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Fig. 1 Welded joints of high-strength stainless steel car bodies. (a) Resistance spot welding; (b)—(d) laser welded

external and internal plates and weld shape™
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Fig. 2 Elimination mechanism and effect of hump defect during high-speed laser welding with double beams. (a)(b) Flow

behavior of molten pool and photo of weld surface; (c¢)(d) schematic for double beams suppressing hump™
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Fig. 4 Laser joining of laser textured low-carbon steel and CFRP™' | (a) Schematic; (b) tensile curves
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Fig. 7 Laser welded joint of ultra low carbon bainitic steel .

Cooling time tg5, s

Cooling time tgs, s

(2)CGHAZ B 2L () FIRPLFI 3 5 () —40 C T By b1k

(a) Microstructure of CGHAZ; (b) tensile strength at

room-temperature; (c) impact toughness at —40 “C

LN 1.5 £55 145 75 3~ 15 s {1 [ i,
CGHAZ 7E—40 C T iy vh i M Ty i F B 5 Y )5
2k 2 4 B9 /N . CGHAZ 19 b i TR T Bk 41,
AU AT AT LR I, M-A 4 TT B SRR E 2 5
M 800 MPa 4% # A% fifk DL [C A9 CGHAZ #HE: y %
i, T RE R AT M-A 2 T I A R AE R DT AT
T AR B 3k Y p s T

T AT OUL 2 20 4 FC AR B S50 R 5 B A
fi ] st 35 2] B 0 5 B AP . 1700 MPa 2% #8 f
558 AIG A 4 AN B b 21 40 v VARG R T [ A4 SR
LA B2 e HL IR 4% 4 R 21 2148 ik R AR BB IR
R B IC AR, AR 4 o 2 R AR 3 B M 1 6020 LR L 2
ek O SR B R . OB Rk 1 MR Ak &
J& o H R 21, HAZ Ak IX 38078, SR 4 Sk b dir
5 B AT LK BBRER 9 94 %6 DL I, FRBERE Sk HAZ A7
T W TR AL AL A2 I B HAZ 38k R K, Bl 25 £k
FAR S RN, SR B SRR R G B HAZ 4
21U ] JCHy [ AR, B 25 101 L B T e s B BT R
. KRS Y A U RE B A A AN 5], RS il
WP AR R P ERIL X, ARG 2
A0 MY B R AT L T LR 38O 3% T AR A HE G
AR 242 3 1) 25 P R AT R L Y R B - B A T
IR S IERET RV € R DY WS ERE T BU g ] S 2
Sk A IR BT SR IR B 700 CC L O
Fm A H Gk A ]l 4074 = F) 90° L B L H
P23k W BT R 50 BE th BER 38 1Y) 94 YOREAIRN 76 %6 5 i
I 55 IXF 21 /N P Bl SR D TR B, HAZ fR AR 5%
R ERAA 2k 28 R R I [ R o 9501 2 1 Ak
RIS AR 4 KR HAZ 34 [0 K By [CAR 4 B R b
PRAT AR 4% 48 9 RE E o 48 HRC, HAZ WAL X 1Y
MR Ry 41 HRC, #OG 3R 1 b 35, 1748 4 )8 A

HAZ W E 3 F 3 34 HRC £ 47, 50038064
Ab ¥ 2H 2 RRE AR A 1) 3 R 2R A (R L RS
JE SRR ], Bl U (VR RE T R, R % R R A T R
fIC. SR JE L 600 °C B, AR 48 6 & /T 35 HRC,
AR B 5 4 3k 1 25 i 1 e % DDA DG, B /N T
35 HRC if, 7 3875 90° LA I (25 £,

FV520B J& —Flt 5 [C A BT A A6 55 89, Fo it
o7 5 5 RN 2 I oy 90 B2 4 ) Al Gk 3| 1114 MPa Al
101 J/em® , AT SR FH [ Joit it 2 o L1047 0O HE AR 22 1
&5 XK 22 AT HL TN AR AT DL A J Ak AR 22 T
T O RE L, 7R BN I I AT RS 0 B
R E B R, R 8 B HEKRZ
F X 0] KK IR 2 X = 340 2 e 4000 3o
/N AR K B AR R R 19 YR S B AR FN 41 /N 1 Tl
KE AR, Rk T R 2 S SO IR 2 0 T 2
PERE AL, KRS HE AR 2 Y B b i B R e o 4 B A i)
F%h 996 MPa fil 90 J/cm®, 784 — 2R 5E 5 .
Xof HE 2 U AT O 1 A Tk B B 3 ek R R O
Rl A TR A M R R A B AR S A Al )N
Ry ] oK T ER A, T P 8 (E) BT /i ] kb B Y 3t
SROEE R ehoif B OBE g3 B K & 959 MPa Al
117 J/em”, B BT T ohdi @£ . & 8 () M IR
AL ek B I A, AT R B e D) R B TR
55 5 B 8 (h) Sk 0 b B [ ok 245 20 23 1% v < 1
TEH BB A VR HR ST 4 5) B MR B 244,

W LR R R AR R B Lkl o 10 1 13 50
XURH AN 45 A9 ) s 5L AT B 3 114 7 2 M 6 R0 ol 2
FLBR B i RRWD  BRAR T AR UA & — R AR R A
T 388 1) T et 25 R et o 98T R e R v 1 4 0
PR, 1R R AR R AR AN B ) L QAR AR PO AR Sk
JE 4% 4 @ R HAZ i BUA L 91 2% i, 7™ B 52 i T

1502005-7



#4835 £ 15 H/2021 £ 8 B/ E# ¢

¢ . ¥
SEM HV: 15.0 KV WD: 12.74 mm
Ml SEM MAG: 5.00 kx Det: SE

8 FV520B A MO IR R m B R .

Ca) ~ (D HERRZ VHEIE XL (8] K DR K X RORZE U 3 s (o) (D B0 HA AR

BTG 7 )2 00 WIE S (o) (h) 30 #A4b BT S5 19 v Wi 10 51 R AE

Fig. 8 Repair of FV520B stainless steel by laser cladding
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. (a)—(d) Microstructures of cladding layer, remelted region,

tempered region, and quenched region; (e)(f) macrographs of cladding layer before and after laser heat treatment;

(g) (h) fracture morphologies before and after laser heat treatment
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Abstract

Significance The sustained demand for the joining techniques with high quality, high efficiency, high flexibility,
and environmental protection, as well as the emerging demand for joining various novel materials, jointly promote
the research and applications of laser-welding techniques. Benefited from the rapid development of laser components
and supporting equipment, as well as the understanding of the interaction mechanism between the laser and
materials, laser welding has achieved the transformation from laboratory development to large-scale industrial
applications in the past 30 years. The laser energy can be precisely controlled in time and space. High energy density
and low heat input enable laser welding to control the weld shape accurately and restrain the adverse effect of the
welding thermal cycle on the base metal. On the one hand, high energy density causes metal evaporation, thereby
forming keyhole, which is a common defect in laser welding. On the other hand, low heat input leads to a fast cooling
rate, affecting the microstructure of the weld and heat-affected zone. The control of penetration, porosity, and
microstructure is closely related to the laser energy. By analyzing four typical cases, welding of steel, magnesium
alloy, titanium alloy, and dissimilar material, this study introduces the influence of laser energy on the welding
penetration, porosity, and microstructure and its control methods. Moreover, it reflects the characteristics and
advantages of laser welding and provides a useful reference for solving the welding problems of new materials and
structures using laser-welding techniques.

Progress Laser welding can reduce the heat input, obtain a high aspect ratio, and improve the welding efficiency
and accuracy. It can also accurately control the temperature change of the base metal and obtain the desired melting
shape and temperature distribution. The semi penetration laser welding of stainless-steel car body can avoid the
burning traces of the outer plate and ensure joint strength (Fig. 1). Using double beams, the hump of thin-walled
stainless-steel welded by laser can be avoided, and the welding speed can be greatly improved (Fig. 2). By adjusting
the laser incidence position and heat input, the fusion ratio or heating temperature of dissimilar materials can be
controlled, and the bad microstructure, holes, and cracks can be avoided (Fig. 3).

The metallurgical pores of laser welding are mainly affected by the gas source. The impurity on the surface of a
workpiece is removed using the method of laser surface cleaning before welding. This suppresses the pores of laser
welding, improves welding efficiency and flexibility, and reduces environmental pollution. For materials with high
gas content in the base metal, such as die-casting magnesium alloy, with high energy density and appropriate heat
input, the precipitation of solid solution gas can be avoided, reducing the porosity (Fig. 5). The porosity process of
laser welding is affected by the stability of the keyhole. Appropriate laser energy is essential to improve the stability
of the keyhole and reduce the tendency of porosity. Due to the influence of gravity, the influence of the laser energy
on the pore tendency under different welding positions differs; thus, it is necessary to select appropriate laser energy
according to specific welding positions (Fig. 6).

Laser welded joints undergo heating, cooling, melting, and solidification processes, which lead to changes in
structures, deteriorating performance. Laser welding is the ideal-welding method for ultrafine grain steel due to the
low heat input, which has little influence on the entire welded joint. The rapid cooling rate of laser-welding results in
a great difference between the microstructure of the welded joint and base metal. The laser surface heat treatment
after welding can control the microstructure of the weld and heat-affected zone properly, providing more possibility
for controlling the microstructure of the joints by adjusting the laser energy (Fig. 9).

Conclusions and Prospect The essence of laser welding is the interaction between laser energy and material.
Penetration, porosity, and microstructure are key factors affecting the properties of laser welded joints. In this
study, typical examples of laser welding of steel, magnesium alloy, titanium alloy, and dissimilar materials are
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selected. The influence of laser energy on the welding penetration, porosity, and microstructure and their control
methods are summarized. For future development, the laser energy modulated by wavelength, pulse, and compound
heat source, and other laser-processing methods combined with the pretreatment or posttreatment of welding provide
more possibilities for controlling the melting shape, porosity, and microstructure of laser welded joints, improving
the quality and efficiency of laser welding and expanding the applications of laser welding. From the application
perspective, laser-welding techniques may have great development and breakthrough in microjoining, nanojoining,
and joining materials with special properties or functions. Moreover, due to the rapid development of artificial
intelligence, more techniques, such as big data and machine learning, will be used in laser welding in the future.

Key words Ilaser technique; laser welding; penetration; porosity; microstructure; energy density; heat input
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