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Numerical simulation analysis of temperature field of 5356 aluminum alloy based on TIG arc
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Abstract Abaqus software combined element birth and death method was used to establish a finite element model of 5356
aluminum alloy for additive manufacturing of tungsten inert gas (TIG). The effects of interlayer cooling time, surfacing direction
and preheating on temperature field were discussed. The simulation results were verified by the measured temperature. The
results show that as the interlayer cooling time increases, the peak and trough values of the thermal cycling curve at the midpoint
of the first layer surface decrease. As the number of layers increases, the peak temperature first rapidly decreases and then
slowly decreases, while the temperature of the trough first increases rapidly and then increases gradually. Reciprocating
surfacing can effectively improve the forming defects caused by the accumulation of the heat at the arc extinguishing end of the

same direction, which is beneficial to improve surface flatness. Preheating substrate within a reasonable temperature range can
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make the temperature distribution of substrate more uniform.

Keywords 5356 aluminum alloy ; TIG ; arc additive manufacturing; numerical simulation ; temperature field
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Table 1 Chemical composition of welding wire and base material
(mass fraction/%)

% 5356 5052 1%y 5356 5052
Si 0.25 0.25 Cr 0.10 0.30
Fe 0.40 0.40 Zn 0.10 0.10
Cu 0.40 0.10 Ti 0.15 0.05
Mn 0.10 0.10 Al FS At
Mg 5.00 2.50
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Fig.2 Three-dimensional finite element model
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Table 2 Thermal physical parameters of 5356

R T/C % pl(kg-m™) FRA/(Wem™-K) A /(J-kg'-K)

25 2680 90 1200
200 2670 110 1244
400 2 665 130 1 360
600 2 660 135 1452
800 2 660 145 1 540
1200 2 655 150 1 540
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Fig.3 Comparision between experimental and simulated

temperature thermal cycling curve results
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Fig.4 Multi-layer single-pass temperature field cloud map
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Fig.5 Temperature cycling curves of middle points under

different layers

AR R AW R . 565 1 ZREEAMARSE2.301%
EAFREAMAEZ L, 42 RERARMLENEE2.3.4
AR TEAHREE,LETES5H42E0. B
MEIESBRPE 1A 2RER,E4TEZH3RE
s, e e mIE M EE, Ak i, 22
B P B G A A L A B 5 2= v R B 3R B B
ek OB AT CE A RSB T AT A, H ik
A PRI B2 (Ve AR )7
2.2 RE%H KX RE 7 E R

&l 6 2 10 )2 FL A T BE 34 44 B i B2 A ) )2 (1)
P 6] (1] B £ 365 1 J2 3 1T o IR BE 18 2R it £ 0 i A i
A I 6a vT LIE 5 | B EARFAAE IR 2, G
P B A 2 B0, W AR AU T B, A [R) 4 IR 22
WRERE, XEHTE 1 ZHEEEER E R
BN, ELIRBE i A — 3, DR B A v, iR 2
R 05 28 3 A [R] # J2 16] st (] (] B, 565 2 20 06 (i 2408 oot A
BHE SR EE (630 C1') |, b At $ B RN X /il )2 1R B

b—ﬁ{ﬁzﬁlﬁ

a— U {E R FE /A
000

M ¥
Bl 6 N[5 i ¥ A0 [ 55 12 5 BT il £ b S A 2

Fig.6 Peaks and troughs in temperature cycling curve of the first

layer at different interlayer cooling time



2]

X 08 B 56 < TIG 1461 IUE 5356 Fh e 8 T EE S B AL 43 75

RIS AR /N, IR 2 A B3, AN 18 €. ERE
H{V st (] 3o 484 (o1 RO 22, %of o7 B R ARG 0 L AN (]
2 W (R IR 25 O S 3% . 3~10 ZH AR T4 SR B
W BCAE BE X T 2 04 5 I 3% T 4 0 B R R R
SE IR 253K 57 C. [ 6b 4 (H I 22 S fa e J 1
KX R 7EAH R 09 RE 5T, J2 8] %% £ sk Ja]
M B 8~10 Z0F ) 5 1 )2 R R ik 7.8.9
H A AHEIR 22 B A

P 6c . d 73 71 Ay g L I 8 P 4 VL 55 R 4K
EXRMIAE . X, x Y 20 5 LR R 25
HEEE, Y ~Y,Y, ~Y, &R 4 2 0 E S HERE ;
Y~Y, Y, ~Y, TG 6 ZRIEEH S EIRE . ATLIA
B, BRI R RSB B, BT 4 2R AR TR S5 6
FARAENE . REL SRRV AR 4E R
F) 45 SHELM 156.42 38 & 172.72, J5 6 )2 & 4 X {E K
14.86 14 % 19.61 ; #H A b , A {E A ARG 4 2R M 25.91
W ZE 18.30, 5 6 )2 REHE M 17.23 1 X 6.37, bl )2 Hi¥
T, (B ZH AR R SR R R S R T RE A A 4
R Se PR, JE 183 hn . 43 Bl A R %K

Y, = —156.42x + 1097.54Y," = 25.91x + 89.30 ; (3)
Y, = —=161.72x + 1099.55Y," = 22.30x + 70.55 ; (4)
Y, = —172.72x + 1102.56Y," = 18.30x + 66.56 ; (5)

Y, =—-14.86x + 541.57Y,' = 17.23x + 126.18 ; (6)

Y, = —16.14x + 536.14Y," = 14.06x + 101.30 ; (7)

Y, = -19.61x + 531.54Y,’ = 6.37x + 115.09 .  (8)
2.3 #EH A E IR E SR

KB T 1) 2 S w14 A U RSP R E
AT ST A5 R R I [A] 1) 1 A4 A S R A AR
IR P R AERIE F I RA B, WK 7a, ZBIR
U5 BRI R RN KR I AE SR 1 T 5 1 10 Bk B st A% R
TR, e 2% 7™ 5 o) R T - 38 B, IR R A R 4 07
o] P IR B AR AL R . 1 2 (R] B[R] (E] B R 30 s, HEAR
SRS R 3 PR — B0, BLLAE 3 B R 5 IR
Y.

7 S B FR G AF 5 ) T 5 2 2 RS A AE IR
FEPEERINEL ,A B .C A EZ L b AW B FRIE TS
Mo B 7a R X3 IR IRt 2. ATLUR B,
[7] 1] S BB AN ] o7 8 A R BE PG PR 72 — 3. I’ 7b
Bl 7a X R 3N B A R AR 4. AT LA
B, WHRER s L aER A BB, R A Y
ML ERE . i = A R IR th &5 5,
% 23R I B TR 11 2 AR I A P 328 i
W) B XA R REX . T 7c H C RTESS 22 BT
(B LG A B S AOAIC, T AE 5 3 )2 B C Al Y I IR 8
Fo A B iR, QN i B S B (] 1) XA O K

a—[a) i) I oA s FEE O A i £

1 000 —

[l --=B
800 .

& 600
i
% 400

200{

0 . N i i
0 100 200 300 400 500 600 700

5 [a]/s

1006 b—ﬁ]l‘tﬂfﬁ%ﬁ?%iﬁlﬁ%ﬁi

900 =5
——C
800

£ 700
ZE 600 |
500
400 f
b
1 23 4 5 6 7 & 9 1011

5354

v 606 (-—ﬁﬁi’tﬁéﬁ‘iﬂlﬁﬁ%ﬂﬂ
800
& 600
i
% 400
200

0 " . . " i A
0 100 200 300 400 500 600 700
i 1] /s

P 7 AS[R) BG4 7 1 28 47 A 2k

Fig.7 Temperature cycling curves of different deposition directions
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