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INVESTIGATION OF ATLAS SOLID FUEL RETARDING ROCKET DLTRING 

ATLAS-ClZ"l'IAUR SEPARATION TESTS 3 .  

by Richard W. Heath, Henry Synor, Ralph F. Schmiedlin, 
and John H. Povolny 

T L,?wis Research Center 

S!JMMARY 97399 / 
During t h e  course of the Atlas-Centaur separat ion tests i n  the L e w i s  Spac 

Power Chamber r ecu r ren t  f a i l u r e s  were experienced i n  t h e  f i r i n g s  of t h e  Atlas 
r e t a rd ing  rockets.  I n  an e f f o r t  t o  evaluate  the s u i t a b i l i t y  of t hese  rocke ts  
f o r  f l i g h t  use, an inves t iga t ion  i n t o  t h ?  primary cause f o r  t he  misfires was 
i n s t i t u t e d  and an evaluat ion of the  performance of t h e  rocke ts  was made. 

The primary cause of t he  f a i l u r e s  of t he  rozket  t o  i g n i t e  w a s  i 
i g n i t e r  funct ioning and a too  shor t  i g n i t e r  burning period, 

INTRODUCTION 

One phase of t h e  Atlas-Centaur separat ion t es t  s e r i e s  i s  the  gather ing of 
performance information regarding systems and components assoc ia ted  with t h e  
separa t ion  process. 
un i t ,  s tandard and madified configurat ions of t h e  rocket  engines were run i n  
the  L e w i s  S p c e  Power Chamber and t h e i r  perforinances monitored. 
S ina t ions  of rocke ts  and i g n i t e r s  were t e s t ed  t o  determine the  prablems in-  
volved i n  their  ign i t ion .  

To determine the  dependabi l i ty  of t he  retarding-rocket  

Various com- 

APPARATUS 

Tes ts  were c a r r i e d  out i n  the  Lewis  Space Power Caamber, which can a t t a i n  

The por t ion  of t h e  cham- 
a mxlerate vacuum and maintain it throughout rocket  f i r i n g s  because of i t s  
l a r g e  i n t e r n a l  volume (approximately 607 000 cu f t ) .  
ber i n  wnich th% t e s t s  were conducted i s  a cyl inder  51 f e e t  i n  diameter and 120 
f e e t  long ad jo in ing  other  c y l i n d r i c a l  chambers 90' t o  it a t  each end. 

The r x k e t  t e s t e d  (Rocket Power, Inc., P/N 2547-11) has a nominal t o t a l  
impulse of 503 pound-seconds and i s  15.25 inches long and 2.75 inches i n  diame- 
t e r  (fig.  1)- It i s  constructed with two removable end caps, one of which con- 
t a i n s  the i g n i t e r  and the  other  of which i s  i n t e g r a l  with the  nozzle, A 0.040- 



P , 

inch-thick aluminum c losure  diaphragm i s  included ac ross  t h e  nozzle i n l e t .  
rocket  ha lds  2.1 pounds of po lysul f ide  ammonium pe rch lo ra t e  p rope l l an t  cast  
wi th  a s t a r - cen te r  c r o s s  sec t ion ,  as seen i n  f i g u r e  4(b) .  
proximately 0.7 second and produces about 650 po-mds of t h r u s t  during steady- 
s ta te  operation. 

Tne 

The g r a i n  burns  3p- 

S3me of t h e  d a t a  were obtained during t h e  Atlas-Centaur separa t ion  tes ts .  
The e ight  r acke t s  producing these  data were rnmnted, as shown i n  f i g u r e  2, 
around t h e  per iphery of a f u l l - s c a l e  A t l a s  model hung wi th  i t s  long i tud ina l  
a x i s  horizontal .  Addit ional  d a t a  were obts ined from r a c k e t s  mounted on a s;nall  
t e s t  stand and aimed down an ad jo in ing  chamber. 

Each rocket  t e s t e d  w a s  modified t o  accept  a f i t t i n g  i n  t h e  f i r i n g  chamber 
cap a t  t h e  i g n i t e r  end, 
type pressure t rans5ucers  mounted on t h e  A t l a s  framework ( f ig .  3 ) .  I n  l a te r  
t e s t s ,  t h e  t ransducers  were mounted below the  p re s sa re  t a p s  and suspended by 
s i l i c o n e - o i l - f i l l e d  l i n e s  t o  reduce sensing e r r o r s ,  which could be  incur red  
through t h e  use of lolig a i r - f i l l e d  l i n e s ,  and t o  reduce t h e  e w o s u r e  of the 
t ransducers  t o  heated cambustion gases. 

During th2  e a r l y  tests,  l i n e s  were run t o  strain-gage- 

The i g n i t e r s  f i r e d  were manufactured by Ordnance Associates ,  Inc. ,  ( the 
standard f o r  t h e  Rocket Power, Inc. , rocke t ) ,  by Librascope Divis ion of General 
Precis ion,  Inc., and by Thiokol Chemical Corp. O f  t h e  Ordnance Assoc ia tes  
i g n i t e r s ,  those  from product ion l o t s  2-1  and 3-2 were used. Th? d i f f e r e n t  ig- 
n i t e r s  were loaded with t h e  fol lowing c o n s t i t u e n t s  a t  t h e  noninal  weights  shown 
i n  t h e  tab le :  

Ordnance Associate  s i g n i t e r s  
Lot 2-1 

0.56 ga pawfiered 
boron potassium 
n i t r a t e  

1.99 ga solid 
boron potassium 
n i t r a t e  

Approx, 3600 c a l  
t o t a l  

Lot, 3-2 

0.67 ga powdered 
boron potassium 
n i t r a t e  

1.90 ga s o l i d  
boron potassium 
n i t r a t e  

Approx. 3503 c a l  
t o t a l  

Librascope 
i g n i t e r  

1.0 g powdered 
~GPI-F~H-P- 7 

2.0 ga s a l i d  
boron potas-  
sium n i t r a t e  

Appox. 4203 
c a l  t o t a l  

Thiokol i g n i t e r  

1.0 g boron potas-  
sium n i t r a t e  
p e l l e t s  

U.34 g bTP-E-8035 
po lysu l f ide  
p rope l l an t  

Approx. 1 6  100 c a l  
t o t a l  

aAverage of random weighings (by o thers ) .  
b-opr i e  t a r y  compound. 

OPEBATING PROCEDURE 

Rockets were f i r e d  i n  t h e  Space Power Chsmber a t  an  ambient pressure  of 
approximately 25 pounds pe r  square f o o t  absolu te ,  which corresponds t o  a n  a l t i -  
tude of roughly 98 000 fee t ,  and ambient temperature (approximstely 703 F). 
F i r i n g s  were made or attempted both  w i t h  and without  nozzle c losures .  The 
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. 
f lyght-configurat ion nozzle c l o s w e  i n  t h e  rocket  c o n s i s t s  of a 0.040-inch- 
t h i c k  aluminum burs t  diaphragm. 
configurat ion or were pierced by a 1/8-inch hole. 

!he c losures  when used were e i t h e r  of f l i g h t  

During t h e  t e s t s  t he  i n t e r n a l  pressures  generated i n  the  rocke t s  and t h e  
f i r i n g  vol tages  and cu r ren t s  were recorded. 

RESULTS AND DISCUSSION 

O f  t h e  67 u n i t s  f i r e d ,  6 misfires were enzountered when Ordnance Associ- 
Examinstion D f  t he  misf i red u n i t s  revealed t h a t  t he  ates i g n i t e r s  were used. 

g ra in  was i n t a c t ,  t h e  nozzle diaphragm (which was i n  accordance wi th  t h e  f l i g h t  
e m f i g u r a t i o n )  when used was ruptured and p a r t l y  extruded i n t o  t h e  nozzle, and 
the  i g n i t e r  was f i r e d  with no p a r t  of i t s  "propellant" t o  be found i n  t h e  
rocket  ( f ig s .  4 and 5). The c h a r a c t e r i s t i c  pressure record from a misf i red  
mcJtor i s  an abrupt  p re s su re . r i s e  t o  approximately 250 t o  450 pounds per  square 
inch, a f t e r  which a r a p i d  decay ensues ( f ig .  6). 

It w a s  noted i n i t i a l l y ,  and supported by subsequent f i r i n g s ,  t h a t  t h e  
i g n i t e r s  i n  a l l  misf i red  rocket engines using Ordnance Associates i g n i t e r s  (ex- 
cept  f o r  one s p e c i a l  t e s t )  were from production l o t  3-2 ( t a b l e  I). 
t i o n  revealed t h a t  t h e  configurat ion of t h e  i g n i t e r  (P/N OA-A8) had not been 
maintained constant;  severa l  i n t e r n a l  configurat ions had been used i n  t h e  i g n i t e r  
with changes made from one l o t  t o  t h e  next ( f ig .  7 ) .  
t o  3-2 include (1) t h e  omission of t h e  r e t a in ing  r i n g  a t  t h e  i g n i t e r  e x i t ,  (2) a 
decrease i n  t h e  depth of t h e  i n i t i a t o r  cavi ty  and e l imina t ion  of a cavi ty  a t  t h e  
e x i t  of t h e  un i t ,  and (3) a reposi t ioning of an ace t a t e  d i sk  below t h e  s o l i d  
sus ta iner ,  which created a new cavi ty  containing powdered sus ta iner .  

Invest iga-  

The changes from l o t  2-1 

Pressure t r a c e s  obtained i n  t h e  t e s t  f i r i n g s  were sc ru t in i zed  i n  an e f f o r t  
t o  discover  any apsarent  inadequscies i n  t h e  i g n i t i o n  cycle  which could be r e -  
l a t e d  t o  t h e  i g n i t e r  changes. 
pressure ozcurred between t h e  i g n i t i o n  peak of approximately 1.500 t o  2000 
pounds per  square inch and the  s teady-s ta te  b -an ing  pressure ( f ig .  8(a)) .  
order t o  understand t h i s  ozcurrence, e i g h t  racke ts  having l o t  2-1 i g n i t e r s  were 
f i r e d  with a 1/8-inch hole d r i l l e d  through the nozzle c losures  so t h a t  t h e  cham- 
b e r s  were a t  a near vacuum condi t ion p r i o r  t o  f i r i ng .  The pressure  t r a c e s  from 
t h i s  t e s t  f i r i n g ,  which a r e  shown i n  f i g u r e  8(b) ,  revealed t h a t  each engine 
experienced a pressure  f a l l o f f  s imi la r  t o  t h a t  mentioned e a r l i e r  although not  
qu i t e  as severe. The generat ion of t h e  f a l l o f f ,  or saddle, i n  each ins tance  i s  
f e l t  t o  denionstrate a s u s c e p t i b i l i t y  of t he  i g n i t e r  t o  an i n i t i a l  low-pressure 
condi t ion  i n  t h e  combustion chamber and t o  give an ind ica t ion  of inadequate 
performance margin, The pressure f a l l o f f  probably r e s u l t s  from t h e  propel lan t  
g ra in  not being s u f f i c i e n t l y  ign i t ed  a t  the  time of i g n i t e r  burno& and could 
probably be el iminated with the  use of a longer burning ign i t e r .  While these  
t e s t s  did serve t o  uncover a na rg ina l  performance c h a r a c t e r i s t i c ,  they d id  n3t 
expla in  w h y  l o t  3-2 i g n i t e r s  produced mis f i r e s  3nd l o t  2 -1  i g n i t e r s  d id  not 
under normal conditions.  

I n  severa l  instances  an abnormally low chamber 

I n  
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In  a n  e f f o r t  t o  determine how much t h e  margin of performance could be re7 
duced before  t h e  engine re fused  t o  f i r e ,  two r a c k e t s  were t e s t e d  wi th  no nozzle 
c losures ,  one with a l o t  3-2 i g n i t e r  ( f ig .  9) and one wi th  a 2-1 i g n i t e r .  Both 
f a i l e d  t o  i g n i t e  t h e  rocke ts  a t  the  a l t i t u d e  candi t ion,  which confirmed t h a t  
t h e  limits of r e l i a b l e  opera t ion  had been exceeded. Although t h e  a b i l i t y  t o  
i g n i t e  t h e  p rope l l an t  g ra in  suczess fu l ly  under vacuwn condi t ions  and wi th  no 
nozzle c losure  i s  a mare s3vere requirement than  encountered during f l i g h t ,  it 
i s  f e l t  that  t h i s  t e s t  f u r t h e r  i l l u s t r a t e s  t he  l ack  of adequate margin i n  t h e  
cambination of t h e  0.-dnance Associates ,  Inc., i g n i t e r  and t h e  Rocket Power, 
Irlc., rocket. 

S3me t e s t s  were conducted by B3ckman ,and Wnitley Labora tor ies  t o  determine 
what had caused the  3-2 i g n i t e r s  t o  l o s e  a l l  t h e i r  margin of pzrformance. Both 
t h e  lot 3-2 i g n i t e r s  and t h e  l o t  2 - 1  i g n i t e r s ,  which had no record of misfires, 
were f i r e d  i n t o  Styrofoam blocks  t o  make a record  of flame-impingement pa t te rns .  
Their f indings,  noted i n  re ferences  1 and 2, r e v e a l  t h a t  t h s  l o t  2-1 i g n i t e r s  
cons i s t en t ly  displayed a widely d ispersed  flame p3t te rn ,  while t h e  l o t  3-2 ig-  
n i t e r s  were incons is ten t .  Tie 3-2 u n i t s  occas iona l ly  f i r e d  a n  extremlly narrow 
and cancentrated flame f r o n t  ( f ig .  10). 
t h a t  the l o t  3-2  i g n i t e r s  when t h e i r  d i schsrge  p s t t e r n  i s  concentrated do not  
impinge on t h e  g ra in  surface s u f f i c i e n t l y  and, t he re fo re ,  may n a t  impart  enough 
hea t  i n t o  t h ?  g ra in  t o  cause ign i t ion .  
i n fe r r ed  t o  r e s u l t  from t h e  previous ly  descr ibed changes i n  t h e  i g n i t e r ’  s geom- 
e t ry .  The combination of an i n i t i a l  low performance margin and an incons i s t en t  
flame dischsrge p a t t e r n  i s  apparent ly  s d f i c i e n t  t o  c a m e  occasional  i g n i t i o n  
f a i l u r e s ,  Supporting t h i s  cgnclusion are d a t a  o’Jtained a t  Lewis  from t h e  f i r i n g  
of two ig i i i t e r s  manufactured by Librascope ( f ig .  11) whose c o n s t i t u e n t s  were 
dsscr ibed ea r l i e r .  Tile f i r s t  i g n i t e r  f i r i n g  a t  sza- leve l  ambient pressure  was 
made i n t o  a Styrofoam block, and a nsrrow impingement p a t t e r n  was observed 
( f ig .  1 2 ) .  The second f i r i n g ,  a t  a 98 000-foot-al t i tude ambient pressure ,  in -  
volved the  i n s t a l l a t i o n  of a Librascgpe i g n i t e r  i n  a Rocket Power, Inc., r acke t  
from which t h e  nozzle c losure  had been removed. The i g n i t e r  f a i l e d  t o  ig i i i t e  
t h e  rocket  propel lan t ,  as would be a n t i c i p a t e d  from t h e  flame pz t t e rn .  

This c h a r a c t e r i s t i c  l e a d s  t o  t h e  theory 

This  in-onsis tency i n  ptrformance may be 

I n  order t o  f u r t h e r  subs t an t i a t e  t h e  th(2or ies  concerning flame d i r e c t i o n  
and i g n i t e r  burning t i m e  ou t l ined ,  a t e s t  was msde a t  a pressure  a l t i t u d e  of 
9~3 000 f e e t  with a Thiokol Chemical Corp. i g n i t e r  ( f ig .  13), i n s t a l l e d  i n  Rocket 
Power, Inc., rocke t  having no nozzle c losure.  This i g n i t e r  burns f o r  a longer 
per iod  of t i m e  (0.25 see compared with 0.004 see f o r  t h e  Ordnance Assoc ia tes  
i g n i t e r )  and d i r e c t s  t h e  flame p a t t e r n  a t  t h e  rocke t  grain.  
t i m e  i s  e f fen ted  pr imar i ly  by an  inc rease  i n  t h e  i g n i t e r ’ s  c o n s t i t u e n t  mass. 
The increase i n  t h e  mass, wi th  i t s  r e s u l t a n t  increase  i n  h e a t  conten t  and burn 
t i m e ,  coupled with t h e  d i r ec t ed  flame p a t t e r n  tended t o  ensure that ths r acke t  
g ra in  would rece ive  s u f f i c i e n t  h e a t  t o  i g n i t e .  Successfu l  i g n i t i o n  of t h e  
rocke t  propel lan t  occurred ( f ig .  14).  

The longer burning 

CONCLUSIONS 

The marginal performance obtained when t h i  Ordnance Associates ,  Inc. , 
i g n i t e r  (P/N OA-A8) i s  used i n  combination wi th  the  Rocket Power, Inc., 
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rocket  (P/N 2547-11) makes it undesirable  f o r  use i n  t h i s  rocket .  The mar- 
g i n a l i t y  i s  ind ica t ed  by t h e  r a d i c a l  change i n  performsnce a f t e r  ap;?srently 
minor a l t e r a t i o n s  were Eade i n  t h e  i g n i t e r  configinration. 

Eie spzc i f i c  causes  for t he  marginal performance appear t o  be (1) an in-  , adequate i g n i t e r  burning t i m e  aggravated by ( 2 )  incons is ten t  i g n i t e r  discharge 
pa t t e rns ,  which occas ions l ly  did not  impinge on the rozke t  p rope l l an t  grain.  
"herefore,  it i s  d e s i r a b l e  t o  s u b s t i t u t e  an  i g n i t e r  which (1) burns till t h e  
rocket  g ra in  i s  s u f f i c i e n t l y  ign i t ed ,  and ( 2 )  d i r e c t s  i t s  flame p a t t e r n  pos i -  
t i v e l y  towards th?  g r a i n  s ixf  ace. 

' 

j Lewis Research Center, 

~ 

I National  Aeronautics and Space Administration, 
Cleveland, Ohio, Apr i l  8, 1965. 
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TABLE I. - RETROROCKETS USED I N  SPACE POWER CHAMBER FIRING TESTS 

[ A l l  r o c k e t s  used were Rocket Power, I n c .  (P/rY. 2547-11) f i r e d  
a t  a p p r o x i n a t e l y  25 p s f a . ]  

: r a in  
’ i r e d  

- 

Remarks I g n i t e r a  
l o t  

3-2 
~~ 

1 

I 

3-2 

_. 1 
2-2 
2-2 
2-1 

P roduc t i  
lot 

itI-29 

I 
M-30 

c. 
i 

M-29 

- 

M-10-1 
M-13-1 
M-6 
M-6 
M-6 

M-13-1 
M-13-1 

rq- 9 - 1: 

S e r i a l  
number 

3101875 
3181883 
3101880 

3101882 
3101881 
3101879 

3111895 
3111894 
3111893 
3111892 
3 101 8 6 7 

3101869 
3101870 

2071069 
2101149 
20500 Ls 
2030814 
2030816 
2061057 
2101151 
2101175 

3111896 

3111900 
3111897 
3 1 1 1 5 9 1 
3111903 
5111902 
3111899 
3111901 

3111898 

~ 1 o i a 7 i  

31oia68 

~ __- - 

~~~ - .  

-~ ~~~ 

308 1 ‘i 0 
50817 i l  
3081 760 
3081 i C l  
3081 157 
3081 / 72 

3081768 

308 1 7  63 
2101146 
2101158 
30617 7 6 
2 1 01 1 5 7 
3101872 
3 11 18 8 7 
3081 751 

3101879 
310187n 
3101877 
3101876 
3001765 
30817 70 
2081105 

2081106 

3oa1/L)g 

~. 

~~ 

~ - 

~~~ 

2 0 3 0 7 ~ 6  
3067 7 7 5  
3111889 
3 11 1 t3 !io 
20408 /6 
2071070 
2040890 
3040iJ I / 

2 101 1 4  H 
21011f<0 

2.1 O l l ! > S  

Iarness 

1 
2 
3 
4 
5 
6 
7 

Yes 
Yes 
No 
Yes 

i 
~ 

N O  
Yes 

1 
No 

1 
2 
5 
4 
5 
6 
7 
9 

1 
2 
3 
4 

6 
7 
9 

__ ~ 

Yes 

No 1 
M-30 

- ~_ 1 
I 

M-30 

M-24 

2-2 

2-1 
2-1 
2-2 
2-2 
2-1 
2-2 
2-1 

Yes 

1 
1 

~_ ~ ~ 

Yes 

Ye; 

1/8-inch ho  
in  c l o s u r e  

1. 
1/8-lnch 110 
i n  c l o s u r e  

2-1 9 

3-2 

I 
14-24-64 M-24 

M-13-: 
M-13-1 
M-22 
31- 13 -1 
M-29 
M-30 
M-24 

3-2 
2-3 
3-2 
3-2 
2-3 
3-2 
3-2 
3-2 

3-2 
~ _~ 

I 
~- 
I 1br’ci;copc 

1 
2 
3 
4 
5 
6 
? 
8 

1 
2 
3 
4 

7 
8 

9 

1 
2 
3 
4 

1; 
7 
8 

2 
‘3 

10 

~ 

> 

.. -~ 

> 

€4-29 

1 
M-24 
M-24 
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Figure 2. - Atlas model erected in Space Power Chamber. 

Figure 3. - Rocket mcl pressure sensing apparatus mounted on A t h s  model. 
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- C-60510 

(a) Viewed from nozzle end. 

i 
& 

(b)  Viewed f r i m  i p i t e r  end. 

Figure 4. - Grain of misfired rocket. 

C -69512 

9 



- \  
Closure 
diaphragm 

(a)  Nozzle showing ruptured diaphragm. 

L Pressure 

(b) End cap showing expended i g n i t e r .  

Figure 5. - Misfired rocket. 
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\ 

275 psiax, 
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Time advance - 
Figure 6. - Typical pressure trace of misfired rocket. 
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0.493 If -+ , 

I n i t i a t o r  -, 
\ __--  S o l i d  s u s t a i n e r  

- - Powdered s u s t a i n e r  

_-- Acetate  d i s k  - 
__- Diaphragm 

V i t r i f i e d  s e a l  

\ 
\ 

\Reta iner  r i n g  
I 

Bridge wire  

( a )  Product ion l o t  2-1. 

S o l i d  s u s t a i n e r  

Powdered s u s t a i n e r  

Aceta te  d i s k  
Diaphragm 

Bridge wire  A 

( b )  Product ion l o t  3-2. 

Figure 7. - I g n i t e r  conf igura t ion ;  P/N OA-AR, Ordnance Assoc ia tes ,  Inc. 
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Typical peak 
I 
I 

Note lack of trans- 
sient pressure dips, 

. 
Transient pressure dip-’ 

0.01 sec 
I----+ 

- 7(550) 

‘-Transient pressure dip 

- ”Peaking” transients 
omitted for clarity 

Rocket 

7 
G 

h 

A 

f- Time advance 

(a) Random failures. 

Figure 8. - Pressure records of incipient rocket failures. Numbers in parentheses ase peak pres- 
sures and pressure dips in psia. 
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Rocket 

1 

+ I 

4 I 

r I (750) 
/  transient pressure dips  

0.01 sec 

b-4 
‘L “Peaking” t r a n s i e n t  

omitted for clarity 

Time advanve - 

( b )  Consistcrlt failurcs. 

Fi.gurc ::. - Concluded. 
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r 0.01 sec 

w-4 

Time advance - 
Figure  9. - Pressure record of l o t  3-2 i g n i t e r  f i r e d  i n t o  l i v e  rocket  

with no c losure  diaphragm. 
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(b)  Lot 3-2 ign i t e r s .  Note rimrowly dispersed p a t t e r n s  tri 1, I ,  t l ,  ,mil 11 .md. widi.ly dispersed p*t t te rns  in *I, 5, 
6, 8 ,  and 14.  

F igure  10. - Flame impingement pst terr is .  
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Igniter 
C-69608 

Figure 13. - Thiokol i g n i t e r  TE 350 with rocket 2 . 4 1  KS 513 for which 
it was designed. 
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I g n i t i o n  -, 
\ 
\ 

0.01 sec  

H 

Time advance - 
Figure 14. - I n t e r n a l  p re s su re  record of Rocket Power, Inc . ,  rocke t  

i g n i t e d  by Thiokol Chemical Corp. Pyrogen i g n i t e r .  
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