Al/Cu P& 5] ShEEA
WA - AGL - FRs

Failure analyses of friction welded Al/Cu joints

J. H. Park*, Y. G. Kweon® and R. W. Chang”*

Key Words - Frlctlon Welding("}24-4), Aluminium(%F-7] %), Copper(7-2]) Intermetallic Compound
47} 3132, Tensile Strength(372 =) Flash(34)

Abstract

The microstructure and fractography of the friction welded joint of Al to Cu have been investigated
in order to understand the formation of intermetallic compounds and their effects on the failure in
tensile test of the joint. The variation of welding pressure did not affect significantly the tensile strength
of joint. However, the tensile strength of joint decreased as welding time increased. The thickness
of reaction layers of welded joints was several micro—meters and mainly composed of intermetallic
compounds of CuAl, CusAly and Al+CuAl. The thickness of CuAL, Cu,Al, was increased with welding
time. However, CuAl, was gradually changed to CusAl; which caused the decrease of tensile strength.
Even though the morphology of fractured surfaces depended upon the welding time, the failure occurred
along CuAl, intermetallic compound itself or between CuAl and CusAlL in most cases.
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Fig. 1 Binary alloy phase diagram of Al/Cu”
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Table 1. Comparison of chemical composition of used specimens with standard specification

- 497 - B

Cu Al Zn Fe Mn Ti Mg Si H) 31
Pure Cu >995 - — — — - - — standard
Al 1100 _02 bal. _0.05 _05 _01 — - _05 i
Pure Cu >99.5 — 0.0017 | 0.0083 - - - - specimen
Al 1100 0.14 bal. 0.094 0.65 0.34 0.01 0.39 - i

Table 2. Friction welding conditions for Al/Cu joints
material combination : Al/Cu, r.p.m : 1600

test No. | Py{kgf/mm?) |Py(kgf/mm®) | ti(sec) ta(sec.)
A—1 4 10 0.5 3
A—3 4 10 15 3
A—4 4 10 2.5 3
B—3 4 10 1.5 3
C—1 6 12 0.5 3
C—2 6 12 1 3
C—3 6 12 1.5 3
C—4 6 12 25 3
C—5 6 12 4 3
D—1 8 12 0.5 3
D—-2 8 12 1 3
D—3 8 12 1.5 3
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Photo. 1 Effects of welding variables on the flash formation of friction welding
welding conditions : as shown in Table 2
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Photo. 2 Flash formed by friction welding of Al/Cu(C—
3)
(a) appearance of flash
(b) direction of metal flow
(C) Continued
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Table 3. Results of tensile test for friction welded joints
(Al/Cuw)
material combination - Al/Cy, r.p.m : 1600

[ test No. | Pulkgfimm?) | Po(kgtfom®) | ty{sec.) tolsec) | TSlkgffmm®

[ A-1 4 10 05 3 129

'A-3 4 10 15 3 112
A—4 4 10 25 3 106
B-3 4 12 15 3 122
c-1 6 12 05 3 132
Cc—2 6 12 1 3 12.2
Cc—3 6 12 15 3 115
C—4 6 12 25 3 104
Cc—5 6 12 4 3 9.9
D—-1 8 12 05 3 12.84
D—2 8 12 1 3 1181
D-3 8 12 15 3 118

tensile strength of Al : 18kgf/mm’
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Photo. 4 EDAX analysis along arrow direction of Al/Cu joint(C—5)
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Fig. 3 Results of X—ray analysis at fractured surface for Al/Cu(C—1)
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