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Numerical Simulation of Influence of Spacing between
Base Plate and Flyer Plate on Welding Quality
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Abstract; In order to study the effect of spacing on the quality of explosive welding,2 mm titanium plates and
steel plates were selected with the spacings of 2.5,4.5,6.5,8.5 and 10.5 mm,respectively. With the help of finite
element software LS-DYNA | the three-dimensional numerical simulation of explosive composite process was carried
out by using SPH-FEM coupling method. Combined with the material parameters , the explosive composite window was
calculated and established. The simulation results showed that the bonding strength of the welding interface decreased
at first and increased subsequently with the rise of the spacing,which was consistent with the experimental results.
When the spacing was 6.5 mm,the simulation results of collision velocity got to the maximum value in the explosion
composite window , which showed that the bond quality was better and the simulation results were in good agreement
with the experimental results. The interface morphology of the joint surface of the composite plate was obtained by
SPH method, and the simulation results were consistent with the experimental metallographic results. The simulation
results show that when the spacing locates between 6.5 ~8.5 mm,a better interface waveform of explosive welding

can be obtained.
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Fig. 1 Explosion composite window

L1 EEHRETE

TR RIFRREE RS, MR W™
AT, (68 R A BB TE , Bt LB RAIE R A A
HR B EE R T — TR, R Eara £ A
:T:tm

Vomn = (4.47 ~4.90) [< (1)
p

AN v, i WD B BB, cm/s50 R
FEEARBE B R ISR B, MPa;p S 3L 52 b
BHE B B/ME g/ em’

T3 IR A R e R

: 1 (T,C)"  kCpC\*
Sml[zi TN 2 ( oh ) (2)
o T

KB AMEA; T, HAALIRE, KsN E
L0115 C, LA, I/ (kg - K) 5 C, AFH#,
en/s;k HASER, W/ (m - K) ,BU15. 245 Jybhogl




108

B

2020 4£ 6 H

BERE,g/om’ sh REAREE, B2 mm; R, HEEH,

8.6, HASHILE L,

®1 RBSH
Table 1 Experimental parameter
SHL p/(g+cm™) HV/MPa r,./C C/(J+kg' K'Y C/(m-s™") o,/MPa
TA2 4.51 1600 1942 519 4690 275
Q304 7.93 1754 1398 480 4593 205
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Table 2 Explosive welding test parameters
PR/ IEIH B / /

Ol T R L Y

(m-s7) (grem™) R ER

18 2764 0.505 272 2 2 2.5/4.5/6.5/8.5/10.5
R3 WHEREHAH IWL RESH
Table 3 JWL state parameters of ammonium nitrate explosive

28 A/GPa B/GPa R, R, ) E,/GPa 1%
N2y 49.4 1.89 3.907 1.118 0.33 5.15 1

BEHE Y, 2 E IR Mie-Gruneisen iR
75 #2 Al Johnson-Cook #f ¥ A% U L415) - Johnson-
Cook FHRHETI B A0 H

o=(A+Be)(1+Clng,)(1-T"") (8)

Kol WEEIBENT 67 = 6, /60 HATHOB

MRAER K &) WS HNAEHR;ABnc fem N
SHBAHXMEE; TENBRE " ER N T =
(T-T)/(T,-T,), K T, =R, T, BE =
TA2 5 Q304 81 Johnson-Cook #4571 iy B4k 5
BNk 4 iR o

F 4 TA2 #1 Q304 ¥ 17 Johnson-Cook #5181 S%)
Table 4 Johnson-cook model parameters of TA2 and Q304 steel

S8 p/(g+-cem™) G/GPa A B n c m T./C T /K
TA2 4.51 43.4 0.420 0.38 0.32 0.220 0.70 1942 294
Q304 7.93 77.0 0.792 0.51 0.26 0.014 1.03 1398 294

TA2 5 Q304 () Gruneisen E{& 72 S5 n#%

5,
3+ 5 TA2 1 Q304 $MaJ Gruneisen 5 IESEL
Table 5 Gruneisen equation parameters of
TA2 and Q304 steel
e c 3 Y A
TA2 0.5130 1.028 1.40 0.00
Q304 0.4569 1. 490 2.17 0.46
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Table 6 Waveform parameters with different spacing( unit : mm)

A [ R 2.5 4.5 6.5 8.5 10.5

JE#A — — 0.531 0.439 0. 648

R — — 0.102 0.134 0.122

. JE#A — — 0.537 0. 409 0.512
L

R — — 0.125 0.127 0.170
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{a) Experimental interface waveform {(b) Numerical simulation interface waveform
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Fig. 6 Waveform comparison diagram with different spacing
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