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TABLE II (Continued) 
c. ARC Mark 11B/11C 0.5-KS-30 Pitch Motors (P/N 331121-1) 

Motor T y p e  

Motor Sertol Kumber 
Speczf icat  ton 

Date of Manufacture  L i m i t s .  
nh~.  

Motor Age, mon:ha 

Test  Date 

Pref i re  Ignttton Syotem Resistance. ohms 

Pins A to F (Squib No. 1) 

Pins B to C (Squib No. 2) 

Pins D to E (Fuse) 

Shorted Pins AF to Shorted Pine BC 

Shorted Pine AF to Shorted Pibs D E  

Shorted Pros BC to Shorted Pins D E  

0.16 to O. 22 

0 15100.22 

0 .02 :o0  l0 

>lO meg 

>10 meg 

>10 meg! 

Profire Case Insulat ion Resis tance,  ohms I 

Pins A, B, C, D, E. and F to Motor Case I >10 meg 
I 

O. 5-KS-30 

0606589 [ 0605894 0605897 060569§ 050S901 0506002 J0606153 I 0606073 

I f l / 85  11/66 5/66 [ 6/67 11166 11/66 11/60 

68 56 56 

7/8/71 7/81?1 7114171 

0.20 0.22 

0.20 0.21 

0 10 0.09 

1o/66 

57 

71817i 

0.21 0 22 

0.21 0,21 

0.09 0.09 

175meg 200meE 

150meg!2OOme8 

150meB 200me~ 

56 56 
i 

v l ;4 /71  71;4171 

0.20 0.20 

0.21 0 21 

0,09 0.09 

62 

7/24/71 

0606076 

5167 

50 50 

v124171 ~124/vl 

0.20 0.22 0.17 

i 
0.20 0 22 0 18 

O 00 0 03 G 4 

2,000 meg 1,000 me ! 200 meg 400 meg 

2,OOOmeg I.O00mel 176 ='tag 400 meg 

2,000meg !.OOo me; 175 meg 400 meg 

125meg 125me8 6006s'e]1 6 0 0 m e g i 1 7 5 m e l l  200mell 
i 

80 meg 176 meg 20,~' me8 

90 meg 150 meg 200 meg 

m 
99 meg 175 meg 200 meg J 

1 90 meg 125 meg 200 meg . . . . . ~  
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Area (MME), Hill Air Force Base, Utah 84401. 



\ 

/ 

a. 

I 
TABLE III 

i SUMMARY OF MOTOR PERFORMANCE 
ARC Mark 11B/11C Spin Motors (PIN 331120-1) 

I 

Motor Type 

Motor Serial  Number 

Test  Number  

Date of .Marmfacture 

Test Date 

Motor Age, months 

Motor Case Temperature at 
Ign n ton. "F 

Simulated Altitude at Ignition, ft 

Thrust Delay Tlme (td). meet: I 

Ignition Detay Ttrnc (tL}. msee 2 

Thrust  Action Time (tat). sen 3 

Burn Time (tb), sec 4 [ 

Full-Duration Burn Time (tfb). sen 5 
i 

Meam.red Total Impulse (Based on tfb), 
Ibf-sen (Not Welgot Corrected} 

Number of Channels Averaged [ 
I 

Max:mum Dev:atton from Average, 
percent 

Cel'- P ressure  Integral (Based on tfb). 
pate-see 

Number  of Channels Averaged  

Max.mJm DavtaSion ~rom Average, 
percent  

Average  Simulated A l l  ltude dur ing 
t,b. ft 

Vacuum Tota l  Impulse (based on trb) 
lb f -sec  (Weight Cor rec ted)  I 

Expended MOss {AEDC Measured Pref : re  
and Poetflre Weight Difference, 
Inclddln 8 Koeete Ctosure). ibm 

I 
Manufacturer's Stated Nominal 
Propel lant  Weight, Ibm 

Vacuum Specific Impulse (Based on , 
Weight Corrected Vacuum Total 
Impulse over  t fb and Manufac tu re r ' s  
Stated Nominal Propellant We|ght) 
".bf- see I lbm 

' 1 -K5 -30  1-KS-30 I - K S - 3 0  ) - K S - 3 0  1 -K5 -20  I - K S - 3 0  1-KS-30 1-KS-30 1-KS-30 

0705735 0705736 0?05932 0'/03933 0705732 0?06393 0705700 0705566 0706072 

07 00 09 10 11 12 13 14 15 

10/66 10/66 11/63 11/00 10/66 8 /58 5166 10/65 3/67 

?1i4171 71t4171 7/14/71 7 /16 /? i  711517l 7115/71 7121171 712t17t 712117t 

50 5? 50 56 37 37 52 57 50 

103 102 100 102 101 100 100 99 92 

146. 000 147. 000 1 4 7 , 0 0 0  146. 000 146. 000 146. 000 144. 000 149. 000 149. 000 

4 2 3 3 2 3 2 2 2 

4 2 3 3 2 3 2 2 2 

0. 713 0 717 0. 705 0. 683 0. 716 0. 707 0. 893 0. 752 0 .733  

O. 685 O. 690 0 678 O. 657 O. 691 0 578 0 670 O. 722 O. '/05 

O. 785 O. 7?0 O. 750 O. 728 O. 790 0 ?65 O. 740 0 795 O, 780 

29.3?3 29. 010 29. 246 29. 325 20. 201 29. 361 29. 358 28. 960 28. 555 

2 I 2 2 2 2 2 2 1 

0 11 - - -  0 02 0 .08  0 .04  0 00 0 .10  0 10 - - -  

0. 02726 0. 02781 0 02529 0. 02'/22 0. 02719 0 02788 0. 02881 0. 0237? 0 02'/05 

3 3 3 3 3 3 3 3 3 

0.4 0.5 0.9 1.1 0.4 0.4 0.3 0.4 0.5 

136. 000 137,000 136,000 136. 000 136. 000 136. 000 125. 0~0 138. 000 138. 000 

20. 438 20,073 29.30? 29. 386 29. 342 29. 424 99.419 29. 024 28. 618 

0.1328 0.1326 0 .1326  0.1340 0.1328 0.1322 0.1336 0.1334 0.1339 

0,130 0.130 0,130 0.130 0.130 0.130 0.130 0.130 0 130 

226.4  223.6 225.4 225.0 295. ' /  226.3 228.3 223 .3  220.1 

I )Interval from zero tLme to t lme of L~urease in thrust  ( l h e r e  zero t ime [a the t .me of application of Lp[tion current). 

2Time Interval between zero time and the t ime that thrust  has reached 10 percent of maximum during ignltion (excluding tgmtton epzke). 

3Time tn;erva, between 10 percent of. max;mum thrust durLn E ignition (excluding ignition spike) ~md 10 percent of maximum thrust  durLng taLloff. 

4Time mterva] between 10 percent of maximum thrust  during Igmt;on (excluding i p t t i o n  spike} and the return of thrust  to T5 perceht of maximum 
during Is:loft.  

5Lnterval from ¢Lme of increase .n thrt.et dur:ng Lgnltton to tLme that thr-~st has decreased to zero durLng taLLOff. 
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ABSTRACT 

T w e n t y  A t l a n t i c  R e s e a r c h  C o r p o r a t i o n  (ARC) p i t ch  m o t o r s  ( 0 . 5 - K S - 3 0 )  
(9 of P / N  331121-1  and 11 of P / N  330198-1)  and t w e n t y  ARC s p i n  m o t o r s  
(1-KS-30)(9  of P / N  331120-1  and 11 of P / N  330130-1)  w e r e  s u b j e c t e d  to 
p r e s c r i b e d  n o n d e s t r u c t i v e  s i n u s o i d a l  v i b r a t i o n ,  t e m p e r a t u r e  c y c l i n g  
( f r o m  -35 to +125°F),  and e l e c t r i c a l  r e s i s t a n c e  m e a s u r e m e n t s  and t e s t e d  
at p r e s s u r e  a l t i t u d e s  r a n g i n g  f r o m  135,000 to 141,000 ft  to i n v e s t i g a t e  
the  p o s s i b i l i t y  of e x t e n d i n g  the  s e r v i c e  l i f e  of the  m o t o r s .  The  a g e s  of 
the  m o t o r s  r a n g e d  f r o m  37 to 102 m o n t h s .  Two of the  s p i n  m o t o r s  f a i l e d  
at  i gn i t ion ,  r e s u l t i n g  in c a s e  r u p t u r e  and e j e c t i o n  of the p r o p e l l a n t  g r a i n .  

Distribution limited to U.S. Government agencies only; 
this report contains information on test and evaluation 
of military hardware; December 1971; other requests for 
th~s document must be referred to Ogden Air Materiel 
Area (MME), Hill Air Force Base, Utah 84401. 
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F m a x  

tat  

tb 

M a x i m u m  t h r u s t ,  the  h i g h e s t  t h r u s t  d e v e l o p e d  d u r i n g  a 
m o t o r  f i r i ng ,  exc lud ing  ign i t i on  sp ike  

T h r u s t  a c t i on  t i m e ,  t i m e  i n t e r v a l  b e t w e e n  10 p e r c e n t  of 
m a x i m u m  t h r u s t  du r ing  ign i t i on  ( exc lud ing  ign i t i on  sp ike )  
and 10 p e r c e n t  of m a x i m u m  t h r u s t  d u r i n g  ta i loff ,  s e c  

B u r n  t i m e ,  t i m e  i n t e r v a l  b e t w e e n  10 p e r c e n t  of m a x i m u m  
t h r u s t  d u r i n g  i gn i t i on  ( exc lud ing  i gn i t i on  sp ike)  and 75 p e r -  
cent  of m a x i m u m  t h r u s t  d u r i n g  tailoff~ s e c  
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t d 

tfb 

t i 

t o 

T h r u s t  de lay  t ime,  i n t e rva l  f rom ze ro  t ime  to t ime  of 
i n c r e a s e  in t h rus t ,  m s e c  

F u l l - d u r a t i o n  burn  t ime ,  i n t e rva l  f r o m  t ime  of i n c r e a s e  in 
t h r u s t  dur ing  igni t ion  to t ime  that  t h r u s t  has  d e c r e a s e d  to 
ze ro  dur ing  tai loff ,  s ec  

Ignit ion delay  t ime ,  t ime  i n t e r v a l  be tween ze ro  t ime  and 
t ime  tha t  t h r u s t  has  r e a c h e d  10 pe rcen t  of m a x i m u m  dur ing  
igni t ion  (excluding igni t ion  spike) ,  m s e c  

Z e r o  t ime ,  t ime  at which f i r i ng  vol tage is  appl ied to the 
i gn i t e r  c i r cu i t ,  m s e c  

viii 
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SECTION I 
I N T R O D U C T I O N  

The At lan t ic  R e s e a r c h  Corpo ra t i on  (ARC) sp in  ( I -KS-30)  and p i tch  
(0 .5-KS-30)  so l i d -p rope l l an t  r ocke t  m o t o r s  a r e  used in the a t t i tude con- 
t ro l  s y s t e m  of the Mark 11/11A and l l B / I I C  R e e n t r y  Veh ic l e s  (Weapons 
Sys t em 133B)(Refs. I and 2). Spin m o t o r s  ( P / N  330130-I)  and pi tch 
m o t o r s  ( P / N  330198-1) a r e  used for  the Mark 11/11A, while  sp in  m o t o r s  
(P/N 331120-I)  and pi tch m o t o r s  ( P / N  331121-1) a re  used for  the Mark  
11B/11C R e e n t r y  Vehic le  (Ref. 3). The Mark 11B/11C m o t o r s  a r e  
iden t i ca l  to the Mark 1 1 / I I A  v e r s i o n  except  for  a change in the i gn i t e r  
squib,  a s l igh t  sho r t en ing  of the mo to r  case ,  and a modi f i ca t ion  to the 
i gn i t e r  connector .  

To obtain data  n e c e s s a r y  to d e t e r m i n e  the pos s ib i l i t y  of extending 
the s e r v i c e  l i fe  of the m o t o r s ,  a s e r i e s  of t e s t s  se t  fo r th  in Model 
Spec i f ica t ion  S -133-1005-0 -1 -5  ( P / N  330198-1)(Ref.  4), S - 1 3 3 - 1 0 0 5 - 0 - 1 - 6  
(P/N330130-1)(Ref. 5), S -133 - I005 -32  ( P / N 3 3 1 1 2 1 - 1 ) ( R e f .  6), and 
S-133-1005-33 (P /N331120-1 ) (Re f .  7) was pe r fo rmed .  These  t e s t s  en-  
c o m p a s s e d  p r e f i r e  mo to r  n o n - d e s t r u c t i v e  v ib ra t ion  t e s t s  ( p e r f o r m e d  at 
the AEDC only on m o t o r s  P / N  331121-1 and 331120-I) ,  t e m p e r a t u r e  
cycl ing ,  and moto r  and ign i t e r  e l e c t r i c a l  r e s i s t a n c e  t e s t s ,  fol lowed by 
t e m p e r a t u r e  condit ioning and f i r i n g  the m o t o r s  at s i m u l a t e d  a l t i tude 
condi t ions  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 .  The p r e f i r e  n o n d e s t r u c -  
t ive  t e s t s  were  p e r f o r m e d  at AEDC on al l  m o t o r s  (except for  the v i b r a -  
t ion  t e s t s  fo r  m o t o r s  P / N  330198-1 and 330130-1, which had been p r e v i -  
ous ly  conducted at Hill  AFB).  

The 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 i gn i t e r  squib,  fuse ,  and case  
insu la t ion  r e s i s t a n c e s  a r e  d i s c u s s e d  and compared  with the r a n g e s  se t  
fo r th  in the model  spec i f i ca t ions .  The ages of the m o t o r s  t e s t ed  dur ing  
th i s  p r o g r a m  ranged  f r o m  37 to 102 months .  

Motor  igni t ion c h a r a c t e r i s t i c s ,  a l t i tude 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  a re  p r e s e n t e d  and d i scussed .  P r e v i o u s  t e s t i ng  of 
m o t o r s  of s i m i l a r  des ign  having ages r ang ing  f r o m  24 to 71 months  is  
d e s c r i b e d  in Refs .  8 th rough  17; a c o m p a r i s o n  of c u r r e n t  t e s t  r e s u l t s  
with p rev ious  t e s t  r e s u l t s  is made in Sect ion  IV of th is  r e p o r t .  
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SECTION II 
APPARATUS 

2.1 TEST ARTICLE 

The ARC 1-KS-S0 f u l l - s c a l e ,  f l ightweight ,  s o l i d - p r o p e l l a n t  sp in  
moto r  (Fig.  1, Appendix I) i s  1.53 in. in d i a m e t e r  and 9.77 in. (9.58 in. 
fo r  P / N  331120-1) in length ,  inc luding the 4 . 8 8 - i n . - l o n g  Mas t  tube 
bonded to the mo to r  case .  The motor  case  is  made  of 0. 0 4 0 - i n . - t h i c k ,  
4130 n o r m a l i z e d  s tee l .  The 27 ° 30' ,  ha l f - ang le ,  conical  nozz le  has  a 
g raph i t e  t h roa t  i n s e r t  with a nomina l  t h roa t  a r e a  of 0. 0252 in. 2 The 
expans ion  r a t i o  ( ra t io  of b l a s t - t ube  exi t  a r e a  to nozzle  th roa t  a rea)  is  
17.8:1.  A s i l i cone  rubbe r  nozzle  c losu re  waa used to s ea l  the  c h a m b e r  
at s e a - l e v e l  p r e s s u r e  condi t ions.  The to ta l  weight  of the loaded  m o t o r  
is  1. 059 lbm,  of which a p p r o x i m a t e l y  0. 130 l b m  is A r c i t e  ® 362M p r o -  
pe l lant .  

The ARC 0 .5 -KS-30 ,  f u l l - s c a l e  pi tch m o t o r  (Fig.  2) is  1.25 in. in 
d i a m e t e r  and 6.09 in. in l eng th  (5.91 in. fo r  P / N  331121-1),  inc luding 
the 1 . 4 5 - i n . - l o n g  b l a s t  tube bonded to the mo to r  case .  The m o t o r  case  
is  made  of 0. 030- in . - th i ck ,  4130 n o r m a l i z e d  s tee l .  The pi tch m o t o r  
i n c o r p o r a t e s  a 27 ° 30' ,  ha l f - ang le ,  conical  nozzle  made  of 4130 s t ee l  
with a nomina l  th roa t  a r e a  of 0 .0206 in. 2. The expans ion  r a t i o  ( ra t io  
of b las t  tube exit  a r e a  to nozzle  t h roa t  a rea)  of the 0 .5 -KS-30  pi tch 
mo to r  i s  21 .6 :1 .  A s i l i cone  r u b b e r  c lo su re  was used  to sea l  the cham-  
b e r  at s e a - l e v e l  p r e s s u r e  condi t ions.  The tota l  weight  of the loaded  
pi tch mo to r  is  0. 800 lbm,  of which a p p r o x i m a t e l y  0. 069 l b m  is Arc i t e  
377A prope l lan t .  

The 1-KS-30 sp in  m o t o r s  and the 0 .5 -KS-30  pi tch m o t o r s  u t i l i ze  
an i n t e r n a l - e x t e r n a l  burning,  c y l i n d r i c a l l y  p e r f o r a t e d  p rope l l an t  g r a i n  
(ICC C la s s  B), c an t i l eve r  bonded to the f ront  of the mo to r  chamber .  

Nominal  p e r f o r m a n c e  fo r  the 1-KS-30 moto r  at 70°F is :  t h r u s t ,  
40 lbf; chambe r  p r e s s u r e ,  1100 psia;  spec i f i c  impul se ,  225 l b f - s e c / l b m ;  
and t h r u s t  ac t ion t ime  (tat), 0. 753 sec .  Nominal  p e r f o r m a n c e  for  the 
0 . 5 - K S - 3 0  motor  at 70°F is :  t h r u s t ,  34 lbf; spec i f i c  impu l se ,  
228 l b f - s e c / l b m ;  and tat ,  0. 513 sec .  

The Mark  11/11A m o t o r s  ( P / N  330130-1 and 330198-1) i n c o r p o r a t e  
two U. S. F l a r e  207A squibs  while the  Mark  l l B / l l C  m o t o r s  
(P/N 331120-1 and 331121-1) i n c o r p o r a t e  two U. S. F l a r e  ES-003 squibs .  
These  squibs  a r e  used to ac t iva te  i gn i t e r  cha rges  of 1.5 gm (1-KS-30) 
and 0 .85  gm (0 .5-KS-30)  of boron pe l l e t s  l oca ted  in the f ron t  of the 
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c o m b u s t i o n  c h a m b e r .  H o w e v e r ,  only  one squ ib  was u s e d  fo r  e a c h  m o t o r  
r e p o r t e d  h e r e i n .  N o m i n a l  ign i t ion  c u r r e n t  is  5 amp.  F o r  the  M a r k  
l l / l l A  m o t o r s ,  the  i g n i t e r  c o n n e c t o r  is a t t a c h e d  to the  m o t o r  by a 
1 2 - i n . - l o n g  e l e c t r i c a l  cable .  The  c o n n e c t o r  f o r  the  Mark  l l B / l l C  
m o t o r s  is  f l u s h - m o u n t e d  to the  m o t o r ,  thus  e l i m i n a t i n g  the  cab le .  

2.2 INSTALLATION 

The  m o t o r s  w e r e  t e s t e d  in  P r o p u l s i o n  E n g i n e  T e s t  Cel l  (T-3)  
(Ref. 18). S c h e m a t i c s  and a p h o t o g r a p h  of a t yp i ca l  m o t o r  i n s t a l l a t i o n  
a r e  shown  in  Fig .  3. T h r e e  m o t o r s  w e r e  i n s t a l l e d  and f i r e d  s e q u e n t i s l l y  
d u r i n g  e a c h  t e s t  p e r i o d .  The  m o t o r s  w e r e  m o u n t e d  on ind iv idua l  l o a d  
c e l l s ,  w h i c h  w e r e  s u p p o r t e d  on a s t e e l  b a s e  p la te ,  and w e r e  f i r e d  in  the  
v e r t i c a l  pos i t ion .  The  T-3  t e m p e r a t u r e  cond i t i on ing  s y s t e m  (Ref. 18) 
was  u t i l i z e d  to p r o v i d e  a ce l l  t e m p e r a t u r e  e n v i r o n m e n t  of 105°F (for  t he  
Mark  l l B / l l C  m o t o r s )  and 70°F (for  the  Mark  l l / l l A  m o t o r s ) .  

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  wi th  the  E T F  exhaus t  gas  c o m p r e s s o r s .  
The  m o t o r  e x h a u s t  gas  flo~v and b u r n  t i m e  w e r e  s u f f i c i e n t l y  s m a l l  tha t  an 
e x h a u s t  d i f f u s e r  was  not  r e q u i r e d .  

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  ax ia l  t h r u s t ,  t e s t  ce l l  
p r e s s u r e ,  and m o t o r  c a s e  and t e s t  ce l l  t e m p e r a t u r e .  Tab l e  I (Appen-  
d ix  II) 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 an e s t i m a t e  
of m e a s u r e m e n t  u n c e r t a i n t y  fo r  al l  m e a s u r e d  p a r a m e t e r s .  

Axia l  t h r u s t  was  m e a s u r e d  f r o m  l o w - r a n g e  (0- to 100-1bf)0 d o u b l e -  
brid.ge,  s t r a i n - g a g e - t y p e  load  ce l l s .  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 .  I r o n - c o n s t a n t a n  
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  c a s e  to m e a s u r e  o u t e r  s u r f a c e  
t e m p e r a t u r e s .  

The output  s i gna l  of e a c h  m e a s u r i n g  d e v i c e  was  r e c o r d e d  on i n d e -  
p e n d e n 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  da t a  w e r e  ob ta ined  f r o m  
two ax ia l  t h r u s t  channe l s  (pe r  m o t o r )  and t h r e e  t e s t  ce l l  p r e s s u r e  
c h a n n e l s .  T h e s e  da ta  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  ou t -  
put 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 sua 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  t ape  s y s t e m ,  r e c o r d -  
ing in  f r e q u e n c y  f o r m ,  s t o r e d  the  s i gna l  f r o m  the  c o n v e r t e r  f o 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  
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a t abu la t ion  of ave rage  absolu te  va lues  for  each  0 . 0 5 0 - s e c  t ime  i n c r e -  
ment  and total  i n t e g r a l s  over  the cumula t ive  t ime  i n c r e m e n t s .  

A pho tog raph ica l ly  r e  cording,  g a l v a n o m e t e r - t y p e  o sc i l l og raph ,  r e -  
cord ing  at a paper  speed of 16 i n . / s e c ,  provided  an independent  backup 
of a l l  p r i m a r y  data  s y s t e m s .  Motor  case  t e m p e r a t u r e s  and s e l e c t e d  
channe ls  of t h r u s t  and p r e s s u r e  were  r e c o r d e d  on nu l l - ba l ance ,  
p o t e n t i o m e t e r - t y p e  s t r i p  cha r t s  for  a n a l y s i s  i m m e d a t e l y  a f t e r  the moto r  
f i r ing .  H igh- speed ,  m o t i o n - p i c t u r e  c a m e r a s  provided  a p e r m a n e n t  
v i sua l  r e c o r d  of the f i r i ngs .  

2.4 CALIBRATION 

The t h r u s t  load ce l l s  and p r e s s u r e  t r a n s d u c e r s  used  dur ing  the 
t e s t  p r o g r a m  were  l a b o r a t o r y  ca l i b r a t ed  p r i o r  to use .  All t r a n s d u c e r s  
and s y s t e m  c a l i b r a t i o n s  p e r f o r m e d  dur ing  th i s  t e s t  p r o g r a m  a re  t r a c e -  
able to the Nat ional  Bureau  of S tandards  (NBS). Each  l iuk  in the t r a c e -  
ab i l i ty  chain  back to the NBS is m a i n t a i n e d  and documented  by the AEDC 
S tandards  L a b o r a t o r y .  Af te r  i n s t a l l a t i o n  of the m e a s u r i n g  dev ices  in  
the  t e s t  ce l l ,  al l  s y s t e m s  were  c a l i b r a t e d  at s e a - l e v e l  ambien t  condi t ions  
and aga in  at s i m u l a t e d  a l t i tude condi t ions  jus t  before  the mo to r  f i r ing .  
The p r e s s u r e  s y s t e m s  were  ca l i b r a t ed  by an e l e c t r i c a l ,  f o u r - s t e p  ca l i -  
b ra t ion ,  us 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  s e l e c t e d  
p r e s s u r e  l e v e l s .  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  ca l i -  
b r a t e d  in a l ike  m a n n e r ,  us ing  r e s i s t a n c e s  to s imu la t e  s e l e c t e d  fo r ce  
l e v e l s  of 19, 38, 57, and 76 lbf. 

Af te r  the f inal  motor  f i r i ng  in a t e s t  pe r iod  and with the~test  cel 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  were  again  r e c a l i b r a t e d  
to d e t e r m i n e  any shif t .  

SECTION III 
PROCEDURE 

The 40 m o t o r s  (twenty ARC 1-KS-30 sp in  m o t o r s ,  and twenty  ARC 
0 . 5 - K S - 3 0  pi tch motors )  a r r i v e d  at the AEDC on June  7 and 28, 1971, 
and were  v i s u a l l y  and r a d i o g r a p h i c a l l y  in spec ted  for  poss ib l e  sh ipping  
damage .  The p r e f i r e  i n spec t ions  r e v e a l e d  all  m o t o r s  to be s a t i s f a c t o r y  
except  for  sp in  m o t o r s  S /N  0700043 and 0700097. These  two m o t o r s  
were  s e v e r e l y  co r roded  i n t e r n a l l y  and did not i n c o r p o r a t e  a p r o p e r l y  
p laced  s i l i cone  r u b b e r  nozz le  t h roa t  plug. The m o t o r  iden t i f i ca t ion  
l a b e l s  on p i tch  m o t o r s  S /N 0600196 and 0600198 and spin  mo to r  
S /N  0700097 were  found to be p a r t i a l l y  de tached.  Dur ing  s t o r a g e  in  an 
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a r e a  t e m p e r a t u r e  cond i t ioned  at  70 ± 5°F, the  e l e c t r i c a l  r e s i s t a n c e  of 
e a c h  i g n i t e r  was  m e a s u r e d  to e n s u r e  c i r c u i t  con t inu i ty ,  the  b l a s t  tube  
exi t  d i a m e t e r s  w e r e  m e a s u r e d ,  and e a c h  m o t o r  a s s e m b l y  was  we ighed .  
A s i l i c o n e  r u b b e r  nozz l e  t h r o a t  c l o s u r e  ( f a c t o r y  i n s t a l l e d )  s e a l e d  t h e  
c h a m b e r  of e a c h  m o t o r  (except  fo r  sp in  m o t o r s  S / N  0700043 and 
0700097, s e e  Sec t ion  4 .4 )  to i m p r o v e  i gn i t i on  c h a r a c t e r i s t i c s  in  a n e a r -  
v a c u u m  e n v i r o n m e n t .  M e a s u r e m e n t s  of the  t h r o a t  could not  be m a d e  
b e c a u s e  of the  p r e s e n c e  of the  t h r o a t  c l o s u r e  and M a s t  tube.  

The r o c k e t  m o t o r s  w e r e  s u b j e c t e d  to the  fo l lowing  t e m p e r a t u r e  
e n v i r o n m e n t  cyc l i ng  as  p r e s c r i b e d  by m o t o r  Model  S p e c i f i c a t i o n s  
(Refs .  4 t h r o u g h  7): 

1. F r o m  a m b i e n t  to +125 + 5°F in  4 h r  

2. R e m a i n  at  +125 + 5°F f o r  a 7 2 - h r  soak  p e r i o d  

3. F r o m  +125 + 5°F to -35 + 5°F in  4 h r  

4. R e m a i n  at  -35 ± 5°F fo r  a 7 2 - h r  soak  p e r i o d  

5. F r o m  -35 + 5°F  to  +70 + 5°F in 2 r a in  

6. R e m a i n  at +70 + 5°F fo r  an  8 - h r  soak  p e r i o d  

Af t e r  the  t e m p e r a t u r e  c y c l i n g  s e q u e n c e ,  the  p r e f i r e  n o n d e s t r u c t i v e  
v i b r a t i o n  t e s t i n g  was  p e r f o r m e d  on the M a r k  l l B / I l C  m o t o r s  (nine s p i n  
m o t o r s ,  P / N  331120-1 ,  and n ine  p i t c h  m o t o r s ,  P / N  331121-1)  in  a c c o r d -  
ance  wi th  the r e q u i r e m e n t s  of Ref .  3. (The M a r k  l l / l l A  m o t o r s  had 
p r e v i o u s l y  b e e n  v i b r a t i o n  t e s t e d  at Hi l l  AFB.  ) E a c h  of t h e s e  m o t o r s  was  
e x p o s e d  to a 3 . 5 g  r m s  ( l im i t ed  to 0 . 4 - i n .  double  a m p l i t u d e )  s i n u s o i d a l  
v i b r a t i o n  in  the  f r e q u e n c y  r a n g e  f r o m  10 to 2000 Hz,  input  at  the  m o t o r  
m o u n t i n g  f l ange  at a r a t e  of o n e - h a l f  oc t ave  e a c h  m i n u t e  fo r  e a c h  of the  
t h r e e  p e r p e n d i c u l a r  a x e s  (Fig .  4). The  t e s t s  u sed  the  v i b r a t i o n a l  
e q u i p m e n t  shown in F ig .  5 and w e r e  c o m p l e t e d  on J u l y  16, 1971. 

After the temperature cycling and vibration sequences, the motor 
electrical systems (Fig. 6) were subjected to electrical resistance tests 
(Refs. 4 through 7) as follows: 

C o m p o n e n t  P i n s  R e q u i r e d  Resistance, Ohms 

Squib No. 1 A t o  F 0 .16  t o 0 .  
0 .16  t o O .  

Squib No. 2 B t o  C 0 .16  to 0. 
0 . 1 6  to 0. 

Igniter Fuse D to E 0.02 to 0. 

28 (Mark  I I / I I A ) ;  
22 (Mark  I I B / I I C )  
28 (Mark  11/11A);  
22 (Mark  11B/11C)  
10 
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Insu la t ion  

Squib No. 1 to 
Squib No. 2 

Squib No. 1 to 
Ign i t e r  Fuse  

Squib No. 2 to 
Ign i t e r  F u s e  

Squib to Motor  
Case  

Shor ted  P ins  AF to 
Shor ted P ins  BC 

Shor ted  P ins  AF to 
Shor ted  P ins  DE 

Shor ted  P ins  BC to 
Shor ted P ins  DE 

Shor ted  P ins  A, B, 
C, D, E,  a n d F t o  
Motor  Case  

>10,000 
>10 meg  

>10,000 
>10 meg  

>10,000 
>10 meg  

>10, 000 
>10 meg 

(Mark 11 / 11A); 
(Mark 1 1 B / l l C )  

(Mark l l / l l A ) ;  
(Mark l l B / l l C )  

(Mark 11/11A); 
(Mark 11B/11C) 

(Mark 11/11A); 
(Mark l l B / l l C )  

The r e s u l t s  of these  t e s t s  a r e  l ~ e s e n t e d  in Sect ion  IV. 

Af ter  the nondes t ruc t i ve  v ib ra t ion ,  t e m p e r a t u r e  cycl ing ,  and 
r e s i s t a n c e  t e s t s ,  the m o t o r s  were  aga in  sub jec ted  to a r a d i o g r a p h i c  
inspec t ion ,  which r e v e a l e d  no change f r o m  the in i t i a l  p recond i t ion ing  
X - r a y s .  The Mark  11/11A m o t o r s  ( P / N  3.30130-1 and 330198-1} were  
s t o r e d  in  an a r e a  t e m p e r a t u r e  condi t ioned at 70 ± 2°F for  pe r iods  
g r e a t e r  than  24 hr  p r i o r  to a mo to r  f i r ing .  The t i m e  a f t e r  r e m o v a l  of 
the m o t o r s  f r o m  the t e m p e r a t u r e - c o n d i t i o n i n g  unit  unt i l  the  m o t o r s  were  
f i r ed  r a n g e d  f r o m  2 to 4 hr .  The case  t e m p e r a t u r e  at ign i t ion  fo r  t hese  
m o t o r s  v a r i e d  f r o m  73 to 81°F. The Mark  l l B / l l C  m o t o r s  ( P / N  331120-1 
and 331121-1) were  condit ioned in the t e s t  cel l  in a t e m p e r a t u r e  e n v i r o n -  
men t  of 105 + 2°F fo r  a m i n i m u m  of 2 h r  p r i o r  to r educ ing  the t e s t  cel l  
p r e s s u r e  to s imu la t ed  a l t i tude condi t ions .  The case  t e m p e r a t u r e  at 
ign i t ion  fo r  t hese  m o t o r s  v a r i e d  f r o m  97 to 103°F. 

Af te r  i n s t a l l a t i on  of t h r e e  m o t o r  a s s e m b l i e s  in the t e s t  ce l l ,  i n s t r u -  
m e n t a t i o n  connect ions  were  made ,  and a cont inui ty  check of al l  e l e c t r i c a l  
s y s t e m s  was pe r fo rmed .  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  were  comple ted ,  
the t e s t  cel l  p r e s s u r e  was r educed  to the d e s i r e d  s i m u l a t e d  a l t i tude  con- 
di t ion,  and the al t i tude c a l i b r a t i o n s  were  comple ted .  The f ina l  ope ra t ion  
p r i o r  to each f i r i ng  was to ad jus t  the f i r i ng  c i r cu i t  r e s i s t a n c e  and vo l tage  
to provide  the d e s i r e d  f i r i ng  c u r r e n t  to the i gn i t e r  squib (5 amp). 

Af te r  the th i rd  f i r i ng  in a t e s t  per iod ,  pos t f i r e  c a l i b r a t i o n s  we re  
obtained,  and the t e s t  cel l  p r e s s u r e  was r e t u r n e d  to ambien t  p r e s s u r e  
condi t ions .  Each  moto r  was in spec ted ,  photographed,  and r e m o v e d  to 
the s t o r a g e  a r ea .  P o s t f i r i n g  inspec t ions  cons i s t ed  of m e a s u r i n g  the 
tube exi t  d i a m e t e r s ,  weighing the moto r  a s s e m b l y ,  and pho tog raph ica l l y  
r e c o r d i n g  the pos t f i r e  condit ion of the motor .  
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SECTION IV 
RESULTS AND DISCUSSION 

Twenty  At lan t ic  R e s e a r c h  Corpo ra t i on  (ARC) pi tch m o t o r s  
(0 .5 -KS-30) (9 'o f  P / N  331121-1 and 11 of P / N  330198-1),  and twenty  ARC 
sp in  m o t o r s  (1-KS-30)(9 of P / N  330130-1 and 11 of P I N  331120-1),  hav-  
ing ages  r ang ing  f r o m  37 to 102 months ,  were  t e s t ed  at p r e s s u r e  a l t i -  
tudes  r ang ing  f r o m  135,000 to 141,000 feet .  The ob jec t ives  of th i s  
p r o g r a m  were  to p e r f o r m  p r e s c r i b e d  s inuso ida l  v i b r a t i o n  t e s t s ,  t e m -  
p e r a t u r e  cyc l ing ,  e l e c t r i c a l  r e s i s t a n c e  t e s t s  and to d e t e r m i n e  m o t o r  
b a l l i s t i c  p e r f o r m a n c e  at s i m u l a t e d  a l t i tude condi t ions to obta in  data  
n e c e s s a r y  to d e t e r m i n e  ff the p r e s e n t  s e r v i c e  l i fe  of the m o t o r s  can be 
extended.  The r e s u l t s  a r e  d i s c u s s e d  in the fol lowing sec t ion .  

The nine spin  m o t o r s  ( P / N  331120-1) and nine pi tch m o t o r s  
(P/N 331121-1) were  p recondi t ioned  in  the t e s t  cell 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 105 i 2OF for  a m i n i m u m  of 2 hour s  p r i o r  to f i r ing .  The 
e l even  sp in  m o t o r s  ( P / N  330130-1) and e leven  p i tch  m o t o r s  ( P / N  330198-1) 
we re  p recond i t ioned  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 70 ± 2°F fo r  a 
m i n i m u m  of 24 h r  p r i o r  to f i r ing .  The t ime  i n t e r v a l  f r o m  end of condi t ion-  
ing to f i r i n g  was a p p r o x i m a t e l y  2 hr .  

The m o t o r s  we re  f i r ed  in a v e r t i c a l  posi t ion;  t h e r e f o r e ,  the m e a -  
s u r e d  tota l  impu l se  r e q u i r e d  a c o r r e c t i o n  for  the weight  change of the 
mo to r  dur ing  f i r ing .  Th i s  was  a c c o m p l i s h e d  by a s s u m i n g  that  the m o t o r  
weight  l o s s ! w a s  a l i n e a r  funct ion  of t ime .  The total  impu l se  c o r r e c t i o n  
is  t h e r e f o r e  equal  to one -ha l f  the m o t o r  weight  change mul t ip l i ed  by the 
m o t o r  burn  t ime .  Th i s  c o r r e c t i o n  r anged  f r o m  0.11 to 0.12 p e r c e n t  
and f r o m  0.16 to 0 .19  p e r c e n t  of the a v e r a g e  m e a s u r e d  tota l  i m p u l s e  
for  the 0 . 5 - K S - 3 0  and the 1-KS-30 m o t o r s ,  r e s p e c t i v e l y .  The i m p u l s e  
data  thus  obta ined were  c o r r e c t e d  to vacuum condi t ions  by adding the 
produc t  of the t e s t  cel l  p r e s s u r e  i n t e g r a l  and the b las t  tube exi t  a r ea .  
The vacuum c o r r e c t i o n  r a n g e d  f r o m  0.04 to 0 .05  pe rcen t  of the m e a -  
s u r e d  to ta l  impu l se  for  the 0 . 5 - K S - 3 0  m o t o r s ,  and was a p p r o x i m a t e l y  
0 .04  pe r cen t  for  the 1-KS-30 m o t o r s .  

4.1 PREFIRE VIBRATION, TEMPERATURE CYCLING, AND RESISTANCE TESTS 

The m o t o r s  w e r e  sub jec ted  to the p r e s c r i b e d  p r e f i r e  v i b r a t i o n  and 
t e m p e r a t u r e  cyc l ing  as out l ined in Sect ion  IH. A c o m p a r i s o n  of the p r e -  
and pos t cyc l i ng  X - r a y s  of each  moto r  r e v e a l e d  no phys i ca l  d e g r a d a t i o n  
as a r e s u l t  of the v i b r a t i o n  and t e m p e r a t u r e  cycl ing.  
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Each  moto r  was sub jec ted  to the p r e f i r e  e l e c t r i c a l  r e s i s t a n c e  t e s t s  
out l ined in Sect ion III. A tabu la t ion  of the r e s i s t a n c e  data  is  p r e s e n t e d  
in Table  II. 

The mo to r  Model Spec i f ica t ions  (Refs.  4 th rough  7) r e q u i r e  p r e f i r e  
i gn i t e r  squib  r e s i s t a n c e s  of f r o m  0.16 to 0 .28  ohms for  P / N ' s  330130-1 
mid 330198-1 and f r o m  0.16 to 0 .22 ohms fo r  P / N ' s  331120-1 and 
331121-1. All of the sub jec t  m o t o r s  r e p o r t e d  h e r e i n  me t  the s p e c i f i c a -  
t ion r e q u i r e m e n t .  A s u m m a r y  of the squib r e s i s t a n c e  data  fo r  al l  of the 
Minu teman  sp in  and pi tch m o t o r s  f i r ed  to date at AEDC (Refs.  8 
th rough  17) is  p r e s e n t e d  in  Fig.  7. 

The p r e f i r e  i g n i t e r  fuse  r e s i s t a n c e  va lues  r anged  be tween 0.02 and 
0.10 ohms (the Model Spec i f ica t ion  r e q u i r e d  that  t hese  va lues  fa l l  wi th -  
in a r ange  of f r o m  0.02 to 0 .10  ohms) .  A s u m m a r y  of the i gn i t e r  fuse  
r e s i s t a n c e  data  for  all  of the Minu teman  sp in  and pi tch m o t o r s  f i r e d  to 
date at the AEDC (Refs.  8 th rough  17) is p r e s e n t e d  in  Fig.  8. 

The Model Spec i f i ca t ion  r e q u i r e  that  the i gn i t e r  i n su la t ion  r e s i s t a n c e  
be a m i n i m u m  of 10,000 ohms fo r  P / N ' s  330130-1 and 330198-1 {Mark 
l l / l l A  motors ) ;  for  P / N ' s  331120-1 and 331121-1 (Mark l l B / l l C  mo to r s ) ,  
the m i n i m u m  r e q u i r e m e n t  is  10 megohms .  Two of the P / N  330130-1 
sp in  m o t o r s ,  (S/N 0700156 and 0700043) and one of the P / N  331120-1 
sp in  m o t o r s  (S/N 0705732) fa i l ed  to m e e t  these  spec i f i c a t i ons .  F o r  
m o t o r  S /N  0705732, the r e s i s t a n c e  be tween i g n i t e r  t e r m i n a l  D and case  
was 1 . 1 8 ~  and be tween  t e r m i n a l  E and case  was 1.12 ~ .  F o r  m o t o r  
S /N  0700156, the r e s i s t a n c e  between sho r t ed  t e r m i n a l s  DE and case  
was 400 ~ .  F o r  mo to r  S /N  0700043, the r e s i s t a n c e  be tween  s h o r t e d  
pins DE and case  was be tween 30 and 100 ~ .  All o ther  m o t o r s  me t  the 
i gn i t e r  i n su l a t i on  r e s i s t a n c e  spec i f i c a t i ons .  

4.2 ALTITUDE IGNITION CHARACTERISTICS 

The m o t o r s  were  igni ted  (with 5 amp),  us ing  only one of the two 
squibs ,  at p r e s s u r e  a l t i tudes  r ang ing  f r o m  144,000 to 151,000 ft .  (One 
moto r ,  S /N 0600176, was i n a d v e r t e n t l y  igni ted  at 95,000 ft dur ing  a 
t e s t  cel l  p r e s s u r e  t r a n s i e n t  p r i o r  to igni t ion.  ) The m o t o r s  were  sub-  
j ec t ed  to the s i m u l a t e d  a l t i tude env i ronmen t  for  a p p r o x i m a t e l y  1 h r  
p r i o r  to f i r ing .  The a v e r a g e  case  t e m p e r a t u r e  at ign i t ion  for  
P / N ' s  331120-1 and 331121-1 was 100°F and for  P / N ' s  330130-1 and 
330198-1 was 76°F. The m o t o r s  conta ined f a c t o r y - i n s t a l l e d  nozzle  
t h r o a t  c l o s u r e s  des igned  to s e a l  the m o t o r  c h a m b e r  at e s s e n t i a l l y  s e a -  
l e v e l  p r e s s u r e  condi t ions;  however ,  the e f f ec t i venes s  of the s e a l  could 
not be d e t e r m i n e d  because  c h a m b e r  p r e s s u r e  was not m e a s u r e d .  
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During  igni t ion of sp in  m o t o r s  S /N 0700043 and 0700097, a f a i l u r e  
o c c u r r e d  r e s u l t i n g  in rup tu re  of the case  and e jec t ion  of the p rope l l an t  
g ra in ,  l e av ing  the moto r  mount ing  f lange a t tached to the t h r u s t  adap te r .  
The f a i l u r e  was a t t r ibu ted  to t h roa t  b lockage by the nozzle  plug which 
caused  the case ,  a l r e a d y  weakened by s e v e r e  c o r r o s i o n ,  to fai l .  A d i s -  
cuss ion  of the s t r u c t u r a l  i n t eg r i t y  for  these  two m o t o r s  is  p r e s e n t e d  in  
Sect ion 4 .4 .  P e r f o r m a n c e  data  h e r e a f t e r  d i s c u s s e d  pe r t a i n s  only to the 
r e m a i n i n g  38 m o t o r s ,  al l  of which p e r f o r m e d  s a t i s f a c t o r i l y .  

Both t h r u s t  de lay  t ime  (t d) and igni t ion  de lay  t ime  (t i) r anged  
f r o m  1 to 5 m s e c  fo r  the m o t o r s  r e p o r t e d  he re in .  T h r u s t  de lay  and 
igni t ion  de lay  t i m e  obtained dur ing t e s t i ng  of p rev ious  sp in  and p i tch  
m o t o r s  at the AEDC (Refs.  8 th rough  17) r anged  f r o m  2 to 8 m s e c .  

4.3 ALTITUDE PERFORMANCE 

A s u m m a r y  of the d e l i v e r e d  vacuum total  impu l se  for  the 0 . 5 - K S - 3 0  
and 1-KS-30 m o t o r s  r e p o r t e d  h e r e i n  and for  p rev ious  m o t o r s  at the 
AEDC (Refs. 8 th rough  17) is  p r e s e n t e d  in  F igs .  9 and 10. Vacuum 
to ta l  impulse  va lues  a r e  d i s c u s s e d  below. 

Typica l  v a r i a t i o n s  of indica ted  t h r u s t  and t e s t  cel l  p r e s s u r e  with 
m o t o r  bu rn  t ime  for  the m o t o r s  r e p o r t e d  h e r e i n  a r e  p r e s e n t e d  in Fig.  11. 
The data p r e s e n t e d  in Fig.  11 a re  based  on va lues  ave raged  over  0. 050- 
sec  t i m e  i n t e r v a l s  (see Sect ion 2.3) .  The ac tual  i n s t an t aneous  t h r u s t ,  
however ,  was d e t e r m i n e d  for  a typ ica l  sp in  and pi tch mo to r  f i r i ng  
(Fig.  12) by us ing  a t h r u s t  compensa t ion  method  (Ref. 19). The ba s i c  
c r i t e r i o n  for  use  of th is  method is  that  the t h r u s t  s y s t e m  behaves  as  a 
l i n e a r  s e c o n d - o r d e r  s y s t e m .  F o r  th is  method,  the na tu r a l  f r e q u e n c y  
and damping  r a t i o  of the t h r u s t  m e a s u r i n g  s y s t e m  is used  in an analog 
compute r  p r o g r a m  to p red i c t  the t r ue  fo rc ing  funct ion (motor  th rus t )  
f r o m  the  t h r u s t  load cel l  output s igna l .  

F u l l - d u r a t i o n  burn  t ime  (tfb) r a n g e d  f r o m  0.494 to 0. 540 s e c  fo r  the 
0 . 5 - K S - 3 0  mo to r s  and f r o m  0. 728 to 0. 850 sec  for  the 1-KS-30 m o t o r s .  

T h r u s t  ac t ion  t ime  (tat) r anged  f r o m  0.488 to 0. 510 sec  for  the 
Mark  l l / l l A  0 .5 -KS-30  pi tch m o t o r s  and f r o m  0. 466 to 0 .479  s e c  for  
the  Mark  l l B / l l C  0 .5 -KS-30  pi tch m o t o r s .  These  va lues  fa l l  wi th in  
the l i m i t s  se t  fo r th  in the Model Spec i f ica t ions  which a r e  f r o m  0 .47  to 
0.53 sec  (Mark l l / l l A )  and f r o m  0.43 to 0 .51 sec  (Mark l l B / l l C ,  p r e -  
condi t ioned at 105°F). T h r u s t  ac t ion  t ime  r anged  f r o m  0. 726 to 0. 793 
sec  for  the Mark  l l / l l A  1-KS-30 spin  m o t o r s  and fa l l s  wi th in  the r ange  
se t  f o r t h  in the Model Speci f ica t ion  which is  f r o m  0.70 to 0 .80  sec .  The 

1Lower  l i m i t  fo r  s e r i e s  0606XXX m o t o r s  is  0 .39  s e c .  

9 
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t h r u s t  ac t ion  t ime  for  one of the Mark  l l B / l l C  spin  m o t o r s ,  S / N  0705566, 
fe l l  outs ide  the r ange  se t  fo r th  in the spec i f i ca t ion ,  2 which is  f r o m  0 .64  
to 0 .74  sec .  F o r  th i s  moto r ,  the t h r u s t  ac t ion  t ime  was 0. 752 sec .  All 
the o the r  Mark  l l B / l l C  spin  m o t o r s  me t  the t h r u s t  ac t ion  t ime  r e q u i r e -  
m e n t s  of the Model Speci f ica t ion .  

Burn  t ime  (t b) r anged  f r o m  0. 417 to 0. 473 sec  and f r o m  0. 657 to 
0. 767 sec  for  the 0 .5 -KS-30  and 1-KS-30 m o t o r s ,  r e s p e c t i v e l y .  

Vacuum tota l  impu l se  va lues  r anged  f r o m  15. 425 to 15. 698 l b f - s e c  
and f r o m  15. 640 to 15. 758 l b f - s e c  for  the 0 .5 -KS-30  m o t o r s ,  P / N ' s  
330198-1 and 331121-1,  r e s p e c t i v e l y .  These  va lues  a re  wi th in  the l i m i t s  
se t  f o r t h  in the Model Spec i f ica t ions  (Refs.  4 and 6), which a r e  14.60 to 
16.72 l b f - s e c  and 15.05 to 16.73 l b f - s e c  for  P / N ' s  330198-1 and 331121-1,  
r e s p e c t i v e l y .  Vacuum to ta l  impu l se  va lues  r a n g e d  f r o m  28. 764 to 29.361 
l b f - s e c  and f r o m  28.618 to 29.438 l b f - s e c  fo r  the 1-KS-30 m o t o r s ,  P / N ' s  
330130-1 and 331120-1, r e s p e c t i v e l y .  These  va lues  m e e t  the spec i f i ca t i on  
l i m i t s  (Refs.  5 and 7) which a r e  28 .60 to 30 .90 l b f - s e c  and f r o m  28.46 to 
30.74 l b f - s e c  for  P / N ' s  330130-1 and 331120-1,  3 r e s p e c t i v e l y .  One of 
the s e r i e s  0706XXX spin  m o t o r s  r e p o r t e d  h e r e i n  fa i led  to m e e t  th i s  s p e c i -  
f ica t ion .  The vacuum tota l  impu l se  for  mo to r  S /N  0706072 was 28. 618 , 
l b f - s e c  which fe l l  below the spec i f i ca t i on  m i n i m u m  of 28.90 l b f - s e c .  

The vacuum spec i f i c  impu l se  based  on the  m a n u f a c t u r e r ' s  s t a t ed  p ro -  
pe l lan t  weight  a v e r a g e d  226.9  l b f - s e c / l b m  for  the 0 . 5 - K S - 3 0  m o t o r s  and 
224.4  l b f - s e c / l b m  for  the 1-KS-30 m o t o r s .  A s u m m a r y  of m o t o r  b a l l i s t i c  
p e r f o r m a n c e  is  p r e s e n t e d  in Table  HI. 

4.4 STRUCTURAL INTEGRITY 

P r e f i r e  examina t i on  of sp in  m o t o r s  (S/N 0700043 and 0700097) r e -  
vea led  s e v e r e  c o r r o s i o n  of the b las t  tube i n t e r i o r  (Fig.  13) and l e s s e r  
c o r r o s i o n  of the mount ing  f l a n g e / c a s e  i n t e r f ace .  Visua l  i n spec t i on  a l so  
r e v e a l e d  tha t  the s i l i cone  r u b b e r  nozz le  t h roa t  plug was not p r o p e r l y  
pos i t ioned  in these  two m o t o r s .  Rad iog raph i c  inspec t ion  of the m o t o r s  
d i s c l o s e d  s i m i l a r l y  s e v e r e  c o r r o s i o n  of the case  i n t e r i o r  and r evea l ed  that  
the t h r o a t  plug was ins ide  the m o t o r  case ,  r e s t i n g  at the annu la r  e n t r a n c e  
to the c y l i n d r i c a l l y  p e r f o r a t e d  p rope l l an t  g r a i n  (Fig.  14). P r e f i r e  e x a m i -  
na t ion  of the r e m a i n i n g  38 m o t o r s  r e v e a l e d  tha t  all  nozz le  plugs we re  
p r o p e r l y  i n s t a l l e d  and that  no c o r r o s i o n  or  d e t e r i o r a t i o n  was evidenced.  
A pos t f i r e  photograph  of the r e m a i n s  of m o t o r s  S /N  0700043 and 0700097 
is  p r e s e n t e d  in Fig.  15. 

2The ac t ion  t ime  r e q u i r e m e n t  for  Mark  l l B / 1 1 C  s e r i e s  0706XXX 
sp in  m o t o r s  is  0 .65  to 0 .75  sec .  

3Fo r  s e r i e s  0706XX-X m o t o r s ,  the spec i f i ca t i on  r e q u i r e m e n t  fo r  
vacuum tota l  impu l se  is  f r o m  28.90 to 30.12 l b f - s e c .  

10 
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P o s t f i r e  e x a m i n a t i o n  of the  r e m a i n s  of t h e s e  m o t o r s  (F ig .  16a) con-  
f i r m e d  the  s e v e r e  i n t e r i o r  c a s e  c o r r o s i o n  d i s c l o s e d  by the p r e f i r e  r a d i o -  
g r a p h s .  The  c a s e  t h i c k n e s s  v a r i e d  f r o m  0. 010 to 0. 025 in.  N o r m a l  c a s e  
t h i c k n e s s  i s  0. 040 in.  The  t h r o a t  plug was  " w e d g e d "  in the  c o n v e r g e n t  
n o z z l e  e n t r a n c e  (Fig .  16a). The  p r o p e l l a n t  g r a i n  fo r  bo th  m o t o r s  was  
o b s e r v e d  to have  a p o r o u s ,  m o t t l e d  s u r f a c e ,  w h i c h  did not  a p p e a r  to  have  
been  ign i t ed  (F ig .  16b), b e c a u s e  r u s t  c o n t a m i n a t i o n  f r o m  the c a s e  was  
o b s e r v e d  on the p e r i p h e r y .  

P o s t f i r e  e x a m i n a t i o n  of the  r e m a i n i n g  38 m o t o r s  i n d i c a t e d  the  s t r u c -  
t u r a l  i n t e g r i t y  to be s a t i s f a c t o r y .  

SECTION V 
SUMMARY OF RESULTS 

T w e n t y  ARC p i t ch  m o t o r s  ( 0 . 5 - K S - 3 0 ) ( 9  of P / N  331121-1  and 11 of 
P / N  330198-1)  and twen ty  ARC sp in  m o t o r s  (1-KS-30)(9  of P / N  331120-1  
and 11 of P / N  330130-1) ,  hav ing  a g e s  r a n g i n g  f r o m  37 to 102 m o n t h s ,  
w e r e  s u b j e c t e d  to s i n u s o i d a l  v i b r a t i o n  t e s t s  ( P / N ' s  331121-1  and 331120-1  
only) ,  t e m p e r a t u r e  cyc l i ng ,  and e l e c t r i c a l  r e s i s t a n c e  m e a s u r e m e n t s  and 
then  t e s t e d  at i g n i t i o n  a l t i t u d e s  r a n g i n g  f r o m  144,000 to 151,000 ft  to 
i n v e s t i g a t e  the  p o s s i b i l i t y  of ex t end ing  the  s e r v i c e  l i fp  of the  m o t o r s .  
The  t e s t  r e s u l t s  a r e  s u m m a r i z e d  as  fo l lows :  

1. Spin  m o t o r s  S / N  0700043 and 0700097 ( P / N  330130-1)  
f a i l e d  i m m e d i a t e l y  a f t e r  a p p l i c a t i o n  of i g n i t i o n  s i g n a l ,  
r e s u l t i n g  in c a s e  r u p t u r e  and e j e c t i o n  of the p r o p e l l a n t  
g r a i n .  The  f a i l u r e  was  a t t r i b u t a b l e  to t h r o a t  b l o c k a g e  
by the  n o z z l e  plug wh ich  p r e f i r e  e x a m i n a t i o n  r e v e a l e d  to 
be i n s i d e  the  m o t o r  r a t h e r  tha t  p r o p e r l y  p o s i t i o n e d  at  
the  n o z z l e  t h r o a t .  

2. P r e f i r e  e x a m i n a t i o n  (v i sua l  and r a d i o g r a p h i c )  of s p i n  
m o t o r s  S / N  0700043 and 0700097 r e v e a l e d  s e v e r e  c o r -  
r o s i o n  of the  b l a s t  tube and c a s e  i n t e r i o r ,  l e s s e r  c o r -  
r o s i o n  of the  m o u n t i n g  f l a n g e / c a s e  i n t e r f a c e ,  and d i s -  
c l o s e d  the  s i l i c o n e  r u b b e r  n o z z l e  t h r o a t  plug to be con-  
t a i n e d  e n t i r e l y  w i th i n  the  m o t o r .  

3. Nine p i tch  m o t o r s  ( P / N  331121-1)  and n ine  sp in  m o t o r s  
(P /N  331120-1)  w e r e  s u b j e c t e d  to a 3 . 5 - g  r m s ,  ( l i m i t e d  
to 0 . 4 - i n .  double  amp l i t ude )  s i n u s o i d a l  v i b r a t i o n  in  the  
f r e q u e n c y  r a n g e  f r o m  10 to 2000 Hz,  input  at the  m o t o r  
m o u n t i n g  f i x t u r e ,  at  a r a t e  of o n e - h a l f  oc t ave  e a c h  
m i n u t e  in  the  t h r e e  p e r p e n d i c u l a r  axes .  All  m o t o r s  
w e r e  expos ed  to a t e m p e r a t u r e  c y c l i n g  e n v i r o n m e n t  as  
fo l lows :  f r o m  a m b i e n t  to +125°F in 4 hr ;  r e m a i n  at 
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+125°F fo r  a 7 2 - h r  soak;  f r o m  +125 to -35°F  in  4 hr;  
r e m a i n  at -35°F  fo r  a 72 -h r  soak;  f r o m  -35 to +70°F 
in 2 rain; r e m a i n  at +70°F fo r  an 8 - h r  soak .  The  
X - r a y  i n s p e c t i o n s  p e r f o r m e d  b e f o r e  and a f t e r  the  
v i b r a t i o n  and t e m p e r a t u r e  cyc l ing  r e v e a l e d  no d e g r a -  
da t ion  of the  m o t o r  s t r u c t u r a l  i n t e g r i t y .  

4. The  i g n i t e r  squ ib  p r e f i r e  r e s i s t a n c e  fo r  al l  the  m o t o r s  
m e t  the Model  S p e c i f i c a t i o n  l i m i t s  of f r o m  0 . 1 6  to 
0 .28  o h m s  for  P / N ' s  330198-1  and 330130-1 and f r o m  
0 .16  to 0 .22  o h m s  fo r  P / N ' s  331121-1 and 331120-1 .  

5. The  i g n i t e r  fuse  p r e f i r e  r e s i s t a n c e  for  al l  m o t o r s  
m e t  the  Model  S p e c i f i c a t i o n  l i m i t s  of f r o m  0 .02  to 
0 .10  o h m s .  

6. T h r e e  of the  sp in  m o t o r s  f a i l ed  to m e e t  the  i g n i t e r  
i n s u l a t i o n  r e s i s t a n c e  r e q u i r e m e n t s  of the  Model  
Spec i f i c a t i ons .  F o r  m o t o r  S /N  0705732, the  r e s i s t a n c e  
b e t w e e n  t e r m i n a l  D and case  was  1 .18 o h m s  and b e -  
t w e e n  t e r m i n a l  E and c a s e  was  1.12 o h m s .  The  S p e c i -  
f i c a t i o n s  r e q u i r e  a m i n i m u m  r e s i s t a n c e  of 10 m e g o h m s  
f o r  P / N 3 3 1 1 2 0 - 1 .  F o r  m o t o r  S / N 0 7 0 0 1 5 6 ,  the  r e s i s -  
t ance  b e t w e e n  s h o r t e d  t e r m i n a l s  DE and c a s e  was  400 
o h m s .  F o r  m o t o r  S /N  0700043, the  r e s i s t a n c e  b e t w e e n  
s h o r t e d  pins  DE and case  was  b e t w e e n  30 and 100 o h m s .  
F o r  t h e s e  two m o t o r  t y p e s  ( P / N  330130-1) ,  the  S p e c i f i -  
ca t ions  r e q u i r e  a m i n i m u m  r e s i s t a n c e  of 10,000 o h m s .  
All  o t h e r  m o t o r s  m e t  the  ign i t i on  i n s u l a t i o n  r e s i s t a n c e  
r e q u i r e m e n t s .  

7. The  i n t e r v a l  f r o m  the t i m e  of app l i c a t i on  of i gn i t i on  
c u r r e n t  to the  t i m e  that  t h r u s t  r e a c h e d  10 p e r c e n t  of 
m a x i m u m  du r ing  ign i t i on  r a n g e d  f r o m  1 to 5 m s e c .  

8. The  i n t e r v a l  f r o m  the  t i m e  of i n c r e a s e  in t h r u s t  d u r i n g  
ign i t ion  to the t i m e  that  t h r u s t  had  d e c r e a s e d  to z e r o  
d u r i n g  t a i lo f f  r a n g e d  f r o m  0. 728 to 0. 850 s e c  fo r  the  
1-KS-30 m o t o r s  and f r o m  0. 494 to 0. 540 s e e  fo r  the  
0 . 5 - K S - 3 0  m o t o r s .  

9. T h r u s t  ac t ion  t i m e ,  de f ined  as the  t i m e  i n t e r v a l  b e t w e e n  
10 p e r c e n t  of m a x i m u m  t h r u s t  (i. e . ,  h i g h e s t  t h r u s t  
d e v e l o p e d  du r ing  a f i r i ng ,  exc lud ing  ign i t i on  peak)  d u r -  
ing ign i t ion  and 10 p e r c e n t  of m a x i m u m  t h r u s t  d u r i n g  
t a i lo f f  r a n g e d  f r o m  0. 488 to 0. 510 s e c  fo r  the  Mark  
l l / l l A  0 . 5 - K S - 3 0  p i t ch  m o t o r s  wh ich  f a l l s  wi th in  the  
0 . 4 7 -  to 0 . 5 3 - s e c  r a n g e  se t  f o r t h  in  the  Model  S p e c i f i -  
ca t ions .  T h r u s t  ac t ion  t i m e  fo r  the  M a r k  l l B / l l C  
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0 .5 -KS-30  pi tch m o t o r s  r anged  f rom 0. 466 to 0. 479 
sec  which fa l l s  wi th in  the spec i f i ca t ion  r ange  of f r o m  
0.43 to 0.51 sec  (motors  precondi t ioned  at 105°F). 
T h r u s t  ac t ion t ime  for  the Mark l l / l l A  1-KS-30 
spin  m o t o r s  r anged  f r o m  0. 726 to 0. 793 sec  which 
fa l l s  within the spec i f i ca t ion  l i m i t s  of f rom 0.70 to 
0 .80 sec .  The t h r u s t  act ion t ime  for  Mark  l l B / l l C  
1-KS-30 spin  moto r  S /N  0705566 was 0. 752 sec  which 
fe l l  outs ide the spec i f i ca t ion  l i m i t s  of f r o m  0.64 to 
0 .74  sec .  The r e m a i n i n g  Mark l l B / l l C  spin  m o t o r s  
me t  the spec i f i ca t ion  r e q u i r e m e n t s  for  t h r u s t  ac t ion 
t ime .  

Vacuum total  impulse  va lues  r anged  f r o m  15. 425 to 
15.698 l b f - s e c  and f r o m  15. 640 to 15. 758 l b f - s e c  for  
the 0 .5 -KS-30  m o t o r s  ( P / N ' s  330198-1 and 331121-1)j 
r e s p e c t i v e l y .  Vacuum to ta l  impulse  va lues  ranged  
f rom 28. 764 to 29. 361 l b f - s e c  and f rom 28. 618 to 
29.438 lb f - s ec  fo r  the 1-KS-30 m o t o r s  ( P / N ' s  330130-1 
and 331120-1), r e s p e c t i v e l y .  The vacuum tota l  impu l se  
value of one s e r i e s  0706XXX ~-Vlark l l B / l l C  spin  m o t o r  
(S/N 0706072) was 28. 618 l b f - s e c  , which fe l l  below the 
spec i f i ca t ion  m i n i m u m  of 28.90 l b f - s e c .  All r e m a i n i n g  
va lues  a r e  wi thin  the r anges  p r e s c r i b e d  by Model Speci-  
f i ca t ions .  
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(Flush-Mounted to 
Motor Case for P/N 331120-i)  
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for  P/N 330130-1 Only) 
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Fig. 1 ARC Mark 11 Reentry Vehicle Spin Motor (1-KS-30) 
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a. Schematic 
Fig. 2 Mark 11 Reentry Vehicle Pitch Motor (0.5-K~30) 
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a. Shaker Assembly (Motor Mounted for Y-Axis Vibration) 
Fig. 5 Photographs Showing Vibrational Equipment and Related Controls 
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~ Squib 
N o .  2 

P/N's 330130-1 k 
(Mark II/IIA Motors) 

~ Igni te r  
Fuse 
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Fig. 6 Electrical Schematic of Igniter Body and Connector 
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AEDC-TR-71-270 

Fig. 13 Prefire Photograph of Blast Tube of Mark 11/11A Spin Motors S/N 0700043 
and 0700097 
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Fig. 15 Postfire Photograph of Failed Motor 
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TABLE I 
I N S T R U M E N T A T I O N  S U M M A R Y  A N D  M E A S U R E M E N T  U N C E R T A I N T Y  

STEADY-STATe: FSTIMATED MHASUHI-:MENT* 
PrecLalon Index Bias Uncertamt~ 

(S) (B) +(B ~ t 95  S) 
P a r a m e t e r  

Deszgnation ~ ~ ~ i ~  o~ + ~ ~ "6 ~ +  ~ + ~ i  

A x i a l  F o r c e  +0.2 ,5  - - -  150 ~'0 1 - - -  .t.0 0 

T o t a l  b n p u l a e  +0 .  18 - - -  30 .tO. 1 - - -  ±0 46 - - -  

Cell P r e s s u r e  +6. O 150 ±.5, (} - - -  +17 - - -  

Cell Pzeeaure  Integral +3 .5 30 +5 0 - - -  +12 - - -  

Tcmpez ature  

T ime  Interval 

Weight 

S q u i b  a n d  F u s e  
R e s i s t a n c e  

" k 0 . 5 * F  q0 ±3.0°F - - - ±4. O*F 

+ 0 . 2 5  ± 0 . 0 1  +0 51 
3 0  . . . . . .  

m e e c  m s e c  f u s e e  

+0.05 ÷ 0 . 0 2  +(}, 12 
30 . . . . . .  

g ra ms  g r ams  g rams  

±0. 004 +0 002 -t:0. 010 
22 . . . . .  

ohms ohms ohms 

Insulation Resistance Note 1 . . . . . .  J: lO - - -  +10 - - -  

Range Type of 
Me as u.rznp. Device 

30 to Bonded Strata-Gage-  
45 lbf Type Force Transducers  

0 018.  
to Unbonded Steam-Gage 

0 045 Type P r e s s u r e  
Tz ansduecrs  

psta 

70 to Iron- Constantan 
10.5" F Tempera tu re  

T r a n s d u c e r s  

360 
to  

510 
g r a m s  

0.10 
to 

0 . 2 5  
ohms 

100.0if0 
to 

5 0 0 , 0 0 0  
o t l m s  

Time P s i s e  Genera tor  

B c e l u  B a l a n c e  
Sc',~.es 

Otlmmeter  

Type of 
Recording Dewce 

Voltage-to-Frequency 
Conver ter  onto 
MaR.st te Tape 

Null Balance Potentiom 
e ter  Strip Chart Recorder  

Photogz aphzeally 
Recording Galvanometer  
Oscillograph 

Vlsnal Readout 

Vmual Readout 

*Reference: CPIA No. 180. " I C R ~  Handbook for Estlmstlng the Uneez'tmnty m Measurements  mwJe wzth Lzqmd Propc]J.~mt Hocket Engine Sys tems . "  

Notes No redundant or  repeated measurement s  were made. 

Method of 
System Callbration 

In-Place Apphcatton of 
D e a d w e t g h t s  C a h b r a t c d  
m t h e  S t a n d a r d s  
Laboratory 

ResLstanee Shant Baaed 
on the Stendards Labora-  
tory Determination of 
Transducer  Apphed 
P re s su re  versus  Resis-  
tance Shunt Equivalent 
P r e s s u r e  Relatlonnhip 

Mtllivolt .%ubst ttutlon 
Based o n  the NBS Tem-  
pera tu re  ve r sus  M | l l i -  
volt Tables 

Time Pulse G e n e r a t o r "  
C a l i b r a t e d  m t h e  
Standards I ,sboeatory 

I n -  P l a c e  A p p h c a t z o n  o£ 
D e a d w e i g h t  s C a h b r a t e d  
i n  the Standards 
Laboratory 

Ohmmeter  Cahbrated 
m the Standards 
Laboratory  

A p r i l  30 ,  1il69o 

3~ 
m 

~0 

~d 
o 



TABLE II 
PREFIRE AND POSTFIRE RESISTANCE MEASUREMENTS 
a. ARC Mark 11B/11C 1-KS-30 Spin Motors (P/N 331120-1) 

L~ 
=.-t 

Specification 
L imi t s ,  
ohm~ 

0 .16  to 0 .22 

0.16 to 0 .22  

0.02 to O, 10 

>lO m e g  

>10 mef. 

>10 m r g  

Motor Type 

M o t o r  Ser ia l  N u m b e r  

Date of Manufac ture  

Motor Age, months  

TesL Date 

FLef i re  Ignition Sys tem Res i s t ance ,  ohms  

Pins  A to F (Squib No. 1) 

Pins  B to C (Squ~b No. 2) 

Pins  D to E (Fuse)  

Shorted Pins  AF to Shorted Pins  ]3C 

Shorted Pins  A_~' to Shorted P m s  DE 

Shorted Pros RC to Shorted Pins  DE 

P r o f l r o  Case  Insulation Heszstance, ohms 

Pins A, B, C, D. E, and F to Motor  Case  >10 m e g  

Pin D to Case  1 18 ohms ,  Pin F. to Case  1 12 ohms  

0705735 

10166 

59 

7114171 

0.21 

0 .20  

0 .10  

3 0 0 m e g  

9 0 0 m e g  

6 0 0 m e g  

2 5 0 m e g  

0705736 0705932 

10166 11166 

5/ 56 

7114171 7/14171 

0 .30  0 .21  

0 .20  0.21 

0.1O 0 .09  

2 5 0 r n e g  2 , 0 0 0 m e g  

2 2 5 m e g  2 . 0 0 0 m e g  

200 m e g  2 . 0 0 0 m e g  

2 0 0 m e g  1 , 5 0 0 m e g  

; 0705933 

11/66 

56 

7/15/71 

0.21 

0.20 

0 .10  

1, O00meg 

1.OOOmeg 

1,0O0meg 

300.meg 

1-KS-3O 

0705732 0706393 

10166 6168 

57 37 

7/15171 7115171 

0,20 0.20 

0.20 0 19 

0 .10  0 .04  

Z,00gmeg 6 0 0 m e g  

2 , 0 0 0 m e g  6 0 0 m e g  

2 , 0 0 0 m e g  6 0 0 m e g  

3 0 0 m e g  

0 7 0 5 7 0 0  0705566 0706072 

5166 10/66 5/67 

62 57 50 

7121171 7121171 7121171 

0 19 0 16 O. 22 

O. 19 O. 19 ! O. 21 

O. 07 O. 09 O. 02 

125 meg 250 meg 125 meg 

125 meg 200 meg 125 meg 

125 m e g  200 m e g  125 m e g  

tO0 m e g  200 m e g  100 m e g  

m 
O 
,n 
- I  
;O 

.at 

O 



b. 
TABLE II (Continued) 

ARC Mark 11/11A 1-KS-30 Spin Motors (P/N 330130-1) 

m 
O 
9 
-n 

bJ 

o 

U t  
t ~  

M o t o r  T y p e  

S e r t a l  N u m b c r  
S p e c l f t c a t  ton 

D a t e  of  M a n u f a c t u r e  L h n i t s ,  
o h m s  

M o t o r  A g e ,  m o n t h s  

Test  Date 

P r e f l r c  Igmtion System Reststance, ohms 

Pros A to .b' (Squtb No. 1) 

/#ms B to C (Squtb No 2) 

Pins D to I'J (Fuse) 

Shorted Pros A F  to 5hef ted Puls TK. ~ 

S h o r t e d  P i n s  A F  f.u S h o r t e d  P m h  D E  

S h o r t e d  Pros B C  to S h o r t e d  Pros D E  

Pre.rLre C a s e  I n s u t a L w n  R e s i s t a n c e .  o h m h  

Pros A, B, C, D, E, and Fto Motor C a s e  

0.16 to 0.28 

0.16 to 0.78 

0 . 0 2  to 0,1O 

>10.000 

>10,000 

>10,000 

>10,000 

0700061 

6/63 

97 

7120171 

0.19 

0.20 

0.09 

150 mcR 

,00 meg I 

110 meg[ 

I - K S - 3 0  

0700099 0700098 0700040 0700156 0700129 0700063 0700060 

6/63 6/63 ~/83 * 6/63 6/63 6163 

97 97 97 = q7 07 97 

7128/.y ! 7128171 7128171 7128171 7128171 7/29/71 71~01vl 

0 23 0 22 0 23 0.21 0.19 I 0.20 0.22 

0.2~ 0.21 0.20 0.21 0.21 I 0 20 0.21 

O. ln 0 09 0.08 0.10 0 09 I 0 08 0.08 

400 meg ,~,50 meg 300 mc;g 350 meg t50 :negJ ~100 meg 350 meg 

250 r~cg 400 meg 275 meg 350 meg 150 meg[ 300 meg 400 r~cg 

500 meg 350 meg 250 meg 350 meg I00 megJ 300 meg 460 meg 

30__meg J 200 meg Z00 meg ~,50 meg ~ 50 meg I L.000 meg ,,000 reel 

* D a t e  of  M a n u f a c t u r e  d l e g l b l e  on i d e n t i f i c a t i o n  t a g .  I g n t t e r  w a s  m a n u f a c t u r e d  8162 .  

*$  P i n s  A F  to  c a s e  and  B C  to c a s e :  360 m e g o h m s .  DE  to c a s e :  400 u h m e .  

$~$  P r o s  A F  to c a s e  a n d  I_3C to c a s t :  b00 m e g o h m s ;  DE  tu c a s e :  b e t w e e n  30 a n d  100 o h z h s .  

0 7 0 0 0 4 4  

6/s3 

07 

7126171 

o 19 

o 22 

0.10 

350 meg 

250 meg 

,300 meg 

mo____.!i 

I 0'/00043 0700097 

6 / 6 , ~  6/63 

9'1 97 

" / /29 / /1  7130171 

0.21 0 25 

o. 20 0.21 

0.08 0.09 

300 m,~.g 400 meg 

200 meg 400 meg 

200 mug 500 meg 

* ~ *  1.000 meg 



TABLE II (Continued) 
c. ARC Mark 11B111C 0.5-KS-30 Pitch Motors (P/N 331121-1) 

t ~  

Motor Type 

Motor Ser ia l  N u m b e r  

Date of Manufac ture  

Motor Ago, months  

T e s t  Date 

Pro f i ro  lgnztzon System Ro~tstance, ohms 

Pins A to _k" (Squzb No. 1) 

Pins B to C (Squzb No. 2) 

Pros D to R (Fuse) 

Shorted Pms AF to Shorted Pins BC 

Shurted tJins AF to Shorted Pro:; DE 

Stxorted l~zou BC to Shorted Pin:; DE 

Pz'efixe Case  Insulatzon Res i s t ance ,  ohms  

Pin:; A, fl, C, D, R, and F t o  Motor Case  

- - .  Spcctf icat  ton 
L i m i t s ,  
ohxzxS 

0.16 tu 0.22 

0,16 to 0.22 

0 02 to O. 10 

>101 meg 

>I00 m e g  

0.5-KS-30 

)60!56"9 0605894 0605897 0605899 0605901 0605902 0605153 06060"/3 0606076 

10~66 11/66 11/66 11/66 11166 !1166 5/56 5/6? 5167 

b f 56 55 56 56 5fl 62 50 50 

7 /9 r71  -~-8171 716/71 7/14171 7/14171 7/14171 7124171 7124171 T124171 

(1. ~'1 0 22 0 .20  0.2~' 0 .20  0 .20  0 .20  0 .22  0.17 

O. Zl 0,21 0 .20  0.21 0.21 0.21 0 .20  i 0 .22  0 18 

0. )9 0 oq O. 10 O. oq O. 09 O. 09  O. 08  O. 03 O. 03 

175 me8 200 m e g  2,000meg!t ,OOOmeg 200 m e g  400 m e g  80 m e g  175 m e g  200 m e g  

150 .reel 200 m e g  2 , 0 0 0 m e g  | ,000 m e g  175 m e g  400 m e g  90 m e g  150 m e g  200 m e g  

150 me~ 200 meg 2,000 meg l,O00meg 1"/5 meg 400 meg DO meg 175 meg 200 meg 

125 m.e~ 12b m e g  : 600 m e g  600 m e g  175 m e g  ! 200 m e g  90 m e g  125 m e g  200 m e g  

m 
0 

:i  

0 



d. 
TABLE II (Concluded) 

ARC Mark 11/11A 0.5-KS-30 Pitch Motors (P/N 330198-1) 

> 
m 
0 

-:t 
.k 
. , h  

,b 
0 

Ln 

M o t o r  T y p e  

Motor  S e r z a l  N u m b e r  

Date of ManuL1cture 

Motnr Age, mouths 

T e ~ t  D a t e  

Preftre Ignltmn System Ite.'Izstance, ohms 

Pros A to I, (Squzb No. 1) 

Pins B to C' (Squzb No, 2) 

Pins D to R (Fuse) 

bhorted Pins A F  to Shorted Pros RC 

S h o r t e d  Pros A F  to S h o r t e d  P r o s  D E  

S h u r t e d  P b l s  B C  to S h o r t e d  P r o s  DE  

Pro, fire Case Insulatzon Resistance, ohms 

P m s  A, B, C,  D, R, ,rod F to M o t o r  Ca,~P 

- -  Spec  fftc'.ntton 
I , n m i t s  
ohm;~ 

0.16 to 0.28 

0.16 to 0.28 

0.02 Lo 0 l0  

>10,000 

>10,000 

>10,000 

>10,000 

0.5- I ,  LS 30 

I 
0600176 10600198 0600190 0600280 :0600201 0600367 

7163 I 1/e3 7/b3 7/63 8/63 u/63 

96 102 96 J 9b Ob 9b 
= 

7122171 17/22/71 7124171 7124171 7/24/71 7/22/71 

0.21 [ 0 19 0 29 0 10 

0.20 I 0 10 0.21 0 20 

0.07 I 0.07 0.10 0,06 

30 meg J 20 meg 300 u~eg 250 meg 

30 meg I 25 meg 275 me~ 250 meg 

30 meg [ 25 meg 275 xae~ 250 rnc,g 

0,19 0.22 

0.20 0.21 

0,00 0 0e 

2b0meg 35meg 

225meg 3brneg 

250meg 3b meg 

4( Imeg[40  nleg 1,000m~' I 1,000meg 100 meg 50 ~nf,g 

0600343 0600344 06001q6 

8163 8/63 7163 

95 95 96 

7122171 7122171 712217! 

0.23 0.23 0.23 

0.23 0.20 0.22 

0.08 0.06 0 08 

I00 meg 9 meg 25 me. 8 

100 meg 9 meg 25 meg 

100 mug 12 meg 25 meg 

125 meg 20meg 35meg 

0600107 

7/63 

96 

7126171 

0.22 

0.23 

0.06 

1?5meg 

h75rneg 

150rneg 

400meg 

0600233  

7163 

96 

7120171 

0 26 

O. 22 

O. 09 

175 m e g  

17/5 m e g  

173 meg 

175 meg 



AEDC-TR-71-270  

TABLE III 
SUMMARY OF MOTOR PERFORMANCE 

a. ARC Mark 11B/11C Spin Motors (P/N 331120-1) 

Motor Type 

Motor Serial  Number 

Test  ."lumber 

Date of Manurueture 

Teat ~ t e  

k ~ t o r  Age Incntr.s 

Moto r  Case T e m p e r l t u r e  at 
Ignilinn. "F 

Simula ted  A l t i t ude  at Igni t ion.  f :  

Thrust  Daisy TLme (:d) mnec I 

[e"nt:..~4. Delay 'J' lme ~tlt. rnepc | 

T h r u s t  Action '1 line ( let :  sac 3 

BLrn  Time ICb), see 4 

I;'ult-Daretfon Burn Time (It-eL see  6 

Measured Total Impulse (Based on ~f~l. 
.bf-eec (Not Wei6h: C,~rrectod) 

N' .mbar  :~ C-.anneta Aver¢ged 

M u i m u m  Co~ lotion f~'.'- Average,  
Fe.-ce-t 

(:ell P r e s s u r e  [ntosrral IBased on t~ ) .  
psi&- sac 

Number of Cbannela  Avera0ed 

Mgx..mum DevII'L,~P rPorn A~eruge 
percent  

Aver'aRe ~.m.inted Alflt-:le :l'.r -.1 
~tb. 

Vacuum Total I m p . l u  (based on tst) 
Ibf-aee (Woqjht Corrected) 

Espended Mass (AZeDC Measured Pre f t re  
and Poat.~.~re Weight DLfference 
Including Nozzle Closure). l')m 

~, ' l -ufscL' . re."e S:.ated ~c.~lnal 
.=repel lant  ~. elg',:, . h a  

1.'acL.m Spe:iflc Impulse (Base<: on 
Vketg~; Corrected  V a c u . m  Total 
lrnpul~e o v e r  tfb and Manuraeturer ' s  
Stated Norninnl propel lant  Wet6ht). 

t -KS -30  I-I~S- 30 I-K9-311 1-KS-30 I - K S - 3 0  I -KS-30  I-I~S- 30 1-K5-30 I - K S - 3 0  

0706736 0?05736 0705939 0706933 0105732 0706363 0705700 0705566 0706072 

07 :)8 (19 I0 1 ~ . 12 13 14 15 

101'06 .11/0. e 11106 I I I F 2  :'.'166 fi162 "166 10306 3¢07 

7/.4171 7! 141"1 ~l' .417. 7,alSr';I i115/71 7/151T1 ~z21xall 7/21171 7#21/~1 

09 67 56 56 57 37 S2 67 00 

103 102 lOO 102 I01 I00 I00 99 99 

146, 00O 147 000 147 ,000  146 ,000  146, 00A 146, O00 144 ,000  149, 000 140 O0O 

4 2 3 ~ 2 2 2 , J .  2 2 

:) 713 0 7L7 C 702 tl 683 0 7 .~ 0 707 ~ 0 8 9 3 ~  3 752 0 723 

0 605 0.690 0 678 0 657 0 661 O 678 0 670 0 722 0 705 

0 766 0 ?70 0 750 0 726 O 790 0 766 O 740 O 765 O 100 

211 275 39 030 2h 246 29 225 2 ;  ~31 2U 201 29 358 q8 ' 60  38 $55 

2 2 2 2 2 9 2 : 

U .L - - -  O 0~ C Uh 0 C4 O 02 O t0  11 16 - - -  

0 02726 0 A2?81 0 02529 0 02722 0.02719 0 02788 0 0288t O 02677 0.02706 

3 3 3 3 ~ 3 3 3 6 

0 4  0 ,6  2 9  I . C 4  0 4  0 9  6 4  0 5  

.30.0:Mr 137 000 .36. O2C 1':§. 009 130..~cn 134, nO:) 135. C00 13a, ooo 138. c00 

29 438 26 0?3 29 307 26 386 20 342 29.424 29 4111 29 024 28.618 

0 1228 0 1326 0 1226 C 1946 O . .32h  6 1232 (1 1336 0,1324 0 1330 

0,126 ~ 120 11 )3Q C 1~0 O '30  6 , 1 2 :  0 1311 0 136 ~ 130 

l b f - s e c / I b m  226 4 226 6 236 4 226.0 225 7 226 3 921;, 3 923 3 220.1 

! I n t e ; ~ : l  L'.,rn t e r n  -.row. to t i r e  ~ inc renne  n t - r l l u t  (~110.-o ze ro  t i m e  Is the t i m e  o" ~ppll©ac~.n o( Ign l t inn  c u r t - n i l  

2T ln .e  in, retd,,hi be'..ween z o r c  I .rne and zlze Lime thai  t.':/llR| ~kiIB renchec 13 percent  of  . '~ l~lnJum du~..*.4~ branJ 'n  :pxc lus tng  I f l i i n n  np lke l  

3T ime  in te rva l  be'..ween 10 percent  of  m a x i m u m  th rus t  du r ing  .l~'lttO~ lex©ludm 6 l p l t l o n  spike) r~c  10 percent  o f  rn&xxrnum thr~:st c u r i a  6 :am.or( 

4 T i m e  Inter~,'al between 10 percent  of  maLXlrnurn t h rus t  du r i ng  10nltzon (exc lud ing  IGnit ion spike) and the re tu rn  of  t h rus t  to 76 percebI  of  m u J m u m  
dur ln~  b t f lo f f  

5:.n'erva. f r o m  tL'ne ¢~" inc rease  in t h rus t  du r i ng  ionttson to t i m e  ; h i t  th."ur,  has deers.meal to ze ro  dur ra  6 tal.~J~ 

55 



AEDC-TR-71-270 

TABLE III (Continued) 
b. ARC Mark 11/11A Spin Motors (PIN 330130-1) 

"dutor Type L-KS-  1U I - K F - 3 .  ~ I -KS-3U " -KF -6 -  "~ 1- 69 -30  . - K S -  39 I - K N -  30 1-1~6- 30 I -Kh- .~ :  1-.~6-3fl ". - 6 6 -  30 

Mn to r  Serzal J;um.~er 070006) 0700099 uT00638 0?00040 0TU015G 0700129 0?uO8b3 0700060 6700.~44 I1700043 0700097 

res t  N u m b e r  31 32 63 34 J5 36 J7 ~8 30 35 40 

~ i e  at  Man.,*seture 6/63 8/63 6 /55  6/63 *~  (,153 6/(,3 5 /63 8/ f i3 diG3 G/6 q 

Tes t  -~ste 7,12547i *; [ 2 6 / 7 .  ? /28 ;  , '7 i  7 ]26 !71  ? / 3 6 / = !  7,'26r 71 ~ f 21,,'11 743:171 i ,'2~,~3. "~39/~1 7"30,71 

)~cg~r Age, n :~nt -J  97 0"/ "~7 D'/ a~, l i t  :~ U7 0~ ~'" I17 

~ o r  Case Ten  p e r s ' u r e  st [,~n.:.~', 
" F  74 T4 15 ',d 14 74 ~4 ~5 8] ~5 78 

Simula ted  Alt i tude at l~li t inn. Jl 145. 000 147.00O ]48. 000 147 0Ofl ]50, OO0 150 OOO 148. 000 148 O00 149 O0A ]48, Ouo 150. 00O 

T h r u s t  Delay T i m e  (~d I, msec  t 3 2 4 4 4 4 3 d 2 3 4 

Ignition Deln~ Tame (L[)~ m s e e  3 3 2 4 4 4 4 3 d 2 q d 

- - b r o i l  Ac t ion  T i m e  :ta.~ see 3 O ~41 : 72~ O ~o.C 3 731 O ~ '3  0.752 C T42 0. ~4i :, 73(, * 

B u r - ? ' . m e  ( :h i ,  eec4 O, ~L ') *', 7116 O, ";3" 5 ~Oi C 7~ ~ O ~21 '." ?IE tl "/.C 6 6Hb * 

F 'u l l -DLra t ion  B u r n  ' l " z ~  (Lib), H K  5 0 BOO D ??5 O 005 0 17~ C U 50 U ~ 0  C Off0 O ~;C 0 ~?fl * ° 

Measured Tota l  gmpulse (Rased on tfb), 
l b f - sec  (Not WeiGht Correoted)  20 327 29.172 28 700 29 200 25 087 2R 812 29 001 29 187 29 056 • - 

N . m b e r  o~ Channels  Averaged 3 2 3 2 3 2 2 2 2 s * 

Mazl r : . .u :  P-~viatl lm . ' ram A ~e."~£e 
=era+..: : 23 O O 0.:~6 C 1:~ U :,. ." ~i3 U. ,9 0 C3 C 05 " * 

Ce. i  P rede~re  in :ogre .  (Based o:" ;fl~), 
psza-se© 9 0274 a 0 0 ~ 4 9  0 "~27G~ C 095~.6 II ~ 5 5 7  ;) .035.6 O 02S'J5 0 :~JbO4 C fl~bZ7 a a 

N u m b e r  or Cim.-.nela A~ e ra sed  3 3 2 3 3 $ 3 3 3 . a 

M ax i mum Devtst[on f r o m  Average  
pe r cen t  0 3 0 d 0 3 0 4 O.q fl 8 0 8 ~1 5 0 4 • 

A~ el'aiRs ~:.mulaLec Alt:-ude if.Fin S 
t..~. t .  136 CO0 1.~' .U0: • 137 .q:O 16 ~ OU0 30 .0 :~  13-= CUU 1.~7.¢10: ' LNT.:'CO 13~ ON0 * * 

Yb,~.U.': T. LI .  Impu lse  ~3enec m Lfh) 
I I~-sec {v,e~g. ~. C o r r o d e d )  2~ , |91  2" J~4 26,764 30 .=hi |6  166 ,~H 3=5 6.: 0U3 2tl 2~.~ 3~ .17 a :k 

Bxpended Mass (A~ / )C  ~eam=red PrefLre 
and Pos t t l r e  Weight D |~erence.  
Includin 6 Nozzle  Closure) .  Ibm 0 1352 0 1348 0 1346 0 1349 0 1354 0 1344 O 1356 0 1366 0 1~41 (I 1045 0 0756 

ML~ufac tu re r ' s  Stsiec ~:omL-sL 
Propel . r -n :  Wet6ht i bm  9 i30 C 13. ~ U .10 :, 130 0 130 0 L3U C 13~ U..~LO D I3A C 16:) 9. $0 

Yseuum 5-~ec-~'.c ~ . ' , n e  IBaeed en 
We.~,', t (~ r . -ec ted  ~,'uc--r:'.. Tots1 
in:~ulse over  t f~ and Manufnein~ 'er 's  
~a ted  N o m i n a l  P."ope!lsnt V~e.l~t). 
I b f - s e e / i h m  925 6 224,9 22 i  3 225 8 324 3 263 6 223 t1 224 8 224 0 (' a 

IL- tervaL f r o =  zeg~ t i m e  :o : .me ,4 ..ncrease in t h r u m  [~he re  z e r o  l i m e  LS :he tm'..e or [~M:.tcstinn ¢,f ~fn.:LCe" cu r ren t ) ,  

3 ? . m e  ime.-val  ~e iweer  z . ' ro  : o n e  and t -e  t i m e  : l tct t,~rur. "as  ren,,hec l 0  pea, teaL ,r m a x i . - . ~ l  de-Lag I gn l i l nn  ( o ~ . t  : l ing g-th.~n as,[ks) 

33~.me mte."~al ~etwee- 13 pat ten ' ,  ~,~ max i=J . .n  t q rus t  d u r i n g  g.~iLion (elr~'-Cl l la . ip ' . :zo- h"~ike] L d  . :  ~ercen~. ~-~ mRxi--'.u.-~ g-,ru.L du r i ng  ts t l~ : f  

4Tame Is te rvn I  =,etwee- iD percent  :4" mexl-- 'x.m m r u s t  du r i ng  Ign[Llon (egc.udmK .g,-.Itinn m i k e ]  a -d  Ihr' r ~ i n r n  o~ ;lit-jaiL t~ 75 pe.-=e-t 
o f  m a x i m u m  dur,.:q[ t n f l o f f  

5 is te; 'va]  f~'om tame of  i nc rease  i n  U'gum du r i ng  ~ ln i t [on to t i m e  that th rus t  has decreased to z e r o  du r i ng  t&t lo(f  

eMotor  S i N ' s  0T00545 and O7OOOq7 f i l l e d  ( ] ' . t in 9 t lpl , t ,o~ (ease rup tured)  

(,aD,;~te of  m o t o r  ma~zLrnctu.-e Li.ugibie Co--" m o i s t  [denttftcr.:.¢:" tog [eln.:eL" , las m "L'.ufL©gured h ;92  

56 



ERRATA 

A E D C - T R - 7 1 - 2 7 0 ,  D e c e m b e r  1 9 7 1  
(UNCLASSIFI  ED REPORT) 

SIHULATED ALTITUDE PERFOR~NCE OF HARK 11 
REENTRY VEHICLE SPIN AND PITCH HOTORS 

HAVING AGES FROH 37 TO 1 0 2  HONTHS 

R. g .  B r o o k s b a n k ,  ARO, I n c .  

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  C e n t e r  
A i r  F o r c e  S y s t e m s  Command 

A r n o l d  A i r  F o r c e  S t a t i o n ,  T e n n e s s e e  

T a b l e  I I c  ( p a g e  53 )  and  T a b l e  I I I a  ( p a g e  55 )  a r e  t o  b e  
r e p l a c e d  w i t h  t h e  c o r r e c t e d  t a b l e s  p r i n t e d  on  t h i s  s h e e t .  

TABLE II (Continued) 
c. ARC Mark 11B/11C 0.5-KS-30 Pitch Motors (P/N 331121-1) 

.Motor Type 

Motor Serial  Number 

Date or Manufacture 

Motor Age, months 

Test Date 

Prefzre Ipi t ton System Resistance, ohms 

Pins A to F (Squib No. 1) 

Pins R ¢o C (Squib No. 2) 

Pins D zo E IFuee) 

Shorted Pine A F  to Shorted PLns BC 

Shorted Pros A F  to Shorted Pins D E  

Shorted Pine BC to Shorted Pine DE 

SpecLfzcst ton 
1.1mite, 
ohms 

0 .16  to 0. 92 

O 16 to 0 22 

O 02 to 0, 10 

>10meg 

>10meg 

>10meg 

Prettre Case Insulation ReslBtlmce, ohms 

Pins A, I=1, C, D, w.. and F to Motor Case I >10 mell 

0605609 0605894 

10/66 11/06 

57 I 56 

71sIVt ~18171 

0605897 

11166 

56 

71017z 

0.21 0.22 0.20 

0 21 0 gl 0.20 

0.09 0 00 0.10 

175 meg 200meg 2.000meg 

100meg 200me S 2.000me S 

150meg 200meg 2.000meg 

125meg 125meg 

0.5-KS-30 

0605899 0605901 0605902 

11166 I1/60 11160 

56 56 56 

7/14/71 7/14171 7114/71 

0 22 0.20 0.20 

0.21 O 21 0 21 

0.09 0.09 0.09 

1,000mei 200meg 400meg 

1,000me| 175n'.eg 400meg 

1,00Omeg I 175meg 40G meg 

6 0 b m ~  0 0 0 m e g  ilvsmes 

0605153 

0166 

62 

7124171 

0. 20 0.22 

0. 20 0 22 

0 00 0 03 

80meg  175meg 

9 0 m e g  150meg 

9 0 m e g  175meg 

200meg I 90meg 125meg 

0006073 0606076 

5167 5167 

50 50 
I 

7124171 71211vl 

O. 17 

0 18 

0 t 

200 meg 

200 meg 

200 meg 

200 meg 

Distribution limited to U.S. Government agencies on]y; 
this report contains information on test and evaluation 
of military hardware; December 1971; other requests for 
this document must be referRd to Ogden Air Materiel 
Area (MME), I-lill Air Force Base, Utah 84401. 



a. 

TABLE III 
SUMMARY OF MOTOR PERFORMANCE 

ARC Mark 11B/11C Spin Motors (PIN 331120-1) 

.Motor Type t -KS-30 l -KS-  30 I -KS-30  1-KS-30 1-KS-30 L-KS-30 l -KS-30  L-KS-30 t -KS-30  

Motor  Serial Number 0?05?3§ 0?05?35 0"/05933 0705933 0705"/22 0706393 0?05700 0705566 07060?2 

Tes t  Number O? 08 09 10 l l  12 13 14 15 

Date nf Manufacture 10166 10/66 11/66 11/66 10/66 6/68 5/56 10/66 5/67 

Teat  Date 7 / ] 4 / ? t  ?/141V1 ?[14/,71 ?/15/71 ?/15/71 7/15/71 ?/21/71 7 / 2 t / ' f ]  7/21/71 

Motor Age, months 59 5? 56 56 5? 3? 62 5? 50 

Motor Case Tempera tu re  at 
Igmt ion, "F 103 102 100 102 10l 100 100 99 99 

Szmulated Altitude at I�nitLon. ft 146. 900 147,000 14?, 000 146. 000 146. 090 146. 090 144. 090 149. 000 ]40. 000 

~.'lrust Delay T tmn (td), maec! 4 2 3 2 2 3 2 2 2 

Igmtinn De]ay Tune (5]). msec 2 4 2 2 3 2 3 2 2 2 

Torus t  Act ion T ime  (Sat), see 3 0. ?13 0 71V 0. 706 0. 693 0, 716 0. 707 0. 693 0. 752 0 733 

Burn T ime (tb), sec 4 0. 685 0. 690 O. 679 0. 65? 0. 991 0. 5V8 0 6'J0 0. 722 0. 705 

Fu l l -Durs tmn Burn T ime  (tin), sec 5 0. 765 0. 770 O. 750 0. 728 0. 790 0. 765 0. 740 0. ?95 0. 780 

Measured Total  Impulse (Based on tin), 
]bf-eee (Not WetBht Corrected) 29.3?5 29. Ol0 29.246 29.325 29. 281 29,361 29. 358 28. 960 28 555 

Number of Channels Averaged 2 1 2 2 2 2 2 2 t 

Maximum Dev|atmn from Average, 
percent 0 t l  - - -  0. 03 0.08 0.04 0. O0 0.10 O 18 - - -  

CeLL Pressure Integral  (Based on tfb), 
psta-sec 0.02?26 0.02761 0 02529 0. 02722 0. 02719 0 02788 0.0268t 0. 026?? 0. 02?05 

Number of Channels Averaged 2 2 3 3 3 3 3 3 3 

.'~,laslmum Deviation f rom AveraEe, 
percent 0 4 0. 6 0 9 t .  1 O. 4 0.4 0. 2 0 4 0. § 

Average Sln'.ulated Ait i tJde durIng 
tfl), f t  136.0O0 137, 00O 126, O00 126. 000 L36, 000 t36, 000 135. 000 t28. 000 128, 000 

Vacuum Total  ImpuLse (based on tfb} 
inf -sac (Weight Corrected) 29. 438 29 0?3 29.30? 29.386 29. 343 29. 424 29. 419 29.024 28. 618 

Expended Mass (AEDC Measured P r e f i r e  
end Pnstf : re Weight Dd'ference, 
Inc]udtr. 8 Nozzle Closure). Ibm 0. 1328 0. 1326 0 1326 O 1348 O. ]326 0. 1332 9. 1336 0. 1334 0 ,1359 

Manufact t . rer 's S:.ateu ~omInal  
Propel lant Weigh:. ]bin 0. 130 9. 130 0. 130 9. 130 0. 130 0. 139 0. 130 0. 130 0. 130 

Vacuum 5peetftn hnpulee (Based nn 
Weight Correc ted  Vscumn Total 
Impulse over  tin and Manufacturer ' s  
Stated l~:omma] Propel lant  Weight). 
l b f -eec l l bm 226.4 223. 6 235.4 226. 0 2260 ? 226, 3 226. 3 223.3 320. 1 

llnte.--va] f rom zero t ime to t ime of Increase In thrust  (where zero t ime in the t ime nf apphestlnn o~ Lp l r ion  Current). 

2Time interval  between zero t ime and zhe t ime that thrum hen reached 10 percent of maximum dur ing ignit ion (excluding ignit ion spike). 

3Time Interval  between 10 percent of maximum thrust  dur ing ignit ion (escluding IgnLtzon spike) and 10 percent of maximum thrust  dur ing tat lof f ,  

4T ime in terva l  between 10 percent of maximum thrust  during |gnJtlon (excludh~g ignit ion spike) and the re tu rn  of th rus t  to "/5 peroelst of maximum 
dur ing tat lo f f .  

5interval  from t ime nf inc rease  xn thrt .s t  during ignition to t ime that thF-Jst haq dec reased  tn s e r e  durIng taUoff. 
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TABLE III (Continued) 
c. ARC Mark 11B/11C Pitch Motor (PIN 331121-1) 

.Y.otcz Type O 5-K6-50  0 3-KF-gO C 5 -K9-80  6 6 -K5-59  0 5 -K5-30  ~ 3 -K9-50  U. 5-K6-511 ¢ 8 -K$-30  0 5 -K6-~0  

Motor  Ser:a l  ). 'umber 0605656 0605894 060589? 0503699 0603901 0605902 0605153 0608073 0606076 

Tes t  .~;umber 01 09 09 04 03 06 95 96 27 

Dare of  J~arufaet.A'e 10 /6 [  11/65 11/E3 .1/.63 11186 1 { /36  3/'86 5/87 51117 

"Pent Date =!3,J7t 7/':or 71 ?/6/'71 ~r 14+'71 ?x ' .4 !7 .  7/'1~,:7. 7/'2+~7". ?rl=41?Z 7x94x'Tl 

Me ie r  Age. mc¢.ths .57 88 56 56 58 65 03 30 50 

Motor  Case T e m p e r a t u r e  st 
[6nt t inn,  "P" i0O 99 98 100 )0O O? 9? 97 97 

Simulated At~.:ude at [e~z: on. 
ft 101 000 149 .0~  150 000 1 ~3. "~10 146, 00." 1~.6 C00 .46. 0:~ 145 006 1~7. ~C0 

Tg"rust Delay T i m e  ( id),  r...sec I 4 3 9 6 5 3 : 9 2 

I~s l t inn  Da i sy  T i m e  f i l l ,  mse¢ 2 4 3 2 5 S 6 ! 2 9 

Th."ns'. Act ion T i m e  (tat), see 5 0 466 0 466 0 4?4 0.49g O 472 0 478 O 467 0.4?6 O 47g 

taurn T i m e  ~to}. so= 4 O. 4 :9  :. ~2|  0 423 O 4 .7  3 425 0. 430 C 485 0 43¥ C 44.  

F u l l  ~ . r a t i n n  B u r n  T i m e  ( t ry)  sac 5 0,4g4 0 313 0 515 0 6.C 0 307 O 503 0 530 0, i l l 0  O 850 

Measured Tota l  impu l se  {Based on trb), 
Ib f -se¢ {Not  W a i S t  Cor rec ted}  18 094 15 110 16 690 15 698 15 844 13 616 16 739 I~ 631 15 682 

.~uz=ber ~f Channe.8 AverzqJnd 2 I 2 2 2 9 2 | 9 

k:ax tmum I)eylL:  k~. from A~ ez'u6s, 
percen t  0.01 - - -  O 60 0 19 C 03 0 0{ O 0O 0 0n o 0o 

Cell P r e s s u r e  Istegral  (Based on tfb). 
ps in -sec  0 01573 0 01530 0 01376 O 01573 O 01738 0 01806 0 01667 0 0]634 O 01683 

Number or Champ.sis Averaged 5 3 ] 8 3 $ 3 3 3 

MaxJuam Day .IL:.Or ~ o m  A~eraBe 
percent  1 2 0 7 C 5 0, 7 O 3 0 6 O 3 O, 4 9. 4 

Avsra6o S).mulsted Attitude durin l 
t ~ ,  rt 141,000 141,000 141,0O0 141. OOO 138, O0O 137, 000 139, 000 140 0OO 139. O00 

VaCuum To.at impulse (Basecl ~ t.-~) 
l b f - s e :  (Wetaht Corrected1 ~3 719 10 735 15,548 .3 795 15 670 15 840 15 738 10 636 15 ?08 

Expended .Mass (AZDC Measured 
P r o f i t s  and PoaLf i re Wst6ht 
D i f fe rence,  Inc lud ing  Nozz le  
~OSlJrS), i b m  0,0599 0 0714 0 0713 0 0718 O 0?15 O 0721 0 0716 0 0 ? t l  0 0716 

Mm-ufaet_rer'a S:.atad ~o~ ina i  
Propel'a.~.t V,'eli~h:., Ibm O 059 O 099 O 049 " . 8 "  0 C69 O /1-'-0 ::) 08.= 0 ".~99 C 06;. 

Vscm.m Speolfte br.putse (Based on 
Weight Corrected Vs©~um Total 
Impuins over  tfb and Manufacturer 's  
Stated Nnmms] p r o p e l ; L - t  Welsh:) ,  
10~-ee¢11..~1 321 8 328 O 99S ? 997 9 327 1 325,7 398 4 935 9 321 8 

LintervaL f r o m  z e r o  t i m e  =o t .me  or i ~ c r e a l e  In ; l l r~s t  (where z e r o  t i m e  in the tL-ne or sppLiest Io~ of  i p t t l o n  curren.t I  

9TLme in te rva l  between z e r o  t i m e  and the t i m e  that t h rus t  has reached 10 percent  of  m a z l m u m  d u r i n g  tSnLtion (exo lud in  6 I p l t i n n  spike)  

3TLme J x e r v a .  holY.sen L0 pe.-cen..t of m a x . m u m  ".hr.nt d u r i n  6 ign i t ion  (excLud.n 6 Lgnttinn sp ' "e )  and l 0  percen t  or maxlL--um t-.rust CJr !n i inf loF- 

4 .~.me . s e r v e .  be tv .Mn 10 pe . -©r t  of Joss .mum :h r . sz  d u r i n  6 len i t ies  Le~cL.d.-~ ign~l#.n sp..~o) and L-a ~ t ' . n =  ~ ~hr .s t  to 78 percen t  
or mLxl=...um du r i ng  t o l z ~ r  

3 [ntor~al  f r o m  tbr~e of  inc rease  in  th rus t  d u r i n  E lEa=ran to ztme that t h rus t  had decreased tn  z e r o  d . r l n  8 ta l to f f  

57 
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TABLE III (Concluded) 
d. ARC Mark 11/11A Pitch Motor (P/N 330198-1) 

M~tor  ' t ype 0 9 -KS-50  O 5 -KS-20  C 9 -KS-50  0 5 - K S - ] 0  C 5 -K$-33  0 5 -Kq-30  C 5 -KS-30  O 9 -KS- ,U  C 5 -~S-30  (J 5 - 6 6 - 3 ¢  3 6 - 6 9 - 3 0  

Moto r  Ser ia l  N u m b e r  0800176 0800198 0600199 0500289 0600291 06003R1 0900343 6600644 0600196 0600187 0600233 

Tent  N u m b e r  80 21 22 28 24 15 17 t8 1~ 26 29 

: ~ t e  or M n n ~ c t u . - o  ?rj~, . r93  7,x03 ~18 3 9'=:1 arb~ It'.L3 .sr83 7,'~3 1763 ?.:92 

Tes t  Dote %r32171 1 1 2 2 / i .  7,r24771 7 : 3 4 , : i l  7,r 24 r 71 1:23,:11. ?,:~2:71 1132,Ji: ?.:22, ? t ~ J' ~fl.r T,  =: 2b:J 7t  

Moto r  Age, months  90 102 96 65 95 65 95 69 66 96 96 

.%rotor Case T e m p e r a t u r e  a l  
~ n  .|~c: * F  78 7T 90 60 00 73 7 ,  ",4 75 79 78 

6J tmln ted  A l tL t . ce  a: Igni t ion.  ~. 68 C00 .46. O:'(: 14 c. COil 40. O:C 16:- OOO .46. ,'::C 166 0116 .46, 6.'~ t (7  CO0 14 ~, Off:. 1~6. ".-'O 

T h r u s t  Delay Tame (td). m l e c ]  .4 4 t : 2 2 2 3 2 3 4 

16nIt ion De lay  T i m e  ( t i t ,  msec  3 3 4 1 8 2 3 2 2 3 3 4 

Thrus t  Action Tsme (ta). sec 3 O 495 O 53"/ O 489 O 455 O 466 0 494 O St0 O 427 0 505 G ~88 O 50t 

But~. ~':mo (tb). sec 4 0 466 C ~1- s O 469 C ~.,~ O 4fll C ~.~ (1 469 .." ~.T. 9 4~L 3 456 0 4,4 

l ru l . t .Dnratb5n ~ u r n  T i m e  "trn). He¢ 5 9 525 C 540 U ,40  ". 509 U. "40 : .  550 O 940 ~ 916 0 6 . :  U. 5211 C 6.~0 

Measured  Tota l  Impu lse  (Based on tf-o). 
l b ~ - s ~  (Not Weight Cor rec ted)  15 591 19 672 15 569 15 631 15 653 15 633 IS 548 15.400 l f l  575 t5 614 15 b2fi 

Number or Ch -L~nela ~ . v e r a g K  2 i 2 3 2 ~ 2 t 2 4 2 

MaxL-n ' .m/ )ev .~ [cn /~ ' .  ozn A~erage 
percen t  O 21 - - -  0 . ! 6  Q 110 6 C3 C. 24 fl '.0 - - -  0.0Q ~ 45 8 112 

Ce l l  P r e s l m r e  In tegra l  (Bal led on tpn). 
psbs-aee O 13660 O 01699 O 01725 0.01749 0 01688 0 01695 0 01749 0 0t776 0 uIaO7 U 01893 0 01687 

/~ .mber  ~ C-.annels Averaged 2 4 3 5 3 6 , .q ' 2 5 

M a x i m . m  Dev.~tb~n .*ram Average 
perk=eat 3 2 1 8 0 , 6  0 3 0 6 O 5 0 C C. 3 O 2 : ,I 0 6 

Average SLmulsted Altitude d u n n g  
t.•b, ft 04, 000 138. O0O 141. OOO 140. 0O0 141.0OO 139. OOO 195, 000 140. OOO 138 OO0 ]39. 000 13% OOO 

Vaetr-m Tctnl Ic~cutse (Based on trc). 
.b~-sec ( W e i g ~  C : r r e e t e d )  L9,64C 1 : 6 9 9  ;5 5.:4 19,656 ;9 85 :  19 689 .5 614 15,425 .$ 590 L5,-~4 '-" 15 653 

Expended Mass (AEDC 61eaeured Pre f l re  
mad Postr l re  WeLght DIrEerence, 
[ n c l u d i n |  Nozz le  CIosure) ,  Ibm 0 0729 O 0139 0 07 t8  0 0718 0 0727 0 0723 0 0716 0 0721 0 0720 0 0714 0.0714 

Manufacturerls  f ~ e d  No~ln~1 3 0n9 0 02~ 0. ~ q  
P.-'npe.lamt 'Aet6~-X, .b in  O,O'g O 658 C 069 O .%9 C 95 c 0 ~6U C 08L, U 0~0 

Voc~nam Specific impuLse IBaeed on 
Weight Cor rec ted  Vaeulsm Total 
Impu lse  o v e r  t fb  sad Manu fac tu re r ' s  
~ s t e d  N o m i n a l  P rope l lao t  Wmght) .  
Ibt-se©/ibl0c 626 7 227 5 288 0 326 9 227 2 226 6 225 ? 823 R 226 1 

l~-tez~r81 fro-% z e r o  t i m e  :o t . m e  ef  t nc resss  .~ :h.-us- (whore ~ero :mAs Is toe t i m e  o~ ~ p p h c r . ~ -  ~ IKnLtb'n cu. - re- t :  

2 T u n e  m te rva l  between : e r e  tame and the t :me  that th rus t  .has reached ]0  percen:  o~ m a x i m u m  du rmK t p d m n  (exclud'..ng l i n t t t o n  sp ike l  

3Tame mter~Tal b~ween  iO percent  or maximum tizr'.'st durmK ignRLon (excluding Ilk-talon ~pzke) s rd  tO percent  of mazzmum thrust d~rmg talloff 

4Tix-_e I r t e r v a l  be'.~een l 0  pa r :ea t  of  m a x - m u m  :hr-_st cu.-L- 6 l gn i t bm (o~c.uJm6 LS--It z~n spike:  n rd  |he r c t . r n  c.* t h rus t  to 75 percent  

mRxi~--.u-~ ~ . r lng  t a i l~ f  

51nterval  f r o =  t t = e  o f  tncrease In t h r u s t  d u r m g  l ~ . d l ~ n  to t i m e  that t- .rust ned tec.-eaned to z e r o  d . r m g  t s l l e f f  

2~6 7 226 6 
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