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Review on technology development of solid rocket motor

MA Shuai, GUO Jianxin, ZHOU Lei, ZHU Zihuan
( Beijing Institute of Aerospace Testing Technology, Beijing 100074, China)

Abstract The development of rocket motor has always been an important pillar to promote aerospace
technology and explore unknown space. Solid rocket motor is often selected as the propulsion system be-
cause of its low cost and high reliability. In view of the requirements of rocket launch, on-orbit mainte-
nance and precision guidance in aerospace engineering, the research progress and achievements of solid
rocket motor including the United States, Russia, Japan, Europe and China over the years have been em-
phatically summarized. Taking the rocket launch and precise guidance as the critical point, solid rocket
motor is divided into large and small. Based on the characteristics of integral and segmented, the impor-
tant technical parameters such as length, diameter and thrust of large solid rocket motor are listed and
compared. Along the main line of time development, the working principle, structural parameters and
flight test results of small single/dual pulse solid rocket motor are summarized. Through the comparison of
this research, the technical gap in the development of domestic solid rocket motor is revealed, and the
key technologies are put forward.
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Tab.1 Abbreviations
24 % 1) IR X Hp 3R] L
SRM solid rocket motor [ s 2k 77 & B L
SRMU solid rocket motor upgrade A A R [ A KR A sl AL
RSRM redesigned solid rocket motor FORTI T R KT A sh L
SLS space launch system RKEEH ARG
GSLV geosynchronous satellite launch vehicle HBR [R5 TR 38 48 K A
HTPB hydroxy terminated polybutadiene SRR T
PBAN polybutadiene acrylonitrile BT ZH - s
CTPB carboxyl terminated polybutadiene VR IER T %
BOP bluebonnet ordnance plant R A TEW
JATO jet-assisted take off e S A Bl ke K
ZEL zero length FK
AMRAAM advanced medium range air-to-air missile St rh A 7S
HARM high-speed anti-radiation missile 1o S R S
VFDR variable flow ducted rocket AR G4 B A KT
NAVAIR naval air systems command 3 [E R 4R 2 R G R AR
SSST supersonic sea skimming target T A S
HSAD high speed anti-radiation demonstration 1o S R A S
HFK hyperschall-flug-korper o R U RATBA
DPM double-pulse motors WLk o [ A ki & B
PSD pulse separation device Jok gy i 2
MSA modulare schubanpassung IR HE 7 B a5
SRAM short range attack missile Sl Y
HIT homing interceptor technology FHFE AR A
MMA maneuver motor array MLBh & ShHLEF]
FLAGE flexible, lightweight, agile, guided experiment MLl AR R 15 ) 5 50 5
ERINT extended range interceptor BIITY e ey e 1
PAC patriot advanced capability ZEE
ACM attitude control motor AT I B K R B
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Fig.1 Development of integral solid rocket motor
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Tab.2 Performance parameters of integral solid rocket motor
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iz 1 Hx/
FElY FElY —% —R =2 LS - s
Kifi AkK/m HE » R . . . . oy W X
Ml R B8 g waan P e man mam man 00X
R I A [ A EIEN
X KJE/m 7.44 2.29 0.83
I 15.50 1.27 18. 89 498.2 HE/m 1.27 1.27 1.27 1990 44 £
L2 HES/KN - 508.0 137.0 41.0
i E) /s 76.0 71.0 64.0
et EILE EILEN GILEN fE A
Eal KE/m 8.10 4.60 3.90 -
®22.70 1.80  47.20 980.0 HA/m 1. 80 1.55 1.34 - 1993 5 ®EH
= HES1/kN 890.0 490.0 245.0 98.0
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K eRK/m HR/m Fh fES/KN J@ pren Zz‘%ﬂ% 7%}11:}1 L W X
5 HY [ 4 EifZN 2N EiZN
P K-/ m 7.72 7. 44 2.29 0. 83
4 27.60 2.36 72,58 1703.00 Fif%/m 2.36 1.27 1.27 1.27 1994 13 %[
i #ES/KN 1703.00  486.70  122.80 34. 60
HHE/s  83.00 72.30 71. 40 64. 60
HHY EIIES [ EIES
. K-/ m 9.02 9.02 3.17
# 28.20  3.05 120.20 - HA/m 2.34 2.34 2.34 1995 8 %H
g #ES/KN 1555.0  1606.0 188. 00
WHE/s  82.70 85.90  154.00
FAR fEl fEl BT EifZN
* K F/m 7.49 4.12 3.07 1.34
w1917 1.67  36.20 - HAZ/m 1.67 1.33 1.28 0.97 2000 25 M
9 HESI/KN - 792. 00 267.70  158.00 32.70
mfEl/s  61.30 66. 00 71.00 66. 80
Fem FIIES FEES EFES HIZE
m KBE/m  11.70 7.50 3.50 1.70
;; 30.00  3.00 137.00 - BA2/m 3.00 1. 90 1.90 1.90 2012 17 BKWM
e #ES/KN 2200.00  871.00  260.00 2.40
HFE/s  110.00 77.00  120.00  667.00
HHY EIIES [ EfES EfES
3 Kpg/m  11.70 4.30 2.30 1.20
Ei 24.40 2,50 91.00 - HA%/m 2.60 2. 60 1.40 1.50 2013 4 HAK
T /KN 2271.00  372.00 99. 80 0. 40
HHE/s  116.00  140.00 90.00 1 100. 00
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Fig.2 Development of segmented solid rocket motor
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Tab.3 Performance parameters of segmented solid rocket motor
REWNERESEL
FA R/t i)/
. e Hr A ] k 4 T T ;(I
KI-4A Bhfeds 34. 14 3.11 319.33  273.13 6 270.6 156.5 - 7 HTPB
KI#-4B Bhifess 34.26 3.20 349.58  312.08 7 560. 4 137.8 - 3 HTPB
BT B 225 BhifERs 26.77 3.05 268.00  237.00 4 893.0 - 129.0 3 HTPB
LR LB HER 38.40 3.66 569.60  503.00 11 530.0 - 123.6 4 PBAN
H-2 ) BhitEes 23.40 1. 80 70. 50 59. 15 1568.0 - 94.0 4 HTPB
GSLV Mk-3 g Eh#Ees 25.75 3.27 238.00  206. 69 3578.2 - 103.0 3 HTPB
SLS 1y Bh RS 53.95 3.71 721.80  628.00 16017.1  126.0 - 5 PBAN
et s
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Fig.3 Structure and propellant composition
of M15A1-JATO
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Fig.4 Motors produced by the 66th Air Force Plant
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T s R A Y MK-36 K & shAIL, HLAE i 55 5%
RT ZHWMIR. AIMOX it 5 1542 127 mm, K
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KRB R MK-36, AIM-TE HhfRjfReE 5
A MK-38 k&7 &L EAR 203. 2 mm, K1 320. 8 mm,
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Fig.5 MK series and Maverick rocket motors
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Fig.6 MARC-R282 rocket motor
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Fig.7 Structure of HSAD missile
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SRR UK I T 4 77 4 SR BRAE 20 tiE 2
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BF, AT A% 50 3 B 2k S OC AT, Bk o 25 4% 2 R Be s, AT A%
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Fig.9 Pulse separation device
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Fig.10 Motor with frangible bulkhead
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*fLLﬂmﬂiFﬁ 9Bk b 2RI AR S B K
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BRI , 207 XA RO 5 1 R R 42 ik
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T[R9 HFK-EO Sa, H L —Fh I T 55
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TR i1 vk R 1k 90 Ry 3 1Y L 2002 4E AR iR ik
T XUA b, TR B 451 R, HFK-EO f% 06 {8 35 2 3k %)
2200 m/s, Dhkf%CHk 6. 61,

i T HFK 759 s ), BC/P 23 B4 2004 4F- X}
XUk p & LB AR ik AT T IR AWRSE, JF I T UK
i A G & B HL(DPM) B3R . DPM
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WS Wk & ShAIL bk b oy B ke (PSD) AR 4.
12 R, kR 2 B AR RTIREE 25 A, A5k
D AERUAEmTE o, kb & 3h#HL 1 K 1 100 mm , BE
JE 1. 45 mm, HAjsm A WOCEE 2 Rk 2 e R
55 PSD ()3 B 454, ik o & sh L 1 2R F A B e )
37.4 MPa 224> 28K 2. 12 (8K I A0 3%, & #fE 1 5
12.2 kg, kb &L 2 4 600 mm, HH f5 7 i 4
Bo s T OC R 22, kb & shl 2 SRR E /)
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Fig.11 Dual pulse thrust structure and principle
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Fig.12 Structure of DPM
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Fig.13 Motor structure of MSA
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13 4 MSA (9 R EHLR T IR R i 4
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WA RSN 2 BR B2 R IR , 7655 — Bk a2 Rk T AR, 4 FE
FVERE R 2L, I P T AR ko 14 SRAM K% L

DK 1 5 25 B 5 41 10 Uk b % 30 L Fig.14 Motor structure of SRAM
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Fig.15 Motor structure developed by Defence Research
Establishment Valcartier of Canada
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Fig.16 Motor structure developed by Bristol Aerospace Ltd
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Fig.17 Motor structure developed by Japan
Defense Agency
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Fig. 18 Motor structure developed by Beijing
Institute of Technology
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Fig.19 Motor developed by SMOTOR
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180 >, 31 18 4K BHLEE~ M AR RS, 3k 10
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Fig.20 Structure of MMA
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Fig.21 ACM structure of ERINT

7E ERINT S5k b, 26 [ it T & F %
PAC-3 S, i S 3L A4k 7K T ERINT 5 K, 5
W BT BRI T, PAC-3 S8t 2 25 45 1l
LR 180 A~/INEY [ K Hi & shAILA K, ‘B AT 1A% 1] 42
$e A 22 FR D AR T AR R AT R B 4R
AP AT 22 A R4S i), DA T PR ST A

E 22 PAC-3 SEERIER NI
Fig.22 ACM structure of PAC-3
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A R SR HEBER
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- D St 17 = “\ SN
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Fig.23 T-shaped motor structure developed by
Beijing Institute of Technology

FE B RF 4 AR K223t 7l T Bk o A 2k
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