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Fig.6 The acceleration PSD of the base excitation

Xof e 25 BROCAE R AT BEAS 1T I 7 D Hi 4
B i PR 2, 16l 8 Sy Himis 10 By A % . ] DLk B
25T 3 BRI R A Ak T B A R A AR R Y . X R
W AE % TE BE DL A T e 25 4R 7T fig 23 Ak T 2 D 45
R,

BUCA FROTA A ET 10 B4R AL, ok FH B S & m i
THEA 25 1) FEAILHR 20 e 1, T 53 435 SR 2 1A o A R
K19 R 1o MERSAF N 225 76 5 B 5 Jr n) L A2 TB
I3 o Bl o AT DL B 24 5 A AL 1 AR T i
AN RSO AT iR K 1o MEER AR T 1Y e K AR
FHh 1.38x107° mm,

W10 hy 2 2l f K AR B AL 14 hin 3 B2 ) 233 25 15 il
2o AT LR BEAE S o G 0 238 A T s ey 7 i )
i X2 T8 AL X Ry m 2T 8 3, k3l

oA

WWWw. energetic-materials. org. cn



32 i 3 R S R 24 IR B 05 Y BB AT 23

7 1] 5 T AT AT, AT 0 266 24 8 45 4 78 LA — 300
MBS AR TE R 32 ‘B 2504
S 200+
S
5 150
8
§ 100
o
e L
o
0 T T T T )
0 100 200 300 400
frequency / Hz

B 10 e AR TE b s BE By 4 4 o B
Fig. 10 The acceleration PSD of the point with the largest de-

a. 1* mode with frequency b. 2" mode with frequency

of 142.3 Hz of 156.1 Hz formation

BT B2 s — S5 B A s /. TR
B H5 KR g 437 T 2 24 T3 3 L P, I R 43 A 5 4 FE
W oS5, RV 55 53 005 1) e A 7 . B o B — SR R
AR iR,

B2 S pp kbR S —F A (S-N) i 4k, H Stein-
berg = IX [ vk 1143 %6 25 9% 57 i M i , 2% 2 ARl hn 2%
R ) 1 98 55 458 493 195 10 o

c. 3" mode with frequency d. 4™ mode with frequency AL S 2R S 50 h A1 100 h B350 6
e of227.7 1z BN B 2 S R A B S B . A T
B 7 B2y A AR S PR A
M7 BB 250 h L5 1.12 2 02 R AR SRR .
Fig.7 Mode frequencies and shapes of the charge
4004 %
350 334 /]
3001
== 240
% 250 227
g 200+
g 1504142
=100
X
50 . Z’k
0 8 9 10 a. inner stress distribution b. inner stress distribution
mode number of the whole part of the cutting segment
z] Ak 32z
8 zz%"ifb")ﬁz - BT RN — AR A N A
Fig.8 M i t .
'8 ode frequenties of fe chafge Fig. 11 1* principal stress distribution of the charge
0.80+
0.751
& 0.70
=
w
5 0.654
0.60+
0.55 T T T T T T T T J
306E-06  612E-06 _ O18E-06  .122E-05 4 6 8 10 12 14 16 18 20 22
AS3E-06  459E-06  .765E-06  .107E-05 .138E-05 Ig(N)
B9 ey Xrmiksh ik B 12 R DY S-N £
Fig.9 Vibration displacement of the charge in the X direction Fig.12 Uniaxial tension 5-N curve of the charge material

CHINESE JOURNAL OF ENERGETIC MATERIALS A e At At 2017 % #25% %13 (20-25)



24

SKELRE, WNE, NI, ERE

R RS SR EN T

Table 1 1% principal stress values of the danger point
probability stress value/MPa
0.6826 (1) <1.62
0.9544 (2¢) <3.24
0.9973 (30) <4.86

R2 R THOIEL

Table 2  Fatigue damage degree of the charge at different moments
t/h D
50 0.22
100 0.44
250 1.12
4 &# ®
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Numerical Analysis of the Vibration Fatigue of the Rocket Warhead Charge in the Transportation Process

ZHANG Wei-yao, TU Xiao-zhen, LAN Lin-gang, DONG Tian-bao
( Energetic Materials Measurement and Evaluation Center of CAEP., Institute of Chemical Materials, Mianyang 621999, China)

Abstract: In order to understand the structural reliability of the solid rocket warhead in transport, the frequency domain method is
used to evaluate the fatigue damage degree. The simplified kinetic model of the rocket launcher was built and the base excitation
PSD (power spectrum density) of the charge was calculated by the transfer function and road load PSD; the finite element model
of the charge was established and dynamic responses were solved by mode superposition methods; the fatigue damage degree was
evaluated by Steinberg’s 3-0 Law. Results show that the random vibration of the warhead charge causes the dynamic stress, and
the inner face of the top hole is the danger place with the stress peak value of 4. 86 MPa. When the loading time reaches 250 h the
damage degree is 1.12, which reveals that the warhead charge has been broken. The road roughness load can bring about the fa-
tigue damage of the warhead charge, which has negative impacts on the structural reliability.

Key words: rocket warhead charge; road roughness loads; random vibration; fatigue damage

CLC number: T)55; 0324 Document code: A DOI: 10.11943/j.issn. 1006-9941.2017.01.003

us!eszsleses!eszsle\z

%1;&% ¥ - J;‘é%i%

Nz am s as o A= w i

(EREMRL) “BE"IETR

HTEEFARRAHR, A EFE M HAHEAATNNFARNEFRBEE (M) FRTWNA"RE, “AA”
AL H By R AR R AR ﬂ/mﬂﬁu Bl RAG M EARN E R, RBHERMIABTNREE
RTINS,

(SREMBI MG E RN ERIER

MR REHES LK S BAEWORKA L RAF ARG RE ) FHE 22 ERE KT
”I‘@%M%i*‘ AT A4RMBERANGEEN, VI X —ERZAR T ANFARR, R R I HEE AR E#2, T£EE
MEEMED BRHAANELEMHNREANE ZRERARAR ARGEAM TR RS HSHRGRANE HG5HA
Bz () MER RERE BEE BRRKUAR S SRBETINR N E T AERAEF X, KB FENRTE
KT E R,

(ERAMH)HER

CHINESE JOURNAL OF ENERGETIC MATERIALS Xokan 2017 % # 254 % 1# (20-25)

»
=S
o



