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Abstract The influence of laser welding speed on microstructure and element diffusion in YG20/45# steel
laser welds are investigated using 5 kW fiber laser under the condition of no groove without filler metals. Weld
appearance, microstructure and element diffusion at YG20/45# steel interface are analyzed. On the basis, the
influence of laser welding speed on the weld appearance with large coefficient of thermal expansion is
discussed between dissimilar materials. The results indicate that for 2 mm base materials, YG20/45# steel
welded joint with well metallurgy can be obtained, when the following welding parameters are used: laser
power P=1.93 kW, laser scanning speed v=2.40 m/min, and defocusing amount -8 mm; with the increase of
welding heat input, WC coarsening occurs at cemented carbide/welds interface accompanied by large cracking
sensitivity. The cracks are commonest in the heat affected zone of welded joint, but may also be situated in the
weld metal, which deteriorates mechanical properties of welded joints. The analysis results of line scanning
indicate that W, Co in cemented carbide and Fe in iron bring about mutual diffusion, making the joint reaching
a favorable metallurgical combination.

Key words laser technique; laser welding; cemented carbide; dissimilar materials welding; microstructure; el-
ement diffusion

OCIS codes 140.3390; 160.3900; 180.5810; 350.3390

%5 B H#: 2014-08-07; Yr 2 f& 20 F5 B #3: 2014-10-10
HEE2TB: BHK AP R4(51105240,51475282) , [ i i B8 561181 (135G 54), 1 58 A& 813 11 H (13KY0503)
fEHE = WIHEE1988—), &, Ml 58 A, 32 % N OGR4 05 10 Y58 . E-mail: xiaoliancao1219@foxmail.com
SURE N A2 (1978—), B B WL, FENGFHOUEE WG & ARG & 550 T .
E-mail: pqxu@sues.edu.cn

2 SCH A JUR 8 RCHRE 3E  H EDG A T www.opticsjournal.net

0303006-1



S I S

1 5 7

2 e 2 TR I 0 40 7RG 5 AT o A0 L — o AR, pht T 1 B 0 T S 5 00 5 1 R
P2 R TR I TR 5 T R AL B T A 4 5 A i T A e L e e
e L ST I A AT AR O . ER AT AR S 0 45 A TR AR B A X T8 L R REE & 7 IR K R
(K05 6 3 3 HOE PR, A aoh TR A6 T /A8 T R R T B0 47 ML) o 2 A A 25 i — 5 ) B g 2 S 1
SR 1 AT R — AN LT A A 4 Pl G 2 00 3o O S0, T S A 10 M R AR KRR B 1 3 3R 1 T 9 B B
W S AR TT 2 IO S B BRE E  AHEOTE  N H BIE I R BS G S5 B A SR A
LS RE .

VT AR TR B A 4 A7l A5 3 T R B e R T, S SR A R B R AR 1 R R L LR
T4 e 70 EL TR BES 55 Pk 0 7 B 3K A5 7 e A R, T R A 4 5 0 10 7 R 5 T R A 2 B R o TR
FLAE 20 140K, T T BL 25800l B 5 4 5 400 9 COL MO E B MR AT T RS L S0/ A8 1 DALl 480 17 L4 2
Co R 4540 19 22 0 28 T T 23K 40 50 9 T 0 TUAA X T R (UG M A2 380 T — 8 M A

e £F WOt BT D138 B DGR B O B LB B A v 4 00, 0 JLAE , B 75 D RO 4R MOG 2R 1 AR 5
R LT B IR EAE DU A AR N TAT L s 3 BT o . AR AR 1% 1, e £F 0 38 COL B0k
T T R | A e R X R v T 4 R B 0 4 TR O B AT BRI . AR SCR PRk
CF WO AT IR A 4 5 AS#AR 0 5 00 36 10 %8 T 3 — 5 407 5 WO A5 7 M A8 1 o7 P LA e K

=\ [11-14]
B X o

2 I AR5 R Ty ik
2.1 R HHR

TR0 R IR ORE A X 42, i PR R A B S xR, P R S G B 0 YG20 AL WC—-Co RIS BT & 4,
A5 Lo WL 2 1, 412 o Ak ARl £6 25 (W C) AR FURG S5 48 ¢ AH(WC+ v ) B, 2% R T A 4 B A & B P12 o
IR R PR I B B B I R, R R AR S T R A A AR R 458N SRR S IR S . B
KEBA L 53 0 i B2 B 500K (B AR 40 mm, JE B2 2 mm), >R 64208 20, 45 10 A Ae MLER 48 J0 4T BE 8 [k 455 1okt
15 R AR LA K At 2% B, 7 PR A 5 TE 7K BT VR R BT A .

F 1 YG20 M T & 4 fb 5 B 43 (0 4t 43 50)

Table 1 Chemical composition of YG20 cemented carbide (mass fraction)

Element W /% C /% Co /%
Component 75.10 4.90 20.00
2.2 R HE
IR 26 [E LPG B9 YLS-5000 5 Y6 £F 306 #4878 S #4008, BB I K 8 1070~1080 nm, Y6 BE H 42 0.2 mm),

R TR S kW, f8E KUKA 1Y KR60-3 HU KR HZALEF A RN Al AR (7 25 VE M BB & o R M &R, Ak
Ui fE R 18 Limin, 76 A FF 3 U AN in 35 58 b ORE B9 25 00 R O/ 35 T 3 0 B A i R AR R AR 4 B (0.96~
2.40 m/min ), B 5% Y G20 B 5T & 42 15 45484 165 4542 Kk i AR 48 BUE (21 8V A0 KOT R T BURRE o AR M R 4 T
EBHNF 2R .

F2 BB T 3K

Table 2 Welding parameters during fiber laser welding

Serial Specimen Power setting/ Welding speed Defocusing Gas flow Welding heat

number thickness /mm real power /kW /(m/min) amount /mm /(L/min) input /(J/mm)
Al 2 2.0/1.93 0.96 -8 18 1.09
A2 2 2.0/1.93 1.20 -8 18 0.87
A3 2 2.0/1.93 1.44 -8 18 0.72
A4 2 2.0/1.93 2.40 -8 18 0.43
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Fig.l Weld appearance of YG20/45# carbon steel welds at different welding speeds. (a) Specimen A1 (1=0.96 m/min); (b) specimen A2
(v=1.20 m/min); (c) specimen A3 (v=1.44 m/min); (d) specimen A4 (v=2.40 m/min)
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Fig.2 Weld appearance and microstructure of laser welds in specimen A2 (v=1.20 m/min). (a) Weld appearance (cross section); (b)
microstructure of region “A” in Fig.2 (a) near 45#/weld interface; (c) microstructure of fusion zone “B” in Fig.2 (a); (d) microstructure

of region “C” in Fig.2 (a) near weld/YG20 interface
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Fig.3 Weld appearance and microstructure of laser welds in specimen A3 (v=1.44 m/min). (a) Weld appearance (cross section);
(b) microstructure of region “A” in Fig.3 (a) near 45#/weld interface; () microstructure of fusion zone “B” in Fig.3 (a);
(d) microstructure of region “C” in Fig.3 (a) near weld/YG20 interface
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Fig.4 Weld appearance and microstructure of laser welds in specimen A4 (v=2.40 m/min). (a) Weld appearance (cross section);
(b) microstructure of region “A” in Fig.4 (a) near 45#/weld interface; (c) microstructure of fusion zone “B” in Fig.4 (a);
(d) microstructure of region “C” in Fig.4 (a) near weld/YG20 interface
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