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Effect of Al-insert metal for improvement of friction welding characteristics
of oxygen free high conductivity copper
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Table 1 Chemical composition of oxygen free copper

Chemical composition, wt%,

Cu 0; ] Pb [ S ELS
(%) X 10000(%)
99,99 2 i 7 ] 7 ] 15

Table 2. Friction welding condition of OHFC copper.

. Friction|UpsettinglUpsetting Upset . Thickness
Specimen ) ] rpm . Rapid .

Press. (P, |Press. (P2| Time( ¢2) distance. . |of Al-foil

No. 2 2 (N) cooling

kgf/mm" | kgf/mm sec {(5: mm) nm

CAl 1

0.3
0.3

CA2 1.5 O
CA3 -

CA4 -
CAS

.3
CA6 0

__CA8 | 1 2 .6 2000

O

O

CA7 O

@)

CA9 -

CA10 -

CAll -

CA12 3 O 0.3
CA13 O
CAl4 ')
@)

CAl15

CA16 1
CA17 1.265 15 - .

CTran e 2 | 1800
cA18 : 2

Weld joi o
N_ /o Meld o Weld joint f

____________________ Ei"”T ¢m?r—i_’L}¢1
J o

50 D

60 ]

(a) (b)

Fig. 1 Shape and dimensions of tensile test speciment
(a) Smooth bar specimen
(b) notched bar specimen
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Vickers hardness {Hv

Vickers hardness (Hv)
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Fig. 2 Change of hardness with natural aging time
(a) Upset distance : 2mm
(b) Upset distance : 3mm
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Fig. 3 Change of hardness with aging time
(a) upset distance : 2mm
(b) upset distance : 3mm
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Table 3. Tensile testing results of friction welded joints

Tensile ) Reducion Joint
Specimen Elongation fracture aging |
strength of area effciency
No. 2 % mode treatment
(kgf/mm®) % %
CA16 24. 58 48.0 84.4 |cup & cone - 98
CAl17 24.58 49.5 84.4 icup & cone - 98. 4
CA18 24.48 43.5 80.9 |cup & cone - 98
Base metal] 24.99 59.3 83.5 |cup & cone -
Table 4. Tensile testing results of friction welded joints at commercial copper
Tensile Reducion Joint
Elongation fracture aging |shape of .
Sample No. | strength of area . effciency
2 % mode treatment |specimen
(kgf/mn") % %
CAl 21,48 15.06 37.4 |(cup & cone - smooth 88.1
4 Slant and
CA2 28.22 15.08 - 3hr notch 115.6
cup & cone
) Slant and
CA3 23.15 24,38 44 4 - smooth 95
cup & cone
CA4 30.62 15.48 - cup & cone - notch 125.6
CAS5 23.48 40,32 84.6 |[cup & cone 96.3
Slant and 3hr smooth
CA6 23.64 35.16 55.8 97
cup & cone
CA7 21.34 5.38 cup & cone 87.5
- 3hr notch ————
CA8 29.37 11.92 cup & cone 120.5
CA9 23.68 27.2 52 cup & cone - smooth 97.1
Slant and
CA10 29.35 11.84 ant an 120.4
- cup & cone - notch
CAll 23.00 4.74 cleavage 94.3
CAl12 23.68 52.56 85.86 |[cup & cone 2hr smooth 97.1
CA13 30.56 14.64 cup & cone 125.3
- Slant and 2hr notch
CAl4 29.24 12.38 120

cup & cone

Base metal | 24.38 58.44 85.6 |cup & cone - smooth
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Fig. 4 average hardness change with aging time
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(a) upsetting distance : 2mm

(b) upsetting distance : 3mm .
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Relation between tensile strength and forging upset distance
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