3028 REEMPBERCE 174 B 128, pp. 3028~3044, 1993

@ 20

cHYTT - 2 - EHE

(19931 4% 199 AF)

Computer Simulation on the Explosive Welding Characteristics of
Dissimilar Materials

Chung Kyun Kim, Myung-Koo Kim, Jung-Gi Moon and Won-Ho Son

Key Words : Explosive Welding (&4-2-4),
AE),

Dissimilar Material (o] &z} 3),
Jet Instability Criteria (A& E<tA dAA),

Metallic Jet (&%
Wave Surface (#}9)

Abstract

A metallic bond of great strength for the same or dissimilar metals can be produced by the
explosive welding. The formation of a metallic jet at the interface between the two impacting
plates has been simulated using the numerical hydrocode DYNA2D. The mechanism of explosive
welding for the wave formation is also analyzed by the computer simulation technique. The
microscopic observations for the metallic jet and wave formations are shown to be in good
agreement with the experimentally observed behaviour of the explosive welding. The computer
simulations of the explosive welding process have proven especially useful for analyzing the

mechanism of metallic bonds
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Table 1 Data for the computer simulation

Basic Parameters Values
Flyer plate thickness, mm 6.6
Base plate thickness, mm 20
Explosive thickness, mm 239
Explosive density, g/cm?® 09~1.1
Detonation velocity, m/s 1500
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Fig. 2 Mesh generation for the computer simulation of explosive welding
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Fig. 4 Computer simulated deformation pattern of the explosives in the boundaries
during the explosive welding process
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Fig. 11 SEM photography of the explosive bonded Al
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wave, X29

(a) Transfer of energy from the explosive to
the flyer plate

(b) Transformation of flyer plate kinetic
energy into deformations at the interface

(¢) Hump formation

Salient jet

Re-entrant
Jet

(e) Periodic wave formation

Fig. 12 Bonding mechanism of explosive welding
process :



3043

olZAlael ZUEANEA Mo A3 AFE AEH A
(Ministry of Education Research Fund for Adva
nced Materials in 1992) o] &J& o] 2o} A2,
angs
(1) Bahrani, A.S., Black, T.]. and Crossland, B,
1967, “The Mechanics of Wave Formation in

Explosive Welding,” Proc. Roy. Soc.(A), Vol.

[SIRLIN=Y
(2) Robinson, R.L., 1975, “The Mechanism of

(@) AZARAH &
A4 AAA oA E 2} Hpg Fo 4R

b AlEGen o) 2

FHo2 2£4FFd4e] BAHAA FEH A
Wo| A+ §7]8 A (hump generation) o] Ay
AREel Bl Add A=

AR A &
296, pp. 123~136.
Wave Formation in Impact Welding,” Philosoph

(5) d&AA FoiAle] g HIAHA A
A § 9} (sinusoidal wavy surfaces) 2] 414

ical Magazine, Vol. 131, pp. 587 ~597.
(3) Botros, K K. and Groves, T.K,, 1981, “Poten-

219 AR IS o] &3 FrtA] ol4te] £
tial Flow Solution for Two Obliquely Impinging

Aol chgh FUHEe AL N3ddn & 5 9l
= AEe HA3 ol 913 Fig 117 Z& AY
il o] whAe P HFHE Sl digd
Two-Dimensional Plane Jets of Different Stag
nation Pressures,” ASME Report 81~FE~18.
(4) Bahrani, A.S. and Crossland, B., July 1966,
“Explosive Cladding,” Welding and Metal Fabri

T

3 T8¢ 4% P

6. 4

239} FAd A&

EAE AFE A
1o 2 sAst

A4

Fope] FokA] HAHE
o] & o]FAM Ty
old Yoz st Ay
7 oled e old BN AL ATt cation, pp. 252~ 257.
Hagl mAle Ee)d Aol B B o] EH) (5) Harlow, F.H. and Pract, W.E,, 1966, “Forma
A7zle]l A3l Ao dlsle] DYNA2D §3la4 tion and Penetration of High Speed Collapse
228 olgd AdATl oo 38R Yol

Jets,” Phys. Fluids, Vol. 9, pp. 1951 ~1959.
ot z7]= Oberg®e] Al E#iold Azs} A& (6) Botros, KK and Groves, T K., July 1980, “Fun
damental Impact Welding Parameters-An
Experimental Investigation Using a 76 mm Pow-
der Cannon,” J. Appl. Phys, Vol. 25, pp.
3706~3714.

(7) Oberg, A., Schweitz, J.A. and Olofsson, H.,
1984, “Computer Modelling of the Explosive

dxstn glen, ®AAoR WA AEY
Welding Process,” Proc. of the 8th Int. Conf. on

<
¥ 719 Raid"vt Onzawa’® So] A&
W ozela oiuld] fARsbeh, S3] A AR A
AE7} dgEle) 279 Fwisige] FAE 77|
A Azto]l 16ps 22 dints] wlE S22
oA 4d, &=

Aol AR Ut AYARAAY A= pg3
H
(8) Merzhiersky, L.A. and Resnyansky, A.D., 1985,

F714dl sty 4L FEH ¥
o FA4% Asol #HE Al A AEE HERF, pp. 75~84.
AAAAZAJIC) wiEolzt AARH I, ol 2
A oS F73AL o)A Ao 73 “Dislocation Structure in the Models of Dynamic
T,
SWE2D,” SweDeFo Report DS 1982 : 14, Swedis-

LR EDEE R S,
2 A7 2gRe AYEH A4 olol %E
o]EA Aol HFAMA =A-E 2rle] A 4y
acg olgw A
(10) Cooper,
h Detonic Research Foundation, Stockholm,

Deformation and Fracture of Metals,” Journal

de Physique, pp. C5~67~72.

(9) Hancock, S.L., 1976, “Finite Difference Equa-
tions for PISCES 2D ELK,” Physics Int. Co.,

California, TCAM 76~2.

1982, “User’s Manual for

o2 F3% 3 DYNAD zc=g
.9 (trial and error method)& Edle] AHY=z
79 A A teAdE € dTE ok #E
sttt
= Sweden.
(11) Halilquist, J.O., Jan. 1984, “User’s Manual for
Az Eof A4 DYNAZ2D,” Lawrence Livermore National Labo-



3044 ARE - AETF - 2R -

ratories, Report UCID-18756.

(12) Bergmann, O.R,, Cowan, G.R. and Holtzman,
A.H., 1966, “Experimental Evidence of Jet For-
mation During Explosion Cladding,” Trans. Met.
Soc. of AIME, Vol. 236, pp. 646~653.

(13) Allen, W.A., Mapes, J.M. and Wilson, W.G.,
1954, “An Effect Produced by Oblique Impact of
a Cylinder on a Target,” J. Appl. Phys., Vol. 25,
pp. 675~676.

(14) Abrahamson, G.R., 1961, “Permanent Peri-
odic Surface Deformation Due to a Travelling
Jet,” J. Appl. Mech., Vol. 28, pp. 519~528.

(15) Raid, S.R., 1974, “A Discussion of the Mecha-

€45

nism of Interface Wave Generation in Explosive
Welding,” Int. J. Mech. Sci., Vol. 16, pp. 399~413.

(16) Reid, S.R. and Sherif, N.H.S., 1976, “Predic-
tion of the Wavelength of Interface Waves in
Symmetric Explosive Welding,” J. Mech. Eng.
Sci., Vol. 18, No. 2, pp. 87~9%.

(17) Gupta, R.C. and Kainth, G.S., 1990, “Swing
Wake Mechanism for Interface Wave Genera-
tion in Explosive Welding of Metals,” J. Appl.
Mech., Vol. 57, pp. 514~521.

(18) Onzawa, T. and Ishii, Y., 1972, “On the Wave
Formation in Explosive Bonding,” J. Jap. Weld.
Soc., Vol. 41, pp. 446.



