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Study on viscoelastic constitutive model of solid propellant and

its implementation in finite element method

CUI Huirw, SHEN Zhibin, LI Haiyang

(College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China)

Abstract: The viscoelastic Poisson’s ration master curve of solid propellant was established on the basis of the time-temperature equivalence

principle and WLF equation, and then the viscoelastic constitutive model of solid propellant was proposed. The viscoelastic constitutive model in

incremental form was deduced on the basis of the incremental finite element method and by adopting the fully explicit integration method. The

constitutive model was realized in finite element software by using the consistent tangent stiffness acquired according to the programming rules of user

subroutine in MSC. Marc. The stress-strain mechanical response of solid propellant grains was analyzed by using the viscoelastic and the elastic

Poisson’s ration under solidification process and ignition pressurization process. Furthermore, the effects of different kind of Poisson’s rations on the

stress-strain field were compared. The method and result can provide a reference for the structural integrity analysis of engine grain.

Key words: solid propellant; viscoelastic Poisson’s ration; secondary development; constitutive model; finite element method

] % 3 ) i S TR 1 28 F R b, A A
HAER B S Bh I s E R M 0, B4R
gt A AR R I L IR IR
D1 AR K L R T A S ) A {5 4G
=3 e 137 1 1R(8 L /N S < a7 N A W O =0
BER o3 B R TR . SR, AR 5K B & B
HLEEAG I3 A v, #2057 266 5501 30 e BE O Ak B
A Q= N O o ] S| P R <o 8> & A
RAG TSR . L, IR SRR LU
FRBRPEIA IS A TES M AT AR A L 2

— BUT R BN R BT R EE R HERER 25
FELE RN — 3t BEAH G Y Jy 2R 4T 1 b,
SR IR H A T H A BT A3 A
AR A2 Al Bl B0 SRR FEI, JA R HE X 25 4

« YRS EHA:2017 - 06 - 28
EEWA : [}R H AR ARE T H (11132012)

SR T SRR E R o R DL BT
HH T IFIRS BT 25 4 20 T 1 2, (LS 266 vk 9
FbXoF 245 41 45 449 14 52 e 43 BT AR TH BF % 0. Deng
SELUBESE T 2 RN AL S I RS HE R I LR B
PEAKASEAY ISR 3 A7 FR o0 5 % HE ik ) 25
AT T A BRI br. O B85 KRBT, sk
TARA P EEAS 4 1 0 A8 25 5 B RR S Y A B
IR R/MIZ . (B2, Deng SE7EBF5E A
(1 F Pan 2557 A5 30 B BRI RS LR 3
1), FF HAE 200 s IR E] TP jE 44 HO. 499 64,
AHEEF 4387 H AR I AR T], 200 s (R[] AT L
SEARZME . AN FEMATR B TE A H R
FHOCPEIR AT 5 . UL, A 2622 ) F ) 45 31
AT EUESCHE T F 5 Bk ) DA B L B AH G A 8

BN AEEN(191—) , B THEEN, B84, E-mail . 15651710682@ 163. com;
UG GEEES) B, 882, 1+, 4 201, E-mail : lihaiyang@ nudt. edu. cn



" 28 e AN o 4

55 40 &

TETH FERHERE TR 2GAE S5 4L 73 AT R R R F 5 o

1 EERFHEMAMRIE =R ERG
=E

1.1 FgEiaf b fmihE s £ sk

Ber G R ek R — R AR R
i R B RGN 1 R, 1% 07 T e, AR e A =X
X A7 2 A ) BRI B [R) i 4 s 19
FA PRI RS o B0 UG O T vk ) r ey A
B TG SR I A9 A2 T i 2 T ) 7 R R RO
BT RO E AT AT R I 5, R BIAH G R AL
IR BB A, HE TSR B AL RS ARSI o B T 80F
G A 5% J7 2 % 75 2 A [a) L BE 45 1 (70 °C
50 C .20 C .0 °C, -15 °C, =30 °C) T Y & {4 HE
HEFVRE PR b AT D 25 R R [ K
FHEFEFR) BOTERA L B 2 I 8] 9 R K, SO0 T BE 9 BR
o EMITRATALEE  TE AL LRl I E) 5 R Y A
A ZR AT Il A5 5 S B, AT L A A A st
Bl FiZeny g e itz & 1(a)
JIE7R Ry % B AR AR FR RS W] BE 45 /N HTPB
( hydroxyl-terminated polybutadiene ) & & [ {48 #{ pF
FIRTEAS LE R e o0 (T v o AR ], JE B,
Jys), ATLLR B, AN AR BE T B A te it &G 5
AR RRAE , 33X Ay ) P Bk 3 S5 2040 Jt BHRAS) YA 8 L
TRt T B AR o

1 () i S A AR AN R EE R B A AL
PR R 8 b A s 25 A T R A5 B AE S %
TLEE R BB AL AR/ D UG 1 TIE A
FeFiZk, K2R 20 C,

A KSRGS L #Rh Prony RETE

v(t) = v, + ivn(l —effliz)
BCE KR
v(t) = v, - iv”e%n (2)

Hrbw, BHIERIANS LG ,v, S P HIA AL LN, 2
Prony ZRRCTURL, ¢ ARSI, 7, Fl v, AT R AL

()

0.5

0.48
0.46
:S 0.44
0.42

0.4

0.38

Igt

(a) XPRCARLS T BREsE AR EL

(a) Viscoelastic Poisson’s ration under

logarithmic coordinates

0.49

0.48
047+
0.46

R 045

%

= o044t
0.43

0.42 4o
(

0.41

0.4 —

(b) IR 20 C T RYZETIEIANS Hb 2k
(b) Master curve of viscoelastic Poisson’s ratio under

reference temperature of 20 °C

1
Fig. 1

ZhERMEIA AL L TER R AR bR R T O B 26 20 AR
Curve distribution of viscoelastic Poisson’s

ratio under different coordinate systems

T 1AM TiZF MM Prony B S5, K
IR S o

R T e AR A HE EFE R L AE A R
PIAT B (A8 A AL , 75 BRI F WL J7 7
AT R B A B 4. R e/ 3L WLF
HEE B RE R, WLF FRER C, = -22.89
FC, = —109.43,

F 1 FERMEAMREEE ML Prony BRELRE
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Tab.2 Parameters in the Prony series for relaxation modulus master curve
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Tab.3 Basic material parameters of solid rocket motor
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