846 4% 453 ooE % Ok Vol. 46, No. 3
2019 4F 3 J CHINESE JOURNAL OF LASERS March, 2019

QP1180 v=y 5l H il O R 2 12 ki H 81 55 TS T e

W, ] 1% 2 3 2 |
$?$ 9%!& 9/%%41‘Jé 9%\%% 9@?%
VA K 2E i T OB H S AR M E S SR E, LI 200240
PRI A BRAF] . LI 201900

WE FEARREESECT X QP1180 i iR 4K Wi A ifE 47 Bt AR He 150, % 42 3k 1% W 2l 4 I BTl 8 v Ao o E B2 AR
RAIEPEBEMEAT T 4007 FoE 45 B3R W - A8 205 mi X9 [0 DX CRROPE IO T 8 T 181k 5 R AR 41 4, S BOZ X A7 76 W
8RB 5 B R T B AT AV AT S PR AR R AR 5 A XA 0 0 AR R 1 24 SR T A5 LSRR K, S BB S
e S B4R B A AL L 5 5 R A A 204 5 B o AL T R0 0 K A O B T R v RS, e AR R R R AR TR
FAREEIF 2, B S AR S AR AR B R A AR AT A XS A7 T AR G JF 24, LA IR A B 2 {1 5 Bt 25 X 4 A A 10 14
K FRGEAEHE K AR FE E 30 mm B, AR 58 8 35 B B4 K,

KR WOLEAR; Mmsk QP W BOGKRHEE: BRUAYL BUEMRE

FESEE TG456.7 XEARIRED A doi: 10.3788/CJL201946.0302006

Microstructure and Formability of Laser Welding Joint of QP1180
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Abstract Laser welding experiments for QP1180 high-strength steel sheet are carried out at different welding
parameters, and the microstructure, microhardness, tensile properties and bulge properties of the welding joint are
investigated. The results show that tempered martensite is formed in tempered zone (soft zone) of heat affected
zone, leading to the softening in this zone. Increasing welding speed and reducing heat input can significantly reduce
softening degree. The soft zone is strengthened by the constraints, leading to the fracture in base metal, and the
strength of the soft zone is equivalent to that of the base metal. Increasing welding speed and weld line offset can obviously
improve the bulge test value of the welding sheet. The welding sheet obtained at high welding speed fractures perpendicular
to the weld and has high bulge test value, and the welding sheet obtained at low welding speed fractures parallel to the weld
along the soft zone and has low bulge test value. Bulge test value improves gradually as the weld line offset increases and
approaches to that of the base metal when the offset reaches to 30 mm.
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Table 1 Chemical composition of QP1180 steel

Element C Si Mn P S Al
Mass

fraction / %

0.1801 1.655 2.662 0.0074 0.0006 0.0323

K1 QP1180 4N B a4
Fig. 1 Microstructure of QP1180 steel
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Table 2 Laser welding parameters

Welding ~ Welding  Welding

speed / heat input /
power /kW mm
number (memin ') (Jemm ')

1 2 90 3 +5

2 6 45 4.5 +5
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Fig. 2 Dimensions of tensile test sample
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Fig. 3 Bulge test equipment and schematic. (a) MTS 866.72S metal sheet forming machine; (b) schematic of bulge test
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Fig. 4 Microstructures of low-speed welding joint. (a) Macro appearance; (b) FZ; (¢) CGHAZ; (d) FGHAZ;
(e) ICHAZ; (f) SCHAZ; (g) local magnification of SCHAZ
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Fig. 5 Microstructures of high-speed welding joint. (a) Macro appearance; (b) FZ; (¢) CGHAZ; (d) FGHAZ;
(e) ICHAZ; (f) SCHAZ; (g) local magnification of SCHAZ
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Table 3 Width and minimal hardness of

soft zone in welding joint

Welding parameter Width of soft Minimum
number zone /mm hardness /HV
1 0.80 328
2 0.48 340
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Fig. 7 Samples after tensile test. (a) Low-speed welding

joint samples; (b) high-speed welding joint samples
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Table 4 Tensile properties of base metal and

welding joint samples

Yield Tensile
Sample strength / strength / Elongation /%
MPa MPa
Base metal
(QP1180) 1025 1190 15.7
Low-speed
welding 1021 1196 14.5
joint sample
High-speed
welding 1023 1201 14.2

joint sample
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Fig. 9 Photos of low-speed welding sheets after cupping test at different weld line offsets.
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Fig. 10 Fracture position and hardness distribution of low-speed welding sheet at weld line offset of 0 mm
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Fig. 11 Photos of high-speed welding sheets after cupping test at different weld line offsets.
(a) 0 mm; (b) 10 mm; (¢) 20 mm; (d) 30 mm
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Fig. 12 Fracture morphology of low-speed welding sheet with 0 mm weld line offset. (a) Macro appearance;

(b) middle part of the fracture; (c) bottom part of the fracture
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Fig. 13 Fracture morphology of high-speed welding sheet with 0 mm weld line offset. (a) Macro appearance;
(b) middle part of FZ; (c¢) bottom part of FZ; (d) HAZ
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