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5 IR STHLH R H] 55 3K f

T 4 T R M R B BR R AR e e B AT A L A2 B SR A IR iR R BR A A R 2 B S A iR 3
IR SN S 7 DR S TS B T G ROV O R (R AR T R TEA SR IR B, 5 AR T VR Ik
ST LA % A5 2 5 T 6 B 0 i R T T, RIVABE BRI JeE IR g B il T ) 78 T A2 AN Y AR R A R

Y=Y, [1—(T—T,/(T,,—Ty] an
K.Y, R FR To 50T 0983 5w 09 8 IR B2 Y RosiR Ao T i 541 i e o B iy R &, T,
SEMORE I LR

T3 A AR SRR TR R o SR ST IR B Y =0, A S AR B RE AR R e A TS B
R T ARAT IS0 G b A 2 S 0 Ay a8 R S S R R A 38 o e %) 52 e, A SR T A2 A R B B S A
SRR TE S B il A 5K v A% B g W (L (Y S DB AR X L 1 T s o AT N 0 A BT A S B
N7 3 A 4 ok A v 2 AR A e B T S UROER B o DT 3 A A 3] S5 S A I8 38 A R A A IR 1) 5 R 52 45
b sz e it 2k, an il 5 TR .

VA REELAT 0T 1 200 3 39 17 g AR 5 R

Ee el ey
B pytale—e)/[b— (e —¢,)] e =¢,

A E=1.257X10" GPa,a=—1.279 GPa,b=—0.8886,0=7.8X 10" kg/m’,p=1.76 GPa,

FE AR 7 WA T T8 e 2 ST 4 17 g I A i 2

q(t) =qee"* 19
K g =4 GPaQRHZ M /NI A7 3. 312 GPa™') ,0=600 ps(z BALITR A ps) o
A9 A 0T i 0 0 1 ) I A% 4 B S LA 0 48 B R

p (18)



368 = H L7 i Eild %22 %

g

p(2) =pue™ (20)

K po D9 25 fal B A 84 b ol D (BT ) SR B = 1. 432, g ph b AL B B (mm)
V5 R O o 2T R BB A R A Ok
e L S D T S i+ >4 90 W6 ) K I S TR N D | ONi=100ws

6 LS5 A 9 0 o TSN 5 | w00
L 9B 0 A AT A 5 2 SRR S 300 | Spems00 s
W AE {4 4R o T B NPl Sl
P il 1 ) 4 AT SR g bt =T | r=s00us
U 0 6 SRS B PO (7ot 207 .

PRI S M R O R B R gy, T e
SR . SRR B R AT 0 01 02 03 04 70506 0708

Distance/(m)
SV B R LA S TR N ) (A AR A P 5 ot I8 I 1 40 B 3 09 Bt 46
NS . FH N T R AT 0, SRR S A R N I E N T Fig.5 Shock pressure attenuation
A I 56 o 0 K 45 — o o with wave propagation

SIRJBE 55 TR0 AR BN 5 B L IR B P B 2

e SR T UL e 4z 2 228 0o 22 I 553 o AT 355 A 200 T8 At 4 SR T AP gz s B . LI 5 S Bl 2 7 0. 15 m Ak i
B R AT RS S i R B P R A AE R B R AS I HI 55 29 0. 8 GPa(5f 5 /NIy 20 1 i ) Ve {5
0. 15 m AZEXF L Y W HJ EL 2 280 BT ph (17D AT A0, e i/ i) 580 T I AT T B oo, L BIRE 438 - BRARAS £ 5

6 & it

(1) H T 2= ) 4 DA B2/ T R A ot o DRI O ) i 1) % O A5 22 T FIROR Lk i A o ) 488 e 48 4
A BT o DT (A5 B W) DX Sl /s P 247 8 R IR 281 K. A [RIRE A S AR IR EE T AT EE TR TR 2
SRR AN SEPCE N

(2) FEBLTE A0 T 2 B 2 8 S 6 20 8 R A7 A TR Y e o s, DA TR ) 583 B0 8 4 A T Y R
PR PSR BE L PRAP 255 LTSS 8 A R T 4R e A AR B R

(3) 3 3 of AP i 2 1T U4k )2 AT DARREAR S T BR i A 408 £ ) 2 rp e B O i B SRR T DI i R
BIR S AS BT K P 5 32 45 5 ol FH DA T ol o K A e 7 1 7R BRI A B X

References:

[1] Guo Y C,Wang Z X. Amorphous Physics [ M]. Beijing: Science Press,1984:280-352. (in Chinese)
SRR EREVE. AR S A e (M. Jb st Ao ek, 1984.:280-352.

[2] Kawamura Y. Liquid Phase and Supercooled Liquid Phase Welding of Bulk Metallic Glasses [J]. Materials Science
and Engineering A,2004,375-377:112-119.

[3] LiX J,Zhang K. The Principle of the Explosive Welding for Multilayer Amorphous Foils [J]. Chinese Journal of
High Pressure Physics,1993,7(3) :214-219. (in Chinese)
BRI DL 2R AR S A R [T R R AR, 1993, 7(3) 1 214-219,

[4] LiXJ,Zhang K.Yang W B,et al. Explosive Welding of Amorphous Alloy Ribbons [ J]. Chinese Journal of High
Pressure Physics,1993,7(4):265-271. (in Chinese)
ZIRALIK Bl SOW L SF R A IR KRR [T S R . 1993, 7(4) 1 265-271.

[5] Hokamoto K,Fujita M.,Shimokawa H.et al. A New Method for Explosive Welding of Al/ZrO, Joint Using Regu-
lated Underwater Shock Wave [J]. Journal of Materials Processing Technology.1999,85:175-179.

[6] Yan H H. Research of Explosive Welding for Amorphous Alloys Ribbons [ D]. Dalian: Dalian University of Tech-
nology,2003:132. (in Chinese)
=) . S AR S R BRI R T Y (D], K% - JOEH TR, 2003 132.



5430 FHHE RS« 222 A ST R K AR R S g BT 369

L7]
(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Djiken D K,de Hosson ] Th M . Thermodynamic Model of the Compaction of Powder Materials by Shock Waves
[J].J Appl Phys,1994,75(1) :203-209.

Djiken D K,de Hosson J Th M . Shock Wave Equation of State of Powder Material [J]. ] Appl Phys,1994,75(2) :809-813.
Li X J,Yang W B,Xi ] Y,et al. The Lower Limit of Explosive Welding Parameter Window for Binetal [ J]. Explo-
sive Materials,1999,28(3) :22-26. (in Chinese)

ZEMEAN W SO, Rk — A5 XU R AR MR T IR [T R AR, 1999,28(3) - 22-26.

Yu C M. Heat Conduction and Its Numercial Analysis [ M. Beijing: Tsinghua University Press,1982:420-473. (in Chinese)
AT BB A T TR 40 A LML JE Bt T A R ik, 1982:420-473.

Sun Y X,Fu Y S,Wang X P. Influence of Coating Materials on Temperature of Amorphous Foils during Explosive
Welding [J]. Explosion and Shock Waves,2008,28(4) :350-354. (in Chinese)

INFHT AT AL, R P T IR 2 0 R A R AR HER S R [T MR KRS vh . 2008,28(4) £ 350-354.

Yu Y Y,Chen D N, Tan H,et al. Study on Spallation in LY12 AL Caused by Triangular Waves Using Plate-Impact
Tests [J]. Acta Mechanica Solida Sinica,2006,27(3):261-267. (in Chinese)

AL R I 8,45, AR IS LY12 )2 2Pl SEBRATSE (V. M7 2% 41 .2006,27(3) :261-267.

Yu S W,Feng X Q. Damage Mechanics [ M]. Beijing: Tsinghua University Press,1997:10. (in Chinese)
RFFEICAG VG, B4 702 (M. Lot 38 # K 2 H RAE 1997 ¢ 10.

Li Y C,Wei Y,Ding Q C. A Simple and Convenient Solution for the Attenuation of an Elastic-Plastic Shock Wave
[J]. Explosion and Shock Waves,1988,8(3):193. (in Chinese)

KU, BR BT S W S P VR e R R A — R R A R [ MR AR S el . 1988,8(3):193.

Wang H F,Feng S S. An Approximate Theoretical Model for the Attenuation of Shock Pressure in Solid Materials
[J]. Acta Armamentar,1996,17(1):79-81. (in Chinese)

FEAR L B A BT e B R R AT B 5 [T, SR TR, 1996,17(1) : 79-81.

Cristescu N. Dynamic Plasticity [M]. Amsterdam: North-Holland Publ Co, 1967.

The Experiment Design for Explosive Welding
of Multilayer Amorphous Foils

FU Yan-Shu,SUN Yu-Xin, WANG Xiao-Ping,ZHANG Xiao-Li

(National Key Laboratory of Transient Physics,
Nanjing University of Science and Technology s Nanjing 210094 ,China)

Abstract: Because of the high strength and temperature sensitivity of the metal glass,its lower limit is

higher and upper limit is lower than that of crystal metal when bulk metal glass was prepared by

amorphous foils explosive welding. In this paper,the surface of foils was coated by copper to decrease

surface hardness. Results showed that this method can reduce the lower limit, concentrate the energy

of plastic collision mainly on coating layer and remarkably minimize foils heat effect zone. Besides,

during the experiment designing,ideas of damage mechanics were used to set defects to accelerate the

attenuation of tensile waves,so the tensile strength at welding interfaces can be reduced,in combina-

tion with the model of thermo-softening at welding interfaces. The upper limit was obviously in-

creased. Both of upper limit and lower limit were improved, and the welding window was effectively

expended,so the purpose of preparing bulk metal glass by explosive welding amorphous foils would be

easier to implement.

Key words: explosive welding;amorphous foils;temperature field;tensile wave



