B2l H 1 o H TR
2024 4F 1 H EQUIPMENT ENVIRONMENTAL ENGINEERING 9.

B A S AR 1R
S R D i SR (T3

BER', 5%, B, NEE’, TEE’, TR’ &F"
(1. BERSNDHRSERPIVNBSR=SE)DIARET, fU)I 4808 621000;
2. BLZIMREHIRAHARLT, 8% 710065)

HE: B¢ RiEFB TR B ETEMOBHGIIE, Tk RESEFRBIT IR T A4z, #fid

R 0 $e AR MR B R R B RG22 A RO, Vll}i’-i%’f’fﬁ&ﬁfﬁ%ﬁ% PR -3

T 58 A% & SR AR A 5 M0 ) RAT R B sT HARABL A 7 i A AT B R A AT e, R A sh b, R &ME

#ﬁ#ﬂﬁw‘h’eu@ﬁi%/\#ﬁﬁwa‘mﬁézﬁ BIEAT 2 R AT MG AT, FRAT 4% T A2 A 38 4 5k AU AE
Fof B R L AL B AR e o R i B K ek e miw &k, &R AEDRTRE T, ShakiaA

%70042 MJ B, SZAbiEAE R A A KA 12 25.6 M Shab AN RT3 ut, SRA A A W4 mikiE 4 K &K,

HAABMERBTTRERANEGEIEZRE, &3 MAFRRD, FEEAARZ, EREESHERER

BEEEABERATH AN EILZY R E, BAX R EF g EmmiERd S TERARELSBOEREE

89 FRREZE LR, R sAs F oy B & AR 5Bk A A S

KR Sk FAkE; RV BEAR; ik, ShEai FHIERG,; FRw i

FESES: TI410 XEkFRERS: A XEHS: 1672-9242(2024)01-0009-10

DOl : 10.7643/ issn.1672-9242.2024.01.002

Investigation of Failure of Bolt Connection and Damage of Overloaded Component
Caused by Armored Sructure Impacted by High Velocity Kinetic Energy Projectile

QIN Jingui', WANG Mafa', PAN Ying®, LIU Tingguo®, LI Runwei*, LIU Ji'an®, HUANG Jie"

(1. Hypervelocity Aerodynamic Institute, China Aerodynamics Research and Development Center, Sichuan Mianyang 621000,
China; 2. Xi'an Modern Control Technology Research Institute, Xi'an 710065, China)

ABSTRACT: The work aims to verify and reveal the damage mechanisms of armored structure impacted by high velocity ki-
netic energy projectiles. Firstly, concentrated on the two mainly damage effects of failure of connections and damage of over-
loaded component caused by armored structure impacted by high velocity kinetic energy projectiles, and with the bolt connec-
tion as the typical example, the methods and materials model parameters of numerical simulation were validated by the con-
ducted small scale tests of structure of bolt connection impacted by the high velocity sphere projectile. Secondly, the full scale

tank impacted by high velocity kinetic energy projectiles was investigated by the numerical simulation and the analytical meth-
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ods of shock response spectrum, and the failure characterization of bolt connections, the mainly influencing factors, and the ac-

celeration curves and shock response spectrum curves of the typical positions on the tank were obtained. The results showed

that, the input kinetic energy value of 0.042 MJ in the small scale test could not cause the fracture of bolts, whereas, the input

kinetic energy value of 25.6 MJ in the full scale tank could cause the failure of connections due to the fracture of bolts. The main

reason of fracture of bolts was revealed by the results of numerical simulations. The value of input kinetic energy, the diameter

of connected bolts, the mass of the simulated components and the impacted position are the main influencing factors for fracture

of bolts. The shock response spectrum curves of some positions on the tank are higher than the lower limit and even the upper

limit of military standard, which shows that the components on these positions present high probability of failure due to the

damage of overloaded.

KEY WORDS: high velocity kinetic energy projectile; armored target; ballistic shock; failure of bolt connections; damage of

overloaded component; shock response spectrum
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Fig.5 Damage of front surfaces of the 3-layer target after experiment (v=2.5 km/s): a) first layer; b) second layer; c) third layer
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Tab.1 Material model parameters of projectile of SisN, !
po/(g-em™) G/GPa A B C N £./GPa T/GPa
3.22 193.5 0.927 0.7 0.005 0.85 11.7 0.75
€ &/ max Perush/GPa €y Crush D, D, K,/GPa K,/GPa
1 1.2 99.75 1.0 0.001 0.5 233 280
x2 IREBFIIR I M RIS R S
Tab.2 Material model parameters of target and bolts of steel®*!
kL p/g-em™) G/GPa A/MPa B/MPa C n m T/K T»/K
AR H-603 4 7.83 0.81 1020 510 0.014 026 1.00 1793 294
YA -k 25 7.83 0.77 350 320 0.064 028 1.06 1760 294
iy D, D, D; D, Co/(m's™") Sy Y0 a
FRRHE-603 4N 2.0 0 0 0 4578 133 1.67 0.43
YR -k 2 W 0.3 0.72 1.66 0 4569 149 217 0.46
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Fig.16 Comparisons of curves derive from position 1# of tank impacted by the rod and the high velocity kinetic energy
projectile: a) acceleration curves; b) shock response spectrum curves and the upper limit, lower limit
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Fig.17 Comparisons of curves derive from position 2# of tank impacted by the rod and the high velocity kinetic energy
projectile: a) acceleration curves; b) shock response spectrum curves and the upper limit, lower limit
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