t o  cover an 



eva lua t i on  o f  t h e  Larson-Davis microphone p reamp l i f i e r .  The purpose o f  
t h e  t e s t  was t o  determine i t s  s e n s i t i v i t y  t o  mechanical v i b r a t i o n  much 
l i k e  t h e  prev ious t e s t  of t h e  pressure transducers, bu t  t h e  t e s t  had t o  
be delayed when severa l  on - l i ne  microphone p r e a m p l i f i e r s  f a i l e d .  The 
two complete channels t o  be used f o r  t h e  v i b r a t i o n  t e s t  had t o  be 
c a r r i e d  back t o  the  blockhouse and i n s t a l l e d  t o  Test Stand 116. The 
author compiled a l i s t  o f  acoust ic ins t rumenta t ion  needed t o  support  
t h i s  program and f i l l e d  out  a procurement request f o r  a c q u i s i t i o n .  

Summary 

Several Space S h u t t l e  Main Engines had e x h i b i t e d  a h i g h  l e v e l  of 
v i b r a t i o n  i n  the  main i n j e c t o r  dur ing ho t  f i r i n g s .  The h igh  ‘Q‘ response 
i s  u s u a l l y  centered around 4000 her tz .  V i b r a t i o n  and Acoufjt ics, Inc. I 

rece ived a purchase order  (H-8508lE) t o  monitor water f l o w  t e s t s  on 
i n j e c t o r  #0008 a t  Test Stand 116. 

The author reviewed data f r o m  pas t  h o t  f i r i n g s  and data from t h e  
water f l o w  tes ts .  The data from the main i n j e c t o r  modal t e s t  was a l s o  
r e v i  ewed. 

I t i s  r a t h e r  obvious t o  s ta te,  bu t  a very thorough examination of 
t h e  i n j e c t o r s  known t o  have t h e  most severe responses ( S / N ’ s  OllOF, 
2116, 2025 $4 2026) would prob lab ly  revea l  some s t r u c t u r a l  f e a t u r e  
t h a t  i s  causing t h e  problem. I n  the  absence o f  t h a t  hardware, i t  i s  
recommended t h a t  S/N 0008 be removed and thoroughly  examined (us ing dye 
penet ran t ) .  A very d e t a i l e d  modal t e s t  should be performed i n  t h e  
f r e e - f r e e  c o n d i t i o n  and then r e i n s t a l l e d  w i t h  boundary c o n d i t i o n s  f o r  
r e t e s t .  

T h i s  purchase order o n l y  had s u f f i c i e n t  funds t o  cover a t h r e e  
month per iod.  The author r e g r e t s  t h a t  he could n o t  spend more t ime on 
t h e  t e s t  r e s u l t s  because t h e  ‘ . feel ’  f o r  t h e  problem was jus t  be ing 
a t t a i n e d  when t h e  funds ran  out. The o r i g i n a l  fund ing  on ly  al lowed f o r  
an expendi ture o f  114 manhours. I t i s  our d e s i r e  t o  cont inue work on 
t h i s  problem i n  t h e  f u t u r e  i f  funds are  ever a v a i l a b l e  t o  do so. 
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Financial Report  

During the three months period (Apr 22 - Jul 21, 1986) 114 manhours 
were expended. Given the negotiated rates for labor, overhead and fee, 
the hours stated will utilize the total funds available a5 shown in the 
enclosed invoice. 

Signed 

c A J L h  
G. D. fohnston P. I. 

Date: 8- ZZ- 86 

Distribution: 

AP29-F 
AS24-D 
AT01 
CCOl/WOFFORD 
EM13A-l7/NAOMI KEY 
EDZLCIJESS JONES 
ED24/TOM NESMAN 
ET6 1 / J . CONNOR 
ET631 J . RHODES 
NASA Scientific & Tech 
Information Facility 1 
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E ' I G U X  2. ADDITIONAL I N S T R U h T A T I O N  LOCAX'IONS 


