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E xplosive welding, a unique form of solid-state bonding, enables the effective joining of dissimilar metals through the rapid release of high-
energy impulse and extreme interface velocities. Unlike conventional fusion-based techniques, this method typically avoids the development
of extensive heat-affected zones (HAZs) and suppresses the formation of continuous brittle intermetallic compounds (IMCs). As a result, the
mechanical integrity of the bonded interface is often significantly enhanced. Owing to these characteristics, explosive welding has emerged as a
particularly promising solution for fabricating large-area bimetallic sheets, complex multilayered composites, and advanced functionally graded ma-
terials. This review surveys recent advances in the explosive welding of metal composite plates, with a particular focus on the underlying bonding
mechanisms, the role of critical process parameters, and the theoretical modeling of wave formation at the interface. It further discusses the pri-
mary factors influencing weld quality, alongside current research and development ( R&D) in post-weld performance evaluation. The paper also
highlights recent research into multilayer and functionally graded composites and provides an overview of practical applications across petrochemi-
cal systems, marine and offshore structures, aerospace components, and the nuclear sector. By synthesizing these findings, the study aims to
inform and support ongoing research and engineering practices in the R&D of metal composite materials.
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Fig.1 Schematic diagrams of different configuration designs and explosive welding processes for explosive welding of double-layer metal composite plates:

(a) parallel configuration method; (b) explosive welding process with parallel configuration; (c¢) inclined configuration method; (d) explosive welding process

with inclined configuration
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Fig.2 Summarize and draw the schematic diagram of its technological process according to the specific working process of explosive welding for bimetallic com-

posite plates: (a) initial state of the bimetallic plates to be clad; (b) structural composition and detailed configuration sequence of the explosive welding device;

(c) fully assembled explosive welding device; (d) welding conditions of the metal plates during the explosion initiation process; (e) finally formed explosively

welded bimetallic composite plate
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Fig.3 Schematic diagram of the formation process of wavy interface with vortices: (a) initial moment; (b) jet formation; (c¢) bulge being disturbed by jet;

(d) jet trapped in the cavity of wave crest; (e) formation of wavy structure
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Table 1 Five typical wave formation mechanisms for explosive welding of metal composite plates

IE s OV B 3 53 P8 | o ROSE LA R AR AR e e 1 8
TR AL, fe 3k
e mig A

[F ke 5 2 6 TR (L TR 30/ 6 T 90 )

T TE AL B 25 20415 5 R B R

YTV IR JE 28031 SRR R

I8l E 2 b Wil B LB
AR R IHLE R AR LA R
o B R A O R 1 o
JEARRE T Sl R R B

T (R AR i 3o 2 288 ) s SRS L, it
PR RIRALEL”)

AL - ShU B /AR  E  RE (I
o KA T J)

A ISP (A% 50~80 pm) , 5L
A3 VLA A

BRFERAE : fLIA AN T 5%

T RCHIL ] - AR M) J=) B8 i85 1o A K (& > 5 %
10% 71) IS i oh

FEA I A AR 3% L2 A (SERE 20 ~
30 wm) , AR EE AL (1~2 pm) , i
ST A

PERESZ I o L AREAL 25, 5 R R AL
RV

73 T LB AR K e o e A
S/ R R B, TR RUE
PERE F1 %5, WKl 4 A 0 28 A
¥, BZI T (W1 P H) T3
AL

7 Ay i )

TE AL - 3 T 8 5 BUR 4 R R
(AEEFBZR, DO 4)
I BV CEAR/NT 30 wm) , 4341
TR (ZALTF R B | oy DL AR
HE

SRBEEAE < 0 2 5 3 B G . 2 TR (T B
T 5%) , W BB

TE L : 137 3 3 b KRR8I (& =
3x10° s71) A IR

T A543 5« B AU 057 5% 43 A5 (55 10 ~
15 wm) , ¥R F1 77 [ 4 fif
PERESS I J5) 30 1 i 42 FF+ 20% ~ 30% , T
ZuL

T AR I A Y - SR e 7 A AR 2
SR 15, WK S 4 e AR A
SR, B SR e i 1 7 (AL
TASEIRAL B8 187 ) , 4 il i Rl
EIERNR N R S AGLY SR
Bitr)

W B 147

TE IR  FAR SN 3 L2 5 8 e i J
AN TSR (KZEE 3 2 1), 35U
A3 (R4 )

TR AR « 5 i X 40 & Ak (R R 1~
2 pm) , T EERTFF 30% ~40% , Tl I (i Ak
FeArIEF)

TEIRHLH 4 )8 AR, BT 2 R
A

TER5M A LT TR ST VAT, A i
NGA MR IVEIZ X (FEE/NT S pm) ,
TGl € J5 1n)

PRE R WA - X S 1 1 RE G R WA, 0 2
LRI BRSO T 15% )

25090146-4



bl LA WA R RA R AR/ R
(#3R1)
I B Bl B AL BEWRIE AL JE A AT S H AT RS IIHFIE B IR A5 A S PERRRE

BTUIAFRE PEDLRE S B AR Y
DI 22 (Av >100 m/s ) {5 1
SRERMAE, ik K-H R (R
TIPSR B OR ) | e B 1 i
(BT R R P A%

Kelvin-Helmholiz
e Kasmip

TR - 5T R e T 8R4 & PRI (T
B 37 L, B S BEHLIE )

TSI ARSI M1 (EA% 20~ 100 pom)
oy s i

SRBEFRAE - fRA DX TEMEMEAR (A 92 2R PR 25
MR FEEARST )  EMHARSR T 10% ~ 15%

TE AL - 428 2 58 A ik, 35 o5
ToJR T 4

Ao A Jo s A BTUIAF I, AU 2
GAMEI I A (ST T 3 um) , T
¥ 52 7 18]

PERER WA - T S 1A L RETC R 0, 007 1 O
MR X ARAIE

R-M KB« wfo i 47 11 2
ZESAUA , fih 2 R-M AR FE (WA
NS B i 3 O L T AR
VIR ;S SR AR5 BOP R
(R-M 72 £ WIIRBIE L)

Richtmyer-Meshkov
JeRaigt

TR - R-M T4 4620 3 fih 22 1) e
i, JE ST AN ST P A 1

FERS i AE R BRI B X 00 A (F SR A 4R
%) , JE Al 3848 CA BT AL R IR E
AR 30~60 pm) | SO LY 5%

ERPEHHE - e s X TCBRFG (IR L34 2))
L R (/N T 5%)

B < J5 30 i B A (& = 5% 10°/s) fE
R SRIREE T M, 4 A Y 5
A5  BRAAE (BRI L 0.5 s)
TEJE 5~8 wm, JolE G M 7 1)

PERE S X 55 18T 1M Al TG 7 T 5% ) ( 48 A
B U I 46 5 SR T R )

SN AR i A -0 BB DA e AR R R A R RS
FE” AR X T O S (40 i P25 o) B B R P4
o TERFMAEIE 5 000~ 10 000 sk Fk bR il 20 i 98 1 AR
PRI A R R AR G RE DTk A RL A AL Bl
BHL PR T R IKsh J1. m AR R T A m
BERLES , B 1AL I DT 43 50 D 4 oRE, S5 B AR R S Al
di T N ARG RE TR RO fih % Sh S S i (DRX) LB
R A AR I A S, LS A A ok Kok L R
B (T=0.5T,~0.9T, T, WG EIEN) B HE NS
BEE QAL RE R RE . R AE SR AR EETE 0. 4T, ~0. 5T, i)
WO R H, AR F DRX B R A4 #E 0. 6T, ~ 0. 8T, Hif
DRX g4 YR IR 5 T 0. 8T, W4 J S A,
PO EE BB RS RS I (0. 5~2 ps) R
T SRR, AT AR S S BRSESIE (p=5~15 GPa)
bt SR AR R A AR o =D SR o (A F o W 5 ) e €]
SIREE” (T/T,) At DRXS2) 5 g e 2l J 77 15k, B
SRR R, SRR AR T Sl 5 TR 5 T 8 2 o ol A W
AR AR 1 O A0 R AR AR B i T A
5 FRES b OB BOR R E M S S IR R . -1 S5
AHVERE (e=5%10"~10"s™' . T=0. 6T, ~0. 87T, .,p=8~12 GPa)
B, LI AR 584 DRX T U 5 Sl 240 &, K b S S P R
WTE BT IR o -1 S BRI (I3 % 22 5k 3%
B SRR AR 2R R BE RN B 57 ) B, AR A2 4 DRX, £ Bl i 45
PGS i (SRX) RS TR A0 & , WU AN S R A 26 e

JE X -1 S H R A (6> 5% 10 871 T>0. 8T, .p>
15 GPa) 2T J, 4 i+ FE AR i+ 4 SR TR S AH Rk 4 2L AR
AJRE . 4n Nb/SS304 Jig ik X 4 Nb i F Fil Fe-Nb 4 J& 8] fk
AW, PEBEAT IR G5 R U ] 38 X R R T 4
(0.5~1 pm) , 41 CLAM/316L JiE {53 X 48 41 i ( 300 nm) FAEAR
f Yo I X A AL S LRSS AR T T B R
P, 10 Ti/SS S THIHER X 20 5 5 0 0 4R W 2 1 46 240 pom'™
JHE 103 X 45 i B B AH (A AL T TiNG ) 14 e 1 25 S B0 Jmy B
A5, 0 1060AL/TAT Jig b X Al Ti AR5 il B4 i Hh B Y
Pt o PRHE RO R AR BRI R A SR (R R |
T ET7) IO AL 2 Ak (40 5 DRX/SRX) | I B FRAE 1)

AT, = A TR AE TS . DRX 2 S e (R0
W) TR OO LR, T 8417 2 AR DG T 5 301 728 T 4
A5 SRX 25 M (0 GRS AE . I IX OV 21 (R 4
RS ERBRAGY) BRI RS- ER R, 2
PEAG T R e M T S AT
1.3 NE£EESHRMIEIEIERENMHRERFIMEER

B AR T VR B R T R R (V) L KAl
HUE (V) FHE A (B) FHIEHA L (A) K25 24 5 (W,) FIR
BHIELEE 1L (8) 2 T % 20w 22

Vi, FEHRAE SN 2545 4% 0 TRE b 58 A K 24
JEH VW AINT A 8RB )20, 38 5 £ 2 000~6 000 m/s
Z0E), HE e TV, JE T B S Y R4 A
JE TN YRR 2 TR B | A, 4 4 T
P PRI &5 A S U R U 25, 0 068 T s I 9 4L 2 R 44 A BT )
PR, JER YR BN, B 1 M RE R W AR 25 5 2
V, R, 25 T 4 I I B G e b R 2 3t K
J1, SBE AR FFEL, T T T 0 4 A

V, 46 M o AR B, — R AE 300~ 1 000 m/s 2.
If), FgesE T Rl A 1 Sh A, % L2 A R
BIR VIR EEARMIEA B HEAE 5~25°Z ] 48 41y B TR
S SRR W RIS 200 S o Xu 2 I & T — R
F& B H BB AL BRI S 2 MR IE T B S &, %
R/ SR SR T o R IO 4 A B A AL ) A T
TWFGE, RBAE V, =563 m/s B=14. 1°IF, 48/ B K AR Bt ifi
SEPCIREEH A BRI G B8 — A A FLIR A1 3 SR
BT T8 , T8 X S R Ay 2/ NEEIR o 15T B B AR PR
S EEHE 350 MPa, B L3 B2 4 220 MPa, J1 2 PERE (L 5, 76 4%
ok A Bl R R AT . 8/ B IR AL e 450 5
HEADIZE S0 LU LI 4, 36T EBSD 2 il i 48/ MR K 5
TR A3 A AR AIE 5 38 A AL % 22 P LR 3 0 L I A
B1J12% (SPH) BB HE 3 6B R4 1o 28 43 A 175 00 L L 5.,
Zhang 2 414 %2 5 2 GF A1 SPH SRS % CLAM/316L 43
YRR MO S BT 24T AT TR 18V, =
540 m/s B=11. SOHF, 5[ 52 BAS A7 TGI8 PO TR 42 g , 5230 T

25090146-5



HoAH$4R,2026,40(9) : 25090146

BEAEG , HOE DX PRG54 (A8 B0 1 40 AR AR R |
S RRL R TE ARORL ) AR R AL

_EBSD4

| 1
[ |

B4 B AR ST A A S st T S L TR H  (a, b) 4/ 4
FRE SRR ) SEM. [ JHE S0 I8 11 J5) B0 WE 8 245 440 5 (o, d) X B SEM [ 33
TR SR I AL 1 Jr e i g 1

Fig.4 Comparison between experimental and simulation results of waveform

structure at niobium/steel explosive welding interface: (a,b) SEM image of
niobium/steel welding interface and local vortex structure of the framed view-
field; (c,d) simulated results corresponding to the SEM image and local vor-

tex structure of the framed viewfield *’
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Fig.5 Schematic diagrams of grain distribution characteristics and evolution
mechanism at the niobium/steel explosive welding interface drawn based on
EBSD data,and pressure ,temperature and plastic strain distributions based on
smoothed particle hydrodynamics (SPH) simulation: (a) schematic diagram
of grain distribution; (b) inverse pole figure (IPF) of the framed viewfield-
EBSD3 in Fig. 4b; (c¢) inverse pole figure (IPF) of the framed viewfield-
EBSD4 in Fig. 4b; (d) pressure distribution; (e) temperature distribution ;

(f) plastic strain distribution**
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Fig. 6  Schematic diagram of explosive welding experiment for AA1060/

TA2/SS30408 ternary metal composite material ()
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Fig.7 Schematic diagram of experimental configuration for explosive welding
of TA2/AZ31B/2024 Al multilayer light metal composite plates and its typical

physical samples: (a) schematic diagram of the explosive welding experimen-

tal device; (b) typical physical sample (7]
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Fig. 8 Microscopic scanning image of wavy interface of five-layer metal com-

posite plate 5083A1/1060A1/TA1/Ni/SUS304*!
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Table 2 Configuration sequence, physical dimensions and inter-plate gaps of metal plates in the explosive welding preparation experiment of multi-layer metal

composite plates
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) PR OBEZROPEE)  Ag(1060A1)  150x100%0.5 ( & ) (2AL ) SRR,
Ag(1060A1)/Nb 2 EALINE )
5 =2 (FER) Nb 150x100%3 (Ag(1060A1) / Nb) (1060AL/Nb) =7 U
LR S
H2ER)  AA1070-AIMg6-  300%200x 10 6 (AAI070/ AIM6;
AA1070-AlMg6- AA1070 ( AA1070-AlMg6- ’ ..
AAL070/Ti(VT1-0)/ 347 . AA1070/VT1-0) AlMig [ff;;mo) ;ﬁjimﬂéfﬁ
08Cr18Ni10Ti " R (R ) . 300x200x2 6 Mibe: | L
(VT1-0) o (AA1070/Ti;
(VTI-0/08CrI8NiIOTI ) o 18NI10TH)
=2 (FER) 08Cr18NilOTi  300%x200x4 VUOLITORIIT .
= TerELENEEA
2R AA1060 220%x120x 10 5 LT I XA fik
AA1060/TA2/ P _ (AA1060/TA2) s i Ti-Fe | &
- iy = TA2 200x 100%2 ; e
SS30408L42J FAr o JZ(EPIEHE) X 6 5 A2 il *ﬁ,%%%éi,]jﬁé
=2 (FER) 5530408 200x100x8 (TA2/SS30408) WX A
. 2
2 (6R) A7075 200%100x3 2 HUID - AL(<2 pm)
A7075/A1060/ L o ) (A7075/A1060) (A7075/1060A1) TG SEfE A
; AT ) = A1060 200%100x 1 W -
Ti-6A1-4V 6] Fi B ECRRER) 5 ED B
%= (FER) Ti-6A1-4V 200x100%3 (A1060/Ti-6A1-4V)  (1060AL/Ti-6A1-4V)
2R Ti6Al4V 200x150x3 8 IR
' . P X ! Ti6Al4V/CP-Ti) (Ti6Al4V/CP-Ti) Joite Sl tEA
Ti6AI4V/CP-Ti/Cul®! 3 R (a2 CP-T 200x150%0. 2 ( e s i ’
i6A14V/CP-Ti/Cu FAr B2 (PE)Z) 1 5 2 TG
)2 () Cu 200x150%3 (CP-Ti/Cu) (CP-Ti/Cu)
F—2CER) TA2 800x400x4 6
(TA2/1060A1) A :
FREER) 1060A1 800x400x 1 3 TA2/1060A1/
TA2/AZ31B/ ) (1060A1/AZ31B) ( AZ31B) JIELLHEIEA
2024A17) DT = =) AZ31B 700x350x3 3 S TR, A
(1060A1 7EA ]2 ) . o ; AL
EIURGHER) 1060A1 800x400x 1 (AZ31B/1060Al1) (AZ31B/1060Al/
5 2024A1)
B )2 (FEAR) 2024A1 800x400x10 (1060A1/2024 A1)
F—R (IR 5083Al 200%200%35 28
(5083A1/1060A1) s M1 -
BEGEER) 1060A1 200x200x4 10 (5083A1/1060Al;
5083A1/1060A1/TA1/ . . , (1060AL/TA1) Ni/SUS304)  JCiSeifat:Ar
A7 ) : TA1 200%200%2 . : ) ’
NUsUssoald) AT RERCTIE) 12 PR FLL AL
) () Ni 200%200x2 (TAL/Ni) (1060A1/TA1L;
9 TA1/Ni)
S ZE (FEAR) SUS304 230%x230%58 (Ni/SUS304)

3 HEDREHEESEE SIRMTRIEETRIER

BT RERR I B Jm B A b BAT PR RE I RE Y IE AR fL
IR RE SR AT RRAE , 7E BRIl AR 7 e 48 ) 3 vh R AR T

2o REETHBIBI DI RERS B 48 B A ROPE B AR T 258
TF 9 38 30 A 7 8 R v i A R () 2 3K 30 Bl 3 AL T 45 45 TR
AR A S ARG Y H 19, Saravanan 27V BESE T A
] 2 AR 1100 48 4isR A 304 REEH9) % 5052 51/316 R

25090146-8



B B A BRI LS R B S AT R/ ) EF

BRI v s, R B R) J2 RE A AR 5 b )2 AR
Bl i A R R 43 BRI 50% |\ 15% , DT W] P
YK 40% , ZAINHE— 225 10 T 5/ R ET O R RR
HECFFRIR (K (4) ) LA X EA LR Lk b FINE

B =0.3/H,/(pV.") (4)
X Hy O ORI 4E R AE BE ,N/m” 5p R  kg/m’,

AR 3 AT e o 35 i A 3 TR AT AR e 1T R DA
S AR o R LT B Sun 2517 S S X WA AT R
FETR] , 9K 5 2 s A TR 35 W/ CuCrZe BG4, 55 W
2 IR W/ CuCrZr A MR TR MERR IR, 45 R W], #a
FRIESREE W/ CuCrZe AR TZE G RAF, BA 3~8 pm [y
SESLI Rl DX AHTE W 7 AR T B A R AR A
R R R T R A A, W AR A
B 5B B SN 9 iR, IR R A W/ Cu-
CrZr W& AR ZUNE 10 Jis

Hfi7: mm

102 103 A (@

LT i

B9 FMHR A LT SRR S (o) A A 1 R BT
(b) HUIN TR 5 R 5 (o) ARt sy 7

Fig.9 Design of tungsten plate dovetail groove and physical diagrams of ex-

plosive device: (a) dimensional design of tungsten plate dovetail groove;
(b) tungsten plate with machined dovetail groove; (c) physical explosive

welding device (72]

Cross-melting zone

S e
X -‘ L}
e DN
10 PR IEIRHE S GAR W/ CuCrZe I HHEH S (a) EBARFERE

HSHOA s (b) BRI 45 S mTE S
Fig. 10  Metallographic structure of W/CuCrZr composite plate by hot-melt

. "
.

200 pm [

fi )7

explosive welding: (a) partial magnification image of tungsten plate dovetail

angle; (b) morphological characteristics of explosive cladding interface' ™
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Fig. 11  Micropore prefabrication scheme for stainless steel substrate and
physical sample of 316L/CuCrZr explosively welded composite plate after hole

expansion; (a) micropore prefabrication scheme for substrate; (b) physical

sample of explosively welded composite plate after hole expansion[n]
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Fig. 12 Morphological characteristics of the composite interface of two types
of explosively welded bimetallic composite plates before and after hot rolling
(‘a) microscopic morphological characteristics of the interface of TA1/X65 bi-
metallic composite plates prepared by the explosive welding; (b) microscopic
morphological characteristics of the interface of TA1/X65 bimetallic composite
plates prepared by the explosive welding+hot rolling process; (c¢) microscopic
morphological characteristics of the interface of 2205/X65 bimetallic compo-
site plates prepared by the explosive welding; (d) microscopic morphological
characteristics of the interface of 2205/X65 bimetallic composite plates pre-
pared by the explosive welding+hot rolling process
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