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Structural integrity analysis of bonding interface of vertical

storage motor based on axisymmetric cohesive element
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(1. School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China;

2. College of Defense Engineering, Army Engineering University, Nanjing 210007, China)

Abstract: The establishment of axisymmetric cohesive force element is an important method to conduct stress analysis of the bonding interface

of vertical storage motor. The reference coordinate system was established on the deformed axisymmetric cohesive force element, and the

transformation relationship between elemental node displacement in the reference coordinate system and the global coordinate system was derived.

The internal force vector and the stiffness matrix of the element were derived based on the elemental separation displacement. The separation test of

the axisymmetric bonding plate was carried out to verify the accuracy and efficiency of the axisymmetric cohesive force element. The structural

analysis of solid rocket motor in vertical storage under axial acceleration and wave load has been carried out successively, and the magnitude and the

distribution pattern of stress at the bonding interface have been studied emphatically. The research method and its conclusion can provide a useful

reference for the structural analysis of bonding interface of solid rocket motor.
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Fig.1 Axisymmetric cohesive element
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Fig.2  Axisymmetric cohesive element after deformation
BRI LA R R S5 AR R P AR
AL

#=Ru (1)

oS O O

R= (2)

S O O =

0
A
0
0

S - o o

A
Horbru Flw 5y ARER S 2% A2 Ry AL bR & L OT
R KA
u:[u’l Wy U, w, Uz W3 Uy wzJT
(3)
{u:[ul Wy Uy Wy Uy Wy Uy 77’4}T
w, Flw, 53 HARERNT B | FESH AL bR & AR ) Al
Bl A s R AR B AR B 5 JE R A W5 2

_[ cosf sin@] (4)

—sinf cosf

sinf = AZ/ /AR + AZ*
{0050 = AR/ /AR + AZ*
0 1R S5 A b 2 Bl il 5 8 A A s 2 o i ) 11 e
1, VAR® + AZ? Jy R TE 2R KB
1.2 BRoaBEUBHES
B JELRE BT B0, 55 L Y A 4 D
R 2 AT 3 BN E AR, WE 3 s,
iR P 3 ) BGAE AR I 50 BT RS 4 B

(5)

(6)

Horb A R A, Dy A S il (195 1 A £ 4)
AR o B LA LG R 7 AL A, Ay R A,
HR A i (19 A 2 A A 3) AR 1] 20 B SR8 L
ik oy A o

K3 SEAbR R B LR 7R
Fig.3 Diagram of separation displacement in

the reference coordinate
R I AT LR
A=Lu (7)
K,
A=[A, A, A, AT (8)
FIH—4EE 2 o0 e, @S B 515
MAOBEMBZ R, R
A=HA (9)
R Ay B S Y AR R (R Y
bWl
A =HLRu =Bu (10)
1.3 BnRARERBTRIEEREES
WKHE AR R, A

i&E-‘SdV+£6A STdlN, = l5u T Al

(11)
A E RS Il AR AR AL 5K 1 A5 — PKE
Jraki A M T, 5l RE BB AN R TT,



- 66 e AN o 4

5544

T e85 T, VL u ARERAN 3 LR A
QRS R AR, T AN FAIC T R A DX 3

55 ML a kA ST e, S 15 5T
(1 W BEREL A LA % P T 954 235

K= f iBTDBdFC = [ lBTDBdedl

- f_lr<§)BTDB\J\d§ (12)

F = flf;BTTcdrc = L[BTTCdBdl

=2 [ (BT, |7 (13)

sp D = 2 o TR, ||
TERIEH 2, r(£) HBUME AR A b
2 IGUEE )

2.1 mEfp iR

4 4 T — O FRAE AR AR 1 1 T
AN AR B N AR 250 2 mm F 4 mm,
4 mme WY TR T L OKCF O 1)
45° B EATAE BUF BRI B A T e B%
AR 14 JE P8 ] S, T 0 it o %8 7 1) #9378 280 o
ARBAEF B AL AR E R 0. 1 mm/s, 75
BRI E LR | mm I IFAG FA 5t 40 s JERE (A
(94 AR LSRR EE 2351 o 10 MPa 111 0. 33
ARSI B TR Al ok BR AT X 25 4 AT
A2, 3 SR AN [R] B [ B0 500 19 = 4 IO A% k47
Xt EE T, P ER [ R A B R0 23 0 6,18 LU
K54,

SEEER?
E 2 /‘\\ _X_
FER T Ll
Oi R

4 A4
Fig.4 Meridian surface of the rotating body

2.2 FEHEARNER
PPR AR A Park 2542 H 9 5 ) 2L

WS B I i 25 W 5400 B 1) 4R S N 3R T
IS SRR R B R U

Y(A,,A) =min(d,,p,) +
2 (24 000

(12 (- 41 oo

(14)
Kl A NRER W R m flon N RNS
B o, T B, BB AT AR Z B, 23 0l 42 i 12 1) 0
DY 1wl B A 3R 0 A0y B 0 4% i T R B U
Ph36, 16, DR 1Y 1 i 1) R ) B e FEAERS ;5 b,
I, 0 HACE D) Ak ) R RE , HER XA

_ O-max6n
d)n - m-1

a, (1 —/\n)“k*‘(—ak +1)(—a")\,, +1)
m m
Tma‘(Bt

” :Bk/\l(l —A.)ﬁ*‘l(%+1)(%Al +1)"l

(15)
O I 70 ARV [T R 1] P SRS E
Cm%“%mT%?%ﬁM%%%%@WR

amu>=hwul—mnm(<ﬁﬂmmm>

5, (1) =[uA +(1 —uA)eXp( —%)]8"(0)

T

m(t) = [u"" + (1 —u'"’)exp( TL)]m(O)

(16)
R0 N R R o, 1 7, BTG
FAi 5, F &, HIIE T WS EL m Rl n 43 51
0.5 MPa.0.5 MPa,2.5 mm 2.5 mm,0. 167 21)
0.167 2, LIRS EL o, F1 B, ¥ 3. 10, FHfrE R
u=0.3,7=50 s,
2.3 (HESERHSH
[ 5 FIRAN RIS BRITE N 21 B i) 422 1v) 0 %k )
S RN A ) AR A . T 18]S Rl LUBA
B, =YL R M LR RS R AN R
BT R PR A B Al R 2. 3L
BERRH] M RIS FR N R BT A Y o
K6 25t 1 DU FROTECRLE R B 1 BRTT
B ST FAEN PR oL . R T BT ik AR
BRI BRI A b AT, B T BRI AR H
£ 1o ] LABH B 5 2, BE G 2R ) 9 ks 500 0 4
%, YR A o ST KT SR AR R 2
BN, JUHR G FR ] ) RS B 3 54 A
i, AR ) 8 p R B ST B8 Bl PR B Y



5521 FEBE, S FETRIXTFR N R ST BTG SV R SR FUE 25 A0 S R M A A - 67 -
12 — e 3k S 8 2 R SE B AT 0 A A TR AR
ol ~ o SDBR-FFICA BT WRITPITCH K FEESZ— BT IR
e S BB AL 0 R TLART B K8 537 BTG P
y i * H BERL, K gL A Ty 630 mm , 551 144 A
2 6l 2 e JERR P B EE D 570 mm, Forp 45 B SR B LA
Y J AL EE 9 K T 3 504 300 mm, 43 mm
’ Q\\ 227 mm, [RGB R LB R0 0 DR E 4300
2r ~ 73 mm F148. 5 mm, 26 B2 FSEAR L 53 51
o ‘ 2 mm#1 3 mm, BEAL, T RS FRITR, & 8
’ R * LA A4 S O A BN 7 R, T
(a) [ AT A A% R CRAIE T 50RS B, e 2 2 43 A T
(a) Radial direction Ab SR A 1L 11 DR R A, 4 86 e A T A 0 %o D)
0 RTINS o HESEH] 4 B2 DA SE IR N SR ) o
s ) AR E R SCERL 1S ] —2
77 i 2 | B
< % e B
= L% P O 4z |
o —15 o I
™ O %‘%lﬁ?ﬂ]:
Al E— I
~ o 3DILRI- R[N
T2 |- o - DAL -FF 184 HIG
<~ DRI 44T . 7-270 / L
3% 20 40 60
s -
(b) %l Z |
(b) Axial direction i
70 |}
Bl5  Jele s 3 B e by o #
Fig.5 Response of reaction force in m’_"_ & i
axisymmetric bonding plate B o T
300 25, T = AEARAS R A HERTHE 25 5] 1 0 A 7 SRR

BRI 600 245, LA EJIHTAS R, SR AT B
RG22 5 S T 1T B

700
] SRRy
600f I 3D FRF 64 6
I 3D BRI 18470
500y I 3D R [ 544 370
®
€& 400F
=
1 I
o 300
2001
100[
0

K6 THEMBIXS T
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