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Abstract To accelerate the development of the laser welding technology of advanced high strength steel (AHSS),
similar butt welding of 1. 9 mm thick 22MnB5 and dissimilar tailored blank welding of 22MnB5 and Q235 are
performed by using a fiber laser. The microstructure, hardness and tensile properties of weld joints are analyzed after
the fiber laser welding (FLW). The results show that the microstructure of weld zone(WZ) mainly contains lathy
martensite. Heat affected zone (HAZ) in 22MnB5 can be divided into three parts: quenched zone, incomplete
quenched zone and tempered zone, and the last one is absent in Q235. The hardness distribution of weld joints is non-
uniform, and the weld edge has the highest hardness. HAZ is very narrow and a soft zone exists in the 22MnB5 HAZ
with the lowest hardness of 319.6 HV, while there is no soft zone in Q235. With the increase of welding speed, the
martensite in WZ becomes finer, leading to the increasing of hardness. When the welding speed is 5 m/min, the
highest hardness of the WZ attains 544.2 HV which is the highest of all the samples. The 22MnB5 samples for tensile
test which are welded at the speed from 3 to 5 m/min are all broken in HAZ, and the elongation at break is only about
2% , which is obviously worse than that of base metal (8.9%).
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Table 1  Chemical component of 22MnB5 steel (mass fraction, %)

C Mn Cr Si Mo Al Ti B
22MnB5  0.2~0.25 1.1~1.3 0.15~0.3 <0.35 <0. 35 0.02~0.06 0.02~0.05  0.002~0.004
Q235 0.14~0.2  0.3~0.65 - <0.3 - —— - -
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Table 2 Details of laser welding process parameters

Welding rate /(m/min) Defocusing amount /mm Power /kW Laser wavelength /nm Spot diameter /mm
3~5 +1 3. 1070 0.2
@ %0 "—>3° ® &0
] i H WZ
8 o Ywz & -
100 25 unit: mm

B 1 R R 7

Fig. 1 Tensile test specimen for welded joints and weld zone (WZ)
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Fig. 2 Optical microscopy images showing the microstructure in the welded joints of 22MnB5.
(a) Overall view; (b) HAZ; (¢) WZ; (d) BM
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Fig. 3 Optical microscopy images showing the microstructure in the welded joints of 22MnB5-Q235.
(a) Overall view; (b) HAZ on the Q235 side; (c) WZ; (d) Q235 BM
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Fig. 4 SEM micrographs showing the microstructure of HAZ in welded joint. (a) Overall view of the 22MnB5 HAZ;

(b) quenched zone; (¢) incomplete quenched zone; (d) tempered zone; (e) overall view of the Q235 HAZ;

(f) upper-critical HAZ; (g) two-phase zone

3.2 BMEE

B 7 g ARl 2L T 22MnBS 845 Sk A8 )% 7y
A o HT BT 7 0] 1% Sk A8 B G0 A AN 33 50 g e B R 2
DUAEAR AR A 33 o T PO R v B3 L AR PR L I 3t
BEITI AT A MR AR L 7 e v B JRE A o 1 B
FRARALZL, AR A i) B2 0 Dt 8 0 B B2 TE 2
FA $2 Th 33 TR g 7 4 30 % 1) v 0 2 e T AR
SerhoL R S FRAR S T AN [ S Ca) A
4(b) 7, %Uﬁﬁr{ﬁﬂﬁm%ﬂmﬁﬂ?%ﬁjﬂfﬂﬁﬁiéﬂ

2V, T LARE B AR A BT b THELE B R ASR A#k
SR DX 1) B A 3ok 30 o B R @Jl_mﬁﬁ):
PR E T B REAALE N A TR X R
TE FAG ) DXAEAE AR DX B B2 e AR o W] A L B (IR s
FEALCABERE 1 6300 0 R R SO AR 2 19 $45 mi IX Y
FOFARIN s Lol 7 B AR 4 A 5 O 2% X A 77 36
(19 5 ey B8 AR ATR ¥4 03 2 o A L IR 3 B S R
P oy R R AR PR RE R (E B BR B, B
VR ] X

22MnB5 84 A BE #1414 Ry T EC AR, H A ) £

(b) 5 m/min

B 5 AR T KR SE SEM SIOW 4 284 1
Fig. 5 Microstructure of the 22MnB5 WZ at different welding speeds
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Fig. 6 Microhardness distribution of the 22MnB5 welded joints
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Fig. 8 Fractured specimens of 22MnB5 welded joints
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Table 3 Results of tensile test

No. Type Tensile strength /MPa Elongation /% Fracture site Occurrence of necking
1 22MnB5(BM) 1610. 2 8.9 - Not clear
2 3 m/min 1241.9 1.7 HAZ No
3 4 m/min 1285.3 1.8 HAZ No
4 5 m/min 1299 2.1 HAZ No
5 Q235(BM) 391.7 28 - Yes
6 22MnB5-Q235 397.1 22 Q235(BM) Yes
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