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Laser Lap Welding of 304 Stainless Steel/ T2 Red Copper Ultra-Thin Sheets
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Abstract

“nLight Laser Technique (Shanghai) Co., Ltd., Shanghai 201203, China

Laser lap welding of 0.2 mm thickness 304 stainless steel and 0.2 mm thickness T2 red copper ultra-thin
sheets is conducted by using a fiber laser with a wavelength of 1070 nm. With the steel-copper-steel tri-layer lap
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welding method, good welds and wide process windows can be obtained. Black layered patterns parallel to the weld
edge are observed in the weld microstructure. Energy spectral analysis results show that the content of copper at the
weld bottom is higher than that at the weld top. The microhardness test results show that the lowest hardness zone
is in the heat affected zone of the copper sheet, and the unilateral width of the heat affected zone is about 1 mm. The
tensile strength is 213 MPa.
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tensile test results show that the fracture occurs in the heat affected zone of the copper sheet, and the maximum
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Table 1 Compositions of base metals (mass fraction, %)

Element C Mn Co Cu Si Cr Ni
SUS304 <0.08 1.038 0.370 0.165 0.427 18.445 8.137
Element Cu Fe Ca S Si Others

T2 >>99.9 0.010 0.018 0.006 0.003 <0.06

R R R BB RN B AR 7 RFC-C3000 3 4% 6 2F OB 2% B K F 1070 nm, 5 K il D)
3000 W, OB LK N 300 mm A EHAAN 0.3 mm, K3k E & T8 E KUKA 274 7= LA 78
TR AR R S AR AR L A B Lk R A R R AR
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Fe 0y AT IR . AR R HEAT SO0 T Wk LUK 25 2% 18 v V5 A AR A 2 L SR S TS S e T4, Lt A
il e ELE E AR IR TAE A B, IR A4S oS BUBUR 48 10RE I = AN 25 R 0 F AR iR . A B
WA 28 ) AR R ) Y MP-2B 4 AR R 4l B AL AT 4 AR A AT b v ZE D H A W LWD300LMDT 4: 4
WG H A KEYENCE A Rl 1 VHX-1000C i 5% U b sl 55 617 07 5% #5011 E 30 RN 4 A0 09 082 5 R 3 48
A EAY HVS-1000A 5 ff A B2 10 455 2 % 6 B 531 5 B S5 AL B RHB i WDW 3200 {85 e+ fig il 3
PURF 22 3k AT R 3R 56, F A A7 22 FET 2 |l B9 Quanta200 3585 47 4 6 85 ok 17 BE 3% 20 BT (EDS) 1 O
M5,

£2 OBOLREBETEEHK

Table 2 Process parameters of laser welding

Power /W Welding speed /(m * min ') Plate sequence
SUS304+ T2, T2+ SUS304
600,800,1000,1200,1500,2200,2300 3.6
SUS304+T2-+SUS304

3 AR5
31 TESHHBERROBM
3.1.1 EREMHNBRBEREO YA
TE 1 BT R B e A fE R AR B 2 BT R B ARAE . TT LU 1L 42 600 WA 800 W IR BET A T L L Aibe
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Fig. 1 Clamp schematic for ultra-thin sheet
Gl LB o FLIR LGS T B, T HRR AL B AR R 56 0% 45 5 T AE 1000 W AR IR DR T, B H B, T
M b e TH A B AL L FIRERAS 3 R AF A5 4% .

B BRI R BN 16,510 °° °C LB F N 398 W e m D e K BRI K R BN 11.8 X
10°° °C ' B AR T4, T A ST 80.4 W oo m ' o KU B v e i) s 35 A1 L A2 SRR T AR
W EEAR /I o HLE AR TR I Ik A5 50 7™ o, BRI AR et B TR il T 1L 3 i s AR TR R R B . ok DK 1% T R
FERE 1 AN S Al b 2 o AFUJR 3 3k LI O D0 3R T AN 2 LUK T R A 0 A sl 8 L O B ARCRE 2R T
T AR EEA T AR B A A R A B

laser

T2 copper
gap
2 RBEICIFIT ARIHOG YT f AR SR BB S 3 AN B R A 0 AR I K ] B R T A
(a) P=600 W;(b) P=800 W;(c) P=1000 W Fig. 3 Schematic of deformation of bottom copper plate
Fig. 2 Appearances of weld defects with poor clamping and gap under heat conditon

under different laser powers. (a) P =600 W;
(b) P=800 W; (c) P=1000 W
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Pl 4 HAMAE |, SUS304 4T i I RREEIE 5. (a) P =2200 W (b) P=2300 W
Fig. 4 Weld appearances when SUS304 is under copper sheet. (a) P=2200 W; (b) P=2300 W
£ 3 CZWIVARTHEHE T e R 508 5 Y 52 R

Table 3 Influence of laser power on weld appearance in sandwich lap welding

Laser power /W Weld appearance Cross section of weld

front
600 ¥

N -
1000
h l

WNIEL 5 Ca) i 7 - IR A8 B AT SR L SRS A /N 6 UL, 2R TG P-4 TG ke Hh 3, O ELAR 88 30 S S T U
BN BT OR AP B PR P RO R 48 b SR 5 BRSO TR R TR R RS 2
AR . T 5 (b) B 7 S 7 A X B T AR 4 1 1 SR, AT LAOULEE B 20 (0 19 6 T U BT 90 0 4 78 07 1

B 5 (a) 5% R AT R BAOE S0 5 (b) W35 T 1R 88 B 51
Fig. 5 (a) Good overall appearance of weld; (b) weld morphology obtained by microscope
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Fig. 6 (a) Appearance of welding joint with SUS304 corroded; (b) microstructure of zone 1; (c¢) microstructure of zone 2;
(d) microstructure of zone 3; (e) microstructure of zone 4; (f) appearance of welding joint with copper corroded;

(g) microstructure of zone 5
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Fig. 7 EDS results of welding joint. (a) Cu distribution in weld; (b) Fe distribution in weld; (c¢) content fluctuation

curves of Cr, Mn, Fe, Ni and Cu in upper weld along horizontal direction; (d) content fluctuation

curves in weld along longitudinal direction; (e) detailed content fluctuation curves of Fe and Cu in Fig. 7(c)
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Fig. 8 Distribution curves of weld microhardness. (a) Lateral microhardness; (b) vertical microhardness
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Fig. 9 (a) Tensile strengths under different laser powers; (b) morphology of tensile fracture

obtained by electronic microscope
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Fig. 10 (a) Position of tensile fracture; (b) microstructure of fracture position
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