| 585 F11H/2021 £ 6 B/HAEXBFEHE

Tt Bl e B FZFHE

W RIE AR B B - O T E

4, 1 2 Nt 2% ] g g2
GRER', WA, A&, MI", R, 25
VT TLAE R R R I A ST T A R A F], WRVL BUAN 3100155
PRI H L ) TR RS ARAR, Wil ®i 430415

TE AR R S A O ST AR T AR - A O AR R R O B R e A e i e R B X — )
A 4 KW G EF O &5 BEAT PR EOE 6 TR M 9 T2 598 Al SUS304 B IR R 85 80 i O IR 4 T 2098, K
PO D' SR B 000 i 7 R S A e Al b I ) G T B O AR A 2 SUR G LR 8 R S O
b 7 00 550 TR A G 2 S U A B 5 R AR A Sk

REWE  WOLLY; WOLKRE; T254; SUS304; LAt f

RESES TG456.7 XEARERS A doi: 10. 3788/LOP202158. 1114004

Copper-Steel Laser Welding Process under Two Laser

Deflection Angles
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Abstract Copper has extremely high thermal conductivity and laser reflectivity. Hence, incomplete fusion and
undercut problems commonly occur on the copper side during the laser welding of copper and steel. Herein, the laser
welding process of T2 copper and SUS304 austenitic stainless steel was performed under two laser deflection angles
using the 4-kW fiber laser. The deflection of the laser beam on the steel side can significantly increase the amount of
copper in the weld, suppress weld forming defections, promote the mixing of the weld microstructure, optimize the
connection form of the weld joint, and promote the smooth transition of components at the copper side interface.
Consequently, reliable weld joints can be obtained.
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Table 1 Element composition of T2 copper alloy

Element CutAg Fe Zn Ni Pb O S Impurity
Mass fraction /% =99.9 <0.005 =<0.005 =<0.002 =<0.005 <<0.005 <0.06 =<<0.005 =0.02
# 2 SUS304 BTG T R o)
Table 2 Element composition of SUS304 austenitic stainless steel
Element Ni Cr Mn Si C (0] P S Fe
Mass fraction /%  18.0—20.0 8.0—10.0 <2.00 <1.00 <0.08 <0.06 <<0.045 <C0.03 Balance
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Fig. 1 Pictures of laser control cabinet and robot. (a) Control cabinet of 4000 W laser device; (b) ABB robot
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Fig.2 Schematic of laser beam deflection angles.
(a) (¢) Angle 1; (b) (d) angle 2
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Table 3 Weld joint appearance and cross-section morphology at different laser beam deflection angles

Sample No.

Macrostructure

Cross-sectional structure

Top surface
Angle 1 (0°)

Bottom surface

Top surface
Angle 2 (10°)

Bottom surface
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Fig.3 Weld tissue distribution under different deflection angles. (a) Angle 1; (b) angle 2
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Fig.4 Weld micro-tissue of angle 2 sample. (a) Massive tissue; (b) spherical tissue
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Fig.5 Elemental scanning results of angle 1 sample along the middle position of weld
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Fig. 6 Elemental scanning results of angle 2 sample along the middle position of weld
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Fig.7 Weld interface in copper side under different deflection angles. (a) Angle 1; (b) angle 2

(a) 260 |- (b) .
240 - 240 |- f=
220 220 |- ah A
5 T
200 200 | , \ A /.\\__‘I,r
180 180 |- 2 N
2 160 160 - A/
g o 7 40} i 1 RS/ N
§ 120 g 120 NI/ o A —m— top
il 7o) i — e middle
100 2 100 - . e
o 80 - e .
60 [ gof * e " e
40 40 F T
20 - T2 weldzone SUS304 20 | T2 weldzone SUS304
0 L L 1 L 1 1 L 1 '} L 1 L L D L 1 '} 1 1 1 1 1 1 L L L L L
-200 0 200 400 600 800 100012001400160018002000 22002400 =200 0 200 400 600 800 10001200140016001800200022002400
Distance /um Distance /um
B8 N[l A T Y KR 4% B AR I . (a) B F 15 () f £ 2

Fig. 8 Weld micro-hardness under different deflection angles. (a) Angle 15 (b) angle 2
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Table 4 Test results of mechanical properties

Average tensile strength /
Angle

Maximum tensile strength /  Minimum tensile strength /  Average elongation rate /

MPa MPa MPa %
Angle 1 226.47 267.33 102.03 4.44
Angle 2 251. 69 256. 33 226.56 5.26
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