DOT: 10. 13656 /j . crki . gxkx. 2004. (2. 006
Guangxi Sciences 2004, 11 (2): 106~ 108, 112

A Method of Obtaining the Suitable Debonded Length of
the Stress Rel ease Boot of Solid Rocket Motor
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Abstract The stress release boot is always used in the solid rocket motor grain to relieve stress—
strain concentration under thermal loading. Determining the debonded length of the release boot is
one of the important problems in the grain design. In this paper, a method of obtaining the suitable
debonded length is present. The three-dimension viscoelastic finite element models of the motor
grain with different debonded length are established. Under thermal loading, the strain field of the
umbrella slot is studied- The results show that serious stress—strain concentratesin the umbrella slot
tip- The maximum Von Mises strain of umbrella slot tip variation with the debonded release boot is
obtained. Then the suitable debonded length of the release boot could be determined. This analytical
method and these conclusions are useful in designing solid rocket motor.

Key words solid rocket motor, stress release boot, suitable debonded length, viscoelasticity, finite

element method

2003-10-08 , 2004-01-02
* (JC02- 01— 004)
(02JJY 2009)

N

106 Guangxi Sciences, Vol. 11 No.2, May 2004



[3 9]

V= —g((X— X% (X=-X)% (X-X)%

’ ) 6(X+ XA+ X%))*7, (6)
0 ,X: X: —VX,Xv: Xz: Xx
’ = O, \/8 \ém )gq
1 o= —38(1+ v)X. (7)
11 Von Mises
MSC/I\[IIOALSTRAN Xo _32 (X= X7+ X=X (X=X)%
‘ Qs
Ao= De(AX-AX-AX), (1) 6+ X %)) (8)
Ao= AaAg Ae A, Af. AL —
6 ’ } V= 2X. (9)
; D - ( Von Mi
[9]);0e= PX,AX,AX AV, AV, AV, )7 O
A= pXAXAX, AV, AV, X,
ALY A%= TAT{1,1,1,0,0, = (10)
0}’ ;T : o ’
12 Xo= 2 (b )X (11)
1.4
: : z ) 8
[4],
: : 6 .
Ay 1= NA i 1, (2 c |
B 1= B, () v 39000 46000
Al 1= tie 1— Uik 3\ ’ ’ ’
;B ’
1
JVWTAGH 1dV:J WA pe 1 d V4 JSVVJTAPM 1 ds, ,
(4)

W s W Ape 1 e
JAY 2 1K+ 1

(1) (4),

J Ay AQk+ 1, (5)

,K:J vB' Di.BAV:

AQw 1:J VNTApc+ d J sN'APe 1 dst

1
JVBTDP(AE/I{+ LAV J vB DDAerdV. Fg. 1 Three-dimension finite element mesh of the
umbrella slot of motor grain
13 1. A ;3 ; 1. debonded; 2. slot;
) 3. umbrella slot

A 20045 SA % 11EF 24 107



E(t): 1. 06+ 3. 686_22% 10" 5. 996-332< 100 4
. 803 YN yp )
Prony
E(t)= 565+ 2 T4e N 4 g5e 10
+ 6,966 7T M Pa, (13
: 206
X 10'MPa 0.3 30.0M Pa 0. 490.
’ ’ 50C
- 40¢ ? - 40C 50C s 56C
- 4, 12 h
50C - 4dC
Von Mises
2 Von Mises
’ L, 0. 16
> Von Mises
2ah (b)  (e) 03
’ - 20C, - 30C - 40C Von
Mises , ,
Von Mises Von Mises
,—40C 21 66% .
3 _ 26C. - 30C -
40C V on Mises
Contour_I

(b)

108

Nonlinear Strains
Strain Tensor

Uon Mises
—B1.716X107
—A1.584%10"
—0 1.306X 10"
—9 1 128X10]
—8 9 771X107;
—7 8.632X107
—6 7.710X107
—56.439X10°
—4 5.055X107
—3 3271X107"
—2 1487X107
—1 2.513X107
Min=2.513X10"

Max=1.716X10"

Contour_2
Nonlinear Strains
Strain Tensor
Uon Mises

!
w
o

P T N N e

LI LI
LY B U000 OB
—OD OO WA
QORI 1 GO o ot e —t
BONI NI A O—Pow—
SOOI XX
IO NN
SOCCCOOOROOR

[y
o
=
X
o

=%
g5
2
X
=

Contour_3
Nonlinear Strains
Strain Tensor
Uon Mises
—B2.166X107
—A1.942%10"
—0 1.718X10°
—9 1494 X107
—8 9.269X10"
—7 8.045X10"
—6 7.821X10°
—5 6.470X10°
—4 5.428 X107
—3 3.187X107
—2 1.045X10°
—1 2.235X10
Min=3 235X 10"
Max =2.166X 10"
()
2 Von Mises
Fg.2  The Von Mises strain contour of different
temperature
(a) - 20C ; (b) - 30C

5 (e) - 40C
(a) Strain contour of temperature — 20C ; (b) Strain contour of

temperature — 36C; (c) Strain contour of temperature — 46C .

3 , 03
R Von Mises s
0.6 V on Mises
, 06 ,
) ( 0. 8)

22}
8 20}
2
£ 18f
]
7, 16r
#
Bt
121
1 1 1 1 1 i 1
0304 0506 07 08 09 1.0
fi% %5 2 IF FE Debonded length
3 Von Mises
Fig-:3  The Von Mises strain varation with debonded
length
< -20C; —— - 30C; 2 - 40C .
3
2
2
. Von Mises
2 2

(F#% 112 Continue on page 112)

Guangxi Sciences, Vol. 11 No. 2, May 2004



’ ( ) .
. 5
i . , 2000.
- , 2 : :
1997.
’ ’ ’ 3 .
’ ’ ,1999.
. A 7
4 1999.
5 . Visual G+ +
- ,2000.
, 5
. ( )

(£3#% 108 Continue from page 108)
1994, 18(2): 13 19

- 20C 4 . ,

B

_ 3¢C , 1995, 18(1): 24~ 29.
’ o . ’ 5 Jhna M K, Rengathan K, Venkateswara R G. A method of
- 20C Von Mises .
non-linear viscoelastic analysis of solid propellant grains for
N N ) N pressure load. Computers and Structures, 1994, 52(1): 61~
30C - 40C Von Mises - 20C 7
’ ’ - 6 hna M K, Rengathan K, Venkateswara R G. The effect of
30C - 40C : > nonlinearities on the strain concentration factors in solid
- 30C Von Mises - propellant grains. Computers and Structures, 1996, 58( 2):
20C , 0. 83, 3071~ 311.
- 40C 0. 92. 7 : : :

, 1997, 18(3): 45 50.

, 1997, 18(4): 36~ 4l.
9 ) . .M SC /N ASTRAN
,2002,9(1): 27~ 30.

1 ,
10  Sang H L. M SC/NASTRAN nonlinear analyss. The
,1997, 18(2): 21~ 26.
5 M acneal-Schw engler Corporation, 1992.
,2002,23(4): 335~ 338.
. ( )

112 Guangxi Sciences, Vol. 11 No. 2, May 2004



