3T S H oot Vol. 37,No. 5
2010 4F 5 A CHINESE JOURNAL OF LASERS May, 2010

XEHS: 0258-7025(2010)05-1361-07

el S ARG R 22 % )2 SRR AR G 2H SR AR
FOA OZAR B R ORHX

R Tl R AR R A P R B R R % . BT /R EE 150001)

i

&

BE RABCCRBOCH DI Z T LI T 16 mm JE 11CrNisMnMoV & 43 5 5 B Y 7T 58 7 52 3% k0 B s T
BERF . FESCAEAN b B ST T OGR4 IR A 21O TOE L 2 D AL BT I AR S R [ X 4 U A L
. SRR RO RG22 07 i 5 4 21 21 32 0 DL PRMCRI AT BR Bk AL 2 P A S A B S R R SR AL R AR
W 204k . .28 5 $Ab UG i 2 2B 28 B RE A S DX i1 43 A AL L R AR T I 32 B S DL IR IR GE ok 2H 4R [l ok 2H
21, W2 B EE PR SRR R IR & 5 W B 2 TORJZIREE . [R] I 78 7 8% vh A7 78 ik B9 A LS AT HL 3R % HES i B R IR
WA F TR AR A R B

KGR BOCEA s mEAN XOG R BOEHLZ s 2R BOL A 2

hESES TG456.7 XEFRIRAG A doi: 10.3788/CJ1.20103705. 1361

Weld Microstructure Characteristics of Dual Laser Beam Multi-Layer

Welded High Strength Steel with Filler Wire
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Abstract In present work, the 16 mm thick 11CrNi3MnMoV low alloy high strength steel plates are well joined by
dual laser beams welding with hot filler wire, and the strength of joint is higher than parent metal. The
microstructure characteristics of primary laser weld, the secondary remelting weld, heat treatment weld, and the
effect of microstructure transformation on performances of weld are investigated. The results indicate that, in dual
laser beams welding with filler wire, the microstructure of weld is mainly bainite and acicular ferrite, which should
be refined by remelting and heat treatment. It’s distinct that the microstructure in reheated zone is similar to that of
heat affected zone. and consists of normalized and tempered bainite. Moreover, the acicular ferrite in inner layer
weld is much more than that in last layer weld. Meanwhile, a large number of parallel and compact ferrite exist in

weld, which improve the tough of weld joint.
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Table 1 Chemical composition of 11CrNi3MnMoV high strength steel (mass fraction, %)

Element C Mn S P

Cr Ni Cu Mo \Y%

Content 0.11 0. 44 0.03 0.023

0.97 2.68 — 0.23 0.077

F2 R T R (BT MR 0

Table 2 Chemical composition of filler wire (mass fraction, %)

Element C Si Mn

P Ni Mo Ti

Content 0.028 0.493 1.48

0. 0090

0. 0094 2.36 0.239 0.118
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Fig. 1 Schematic drawing of dual laser beam welding
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Fig. 2 Weld bead profile of joint
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Fig. 3 Macrostructure characteristics of laser multi-layer

welding with filler wire
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Fig. 4 Microstructure characteristics of joint

(a) microstructure zone distribution; (b) coarse grain in HAZ; (c¢) fine grain in HAZ
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Fig. 5 Macroscopical fracture appearance
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Fig. 6 Microstructure of parent metal
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Fig. 7 Analysis location for microstructure
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Fig. 9 Microstructure of secondary remelting (]| region)
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Fig. 10 Microstructure of heat treatment ([ll region)

BEA 38 R AR BE P Y BT AR BR R AR 5 BE R AR L
SR X EEREH TENZREMMEN A 80T
RREY W N2 AR 1 & 500 R B 2 0
M. BT RIREIG AT 2B, i A 2 G FEFETT
REEZH I m. o Cr nR.G XM A KT
HPEGE E T 8L 3% A2 s X T Mn St R LG X AR L

A DB B 24 8 3100 5 Ni JC 3R I J2 BT 43 4
FETUZ i i 2100 e A
3.3 TESGBMBERKEMLR

X AR 4% 9 BEAT e 20 A A BLL AT I 3 1 L Y
DX b B 43 T R AR S 4% I — 7 0 L O3 A A L 8] 12
e 7 D BE T 23 Bt DX g o B R AR S A ] B AR 119 Ni ST 3R



1366 i 5|

i it 37 %

B REiE AT E
Fig. 11 Analysis location for energy dispersive

spectroscopy (EDS)

B 12 447t Kk br e e
Fig. 12 Analysis location for alloying elements EDS
Jo R 4y B EE B R Ak i 1396 ~25. 8%, Min JG &K i
AT BN LR R IR R 2300 ~37.5 06 51X R
BATCR T LA TE o BR R IR AL .

[] Bf 7639 4 L 85 (SEMD R W 8¢ 40 4Lt & 3
JRAE T F 2 K BAEE R Bk R IR, an &1 13 i
TR XA H 5T 0 R R A RS Al B Y i 2k 58
LU — B/ AT PAT . B HES L BE 45 A 0 B 1k iz
4,85 1R B0 7 A 3 DR PR RE L X 8 K Y B
FARAE B A AR SR AL TR

K 13 SEM TRy R AR
Fig. 13 Ferrite bundle in SEM

4 2 e

1) ot sz Z2 2 15 0 W 2 AR 18 Z A B
EiE BT FIREH A8 TR H TS LR
AR EEA B HAZ Fof S AR 28 L 240 5 X AR 58

2) JEOR WO R AR A A 2 R DL I AR S A
ZH SRR R AR 2R AR B S LT 4k R AR AL 4R /b B IR
kSRR 2, 28 7 — R T I M 4 4 28 Jin i
I B — A DX R B T 4l SR AR A
FERRR D AR A IR R R AR AL 2L, REEEHF L
J7 306 I B B S A AR A% 2 S R R O
TR IR EE L 2R & AR R i an i, Ho A 4 = %
2 DU ER AR IE K R A 2 200 DL R AR [B] K 28 AU gl 40, {H
Hfob R | B2 T A B AR L, 7t 2 F 45 X Y
ZH LG R 23 W Ry AR A

3) G IRAL B FE A A1 2 AR AR R IR B R
A EE IR ORI IR A L 238 2 08 T IR 8845
e, &4 0K Ni,Mn 250 5 76 8k K R 8] B4k .
[ B fEAR 2 P fF e VF Z K B Sk &R K
%, B AU — ] s TR BRI B AL
HOBH I THIRE

2 % x ™

1 Xu Pingguang, Bai Bingzhe, Fang Hongsheng. Current status
and development of high strength low alloy steel plate []J].
Materials for Mechanical Engineering , 2001, 25(2) :2~6
B, R I AL SR AR G R R A IR R
[J]. #uig #2444, 2001, 25(2):2~6

2 Wang Tao, Zheng Qiguang, Tao Xingzhi et al.. Study of laser
welding of thick steel plates [J]. Chinese J. Lasers, 1997, A24
(2):179~184
OB MR & EWNAREOTEENHRLI] B
Bk, 1997, A24(2):179~184

3 Yang Xichen, Wang Yu, Ying Chaolong e al.. Microstructure
and properties of high power laser welding of ship steel plate
[J]. Chinese J. Lasers, 2007, 34(6) :866~870
vk BR, £ TR E e SE. i SR SO AR B AR Y 2 2 M g
[J]. Bk, 2007, 34(6):866~870

4  Wang Cheng, Zhang Xudong, Chen Wuzhu e al.. Study on
weld formation during CO; laser welding with filler wire [J].
Applied Laser, 1999, 19(5):269~271,312
OB IRIRAR L BRERAL S 22 CO. OB IR AR 5% BRI 5T
[J]. Ak, 1999, 19(5):269~271,312

5 Jiang Xingrong, Zhang Lei. Interactions of laser beam with
filler metal [J]. Welded Pipe and Tube, 1997, 20(3) :2~7
VLMo, 5k F. BOCR SHA SR Z M EAERLD] 7E,
1997, 20(3) :2~7

6 Wu Shikai,
Microstructure and properties of welded joint for narrow gap
laser welding of 42CrMo steel bevel gear shaft [ ] 1.
Transactions o f the China Welding Institution, 2007, 28(4) .
3~9
UYL A 1 SR 4. 42CrMo BT 145 46 Tl A 1] Ot
SRR SV S PERELT]. M4 AR, 2007, 28(4):3~9

7 G. Caironi, M. Coffetti. Problems linked to laser welding of

Yang Wuxiong, Xiao Rongshi e al..



5 FrORE.

155 58 4 DU R 22 22 J2 48 19 7 5 A AR AT

1367

10

large thicknesses [ C]. 15th World
Con ference on Non-Destractive Testing , 2002, 45(2) :16~24

Frédéric Coste, Lilian Sabatier. Nd: YAG laser welding of 60
20th
Congress on Applications of and
Electro-Optics » Jacksonwille, Florida USA, 2001, 1598~1712
Multi-pass Nd : YAG laser
welding of thick section austenitic stainless steel [ C]J. 20th
Congress on Applications of and
Electro-Optics » Jacksonwille, Florida USA, 2001, 1720~1863
M. Onozuka, J. P. Alfile.

technologies developed for a thick-wall structure of the ITER

components having

mm thickness 3161 parts using multiple passes [ C].
International Lasers
Tommi Jokinen, Veli Kujanpii.
International Lasers

Manufacturing and maintenance

vacuum vessel [ J]. Fusion Engineering and Design, 2001, 55
(4):397~410

11

12

13

Yao Wei, Gong Shuili, Steven Shi. Twin spot laser welding
characteristics of aluminum alloy [J]. Transactions of the
China Welding Institution, 2007, 28(4) :3~8

Bk A5 TUKA] . Steve Shi. 4§84 4 O XOG s 2 12 Rk
[J]. ##&%4, 2007, 28(4):3~38

Zhang Wenyue. Welding Metallurgy [ M ].
Machine Press, 1999. 185

JRSCER. MREGR 4 IMDL dat MU L L, 1999, 185
high
temperature measurement technique in welding [J]. J. Beijing
Institute of Petro-Chemical Technology, 2006, 14(2) :49~53
TR IR R R AR N R LT, A Bk
RIFIR, 2006, 14(2):49~53

Beijing: China

Zhang Baosheng. Development and application of



