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fiber laser welded joint has good weld appearance and better suitability. Tensile strength of it can reach 95% of that
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Abstract The study on bead on plate (BOP) and butt laser welding characteristics of AZ31B-H24 magnesium alloys
of base metal, fracture is typically ductile feature, in which dimple is big and deep. while CO, laser welded joint tends

are carried out by using two lasers, fiber laser and CO, laser. The effect of different lasers on characteristics is
mixed mode including ductile and cleavage mode.

5l

analyzed. from the point of the weld appearances. microstructures and mechanical properties. The results show that

laser technique; magnesium alloys; fiber laser; CO, laser; wavelength
140.3390; 160.3900; 350.3850

to arise porosity, which sharply decreases its tensile strength, only 47.6 % of that of base metal. Fracture mode is
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Table 1 Chemical composition (mass fraction, %) and mechanical properties of AZ31B alloy

Al Zn Mn Si Mg Tensile strength /MPa Elongation ratio /%
2.92 1.09 0.3 0.01 Bal. 273 22.4
F2 OB BE LR MY AL SR
Table 2 Thermophysical properties of Al, Zn, Mg, and Fe
Al Zn Mg Fe
Melting point T, /K 933 693 923 1808
Boiling point T}, /K 2333 1203 1380 3003
Vapor pressure at T,,/Pa 10°°¢ 23 360 2.3
Vapor pressure at 1000 K/Pa 0. 000012 12000 1360 0
Surface tension at T,,/(N/m) 0.91 0.78 0.56 1.87
Thermal conductivity of solid at
T /Wem ' K 210 9 130 30
Absorptivity at T,,» 1.06 pm /% 11 42(300 K) 36(300 K)
Absorptivity at T,,, 10.6 pym /% 3 10 3 5(300 K)
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Fig. 1 Schematic diagram of laser welding process
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Table 3 Typical weld appearances and cross sections of laser welding for magnesium alloys

Laser Parameters

Appearance

Cross sections

P=15kW,
V=2 m/min

P=1.3 kW,
V=2 m/min

Fiber laser
P=0.7T kW,

V=2 m/min

P=0.4 kW,

V=2 m/min

1 mm

P=15KkW,
V=1.5 m/min

P=15kW,
V=2 m/min

CO, laser
P=1.0 kW,

V=2 m/min

P=0.8 kW,
V=2 m/min

1 mm

0603015-3



H | # g
XTI e, RS H BN A, X EET CO. Bt 3%k 09 1& N 1 22

BRFA D ORI AR LR /MR Z . AER 3
AT LLVE Y RIS CLF ORI SR A R Tm T
B R CO, BOGEHE:, IE 0 W A4 T 3,0
HARE AT A M bE . a5 & B, A 2
AR T2, ] LIRS B B4 N s/ AR 4k .
MRAE LA R, KRB LEE Ay sl 0, 17 4%
HEE 2 m/min B EEFOET % 0. 7~1 kW, CO,
OB 0. 8~1 kW,

o B4 IR X AR B AN [R] 3 4 0O X+ R
(1300 % | (6] B 00 S A AR K B 28 51 . 15 Hh & B
JGET O X 1 2 3% 18 A S AR A2 AR R B0/ IN (8] Bt A 4 A
L B35 IV fiE JT . KR 4 S ORI HE SR FE AR A IR 5 CO.
DR 22 A5 11 2 B 08¢ M A U] W9 b AN ] DSl 7 6 4 (]
B AR /0N G AR - B 1 B0 R L ATE SR A B R
R BARE RSB h 5SS BCA R
KES .. XTI W4k T2 5 HE
JRIEAH 228K G LR OB 2 800~1000 W, K 42 7
B 1.5~2 m/min, BfE&=—2 mm, XTF CO, #6,
[ S5 D) 3 560 R4 o B R AR 2 A RE L B &
JEE, LR D38 1000 ~1300 W, i 52 1 &
1~1.5 m/min, & f£ & — 2 mm. & 4 R X
CO, WG R S H 2 F 2w A R .

2 0 5 25 T LR 21 Ok i CO, OB IR
G S REENIE . WM EF G EOL R
B TH T FE R 5] OO 36U R A VR 1168, TERAL
et AR A A s CO, WO IR 48 2R 1 I Bh K.
SALRRIGER 2 05 b 4 e Wt I 2 KR SE I . DA
T F & O 21 WO AR 4% B8 TG AT AT B R Bk B 5 CO,
PO AR A T HE SR I A AL AR X eI A B A A

K3 B ORAIZL S EDS 7hfras k.

kCnt

AR,

porosity

K2 BOtKRESEE SR BUE SRERE. (6L
H(P=0.8 kW,V=2 m/min, Af=—2 mm), (b)
CO, B (P=1kW,V=1 m/min,Af=—2 mm)
Fig. 2 Weld appearances and cross sections of laser
welded AZ31B alloys. (a) fiber laser (P =
0.8 kW, V=2 m/min, Af=—2 mm), (b) CO,
laser (P=1 kW, V=1 m/min. Af=—2 mm)
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Fig. 3 Microstructure of base metal and EDS analysis. (a) microstructure of base metal,

(b) EDS analysis of the second particle
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Fig. 4 Weld microstructures of fiber laser welded and CO, laser welded AZ31B magnesium alloys.

(a) fiber laser fusion line, (b) fiber laser weld, (c¢) CO, laser fusion line, (d) CQO, laser weld
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Table 4 Composition analysis of AZ31B weld joint by
EDS (mass fraction, %)

Element content Mg Al Zn
Base metal 94.63 2.69 1. 96
Weld metal of fiber laser 95.51 3.17 1.32
Weld metal of CO, laser 95.62 3.10 1.28
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Fig. 5 Microhardness in different zones of laser welded joints
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Fig. 6 Tensile strength of laser welded AZ31B alloys joint. (a) fiber laser, (b) CO, laser
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Fig. 7 Fracture morphologies of laser welded AZ31B joints. (a) fiber laser in low magnification., (b) fiber laser in high

magnification, (c¢) CO, laser in low magnification, (d) CO, laser in high magnification, (e) rectangular zone in (c)
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