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THREE-DIMENSIONAL FINITE-ELEMENT
ANALYSIS FOR FORE AND AFT FINOCYL GRAIN
OF SOLID ROCKET MOTOR

Wang Kun Tian Weiping
(Shaanxi Inst. of Power Machinery, Xi'an, 710025)

Abstract; Three-dimensional finite-element modeling and calculation analysis method for fore
and aft finocyl grain of large scale solid rocket motor are researched. Using PRO/ENGINEER and 1-
DEAS softwares, a three-dimensional grain geometry model is constructed, in which the visual
calculation technology and method are used, then the three-dimensional finite-element model of grain
is established. For vulcanization cool down and axial flight acceleration, as well as operating pressure
of the grain, the three-dimensional linear elasticity finite-element analyses of stress, strain and
displacement are accomplished , the post-processing images are accomplished and reasonable results are
obtained. Thus, the problem of three-dimensional finite-element analysis of large-scale solid rocket
motor grain with various loads is possible to be solved. It supplies a more accurate and reasonable
method for the construction integrity analysis of large-scale solid rocket motor grain.
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Fig. 1 Molor grain structure
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Fig. 3 Propellant finite-element grid
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Table 1 Mechanical properties and load data
I.oad fashion E/MPa v Aj—A; Load
Cure cooling 1. 4 0. 495 9. 0E-5 T —T:
Axial impact 7.0 0. 495 s Over load
Operating pressure 7.0 0. 495 e 5. 0OMPa

3.4 HREH

T &R E, ok THESEFIAERR £, BRAT. B AL E LIS, 1/16 25
Bk GmAEEEREE. FEREREERA AT, 6. A ATBOR & &8 887 A T
WA AL, B RS BRI, mismshd FHE A TR E R LENE TR, FAL
GRS &b, R KA. FrEESREATRMRETEITEARTIG, LK
HREHLAXREELFAMAR, REEVLFEEY ., BFmBRAIREFNLER L
EE@y—FE, &L . ME. &R

4 HHERRER

MAFER IR FE, EEARRENEERT, %
A Von Mises iV EHEN] . -

g, = _"’22 \/(_EI — 52)2 + (53 - Ez)z + (E] - 53)2

(5)
K FH B 1] i {eb 358 500 T ) 0 ) S A R e, 24 TR AR SR F
€n B, € = €nye, = 6, =—0'g,

B e, = 1+ e,

@ Fig. 4 The stress distribution in
S=+uwv E—m (1=1,3) (6) cure cooling loads condition

TR s A EH T, KA Von Mises 3 HEN .

g, = —22 \/(a] — 0,)' + (6, — 6,)* + (6, — 6,)F (7)
- Jl‘i'l
n[ g 8 = = (8)

X S, HARMMERE S FZH, o HHEFMILHERE .,

HREELBREBRFERATHTESERRLE 2, NESHAWE 4R, T2RES, =
2.177 (,=30%, v=0.495), ZEMHEEEH PRI EER LK 3, M AGHME 5 Fim, &
£ Z¥ S, =5.545 (0,=0.8MPa), A LYENEER THHHEERLE 4, MNEXHWME 6 fr
Ty BEE¥ S,=2.505 (,=40%),



Fig. 5 The stress distribution in

shock loads condition

Fig- 6 The strain distribution in internal

pressure loads condition
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Table 2 The calculation results of cure cooling loads condition
Medium . Max. shear Von Mises
Max. strain Min. strain
principle strain strain strain
Node No. 3061 3069 3587 11518 11518
Max. value
of strain 1. 214E-01 1. 901E-02 —2. 974E-03 2. 347E-01 2. 061E-01
Node No. 6114 3062 11518 12696 12696
Min. value
of strain —4. 384E-03 — 3. 589E-02 —1. 546E-01 1. 379E-06 1. 339E-06
Mean value
—1.077E-03 — 2. 965E-03 —4. 579E-03 3. 502E-03 3. 230E-03
of strain
Table 3 The calculation results of shock loads
Unit; MPa
Medium Max. shear Von Mises
Max. stress Min. stress
principle stress stress stress
Node No. 12676 12676 12676 14314 14314
Max. wvalue
of stress 9. 618E-02 8. 495E-02 7. 717E-02 8. 252E-02 1. 468E-01
Node No. 12663 12663 12663 12591 12591
Min. value
of stress b — 1. 602E-01 — 1. 786E-01 —2. 043E-01 3. 939E-06 6. 913E-06
Mean value
7. 020E-04 —1. 359E-04 — 1. 332E-03 1. 017E-03 1. 856E-03
of stress
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Table 4 The calculation results of internal pressure loads condition
Medium Max. shear Von Mises
Max. strain o ) Min. strain )
principle strain strain strain
Node No.
8601 8595 9857 8233 8233
Max. value
. 1. 541E-02 3.413E-02 —7. 180E-07 2. 692E-01 2. 387E-01
of strain
Node No.
) 9857 8601 8233 9857 9857
Min. value
) 2. 626E-07 —4.521E-01 —1. 181E-01 9. 806E-07 8. 792E-07
of strain
Mean value
) 5. 963E-02 —7.341E-04 —5. 882E-02 1. 185E-01 1. 060E-01
of strain
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