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Key Influencing Factors and Optimization Strategies for Weld Bead For-
mation Size in 316L Stainless Steel MIG Arc Additive Manufacturing

LI Ziwei', YANG Hongcai’, LIU Haomin', SUN Junhua', ZHANG Yuanbin'"

1. School of Materials Science and Engineering, Shandong Jianzhu University, Ji'nan 250101, China
2. Shandong Jirong Thermal Technology Co., Ltd., Ji'nan 250100, China

Abstract: The study aims to investigate the impact of process parameters under different current modes on the weld bead
formation size in 316L stainless steel MIG arc additive manufacturing. Firstly, the control variable method was used to study
the influence of base plate temperature, welding current, welding speed, and line energy on the weld bead formation size un-
der constant current mode. Subsequently, the orthogonal test method was employed to study the impact of welding current,
welding speed, duty cycle, and pulse frequency on the weld bead formation size under pulsed current, and a multiple linear
regression method was utilized to construct a predictive model of process parameters (welding current, welding speed, duty
cycle, pulse frequency) and weld bead dimensions (melt width and residual height). The results showed that under the con-
stant current mode, the formation morphology was better when the welding current was 150 A, the welding speed was 4 mm/
s, and the base plate temperature was controlled between 100~150°C. Under the pulsed current mode, the best weld bead for-
mation was achieved with a welding current of 140 A, welding speed of 3 mm/s, duty cycle of 0.8, and pulse frequency of 3
Hz. The formation effect was poorer when the line energy exceeded 7 242 J/cm. Additionally, a multiple linear regression
model for the process parameters and the weld bead dimensions (melt width and residual height) under pulsed current was

established, and the regression model was verified to accurately predict the weld bead formation size.
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Fig.1 Arc additive manufacturing platform
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256 B A 16 FH 310 mm=130 mmx6 mm Ay 304
AN, HE 2235 F AR M 1.2 mm (1) 3161 A5 HE
27 HAA R IR 1 2 FREERIG T, R 4R
FTESEEAR R I W B o PR Al R
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1 LFFREBLUFERS (RESE, %)

Table 1 Composition table of 316L stainless steel welding wire (wt. %)

C Si Mn S P Cr Ni Mo
0.023 0.7 1.6 <0.03  <0.045 19 12 2.0~3.0

K2 304RFRNEMUERS (RESH, %)

Table 2 Composition table of 304 stainless steel substrate (wt. %)

C Si Mn S P Cr Ni Mo
0.08 0.7 2. <0.03 <0.045 20 8.5

1.2 KEHFR

TG4 2 B8O 18 BUE 19 5% ) 8 FH 1) 7 7%
AR AR VAR IE 22 vk o i AR ik 2L AT R
AT AT CEDWAE SR R A A i AR o AT LA
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X0 235 J 0 FE UG o AR SR PR AR 1k 1
T E AT By 52 B SR I ok T AR
TR R KR R RE XA U RS
FIsZ L, T2 S BN EE B N2 3 Pin >Rk H
IEASARIR LR T 4 2R 4 7K 1E AR IR R AF 5T ik
MR AR (L IR R kPR | s
LU X IE BB RS RS2 IR , 4 3R 4 KRR 3R
MR AP,
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Table 3 Welding parameters and selection range of control variable

method
ST CE N iz FEMRIRE
/(mm-s™") /A /(Jeem™) /°C
2~6 130~170 4352~9 828 28.6~173.8

ST BRI, R AR E A AL T AR B L
I HORT ZE A MU 10 5 35, B 1k AR A A 32
PRI o O T ORI 4 T S A i i) 7
TEAG AR BT U AR T, ] HT-8879 ZL A X
) AR s L AR g LA R A P s TRLEE , T
SIS (E R O i AR T AR RS o AR R G 4 2
s, o WO RRE G 58 H OB AR, 0 T RS

R4 AERAKFELZHER

Table 4 4 factors 4 horizontal orthogonal test table

s PR SRR %5 LIES

/A v/(mm-s™) k fHz
1 120 2 0.2 1
2 120 3 0.4 2
3 120 4 0.6 3
4 120 5 0.8 4
5 130 2 0.4 3
6 130 3 0.2 4
7 130 4 0.8 1
8 130 5 0.6 2
9 140 2 0.6 4
10 140 3 0.8 3
11 140 4 0.2 2
12 140 5 0.4 1
13 150 2 0.8 2
14 150 3 0.6 1
15 150 4 0.4 4
16 150 5 0.2 3
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Fig.2 Cross section of welding pass
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Fig. 6 Morphology of weld bead under different welding current
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Fig. 7 Relationship between welding current and weld size
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Fig.9 Relationship between welding current and wall size
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Fig. 10 Relationship between welding speed and weld size
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Table 5 Melting width range analysis table
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Table 6 Analysis table of residual high range
5 FHEHLR SRR iz ISUEIES
/A /(mm-s™) k /Hz
k, 15.78 15.42 15.76 18.18
k, 17.66 18.34 18.28 11.82
ky 18.30 16.86 18.28 18.10
k, 13.86 14.98 13.28 17.50
R 0.675 1.395 0.63 0.605
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Table 7 Residual height range analysis table
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Table 8 Linear regression analysis of pass height
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