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Microstructure and Properties of Fiber Laser Wire Welded Joints of
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Abstract To promote the mechanical properties of marine high strength steels joints, fiber laser butt welding on
8 mm thick 10CrSiNiCu steel is performed by using filler wire. The microstructures, hardness, tensile strength,
bending property and impact energy (at sub—zero temperature) of the welded joints are analyzed. Also, the effects
of welding heat input on microstructures, hardness and fracture behavior of the welded joints are also studied. The
results show that the microstructure of the weldment mainly consists of martensite + ferrite + bainite, and its
hardness is the highest among the welded joint zones. When heat input decreases from 5.00 kJ/cm to 3.64 kJ/cm,
the average hardness of weldment increases from 346 HV to 396 HV. Tensile specimens are all broken in base metal.
A bending angle of 113° can be reached at room temperature, which is 60° lower than base metal. At the heat input
of £=4.20 kJ/cm, the impact energy at fusion line and weld seam reaches its highest value, 95 J and 101 J, respectively.
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Table 1 Chemical composition of the 10CrSiNiCu base metal and ER50-6 wire (mass fraction, %)

C Si Mn P S Cu Ni Cr
10CrSiNiCu base metal 0.061 0.600 0.910 0.014 0.005 0.480 0.651 0.644
ER50-6 wire 0.06~0.15 0.80~1.15 1.40~1.85 0.025 0.025 0.50 0.15 0.15

#2 10CrSiNiCu B Rl ER50-6 1722 () Jg 24 VEfE
Table 2 Mechanical properties of the 10CrSiNiCu base metal and ER50-6 wire

Yield strength /MPa Tensile strength /MPa Elongation /%
10CrSiNiCu base metal 458 555 31
ER50-6 wire =420 500 =22

B 1 10CrSiNiCu 894 4 A 41 2L

Fig.1 Microstructure of 10CrSiNiCu base metal steel
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Table 3 Parameters of 10CrSiNiCu steel feeding wire laser welding

No. Power/W Welding speed /(m/min) Feeding speed /(m/min) Line energy /(kJ/cm)
1 9100 1.5 4.5 3.64
2 8400 1.2 3.6 4.20
3 7500 0.9 2.7 5.00
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B, P T PR T 9 20 A A 2 i, A 4 K B 8 TR e G 2 s

B2 R K
Fig.2 Welding experiment site
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Fig.3 Photos of a laser welded specimen. (a) Top side; (b) bottom side
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Fig.4 Weld cross—section of laser welded 10CrSiNiCu steel.
(a) E=3.64 kJ/cm; (b) E=4.20 kJ/cm; (¢) E=5.00 kJ/cm
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Fig.5 Regional distribution of the joint weld seam and left HAZ
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Fig.6 Microstructures in WS at different welding heat inputs. (a) E=3.64 kJ/em; (b) E=4.20 kJ/cm; (¢) E=5.00 kJ/cm
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Fig.7 Microstructures of CG and FG zones in HAZ at different welding heat input. (a), (b) are FG and CG zone at £=3.64 k]J/cm
respectively; (c), (d) are FG and CG zone at E=4.20 kJ/cm respectively: (e), (f) are FG and CG zone at £=5.00 kJ/cm respectively
3.2 BRERMAIELNFHENF
3.2.1 BIRALJL

&l 8 J& #ki A 4.20 kJ/em ' 10CrSiNiCu S WOL I 22 S 2 82 3 1 b b RSB 83 B 20 A o MR TR o] LR
Sk b N ER A R B A A B A A (], DB A U 30 ARG i DX A DX, R RE R TG 0, A AR 4 X
IR B K, PG D R IR DX 23k B o R AR AR IXOF- B RE 43 ) O 348,347 (353 HV ., ML DXL
AR DL TR s BRI, VAR R 20 205 £ T 2 | R B8 SRy A5 i IXC b B e 1 5 2 X AR R D TR A5 VAR A 2 ZUAR
AL ORL T 0 20 Ak R B A i B AR AELATS W 0 e T RE A

Pl 9 2 7E AN ) K5 B2 A AR, TOCTSiNiCu 4R K 2 3 3k o 35 1) 16 J32 23 A0 b 48 o Fh 432 3k i B 38 40 A5 ] LU
o A DX I R R (AN I A A 1 /DN T v A IXORIT A ) DX i B A A 4 8 R T 3
R YRR A H 5.00 kJ/em FEAK S 3.64 kJ/em B, 5 4% XS 34 6 B2 AN 346 HV T+ 51 396 HV, ifif #4521l
X S-S50 B DU LS ASAE 2050 270 HV . S8R A AR J5 4% DXRE B 15 T g 2 IR Ry LA PRk v 30 2 14 R I B
THEZM S ARG L, TR, A 1 f KR B2 A8 2T 380 HV , SORE F H0iir AW 1 H 3.64 kJ/em DL L

400
380
360
340

2 320
2300
'g 280
< 260
g 240
= 220
= 200
180
160

-4 -3 -2 -1 0 1

Distance from weld center /mm

-1 0 1

Distance from weld center /mm
8 i Al E=4.20 kJ/em IR R 25 X URE BE 43 A1 P9 A Im] BA AT 6 Sk v A 4 18 38 2 A
Fig.8 Hardness distributions of the joint welded at the heat Fig.9 Hardness distributions of the middle joint under different
input £=4.20 kJ/cm heat inputs
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Fig.10 Tensile test results of laser welded 10CrSiNiCu steel
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Fig.11 Bending test results of laser welded 10CrSiNiCu steel. (a) BM; (b) E=3.64 kJ/cm; (c) E=4.20 kJ/em; (d) E=5.00 kJ/cm
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Table 4 Tmpact test results of laser welded 10CrSiNiCu steel
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Fig.12 Morphology of impact fracture at WS under different heat inputs. (a) £=3.64 kJ/cm; (b) E=4.20 k]J/cm

4 4 ®

1) & ER50-6 45 22 1) 10CrSiNiCu X UG 45 22 S5 K7 5% X 20 200 M+F+B  HLdf IX 32 22 POk FRR B+
M, 4 i DX 20 2R /N PPk B, AT /0 i Mo Bl 45 1 12 0 A A 38 I, 6 4 DXORIDH B X i 2 2R
SHAS A AL 2 M R D F A R

2) M54 S AR RN IR W) DX A B B R M o A B AR A R0 o SRR DXOF 8 R B A AR
B A0 T I AT FEAR 22 HV3S50 AR o 4% RN HIEE I X1 5 B il B A %) 398 K B I 3K

3) A5 A R 2 S B PR R R e R K, AR A S /I B S M M AR R BB ) R R ARG, A ol M e B
P B R W0 AR v o D BE PR A B 3G 0 S 1N S B 7E E=4.20 J/em B A SRR 8% XY vh
Ty v, HLowp o e B 52400 1 W SRR A

£ E XMk

1 Chen Yan, Qi Dianwei, Wu Meiqing. R&D present status and progress of high strength ship plate steel at home and abroad[J]. Special
Steel, 2011, 32(5): 26-30.
M WF, 55080, 5% 56 B . [ P A1 e o B2 A AR B A A AR T R JRE ). RFIR A, 2011, 32(05): 26-30.

2 Quintino, L, A Costa, R Miranda, et al.. Welding with high power fiber lasers—a preliminary study[J]. Materials & Design, 2007, 28(4):
1231-1237.

3 Zuo Tiechuan, Zhang Dongyun, Qi Junfeng, et al.. Discussion about applying high power CO, welding to ship building[J]. Welding, 2007,
(5): 79-83.
ZEBRAN, k& =, BRI, & T R IR COOGAR 7 M & o v AR 1. 45842, 2007, (5): 79-83.

4 Lu Binfeng, Lu Fenggui, Tang Xinhua, et al.. Present status and progress of laser welding[J|. Welding, 2008, (4): 53-57.
Bl A, P RUEE, JH T AR, S OGRS T A BUIR 5 SR ()], 4592, 2008, (4): 53-57.

5 Li Xiaona. Study on fiber laser welding in ship buiding and marine engineering[J]. Modern Welding, 2007, 56(8): 82-84.
R . LT PO AR A 3 W B e TR e A SR (D], BRAR AR 322, 2007, 56(8): 82-84.

6 Zou Jianglin, Wu Shikai, Xiao Rongshi, et al.. Comparison of melting effciency in high power fiber laser and CO, laser welding|J]. Chinese
J Lasers, 2013, 40(8): 0803002.
ARV, SRAEBL, 1 2R TE, 45 . & D AROGLF O COLMOEAR B AL 8RR EE()). [ #OK, 2013, 40(8): 0803002.

7 Cui Li, Zhang Yanchao, He Dingyong, et al.. Research progress of high power fiber laser welding|J]. Laser Technology, 2012, 36(2): 154~-
159.
fE T, TREE, BB, AF L S U RO AR OB R E B ST R )] OB HER, 2012, 36(2): 154-159.

8 Cheng Qijun, Ou Yaohui, Zhou Shuibo, et al.. Discussion about high power fiber laser welding process[J]. Welding Technology, 2011,
40(12): 28-31.
PRSI, WORNE, JEI KU, 55 . & T 3G 0GR H: T2 MR SR B R, 2011, 40(12): 28-31.

0303003-7



A R S
9 Yang Lansheng, Yu Zhishui, Lu Qinghua, et al.. Study of laser welding T—joint of sandwich structure[J]. Chinese J Lasers, 2014, 41(4):

0403003.
M, FiRK, FRAE, 45 OB = A A5 T RSk 9 ST 0], P E O, 2014, 41(4): 0403003.

10 Jia Jin, Yang Shanglei, Ni Weiyuan, et al.. Study on microstruture and properties of laser welding joints of marine high strength steel E36
[J]. Chinese J Lasers, 2014, 41(2): 0203002.
BHE, B, GRAE VR, S5 O TR AR E36 WO B L A SURI M RE 1 B SED]. h EDEOK, 2014, 41(2): 0203002.

11 Yang Lansheng. Study on Laser Welding of High Strength Sandwich Steel and The Joint Property[D]. Shanghai: Shanghai University of

Engineering Science, 2014.
Bt A: e B AN = A AR O AR 45 B S PR RE R ST (D], i B TREHOR K%, 2014,
12 Dong H, X Hao, D Deng. Effect of welding heat input on microstructure and mechanical properties of HSLA steel joint[J]. Metallography,
Microstructure, and Analysis, 2014, 3(2): 138-146.
13 Li Zhi, Wu Yanming, Zhang Junxu, et al.. Study on thermal cycle and microstructure characteristics of 10CrNiCu steel by hybrid laser—
MAG welding[J]. Development and Application of Materials, 2014, 29(1): 18-22.
25 R, R SRR, 5F . 10CiNiCu SROG-MAG & & KRG 51 R AL SURE PR 52 10]. MR & 5 REHT, 2014, 29(1): 18-22.
14 Chen Genyu, Chen Fei, Zhang Yi, et al.. Effect of butt joint gap to high—strength automobile steel of fiber laser welding[J]. Chinese J Lasers,
2011, 38(6): 0603013.
FRAR A%, B K, 8K Uz, A XTI B 25 v R G A OG AR B9 S D). Hh O, 2011, 38(6): 0603013.
15 Xu W, D Westerbaan, S S Nayak, et al.. Tensile and fatigue properties of fiber laser welded high strength low alloy and DP980 dual-phase
steel joints|J]. Materials & Design, 2013, 43: 373-383.
16 Cao X, P Wanjara, ] Huang, et al.. Hybrid fiber laser - arc welding of thick section high strength low alloy steel[]J]. Materials & Design,
2011, 32(6): 3399-3413.
EE&HE.: Kt

0303003-8



