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Study on Microstructure and Properties of Laser Welding Dual

Abstract

Phase Steel Joints for an Auto-Body

Dong Danyang Wang Guanjun Ma Min Jiang Tao

(College of Science, Northeastern University, Shenyang, Liaoning 110819, China)

It is imperative to increase the service reliability of the laser welding dual phase (DP) steel joints for an
auto-body which are subjected to dynamic loading during their manufacturing processes, as well as in an accident.
Laser butt welding of DP600 is performed by using a pulsed Nd: YAG laser. Microstructures of the welding joints are

analyzed. Microhardness and mechanical properties at various strain rates of the welding joints are tested. The

results show that welds with good appearance can be obtained under the proper welding conditions.
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microstructure of weld zone (WZ) is mainly martensite, and the microhardness is higher than that of base metal. And
the heat affected zone (HAZ) is narrow. and there exists HAZ softening that occurs in welding because of the
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tempering of the martensite phase. The mechanical property of the DP600 welding joint is sensitive to the strain
OCIS codes 140.3390; 140.3538; 350.3390; 160.3900

rates. After welding, the yield and tensile strength of DP600 increase as the strain rate increases, while the fracture
fracture characterized by dimples at various strain rates ranging from 10 ° to 10’ s
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elongations are all lower than that of the base metal. All tensile fracture of DP600 welding joints are typical ductile
b ]
EHRT RERBACT AR E R ER EE I N,

laser technique; laser welding; dual phase steel; mechanical properties; strain rate

B 26 0 4T 02 T 9 B i P2 B
{7
T 5 P30 5 3 6 A 05 25 52 2 P A
BV R AL B BOR 1 L UHT (DP)

AR 5 52 5 B DT I L s A9 0 A A R A

1E& &

RS B HEE: 2012-04-09; Y BIME R HHA: 2012-06-14
B 55 9% 47 BOH R 13T 35 4 (N110405004) 75 B 2R
B

R4 S 1t geny oy X kA7 i 4, 5 1%

B8 KR DT VR AR B O KR4 B R ROR = AR
i FHPH (1979

E-mail: dongdanyang(@mail. neu. edu. cn

Jo e e A1 5 S B 1 Bl A AR S B OR B 2

PO T AR 2 B SRR A SO T A

EETE: HFARFHFEIES (51101020) 35 4% 5 1 % 5 % WURHIFAE B 37 20T 28 (20110042120025) AR Lk 5 2
L o

)2 T YR, BN O T bR 2 2R e E O A 5 TR E O
0903002-1



# ot

FEOR BRI

PO AN PRV D 904 7 B 45 ) ) B 2 2 0T
O3 AE Wi s BT Bl 48 3 R Hp AN AT G Ml R A2 B 25
BT R AE T BB B AE 101 ~10° s T, DP 4
TEASTE 1o i v 2 BAL H T 0 18 IO 728 R A S L i AR
HAE B A5 BT (44 184500 BE AN B R AL TE 5 i 3k 1
BPAEAERE R 22 5010 BRI R AR VR %2 4 & i DP
B A 7 A B 2 A BN o e e A A5 R
(9 T FEAE | BF 50 R B3 Sk AR B A B I 2 A
AR E B WOLKE R AU RN H T 24
P RE Y52 M C A 5 0 BF 52 22 46 i 7 T 2 M 2
BN B g 2 R Xy i X 3l 2 2
Crag A2 78 ) T DP #3348 3k 19 22 TR AT S A 3¢

BLH 5T (19 8 4> o DRI 7 SR Ik o 380 %8 242
DP600 4 B 7 47 X $2 AR I 3, X AR Fe 4l Sk 4\ W
TR J3E A1 LA BN [ B A T R 18 S 22 AT i AT 1
WEFE o AT A RS T bR 3 [ L5 RE vl HE A fR
I 25 06 22 2 Jhg b i 1RO — AR T S e R A Y
S J AN L B A A AR

2 A RS i
2.1 K

RI AR K 0.7 mm JE Y DP600 404 » b2 1,
SN 1 Fin . RIR AL (R 1) R R IR (F) F K
A AR M (VD 4L 21, T [ AR R S B
15,4 %, WA 200 HV,

# 1 DP600 9 A Al 27 i 3 (S 43 %50 00)

Table 1 Chemical compositions of DP600 (mass fraction, %)

Mn Si

Al

Mo Cr S P Fe

1. 400 0. 890

0.032

0.021 0.026 0.003 0.012 Bal.

1 DP600 JE iR 412
Fig. 1 Microstructure of DP600 as-received
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Table 2 Laser welding parameters

Defocus Pulse width Pulse frequency Welding speed Welding current Single pulse energy
Af /mm t /ms f /Hz v /(mm/s) I1/A E /(J/pulse)
15 3.0 14 1.5 300 4. 82
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Fig. 2 Schematic illustration of tensile testing specimen of laser welding DP600
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Fig. 3 Macromorphology of laser welding joint of DP600. (a) Surface; (b) cross-section

E 4 DP600 fi#eHe3k SEM WA 21, () fEEE Sk (W FREE X (o) B X ; (D BE:Af
Fig. 4 SEM microstructure of laser welding joint of DP600. (a) Welding joint; (b) WZ; (¢) HAZ; (d) BM
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Fig. 6 Macromorphology of tensile fracture of laser

welding joint of DP600 at various strain rates
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Fig. 7 Variation of tensile properties of laser welding joint of DP600 at various strain rates.
(a) Yield strength and tensile strength; (b) fracture elongation
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Fig.8 SEM morphology of tensile fracture of laser welding joint of DP600 weld at various strain rates
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