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Effect of Laser Power on Temperature Field and Joint Microstructure
and Properties in Laser-MIG Hybrid Welding of Q890 Steel

ZHANG Shenglin, YAN Chunyan, ZHOU Lingchuan, TIAN Zhanpeng, LIU Xinyi, LIANG Jijian

College of Materials Science and Engineering, Hohai University, Changzhou 213200, China

Abstract: To investigate the effects of laser power on the temperature field, joint microstructure, and hardness distribution in
laser-MIG hybrid welding of 16 mm thick Q890 high-strength steel, a finite element model for multi-pass welding tempera-
ture field was established using a combined double-ellipsoid and columnar heat source model based on SYSWELD soft-

ware. The influences of root weld laser power and cap weld laser power on thermal cycle characteristics, microstructural
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evolution, and hardness distribution of the welded joints were systematically studied. The temperature field simulation re-

sults show that when the laser power for the root weld increases from 6.0 kW to 7.0 kW, the maximum temperature of the
weld pool reaches 2 013 °C. For the cap weld, when the laser power increases from 2.0 kW to 3.0 kW, the maximum tem-
perature of the weld pool reaches 2 631 °C. When the laser power for the cap weld is 2.0 kW, the microstructure in the laser
zone consisted mainly of acicular ferrite, granular bainite, and a small amount of banded bainite, while the coarse grained
heat affected zone (CGHAZ) is mainly composed of lath martensite and lath bainite. When the laser power for the root weld
is 6.0 kW, the microstructure of the laser weld zone in the root weld primarily consists of lath martensite, while the micro-
structure of the CGHAZ is mainly composed of lath martensite and lath bainite. The results indicate that with increasing la-
ser power, the peak temperature of the welding pool increases, the bainite content in the laser weld zone of the cap weld de-

creases, the lath bainite forms in the laser weld zone of the root weld, and the grain size in the CGHAZ increases.
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Table 1 Chemical composition of base metal and welding wire(wt. %)

R C Si Mn Ni Mo Cu
Q890 0.20 0.80 2.00 2.00 0.70 0.50
TM-80 0.08 0.67 1.60 0.01 0.01 —

R2 BMNBLHNFIERE

Table 2 Mechanical properties of base metal and welding wire

Ji JERBRIE/MPa HURRIE/MPa WIS AR %
Q890 >890 940~1100 >11
IM-80 660~740 >760 >18

IO G-MIG #4251 1 R4 200 mmx
100 mmx16 mm, KEEERPIEPIEGARON 42 , SR Bl
S 6 mm J& Sk 30°1 VIEYE T, SERC R BT 0.5 mm.
K FHAE [ IPG 23 5] 9 YLS—10000 %134 & 5 % 11
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Table 3 Welding parameters of laser-MIG hybrid welding

No. iHIK HOEIIR KW $#/(m-min™") HLTT/A

T 6.0 12 170

1 B 230
25 0.5

] 260

T 6.5 12 170

2 W7 230
25 0.5

] 260

R 7.0 12 150

3 Bi 5 230
2.0 0.5

i ] 260

IR 7.0 1.2 150

4 Hi7 230
3.0 0.5

i 1] 260
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Fig. 1 Meshing of the welding specimen for group 3
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Table 4 Thermal and physical properties of Q890 steel

REEPC HMAE/(J-g' K" #AE/(grem™) ARF/(W-m'-K™)

25 0.45 7.82 55.61
100 0.49 7.80 52.39
200 0.53 7.80 47.58
400 0.69 7.69 38.22
800 0.61 7.60 25.87
1200 0.67 7.38 30.75
1500 0.80 6.95 33.08

RS IM-80RLpHMIEERESH
Table 5 Thermal and physical properties of JM-80

e WK/ KT #E/(grem™)  AFH/(W-m™-K™)

25 0.45 7.80 35.47
100 0.48 7.80 37.19
200 0.52 7.74 38.23
400 0.63 7.66 36.36
800 0.91 7.54 28.82
1200 0.66 7.38 30.97
1500 0.81 7.02 33.24

3 HEREVR
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Fig.2 Temperature field contour map of root welds under different

laser powers
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Fig.3 Temperature field contour map of cap welds under different

laser powers
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Fig. 4 Thermal cycle curves at the center point of the surface in root

welding under different laser powers
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Fig.5 Thermal cycle curves at typical points of the surface in cap

welding under different laser power
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Fig. 6 Microstructure of Q890 steel base metal
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Fig.7 Macroscopic morphology of Q890 steel hybrid welded joint

i 3 B 5 5 AT A, SO D M 2.0 kW I 2
3.0 KW B, 474 oty 04 {1 I8 85 v, v 20 ok 7 v ) BT
IR A AR o 5 v B PR AR IGe {FRLE A BRL PG A
] AF A9 %6 AR S 418 T 5 A R 1 2, AT 5350 0L G
PR EE AR D

B9 AT FT I MO G X AR A 1 B
TEHZ . WO 6.0 KW I, FT IR SRBOG X MR4%
R T FONHSE D AR (LM) ; SOETR 4 7.0 kW
B, FTRC R HOE X R 82 21 21 =22 i LM AT LB 40,
HEU AR A . AR RS IR RO 3
B, AR A S W (IR B T v, VR R R ARG, W]
PIE IR T s gl 2 UHLAE, 7.0 kW S5 0F T 9 LM
6.0 kW A NI AR BeAh, FTIRIRROEIEH
X3 ] 1 52 v TR 52 1 114 31 PB4 Ry JRy B, i 2 Ak
FERE B HIER R, IE I T LM, Bl RO
DI, ¥ H B A8 FT IR AR O AR 48 rh
LB EE 3.

LG X (CGHAZ ) it Tt i, I
TRALLZ T T e i B FCAAR AL S DR v Z ) B b



55 8 1]

SREEAR, 55 Q890 FIOE-MIG &G ARIREE ) KAk A 2 i 129

(2)2.0 kW LR X A 4%

(¢)3.0 kW H 5 X 5 4%

(b)2.0 kW ot X 15 4%

(d)3.0 kW ot X 15 4%

B8 ARMAIERTHZ=MERERMAR

Fig. 8 Microstructure of cap welds under different laser powers
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Fig. 9 Microstructure of laser zone root welds under different laser powers
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(b)P=3.0 kW
10 AEHADRTEEEMLX CGHAZ BRAR
Fig. 10 Microstructure of the laser zone CGHAZ under different laser

powers in cap welding

(a)P=6.0 kW

(b)P=7.0 kW
11 AR ETHRIEHAE X CGHAZ BRAR
Fig. 11 Microstructure of the laser zone CGHAZ under different laser

powers in root welding
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Table 6 Performance parameters of tensile specimens
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Fig. 12 Hardness in Q890 steel weld joints under different laser powers
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TR TG ) X1 AR R0 B T oo 2

FIRC KRN 36 AR P PIE A S 22 R R, 23
WO T X WA AR T I S B s R AR T
FIJRE 2 MR (1.2 m/min) A H1H R w7, 8GR
BV J7 AR LM, P3N 6.0 kW HE fin 2
7.0 kW J5 V2 HER KA PTG, 3540 DX Sal 0 AH A2 2% 4
MG FRAAR X A B8 22 DL AR X, 28U TR G M LB,
[Fi] B g 178 01 ol B FCAAR f R 1 K, LM T LB
SRR . T 2 AR E AR (0.5 m/min) | HIERET A
b S S HI R A, AR T O A A
Y AF F1 GB I IE L. B3 M 2.0 kW I % 3.0 kW
A, WS (YR 38 P SR v L v e A% P BT[] S K ki B
G 20 # T 1957, H 800~500 °C[X. 1] ¥4 41 3 [
I, AF Hefg b4 D1 iAo 6 125 R B ik
R A U MR LS , ST Z TR
T ZH ZUROREL” 0 B B4 E AR S, 3 A A
T2 SRR TR, CGHAZ S4B, , oI 1%
FEHELL 1100 °C, TS FT AR A & 25 kR, A 218
A LM FILB IR &441,

F SR B A B T 4% X B ) 2 4 8L 4T
JEHHHOGIX A CGHAZ LALLM 3, i B2 A s T LA
AF FIGB 2 F2 1 55 AR AR A X 56 18] KR HAG ) [X
A PR LM T A 2 i 5, EL PR LML 35 31K T 4T IR
PR B RE R b, 55 T AR S% X AF S v, B i
%o POATIRFEDTHE B A 22 AN K (985~1 008 MPa) ,
W2 ke A e AL . X ULBHAE IR S BSR4
Ty 3R AR Ak 32 B AR 1 Sk 1) J) S A SURT R Ay
A, X AR R A . SO AU, A
WFFEAACIESE T OB T X R 7 gl 4
REfsZ M, 7R T 2 A IR AR B B (TR S
TR 22 Ak . X B R R P Ak A SO
~-MIG & G4 T AR AT Bk .

4 it

(1) #7718 A Q890 £ A BR oAk &L, F1|
SYSWELD %2R FHBUB ER PR AR IR 0 2 &
RO, SEPE T Q890 ANIMOE-MIG B A1 IR E 1
BRI

(2) 35 T IO D2 R 2.0 kW I, 55 1 4 e 9
DRSS I ZH 20 1 AF LGB 4, IO X AR 4% 1Y
WA FEE i AF .GB M LB 41 #4063 4
T, 5 TG A DL LG & S0 s FT IR AR O TR
6.0 kW I, TR AEHOE X AREE H LM 4%, #0'6
RIS REAE BT LB, CGHAZ 1) 2 il
2L LM AT LB 2H 1%, B & O R a3 hm
CGHAZ fihi 8 K o

(3) B FEOETI R BN, K 4t 1 e R
TR e 2 T v A ) D R B S T T v o B
WR YT ROCT % H 6.0 kW #2742 7.0 kW
I, s B IR BRIk 2 013 °C, JRas Fe e A —
TR I 1 876 °C T2 1980 °C 5 24 5 1
JEBOETIZR M 2.0 kW 3 2 3.0 kW B, 45 b f KT
iKE 2 631 °C, JREE T O s WEE IR BE Fy 2375 °C
JF%2 531 °C,

(4) R A 5 A8 Hr R, ot T %
I AR R TG B Ao A R Sk A
FINCAR AL 2 B2 ZN B A2 HE T LM OB B, 11 35 [0
FHXT R G2 18 H 3 B R F AF LGB AR L. 4
S DX AR AR B 5 20 D R DA (BT S A AT G .
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