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Concept and Development of Intelligent Solid Rocket Motor
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Abstract: Intelligent power with on-demand regulation, autonomous perception, and decision-making capabilities
is the core technology of future warfare. In this paper, the concept and connotation of intelligent solid rocket motor
(SRM) are proposed, focusing on the characteristics such as high adaptability, high energy, high vector control, as
well as autonomous perception, autonomous evaluation, and autonomous decision-making. The technical route and
product layout of intelligent SRM are discussed. The research on intelligent SRM can lead the development of related
basic disciplines and professional technologies, and then promote the development of intelligent weapons and
equipment.

Key words: solid rocket motor (SRM) ; intelligence ; concept and connotation; technical route; product layout

0 3%

R B S AR IR G o R
[ 1A 5 % B AL CLL T fid B0 6 % sh L) L L 45
PR LA P RE AT TR P A 6 2 B i B T
90749 LR T 545 0 0 R W B % PR A %
I K R L R 4T o8 2 8 0 B B
Fo BARSEAGA, BATHEFA 90% L F K S
B.80% LA b AR S .8 R T 18 4 R B HLAE R
BB,

2254 60 2248 [ 1 0 A R 5 1, % [ 4 3
Jr 4R TEFI A IS B3R Tk [ E B 4

Y fm H#A:2021-04-06; & E H #1:2021-04-16

— TE A 2 A SR R (HR N AT A T [ AR R
B AR 5 [ Sk o i oK AR K KR G SRATE SR A
FEAN AT Z A0 ) 221

MAELARBE S LR, 0 K & sh Bl & R b
FAFAE LUT (R 2 1) 03 58 B A B PRl N 4 ) 4 =
Bl o [ R % S AL H AR e 22 S A B Lk
e S R T BORT DA S B — 7 VARG A R RE
I3 AH G 92 B 4 3 B A (AT =5 1l AT R/
FRORS R . 2) JOuk SEBUAT S AT AR . IR K o 44
KAHLGN, [ R K S B s — Ok TARSh e B, —
HTAFEAR T AL, J0 8k U0 A K 3l L — e 552 B 7

EE®B At W (1965— ), 5, AFRL, WFF0 5, 2O T 7 1) A 6 A 4 sl L AR BT 4R S
BEMEE BNOL(1973—), ) Wl DT B, J2 2R 50 O il o Sl R R B AL R o



IR PSEIE S

172

AEROSPACE SHANGHATI (CHINESE & ENGLISH)

%538 %% 2021 4E4 3 0

JE A A AR S LRE BEC I e AR E . 3) T
RS BUIRBORAE A RGN . H TR R S LA B
e IR AL 2 AR A AR R A S I M 0 BB T, R T A B
7 Jri 4k S5 e A% BE g VAL OR: F TS AR 1 il Y
3 1) B, LU AR A 7 i T R, o 5 i R
F14 {6l 13 BE 3 40l 458 7 3 B ™ EE R

Bt b3 AR, A SCER TR RE I A K Sl L
FOHE S, P T 5 R A RE [ AR S LEOR B 2k A
77 i R AR ZR D TR 25 i [ K Sl AL T A i
T 95 S 9 A% 00 Tl ) 5T 418 A3 P98 A AR A5, ML)
R Of B RE [ 1Ak gl AL ol 1R K SR R AR, A B R
SRR JERMBEARBUR R RE AL & K B
iH B

1 MAa5 W&

BRE [ A R S HLELAT B FR B L [
AT FEAS LK R TR S e 4 R E L L4 18
A5 RARE B e R AR ) L G B R
R Ak 7 BN 5 5 00 4 AR

B Al [ P % s L i T A T AR 25 T R 5
F T 45 A K R G 4 T 9 A LM DL i ok
RGO, W LR L e KR e A L R
A B et 7 5 T L ST B A TR ORI e 4
FEL 1A 4 7 K /N iy 1 B 5 46 O RE WL L K B8
2 P T S R M IR BT 2 A B R 55 A TG
FE J50 AL 45 A ) 2R 20 L 8 S 0 RE U 5 B 0 IR A R B

AT B B A RO I o By AR A R AT i
BeBETT 09 B VPG 8 1 Bt R0 2% BEAT IR A R it
I 2 ME A H AR RN RE T A E R E R BEA
TARRE .

v

AR A2y e MR TTAR . MR AT

@ | [ UEEITAR e B R CRES TGN
%
g~+ WERKRA > REEFEE%. TZREHA
2

Bl A T
gy REEEE RS

v

Bl HRERERE [ AEREL BRI, BERK

El1 &8 E R & Sl Th s A ik
Fig.1 Functional modules of intelligent SRM
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Fig.2 Development route planning of intelligent SRM
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Fig.3 Cross-scale calculation of solid charge
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Fig.5 Cross-scale printing of solid charge
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Fig.6 Throat adjustment mechanism
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Fig.7 Examples of deformation, degeneration, and functions of 4D printing components

2.2.2 T3 K B 4K R 3 AL

AT AL R I MRk sl HIL O R RE [ A K S BIL AR
24 K R B B iy AR AR R LA A ) 2 O )
N e €2 DA B Y A SN R A SN LRI
(iR INUTRE RV U RN (- SN G s N G
B AL HE 1 K Bl B R AR AR T R DU R
HLRSAR Dy e i, 52 B R 003K 4, A 280K 06 ] A & Bl
HLAEAS Fh 00N 9 TAERE ST, 78 10~15 a A 52 B[]
PR S AL 75 05 45 A D gl i, He g SR R
AL 5 BORS BR 4E BE D o EE RO RL T B8R
WAL

1) A 2 T A Hf k500 2 A o DL RE R 3
S O A, BT AR A HE SR 98 4 A S LR i
TR R e A AR A SO LB A ) 1 AR 1
(LI R =R R TR N O T UL
JE R, P2 AR R oA R S R T AR T Y AR R
KRBEAIE X o B A BT A RIR sl
MUK RGN RE B S B R 24 B PRSI AR L O
PR AR E TR o K AR GE Y RE 1 7 il 1]
AR 24 14 A Al T 3 9 T

2) ML E R O o H R A R SR B A R Y
WL AR 2 R TE SN L S R AT UK A LA A
ik Sz 10, S B TR TR A AR, 7 R A T 5 A R 5
RS G e A 0 e 8 R 7 i R A A 4 2 R 114

[4-6]

R, 52 B T /N T H S Y L AR
Wi B I, 41 1 00 0% e = 2 1 A AN D A R 4 3 7
()RR 43 i, R E 70 32 B4R K, & B AL Ik 1A 5 2
T A A A 1 HL I, I R PR R AR R AR
BR e SN, an e A SRR A, SR B LI 2 K
FAE 1 R/INBEHE o F 4% 0] 0E k2l AL 1 1 3k 2 1 O
W SRR .

B8 BRETEEZIMVMBEILE
Fig.8 Firing test of electrically controlled extinguishable

engine

2.2.3 BAMERK T BEKRLIHMN

95 200 RE 4 Ja Ok ek 4 4R [ A R sl LR R RE 1] A
e B HLAG B R BUIE 30, R S5 4 07 2 DR 1) B3 L BE
R Bl T 5 BT R LA R 2R A SR A AIE ST Y £
I o EE R G A S R Y A 2



AR (R e 30)

176 AEROSPACE SHANGHATI (CHINESE & ENGLISH)

95 38 4% 2021 4E4 3 1

PAE R I g A A R RS R ok
TR REAL R R I RO RS L #E 20~30 a iy
S 3L [ AR R 3 W4 5 O 4 L A SR R o A g 3 52 e
A R REUUR . AR L TR EE

1) AR SR B R R . BT AD ST RN e
Fa) A RS 25 G T A T g L T R R R R, R R T
TR 4 Sl R S S AR T B R A T 4 ] R A &
ShAL Y Bkt 2 b e B A A R ) HE ) A % 2k T
I, O A & s AL AT SR 1Y BE R FRE L
B RE AL IR AR A5 HE ) O BORE A  TEOR

2) BRRE-TRAL - BOR o BT MEMS %
Vs B NI o G R o e A TR I TR N2 v e
7 JE 1 N 1 45 ol PR 58 28 A 2R AT M 5 5 A Bl R
BILFH B 7 22 A H R 0 [ A & 2 WL A {6 7% e 7 R A7
FELRITAL ) 7 2 75 3l e Ak 22 IR A 8 T 2 75 RE %
TG T 8 P AR O RN PSR 7 gk S IR A% Bk
ANTAEIRE

3) [ R T B R o AR S T R
35 Fh R 2 OCHEE ] KR B D Rl gy Ve B K
A E A, EALG BB IKST  RE R oo
FRE R E R AL E ok Oy A 2R e R A T
P 5 55 UL, R AR T, v R A o R R
B B MCEAR R ZS o 3 A o 4 T
A 3%, SR Sh LR 45 A O KON BRI L 45
A IR VWA R SR B AL ) I A SR
TR MR T ARG I R 9 BN

N

B =
} Wt |

i SEEN |
} HLE AARE |

G (e

‘ it Inl4% e ALk '
B9 R TIERER
Fig.9 Working cycle of detonation

3 RKEHE

2 WL ] 50 2 2 37 A Jr e 0 4 T 30 708 A L il
K 4 T T HL L S W R 7 R L LU BB A A N
[ A B ) Aok R 2k, G S R, T A A
R LR R R L R R A

1) s 52 AR, S2 BUAR R R i . T R RE A
PR SHLTUZ ML, 7 2 R, 3 IR K, B A
FIAR , 9025 25 o5 B RE AL R B8, IR R AL T R F 2 A%
R A 24 i (A R s B A A A R 20 ) 0 R OR Ofe Y g
AR R R SR Y OB 1] R, A DL ISR 18T S S
8 B [ A e sh AL BIDHT MR 3, 55 0 I R B B R
AR R TR BRI K R Bl [ A 3
HR AT R S5 4 e S iR

2) sk A RS, LT HCK JE . YIRS
HEAF R LR N TR BE A AT S BOR STk R
1], 38 2o [ R R S LR S AR S R S LA
PEFT IR RARAL , 25 5 4 AR S R RE 18144 2 sl BILB1 R
VA E S = B LR S N AN N A= o 4
S5 BT PR L BIE B A T A IR RS T i X b [
QBT A R B CE 8 ISR R S R, S A R AL
AR S A 2l [ 1A gl g B e B R g

3) e DL Al T, 52 BLoR Yk o SR AR 24 [#]
PR Bl 3 BT A B4 S B [ T, 56 70 9 8l [ N3
L, KT InaE B S, TR O SR AR g3 B B
T I VAR HE T A2 s L Ll 45 Rk sh AL A B v 2 g
S IR R R 4 e L R AR 1 S i A A 2 BIL 4
ARLE BB E , L = 517 5] AU Al B | R
B AR AR FR B0 A T R TE A (] A AU iR
LT, 3 2l 51 AT B AR R Y PR AR B o
P A 75 B A R i R

4 4 RE

253 W W) TR I 1Ak s WL I AE A P L 3
LR S ES L INCES SN E S T 212 iF-
SEAS R ALAE R R RO I A S LR R e %
R BNIE R . B R R R SR T A
i 4 0 L A B3 TR SR 7 2
BB I8 2 3 WL TR A BT 98 6 748 B MR T3 2% |
ol e T R R T R 4 4 1
QIR . AT, e B A % B LI R F 5 TR A
S L A BB R BT MR R T4 2 R
55 Al T 1 % hHL R LA BT 1 R R R
5 TUZ MR R | DL AU T 1 B ) 0
{65 A T 2 5 WL 5 8 A58 Sl B, o e 0
FE A5 45 R 3R 1 R 3 R

2% 30k
C1] B s, Sl , 25 . 1544 4 S HLIR e Ui sl L il 1)



55 38 % 2021 AR5 3 1 M A R RE R R B MLRE A Rk R AR 177
WS [T ] AR L, 2019,40(10) : 1157-1166. International Society for Optics and Photonics, 2014,
[ 2] &F7, £E0, XU BE, 25 . 7 3 8e7 4 80 T8k be 9056:90563K.
UL ) 2 A0F 5 (7] 4 Bk R, 2019, 40(6) « 1399- [ 6] ZAREK M, LAYANI M, COOPERSTEIN I, et al.
1408. 3D printing of shape memory polymers for flexible
[ 3] MCCLAINM S, GUNDUZ I E, SON S F. Additive electronic devices [J]. Advanced Materials, 2016, 28
manufacturing of ammonium perchlorate composite (22):4449-4454.
propellant with high solids loadings [J]. Proceedings of [ 7] Ferik, Mtsc, we e, 25 A 4 n] J ok A4 i 3 5]
the Combustion Institute, 2019, 37:3135-3142. BARWETE L] A2 4l 250 5w 70 7 44k, 2016, 14
[4] KIM Y, YUK H, ZHAO R, et al. Printing (6):1-5.
ferromagnetic domains for untethered fast-transforming [ 8] HEF ML, EIERE, S5 AD FTED 2 GEAY 7 1) 34 44
soft materials [J]. Nature, 2018, 558(7709):274-279. Hil s AR [T ] MUAR TR 2% 42, 2020, 56(15) : 1-25.
[5] LIU J, WANG Y, ZHAO D, et al. Design and [ 9] ok, R, sk B e, 55 . [ JCHT K sh AR HE R I 3R

fabrication of an IPMC-embedded tube for minimally
C]// Electroactive
(EAPAD) 2014.

invasive surgery applications [

Polymer Actuators and Devices

45 J H oG Bk B R WA [T]. A B T2, 2013, 33
(10):88-91.

(L% 162W1)

[9]

[10]

SR, o E R R T A R 1‘&ﬂcAESZE’Jﬂ%fﬁT LIE AR5 B
PeAa ik [T] AR ik, 2020,42(8) : 50-55.
Aviation-unmanned  aerial  vehicle, studies from
University of Electronic Science and Technology of
China Yield New Data on unmanned aerial vehicle
(wide-scanning conformal phased array antenna for
UAV radar based on polyimide film) [R
Aerospace Week, 2020.

PR, XV, A A E R E R STk E R
AP BEAL IR [T]. AT SR 4%, 2020,27(5) : 23-27.
VLH PR aCE BE T 15 5 51 BOR A B Ak B 7 i 25k
(V] A5 B AR5 1F B4k, 2020(7) : 136-138.

PrRAh, ohik e, 5F BLOE 45 B RE AL IR Ik 251 k5 5

Ak FR OB AR B[] S e, 2019, 26(1) - 76-82.
HE Z Y, XIE Y J. Impact of the half space on high
resolution range profile [J].

Conference Series, 2021, 1738:012022.

1. Defense and

Journal of Physics:

[15]

LIU Y, YANG L, ZHANG H G. Research on target
detection technology based on convolutional neural
network [J]. Journal of Physics Conference Series,
2020, 1631(1): 012022.

STENO P, ALSADOON A, PRASAD P W C, etal.
A novel enhanced region proposal network and modified
loss function: threat object detection in secure screening
using [J].  The
Supercomputing, 2021, 77:3840-3869.
NI XA THRUUE A UK B 2 I 4% i R T T 25
W] AL TR, 2020,46(9) - 1-15.

Rk, X AR08, B A A R T IR L A 3T B F AR A I 4
AREERT] AT HHLR LR, 2021,30(3) : 1-13.

XU R, R 2R PR . R B i Ak ST B 1k 5
FEMREE R [T]. B R R % 5 H R ¥4, 2020, 2(4)
314-326.

deep  learning Journal  of



