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ABSTRACT: In this paper, the research progress of solid propellant creep properties was reviewed from three aspects: finite
element analysis method, creep damage experiment design and creep damage research method. It was pointed out that the creep
property lead to the meso-damage between particles and matrix in the solid propellant. The shortcomings in the present creep
experimental research and numerical simulation of multi-scale property were summarized. The analysis showed that the creep
experimental research difficulty lied in the research on the correspondence and data mapping relationship between the experi-
mental results of propellant material grade and the creep effect of propellant in the actual charge structure; while the numerical
simulation difficulty was the establishment of a multi-scale constitutive model of propellant damage creep and the application

calculation of deformation prediction of propellant columns under self-weight load. Finally, the suggestions can provide some
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references for the study in solid propellant creep damage properties with long-term storage.

KEY WORDS: solid propellant; creep damage properties; constitutive model; charge structure; multi-scale damage; creep ex-

periment method

I A% K7 A B AL 25 45 F ) 8 B A X T R
Gei 2 ek A S BUE H AR JE rERI R, 4
PEFR Y T 22k RE XS 3¢ 24 45 4 ) 2 PR R 5 R M Y 2 i)
BR . WEFERMT, DRIET A KT & s L RS IR
TERICAT N, HEBER 232 B . T PR3h
SEAI SR BT BN, S R 4 5 5 7 A R i e A+
P PRI R 2R UL L B ) 32 308 Pt B i, R R PR A i
SRR T 2 S HRRHIURE 5 BE 1A, LA UL P 3 128 i
BURBUE R R 55 Z Fh R

I PR R 79 o T AR 3 R R SR AR R, AT
IR I A 453 40 g 2 o 4 3 590 R RO SR LB ) B 5 3
AEIRA, EN ML BATE WG — 1 E 1R . T A
LK T 20 BR R , A 70 X6 281y i 4 7 R AR A A
RAGUSHINE , ENFRYIUG REORMFLB AT §2 T, ffEt
7R UL F) B8 0408 0 22 8 25 T A O 5 AR R, 1ok
WHFE R AEMEG R T f 7 1 B AL 45 O AL, A
TR T 22 PERE S I A Ty SR S o X T e
AR IVERETT T T, Hh T RE DAL N A7 A BERLE
OMHEAIE, B S B AR R T A T AR A QR S
SEREANNLZE 1, MCAR ULy JBE T 5 4 2 790 s A 452 40 P R
FAAERCR IMERE o X TR0 AT SR T o, 44
22 5€ JSHE 1 R WL A% T 10 A A 0 28 i R T 2 i
LoD iR 20 T 2SS M A b, 220 DA
14 B IO 722 55 I ] 5 28 i R R IBCH FL bR , AR A9 b if 2
ST g 2 P RE B0 A UL AL BE LA 2 R TR 3R

Wik, e LB 5T, A SCIH Sefi i i i
ARPERETHE | U558 1 0 TR A LS A 451 03 9F 5 7 1%
3ATTHRIBETE IR, WG B PERERT S vk |« B
AR BT | AR AL 53475 b E TR S0 LB 22 R
JEHALWTFERETT Tigik . R, 7e3Ch s il TR
A7 J S0 PR S5 A 47 P R 7 2 gk e 18 S B IR AL, 9 ELX
[ A R G S A PR RE RO BIF T 25 Hh T LR i,
FAATERUARBAUT R T % LS BB S R AR
PR T 25 U5 7 453 475 2 o 1) AR g 28 R S8 9 e
WAL, DR I P T 055 A8 R0 Y e R 5 A3
55 B T kR 2 ROBE G A g A RE T I K
I, B RO R 45 RS R 25 45 R Y
XEREPE, LERERE-SE AT B2 1 S B R R
T IO HHE 75 3 2 67 B4 T 253

1 TR 5T
I BFGE 0T, 68 T4 ) ) 7 LR

58, EEERTRMEN T ARS8, 2%
ARHR T BN AT AT — E RS BRI AL , L A 2

R | M BEIRIMAR AT, G BB AL BRAES F1 7
EARIRR 2R E S 2 AN TR BT BN SE & o HoAth
A 2R B vty AR 4R 3l i 0 45 3 2 0 2
Ko BRI, S&THHERE R AT AL P BE IR AIF 7 AR R L
L, HPFRAE RS, 5578 J1-A MR S A2 AL
i AR LG — B IAIR

1.1 ETEMNF R

BA] F AR IR N B R 122 PERE IR, B wE
I3z N e B 1 2= RS R, (R AL G R AR
SH (I KPLHIRE 0, WIGAFER E.. Wi
R gy, ) AN BE 7 5 A8 RN 0495 R LSS T . HE AT,
FE] PN A1 X6 22 b 25 00 3 308 5] A 0 2 Pk e R AT A0 00 1F
5 FEIRTEARNREFIMER N H1 T, W58 7 -
N AR R AR A R, [ A 7 ST AT R A AR R R, 5
A 25 45 A B 1 S AR SRR B (TTSP)
SERRVE, T PR U A AR X 24 A AR TE ) R o
3 H R A N ) b A AT i AR 3 AR AR
BrBe, GAP-ETPE J&f il 7)1 a2 i A9 0 45 iif 2%
WE a Fizs, 8 REE NN B3, i5AR B AR
Ha i, AR B BE g W A o AE 5 R R N T i
SN R EE R RS th R AN 1b B, Bl R
FIPE R, BEAR N AR T K, W, b TSI AT E
W mAE ], —SeiF o8 A SR, XTI A A5 )
S, SRR 5 Sk B AU o TR
ARG HT, EEXN R HEE R R, SR A g0 A4 S
PR [F) 9 B FNAN [R) Bsf (] (9 sk Ak, R DX I A ek (1]
ESp AU

BEAL, HEE AR 3 A ) I SE PR 2 2 Fh 2
oy AL [RIVE A AR o AT AS [ 2y A L RVE A, —
b B R T HEE R A 2 3R ST . Geng 2PN}
HTPB 3 75 76 A ) 75 B A0, A8 R R b4 T 1 U R
AR AT, A5 R, MR B R R AR R
T B, ) HE XU 457 560 5 114 245 R 1 1 T B
S EEZE S o TRIASE, UL I i 2 590 7 e BT 11 5 R AU
Wiy, Wk R B OEH, K& IR A B, ek
F 540 B R BN PR S F R B BBl . Wang 26D
WFSE T e DE R FE B P A N R, 45 R BN,
Bl TN AN, 2R 550 A8 XU 7 2 1k i 22 30T B Al
Prfifr, AR R AR S R BE (SEM ), BF
5 T H AR AF T AR RN, T /N ) A7 8 9 328 57 75 R ok
R SETE SRR, FRE R, 20k F AR A 25 T,
TR )y R AS TR B ) ) 2 AL AR B AN ], Rk
e B BINLE , BRI, Bk 2 rEGE
TR E . R TEDIF R TR 2R, o



21k 2 MRS, S5 [R5 40 1tk Re it o ok e -3
0.05 : 0.07 -
<
g4 A 0.06 .
0.04 s -t 76 C
- s 2| (%MHM 0.05
i o/l Y. . .1 =
2 003 0 5 10 15 20 g 0.04 -
e /% o
= 2 003}
© 002 S
0.02 46 C
T g M e
0 : L 0 1 1 1 1
0 1000 2000 3000 4000 5 000 0 1000 2 000 3000 4 000 5000

tls
a 18 IR A EINERR 1 F HE R ERAR th 28
K1

tls

b 5 RN [ T il A ih 2%

e TR 2

Fig.1 Creep curves of GAP-ETPE propellant!"! : a) creep curves of GAP-ETPE propellant at different loading stress;
b) creep curves of GAP-ETPE propellant at different temperature
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Fig.2 Curves of strain and time with different load!®
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Fig.3 Hysteresis loops variation with parameters!®: a) hysteresis loops at different strain amplitude;
b) a) hysteresis loops at different strain amplitude
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Fig.4 Variation of longitudinal tensile crack evolution of propellant with strain ratel
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Fig.5 Three-dimensional reconstruction results of typical debonding damage
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Fig.9 SEM images of solid propellants
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Fig.10 Three-dimensional particle filling model®
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Fig.11 Stiffness decay rate diagram of microscopic damage evolution
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Fig.12 Von mises at different tensile strain
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