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Numerical Simulation of Temperature Field for Additive
Manufacturing by Gap-Filling Model

SHAO Hailong, XING Yanfeng” ,ZHANG Jun,ZHANG Xiaobing, YANG Fuyong,CAO Juyong

(School of Mechanical and Automobile Engineering, Shanghai University of Engineering Science , Shanghai 201620, China)

Abstract:To explore the thermal reasons for the gap-filling model to improve the surface quality, the finite element
model of gap-filling in arc additive manufacturing was established by Visual Environment software. The temperature
history of the matrix and gap-filling was analyzed. The temperature field changes in the intermediate channel between the
gap-filling model and the traditional lap joint model were compared. The influence of filler material direction and cooling
time on the temperature field was discussed. The simulation results were verified by experiments. The results show that
the peak temperature of the gap-filler is 176 °C lower than that of the lap joint, and the difference between the movement
of the matrix and the filler in the same direction and the opposite direction is small. As the cooling time increases, the
peak temperature at the midpoint of the filler gradually decreases and the amplitude becomes slower. Gap-filling
significantly reduces peak temperature ,the same orientation of the matrix and gap-filler and the appropriately increased
cooling time can make the temperature distribution of additive manufacturing more uniform and obtain better surface
quality.
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Figure 1  Gap-filling model
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Table 1  Chemical composition of 7075 aluminum alloy and ER4043 welding wire %

MR Zn Mg Cr Si Cu Mn Fe Al
7075 §54 A B 5.67 2.48 0.2 0.03 0.04 1.56 0.02 0.13 i
ER4043 8 & & M52 0.10 0.05 - 0.20 5.00 0.30 0.05 0.80 S
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Figure 2 Finite element model
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Table 2 Thermal physical parameters of
ER4043 welding wire

B SHRER N FEIAE o/ R p/
T/(C) (Wem™ K" (J-kg?'-K")  (g-em™?)
25 203 891 2.707
200 201 980 2.674
400 190 1117 2.632
600 115 1 345 2.528
800 90 1157 2.381

1 000 97 1158 2.311

&3 1075 fab e B A
Table 3 Thermal physical parameters of
7075 aluminum alloy

5 FIRAK A/ HLIAE o/ W p/
/(C)  (Wem™ K™ (J-kg™' - K™ (grem™)
25 129 864 2.799
200 149 947 2.764
400 160 1367 2.718
600 140 1741 2.625
800 92 1127 2.431

1.000 99 1127 2.357
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Figure 3 Schematic diagram of double

ellipsoid heat source model
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Figure 4 Schematic diagram of test measuring point

140 -
100 |-
O
&
eor —
- R
20 1 1 1 1
0 40 80 120 160

it [E]#/s

S R EIRIR W E o R ARl 2 AT bl
Figure 5 Comparison of temperature test

measured curve and simulated curve
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Figure 6 Cloud chart of temperature

field of substrate and filler
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Figure 8 Temperature distribution of

substrate surface
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Figure 10  Peak temperature variation
when matrix and filler move in same

direction and reverse direction
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Figure 11  Peak temperature variation at

different cooling times
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