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Abstract Laser hybrid welding has become one of the most promising welding methods used to weld ship thickness
steel plates with high efficiency due to combining the advantage of laser welding and arc welding. CO, laser hybrid
welding processes of ship steel plates are studied. The influences of the shielding gas composition on the chemical
composition of weld and the distance between the laser beam and arc on the stability of the welding process are mainly
analyzed. Based on the optimizing process parameters, 10Ni3CrMoV steel plates with a thickness of 14 mm are
welded on both sides in T joint form using high-power laser hybrid welding. The welds produced are assessed by X
ray. No crack is found and there is only a small amount of pores. The microstructures of welded joints are examined
by optical microscope. The results show that the microstructure of welded joints has good comprehensive mechanical
properties. Especially after the weld overlap region experiences a re-melting and heat treatment, the microstructure
is refined. The microhardness of welded joints is tested in different regions. The maximum hardness of welded joints
is less than 360 HV. The welds obtained can meet the technical requirements for shipbuilding industry.

Key words laser technique; T joint; laser hybrid welding; shielding gas; plasma; microstructure; hardness
OCIS codes 140.3390; 350.3390; 350.5400; 350.3850

i B HA: 2010-08-24; Y EIME TR HHER: 2010-11-09
E&TH: EELWHB1420080218) 3% B PR .
YEE B A : HIEE 1975, 5 W AR AR IR, 2SR HOL T2 RO o 31 45 Jr T B .
E-mail: lianhai_hu@sjtu. edu. cn
SRR A FBMEC1952—) B 3R W A T O, S A O i R R ) A T I Y
E-mail: yxwu@sjtu. edu. cn
*» BIEEBKE Ao E-mail: jhuang@sjtu. edu. cn

0303003-1



# ot

1 g a5

TEEA Tk, FERERN T MW LA5n
T R4 A5 — R T T IO L b W A
PG L 22 SRR S R T T A KR TR AR I
FF35 1o il A5 7 S PR A 7 g T o AR T R
T TP B ) o DAY 3 502 7 A5 556 oA R AR g
A [ it

A s i 400 SR L 2 v 7k ohe 0 B SRR A I A 7
A B TR OGN AR R R R
ARGl X — 25K . S LG ny KR4 A L L OG-
LA & 0 LA IR A A T 30 A S
B FE VB W G g X (HAZ) % /N 1) A8 T FAR
SRRk R AR Y. A 20 4 90
AEARLIOR OB A 3 O e BRI K A T A5 T
2R

SR EOEE GRS BRREEN TEZH R
SRR Z 1 ALHE R SRR OB S R B
IR He R e o L B AR i DL B0 5 A g Rl R
4. FESCERI AR AR T B AT R R A SR LUK
RETZSHC MRS T e . A SCHE S
G T ORISR B A3 X 5B A2 B o B RS W L R
FHE Y RGEMEIE T B0 S R TR B X AR 2 0 7
FeUE TR RS B 8 T A6 A IS R P RS LE R 1Y B
WO SRR B, JE X AR T A S 80T 318
) HE A 42 Sk I TIOUE 2H RN PR BE AT T 20 BT o

2 WA G
SIS R A B TRUMPE 2 & 4 7= 1
TLF15000CO, #6#% - Hof Ky DK A 15 kW,

Bt P 10,6 pm, BB 350 mm, £ m R RN
0.43 mm, SZHRH MAG HIUENL » KEMPPI
25w AE P Kemppi Pro HEsm AU L., R HIBOLE
B IR T S BN R T 0 B Sk 00y A A ) KR
FEEEA B 1 s . BREAR IR I O ORI S
M AR BE 8%~ 1O R A ST O 3R 5 1 Al 17 B 5 24
1 mm, MAG A& 5B AR M B 457, SRt
V23 ) AC T 457 A LA A AL B R

web plate
~— 4
torch
laser beam
Q.
i~

deck plate

Bl 1T BUESHBOEIR R

Fig. 1 Laser welding setup in T joint form
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Table 1 Chemical composition of weld metal with different shielding gases (mass fraction, %)

Specimens

Chemical composition

C Si Mn Ni Cr

Base metal 0.12 0.21 0. 36 2.78 0.97

Wire 0.06 0.50 1.49 2.65 0.16

75% He+25% Ar 0.08 0.34 0. 60 2.69 0.75

Weld metal 50% He+50% Ar 0.09 0.35 0.63 2.72 0.78
10%CO, +60% He+30% Ar 0.09 0.18 0.49 2.71 0.78

itk REAT 25 i 409 1) 5 B2 L {ELRE B (IR 0 119
P o DR I P e 5 A B KRG o LA AR A 5 A
PPN RAFVCHEL . AR 1 PRI LU R R [l R
PRI BR T i AR B AR T 0. 1006 W R R L it
IR — T3 THT o A5 4% <3 JeR 5 0 1B AL 5 — T3 T 4R g
BERPURLIER L (R E & B R . 2 BRIk . N

S5 250 A 4 B R LR 2 IR
Si #l Mn & & L Si il Mn Jo R 74 S fE P iy
BeAi 2 FLER I U HIE X T AR TR > Bk 1074
[ CO, W PR d T A AL B, = 2 Si M
Mn 1) & 53— 2P A R T 5 i AR e i
Ni TG AE 25 48 v 80 A 3 18 e MR A0 ) G i e

0303003-2



BIZEWESE . 1ONISCrMoV @ T Al 3k CO, WOLE SR T Z 544

AR IR R ERTE 2 ~5 %GB . N E 1 AT LA
AR TR SRR TR A 4 8 b Ni e R & i
Wi AN K T FLIE AR 5 B A AR 22 1 & BEAR S, 4% &
B3P OR R VR, G X T KRR B AR VR I 3
(%% DMRIEAE AR EANACA R EE . A
AR ARSI LE ) Cr LR M T R 2EF A K,

SN AN TR R X AR B AL 2 B3 R ) AR B
£ Si.Mn |, %t C,Ni, Cr 52 mAR /N, 3% SR
CO, WA . e A R AR SiFl Mn 5 &, it 4
INAR CO, RE A% o L9, Wl 20 45 Tt 1) 2% 1 5K 7
1 75 76 A5 4 2 1T AN AR 1 2o 08 7 22 b e i,
B ISR 10 % CO, +60% He+30% Ar (1R &S 4k
VER PRI SAR
3.2 FxE5mINELE

TEWOGE A 1R b o6 22 & B R 2
E L OIVE T o 8 75 R 0% S BIL7E 7o 180 B A RE 13 . R
1A 7 52 B O 5 o R A7 AR A AR A5 R 1
Bead B, 6 2003k BR A S M O6 S R IR Y R] BE
Dy Gl R AE WO S BN B AE 2~ 8 mm
T B PN AR b S ) H AR 55 R A5 S T AR SR L O B TR
V65 H IR AERIFE . SR G5 RERGICF AR
FHL AR 5, FH DATF O 7 2 0 R i AR L SRR D 6
20 kHz, FrHME @& B4 40 s PHOTRON
NFE AR, BIS S FASTCAM Super 10 K, & 3 3%
W R G0 3000 frame/s Y3 B X #OEE B & T
AR EL IR 25 B T AR AT S i BR R A B . AR AR I AR

L B8 B Sk S R [R] — K P T L 5 AR T 1)
H - PRFROCRFIARAR A 3 L 3l S A7 /N R sl T
KHBHOLI RN 12 kW, 1522

BRI A

HREEN 12 m/min, SR HE A 1. 2 m/min, fl] K<
Hh He, i &8 H 30 L/min R3S 44K 10%CO, +
60% He+30% Ar, i &}y 30 L/min, [& 2 N X}
AR DAWEE FHERIESD., Dia=2 mm & E T
WIEA R MG 5 10 58 IR IR B R, 52 B
SR o FL 28 R TR, PO A R SRR AT S e A 3 3 T
F B EOGRE 5 KX RE 5 25 BE R R FRAIK X 06 A 1R 53
8 I3t VR T & 552 T 6 8 1 s % TR IR 5 RO RS B
M Dyy=4 mm &8 F IR LLE L BOLEE
SRR NS B RS T — R B — 1R
BB TG G 05 B IR IR BB KNRTE
ARG E RS BB A AR R R R
FE . M Dia=06 mm 558 FAIE S0 LUE 306
A B R B W 5 OIS B AR R A — A5
[ R NN T 3 T A s o 2 B N o LB
T 53 75 425 10 T 32 1) P e 0 0 46 5 AR I 0 ) /N
T3 i) AN W7 AR AR AR s T Aok A R AR R A RS AR

iE o M Dia=8 mm (3B TRFE . IS5 8 114
FEAR S B RS L O i s 1Y 5 R JE G A AR IR

AEEREFER. FigES U EEM, Dya=4 mm
(A A 17 DL

F 3 R H AR BRI R Do Ot R A K i
TR FE B TE . 78 Doy =4 mm 9 H 375 B 5 T
W AR # /N AR R LB R . 7€ Dia =6 mm i
(18 R 30 R R R B T ) I8 st AR A R R BT K R
R R R AR, ITE Dia=4 mm [
N3 Sep s o R NI A R U RS S S B
JRRE T AR E .

K 2 AE DAL E SRR 7K, (a)Dia=2 mm,(b)Dy=4 mm,(c)D =6 mm,(d) D=8 mm
Fig. 2 Plasma caused by laser hybrid welding at different D;,. (a) D;y=2 mm, (b) D;,=4 mm,
(¢) Dia=6 mm, (d) Dy =8 mm

3.3 HFrEREIEZSH
o0 Ko K, A3 M O T R AR Lk 22
r“&ﬂzlimiﬁhé%ﬁkﬁﬁnmfﬁgEﬁﬂfun 5

i CO, WOLE AR T LSk 2 P, Wi X
VIRl EQL@%EG,@%T@E RO AU DA E
S /NAAL » AT B TR L RE 8 T I P BOR 25K .

0303003-3



LE = b4 b
500 50
400 + 40+
< - A .y “ ot ittt
S 300 [ttt e Z 5 e -
g g
E 200} 5 20t
o =
100 10
% 1 2 3 4 % 1 2 3 4
Time /s (a) Time /s
500 50
400 - 40
< 300 < 30
: )
£ 200f s 20
o >
100 101
0 1 1 1 0 1 1 1
0 1 2 3 4 0 1 2 3 4
Time /s () Time /s
K3 ARl DaotE AR Es iR A&, (@) Dia=4 mm, (b) D, =6 mm
Fig. 3 Current and voltage at different Dy, in laser hybrid welding. (a) D=4 mm, (b) D =6 mm
2 WHERBRELLSHK
Table 2 Laser hybrid welding process parameters
Stick-out / Gas flow Focal point / Laser Welding Welding Arc
mm rate /( L/min) mm power /kW speed /(m/min) current /A voltage /V
16 30 —2 12 1.1 362 36. 8
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Fig.4 Macro-section of laser welded T joints
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Fig. 5 Microstructures of laser welded joints. (a) fusion zone, (b) coarse grained region, (c) fine grained region,

(d) partially austenitic region
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Fig. 6 Microstructures of overlap region. (a) overlap region of HAZ, (b) overlap region of weld
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