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Analysis of microstructure properties of welded joint of
high nitrogen steel by hybrid welding

LI Xinxin, ZHANG Hong, LIU Fengde, LIU Shuangyu, XU Chunying
(College of Mechanical and Electric Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: In order to study microstructure and microhardness distributions of welded joint of high nitrogen steel at different
heat inputs, high nitrogen austenitic stainless steel was welded by Nd: YAG-MAG hybrid welding technology. After theoretical
analysis and experimental verification, microstructures and microhardness data of the welded joint were obtained under different
heat inputs. The results show that, hybrid welding joint of high nitrogen steel cross-sectional is “goblet” shape. The upper is arc
action area, and the lower is laser action area. The microstructure consists of austenite and a small amount of ferrite. With the
increasing of heat input, the ferrite fraction increases, the ferrite branch crystal trunk grows longer and thicker, and the secondary
dendrites is distributed on both sides of the branch crystal trunk. The microhardness distribution of welded joint is not uniform.
The hardness of base metal zone is the highest and the value is between 330HV ~370HV. The hardness of welding is the lowest,
and the value is between 260HV ~300HV. The hardness of welded joint decreases with the increasing of heat input. There is no
soft zone in welded joint. The study provides a theoretical basis for the welding of high nitrogen steel under the certain heat input
parameters.
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Table 1  Main chemical composition of high nitrogen steel

element C Si Mn Cr Ni N Fe

M55 0,00148 0.0049 0.16 0.2207 0.0047 0.0056 balance

fraction
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Fig. 1  Microstructure of base metal of high nitrogen steel
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Table 2 Main welding parameters

laser power/ arc parameter/ welding speed/
number W number (A/V) number (m - min’l)

B, 2 C; 230/25 D, 0.6
B, 2.2 G, 240/25 D, 0.7
Bj 2.4 Cy 250/25 D, 0.8
B, 2.6 C, 260/25 D, 0.9
Bs 2.8 Cs 270/25 Ds 1.0
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Fig.2 Leica metallurgical microscope
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Fig.3 Morphology of hybrid welding joint of high nitrogen steel
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Fig.4  Microstructure morphology of hybrid welding joint of high nitrogen

steel
a—microstructure of welding zone, heat affected zone and base met-

al zone  b—microstructure at the fusion line  c—microstructure

near the fusion line
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Fig. 6 SEM microstructure of hybrid welding joint of high nitrogen steel
(P=2.4kW,I=270A,U =25V ;v =0.8m/min)

a—welding zone b—heat affected zone c—base metal zone

bR 22 b SR , L FG P o B
S T B SRR K
SR A B R 10500 BE KRR AT
FERARIS B AT . M 6b o] 1L, i
SO ALA B0 58K 2 U 1 | L FG
B, T E R AT, BB AL R S
S LA K e, DT G A O BB
Fig.5 Microstructure of welding at different heat input parameters *j‘%‘ﬁéj%ﬁﬁ , i&ﬁ*%?%;ﬂﬁ/\ﬂg?ﬁ []ﬁ , gﬂg/l:{
s e o o R R, LIRS I 6 B
R AL SRR R e, g ) RERNERSE ‘
BEA AN KU TR B, 15 4 8 T S B7 RRARE a RSB WA &E. )
e Bty ot e FPRIEGSR, TGS BERE K, 8 BB LS 11
330HV ~370HV ; #52 mi X FH vk, 5 1o B (s 45 1

L5 4 A B o o TR 2 P it
300HV ~330HV ; {§% A y o Ttk o g 260HV ~
B AL W LEC IR, A Bk P 1 Sb ] 5d [ SREEXEAR, BUREEE

300HV ZJa], BRI SR ERLS: Rl
Se Ji A AT ARAEALSUL AL, BEIE A AT 08 2 RO B ST, i

SIS T DT PR Pk PR B T R 380 a

Ko BB F A S 90 1 R T z 340

0, e A A B8 K, 2 A 0 T, L 445 1L T A 300 4
O P4 T O S PR T 4 BB 2 260] |
LA IR | (1 v 1 S TC 26 2 1 I ] T VI B qu
it EIT R . SRR R TR R A ot i
O T 22 1 4 TR A bk 2 (780 22 1 o e e L3
fT. LR AR S 2 PR B B sopp T

6 J2 im AHOE-H I S AR e R S i e
i % 7 ( scanning electron microscope, SEM ) 41 21 [,
&l 6a ,[&] 6b | [&] 6¢ 43 HIJEFEEEIX FAFEMA X BERF X H
EREE DA EEEA SR

M 6a AT LLE SR e X AU R L, 7F
B FUCA B AR SRR, D, =5 o1 i
(RED R LR U, 11 6 K AR Al 5Bk 1, ks Cistance fhom weld seam/m

Fig.7 Microhardness distribution of the welded joint
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