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Numerical Simulation of Thermal Behavior of Different Interlayer
Idle Time for MIG-Based Additive Manufacturing
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Abstract; A three-dimensional finite element model of MIG-based additive manufacturing were established to reach the

temperature filed character and the influence of the idle time using ABAQUS software. Meanwhile, infrared thermometer

was used to measure the thermal cycle curve of relevant point on the work piece. The confirmatory test shows that the

calculated results match the experimental measurements well, which verifies the accuracy of the simulation. The results

indicate that the high temperature zone increase as the depositing height increases with other parameter being constant,

the high temperature zone reduce as the interlayer idle time increases. In MIG-based additive manufacturing there is

good metallurgy bonding at interlayer.

Keywords: WAAM ( wire and arc additive manufacturing ) ; MIG ( metal inert-gas welding ) ; thermal cycling

characteristics ; temperature field ;interlayer idle time
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Table 1  Chemical composition of SUS 304 stainless steel
%
C Mn Si Mo Co
0.050 1.140 0.410 0.360 0.210
Cr Ni Cu Fe Hxy
18.400 8.190 0. 180 70.780 0.305

%2 ER308 #2405 k5

Table 2 Chemical composition of ER308 welding wire
Yo
C Mn Si Mo Cr
0.030 1.790 0.480 0.005 19.720
Ni Cu S P Fe
9.400 0.060 0.013 0.022 68.480
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Table 3  Thermal physical parameters of SUS 304
WEE, R MR, SRR BUIRER wIE/
C (Jekg ' KT)(Wem™te ¢l B/GPa % x10~%C (kg m ™)
25 450 16.09 204.04 16.09 7 800

400 590 21.02 177.23 21.02 7 660

800 640 26.40 139.49 26.40 7 500
1 000 660 28.93 118.49 28.93 7 410
1200 710 31.51 95.93 31.51 7310
1 400 3160 32.94 16.07 32.94 7170
1 450 7 390 30.71 0.00 30.71 7 010
1 500 810 31.43 0.00 31.43 8 100

A4 ER308 4540 A I
Table 4 Thermal physical parameters of ER308

R/ LA/ WoeEs opbE ABEKR R
C (Jekg b K HWem ¢l B/GPa % x107%C (kg - m ™)

25 462 14.6 208 13.61 7770
400 496 15.1 180 14.26 7 640
800 512 16.1 138 16.35 7 480

1 000 525 17.9 113 17.07 7 400
1200 540 18.0 90 17.77 7 310
1 400 577 20.8 44 19.64 7 190
1 450 604 23.9 10 25.30 7010
1 500 676 32.2 10 25.78 6 690
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Geometric model and mesh generation
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Figure 2 Double ellipsoid heat source model
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Table 5 Parameters of double heat source model

a;/mm a,/mm b/mm d/mm Ty T
6 12 6 6 0.6 1.4
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Table 6  Finite element simulation model parameters and

process parameters of arc additive manufacturing process

ZEHEEE RERIEE 2R/ 258/ N
fi 8] /s (mm + min~") mm mm R
30 200 3 12 10
60 200 3 12 10
KB/ mm HL/A HE/V B/ %
100 180 20 60
100 180 20 60
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Figure 3 Schematic diagram of temperature

measurement point on substrate
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Figure 4 Schematic of path
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Figure 5 Measurement thermal circle and
simulation thermal circle comparison
3 MIG &4 H1E iR EIHREIULE R
3.1 H#MHEIERPEEGELE

W AR RS Bl , 7E 3 b A B A BTG ,
6 T 7 JZJZ 45 B s E] 3551 0 30 160 s Y% 1 J=
55 5 2L 10 2 SR .

MIEL6 ~7 ] A, AR [R]JZ 5] 5% B s 18] ) AN ] )2 K i)
B2 Y, WA 2 RO Tt s 7 i i DN TR R
AR AR BE DR ARG A A% 5 R T PR PR A R
HE AR BB . AT 1 b B A fiE
HERTHURIEE R, 22— MR Rl e, T2
R — 2 G —EA BEE, S 805 — 28

IpEEIC
2200

1 764
1328
892

456

zy20

.

WE/C
2200
1827

1454
1081
708

335

z Y

V.,

/T
2200
1843
1487
1130

774

zy4l7

V.

(@) H1ZH at

(b) H5ZH s

(c) FE10ZH

B6 Elais@atia 30 s i&Ey
Figure 6 Temperature field of
interlayer idletime 30 s
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Figure 7 Temperature field of

interlayer idletime 60 s
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Figure 8 Thermal circle of interlayer idletime 30 s
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Figure 9  Thermal circle of interlayer idletime 60 s
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