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Prediction of creep performance for multiple launch rocket

canister under long-term storage

SUN Tongsheng' , YU Cungui' , QIN Yuzheng' , WANG Qi
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. Jiangxi Changjiang Chemical Co. , Ltd, Jiujiang 332006, China)

Abstract; In order to investigate the creep performance of multi-barrel rocket weapon launch canister under long-term storage, uniaxial tensile

creep test was carried out on composite laminate and the creep constitutive model parameters of single layer in the main directions were obtained.

The finite element method and the user-defined material subroutine were used to establish long-term storage numerical analysis model of launch

canister. Creep deformation of the bottom launch canister after 15 years storage was predicted. Taking the stored launch canister as initial state, the

dynamic simulation model of rocket-tube coupling was built, and the influence of creep on rocket launching process was further investigated.

Simulation results show that the change of the parallelism of the director and the flatness of the bottom surface of launch canister caused by creep are

smaller than the specified values of technical indicators. The maximum residual deformation of director bundle is saddle-shaped in three-dimensional

space, and the deformations of the middle position directors for upper and lower rows are largest, while that of the middle position directors for left

and right columns are smallest. Creep deformation of the director reduces the clearance between rocket and director, increases the dynamic contact

collision force and lessens the off-track velocity of rocket.

Keywords: launch canister; composite director; long-term storage; creep deformation; finite-element analysis; user-defined subroutine

BT e A G KAl L 53 1 g A
CARRGRR AT o 045 A, 7E B P A AL Ak
HE it R e AL Sl P A PR o 1 i
RSB — L 288, 2" 1 B AR, — B
B PEE LT ARG 5 R A YR A RRLE R A (X
TR PR E ) A% ) AR R R R e A ik 12 e Gt
o AEPED IR AR A R D S R A
HEZRLISE [ 45 77 AL U5 78 2 T , DA TS 27 3L )

«  Yrfs HH9:2019 -03 -05

IR B i S AR B R A — R, I, T
SN b X3z A S A 14 0 A8 AT AT B
PAPPAG HE AR AR fiE

SRR VR BT BT~ RE AR s TR0, P
SMRZ 2235 XA S A R S AR PEREDT I T IR A
OBFFE AR . Liu 2650 %2 1 0 588 38 40 110 i 25
F1 iy TS . S REM AEEWAAIF T, i
JEM o BRI o I L, SRR T AR

EEME VLA B RPIAIL 475 4F 564 ¥ B30 H (BK20170837)
TEE RN PNE A (1991—) 3 INA B A 058 4=, E-mail ;314101002278 @ njust. edu. cn;
TA5 GEIEER) 5, B8z, M1, A S0, E-mail ; yu_cungui@ sina. com



5 1

PN A=, 45 - 2288 T B AR 128 R SRS AR S A A 5 2 P E T - 61 -

Je IR B BRI e o R AN AN 2% 7 A G R R R
Becker 251 5 Katchanov-Robotnov 1 45 A< #4) 5
L5 TP A E X RT P (User-defined
MATerial subroutine, UMAT) %} 4: @ & 15 1% A% 1%
SEB AL EAT T RE RN, BUE AL S5 2R 5
g RIEAR —. Chen % FIABRITHT B &
SAHET 0. 5C10. 5Mo0. 25V H45 141/ FH R A% 1, %
T RUEKHEA TR AE BT, Colombo 461 3 i1 =
TS AT 1AL A BB AL, 1 T4 R 51
B s R — B, RN G IE A i ] B Ak
BA A SE A BOAR IR AR T N AT T FROT
B2, 3457 10° h 5 G ARSI .

HEEPRAR L, A R PR T RGP
AR R AR AR B g B S AT R AR AR AR
WELR Ik B AR R T A 2T e R A I E
OB IR AR ARG IR, R AT BRIC 0 HF- 5 0F5E
T LU ZHON A AR A A T A R, ik
INFAES R A YRR R BT R, S T —
Folr ply B PR AR B ) 27 4k 52 G AR R B 1Y)
BT S T B LT 4RSS PRI 2T 4 5 Y
i 72 S A, O 7 T 6 TR 1R TR ) o A
B2, i T RCHAS B i) R ] A8 TG s A0 2ot
BB E 28T 2 o SCERL9 — 11 ] 73 1] ] Maxwell
BEAY Burgers [ 2 i3 B AU R AR AU i AR FEAR 11
KRR PE IR ) 27 2 52 G b R EL A T
PEGOREEAE T 1 525 b BHZ B A 155 A2 A A
FF o Rafiee 2121 A g L 4 1) % A5 1 0
FHAAE 5 A BEE KU S T 5 A BRE R i) Al
25 B P 055 A8 A R SR g A i (A Y
T A G MRME IE S0 4 5 Y I A2 AR T AR A
SRIE

B i iz K S A R 0 i A AR AT O, TR
ot R R AR ARy 45 i ), ST AR
Ir] i F) i A8 BSC(E AR, PO I A7 1S 4815 1Y
AN o SRS b E ] A O AT A 2R 1 5
LA, H 12w e A W2 R 45 1) Sk, Rt
SCHRL 14 175 3 1 8522 A2 T8 5 52 B lis DU TE B R
St Yu S5 VR iz K SRS A AHE G0 R
FEARIRGE T IFRE T AN [R) 7 g 7K 1) B i A i A
TR, O T HERS A AE 15 4R 5 AR HE R 1 I 8 78
B2 I R 75 S E 1) i A B i 1555 718 A8 7] A
SR, K HAEAT I 7E [ o 1) 28 I 2 52 i iz
SR IR RERY SN R 2 — o PG, A SCE
WFFE I PR 1] i K i 47 055 72 VR RE L i 4
PR AE NS 9 R AW N B2 SRR IO T
BB AT AR 1, S S AR 1] S R I A

ARRERL R BROT I EIHE I FROTH P A
T PR RER , H 57 A 12 e S A R 0 E R ik A7
AL R R T AN SRR 5 I Bl g 2 i R R
SR S AL AL T RIS 0 A X K L S
A

1 FEARRE

1.1 £REETER

R T WG S AR K A AR A AR AT R
BT BT A XY B B AR S A R R A I A
TR e SCHRL 16 1K B b i 1 IRZS TR 4% 1) [ M 44
Ak 1 85 A8 N AR R R AN ST o (B[R ¢ AIIREE T )
PRIEL:

e"=fi(a) L ()fi(T) (1)
Herr ) 0 AR R AR 5[] AR ) B 6 & AT DAl
Bailey-Norton ﬁzﬂ“” 153,

fHilo)f,(1) =A, 0™t (2)

A, 854 T DA A & —Fh AR L R, BV
A SEE e . I, ARG AR N AR 5
FEMI R RFIRN

£(T) = AT (3)

B (2) F(3) A (1) b, 15 3] 4 @+

AR AR A FA ALY

e =Bamt"e% (4)
LB =A4,4,,0 =5 Q BT RE, R HIE
SRFEEL T MR, A A, B om n #BIEH
BHESREAR,0<n<l <m,

SCHR[ 15 1480 Bt 7 4o 05 A28 38 56 80 15 32
KIS FER ARAE LM R IR A AR T S50k B =
3.073 2E - 13, m =4.527 75, n = 0.085 65,
0=571,

1.2 S&WPHFTER

TR LT ARG sR R AW E A AR A B Y
) SRR B R T SRR R AR AT o A AR
PR R L0 FR R, R A R
FLF PR 27 41 52 A5 AR I T LART 45 44, IS AR 2R
SN, JIAE T 3450 21 2 Fp i SR BAG — e i e
FEEC R, (L1520 2 A MR T 0] 1) 855 A8 AR 44
E‘Qﬂ[g'mﬂﬂ:

- 1q0
s‘.’f(t>=ﬁal+(&—’i)(1—eT)m (5)
q 90 4,

cr 1 V’n —L
&5 (1) ZEUZ+E(1—6 ) o, (6)
k 1

cr 1 Vi L
Y1 (1) :Zkﬁz +a(1 -e )7 (7)



" 62 e AN o 4

542

X (5) ML LTy ] (UG AL AR, Horh, p, =
E, +E,,q=[EEyv, +EE (1 -v,) +EE (1~
v,) . =n,q, =[Ew, +E;(1 -v,) In, ,E, E,
o, AW RSARTL PR M S ] By N s £F
YERY SRR, v, IR KR IR R
2 (6) e T LR 4L 5 o) A G AL AR R HY , Hor

s H g ENOEENOT
AMFEBIEX, HAPR S BA RS HE .
(7)) T BT U] J7 1) Y I A8 AS Al SR,

G,G
2 e ’GI\GZ ﬂ:‘[] up ﬂ‘j*xil‘

=6, T G, 1 6o (1=,
RILIRBY ) b 5 280, Gy b B 38 4T 4k 1) 55 1)
Fia
TR LT 2 W BN 42, TNy B ) 2T 4
A MRS [RI£F- 4 5 ) I i AR AR TE JL A 4]
RN TEETS TR U0} - N
e =(Jy+J'1") o, =], (1) o, (8)
Ko J, WG AR S ) 0 BB S
RS BE AR R W R 1 A

2 W

2.1 REMBREETZ

KIS 2 AR B G20000 7 B ] 3 335 21 4 Fi
BRLEEER 0. 15 mm, gk G M A IR A Al 42
) AR R A, RS2 300 mm x 300 mm x 1.5 mm
(2 mm) LR AEARFRIECH 67% , 55 0l 45 1M £F 4k
RS EAA — 8, [EfbT20:120 °C,2 MPa 4%
HRARR2 h G, RERH 2 E R, %M GB/T
11546. 1—2008"") §11 GB/T 3355—2014" ¥ )2 4
WO EN AR RS 1y /NaURE , e 4 = i 75 4
JEL0°],, . [90°] 5. [45°/ = 45° ], 43 Wl 45y
A B C iR RST B2 Xn# 1 s
2.2 KBIEFRAE

SRR = 4R UTMS5504 BY 5 GE A4}t
B MLIEA TR AR I AR 35, R AL BE YYU - 10/
100 15 |- &0 A B AEARASTE . iy Tk
AR T, SR DO RS I BF120 — 3AA 7

T

L BH S A5 1T VT IR BEBE YE3818C 78I 3 2 i A8 A
YE29003 A Tl 477 & 1 26 [E N19215 I % Jf 5% 42 %
M E SR AE C T P B35 DI AR AR T o Ol HEBR
KSR R A P RE R 52 ), e 855 A8 108 i, )
I EUIRER 101 - 2A(S) BRI HRA R FERE T-72 b,
POERETIREE R 50 °C ., iRIa I, 75 AT A% it i
[F1] P 32K 1) 0 2 i PR 2K 36 b it o 17 2 v
W% 2 TR, 3% 0 10 5 B A B e S B ASE 0L T
20 1) 4% o) S M S0 i A 0 AR

=2 HEEH
Tab.2 Load condition

R /KN R /MPa RififiE )/ MPa
A 9.5 422.22 929. 8
B 1.4 28.19 50.7
C 2.5 24.45 74.39

2.3 RABHIES

P 1 sl A 2l PR 5E I 1 B i 2 22
L. TR AR 4R o) A4 05 7 S s
T AW AT 18, I ELIK R A A ] AR
X IE N T ET 4 J5 18] AR A I 35k 2F 4
ERURBAEHT, T BT 5 WA RAE 5L Z (8] ) i
ARARTE /N TS IR B T 5 DR . A
A5 ) R AT PN B 90 1 e K T LA AR
LRGN R R IR G A S A — i 22 5
(LR — BB i) b A [ 3o A s A 52 A il 2k A8 1k
A, B I S il R AT E A S SR
HA o NN, W) 06 i AL S B R A
S AR, TN ) A i PR A TR
B LA R ORI A v 5 RS A5 05 S 30 2 X A e g
PR = AR RS o 2 U — o [ 4 7
SN, B AR R RN S O AN B
PR ) — B 1) _EAS [ U A A St 2
s —E J34h, WX Ee 5ot vl LUA Y 6 1)
B - 29 PR ERRAE 1S h )5 SRR SRR RN/, X E
TR AT RT3 51 A I8 2k 31, 7R U
BRI RSB

®1 HABERTREHEERK

Tab.1 Specimen size and layer form

ke 1=y K/ mm P&/ mm JERE/mm B/ /mm s AR/ mm
A [0°],, 250 15 1.5 50 1.5
B [90°] 175 25 2
C [45°/ —45°] 250 25 2




5 1

PNV 25 248 KO A 012 6 S A I S 77 0 A 1 RE T 63

K% A Levenberg-Marquardt 3% /0B 1, 43 i H
P BT AW ) 2 BRIS TR & BB TR A A R0
B AT IS, G R 1 s, WAl
LA LAE TR A SRR T A E R AL A Ak
03k BB B B, I HAE K I RIS LUS TR A
B iy 7 W B 728 3 2 THE E L, XA

0.0215
0.021 41 Al i
5 )
[al}
2 0.0213-
B 0.021 24
i’
E
F 0.0211 IR 2k
TE B BT AU S
o104 e AT
T T T T T T T )

0 5 10 15 20 25 30 35 40
W]/
(a) GAIa)iAE S5 H 2k

(a) Creep compliance curves for longitudinal direction

0.130

0.125 -

0.120

0.115 -

0.110 -

0.105 -

MR B/ GPa!

0.100 -

RB
0.095 - = TR BRERINE

0.090 -

ik /h
(b) A o 5 A 2 fh 2

(b) Creep compliance curves for transverse direction
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