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Fig.3 Dimensions of shear specimen (a) and pull-off specimen (b)
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Table 1 Physical parameters of state equation of TUO and 316L steel

Parameter TUO 316L
Reference density, p,/g-cm” 8.9 7.98
Bulk sound speed, ¢/m-s' 3940 4569
Material constant, s 1.45 1.49
Griineisen coefficient, I, 1.99 2.17
Specific heat, p/J-kg "K' 385 423
Reference temperature, 7 /K 298 298
Melting temperature, 7_ /K 1350 1689
Initial yield strength, A/MPa 90 305
Hardening coefficient, B/MPa 292 1161
Strain rate constant, C 0.025 0.01
Strain hardening exponent, n 0.31 0.61
Softening exponent, m 1.09 1.93
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Fig.5 Interface state of TU0O/316L clad plate during explosive welding: (a) pressure; (b) temperature; (c) effective plastic strain; (d) von Mises stress
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Fig.6 Microstructures near the interface of TUO/316L explosive clad plate: (a) OM image; (b) inverse pole figure (IPF) of TUO side; (c) IPF of the
interface; (d) IPF of 316L side; (e) grain size distribution of TUO side; (f) grain size distribution of 316L side
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Fig.7 Distribution maps of recrystallized, substructured, and deformed grains (a,—c,) and local misorientation distribution (a,—c,) of TU0/316L

explosive clad plate: (a,, a,) TUO; (b,, b,) interface; (c,, c,) 316L

FURISEIEARTE , 3E— 0 IR 486k e 5 1 405 it ), Fje 2%
T BI85 o R v T AN AN
3.2 TXLEH

£ TUO/316L 3 X 5 & Ft 1 43 o, 40 ] 8a~8d JiT
AN EIT M EL R B, TUO/316L 1 4F 5 4 FL A7 45 W]
BIE A RRAE o 1 B A X 2 30 o0 A TS TR
U [X 355 T AN 3% 252 1) 5 R A A X T 7 AR X S R Ry
EESEA AN IEAGIX o BRI G ST v e DX 3 el 4
I T mm B, IN#GER AT 10° Kis, 7RS4 1F AR
FE TR 4 51 R SR E AR AR, g AL
BRI X A7 /EFLIF . EDS THIF 45 43 BT & B9, I A6 X
HAA 316L ANEREN T 2 AL R 4L, 1B 70 3R 0 A7 S B RA 2 1)
A5, [l B ST XS AFAE A BRI TGRS B R . X
— DG R T N R 1) v B AR T 26 (10°~107 57 TR
B s A FH 3 ATk A B s DL DR FE R ZURE
T RS A TR R b, (L ER T Rk 1D AR D 20
WASFRAY AR, FBOCE A RN, R
TR [ AR R AR 2P T RALI . A, 0 SR
AR X S0 S A X TS0 22 5 S il T Je3 30 e i N
PN [ R e Ak ) sy 35 4 S ot S AR S U AL
T A AL AE X AR [ e BN R T T OE SR 1 X

#— 5 1Y) Point 1 #1 Point 2 £k H 0t~ T 154k
XA 55 ] 25 ST 500 A9 X (B 8dD o [l 7 F T
[ TG 3R 70 AT 5 I O PO FEE R AAE T A DX PN ) 42 7 A
X BOL I . X P2 BT 58 A AN A R AR
MU TR A X, JE R IR A E BRI Ao i A AR

B (Y BOR BT E B S S 23 M E L GRS R
L1107 mYs, B A2 1072 m¥s) o 11 [ 2% F 1 38415 H sk
TEHLE , 52 Arrhenius 77 F24% 1, JE T 10 B, BE £
Wy & T AL AH T THD S R P TE L B OEE B N T
TS IX DRI Bl 2346 B2 S T B B Ui o R B A R A2
FA A4 X5 ] 2 TR (1) O DX e B LR Rl (1) 3 BSURERAE
XA REAR T (OB T B AE P A AR s () PR
B AR s (3O 1 SR TR . XL R I
PR RERIE A S 1) 2 ROBE R AR AL FR 4L 1 )
SR -

BEXT 1R 7 S, I e VR 3 0 3 BOR BEWE
FC, M L5 R TR, #0441 Point 3 Al Point 4 3 BUIAR FE
M 1.6 um, T 3% 23 A 1) Point 5 Al Point 6 3 BUE I , 1k
2.1 F12.2 pmo X FhZE 5T BRALER AT 2 A A
B B0 A XA Iy K i ] (1 B AR T e, =R
B 1 P AR O R TR A T 1
T8 IR, A AL B AR A RR R [ B K (2 b i
g0, BEMEE T EEY BOI . ML, B X R
SR TR I S E R, PR O O R (A R R A
10° K/s) P25 R T IR FIiER . Bhabh, m b 4RI i B
P BOE BE I — Rk T A IR T B XA
BT A 23 A 22 53 70 0 RO 1 1 IR Bl Be o A
FRIA PRI
3.3 SN1EFMRE

W 9 frw , B S50 45 R B, TUO/316L 13 1E &
A bR LT &5 A 5RO S, PR 2 R BT U R 2 0 210



%9 RMOREE: R R E KR E TUO/316L BRNE S A iR A T O A URHIE 5 ) A I RERIE 9T 2393 ¢

o Viclicdlzong @]
S eoini )

wPoint 3} WPoint 4
PRV TR R

Point 5 Point 6
3612
Bimm|

600 1400

1200

w1000 i 11600 7600

500 e ‘e ‘e
e
30 800 iy 3000 o0
3 600 oo 2000 300
3 200 400 200 200
= 100 200 200 1000) 100 100

of — O} ~——t 0 e

0 20 40 60 80 100 0 10 20 30 0123456789101 0246810121416 0123456789
Distance/um Distance/pm Distance/um Distance/um Distance/um Distance/pm

K8 BB R TUOB16L B AR FHRITESR S o0 3R /- A
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welding
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Fig.11 Side bending performance test results of TU0/316L clad plate interface: (a) macroscopic image; (b,, b,) inner bending; (c,, c,) outer bending
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Abstract: To meet the high-performance requirements of copper/stainless steel composite materials for the “double-box lap joint structure” in

nuclear fusion devices, explosive welding was employed to fabricate thick TUO/316L clad plates. The interface characteristics and their correlation

with performance were investigated through microstructural characterization and mechanical testing. Results show that jet interference and wave

impedance differences under explosive impact induce a periodic wavy interface (with wavelength of 789 pm). Molten mixing dominates in wave

crest regions while solid-state diffusion prevails in trough regions, with deeper diffusion observed in troughs. Dynamic recrystallization occurs in

TUO-side grains, whereas 316L-side grains refine to submicron scale. The interface achieves remarkable shear strength (210 MPa) and pull-off

strength (230 MPa), both exceeding the ultimate strength of copper matrix. Bend testing shows no interfacial delamination, confirming superior

peeling resistance. This research provides critical insights for interface design and process optimization of composite components under extreme

nuclear fusion conditions.
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