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Study on automatic welding process and microstructure and properties of weld seam of HJ58 and
WL510 steels for side plate
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Abstract The side plate is mainly composed of connecting beams (HJ58 high-strength steel) and channel steels (WL510 low-
alloy steel). To address the issues of poor weld quality and low production efficiency in manual welding of side plates, the
optimal automatic welding process parameters were explored using the orthogonal test method. The microstructure and fracture
morphology of typical welded parts were characterized and analyzed to verify the effectiveness of the optimal process parameters
in achieving high-quality welding. The results show that when the welding speed is 19 ecm/min, the welding current is 128 A, the
gas flow rate is 18 L/min, and the swing amplitude is 1.3 mm, the weld formation is good, with an average tensile strength of
587.5+2.5 MPa and no cracks after bending. The columnar crystals in the weld zone grow outward in the horizontal direction,
and the microstructure on both sides of the fusion zone is basically the same, being ferrite + pearlite, which is the best
microstructure. The tensile fracture surface has small and deep dimples, and the hardness is relatively stable, indicating the
best mechanical properties.

Keywords side plate; automatic welding;orthogonal test; microstructure ; mechanical properties
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Fig.1 Schematic diagram of side panel structure
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Fig.2 Automatic welding platform
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Table 1 Factor level table
whe MERE s SRR g,
1 1(15) 1(118) 1(12) 1(1.3)
2 1(15) 2(128) 2(15) 2(1.6)
3 1(15) 3(138) 3(18) 3(1.9)
4 2(19) 1(118) 2(15) 3(1.9)
5 2(19) 2(128) 3(18) 1(1.3)
6 2(19) 3(138) 1(12) 2(1.6)
7 3(23) 1(118) 3(18) 2(1.6)
8 3(23) 2(128) 1(12) 3(1.9)
9 3(23) 3(138) 2(15) 1(1.3)
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Table 2 Chemical compositions of welding material (mass fraction/%)

Wk WL510 HJs58 Mkt WLS10 HJ58
o <0.13 <0.18 S <0.025 <0.02
Si <0.50 <0.50 Mo <0.050 <0.30

Mn <1.60 <1.80 Nb+V+Ti <0.130 <0.25
p <0.03 <0.03
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Fig.3 Drawing of tensile and bending specimen(mm)
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Fig.4 Mechanical properties test physical objects
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Table 3 Range analysis table

1 1(15) 1(118) 1(12) 1(1.3) 155
2 1(15) 2(128) 2(15) 2(1.6)  16.0
3 1(15) 3(138) 3(18) 3(1.9) 305
4 2(19) 1(118) 2(15) 3(1.9) 140
5 2(19) 2(128) 3(18) 1(1.3) 25
6 2(19) 3(138) 1(12) 2(1.6) 200
7 3(23) 1(118) 3(18) 2(1.6) 95
8 3(23) 2(128) 1(12) 3(1.9) 175
9 3(23) 3(138) 2(15) 1(1.3) 255
T, 62.0 39 53.0 435
T, 36.5 36 55.5 45.5
T, 52.5 76 925 62.0
1 20.6 13.0 17.6 14.5
2 12.1 12.0 18.5 15.1
3 17.5 25.3 14.1 20.6
R 8.5 13.3 4.4 6.1
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Fig.5 Weld cross section appearance photos
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Fig.6 Microstructure of fusion zone and weld zone
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Fig.7 Distribution of elements in 5* weld zone
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Fig.8 Microhardness distribution of welded joint
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Fig.9 Macroscopic drawing of tensile specimens

K10 SrfftiFir O e

Fig.10 Tensile specimen fracture topography
DA B, 5" 43k Wt 1 SR A R AR IR EERCR Y
B A s 34k R I R IRBA B85 40 A A RS AR
B, W05 R PR UL A8 5™ S T, Jmy o DX 3 ALl 1 A
KL 5 92 S B W 111 2 11 ) 83 AR AR AN ] I, R BDE
T AP, FRBL S M PEWT R . A LS 9"k
FRIBT I T, ¢ B3 65138 14 1 T H A B I g 98 1) 4
HoI7 1 5 Z A B SR AR R T 1 — 2. R,
e BRI AT T [0 A OB R AR S BARAA BL A
RE . T TR MBI 38 n B0 RO B e 1 b i S8 14 A
SR o DA S W 10 3 T B 85 R AR RS EE 2R T LR
My, 57 Sk I 11 2 T B A de o AR EARBUIN IR
JERTR . xR W] 5 S HAT R4 A9 2 ME , I RS R AL
¥y,

3 %

1) R H sh b G T TR, 24
JEAE T FE M 19 em/min ARFEHLIR R 128 A AR &



138 ERMAHYE LA

48 %

18 L/min 204 1.3 mm B, J54% 3 1 TG B , 25 #h ot
TR JC L, Hhr o ol 587.5+2.5 MPa, PEfE RIS, N
BEEASRET Z28HE.

2) S A AT EE SR I X K B 5 b 0 A A
JEE AR S 10 AL U2 A K . 3G R IR IR 25 7 | A 24
ORI, PR S M E B RREEREAR, R
AN G RARIEE S A R SR8 DihL
5 EE AR

3) MRAEH B FE TN PRRRFRCR RO LA . 2k
i AR L H R S A R R 5 B0k % v A B A
AR AR 1 2 (30 02 JEOE TR VAL 1

4 5 ik

(L] VE/NEE XS JE /N B3 5 16 X Q235 H e 4 S (ol o

ALV S SRR SZ R [T ). ARHALE B2 4R, 2021, 42(7) «
150-159.
WANG Xiaofeng, LIU Hong, TANG Xiaobo. Effect of welding
methods on defects, microstructure and mechanical properties
of Q235 steel welded joints [J]. Transactions of Materials and
Heat Treatment,2021,42(7) :150-159. (in Chinese)

[2] SLH ARSI . COLACHRGETFICIUR )], # T
T.20,2025(1):1-5.

MA Hanyong, ZOU Wenfeng, JING Wei. Research status of
CO, gas shielded welding[J]. Hot Working Technology, 2025
(1):1-5. (in Chinese)

(3] P, B, E i, 5. JREE R TH B A WOE L3 2 B HOG -

SVMRHIN 54 [ . #4741, 2023, 44(1) : 57-62.
HU Dan, LU Bo, WANG Jingjing, et al. Detection method of
weld surface defects based on laser vision sensing and HOG -
SVM|]]. Transactions of the China Welding Institution, 2023,
44(1):57-62. (in Chinese)

[4] MAGUDEESWARAN G, BALASUBRAMANIAN V, REDDY
G M. Hydrogen induced cold cracking studies on armour grade
high strength, quenched and tempered steel weldments[]J]. In-
ternational Journal of Hydrogen Energy, 2008, 33(7) : 1897—
1908.

[5] HU L,HUANG J, LI Z, et al. Effects of preheating temperature

on cold cracks, microstructures and properties of high power

laser hybrid welded 10Ni3CrMoV steel [J]. Materials & De-
sign,2011,32(4):1931-1939.

L6] #2218 FF L Q390NBZ3S M M I 42 T 2 (1] SR,
2022,51(6) :66-70.

CAO Ronghua. Welding process for ultra - thick Q390NBZ35
steel plate[ J]. Welding Technology , 2022, 51(6) : 66=70. (in
Chinese)

[7] RIBEIRO H V, BAPTISTA C, LIMA M, et al. Effect of laser
welding heat input on fatigue crack growth and CTOD fracture
toughness of HSLA steel joints [J]. Journal of Materials Re-
search and Technology,2021,11:801-810.

[8] AHONEN M, MOUGINOT R, SARIKKA T, et al. Effect of thermal
ageing at 400 °C on the microstructure of ferrite-austenite interface
of nickel-base alloy narrow-gap dissimilar metal weld[ ] ]. Metals
-Open Access Metallurgy Journal ,2020,10(3) :421.

(9] FHaAs, B, 2, 5. PARIR IR R X L 5 1)

PELI]. MU T R4z, 2022, 58(24) :84-93.
WANG Yanjie, ZHAO Lin, PENG Yun, et al. Microstructure
and toughness of the heat-affected zone of medium manganese
automotive steel welds[ ] ]. Journal of Mechanical Engineering,
2022,58(24) :84-93. (in Chinese)

[10] B R, HOHER RO 25 T 2 BUHAR S S5

W7D . #ilr TR, 2021,
HUANG Qingchun. Numerical simulation and experimental
study of the combined process of submerged arc surfacing and
laser cladding [D]. Anshan: University of Science and Tech-
nology Liaoning,2021. (in Chinese)

(11 FRFH 2, Zemedg , s, 2. 28 I PR 422Q235/1Cr18Ni9Ti

SRS AU AP RELT ). A5, 2019, 40(8) -
38-43.
ZHENG Shaoxian, LI Yenan, SHI Wei, et al. Microstructure
and mechanical properties of ultra-narrow gap welded Q235/
1Cr18Ni9Ti dissimilar steel joints[]]. Transactions of the Chi-
na Welding Institution,2019,40(8) :38—43. (in Chinese)

L12] 5%, ikAR, B3, 4. A S5 ek S S kb RHI & i
BUR ST ] FriE R ,2023,44(12) : 1144-1151.

SU Junqi, ZHANG Wei, MA Jinzhe, et al. Development status
and trends of ductile iron materials for wind power castings
[1]. Foundry Technology, 2023, 44( 12):1144-1151. (in Chi-

nese)



