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Fig. 2. (a) Schematic view of the explosive welding process arrange-
ment; (b) explosive welded circular pipe.
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Fig. 1. Schematic view of shape-rolling process of two-layer pipe.
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Table 1. Chemical composition of the materials (Al and Cu).
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Fig. 4. Schematic of samples and the supplemental fixture for shear test
of joints: (a) explosive-welded circular pipe(b) shape-rolled square tube.
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Fig. 3. (a) The test rig during the shape rolling process of two-layer
pipe; (b) Sample of two-layer square tube after shape rolling process.

5,5 A (13,5 W55 e Wldas Cps 13 3,95 0l (A1) Y JSUS
(RIS Sllos 5l ax 41¥5d (195, A I (slaiged () ca¥gd
RXEN

o kg Syhe Juad Jlail plSottal (ao)p (piomen

b)) Sy Juad Jlasl plSoxinl p a9l 3,95 a1 5 31 g osd (¢ )i
Aogkd 93 yebiie .l 0103,5 plil by ploxiul yg0jl lawgs
g ond (g bl hgs 3,5 dg 3l edils ladige sl (ogase
Aol 4 aiged b didlw 5 ()b oddid )i 565, lee dlg) CoT Cuand
Fogske Vo g (25 s VY diged Sl & g ladlg) o I yio oo N ¢
4 Babodld By g ol aye 93,5 sladly Jsb sliwly 5 Jsb
u"l“"" ¥ Jss .\M:LL;o ldeQJ u_\a.ou sbewly y l.zzs‘j uPE &S Lg»]o
Ans Ladiged a3 o Ui ) baaingdid ) Ladiged (62515 0520 (izmen
[0 ey byl 08 Aliagds g 48,5118 Mg 19,3 ¢ g jLwodlal I



FYA B FEV doxiuo AYAY Jlo & oyl B+ 093 pusS pual SlSlo (nties &y yui

20pum

Fig. 6. SEM image of Al-Cu interface with thin and discontinuous
intermetallic layer
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Fig. 7. Cross-section optical image of Al/Cu interface with thick and
continuous intermetallic layer (a) after explosive welding process (b)
after the last stage of shape rolling process.
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Fig. 5. Cross-section optical image of Al/Cu interface with thin and
discontinuous intermetallic layer (a) after explosive welding process (b)
after the last stage of shape rolling process.
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Fig. 8. SEM image of Al-Cu interface with thick and continuous inter-
metallic layer.
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Table 2. EDS analysis from the region marked with A in Figure 6.
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Table 3. EDS analysis from the regions marked with A, B, and C in Figure 8.
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Fig. 10. SEM image of AI-Cu wavy form interface with thick and con-
tinuous intermetallic layer.
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Table 4. EDS analysis from the regions marked with A, B, and C in

Figure 10.
Al (at.”) Cu (at.”) S S
A 4l £5\a YY/IAY ALCu
B asb av/\ FY/AQ AlCu
C asb FA/F FAA AlCu,
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Fig. 9. Cross-section optical image of Al/Cu wavy form interface with
thick and continuous intermetallic layer (a) after explosive welding
process (b) after the last stage of shape rolling process.
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Fig. 13. Cross-section optical image of Al/Cu wavy form interface with
continuous intermetallic layer and Al-rich islands (a) after explosive
welding process (b) after the last stage of shape rolling process.
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Table S. EDS analysis from the regions marked with A, B, and C in

Figure 12.
Al (at.”) Cu (at.”) S o S

A 4L SYIYD YY/50 ALCu

B asb FAIDY oV/Es AlCu

C asl SYIVY YY/AY AlCu

V€ S »® amuaswoc B (A 3bls EDS }.QU‘ =6 Jeas
Table 6. EDS analysis from the regions marked with A, B, and C in

Figure 14.

Al (at.”) Cu (at.”) CH8 S S
A 4l £5IA AN ALCu
B asb /A1 IXIAY AlCu
Caslb Voo . Al
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Fig. 11. Cross-section optical image of Al/Cu wavy form interface with
continuous intermetallic layer (a) after explosive welding process (b)
after the last stage of shape rolling process.
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Fig. 12. SEM image of Al-Cu wavy form interface with continuous
intermetallic layer.
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Fig. 15. Cross-section optical image of Al/Cu wavy form interface with
minimum intermetallic compounds (a) after explosive welding process
(b) after the last stage of shape rolling process.
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Fig. 14. SEM image of Al-Cu wavy form interface with continuous
intermetallic layer and Al-rich islands.
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Fig. 16. SEM image of AI-Cu wavy form interface with minimum
intermetallic compounds
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Table 7. EDS analysis from the regions marked with A, B, and C in

Figure 16.
Al (at.”) Cu (at.”) S o S S
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Fig. 17. Shear strength of joints interface before and after shape rolling process.
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