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2 BRTEH

S A R T Abaqus (7% 301 91 2R i 281k
0 0 A o A AT BRSO S
i 0T M2 R AR 700 S e B0 I W
KB (1) FF 40 O TE 3 B R

2.1 ARTER
LR RS an & 2 fis , 5 B SE RS —2)

, . T
Bullet
R L2 3

Corrugated interface titanium/
steel composite plate

DY [ 52 2495

Surrounding fixed support

IR L WRETRE

Cohesive element interface

5

Titanium plate Steel plate

B2 MEHRTEE

Fig.2 Impact finite element model
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Tab.1 Constitutive model parameters of TA1 industrial pure

titanium
28 Parameters {ii Value 28 Parameters {i Value
pl(kg/m?) 4450 m 1.032
E/GPa 114.5 &ols™ 4.64x107
M 0.345 D, -0.995
T,./K 1668 D, 1.45
T,/K 298 D, -0.1
A 285.7 D, -0.02
B 566.1 Dy 0.83
n 0.586 6 &5 1.33x10°°
C 0.049 4

R2 304 TFEMP AR SH

Tab.2 Constitutive model parameters of 304 stainless steel

ZHY Parameters {ii Value BH Parameters {i Value
p/(kg/m*) 7800 m 0.81
E/GPa 210 &ols” 6.67x10™
o 0.3 D, —43.408
T, /K 1 800 D, 44.608
T,/K 298 D, -0.016
A 278 D, 0.014 5
B 1300 D 0.046
n 0.80 &ls! 8.33x 107
c 0.072
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Tab.3 Material parameters of cohesive element

ZH Parameters & Value ZHY Parameters {E Value
pl(kg/m?) 1 440 E /GPa 4.8
1%/MPa 55 EJGPa 4.8
19/MPa 120 G /(Jm?) 2200
19/MPa 120 Gy /(Jm?) 2 400
E,/GPa 2.2 G/ (Jm?) 2 400
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Tab.4 Impact parameters of specimens
A4 AR NER YL
Specimen number Pit diameter/mm Reaming depth/ mm
10-2 6.85 1.04
10-3 7.0 1.16
6-1 7.16 1.18
6-2 6.84 1.07
6-3 6.94 1.11
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Fig.3 Macro morphology of the target plate after impact
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Research on impact resistance behavior of titanium/steel composite plates

with the ripple interface

LIANG Zirui' REN Luze' CAO Yong' WANG Tao' >’
(1. Institute of Applied Mechanics, College of Mechanical and Vehicle Engineering, Taiyuan University of Technology,
Taiyuan 030024, China)
(2. Engineering Research Center of Advanced Metal Composites Forming Technology and Equipment Ministry of Education,
Taiyuan University of Technology, Taiyuan 030024, China)
(3. China-Australia Joint Research Center, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: In order to clarify the dynamic response, damage situation, and failure mode of titanium/steel corrugated
composite plates and interfaces under impact loads, small energy (53 J) impact experiments were conducted on titanium/steel
corrugated composite plates using a light air cannon. On the basis of verifying the effectiveness of the numerical calculation
model, numerical simulations were conducted on composite plates under various velocities to study the impact mechanical
response of composite plates and their interfaces under various energies. The results show that, under low energy impact
conditions, the front of the corrugated composite plate shows plastic expansion damage, and the back plate has protrusions
with cracks at the raised areas. The corrugated interface layer is tightly bonded and overall concave; cut the target plate along
the impact center and observe that there are no cracks, delamination, or other damages on the cross-section. This is different
from fiber reinforced composite laminates. There will generally be obvious delamination inside when there is barely visible
damage on the impact surface. In numerical simulation, the cohesive force interface damage area of the corrugated composite
plate under impact is less than that of the planar interface composite plate. When subjected to low energy impact, the
absorption of bullet kinetic energy by the corrugated plate is mainly dominated by overall deformation energy absorption, and
the damage to the titanium/steel composite plate at the corrugated interface is relatively small. Under various energy impacts,
corrugated interface composite plates have tighter interface bonding, better structural integrity, and are less prone to damage
compared to planar interface composite plates.

Key words: Low energy impact; Corrugated interface titanium/steel composite plate; Damage analysis; Numerical
simulation; Cohesive element
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