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Table 1 The chemical and physical constituent of fusion layer of the

bimetal bonding zone. in the explosion welding

Noo| RN | KRR fL#eR (EE, ") B

1 H o H T B4t Cu29-49, Cu3g* [FFEEr

2 B B HLf 54 Cu s 65, Cudt* [

3 BB | B R s AR Ti AT fil e A

1 B Bk B - EREl Cut7?-72, Cujn* [ 5 {4

5 B | X skt gt N1 B0-80, Ni76* Ni . Ti. NiTi.

6 gk W | X BT Cub8 75, Cu7l* CuTi, Cu.Ti

7 BB | X kATt Tis3-40, Ti31* Fe.Ti

8 B | X piEfingt — NiZr, NiZr

9 WO X gskfir gt Ta 73 NiTa

1o %8| X gyt Ta 77 Fe.Ta

1 o8| X it Cu 7t 80, Cuby* AL Cu. AlCu.

12 g8 | X s gt ALBI-61, Al63* Al,Fe Al.Fe. Al.Fe
13 WO | X g Al 5568, Ala7* AL Ni.. AN

14 BOsk | X gkt Al33-62, AlAT* TiAal,

15 W R Ag 60 Y0, Agsy* AR IMAL S A Fe it {7
16 WO e Ni 17-41, Ni 27+ N SEAH R
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Table 2 The chemical and physical constituent of fusion layer of

the bimetal bonding zone in the explosion welding

v | s | CER) MEE R, o | -
A B 1 Il BB

| i 63Ag t6Ag 50Ag 72Ag | 57TAg

2 B 89Ag | 78Ag y2Aag | —— | —

3 R 81Ag | 75Ag

! w8 29Ag | 40A! 32A1 | (7A1) _AlLCuy (ALCw)

5 o8k 67TAl | 54Al 75A1 | 65A1 | 70Al Al.Fe Al Fe

6 BB 50A1 | 48Al ALNIL AN

7 ] 81Al | 50Al

% O 27A1 | 20A1 9Al | 62Al 27 Al

Yy | [0Au 76Au 73Au | —m | ——

10 & B 85Au | 80Au 78AU0 | ——— | ————

11 B 8 83Cu 65Cu 69Cu | —— | ——

12 B B (1| 71Cu 56Cu 82Cu | 35Cu 59Cu

13 & %2 | 71cu | 56Cu 84Cu | 45Cu 64Cu

i1 Bk 90Cu | 61Cu CuTi, Cu.Ti

15 B @D 23Mg | 10Mg 49Mg | 65Mg 57 Mg Mg.Cu

16 B (2| 23Mg | J0Mg 45Mg Mg.Cu

17 B B3| 23Mg 10Mg Mg Mg.Cu

18 i) Mo | MMo | g2Mo | —— | —— MoNi, (7 )

19 B 8INj 55Ni Ni.Ti

2 I 30Ta 37Ta

21 Bk 68Ta | 67Ta

22 R 51Ta | ¢2Ta NiTa (7

23 ek B 31Ta | 351Ti Fe.Ti

24 &% 61Sn | 86Sn 76Sn. (95 100)Sn Sn;Cuy

25 o8 89Sn | 92Sn (95 98)Sn Sn.Fe

26 W 16Zr 54Zr 31Zr | 16Zr 28Zr

27 g4 | 31Zr | 60Zr W0Zr | TZr 352Z¢ NiZr Ni.Zr

28 ok 1632 | 48Zr 66Zr | —— | ——
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Table 3 Intermetallic of fusion layer in the bimetal

bonding zone of the explosion welding

Noo | &BHEE ERELEY a3l
1 8 &k Ti.Cu: Ti.Cu,  TiCu, TiCu, TiCu [3.41
2 N | Ti.Fe, TiFe, TiFe. [5.6,7]
3 oo Fe.Zr (8]
4 gt b ZrCo, ZiCo:.2r,Co,.Zr.Co, L9]
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Table 4 Bonding strength of explosion welding and anneal

states in titanjum-stee] bimetal sheet

L e i VA e
BXILZE | omrds | a0t 610" 700* 80* 90 H* 1000* i
HE I Ay
B YRR Ti.Fe
357 290,00 | 181.3 | 112.7 | 106.8 | S0.0 1.0 TiFe
(MPa)
MPa TiFe.
» (C,lh),
5 BHESHMLAK-MESHENESERE
Table 5 Bonding strength of explosion welding and hot-
rolling states in titanjum-steel bimetal sheet
EE (O | BES 750 800 850 a0 1000 | B FUUCH L AT
MLE (") 0 1.3 iy |oszar a3, | 1o File
T e
BYISEE (MPa) | 357.7 | 230.3 | 1903 | 173.5 | ——1 50.0 Dl e

F 6 BHESHBRXETER - HESRNEAREE
Table 6 Bonding strength of explosion welding and anneal

state in stainless steel-steel bimetal sheet

B M
;‘EJ(_]:*Z‘: Ag};‘g{? H00* 60 0* T00* 800* 900* 1000* j
H{E -9
BY YIaREE o B AT LAY AL
106.7 | 289.1 | 284.2 | 247.0 | 215.6 | 235.2 | t12.7 _
(MPa) A4 L e

« (Coth o,

0. AR E AT DU THE SEAIAEAAE B RS B PR &SRB M., 64 .
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BX) g, TP BRTEEXARSERMEADMERTHC K, XHE TIPSR
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Table 7 Bonding strength of explosion welding and hot-

rolling states in thick steel-steel bimetal sheet

R &

® & WAL Rtk F 28724 T AR PR
BREM | BRMKE | TN
BUISRE (MPa) | 106.7 21,9 220.5 339.1

4y BB MPa) 463.5 418.5 310.7 363.6

# MR A LI Fe

# 8 BESMBINENTERESEMNESEE
Table 8 Boading strength of explosion welding and
anneal states in both bimetal sheets

| mE TR
AR BATY g | s000 | 600 | 700 800* | 900*oo0*
HAERM T
WK (MPa» | 479,2 | 472.4 | 461.6 | 303.8 | 266.6 {134.3{36.,0 | Ti.Nj
B TiNi

SR (MPa) | 330.3 | 223.4 | 116.6 | 141.1 { 115.6 |43, |24.0 TiN1.

WA SEEmE (MPa) | 536.1 | 584.1 | 576.2 | 600.7 | 551.7 [489.0 {482.2
W |9 EBE MPa) | 415.5 | 417.5 | 370.4 | 344.0 | 392.0 [577.2 {531.2

il W

H: BEXRE, 8RB ARERE, R-ARREEAAREEN. L. TEXPHARIM
REwN. »C,0.50)

Note. In strength tests. nickel~titanium samplss break from interface.nickel-stainless siweel
samples break from mickel layer. The test in the above and following wbles al

break from the interface.

F 9 BAEMRSHE-LY ., BSHEASBENRW
Table 9 Effect of anneal on the bonding strength of both
states of caprum~-LY,, bimetal sheet

R & opkge | A | 3500 | wor | as0r | 5000 | BB TFA M ARG

BEA HERE | 0.0 | 6.0 7.2 | we | 23.2 Cu fIAIE £

_ N
Pl (MPa) 44.4 | 39.0 23,2 21.6 24 .0 EREL Y
*(,0.5h),

M A RE, Wix FHELRLAER AN SRA G, RMTANRLERE, CIm%a8
HHREEERE S, R4~ 0PMAREIRTLIE SR MR, BT ~ 100 U BIER
RERMELAEBRFM LGS GRER. REATR, KM (Fe) FIHX 54 A
HEREREMEREETVNERAS, CNNEERKBRS FRSMAL. &4 7 REY
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Table 10 Bonding properties of explosion welding and
anneal states of cuprum-LY.,, bimetal sheet

EXTY BaEA | 3500 | 4000 | 450% | s00* | @ TFAMEERNEY

WUI®RE (MPa) | 86.4 | 67.9 | 58.8 | 46.9 | 20.3 Cu FIAl 2 R E 5
SEBWE (MPa) | 116.6 | 77.3 | 51.6 | 47.4 | 24.4 SmELE
* ((,0.5h).

ik, MBRMARHEN (Fo) EMEEEABRRGHERAE, SAXKNEREE AR K
KEsh, BAREREMEL. KR RIS SR bR 145 A 1 RE2E (L i SRl AR

o J S 2 The L) M
7 B BkEAR B AR 7E1000 O 8 k- BRI SR R0 C |2
1 AR KEME SRS x50 ANEHINERED £ = 427V AL B4
Fig. 7 Bonding zone form after lhr. s~ a0
titanium-steel explosion welding Fig. 8 Bonding zone form of after

bimetal annealed at 1000 C 2hr. titanium-steel explosion welding
" bimetal hotted and £=42.7% hot-
rolled at 800C
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EXPLOSION WELDING AND PHASE DIAGRAMS

Zheng Yuanmou

(Hubei Institute of Automobile Manu fucturing)

ABSTRACT A thin layer of fusion zone is fused and compounded at the high tem-
perature in explosion welding process. Lots of expermentai results show that the phases
in the fusion layer are corresponding to those in the phase diagram of the system.
Thus. phase diagrams could be' used to predict the phase in the fusion zone., the ex-
Plosion welding ability of metals,the bonding stregth and the effect of later forming
process and heat treatment 1o the bonding properties. In other words, phase diagrams
are the theortical basis of parameter selections of the explosion welding forming and
heat treatment.

KEY WORDS explosion welding, explosion welding bimetal sheet, fusion of the

bonding zone, phase diagram.



