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I. SUMMARY

Minuteman 111 Special Test Missile 13W (STN—13W) , with Aerojet—supplied

Second Stage Motor M21485 (PQA6—81), was successfu l ly fired from the Western

Test Range (WTR) on 30 January 1977. The missile was tested from Launch

Facility 21; range zero time was approximately 2205 hr P.s.t. (0505:00.417 hr

31 January 1977 U’I’C). Performance of the second stage motor was satisfactory

and all measured performance parameters were within model specification limits.

The motor ignited satisfactoril y and operated for an action time of

65.56 sec. Second stage skirt jettison occurred 16.49 sec after Stage II

ignition.

Performance of the liquid injection thrust vector control and roll con-

trol system was within mode l specification limits . Injectant utilization was

119.6 lb.

II. TEST OBJECTIVES AN!) MOTOR DESCRIPTION

A. TEST OBJECTIVE

The pr imary objective of the flight test is classified ; a secondary

ob j e c t i v e  was to d e m o n s t r a te  the reliability and reproducibility of the opera—

tional second stage motor and the capability of the PQA motor to operate within

model specification limits. * Successful accomplishment of these objectives was

a requiremen t for the qualification of a 19—motor second—stage production lot.

* Model Sp ec i l ic at i o u  S — I l l - - I002—O—2A , Model Specification , Mr to r , Rocket
SR— 19—A 1—l , Solid Prop ll in t , Operational , dated 14 Maich 1973
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11 . Test Objet t ives and M o t o r  !)escrlpt  Ion ( con t )

B. MOTOR D E S C R i P T I O N

M o t o r  SN A A 2 14 M ~ was :i standard Minuteman I I I  p roduc t ion  q u a l i t y

as su rance  motor  m o d i f i e d  to the operationa l configuration . The motor was fab-

ricated in accordance  w i t h  l)r awing 3 82 100—189AF. The motor incorporated no

new material , processes, or vendor changes tha t had not been previously flight

t es ted .

T h e  m o d i f i c a t i o n  of the  motor f rom the PQA static test configura-

tion to the  o p e r a t i o n a l  c o n f i g u r a t i o n  consisted of replacing the s ta t ic  test

igniter adapter and deleting the static LITVC injector valves . The change

of igniter adapters precludes measurement of igniter chamber internal pressure

wnich is not a fli ght test data parameter. Operational P90 ACI units provided

by the guidance and con t ro l  associate cont rac tor  are utilized instead of the

Aeroj et—supplied Moog injector units (used in static tests. The two types of

injector valves provide identical functional performance but are different i.

compatibility with the flight and static test control systems .

Propellant physical properties were as follows :

4954 4955 4956
L i q u i d — s t r a n d  b u r n i n g  ra te , 0.3350 0.3370 0.3365
in .  /sec *

3KS— 500 burn ing  r a t e , I n ./ S c r  0 .3254 0.3300 0.3353

Liquid density, gm/cc 1.7700 1.7700 1.7715

• Initial tangent modulus , psi** 477 486 444

Maximum stress , psl* (77°F) 95.1 97.2 96.5

Elongation at maximum c-~tress , 33.1 32.7 34.4
% (77° F)

Shore hardness  a t  end of  cure  50 50 50

* 80 °F at 700 p sia

** 12—day cure at 110 + 5° F
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Repor t  01 62— O2TR—STM— 13W

I I  . Test Oh j t ’ c t  ives and N ot  or Descr i p t  ion (cont  )

C. N ON I)E STR 1CTTVE TESTIN G

Motor  SN AA2148 5 was rad iographica l ly  examined in the A ero je t  non-

d e s t r u c t i v e  t e s t  f a c i l i t y  w i t h  a 10 MEV l inear  accelerator as the r a d i a t i o n

source .  The exanu ln a t  ion revealed no de f e c t s .

D. INSTR UM ENTATION

‘[he m o t o r  was instrumented with the standard flight test instru—

mentation , operationa l pressure transducers , and LITVC injector valve position

transducers. The instrumentation was sufficient to evalua te motor performance

although all operating (luaracteristics normally associated with static testing

cannot he evaluated . The item s that cannot be evaluated are:

1. lt~n1ter interna l pre~ cuIre : Instrument not installed .

2. Int er sta~ e pre~~ ure at  ignition : Measurement and prediction

based on chamber  pr ssur e  I re  n ot  possible because of slow sampling rate.

1. l.I’I V ( ’ s i de  I o v t  .- h id i n l t- t a u t e x p u l s i o n  c a p a b i l i t y :  Not

eva1aatc~ ht iu ~ c’ I I  I r i l  I - - - I  r e q u l i  r . n u ~ c l  S • ‘r ~ d i  1 f & r e n t  and s i g n i f i c a n t ly

less t h a n  t h e  spec i f  i e c l  I’ \ I ~- ‘~I I t i t  V v ie.

!~ R o l l  I a n t i  I V . t l - ~. t , - ’ ’ i e - e  I i r e :  In s t r u m e n t a t i o n  not

installed .

Test I n s t  t u i m t n L  i t  i n  w i ’~ ,~~~~ t I lows :

Pag~ I
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Report  016 2— O2TR—ST M— 13 @

11. 1) .  l u s t  r ( I m e n t a t  ion  ( c o at )

Measurement
P ar a m e t er  Designat ion

Moto r  ( :hu ;u m h er  Pressure  OAFO3

l ITV C Man ito Ed and l’r e ssuur e  OATO2

R o l l  C o n t r o l  Gas Genera to r  Pressure  OAGO 1

Li’l’VC P i n t  h e  Pos i t i on  DAUO 1 through 4

Rol l  C o n t r o l  V a l v e  A c t u a t i o n  Coimnands CCUO6 and GCUO7

I T T .  TEST RESULTS

A. SUI~IA RY

M i n u t e m a n  Spec i a l  ‘ lest  M i s s i l e  13W , with Aerojet Second Stage

Motor AA 2 1485 ( P QA b — 8 l ) ,  was s u c c e s s f u l l y f i r ed  from Wes tern Te st Range

Launch Facility on 3() January 1977. Range zero time was approximately 2205

hr P.s.t. (0505:00.417 31 January 1977) UTC. The second stage motor operated

normally for a duration of 64.45 sec . Ballistic and control system performance

were satisfactory. Fligh t event t imes were as follows :

Event  Time , sec

Stage I Ignition 0.0

Stage I I  LI TVC /R C D i s c r e t e  60 .246

I — I l  D i sc re t e  61.746

Stage TI Skirt Jettison 78.24

Stage Il l l.ITVC/RC Discrete 125.199

Shroud Eject I)iscrete 125.397

Stage  I T Motor  l’c = 28 psia 126.189

li—Ill Discrete 126.559 -
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Repor t  01 62—O2TR—STM — 13W

it I . Test Result (coot

II. IGNIT iON ANI ) StAG I NG

The molar ignited satisfactorily at an a l t i t u d e of approx imate ly

98,001) ft. Chamber pr~~ sure during ignition is compared w i t h  model s p e c i f i c a —

tion limits in F I g u r e  1. The estimated ignition delay of 105 millisec and

maximum ignition pressure of 452 psia are very close to the average values of

10$ unillisec and 454 psi a , respectively, for static firing. These values are

estimated because of the norma l oc currence of te]emetered data dropout during

motor ignition . Although ir)ternal igniter pressures were not measured , the

normal ignition imp lies sat isfactory igniter performance.

C. BALLISTIC I’ERF ORMANCE

Motor chamber pressure during action time was within model speci—

fication limits (Figure 2). Motor action time was 64.45 sec and the maximum

chamber pressure was 540 ps i a at the estimated temperature of 70°F. The log

book pred ic ted values for these P;ur;JPfl’t (‘IS, cor rec  ted to 700 F • art 64.48 sec

and 538 psia , respectively. The action time of 64.45 sec at 70°F was within

specification limits.

Vacuum thrust during action time , der ived from flight guidance

a c c e l e r a t i o n  d a ta , was well  within model specification limits (Figure 3). On

t h e  basis  of these d a t a , t he  motor  produced a delivered act ion tim e t o t a l

impulse  of  3 , 954 ,873 lb—sec . A 2400 lb—sec correction from the near—vacuum

flight condition to vacuum condition resulted in an action time vacuum impulse

of 3,959 ,373 Ib—s ec; the indicated vacuum specific impulse of 288.18 lbf—sec/

Ibm was 0.78 lbf—sec/lhm higher than the static test average. Vacuum thrust

was within required limits (Figure 4); tailoff time from 41,000 lbf to 2000 lbf

was 1.53 sec (corrected to 80°F). A p l ot of motor action time for a propellant

temperature of 70°F is also shown in Fi gure 4.
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Report Oh 62— ( ) 2 T R —S T h —  13W

I l l  .C. hal list Ic Pert tcrnuan(-e (cant)

• Derived ballisti c data are tabulated iii Figure 5, and motor per-

formance values are compared  wit It model specification requirements in Figure

6. Acceptanc e conE rol data tar average thrust , total impulse , thrust decay

t line , and motor at - i  i on t I me art’ shiowic in Figu res 7 and 8.

0. ThI RUST VECTOR CONTROl.

I . Li’rvC Stih~~~stem

1,[TVC subsystem performance was satisfactory throughout motor

action t ime. System pressurization was achieved 0.143 sec from the LITVC gas

generator ignition disc’reti , t he specified maximum delay t ime is 0.880 sec .

System pressure was also maintained within specification limits after the

pre~ surization transient (Figure 9). LITVC pressure regulation during the

interval between system initiation and the 1—Il staging discrete (Figure 9)

was normal and consistent with that of st atic test POA motors.

Total injec t ant utilization during Stage II operation was

119.6 lb or 57% of the minimum expendable injectant weight. Thi~ -i ti l i z ati o n

is not comparable with PQA test requirements since it represents t h ~ amount of

i nj e c t an t  a c t u a l l y  required for flight attitude control rather t Lu n the P°A

duty cycle which is prograimuied to demonstrate total injectant expulsion capa-

bility. The amount used for normal attitude contro l was 57.6 lb or 27~ of the

expendable weig ht and is typical of past flight test experience. Injectant

expended through the yaw injectors during the inlectant dump cycle between 5.1

and 12.3 sec was 62 lb. A summary of injectant utilization is as follows :

Page 6
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Rt’pur t 01 h?—O2TR-—STM— 13W

111.1 ) . ‘thrust Vector Couul rol (cant)

h u i j e c l o r  I-’low for Attitude Contro1~ lb

1 1.9

2 7 . 0

3 28 .3

4 20.4

‘total 57.6

Total Control , lb 57.6

Dum p throug h yaw 62 .0
injectors , lb 

_____

Total in j ectant 119.6
expended

Ll’I’VC syst em side f o r c e  c a p a b i l i t i e s  were not evaluated wi th

PQA model specification requirements because the .naximuni side force and jet

deflection rec~uired during the flight test were only approximately 525 lbf

dur ing  the  first 3 sec anti 0.46 degrees ther eafter. The values are consider-

ably  less than t h e  3800 lb side force  and 2 degree j e t  de f l ec t ion  minimum

capabilities demonstrated during the static PQA tests. LITVC performance is

compared with specification limits in Figure 10. 
-

2. R o l l C o S u b s y s t e n i

Roll control (RC) subsystem performance was satisfactory and

within specification limits. Roll control moment capability was attained 162

mil lisec after the generator ignition discrete when the RC gas generator pres-

sure increased to the r equ i red  15(0 psla. The maximum pressure of 2185 psi

occurred at 224 millisec and was below the specified ~~OP of 2400 psi. Gas

generator pressure—vs—time curves are shown in Figure 11. Gas generator charn—

her )r -s:~~r (- was wi t h i n  ;tss- if ic;ut ion l i m i t s  throughout the test. The minimum

torque capabilities were as follows: 4.3 ft—lb from 0.7 to 7.7 sec after the

gac  gene ra to r  d i s c re t e  t i m e , 144 f t — l b  to 1 5 . 7  sec , and 89 f t — l b  a t  the end of

Stage II action t ime .

Page 7
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I II . I). ‘Iii rust Vet’ t or Coot ro I (cant)

Thut’ roll contro l gas generator exhibited the abnormally f a s t

i g n i t i o n  t r a n s i e n t  t y p i c a l  of t h e  l o t  SO SR genera tors .  Similar  f a s t  igni t ions

occurred d u r in g  t h e  s t a t  Ic t est t i t  Motor  52PQA6— 80 and du r ing  the  STM— 11l~ and

— 12 W  f l i g h t  t e s t s .  However , the  ~T M — i ’ 3 W i g n i t i o n  does not  v io l at e  any s p e c i f i —

cat ion r e q u i r e m e n t  and the maximum pressure  was well below the  s p e c i f i c a t i o n

maximum . Tue r o l l  c o n t r o l  gas generator i g n i t i o n  t r ans ien t  is compared w i t h

that of M o t o r  52PQA 6— 8 () and w i t h  a normal test (PVM—l3) in F i g u r e  12.

R o l l  c o n t r o l v a l v e  response t imes could not  be evaluated w i t h

respect  to mod e l  sp e c i t i c a t i o n  r equ i r emen t s  because of the lack of instrum en-

t a t i on .  However , p e r fo rmance  of t h e  va lve  is considered s a t i s f a c t o r y  based on

ad equa te control of the missile in the roll attitude during motor operation .

Only minima l roll control utilization , 4 clockwise and 20 counterclockwise

commands , were required.

Roll control pert ormance is summarized and compared with PQA

model specification requirements in Figure 10.

E. INSTR IJMF NTAT T ON 1~ERFOR MAN CE

Tnstrumentation and telemetr y system performance was s a t i s f a c t o r y

and provided adequate data for the evaluation of motor performm~ce.

F. MOTOR R E L I A B I I ~TTY h

Post—test reliability data are presented in Figure 13.

IV . CONCLUSIONS ANI) RECOMMENDATIONS

Overall performan ce of the second stage motor was s a t i s f a c t o r y .  The

motor operated for an acti on time of 64.45 sec; all available performance

Page 8
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IV. Cotuc lus ions and hlet-onumenda t ions (cont)

param~ t ers were with i i i  spec i i  icat ion l i m i t s .  P e r f o r m a n ce  of the LITVC and RC

subsys tems was ~~i t is t i i - to rv

‘f hi ~ f l i g h t  t e s t  of Motor S’E M— l IW (52PQA6-~-8l) was the qualification test

f o i  P r o d u c t i o n  M o t o r s  A i r  Force SN 21469 th roug h 21475 and 21477 toroug h 21489.

Ae r o j e t  rct-otpjui t~rud s t h a t  Moto r  S2P QA 6—81 used in STN—1 3W be accepted as a

success t u l  W i n g  VI Qua] i t y  Assurance Motor .

( Page 9
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50 
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Motor Data Pref ir e

Tota l motor weiqht , lb 15 ,516.9

Tota l propellant weiqht , lb 13 ,744.2

Tota l inert weiqht , lb (inc l udinq 265 lb Freon) 1 ,772.7

Center-of-qravity , in.

X axis 116.126

V axis 100.037

Z ax is 99 .970

System mass fraction 0.885

Nozzle throat area , sq in. 72.886

Nozzle exit cone area , sq in. 1807.9

Nozzle expansion ratio 24.8

Ball istic Data As Fired (70°F) 80°F

• Iqnition delay , m il lisec 105*

F~ax ignit ion pressure , psia 452

Max interstaqe pressure , psia Not available

Action time , sec 64.45 63.E

Max cham ber pressur e, psia 540 545

Av chamber pressure , psia 465 470

Max vacuum thrust , lbf 70780 71490

Av vacuum thrust , lbf 61433 62050

Act ion time vacuum impulse , lbf-sec 3,959,373

Propellant vacuum specific impulse , 288.18
1 bf—sec/l hut

fP5~dt , psia-sec 29980

*[stimated because of intervals of data dropout.

l)erivcd ballistic Data

FIgure 5
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Motor Model Specification
52P~A6-81 L i m i t s

Motor action time at firing temperature 64.45 Figure 7*

F’lotor action time at 80°F. sec 53.8 Figure 7*

Thrust tailoff decay time , Sec 1.49 (80°F) 1.48 to 3.54

Maximum chamber pressure at firin g 540 1.48 to 3.54
tempera ture , psia
Maximum chamber pressure at ~0°F, psia 545 Figure 6*

Action —time impulse (60 to 80°F), 3,353 ,373 3,907,000 ( m m )
l bf_sec**

Maximum thrust at firino temperature , 70,780 Figure 1*
lbf

Maximum thrust at 80°F, lbf** 71 ,490 Figure 2*

Avera ge thrust (60 to 70°F), lbf** 61 ,433 56,000 to 65 ,700
Average thrust at 80°F, lbf 62,050 56,000 to 66,300

Motor ignition delay (60 to 80°F), 111 (est) 250 (max)
m illisec

Predicted maximum interstaqe pressure , Not Available 75 (max)
psia

Gross motor we ig ht, l b 15 ,516.9 15 ,626 (max)
Total Propellant Weight , l b 13 ,744 .2 13 ,680 (twin)
We ig h t of loade d Freon , lb 265 255 to 265
System mass fraction 0.885 0.884 (mm )

Prefire center of gravity, in .*** 55.311 53.2 to 56.8

Motor/nozzle throat alignment 0.002 0.046 (max)

An qular relationship, degr2es 0.017 0.073 (max)

* Limits shown in curve form in specification .
** Vacuum conditions; excludes axial thrust augmentation .
***Measured aft of forward skirt

(:omp:ur i n oh Met or Performance wi tlu Model Specification Limits

Figure 6
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Action time
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