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LS-prepost 4 [ A% 438 4= it SPH R 7 (I Flyer plate
B 1) o S AR AT AR B ) % B Cu T Q235 4N, 3 4k %, —Base plate
SRFEE R B ME 25 o BERI RS : B AR 150 mm x o
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A r1: 73 4 Griineisen REL, p N UTTH L, p, WWIIEFE, ¢ WARBUSH, s R K40 1L -
Johnson-Cook M4 BHE A 288 F >k S i 4x J& 19 12847 0, THR AT
o=(A+Be)(1+Clng)(1-T") 7
Hrp RN THRR N
T"=(T-T)/(Tu-T) (®)
K g, WARIBVERNAE; &) = &,/ SN A BIBYER LR, &SNS HRN AR 4. B, C.m, n &5 EAHKEH)
WG T, M= T, W& A . Cu A1 Q235 X1 Johnson-Cook #4 #HE I 2 %431 T 3% 2, Griineisen EOS Z4{
B F 5% 3, Horprs e A, km/s; S, WHLA R %L a 4 Griineisen 2% 73 B9 — M IAFUE IE, G A B UIA &,

% 2 Cu F1 Q235 $XHY Johnson-Cook 1& &l £ £
Table 2 Parameters of Johnson-Cook model of Cu and Q235 steel

Material pAg-em™) G/GPa A/GPa B/GPa n C m T./K T/K
Cu 8.96 46 0.090 0.292 0.31 0.025 1.09 1356 294
Q235 7.83 77 0.792 0.510 0.26 0.014 1.03 1793 294

# 3 Cu F1 Q235 fHY Griineisen F 2
Table 3 Griineisen EOS parameters of Cu and Q235 steel

Material c/(km-s™) S, 7 a
Cu 3.940 1.489 2.02 0.47
Q235 4.569 1.490 2.17 0.46
1.3 BUEESENO ol
H K AR IO %) S A AR 61 32 B A T AR st
WS, ZGar bt (B | G R R A SR 4t
2225 SCHR [15] PR KE S A v 1, 3k U AR I x 3|
6, =4 mm B 25 1 L (B TR 25 5 B AR T i 2 N
R HIH R, = 1.0, R, = 1.5 (P L0 S HOT R W l
I o GTTIEAS B0 Y KE 25 5 43 51 44.8 mm N
M 67.2 mm, & 2 AT, R, FEIT AR E R R, b2 3 éﬁnmS 6 7
R, 0 F Rl AE 5T 1 3B, PR S B0 TR ER & N
R P2 A
W NER .

Fig.2 Explosive welding window
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(¢) R=1.0,4.998 2 s (d) R,=1.5,4.998 6 s

yk_x

(e) R,=1.0,5.998 9 ps (®) R,=1.5,5.799 8 us

('™ .
3 B RHIRICR

Fig. 3 Simulation effect diagram of uniform charge
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ﬁé?ﬂﬁ?ﬁﬁﬁ, ﬁ‘ié’gfﬁﬁ[ R, Xﬂ'}i‘flﬁ’ﬂ%*ﬁ\ E*ﬁﬂf Fig.4 Schematic diagram of key point sampling

T T R o ARYEIEL 5 BOBLUES AT, BEIS 0 B 45 R SRS R — 2
T4 HARHHFRIBRAEED

Table 4 Collision pressure of key points in uniform charge scheme

Pressure/GPa Pressure/GPa
Key point Key point
R, =10 R,=15 R, =10 R,=15
A, 0.581 1.602 As 4.999 7.086
A, 1.672 2.002 Ag 5.754 8.576
A, 4.507 5.289 A, 0.526 1.031
A, 4.654 6.191
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a Table 5 Ladder charging scheme

Detonation Explosive Th
— Scheme a/mm b/mm
Flyer plate
I 67.2 58.8
Base plate Il 67.2 50.4
A Il 67.2 42.0
K6 MR v 672 336
Fig. 6 Schematic diagram of ladder charge structure
AN TRI R T A 28 J7 587 BT 5C B 1 A4 il 43 s ) ?
W 7 BER, BARIE N B T3 6. I 7 Pk o[ o Scemel
B Sl 1 B0 TR, 24 R BB IR A 25 07 205, AR 6| —Scheme IIT
MR )R R 2 gk sy el /‘\
R3S, T2 BN LT s, A
2575 2R DA BR AN R 3R, 00 067 4 B T 6% Al 4 2t
FIFEARRFF AL, DLARAFBAE /N | 0 /N Y (1)

P T WRBEIE 7 I, S R 0 1 Rl 2 4 6 x/fm 0 12 14 16
FE 3 /AN, 362 b D 5 2 1 3 A T
15 % 18 1 T30 1 TR 6, 7 %6 T A9 R I )
e B ik /I R JHE 05 A T 9 D T R 5 e T

P 7 OCHE R R (A4

Fig. 7 Line diagram of collision pressure of key points

fib 75 %8 o 7 22 0 rh S A Rl R R AR B £6 BHAESELESMIEED
j(» %?@ﬂﬁﬁ?ﬁﬁ[%*ﬁ'ﬁ Eﬁﬂigé o jlid ﬁﬁ% Table 6 Collision pressure of key points of
A R 24 R R A 24 T SR G ladder charge scheme

gi F IR, SR BB IE A 25 75 2XAT LAY BR AR 42 Key poiat Pressure/GPa
R A S M4, m A T Y25 &, [ Scheme I Scheme I Scheme M Scheme IV
AT DAY/ KRR 4 S0 IR 5 R R R . 3l ik A, 1.738 1.158 1.694 0.351
O MT A S R R e, R M E & 4, 2.549 2.548 2.141 1.936
R S B, BRI HE 24 A AR i R s 1) R BE 0 ) 4, 3.839 3.830 3621 2776
67.2 mm A 42.0 mm 25 25 i 4 A B doe o 7255 4, 5230 7547 5439 5.665
PRI ESSE P AT AMBIERTZ s g k30 343 asy
E;Eﬁ?;ugfﬁgfﬁﬁﬁm tb@c%zo S Aq 6.423 3.505 3.731 2.064
/N K 247 T8 B 2 At il 4 e 98/, LRl 8 s ) ) 0750 0431 0397 0.435

<

1472 1 5 0 249 V8 5 O AR ™ A% 1 DE FEOG 2R BT L
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3 FEKEAIE
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MR FE P T — S B IRLE, E2A B AR BIFLEL™), Helm-holtz ASFE s JALEEE 1 16 i v
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Fig. 8 Illustration of wave formation
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Effect of Charge Mode on Interface Wave of Copper/Steel Explosive
Welding and Wave Formation Mechanism

MIAO Guanghong'?, MA Leiming’, LI Xuejiao®, Al Jiuying’,
ZHAO Wenhui’, MA Honghao®, SHEN Zhaowu’

(1. State Key Laboratory of Mining Response and Disaster Prevention and Control in Deep Coal Mines,
Anhui University of Science and Technology, Huainan 232001, Anhui, China;
2. School of Mechanics and Optoelectronics Physics, Anhui University of
Science and Technology, Huainan 232001, Anhui, China,
3. School of Civil Engineering and Architecture, Anhui University of Science and Technology, Huainan 232001, Anhui, China;
4. School of Chemical Engineering, Anhui University of Science and Technology, Huainan 232001, Anhui, China,
5. CAS Key Laboratory of Mechanical Behavior and Design of Materials, University of
Science and Technology of China, Hefei 230027, Anhui, China)

Abstract: In order to improve the quality of explosive welding and to solve the problem of high noise and
low efficiency, Cu is selected as the flyer plate and Q235 steel is used as the base plate. The LS-DYNA
software and the smoothed particle hydrodynamics (SPH) method are used to design the uniform distribution
and the ladder distribution scheme, and the effect of the nitrate explosive on the explosive welding interface
wave is studied. The results of the uniform distribution show that the collision pressure gradually increases
along the detonation direction; the more amount of explosive, the greater the collision pressure and the
higher the interface wave shape . In the ladder distribution scheme, four schemes are designed by changing
the height of the initiation and the end of the explosive. The results show that the ladder distribution can
eliminate the uneven phenomenon of the interface wave in the explosion welding, and keep the size of
interface waveform consistent, and the amount of explosives will be saved. The waveform is best when the
height of the initiation and the end of detonation is 67.2 mm and 42.0 mm, respectively. By studying the
formation process of interface wave, the SPH results of formation process of interface wave simulated is in
good agreement with the jet indentation mechanism, which shows the effectiveness of the jet indentation
mechanism to explaining the formation process of interface wave.

Keywords: explosive quantity; charging mode; ladder charge; interface wave

025203-9


http://dx.doi.org/10.1007/BF02814967
http://dx.doi.org/10.1063/1.1729565
http://dx.doi.org/10.1016/0021-9991(70)90078-1
http://dx.doi.org/10.1007/BF02814967
http://dx.doi.org/10.1063/1.1729565
http://dx.doi.org/10.1016/0021-9991(70)90078-1

