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Experimental and numerical simulation on failure of bolted flange connection
structure between stages of rocket(missile) under impact load

YUAN Jichong' , TIAN Tonghui'” , WANG Qingwen' , LI Daokui' , CHEN Baisheng’
(1. College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China;
2. The PLA Unit 92341, Luoyang 471000, China;
3. College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract; Based on the bolted flange connection structure between stages of rocket( missile) , multiple experimental specimens were designed

and manufactured, and four impact failure experiments of drop hammer were designed and carried out, which refers to the finite element model

established by using the ABAQUS software. These experiments include axial and transverse two working conditions, and some structural

characteristics of the specimen were different, such as the uniform and non-uniform distribution condition of the bolt group, the diameter of bolt and

the gap between the bolt and bolt hole. In the process of experiments, the time history response data of bolts force, the time history response data

of strain at key point of column section, impact force and impact velocity were collected. According to the experimental results and the measured

data, the failure mechanism of the connection structure under impact load was analyzed, and it was verified that the numerical simulation results

were in good agreement with the experimental results. The results in this research can be used as a reference for the load bearing capacity design of

connection structure between stages of rocket( missile) under impact load.

Keywords: bolted flange connection structure; drop hammer; impact failure; load bearing capacity; the finite element model

Gl IR 1 22 R RRAE AR O O T R
BRSNS () MR 45 H 1 E 2R 0
H T A A S IR AR MR, R 1 (58 1
WS, PR I 7 v By B R AL TR 3 A
I IS A ) I TR AR R SR 2 5 T
KA AR T AL o T T A S S
KA T AR R OO R RT RE S B R (AR
2 IRV B A Rt o 1 5 S AT AR 4

« YRS EHA:2018 —07 - 03
EETAE - [®P7 973 H-I % i H (6132770201 -2)

VS K R SRR R R AR S R
A TE ARG ] N 35 K, T e A e 3s T
JUIRTAR R T Bk of o A 7T B SO A 4 2540 2K
S KR T B e R, S el
RGBT B AR SRS Y A E A T
RIS X o

W TR E5 1 T2 AR 0% W A Al i 7%
JUARIAS e e A ek PR B3 23 15K A 1

EE BN =EARA(1965—) , 55 M r KD N 8%, A A2 F: 0, E-mail ; yjh210048 @ 163. com;
WEHE GEGEES) , 5, BhFR TR, -+ , E-mail ; tiantonghui@ 126. com



56 1]

ENLL, S () SRR R 22 JE A o ot D 2 S g ML 7 -3l

M B BT, K i S 4 A R A
PR TR AT . IR T AR EE R A
SEWEAS SNERIIR SRR AT, 7 8 B S A L T W
FEAR LM RN A KT B A Bl Ty A A v i it
TEZEHET S AW EE & IR R AR LR v 903, 19 3 1 RE
Mg — R A P S R S22 o 80 1 W O A P ) T A A BR DG
FEALC ) s Von-Long S5 EF A MR 1 22 4 He 25 Hy 12
TEFFBERT 1l ) AR R T A8 1% v ol 57 5
B, W 1A B0 T o A5 R R 0T R R
PEN s R BIFSR3 He 2 i 0 R T R L 2 R
e TIAERERL , Guo SEHESL 1A 1A FROTHE Y,
Bt b AT TR AR SHPB S25, ik 1A
SR S AR R T b A AT I A R A 4R
SR B T REBUAE LI o MBS 3 24 5 2
SRR B BT R T, B AT IS B 222K
A7 BROGAR B X ) g i B S S8 s AT T 2K
AR T AT R ST 56 5 2 A X Sh i
BT RS MR SRS B 28T S HR A M R 2
FHHERTFE

NBIRFEIEAS thal VRN B A i R AL
RN BGIE A FROC T IR RS 5 R B R 1, A SC
FT KT IR R BRI 22 AT TR A 1 S B
R S = VAN I VA DRUGE i @ v S AT
B BT T 2 R R v R AR R T —
HHEA S SRR, 00T T HERa i by
RIS, Bk 1A FROCIHT S 45 R A R o

1 LBHR

11 NEHES

AR S | R S MR A 2 S R A RS A
LG LA L AR — B RO T 9 B
FE RN AR SE B, BETH N L T 0 4 A 5
B o IR PR S0 F A5 H T2 B PR AL BL
UK BT ARSI, A 1 PR

BB
sz |

Pk

B s

Fig.1 Experimental specimen
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Tab.1 Material parameters of the experimental article
L5 AR Jii B 3/ MPa PR R/ MPa SRR/ MPa I/ (kg/m®) HEE /A2
6061 H 54 300 375 70 000 2700 0.33
8. 8 S =it I W g 640 800 210 000 7900 0.3
30CrMnSiNi2A 1256 1570 211 000 7890 0.3
K2 XBRESRERE
Tab.2 Experimental grouping numbers and experimental parameters
B e T TH EE{WERES R R AR 2R R R A
A-1 e M5 12 M5 6 bapin
A-2 fly M5 12 M5 6 eSSk
T-1 T m Mé6 12 M6 8 E| Sy
T-2 i) M6 8 M6 8 Syl

(¢) T-1

K2 R s

Fig.2 Distribution condition and identifier of bolt
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Y B K bl £ 2 1B B I R

Vi Hle e o SR T W) B O LR M 2R S B
LB B PR RE R RS IR B T, B TAEROT
BRI, 5 B A M RO R ABICR
TEF T AAEINR G55 S0 3 A 250 g Bl
Ti] ity S S B oR T 380 kg B LA 1 m g e
n R, B ) w2k RS B R 270 ke R L
2 mEp B AR 2 T T A A ] A ) )
SRF 12 x M8 Fil 12 x M10, AR R SC I T 25 5h A/
FEA B SRR

P IR AR T 2 1) 5 M R M DL S B L
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Fig.3 Diagram of experimental locale
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Fig.4 Bolt force response signal acquisition sensor
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Fig.5 Comparison of axial impact failure effect
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Fig. 6 Comparison of transverse impact failure effect
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Fig.7 Time history response curve of

bolt force of axial experiment
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Fig.8 Time history response curve of bolt

force of transverse experiment
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Fig.9 Time history response curve of
bolt force of axial simulation
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Tab.3  Pre-tightening force of bolts kN
LGS Ol#iEfE 0241244 03 #1244 04 #1242 05 #1242 06#1ZF2 O7#1Z 42 08#12f4
A-1 5.2897 4.816 9 9.0439 3.3596 6.1853 3.446 2
A-2 6.496 7 2.256 6 3.638 2 4.600 0 6.015 8 1.692 3
T-1 4.064 3 7.722'5 6.370 8 6.925 6 7.3243 3.977 6
T-2 1.266 7 5.668 0 1.988 2 4.095 7 4.340 5 1.913 2 1.3920
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Fig. 10 Time history response curve of

bolt force of transverse simulation
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