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ABSTRACT 

Two UTC XSR 57-UT-I solid-propellant rocket motors (S/N's 
20002 and 20003) were fired at simulated altitude conditions while 
mounted in a spin fixture which rotated the motors about their axial 
centerlines at approximately 200 rpm. A third motor (S/I~ 9.0004) 
was fired in the no-spin mode after having been temperature-cycled 
between 35 and 105°F. This firing resulted in failure in the aft dome 
region 2.3 see after ignition. The major program objectives were 
to determine motor ballistic performance and structural integrity. 
Vacuum specific impulse based on the manufacturer's stated propel- 
lant weight was 284.35 (S/N 20002) and 284.98 (S/N 20003) Ibf-sec/Ib m. 
Post-fire motor examination of motors S/N 9.0002 and S/N 20003 revealed 
that the uninsulated portion of each cylindrical chamber was charred, 
and the fiber glass filaments were essentially unbonded. 
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SECTION I 
INTRODUCTION 

The United Technology Center (UTC) XSR 57-UT-I rocket motor is 
being developed as the propulsion unit for the fourth stage of the Scout 
Launch Vehicle. Six Preliminary Flight Rating Tests (PFRT) of the 
XSR 57-UT-1 rocket motor were planned. The test series consisted of 
two sea-level, non-spin firings and one sea-level, 200-rpm spin firing 
at UTC plus one non-spin and two 200-rpm spin tests at AEDC. The 
AEDC testing was performed under simulated altitude conditions, and 
the test results are reported herein. 

The primary objectives of the first two motor firings reported 
herein were to determine ballistic performance and structural integrity 
of the XSR 57-UT-1 motor under the combined effects of rotational spin 
and near vacuum environment. Similar objectives were established for 
a third firing which was conducted in the no-spin mode following tem- 
perature cycling between 35 and 105 ± 5°F. Secondary objectives were 
to measure thrust misalignment of the motors tested in the spin mode 
and to evaluate ignition characteristics for each motor under simulated 

altitude conditions. 

The first two motors (S/N's 20002 and 20003) were fired at an aver- 
age pressure altitude in excess of 97,000 ft while spinning at approximately 
200 rpm about the motor axial centerline. The third motor (S/N 20004) 
was fired following temperature cycling in the no-spin mode at an initial 
pressure altitude of 111,000 ft. 

SECTION II 
APPARATUS 

2.1 TEST ARTICLE 

The  UTC XSR 5 7 - U T - 1  f l i gh twe igh t  s o l i d - p r o p e l l a n t  r o c k e t  m o t o r  
(Fig .  I) is  19.60 in. in ou t s ide  d i a m e t e r  and 58 .45  in. in o v e r a l l  l eng th .  
The  4 0 . 3 8 - i n .  - l ong  c h a m b e r  is a f i l a m e n t - w o u n d  g l a s s  f i b e r  and epoxy 
r e s i n  s t r u c t u r e  with ova lo id  f o r w a r d  and aft d o m e s  which  i n c o r p o r a t e  
i n t e g r a l l y  wound f o r w a r d  and aft a d a p t e r s  of h i g h - s t r e n g t h  a l u m i n u m .  
The d o m e s  t e r m i n a t e  in a l u m i n u m  p o l a r  b o s s e s  for  i g n i t e r  and n o z z l e  
i n s t a l l a t i o n .  The  c h a m b e r  is f i l a m e n t - w o u n d  d i r e c t l y  o v e r  a s e m i -  
d e s t r u c t i b l e  m a n d r e l  wh ich  s u p p o r t s  f o r w a r d  and aft i n s u l a t i o n  of s i l i c a -  
l o a d e d  B u n a - N  r u b b e r .  The  i n s u l a t o r  is so  c o n s t r u c t e d  tha t  the  t h i c k n e s s  
in any p a r t i c u l a r  r e g i o n  is p r o p o r t i o n a l  to the  t i m e  tha t  the  i n s u l a t o r  is  



AEDC-TR-65-47 

e x p o s e d  to p r o p e l l a n t  g a s e s .  The  c y l i n d r i c a l  s e c t i o n  of the  c h a m b e r  is 
a p p r o x i m a t e l y  27 in. long and n o m i n a l l y  0. 080- in .  th ick .  

The  nozz l e  a s s e m b l y  (Fig.  la)  c o n s i s t s  of an ATJ  g r a p h i t e  t h r o a t  
i n s e r t  ( a r ea  4 .086  in. 2) and an e x p a n s i o n  cone c o m p r i s e d  of h i g h - s i l i c a  
pheno l i c  backed  wi th  a s t e e l  s h e l l  to p rov ide  s t r u c t u r a l  r i g id i t y .  A 
g r a p h i t e  c lo th  is  bonded  to the s i l i c a - p h e n o l i c  c o v e r i n g  an a r e a  f r o m  the 
g r a p h i t e  t h r o a t  i n s e r t  to an expans ion  r a t i o  of 9:1. The  n o m i n a l  expan-  
s ion  r a t i o  is 52 .8:  1, and the  expans ion  cone  h a l f - a n g l e  is 20 deg.  The 
nozz l e  a s s e m b l y  is a t t a ched  to the  m o t o r  ca se  by m a t i n g  f langes ;  the  
n o z z l e  t h r u s t  axis  is a l i gned  with the  m o t o r  c e n t e r l i n e  with a t o l e r a n c e  
of 0.02 deg, nominal. 

The  l o a d e d  m o t o r  we ighs  a p p r o x i m a t e l y  650 lbm,  of which  600 l b m  
is p ro p e l l a n t .  The  c o m p o s i t e  p r o p e l l a n t  g r a i n  (UTP 309a) is a c a s e -  
bonded,  t r a n s v e r s e l y  s l o t t e d  tube con f igu ra t i on  (Fig.  la) .  The  g r a i n  
c o n f i g u r a t i o n  has  a n o m i n a l  por t  d i a m e t e r  of 4 .1  in. f o r w a r d  of the  
t r a n s v e r s e  s lo t  and a n o m i n a l  por t  d i a m e t e r  of 4 .2  in. aft of the  s lo t .  
N o m i n a l  m o t o r  p e r f o r m a n c e  is: t h r u s t  6000 lbf,  c h a m b e r  p r e s s u r e  
720 psia ,  v a c u u m  s p e c i f i c  i m p u l s e  285 l b f - s e c / l b m ,  and ac t ion  t i m e  
31 sec .  

Ignition was accomplished by an igniter (Fig. 2), which contained 
0.16 Ibm of UTP 1095 propellant. The igniter incorporated one double- 
bridge wire SD60A-0, nominal 6-sec-delay squib which was used to ignite 
a 5.0-gm boron-potassium nitrate (BKNO3) pellet charge, which in turn 
initiated burning within the igniter. The BKNO3 pellets are held in posi- 
tion by a pellet retainer. Two squib ports were available; however, one 
port was used as an igniter pressure port. The igniter also contains 
two chamber pressure ports. 

The  m o t o r  did not con ta in  a n o z z l e  c l o s u r e .  T h e r e f o r e ,  m o t o r  
c h a m b e r  p r e s s u r e  was  equal  to s i m u l a t e d  a l t i tude  p r e s s u r e  at ign i t ion .  

2.2 INSTALLATION 

The motors were installed in Propulsion Engine Test Cell (T-3) 1 
in a spin fixture assembly mounted on a thrust cradle which was supported 
from the cradle support stand by three vertical and two horizontal double= 
flexure columns (Fig. 3). The spin fixture assembly consisted of a 10-hp 

1Tes t  F a c i l i t i e s  Handbook,  (5th Edi t ion) .  "Rocke t  T e s t  Fac i l i t y ,  
Vol. 2. " A r n o l d  E n g i n e e r i n g  D e v e l o p m e n t  Cen t e r ,  Ju ly  1963. 

2 
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s q u i r r e l - c a g e - t y p e  d r i v e  m o t o r ,  a f o r w a r d  t h r u s t  b e a r i n g  a s s e m b l y ,  
a d r i v e  shaf t  and t h r u s t  pylon, and an aft b e a r i n g  a s s e m b l y .  The  sp in  
f ix tu re  was  l o c k e d  in p lace  for  the t e s t  of m o t o r  S /N 20004 in the  non-  
sp in  mode .  E l e c t r i c a l  l e a d s  to and f r o m  the i gn i t e r ,  p r e s s u r e  t r a n s -  
d u c e r s ,  and t h e r m o c o u p l e s  on the  r o t a t i n g  m o t o r s  (S /N ' s  20002 and 
20003) w e r e  p r o v i d e d  t h rough  two 52 -channe l ,  s l i p - r i n g  a s s e m b l i e s  
m o u n t e d  on the d r ive  shaft .  Axial  t h r u s t  was t r a n s m i t t e d  t h rough  the 
d r ive  s h a f t - t h r u s t  b e a r i n g  a s s e m b l y  to two d o u b l e - b r i d g e  load  c e l l s  
m o u n t e d  jus t  f o r w a r d  of the t h r u s t  bea r ing .  

P r e - i g n i t i o n  p r e s s u r e  a l t i tude  cond i t ions  w e r e  m a i n t a i n e d  in the 
t e s t  ce l l  by a s t e a m  e j e c t o r  o p e r a t i n g  in s e r i e s  with the R T F  exhaus t  
c o m p r e s s o r s .  Dur ing  a m o t o r  f i r ing ,  the m o t o r  exhaus t  g a s e s  w e r e  
u sed  as the d r iv ing  gas  for  the 3 5 . 0 - i n .  - d i a m ,  e j e c t o r - d i f f u s e r  s y s t e m  
to m a i n t a i n  t e s t  c~ll p r e s s u r e  at an a c c e p t a b l e  l eve l .  

2.3 INSTRUMENTATION 

I n s t r u m e n t a t i o n  was p r o v i d e d  to m e a s u r e  axia l  t h ru s t ,  t e s t  ce l l  p r e s -  
s u r e ,  m o t o r  c h a m b e r  p r e s s u r e ,  i g n i t e r  p r e s s u r e ,  and m o t o r  c a s e  and 
n o z z l e  t e m p e r a t u r e s .  F o r  m o t o r s  S/N 20002 and 20003 which  w e r e  f i r e d  
in the  sp in  m o d e ,  s ide  f o r c e  and m o t o r  r o t a t i ona l  s p e e d  w e r e  a l so  m e a s -  
u red .  Table  I p r e s e n t s  i n s t r u m e n t  r a n g e s ,  r e c o r d i n g  m e t h o d s ,  and s y s -  
t e m  a c c u r a c i e s  for  al l  m e a s u r e d  p a r a m e t e r s .  

The  axial  t h r u s t  m e a s u r i n g  s y s t e m s  c o n s i s t e d  of two d o u b l e - b r i d g e ,  
s t r a i n - g a g e - t y p e  load  ce l l s  m o u n t e d  in the axial  d o u b l e - f l e x u r e  co lumn  
f o r w a r d  of the t h r u s t  b e a r i n g  on the r o c k e t  m o t o r  c e n t e r l i n e .  The  s ide  
f o r c e  m e a s u r i n g  s y s t e m  c o n s i s t e d  of f o r w a r d  and aft d o u b l e - b r i d g e ,  
s t r a i n - g a g e - t y p e  load  ce l l s  i n s t a l l e d  be tween  the f l e x u r e - m o u n t e d  c r a d l e  
and the  c r a d l e  suppor t  s tand  n o r m a l  to the r o c k e t  m o t o r  axial  c e n t e r l i n e  
and in the m o t o r  h o r i z o n t a l  p lane  (Fig. 4). Unbonded  s t r a i n - g a g e - t y p e  
t r a n s d u c e r s  w e r e  u s e d  to m e a s u r e  t e s t  ce l l  p r e s s u r e  and low r a n g e  
(0 to 2 psia)  c h a m b e r  p r e s s u r e  (S/N 20002 only).  Bonded  s t r a i n - g a g e -  
type t r a n s d u c e r s  in r a n g e s  of 0 to 100, 0 to 1000, and 0 to 3000 ps i  
w e r e  u s e d  to m e a s u r e  m o t o r  c h a m b e r  and i g n i t e r  p r e s s u r e s .  I r o n -  
cons t an t an  (IC) t h e r m o c o u p l e s  w e r e  bonded  to the  m o t o r  ca se  and n o z z l e  
(Fig.  5) to m e a s u r e  ou t e r  s u r f a c e  t e m p e r a t u r e s  dur ing  and a f t e r  the 
m o t o r  burn  t i m e .  Rota t iona l  s p e e d  of the m o t o r  and spin  r i g  a s s e m b l y  
was d e t e r m i n e d  f r o m  the output of a m a g n e t i c  pickup. 

The  output s ignal  of each  m e a s u r i n g  dev i ce  was  r e c o r d e d  on i nde -  
penden t  i n s t r u m e n t a t i o n  channe l s .  P r i m a r y  data  w e r e  ob ta ined  f r o m  
four  axial  t h r u s t  channe l s ,  two t e s t  ce l l  p r e s s u r e  channe l s ,  one i g n i t e r  
p r e s s u r e  channel ,  and t h r e e  m o t o r  c h a m b e r  p r e s s u r e  channe l s  ( four  
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c h a n n e l s  fo r  S /N  20002). T h e s e  data  w e r e  r e c o r d e d  as  fo l lows:  E a c h  
i n s t r u m e n t  output  s i g n a l  was  i n d i c a t e d  in t o t a l i z e d  d ig i t a l  f o r m  on a 
v i s u a l  r e a d o u t  of a m i l l i v o l t - t o - f r e q u e n c y  c o n v e r t e r .  A m a g n e t i c  tape  
s y s t e m ,  r e c o r d i n g  in f r e q u e n c y  f o r m ,  s t o r e d  the s igna l  f r o m  the con-  
v e r t e r  fo r  r e d u c t i o n  at a l a t e r  t i m e  by an e l e c t r o n i c  d ig i t a l  c o m p u t e r .  
The  c o m p u t e r  p r o v i d e d  a t a b u l a t i o n  of a v e r a g e  a b s o l u t e  v a l u e s  fo r  e a c h  
0 . 1 0 - s e c  t i m e  i n c r e m e n t  and to ta l  i n t e g r a l s  o v e r  the c u m u l a t i v e  t i m e  
i n c r e m e n t s .  

The  output  s i gna l  f r o m  the m a g n e t i c  r o t a t i o n a l  s p e e d  p ickup  was  
r e c o r d e d  in the fo l lowing  m a n n e r :  A f r e q u e n c y - t o - a n a l o g  c o n v e r t e r  
was  t r i g g e r e d  by the  pu l se  output  f r o m  the  m a g n e t i c  p ickup  and in t u r n  
s u p p l i e d  a s q u a r e  wave  of c o n s t a n t  a m p l i t u d e  to the  e l e c t r o n i c  c o u n t e r ,  
m a g n e t i c  t ape ,  and o s c i l l o g r a p h  r e c o r d e r s .  T h e  s c a n  s e q u e n c e  of the  
e l e c t r o n i c  c o u n t e r  was  a d j u s t e d  so  tha t  it d i s p l a y e d  d i r e c t l y  the m o t o r  
sp in  r a t e  in r e v o l u t i o n s  p e r  m i n u t e .  

T h e  m i l l i v o l t  outputs  of the  t h e r m o c o u p l e s  w e r e  r e c o r d e d  on m a g -  
n e t i c  t ape  f r o m  a m u l t i - i n p u t ,  h i g h - s p e e d ,  a n a l o g - t o - d i g i t a l  c o n v e r t e r  
at a s a m p l i n g  r a t e  fo r  e a c h  t h e r m o c o u p l e  of 6 .66  s a m p l e s  p e r  s econd .  
T h e  m i l l i v o l t  outputs  of the  s i de  f o r c e  load  c e l l s  w e r e  r e c o r d e d  on m a g -  
n e t i c  t ape  f r o m  a m u l t i - i n p u t ,  u l t r a - h i g h - s p e e d ,  a n a l o g - t o - d i g i t a l  con -  
v e r t e r  at a s a m p l i n g  r a t e  fo r  e a c h  t h r u s t  channe l  of 2400 s a m p l e s  p e r  
s e c o n d .  

A p h o t o g r a p h i c a l l y  r e c o r d i n g ,  g a l v a n o m e t e r - t y p e  o s c i l l o g r a p h  
p r o v i d e d  an i n d e p e n d e n t  backup  of a l l  o p e r a t i n g  i n s t r u m e n t a t i o n  c h a n n e l s .  
S e l e c t e d  c h a n n e l s  of t h r u s t ,  p r e s s u r e s ,  and t e m p e r a t u r e s  w e r e  r e c o r d e d  
on n u l l - b a l a n c e ,  p o t e n t i o m e t e r - t y p e  s t r i p  c h a r t s  fo r  a n a l y s i s  i m m e d i -  
a t e ly  fo l lowing  a m o t o r  f i r i ng .  V i sua l  o b s e r v a t i o n  of the  f i r i n g  was  p r o -  
v i d e d  by a c l o s e d - c i r c u i t  t e l e v i s i o n  m o n i t o r .  H i g h - s p e e d ,  m o t i o n - p i c t u r e  
c a m e r a s  p r o v i d e d  a p e r m a n e n t  v i s u a l  r e c o r d  of the f i r i n g s .  

2.4 CALIBRATION 

T h e  t h r u s t  c a l i b r a t o r  w e i g h t s ,  t h r u s t  l oad  c e l l s ,  and p r e s s u r e  t r a n s -  
d u c e r s  w e r e  l a b o r a t o r y  c a l i b r a t e d  p r i o r  to u s a g e  in th i s  t e s t .  A f t e r  in -  
s t a l l a t i o n  of the m e a s u r i n g  d e v i c e s  in the t e s t  ce l l ,  a l l  s y s t e m s  w e r e  
aga in  c a l i b r a t e d  at s e a - l e v e l  a m b i e n t  cond i t i ons .  A f t e r  2 0 0 - r p m  r o t a t i v e  
s p e e d  was  a t t a i n e d  for  m o t o r s  S /N 20002 and 20003 and ju s t  b e f o r e  e a c h  
m o t o r  f i r i ng ,  a l l  s y s t e m s  w e r e  aga in  c a l i b r a t e d .  

T h e  p r e s s u r e  s y s t e m s  w e r e  c a l i b r a t e d  by an e l e c t r i c a l ,  f o u r - s t e p  
c a l i b r a t i o n ,  u s ing  r e s i s t a n c e s  in the t r a n s d u c e r  c i r c u i t s  to s i m u l a t e  
p r e s s u r e  l e v e l s .  T h e r m o c o u p l e s  w e r e  c a l i b r a t e d  by us ing  known m i l l i -  
vo l t  l e v e l s  to s i m u l a t e  t h e r m o c o u p l e  ou tputs  of 150, 640, and 965°F. 

4 
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The  axia l  t h r u s t  i n s t r u m e n t a t i o n  s y s t e m s  w e r e  c a l i b r a t e d  by app ly ing  
to the  t h r u s t  c r a d l e  known f o r c e s  which  w e r e  p r o d u c e d  by the  d e a d -  
we igh t s  ac t ing  t h r o u g h  a be l l  c r ank .  The  c a l i b r a t o r  is h y d r a u l i c a l l y  
a c t u a t e d  and r e m o t e l y  o p e r a t e d  f r o m  the c o n t r o l  r o o m .  The  s ide  f o r c e  
i n s t r u m e n t a t i o n  s y s t e m s  w e r e  c a l i b r a t e d  by an e l e c t r i c a l ,  f o u r - s t e p  
c a l i b r a t i o n ,  us ing  r e s i s t a n c e s  in the load  ce l l  c i r c u i t s  to s i m u l a t e  
s e l e c t e d  f o r c e  l e v e l s .  

A f t e r  e ach  m o t o r  f i r i ng ,  with the  t e s t  ce l l  s t i l l  at s i m u l a t e d  a l t i -  
tude  p r e s s u r e ,  the s y s t e m s  w e r e  aga in  r e c a l i b r a t e d  to d e t e r m i n e  any 
shi f t  in the  s y s t e m s .  

SECTION III 
PROCEDURE 

The UTC XSI~ 5 7 - U T - 1  r o c k e t  m o t o r s  a r r i v e d  at AEDC on N o v e m -  
b e r  24 (two m o t o r s )  and D e c e m b e r  4, 1964 (one m o t o r ) .  The  m o t o r s  w e r e  
v i s u a l l y  i n s p e c t e d  for  p o s s i b l e  sh ipp ing  d a m a g e  and r a d i o g r a p h i c a l l y  
i n s p e c t e d  fo r  g r a i n  c r a c k s ,  vo ids ,  o r  s e p a r a t i o n  and found to m e e t  
c r i t e r i a  p r o v i d e d  by the m a n u f a c t u r e r .  D u r i n g  s t o r a g e  in an a r e a  
t e m p e r a t u r e - c o n d i t i o n e d  at 75 + 10°F, the m o t o r s  w e r e  c h e c k e d  to e n -  
s u r e  c o r r e c t  fit of m a t i n g  h a r d w a r e ,  the e l e c t r i c a l  r e s i s t a n c e  of the 
i g n i t e r s  was  m e a s u r e d ,  the n o z z l e  t h r o a t  and exi t  d i a m e t e r s  w e r e  ob ta ined ,  
t h e r m o c o u p l e s  w e r e  bonded  to the n o z z l e  and m o t o r  c a s e ,  and the e n t i r e  
m o t o r  a s s e m b l y  was  we ighed .  B e f o r e  i n s t a l l a t i o n  in the t e s t  ce l l ,  m o t o r s  
S / N ' s  20002 and 20003 w e r e  t e m p e r a t u r e - c o n d i t i o n e d  at 75 + 5°F fo r  a 
m i n i m u m  of 40 hr ;  m o t o r  S /N 20004 was  t e m p e r a t u r e - c o n d i t i o n e d  at 35, 
105, and 35 + 5°F fo r  a p e r i o d  of 40 h r  at e a c h  t e m p e r a t u r e .  The  t e s t  
ce l l  t e m p e r a t u r e  was  m a i n t a i n e d  at 75 + 5°F f r o m  the  t i m e  of m o t o r  
i n s t a l l a t i o n  unt i l  i gn i t ion  fo r  m o t o r s  S / N ' s  20002 and 20003; fo r  m o t o r  
S /N 20004, the t e s t  ce l l  t e m p e r a t u r e  was  m a i n t a i n e d  at a p p r o x i m a t e l y  
40°F. The  t i m e  a f t e r  r e r h o v a l  of m o t o r  S /N  20004 f r o m  the t e m p e r a t u r e -  
cond i t i on ing  uni t  unt i l  the  m o t o r  was  f i r e d  was  6 h r  and 50 m i n .  

A f t e r  i n s t a l l a t i o n  of the sp in  m o t o r s  ( S / N ' s  20002 and 20003) in the  
t e s t  ce l l ,  the  m o t o r  c e n t e r l i n e s  w e r e  ax i a l l y  a l i gned  with  the  t h r u s t  
c o l u m n  c e n t e r l i n e ,  the  m o t o r s  w e r e  b a l a n c e d  whi le  sp inn ing  at 200 r p m  
( see  Appendix) ,  the  i n i t i a t o r s  w e r e  i n s t a l l e d  in the i g n i t e r s ,  and a con-  
t inu i ty  check  of al l  e l e c t r i c a l  s y s t e m s  was  p e r f o r m e d .  L ike  p r o c e d u r e s ,  
e x c e p t  m o t o r  b a l a n c i n g ,  w e r e  fo l l owed  fo r  the n o - s p i n  m o t o r  S /N  20004. 
P r e - f i r e ,  s e a - l e v e l  c a l i b r a t i o n s  w e r e  c o m p l e t e d ,  and the  t e s t  ce l l  p r e s -  
s u r e  was  r e d u c e d  to the d e s i r e d  a l t i t ude  cond i t ion .  Al t i tude  c a l i b r a t i o n s  
w e r e  t a k e n  at th is  t i m e  for  m o t o r  S /N  20004. Spinning  of un i t s  
S / N ' s  20002 and 20003 was  s t a r t e d ,  and a f t e r  sp inn ing  had  s t a b i l i z e d  at 
200 r p m ,  a c o m p l e t e  se t  of a l t i t ude  c a l i b r a t l o n s  was  t aken .  
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The  f inal  o p e r a t i o n  p r i o r  to f i r i n g  a m o t o r  was the a d j u s t m e n t  of 
the  c i r c u i t  r e s i s t a n c e  and vo l t age  to p r o v i d e  the  d e s i r e d  c u r r e n t  to the  
i g n i t e r  squib .  The  e n t i r e  i n s t r u m e n t a t i o n  m e a s u r i n g - r e c o r d i n g  c o m -  
p lex  was  a c t i v a t e d ,  and the  m o t o r s  w e r e  f i r e d ,  S / N ' s  20002 and 20003 
sp inn ing  (unde r  power} at 200 r p m  and S /N 20004 in the  n o - s p i n  m o d e .  
Af t e r  m o t o r  bu rnou t ,  the  2 0 0 - r p m  sp in  r a t e  was  con t i nued  for  a p p r o x i -  
m a t e l y  5 and 3 ra in  fo r  S / N ' s  20002 and 20003, r e s p e c t i v e l y .  E a c h  sp in  
uni t  was  then  d e c e l e r a t e d  s l o w l y  unt i l  r o t a t i o n  had  s topped ,  and a c o m -  
p le te  se t  of c a l i b r a t i o n s  was  t aken .  Moto r  S /N 20004 f a i l ed  d u r i n g  f i r i ng ,  
wh ich  p r e c l u d e d  the  t ak ing  of p o s t - f i r e  c a l i b r a t i o n s  fo r  th i s  unit .  The  
t e s t  ce l l  p r e s s u r e  was  r e t u r n e d  to a m b i e n t  cond i t i ons ,  and the  m o t o r s  
w e r e  i n s p e c t e d ,  p h o t o g r a p h e d ,  and r e m o v e d  to the s t o r a g e  a r e a .  P o s t -  
f i r e  i n s p e c t i o n s  at the  s t o r a g e  a r e a  c o n s i s t e d  of m e a s u r i n g  the t h r o a t  
and exit  d i a m e t e r s  of the n o z z l e s ,  we igh ing  the  m o t o r s ,  and p h o t o g r a p h -  
i c a l l y  r e c o r d i n g  the  p o s t - f i r e  cond i t ion  of the m o t o r s .  

SECTION IV 
RESULTS AND DISCUSSION 

Two UTC XSR 5 7 - U T - 1  s o l i d - p r o p e l l a n t  r o c k e t  m o t o r s  ( S / N ' s  20002 
and 20003) w e r e  t e s t e d  at s i m u l a t e d  a l t i t ude  cond i t ions  whi le  r o t a t i n g  
about  t h e i r  ax ia l  c e n t e r l i n e s  at a v e r a g e  r o t a t i o n a l  s p e e d s  of 201 
(S/N 20002} and 200 (S/N 20003) r p m .  The  p r i m a r y  t e s t  o b j e c t i v e s  
w e r e  to  d e t e r m i n e  b a l l i s t i c  p e r f o r m a n c e  and s t r u c t u r a l  i n t e g r i t y  of the  
XSR 5 7 - U T - 1  m o t o r  u n d e r  the  c o m b i n e d  e f f ec t s  of r o t a t i o n a l  sp in  and 
n e a r - v a c u u m  e n v i r o n m e n t .  S e c o n d a r y  o b j e c t i v e s  w e r e  to d e t e r m i n e  
e x t r a n e o u s  t h r u s t  v e c t o r  da ta  and ign i t ion  c h a r a c t e r i s t i c s  u n d e r  s i m u l a t e d  
a l t i t ude  c o n d i t i o n s .  

One UTC XSR 5 7 - U T - 1  s o l i d - p r o p e l l a n t  r o c k e t  m o t o r  (S/N 20004} 
was  t e s t e d  at s i m u l a t e d  a l t i t ude  cond i t ions  in the  n o - s p i n  m o d e  fo l lowing  
t e m p e r a t u r e  c y c l i n g  b e t w e e n  35 and 105 + 5°F. The  t e s t  o b j e c t i v e  was  
to d e t e r m i n e  b a l l i s t i c  p e r f o r m a n c e  and s t r u c t u r a l  i n t e g r i t y  at n e a r -  
v a c u u m  c o n d i t i o n s .  T h e  m o t o r  ign i t ed  and b u r n e d  n o r m a l l y  fo r  2 .3  s e c ,  
at wh ich  t i m e  the  m o t o r  c a s e  f a i l ed  in the aft dome  r e g i o n  n e a r  the  n o z z l e .  

Al t i tude  ign i t ion  c h a r a c t e r i s t i c s  and s t r u c t u r a l  i n t e g r i t y  of the t h r e e  
m o t o r s  a r e  d i s c u s s e d .  Al t i tude  b a l l i s t i c  p e r f o r m a n c e  and e x t r a n e o u s  
t h r u s t  v e c t o r  da ta  f r o m  the two sp in  m o t o r s  a r e  d i s c u s s e d .  Moto r  p e r -  
f o r m a n c e  da t a  a r e  s u m m a r i z e d  in T a b l e  II. When m o r e  than  one i n s t r u -  
m e n t a t i o n  channe l  was  u s e d  to ob ta in  v a l u e s  of a s i n g l e  p a r a m e t e r ,  the  
a v e r a g e  v a l u e  is  d i s c u s s e d  and u s e d  to c a l c u l a t e  the da ta  p r e s e n t e d .  
P r e -  and  p o s t - f i r e  p h y s i c a l  d i m e n s i o n s  a r e  s u m m a r i z e d  in Tab le  III. 
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4.1 ALTITUDE IGNITION CHARACTERISTICS 

The m o t o r s  ign i t ed  at p r e s s u r e  a l t i t udes  in e x c e s s  of 100,000 ft. 
An ana log  t r a c e  of a t yp i ca l  igni t ion  even t  is  shown in F ig .  6. Ign i t ion  
de lay  t i m e s ,  de f ined  as the t i m e  i n t e r v a l  f r o m  a p p l i c a t i o n  of ign i t ion  
vo l t age  to the t i m e  when c h a m b e r  p r e s s u r e  had r i s e n  to 10 p e r c e n t  of 
m a x i m u m ,  w e r e  6 .14  (S/N 20002), 5 .96  (S/N 20003), and 5 .80  
(S/N 20004) s ec .  The  i g n i t e r s  c o n t a i n e d  only one n o m i n a l  6 - s e c - d e l a y  
squib.  Igni t ion  r i s e  t i m e s ,  de f ined  as the t i m e  r e q u i r e d  for  the  c h a m b e r  
p r e s s u r e  to r i s e  f r o m  10 to 75 p e r c e n t  of m a x i m u m ,  w e r e  0 .04  s e c  for  
S /N 20002 and 0 .05  s e c  for  S /N 20003 and S /N 20004. 

4.2 ALTITUDE BALLISTIC PERFORMANCE FOR MOTORS S/N's 20002 
AND 20009 SPINNING AT 200 rpm 

The  v a r i a t i o n s  of t h r u s t ,  c h a m b e r  p r e s s u r e ,  and t e s t  ce l l  p r e s s u r e  
for  e a c h  m o t o r  f i r e d  whi l e  sp inn ing  at 200 r p m  a r e  shown in F ig .  7. 
Ac t ion  t i m e s  (ta), de f ined  as beg inn ing  when  c h a m b e r  p r e s s u r e  has  r i s e n  
to 10 p e r c e n t  of m a x i m u m  and end ing  when  the  p r e s s u r e  has  f a l l e n  to 
10 p e r c e n t  of m a x i m u m ,  w e r e  31 .0  (S/N 20002) and 31 .3  (S/N 20003) s e c .  
M a x i m u m  v a l u e s  of c h a m b e r  p r e s s u r e  w e r e  757 and 751 ps ia  o c c u r r i n g  
at 9 .8  and 10.1 s e c  fo l lowing  ign i t ion  fo r  m o t o r s  S / N ' s  20002 and 20003, 
r e s p e c t i v e l y .  C o r r e s p o n d i n g  v a l u e s  of t h r u s t  at t h e s e  t i m e s  w e r e  5933 
and 5889 lbf. M a x i m u m  v a l u e s  of t h r u s t  w e r e  6053 and 5991 lbf,  o c c u r -  
r i ng  at 13.0 and 12.9  s e c  fo l lowing  ign i t ion  fo r  m o t o r s  S / N ' s  20002 and 
20003, r e s p e c t i v e l y .  C o r r e s p o n d i n g  v a l u e s  of c h a m b e r  p r e s s u r e  at t h e s e  
t i m e s  w e r e  747 and 736 ps ia .  Th i s  p e r i o d  of i n c r e a s i n g  t h r u s t  and d e c r e a s -  
ing c h a m b e r  p r e s s u r e  is c o n s i d e r e d  to have  been  c a u s e d  by the  e x c e s s i v e  
t h r o a t  e r o s i o n  (Table  III) d i s c u s s e d  in s e c t i o n  4 .3 .  By c o m p a r i n g  the  
s l opes  of the t h r u s t  and c h a m b e r  p r e s s u r e  c u r v e s  in F ig .  7, it is  a p p a r e n t  
tha t  t h r o a t  e r o s i o n  con t inued  beyond  the above  t i m e  p e r i o d s  to a p p r o x i -  
m a t e l y  24 (S /N 20002) and 26 (S /N 20003) s e c  a f t e r  ign i t ion .  

The v a r i a t i o n s  of c h a m b e r  p r e s s u r e ,  m e a s u r e d  wi th  a 0- to 2 - p s i a  
t r a n s d u c e r ,  and t e s t  ce l l  p r e s s u r e  d u r i n g  e x t e n d e d  po r t i on  of t a i lo f f  for  
m o t o r  S /N 20002 a r e  p r e s e n t e d  in F ig .  8a. To ta l  b u r n  t i m e  (ts),  de f ined  
as the  t i m e  beg inn ing  when c h a m b e r  p r e s s u r e  s t a r t s  to r i s e  and end ing  
when c h a m b e r  p r e s s u r e  b e c o m e s  equa l  to t e s t  ce l l  p r e s s u r e ,  was  221 sec .  

S ince  c h a m b e r  p r e s s u r e  da ta  m e a s u r e d  wi th  a 0- to 2 - p s i a  t r a n s d u c e r  
w e r e  not ob ta ined  f r o m  m o t o r  S / N  20003, the  fo l lowing  da ta  a n a l y s i s  and  
c o m p a r i s o n  a r e  m a d e  us ing  l o w - r a n g e  c h a m b e r  p r e s s u r e  da ta  ob t a ined  
f r o m  0- to 100 -ps i a  t r a n s d u c e r s .  The v a r i a t i o n s  of c h a m b e r  p r e s s u r e  
and c e l l  p r e s s u r e  d u r i n g  t a i lo f f  f o r  m o t o r s  S / N ' s  20002 and 20003 a r e  
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p r e s e n t e d  in F igs .  8b and c. To ta l  b u r n  t i m e s  (ts), w e r e  65 .0  (S/N 20002) 
and 66 .2  (S/N 20003) s e c .  

S ince  the n o z z l e  does  not o p e r a t e  ful ly  expanded  at the  low c h a m b e r  
p r e s s u r e  e n c o u n t e r e d  d u r i n g  ta i lo f f  bu rn ing ,  the  m e a s u r e d  to ta l  i m p u l s e  
da ta  d u r i n g  th i s  p e r i o d  cannot  be c o r r e c t e d  to v a c u u m  cond i t ions  by add-  
ing the  p r o d u c t  of ce l l  p r e s s u r e  i n t e g r a l  and n o z z l e  exi t  a r e a .  T h e r e f o r e ,  
to ta l  b u r n  t i m e  (t s) was  s e g m e n t e d  (as shown in Fig .  9), and the  m e t h o d  
of d e t e r m i n i n g  v a c u u m  i m p u l s e  is d e s c r i b e d  as fo l lows:  The  t i m e  of ex -  
haus t  n o z z l e  f low b r e a k d o w n  (tbd) was  c o n s i d e r e d  to have  o c c u r r e d  s i m u l -  
t a n e o u s l y  with the t i m e  of exhaus t  d i f f u s e r  f low b r e a k d o w n  (as i n d i c a t e d  
by an i n c r e a s e  in ce l l  p r e s s u r e ) .  A f t e r  t h i s  t i m e ,  f low at the  n o z z l e  t h r o a t  
was  c o n s i d e r e d  to be at son i c  v e l o c i t y  un t i l  t he  t i m e  at wh ich  the  r a t i o  of 
m o t o r  c h a m b e r  p r e s s u r e  to ce l l  p r e s s u r e  had d e c r e a s e d  to a v a l u e  of 
1 .3  (tu, F ig .  9). 
l a t e d  f r o m  

tbd 

= f 
o 

w h e r e  

V a c u u m  c o r r e c t e d  to ta l  i m p u l s e  da ta  w e r e  t hen  c a l c u -  

tbd tu 

F dt + Aex,vg f Pcell  dt + CF Atpost.fir e f Peh dt 
o tb d 

F = m e a s u r e d  t h r u s t ,  lbf 

Aoxlvs -- a v e r a g e  of p r e -  and p o s t - f i r e  n o z z l e  exi t  a r e a ,  in. 2 

Pcell f f i  m e a s u r e d  ce l l  p r e s s u r e ,  p s i a  

Atp.it.fi,  ffi p o s t - f i r e  nozz l e  t h r o a t  a r e a ,  in. 2 

Pch = m e a s u r e d  c h a m b e r  p r e s s u r e ,  p s i a  

and t2 
t~ f F dt 

C F = A t p o s t . f i r  e t 2 
t l f  Pch dt 

w h e r e  the t i m e  i n t e r v a l  t 1 to t 2 is a o n e - s e c o n d  i n t e r v a l  j u s t  p r i o r  to 
d e c r e a s e  in c h a m b e r  p r e s s u r e  (27 to 28 s ec ,  F ig .  6). The  i m p u l s e  
a c c u m u l a t e d  b e t w e e n  the  t i m e  tha t  the  n o z z l e  t h r o a t  f low b e c o m e s  s u b -  
s o n i c  (t u) and the  end  of b u r n  t i m e  (ts) is  c o n s i d e r e d  n e g l i g i b l e .  

V a c u u m - c o r r e c t e d  to ta l  i m p u l s e  c a l c u l a t e d  in the  f o r e g o i n g  m a n n e r  
was  170, 790 l b f - s e c  fo r  S /N 20002 and 170,680 l b f - s e c  fo r  S /N 20003. 

V a c u u m  s p e c i f i c  i m p u l s e ,  a c t i on  t i m e  (ta), t i m e  tha t  n o z z l e  f low 
b e c o m e s  s u b s o n i c  (tu), and t h r u s t  coe f f i c i en t  fo r  S / N ' s  20002 and 20003 
a r e  c o m p a r e d  be low.  I d e n t i c a l  m e t h o d s  of c a l c u l a t i o n  w e r e  u s e d  to 
d e t e r m i n e  t h e s e  v a l u e s .  
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T i m e  a f t e r  ign i t ion  that  nozz l e  
flow b e c o m e s  s u b s o n i c  (tu), s e c  

A p p r o x i m a t e  a l t i tude  at which  
t u o c c u r s ,  ft 

Vacuum s p e c i f i c  i m p u l s e ,  
l b f - s e c / l b m  (based  on tu 
and the  m a n u f a c t u r e r ' s  s t a t ed  
p rope l l an t  weight ,  Wp) 

Act ion  t i m e  (ta), s e c  

Vacuum s p e c i f i c  i m p u l s e ,  
l b f - s e c / l b m  (based  on ta and Wp) 

T h r u s t  coe f f i c i en t  (based  on t a) 

Motor  S /N 
20002 20003 

62 61 

127,000 115,000 

284.35  284.98  

31 .0  31.3  

283.32  283.44 

1. 815 1. 816 

P o s t - f i r e  e x a m i n a t i o n  of the  i n t e r n a l  m o t o r  c a s e s  showed  d e p o s i t s  of 
p r o d u c t s  of c o m b u s t i o n  d i s t r i b u t e d  a round  the c y l i n d r i c a l  s ec t i on .  The  
p roduc t s  of c o m b u s t i o n  w e r e  r e m o v e d  and s e p a r a t e d  into what was  a p p a r -  
ent ly  c h a r r e d  i n s u l a t i o n  and A1203.  The  A1203 was we ighed ,  and it was  
d e t e r m i n e d  that  m o t o r  S /N 20002 had con ta ined  2 .16  l b m  and that  m o t o r  
S/N 20003 had con ta ined  2 .26  lbm.  

4.3 STRUCTURAL IHTEGRITY OF MOTORS S/N's 20002 AHD 20003 

Moto r s  S/N's 20002 and 20003 w e r e  t e s t e d  whi le  sp inn ing  at a p p r o x i -  
m a t e l y  200 r p m .  Both m o t o r s  o p e r a t e d  without  inc iden t  fo r  the e n t i r e  
bu rn  t i m e ,  w i th s t and ing  m a x i m u m  c h a m b e r  p r e s s u r e s  of 757 (S/N 20002) 
and 751 (S/N 20003) ps ia .  The  2 0 0 - r p m  ro t a t i ona l  speed  was m a i n t a i n e d  
for  a p p r o x i m a t e l y  5 rain (S/N 20002) and 3 rain (S/N 20003) fo l lowing  
burnout .  P o s t - f i r e  e x a m i n a t i o n  of the m o t o r s  r e v e a l e d  that  the  u n i n s u l a t e d  
p o r t i o n  of each  c y l i n d r i c a l  c h a m b e r  was c h a r r e d  e x t e r n a l l y  and the  f i b e r  
g l a s s  f i l a m e n t s  w e r e  e s s e n t i a l l y  unbonded  (Fig.  10). The  a r e a  of g r e a t -  
e s t  t h e r m a l  c o n c e n t r a t i o n  a p p e a r e d  to be a 4 - in .  -wide  band a round  the 
c h a m b e r  ex tend ing  f r o m  21 to 25 in. aft of the f o r w a r d  a d a p t e r  f lange .  

Motor  c a s e  t e m p e r a t u r e  v a r i a t i o n s  at 0 and 270 deg (Fig.  5) a r e  
p r e s e n t e d  in Fig.  11. The  m a x i m u m  case  t e m p e r a t u r e s ,  r e c o r d e d  on 
t h e r m o c o u p l e  T15 in the 0 - d e g  pos i t ion ,  w e r e  548°F (S/N 20002) and 
600°F (S/N 20003); t h e s e  m a x i m u m s  o c c u r r e d  210 s ec  a f t e r  i gn i t ion  for  
both m o t o r s .  T h e r m o c o u p l e  T15 was l o c a t e d  8.1 in. f o r w a r d  of the  aft 
a d a p t e r  f lange  on a po r t i on  of the m o t o r  ca se  that  was i n s u l a t e d  by the  
aft i n s u l a t o r  (Fig.  6). 
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P o s t - f i r e  p h o t o g r a p h s  of the n o z z l e  e x p a n s i o n  c o n e s  a r e  sl~own 
in Fig .  12. The  g r a p h i t e  n o z z l e  t h r o a t  i n s e r t s  b e c a m e  unbonded  and 
fe l l  in to  the  m o t o r  c h a m b e r  d u r i n g  sp inn ing  fo l lowing  m o t o r  bu rnou t  
( this  a l so  o c c u r r e d  d u r i n g  the s e a - l e v e l  sp in  f i r i ng  at UTC).  The  
g r a p h i t e  t h r o a t  i n s e r t s  w e r e  r e c o v e r e d ,  i n s p e c t e d ,  and both w e r e  
found to have  e r o d e d  ( i n c r e a s e d  in a r e a )  a p p r o x i m a t e l y  22 .5  p e r c e n t  
f r o m  the  p r e - f i r e  a r e a  (Table  III). T e m p e r a t u r e  v a r i a t i o n s  a long the  
o u t e r  s u r f a c e  of the n o z z l e  e x p a n s i o n  cones  a r e  p r e s e n t e d  in F ig .  13. 
The  m a x i m u m  t e m p e r a t u r e s  r e c o r d e d  on the n o z z l e s  w e r e  890°F 
(S/N 20002) and 785°F (S/N 20003) and o c c u r r e d  a p p r o x i m a t e l y  110 and 
140 s e c ,  r e s p e c t i v e l y ,  a f t e r  ign i t ion .  

4.4 ALTITUDE IGNITION CHARACTERISTICS AND STRUCTURAL 
INTEGRITY FOR MOTOR S/H 20004 

M o t o r  S /N 20004 was  s u b j e c t e d  to a 1 0 0 0 - m i l e  s e c o n d a r y  r o a d  t e s t  
e n r o u t e  to AEDC f r o m  UTC.  Upon r e c e i p t  of the  m o t o r  at AEDC,  it was  
X - r a y e d  and no d i s c o n t i n u i t i e s  o r  s e p a r a t i o n s  w e r e  ev iden t .  The  m o t o r  
was  then  t e m p e r a t u r e - c y c l e d  at  35, 105, and 35 ±5°F fo r  p e r i o d s  of 
40 h r  at e a c h  t e m p e r a t u r e .  The  m o t o r  was  not  X - r a y e d  fo l lowing  t e m -  
p e r a t u r e  cyc l i ng .  The  m o t o r  was  r e m o v e d  f r o m  the  t e m p e r a t u r e -  
cond i t i on ing  unit  and t e s t e d  in a t e m p e r a t u r e  e n v i r o n m e n t  of a p p r o x i -  
m a t e l y  40°F.  

The  m o t o r  i gn i t ed  at a p r e s s u r e  a l t i t ude  of 110,000 ft and b u r n e d  
n o r m a l l y  for  2 .3  s e c ,  at wh ich  t i m e  the  m o t o r  c a s e  f a i l e d  in the  aft 
d o m e  r e g i o n  n e a r  the  n o z z l e ,  t h e r e b y  t e r m i n a t i n g  p r o p e l l a n t  b u r n i n g .  
The  v a r i a t i o n s  of t h r u s t ,  c h a m b e r  p r e s s u r e ,  and t e s t  ce l l  p r e s s u r e  
d u r i n g  m o t o r  o p e r a t i o n  a r e  shown in F ig .  14. The  v a l u e s  of t h r u s t  
and c h a m b e r  p r e s s u r e  at the t i m e  of c a s e  f a i l u r e  w e r e  5043 lbf  and 
666 ps ia ,  r e s p e c t i v e l y .  T h e s e  v a l u e s  w e r e  0 .2  p e r c e n t  l o w e r  ( th rus t )  
and 2 p e r c e n t  l o w e r  ( c h a m b e r  p r e s s u r e )  t han  the  a v e r a g e  t h r u s t  and 
c h a m b e r  p r e s s u r e  of m o t o r s  S / N ' s  20002 and 20003, at the  s a m e  t i m e  
in the  f i r i n g  c y c l e .  T e m p e r a t u r e  da t a  did not  i n d i c a t e  any r i s e  in s u r -  
f a c e  t e m p e r a t u r e  in the  a r e a  w h e r e  the f a i l u r e  o c c u r r e d .  

The  m o t o r  r e i g n i t e d  6 .9  s e c  a f t e r  the in i t i a l  ign i t ion  even t  and 
b u r n e d  at low p r e s s u r e  ( a p p r o x i m a t e l y  3 ps ia)  fo r  about  0 . 9  s e c .  R e i g -  
n i t ion  o c c u r r e d  aga in  at 16 .9  s e c  a f t e r  the  in i t i a l  ign i t ion  even t ,  and 
the  m o t o r  b u r n e d  at a c h a m b e r  p r e s s u r e  of a p p r o x i m a t e l y  2 p s i a  fo r  
4 . 3  s e c ,  at wh ich  t i m e  c h a m b e r  p r e s s u r e  s u d d e n l y  i n c r e a s e d  to a l e v e l  
of 47 p s i a .  B u r n i n g  con t inued  at a d e c r e a s i n g  p r e s s u r e  l e v e l  as  the  aft 
d o m e  b u r n e d  away  unt i l ,  at 212 s e c  f r o m  in i t i a l  ign i t ion ,  b u r n i n g  was  
e x t i n g u i s h e d  wi th  a w a t e r  s p r a y  to p r e v e n t  d a m a g e  to the t e s t  ce l l .  P o s t -  
f i r e  e x a m i n a t i o n  of the  m o t o r  s h o w e d  that  a p p r o x i m a t e l y  80 l b m  of un -  
b u r n e d  p r o p e l l a n t  r e m a i n e d  in the c a s e .  A p o s t - f i r e  p h o t o g r a p h  of the  
m o t o r  is shown in F ig .  15. 

10 
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4.5 EXTRANEOUS THRUST VECTOR MEASUREMENTS FOR MOTORS 
S/N's 20002 AND 20003 

A s e c o n d a r y  t e s t  ob j ec t i ve  fo r  the  two sp in  m o t o r s  ( S / N ' s  20002 
and 20003} was  to m e a s u r e  m o t o r  t h r u s t  m i s a l i g n m e n t .  T h i s  o b j e c t i v e  
was a c c o m p l i s h e d  by m e a s u r i n g  the  to ta l  s ide  f o r c e  of the r o t a t i n g  
m o t o r  as wel l  as  the axia l  t h r u s t .  The  r e c o r d e d  s ide  f o r c e  da t a  w e r e  
t r e a t e d  to e l i m i n a t e  o r  c o r r e c t  fo r  a l l  t e s t  i n s t a l l a t i o n  a n d / o r  e l e c t r o n i c  
e f fec t s  as ou t l ined  in the Appendix .  The  r e s u l t a n t  da ta  a r e  p r e s e n t e d  
in F ig .  16 as v a r i a t i o n s  in the  m a g n i t u d e  and a n g u l a r  d i r e c t i o n  of the 
e x t r a n e o u s  t h r u s t  v e c t o r .  Axial  t h r u s t  and the ang le s  (a) f o r m e d  by the 
e x t r a n e o u s  t h r u s t  v e c t o r  and the ax ia l  t h r u s t  a r e  a l so  p r e s e n t e d .  

M a x i m u m  e x t r a n e o u s  s ide  t h r u s t  m a g n i t u d e s  of 17 lbf (a = 10.4") 
and 23 lbf  (a = 15') o c c u r r e d  j u s t  p r i o r  to web bu rnou t  for  S /N 20002 
and S /N 20003, r e s p e c t i v e l y .  T h e s e  da ta  a r e  c o n s i d e r e d  to be a c c u r a t e  
wi th in  +2 lbf.  The  a n g u l a r  pos i t i ons  of the t h r u s t  v e c t o r s  w e r e  a p p r o x i -  
m a t e l y  350 {S/N 20002) and 150 deg (S/N 20003} f r o m  m o t o r  top  dead  
c e n t e r ,  m e a s u r e d  c l o c k w i s e  look ing  u p s t r e a m .  

SECTION V. 
SUMMARY OF RESULTS 

Two UTC XSR 5 7 - U T - I  s o l i d - p r o p e l l a n t  r o c k e t  m o t o r s  ( S / N ' s  20002 
and 20003) w e r e  t e s t e d  to d e t e r m i n e  b a l l i s t i c  p e r f o r m a n c e  and s t r u c t u r a l  
i n t e g r i t y  u n d e r  the c o m b i n e d  e f f ec t s  of r o t a t i o n a l  s p e e d  and n e a r - v a c u u m  
e n v i r o n m e n t .  A s e c o n d a r y  ob j ec t i ve  was  to m e a s u r e  t h r u s t  m i s a l i g n -  
m e n t .  One UTC XSR 5 7 - U T - I  m o t o r  (S/N 20004) was  t e s t e d  in the  no -  
sp in  m o d e  fo l lowing  t e m p e r a t u r e  cyc l ing  to d e t e r m i n e  b a l l i s t i c  p e r f o r m a n c e  
and s t r u c t u r a l  i n t e g r i t y  at n e a r - v a c u u m  cond i t i ons .  R e s u l t s  a r e  s u m -  
m a r i z e d  as fo l lows:  

I .  M o t o r s  S / N ' s  20002 and 20003 hav ing  been  t e m p e r a t u r e -  
cond i t i oned  at 75 ± 5°F o p e r a t e d  wi thout  i n c i d e n t  (whi le  
sp inn ing  at 200 r p m ) ,  s u c c e s s f u l l y  w i t h s t a n d i n g  m a x i -  
m u m  c h a m b e r  p r e s s u r e s  of 757 and 751 ps ia .  P o s t - f i r e  
e x a m i n a t i o n  r e v e a l e d  tha t  the u n i n s u l a t e d  po r t i on  of e a c h  
c y l i n d r i c a l  c h a m b e r  was  c h a r r e d  and the f i b e r  g l a s s  f i l a -  
m e n t s  w e r e  e s s e n t i a l l y  unbonded .  The  a r e a  of g r e a t e s t  
t h e r m a l  c o n c e n t r a t i o n  was  a 4 - in .  -w ide  band a r o u n d  the  
c h a m b e r  ex t end ing  f r o m  21 to 25 in. aft of the  f o r w a r d  
a d a p t e r  f l ange .  

11 



AEDC-TR-65-47 

. 

. 

. 

. 

. 

Motor  S /N 20004 was  t e m p e r a t u r e - c o n d i t i o n e d  at 35, 105, 
and 35 ± 5°F fo r  p e r i o d s  of 40 h r  and f i r e d  in the  n o - s p i n  
m o d e  at 35°F. The  m o t o r  ign i t ed  and b u r n e d  n o r m a l l y  
fo r  2 .3  s e c ,  at wh ich  t i m e  the  m o t o r  c a s e  f a i l e d  in the  
aft d o m e  r e g i o n  n e a r  the  n o z z l e ,  t h e r e b y  t e r m i n a t i n g  
p r o p e l l a n t  bu rn ing .  V a l u e s  of t h r u s t  and c h a m b e r  p r e s -  
s u r e  at the  t i m e  of f a i l u r e  w e r e  5043 lbf  and 666 ps ia .  
T e m p e r a t u r e  da ta  did not i n d i c a t e  any r i s e  in s u r f a c e  t e m -  
l~era ture  in the a r e a  w h e r e  the f a i l u r e  o c c u r r e d .  R e i g n i -  
t ion  o c c u r r e d  at 16.9  s e c  a f t e r  in i t i a l  ign i t ion ,  and the  
m o t o r  was  a l l o w e d  to b u r n  unt i l  212 s e c  fo l lowing  in i t i a l  
i gn i t i on  when  b u r n i n g  was  s topped  by q u e n c h i n g  wi th  a 
w a t e r  s p r a y .  P o s t - f i r e  e x a m i n a t i o n  r e v e a l e d  tha t  a p p r o x i -  
m a t e l y  80 l b m  of u n b u r n e d  p r o p e l l a n t  r e m a i n e d  in the c a s e  
and tha t  the  aft d o m e  a r e a  was  b u r n e d  away.  

P e r f o r m a n c e  c h a r a c t e r i s t i c s  fo r  S /N  20002 and S /N  20003, 
r e s p e c t i v e l y ,  a r e :  

a .  Act ion  t i m e s  w e r e  31 .0  and 31.3  sec .  To ta l  b u r n  
t i m e s  ( z e r o  to z e r o  t h ru s t )  w e r e  a p p r o x i m a t e l y  65 
and 66 sec .  

b. 

C° 

V a c u u m  to ta l  i m p u l s e  v a l u e s  w e r e  170,790 and 
170,680 l b f - s e c .  V a c u u m  s p e c i f i c  i m p u l s e  v a l u e s  
b a s e d  on the m a n u f a c t u r e r ' s  s t a t e d  p r o p e l l a n t  
weight  w e r e  284 .35  and 284 .98  l b f - s e c / l b m .  

T h r u s t  c o e f f i c i e n t s  b a s e d  on ac t i on  t i m e  and a v e r a g e  
p r e -  and p o s t - f i r e  t h r o a t  a r e a s  w e r e  1. 815 and 1. 816. 

Ign i t ion  c h a r a c t e r i s t i c s  for  S /N 20002, S /N 20003, 
S /N 20004, r e s p e c t i v e l y ,  a r e :  

and 

a .  T i m e  i n t e r v a l s  f r o m  a p p l i c a t i o n  of ign i t ion  v o l t a g e  
to the  t i m e  when  c h a m b e r  p r e s s u r e  has  r i s e n  to 
10 p e r c e n t  of m a x i m u m  w e r e  6 . 1 4 ,  5 .96 ,  and 
5 .80  sec .  

b. The  t i m e s  r e q u i r e d  fo r  c h a m b e r  p r e s s u r e  to r i s e  
f r o m  I0 to 75 p e r c e n t  of m a x i m u m  w e r e  0 . 0 4 ,  
0 .05 ,  and 0 .05  s e c .  

The  m a x i m u m  m o t o r  c a s e  t e m p e r a t u r e s  r e c o r d e d  w e r e  
548°F (S/N 20002) and 600°F (S/N 20003); both m a x i m a  
o c c u r r i n g  210 s e c  a f t e r  ign i t ion .  

The  n o z z l e  t h r o a t  i n s e r t s  e r o d e d  f r o m  a p r e - f i r e  a r e a  of 
4. 086 in. 2 to p o s t - f i r e  a r e a  of 5. 007 (S/N 20002~ and 
5. 003 (S /N 20003) in. 2 i n c r e a s e s  of 22 .54  and  22.4 , ,  p e r -  
cen t ,  r e s p e c t i v e l y .  

1 2  
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. M a x i m u m  e x t r a n e o u s  t h r u s t  m a g n i t u d e s  of 17 lbf 
(S/N 20002) and 23 lbf (S/N 20003) o c c u r r e d  jus t  p r i o r  
to web burnout .  The angu la r  pos i t i ons  of the  t h r u s t  
v e c t o r s  w e r e  a p p r o x i m a t e l y  350 and 150 deg f r o m  m o t o r  
top dead cen t e r ,  m e a s u r e d  c l o c k w i s e  looking  u p s t r e a m .  
The  ang les  f o r m e d  by the axial  t h r u s t  and the  e x t r a n e o u s  
t h r u s t  v e c t o r ,  when the  e x t r a n e o u s  t h r u s t  m a g n i t u d e s  w e r e  
m a x i m u m ,  w e r e  10.4 and 15.0 m i n  for  m o t o r s  SIN 20002 
and S[N 20003, r e s p e c t i v e l y .  

13 



A E D C - T R - 6 5 - 4 7  

APPENDIX 
EXTRANEOUS THRUST VECTOR DATA ACQUISITION AND REDUCTION 

D e t e r m i n a t i o n  of n o n - a x i a l  c o m p o n e n t s  of s o l i d - p r o p e l l a n t  r o c k e t  
m o t o r  t h r u s t  v e c t o r s  has ,  in the  pas t ,  b e e n  a c c o m p l i s h e d  wi th  a s i x -  
c o m p o n e n t  t h r u s t  s tand .  The  c o m p l e x i t i e s  i n h e r e n t  in th i s  s y s t e m  
( m o t o r  weight  change ,  t h r u s t  s t and  i n t e r a c t i o n s ,  m o t o r  CG c h a n g e s ,  
t e s t  ce l l  v i b r a t i o n )  m a k e  it d i f f icul t  to ob ta in  an a c c u r a t e  d e t e r m i n a t i o n  
of n o n - a x i a l  t h r u s t  v e c t o r .  C o n s e q u e n t l y ,  a m e t h o d  has  b e e n  d e v i s e d  
w h e r e b y  the m a g n i t u d e  and a n g u l a r  l o c a t i o n  of an e x t r a n e o u s  t h r u s t  
v e c t o r  can be d e t e r m i n e d  by m e a s u r i n g  only f o r w a r d  and aft s ide  f o r c e s  
in the  m o t o r  h o r i z o n t a l  p lane  whi le  r o t a t i n g  the  t e s t  m o t o r  about  the 
ax ia l  c e n t e r l i n e .  Such a m e t h o d  a l lows  d e t e r m i n a t i o n  of the  e x t r a n e o u s  
t h r u s t  v e c t o r  i n d e p e n d e n t  of m o t o r  g r a v i t a t i o n a l  e f f ec t s  and t h r u s t  s t and  
i n t e r a c t i o n  e f f e c t s .  Th i s  m e t h o d  is d e s c r i b e d  in the  fo l lowing  s e c t i o n s .  

INSTALLATION AND INSTRUMENTATION 

The  m o t o r  sp in  f i x t u r e  was  m o u n t e d  on the  t h r u s t  c r a d l e  wi th  the  
sp in  axis  ax i a l l y  a l i gned  with  the ax ia l  t h r u s t  c o l u m n  c e n t e r l i n e .  F o r -  
w a r d  and aft s i de  load  c e l l s  (0 to 200 lbf) w e r e  m o u n t e d  in the  p lane  of 
the sp in  f i x t u r e  h o r i z o n t a l  c e n t e r l i n e ,  as  shown below:  

Aft Bearing Assembly V 
UTC XSR 57-UT-I Rocket Motor---- 7 

Spin Fixture Drive 

Thru s t 
Cradle 

Cradle ~ '  i '  | Suppor I - - - - ~  
Stand ~ 

II / ] 
'.oad Cell CFle  e . ,o nted   3, 

~ -~ a A  o 4-. ~ = ~-, in, 

Plan View 

~----Nozzle 
Exit 
Plane 

The  m o t o r  was  i n s t a l l e d  in the  sp in  f i x t u r e  and m o t o r  c e n t e r l i n e  
e c c e n t r i c i t y  d e t e r m i n e d  by m e a s u r i n g  the r u n o u t  of the  f o r w a r d  and aft 
m o t o r  m o u n t i n g  a d a p t e r s .  The  m o t o r  c e n t e r l i n e  was  de f ined  as  the  l ine  
p a s s i n g  t h r o u g h  the  c e n t e r  of the f o r w a r d  and aft m o u n t i n g  f l a n g e s  wh ich  

15 
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w e r e  d e s i g n e d  for  c o n c e n t r i c i t y  wi th in  ±0. 001 in. The  m o t o r  m o u n t -  
ing a d a p t e r s  w e r e  p r e s s - f i t  onto the m o u n t i n g  f l anges  and a l so  d e s i g n e d  
for  c o n c e n t r i c i t y  wi th in  +0. 001 in. C e n t e r l i n e  e c c e n t r i c i t y  was d e t e r -  
m i n e d  to be 0. 007 in, A c a l c u l a t e d  e r r o r  r e s u l t i n g  f r o m  th is  e c c e n -  
t r i c i t y  and a s s u m i n g  a 6000 lbf axia l  t h r u s t  load  was ±0 .5  lbf. 

Af t e r  m o t o r  a l i g n m e n t ,  the m o t o r  was b a l a n c e d  to a d e g r e e  w h e r e  
to ta l  s ide  f o r c e  p r o d u c e d  by m o t o r  unba l ance ,  whi le  sp inn ing  at 200 r p m ,  
was l e s s  than  5 lbf. 

CALIBRATION AND DATA REDUCTION 

A p r e - t e s t  c a l i b r a t i o n  of the  s ide  f o r c e  m e a s u r i n g  s y s t e m  was  con-  
duc ted  at s e a - l e v e l  cond i t ions  by apply ing  known s i d e  f o r c e s  to the  t h r u s t  
c r a d l e  p e r p e n d i c u l a r  to the  ax ia l  t h r u s t  c o l u m n  with  and wi thout  an ax ia l  
load  of 4800 lbf app l ied  to the  c r ad l e .  The  s u m  of the m e a s u r e d  s ide  
loads  d e v i a t e d  l e s s  than  1.2 lbf  f r o m  the  app l i ed  s ide  f o r c e  (in the  r a n g e  
of i n t e r e s t ) ,  and the  s ide  f o r c e  data  m e a s u r e d  du r ing  m o t o r  t e s t  w e r e  
c o r r e c t e d  a c c o r d i n g l y .  An e l e c t r i c a l  r e s i s t a n c e  c a l i b r a t i o n  of the  s ide  
load  ce l l s  was a c c o m p l i s h e d  at s i m u l a t e d  a l t i tude  cond i t ions  p r i o r  to 
m o t o r  f i r ing .  

The  outputs  of the  s ide  load  ce l l s  w e r e  r e c o r d e d  b e f o r e ,  dur ing ,  
and a f t e r  the m o t o r  f i r ing ,  with the  m o t o r  sp inn ing  at 200 r p m .  The  
r e s u l t a n t  e x t r a n e o u s  t h r u s t  v e c t o r  p r o d u c e d  by the  m o t o r  f i r i n g  a p p r o x i -  
m a t e d  a s ine  wave  c o m p o s e d  of the fo l lowing  v e c t o r s :  

I. F o r c e  r e s u l t i n g  f r o m  the e c c e n t r i c i t y  of the  m o t o r  
c e n t e r l i n e .  

2. Cen t r i fuga l  f o r c e  p r o d u c e d  by unba l ance  of the s p i n -  
ning m a s s .  

3. F o r c e  p r o d u c e d  by b a s i c  m o t o r  t h r u s t  m i s a l i g n m e n t .  

S u p e r i m p o s e d  on t h e s e  data  w e r e  cel l  v i b r a t i o n s  at f r e q u e n c i e s  above 
the  r o t a t i o n a l  f r e q u e n c y .  

Dur ing  the  p r e -  and p o s t - f i r e  spin  p e r i o d s ,  only i t e m  2 p r o d u c e d  
the  s ine  wave  output of the  s ide  f o r c e  s y s t e m .  The s ide  f o r c e  da ta  w e r e  
e l e c t r o n i c a l l y  f i l t e r e d  to r e m o v e  all  f r e q u e n c i e s  above the  r o t a t i o n a l  
f r e q u e n c y  and r e c o r d e d  on m a g n e t i c  tape  in f r e q u e n c y  m o d u l a t e d  f o r m  
and a l so  on an o s c i l l o g r a p h .  A typ ica l  o s c i l l o g r a p h  r e c o r d i n g  of f i l t e r e d  
and u n f i l t e r e d  s ide  f o r c e  data  is  p r e s e n t e d  in the  fo l lowing  f igure .  
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Time====-~ 

F i l t e r e d  a n d  U n f i l t e r e d  S i d e  F o r c e  D a t a  

The m a g n e t i c  t ape  data  w e r e  r e d u c e d  on a t i m e - c o r r e l a t e d  b a s i s  
by an e l e c t r o n i c  d ig i t a l  c o m p u t e r .  The  r e d u c e d  da ta  p r e s e n t e d  in 
F ig .  16 of t h i s  r e p o r t  w e r e  c o r r e c t e d  for  the fo l lowing:  

i .  A m p l i t u d e  r a t i o  and phase  lag ,  which  w e r e  d e t e r m i n e d  
by c o m p a r i n g  a f i l t e r e d  and u n f i l t e r e d  s i n u s o i d a l  s i gna l  
(3 .33 cps) p r o d u c e d  by an o s c i l l a t o r .  

2. The  f o r c e d  v i b r a t i o n  m a g n i f i c a t i o n  f a c t o r  of the  t h r u s t  
s t a n d - l o a d  ce l l  s y s t e m  which  was  d e t e r m i n e d  d u r i n g  
p r e - f i r e  c a l i b r a t i o n s  by app ly ing  a known u n b a l a n c e  to 
the i n s t a l l a t i o n ,  c a l c u l a t i n g  the  c e n t r i f u g a l  f o r c e  wh ich  
would  be p r o d u c e d  by th is  u n b a l a n c e  at 200 r p m ,  and 
d iv id ing  th i s  f o r c e  by the m e a s u r e d  f o r c e .  

3. T a r e  of the t h r u s t  s t and ,  which  was  d e t e r m i n e d  as  a 
r a t i o  of f o r c e  app l i ed  to the t h r u s t  c r a d l e  p e r p e n d i c u l a r  
~u d~e ax ia l  t h r u s t  c o l u m n  to the a l g e b r a i c  s u m  of the  
f o r c e s  m e a s u r e d  by the two s ide  l oad  ce l l s .  

17 
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. The  c e n t r i f u g a l  f o r c e ,  wh ich  was  p r o d u c e d  by m o t o r  and 
s y s t e m  u n b a l a n c e .  M e a s u r e d  s ide  f o r c e s  d u r i n g  f i r i n g  
w e r e  c o r r e c t e d  by a s s u m i n g  tha t  the  m a g n i t u d e  and 
d i r e c t i o n  of the u n b a l a n c e  v e c t o r  v a r i e d  l i n e a r l y  with 
t i m e .  

18 
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T5,(T6) j 

A Top B 
Dead 8 1 

- -Cen te r  " I 5_8 I 
T7 TII TI5 ' 3.~ \/T27 

f T9, L. Unin- 2 I I ]it ~.~\  ~/~ 
T3\ I ' (TIO) F sulated "] [ I ,.(o\ ~-~s, 

~ - , Area I II~ ~ 

Note: Numbers in () Indicate TIC Located 180 ° 
from T/C Shown 

0o/--Top Dead Center 0 o FTop Dead Center 

T 7 ~  T3 T9, A T 1 9  

T6 T1 T2 9 \  

, 

T16 ~T12" I 
180 ° 180 ° 

View A-A View B-B 

Looking Aft Looking Forward 

Note: Thermocouple T2 Installed on Igniter Squib 1105269! 
I l 

Fig. 5 Schematic Showing Thermocouple Locations 
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Fig. 6 Analog Trace of Typical Ignition Event for UTC XSR 57-UT-1 Motor 
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Nozzle Flow Breakdown (tbd) 7 

/ r - F l o w  a t  N o z z l e  
~ / ~ T h r o a t  Becomes 

' ! 

t 
0 

(0 s e c )  

bd F d t  

0 

Note :  Not t o  S c a l e  
Time---~ 

S/N 20002 - 168 ,910  I b f - s e c  

S/N 20003 - 168 ,480  l b f ~ s e c  

t b d  

/ 
0 

P c e l l d t  ffi 
S/N 20002 - 4 . 7 0 6  p s i - s e c  

S/N 20003 - 5 . 7 8 0  p s i - s e c  

- Pch " Pcell (ts) 

t 
U 

Pchd t 
t b d  

Where:  

S/N 20002 - 96.0 psi-sec 

S/N 20003 - 106.8 psl-sec 

F ffi Measu red  T h r u s t  

Pch ffi Measu red  Chamber P r e s s u r e  

P c e l l  = M easu red  C e l l  P r e s s u r e  1o52781 
Fig. 9 Schematic of Chamber Pressure-Time Variation Defining Charncter|stic Events 
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TABLE I 
INSTRUMENTATION 

I ~e=:msted S~s:em A:e~racy 
Assumes - ¢ t e a c y -  Ra. '~ 'e o~ 

P a r a m e t e r  St~:e S:gnal  lr, teRrs~. M e a s x r : n g  $1eas urir .g 
a t  Opera t i r .g  Dev ice  D e v : e e  

/ L e v e l  

Axial  F o r c e ,  "bf ±3.40,% _ Bonced  S t r a i n -  3 - 1 0 , 0 0 0  
(FJ l i  RAnge| Gage-Type 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Leas Cel l  lbf 
, To ta l  I m p u l s e ,  ±0, 35,% (2 Used) 
. l b f - sec  - . . . . . . . .  I 

Motur  C i m m b e r  . . . . .  ( j )  IRonded S t razn-  0 -  I000 ps i a  
+u aa,% -- I , Pressure,  p~,la " G a g e -  Type  O:~OO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  T r a n s d u c e r s  

C h a m b e r  P r e s s u r e  ÷0 75 m~(t) 
[ In teg ,  ",.d, p<~ia-sec - " ;~ I 

] T e s t  Cell 
cFres su re ,  p s l a  =2.3:)% 

; l l "   .eL ;o . . . . . . . . . . . . . .  
] I n t e g r a l ,  
] psla-scc 

' m b e c  
Ti lde  ]ntervd~s, ~ 3 m s e c  

. m  

±5 

t,':. 03  .b m 

I 
I 

I ' l ' t.mp.n' JtJl'e, °1; 

;Vei~.h:, 1 -~ r,... 

_ Unbonded 
St r a m - G a g e -  

. . . . .  T y p e  T r a n s -  
d u c e r s  

4-2.30% 

I 

Synchronous 
T i m i n g  Line  
Oer .e ra ' .o r  

-- T;'on-Con- 
.ok a'.cn 
--h~.rl l1 :)- 
:uI I.LCb 

-- Buan 
]:kL ~. n~c 
5~I¢ ,=  

I 
P e e o r d i n g  .~Iet~od of 

D e v i c e  S y s : e m  
C~l:P.ratton 

---  v 
.XCillivolt-to- 
F r e q u e n c y  
C o n v e r t e r  
onto MP-g- 
r .et ic  T a p e  

0 - 0 . 5  p s m  

D-1200 *F 

D-3000 
Ibm 

Photog: aph~- 
t a l l y  Record- 
mr ,  Galva- 
nometer -  Ty pc 
Osc.] 'og:'aph 

")2g:t a.l M i ' h -  
v( ' |  t - M e t e r  
on-o Magnet=e 
TaFe  

V:.~ ual 
r~ ,,,~,doLt 

Dead~e iCh t  

. . . . . . .  I . . . . . . . . .  
E l e c t r i c a l  

" Cal lb ra t  !on 

I 
- -  - - - L  . . . . . . .  

" P l e e t r l c a l  
C a h h r a t t o n  

Compare with b0 
cpe 

.K. nn wn M:.II~. olt 

N. B. S. ' T ' - m -  
p e r a t  tre '"able.= 

PP. 'uodle D,J'4 d- 
W c t g l t  
C---Ilbrahun 

I tApp;.LuS oulb Lo 0- :o 1000-psla t"ansda:ce- 
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TABLE II 
SUMMARY OF MOTOR PERFORMANCE 

Motor S/N 20003 

Tes t  Number  RC0510 01 

Tes t  Date 12-8-64 

Simulated Altitude at Ignition, ft 104,000 

(1)Ignition Delay T ime ,  sec  5.86 

(1)Ignition Rise  Time,  sec  O. 06 

(2)Burn T ime  (ts), sec  66.2 

Action Time (ta), s e c  31.3 

Average  Rotational Speed during Fi r ing ,  r p m  200 

Total Measu red  Impulse  (based on ta), I b f - s ec  
Sys tem I 168,690 
System 2 168,700 
Sys tem 3 168,750 
System 4 - - -  
Average  168,710 
Maximum Deviation f rom Average ,  pe rcen t  0.023 

Chamber  P r e s s u r e  In tegra l  (based on ta), p s i a - s e c  
Sys tem 1 20,650 
Sys tem 2 20,640 
Average  20,595 
Maximum Deviation f rom Average ,  pe rcen t  0. 218 

Cell P r e s s u r e  In tegra l  (based on ta), p s i a - s e c  
Sys tem 1 5. 7804 
System 2 5. 9189 
Average  5. 8497 
Maximum Deviation f rom Averagc,  pe rcen t  1. t84 

Average  Simulated Altitude (based on ta), ft 97,000 
(3)Vacuum Total Impulse  (based on ta), l b f - s e c  170,680 
Vacuum Specif ic  Impulse ,  l b f - s e e / l b m  

Based on the Manufac tu re r ' s  Propel lant  Weight 284.98 
Based on Expendcd Mass  (AEDC) 282.91 

Average  Vacuum Thrus t  Coefficient ,  C F 
Based on ta and Average P r e -  and P o s t -  

F i r e  Throa t  Area  (A t ) 1. 816 

20002 

02 

12-10-64 

107,000 

6.14 

0.04 

65.0 

31.0 

201 

169,100 
169,120 
169,180 
169,130 
169,130 
0.029 

20,624 
20,622 
20,623 
0.004 

4.7485 
4.8506 
4.8000 
1.072 

101,000 
170,790 

284.35 
282.13 

1.815 

20004 

03 

12-15-64 

110,000 

5.80 

0.05 

zk 

0 

(1)Reference sec t ion  4. I 

(2)Based on t ime chamber  p r e s s u r e  (Pch) was g r e a t e r  than cell  p r e s s u r e  (Pcell)  
where  Pch was m e a s u r e d  with a 0- to 900-ps ia  t r a n s d u c e r  

(3)Reference sec t ion  4 .2  

* Motor S/N 20004 failed 2.3 s ec  a f te r  ignition 
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TABLE III 
SUMMARY OF MOTOR PHYSICAL DIMENSIONS 

20003 20002 

Ol 02 

12-8-64 12-10-64  

603.28  605.33 

20004( I ) 

03 

12-15-64  

Motor  Se r i a l  N u m b e r  

T e s t  N u m b e r  RC0510 

T e s t  Date 

E x p e n d e d  Mass ,  lb m 

M a n u f a c t u r e r ' s  Sta ted P r o p e l l a n t  
Weight  (Wp), i b m  

Nozz le  T h r o a t  A r e a ,  in. 2 

598.90 600.60  598.75  

P r e - F i r e  4. 086 4. 086 
P o s t - F i r e  5. 003 5. 007 
P e r c e n t  Change f r o m  P r e - F i r e  +22.44 +22.54 

P r e - F i r e  
A v e r a g e  4. 545 4. 547 

Nozz le  Exi t  A r e a ,  in. 2 
P r e - F i r e  215. 019 214. 993 
P o s t - F i r e  (2) 216. 109 215. 721 
P e r c e n t  Change f r o m  

P r e - F i r e  +0 .51  +0 .34  
A v e r a g e  215. 564 215. 357 

Nozz le  A r e a  Rat io  
P r e - F i r e  52. 623 52. 617 
P o s t - F i r e  43. 196 43. 084 
A v e r a g e  47 .429  47. 362 

4. 086 

215. 097 

52. 642 

Note: (1)Motor  s e r i a l  No. 20004 fa i l ed  at 2 .3  s ec  a f t e r  m o t o r  
igni t ion .  

(2)Exhaust  p r o d u c t s  not  r e m o v e d  p r i o r  to m e a s u r e m e n t  
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report ,  e .g . ,  . n te r lm,  p r o g r e s s ,  summary ,  annua l ,  or f inal .  
G ive  the  i n c l u s i v e  d a t e s  w h e n  a s p e c i f i c  r epo r t i ng  pe r iod  i s  
covered.  

5. AUTHOR(S):  En t e r  the  name( s )  of  au tho r ( s )  a s  s h o w n  on  
or in t he  report .  Entre  l a s t  name,  f i r s t  name,  m i dd l e  i n i t i a l  
If .~.Jhtary, .*;how rank and  b r a n c h  of  s e r v i c e .  T h e  n a m e  of  
t h e  p r i n c i p a l  ° J t h o r  i s  an  a b s o l u t e  min imum requJ r sment .  

6. R E P O R T  DAT~'-" En t e r  t he  d a t e  of  the  repor t  a s  day ,  
month ,  year;  or month,  year.  If more  t h a n  one  da te  a p p e a r s  
on t he  report ,  u s e  d a t e  of  p u b l i c a t l o n .  

7a.  T O T A L  NUMBER O F  PAGES:  T h e  to ta l  p a g e  c o u n t  
s h o u l d  fo l low normal  p a g i n a t i o n  p r o c e d u r e s ,  i . e . ,  e n t e r  t h e  
number  of  p a g e s  c o n t a i n i n g  informat ion .  

7b. NUMBER O F  R E F E R E N C E ~  En te r  the  to ta l  number  of  
r e f e r e n c e s  c i t e d  in t h e  report .  

8a. C O N T R A C T  OR G R A N T  NUMBER: I f  appropr iate,  enter  
the app l i cab le  number o f  the cont ra t  t or grant under which 
the report was wri t ten ,  

8b, 8c, & 8d. P R O J E C T  NUMBER: Enter  the appropr ia te 
m ih ta ry  department i den t i f i ca t ion ,  such as p ro jec t  number, 
subpro jec t  number, system numbers, t.ask number, etc. 

9a. O R I G I N A T O R ' S  R E P O R T  NUMBER(S):  En te r  t h e  off i -  
c i a l  repor t  number  by  w h i c h  the  d o c u m e n t  wall be  i d e n t i f i e d  
and  c o n t r o l l e d  by t h e  o r i g i n a t i n g  ac t i v i t y .  T h i s  number  m u s t  
be u m q u e  to t h i s  report .  

9b.  O T H E R  R E P O R T  NUMbER(S):  If t h e  report  h a s  be e n  
ass:gned any other  report  numbers (eether by the or ig inalor  
or by the sponsor), a lso  enter  th is  number(s), 

I0. A V A I L A B I L I T Y / L I M I T A T I O N  NOTICES:  E n t e r  any  lim- 
i t a t i o n s  on fu r ther  d i s s e m i n a t i o n  o f  the  report ,  o t he r  t h a n  t h o s e  

I N S T R U C T I O N S  

Enter the name and address imposed by  secur i t y  c l a s s i f i c a t i o n ,  using standard statements 
such as: 

(1) " Q u a l i f i e d  requesters  may obta in  cop ies  o f  t h i s  
report  from D D C . "  

(2) " F o r e i q n  a n n o u n c e m e n t  and  d i s s m n i n s t l o n  o f  t h i s  
repor t  by  DDC i s  not  a u t h o r i z e d . "  

(3) " U .  S. G o v e r n m e n t  a g e n c i e s  may  o b t a i n  c o p i e s  o f  
t h i s  report  d i r e c t l y  from DDC. O the r  q u a l i f i e d  DDC 
u s e r s  s h a l l  r e q u e s t  th rough  

u P '  

(4) '~U. S. mi l i t a ry  a g e n c i e s  may  o b t a i n  c o p i e s  o f  t h i s  
repor t  d i r e c t l y  from DDC. O the r  qua l i f i ed  u s e r s  
s h a l l  r e q u e s t  t h rough  

6 ' P  

(S) " A l l  d i s t r i b u t i o n  of  t h i s  repor t  i s  con t ro l l ed .  Qual -  
i f i ed  DDC u s e r s  sha l l  r e q u e s t  t h rough  

b J J  

If t he  repor t  h a s  b e e n  f u r n i s h e d  to t h e  O f f i c e  o f  T e c h n i c a l  
S e r v i c e s ,  Depa r tmen t  o f  Commerce ,  for s a l e  to t he  publ ic ,  indi-  
c a t e  t h i s  f ac t  and  en t e r  t h e  p r i ce ,  if known,  

11. S U P P L E M E N T A R Y  NOTES: U s e  for add i t i ona l  e x p l a n a -  
tory  no t e s .  

12. SPONSORING MILITARY ACTIVITY:  En t e r  t h e  n a m e  of  
t h e  d e p a r t m e n t a l  p r o j e c t  of f ,  r e  or  l abo ra to ry  s p o n s o r i n g  (pay. 
sn~ for) t h e  r e s e a r c h  and  deve lopmen t .  I n c l u d e  a d d r e s s .  

13, A B S T R A C T :  E n t e r  an  a b s t r a c t  g, v ing  a br ie f  and  f a c t u a l  
s u m m a r y  of  the  d o c u m e n t  i n d i c a t i v e  o f  t h e  report ,  e v e n  t h o u g h  
i t  .nay a lso  appear e lsewhere in the body o f  the techmca l  re- 
port. I f  add i t i ona l  space zs required, s cont inuat ion sheet  sha l l  
be at tached. 

It i s  h i g h l y  d e s i r a b l e  tha t  the  a b s t r a c t  of  c l a s s i f i e d  r ep o r t s  
be  u n c l a s s i f i e d .  E a c h  pa r ag raph  of  the  a b s t r a c t  s h a l l  e n d  wl th  
an  i n d i c a t i o n  of  the  mi l i ta ry  s e c u r i t y  c l a s s i f i c a t , o n  of  the  in-  
format ion in the paragraph, represented as (T$), (S), (C), o, (O) 

There  is  no hmi ta t ion  on the length o f  the abstract ,  f l ow-  
ever,  the suggested length is from 150 to 225 words. 

14. KEY WORDS: Key w o r d s  a re  t e c h n i c a l l y  m e a n i n g f u l  t e rm s  
or sho r t  p h r a s e s  tha t  c h a r a c t e r i z e  a repor t  and  may be  u s e d  a s  
i ndex  e n t r i e s  for c a t a l o g i n g  the  report .  Key  words  m u s t  be  
s e l e c t e d  so that no s e c u r i t y  c l a s s i f i c a t i o n  Is reqmred. Iden t i -  
f i e r s ,  s u c h  "as e q u i p m e n t  mode l  d e s i g n a t i o n ,  t r ade  name,  mi l i t a ry  

i p ro jec t  code  name ,  g e o g r s p h i c  loca t ion ,  may  be u s e d  a s  key  
words  bu t  w, ll be  fo l lowed by an i n d i c a t i o n  o f  t e c h n i c a l  co n -  
tex t .  The  a s s i g n m e n t  o f  h n k s ,  ru l e s ,  and  w e i g h t s  i s  o p t i o n a l  
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