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Abstract: Orthogonal test of GH4169 nickel-based superalloy was carried out with the tungsten inert gas

(TIG) welding arc additive manufacturing platform. Effects of welding current, welding speed. and wire feeding

speed on weld width and reinforcement were studied. BP artificial neural network was established and optimized by

genetic algorithm, the single weld bead shape and size prediction model was obtained, and a human interactive

interface for size prediction was created by the graphical user interface (GUI) module of MATLAB. The results

show that the weld width increased with the welding current, decreased with increasing welding speed, and first

increased and then decreased with increasing wire feeding speed. The weld bead reinforcement was linearly positively

correlated with the wire feeding speed, and negatively correlated with welding current and welding speed. The

prediction relative error of the weld bead size prediction model was within 6%, which could predict the shape and

size of a single weld bead more accurately.
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Fig.1 Integration of welding torch
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Table 1 TIG arc additive manufacturing process

parameters of GH4169 alloy

o SR H L/ SRR/ koL WL/

A (mmemin ") (cm*min~ )
1 160 120 60
2 160 140 70
3 160 160 80
4 160 180 90
5 170 120 70
6 170 140 60
7 170 160 90
8 170 180 80
9 180 120 80
10 180 140 90
11 180 160 60
12 180 180 70
13 190 120 90
14 190 140 80
15 190 160 70
16 190 180 60

79



ML EH

MATERIALS FOR MECHANICAL ENGINEERING

A

B, S A ARV M AR AR PR B IR A ) 1 SR IR 1 R TR

2 HBRLERSITIE

TZSHIEER R

HI T 2 AT LA H 26 o Bl 0 6 fi 30 4 384 e
DLk M 18 R A AR 4 B2 ) 394 0 AL PR R A B
IR 22 N S R AR . TS LR B A
i 32 o e v R AR U B A e IR IO A
B R X S AR T A T EE AR O B Tt 5 R AR
R e 1 58 [0 2 18 ) AR T 2 A B A K 5 B
R B, B KB N A A R R BUA
VU0 5 WA 2K 22 8 JEE RN L 9 B DR BT R ot
B AR AR RI A — 5 P FL ORI RR 4 3 AN Y

2.1

TG T 05 T8 1 R B — o B, i 22 Ak 2 K
I, 224 50 23 W — B 43 #R i, (7 6 Al AR i B AIT,
Yo N SH TR,
22 IZ5HXESHEIG

B & 3 AT LA Ay i 5 3% 22 3 B O L 2 Pk
TEAR DG, 5 AR U R AR B N R A OC, A5
R BRI A A P RO AR A LT 6 T T
SRR A RS ) I NT(TR O NIE= P o - o7 N Al I N
A2 AE I AN o T 2 SR 38 n £ 0 B G B Y
F1R) 45 7 St R0 B B B0, R T B 2R B S R AR
RAIG . B 30 22 S B Y 38 0, 475 7 k18 K B Al A
SRR, T & BUR R R,

g /. 7.0 7.0

7.0 6.5 6.5 .
g g g — T~
£65 %6.0 £6.0 T~
60 5 ~. £

55 5.5 5.5

096 10 180 190 5050 140 160 180 5050 70 80 90

SRR H/A YRR FE/(cm - min) 3% 22.3% F¥/(cm - min")
(a) FEIEIZERRAN Tl (b) BEERERENT L (c) FEIX LR ERIT (L 2k
B2 IEER TIC EIMEMHETESHMTHHL

Fig.2 Variation curves of melt width with TIG arc additive manufacturing process parameters: (a) welding current;

(b) welding speed and (c¢) wire feeding speed
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Fig.3 Variation curves of reinforcement with TIG arc additive manufacturing process parameters: (a) welding current;

(b) welding speed and (c¢) wire feeding speed
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Fig.5 Expectations and prediction results of weld width (a) and reinforcement (b)
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Table 2 Weld width and height errors of test samples
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* XA/ mm IR/ 0 AEXTERE/ mm AR R 22/ %
1 0.090 1.47 0.013 0.69
2 0.066 0.92 0.067 2.44
3 0.252 4.25 0.027 1.18
4 0.137 1.95 0.066 3.68
5 0.121 2.15 0.035 1.45
6 0.263 3.68 0.072 2.86
7 0.128 1.93 0.112 5.62
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