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Abstract

Based on Abaqus simulation software, this article uses the coupled Euler Lagrangian (CEL) method
to study the temperature field of A356/6061 dissimilar aluminum alloys under different welding
parameters. The results show that the higher the welding speed, the higher the temperature peak,
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while the welding speed has little effect on the temperature peak. Low welding speed can lead to
premature melting of aluminum alloys with lower melting points, resulting in welding defects.
This article also provides assistance for the subsequent research on A356/6061 dissimilar alumi-
num alloys.
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Mae R A BRI s Frob i AR o SR . BEE & SN ARz, B4
T TERE L AR 2 PR TOLR 2, AR & et V2 B LRI 1 25, R A e A
FATIH[L] o TPk BE R (FSW) A& 55 IR B0 72 T T 20 T4 R R A I — Flopr B A IR e R, S8 mich—
PR G &RV 2 XS R MR EOR, TR mR R G e e R A e JE 2] FE P ST 45
P EE R ) BRI R A A RIS Y (7 R O EE PR 4, TR 2 R [B1R M T AR A4
WU - BRBLTIR(ALE)AH BT R ARG B T S INAERI ISR, S9Eda[41R M T CEL J5 i 1 = A
A SR RN A FE . KT [5] 8 P 1 IKAE CEL (5Ll 1K FH i S 4 ORI 1 AR,
[6]7E CEL FyJEAfl L, HE— DT TE 1 AN [ i Ak P2 A4 o PR X PRl B2 32 7 A 5 SRS, 45 SRR
T BB AR L7 1) TR0 45 SR ) e B, P FR SR (7] Sl 6 A356/6061 S FlviE B G4 R F A (1 S BB FE R A
FRE BRI A356 B T ATHEA A T IRAAE m iR YERE, A i 6061 B T ATt MA A T3R5 =
(KL RE . AT P /D AT A356/6061 i il i £ et - BE BB E L I E 7T, i AASSCRE R Abaqus
e AT AT T A RIS 0 DL T 3 (A

2. BUERBIME
2.1, JLIU4RE R AR X1 S

NT AT, SRR . AR SO T UL RY AT T 4k, 208 TRSOREE B3R, He
RSF5E4— B Lo RAMEPESk SR FH U 45 5 A0S & U T 4 5. G (C3DAT) REAT AR Xl 43 o JEAR B A — A
[ S BRI A RN R BRI, K /N9 200 mm x 150 mm x 5 mm, #1154 2 fios . BRANGHEARGHEAT R 5
0 4% K1) 2 72 S PR FH /N 0.5 mm (RIS BT, 376 9 4% X 3R FH /N g 2mm 1) I A e i s
B LIRS A 8 4 sl A £ 4108 RR /S T 4 5. 75 (EC3D8RT) .«

2.2. HRLRYE

PPk BE R IR R T AR A AL, MRS 3R, SRR, WK R4, WG, SR
MR AR A o 25 BE AR LB RS AR AR AN, AR ORS00 8 % A Ll oy sE B, A356 %5 % 2.66
kg/mm?, JAFAELA 0.33. 6061 (K5 1E N 2.7 kg/mm?, JHFAEL N 0.33. AR SCHR[4] [8]73%) 6061 A1 A356
RIS E 4 1R 20 BEPESkoR P Sl i T EARAE, oMkl 2 5n 4 3 [6].

ik

op

DOI: 10.12677/mos.2023.126464 5104 e RSE TR


https://doi.org/10.12677/mos.2023.126464
http://creativecommons.org/licenses/by/4.0/

PANNN
NS

Figure 1. 3D simplification and physical image of mixing head
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Table 1. 6061 Thermophysical parameters

5% 1. 6061 #A4NE S

Figure 2. Welding plate grid division
B 2. RIRMER o

wE(C) SRR (mWIC) LEHAE (MIC) ik R % (107%°C) PR R (MPa)
20 162 945,000,000 23.45 68540
93.3 177 978,000,000 2461 66190
204.4 192 1,028,000,000 26.6 59160
260 201 1,052,000,000 27.56 53990
371 217 1,104,000,000 29.57 40340
482.2 226 1,136,000,000 31.71 20200
Table 2. A356 Thermophysical parameters
7= 2. A356 HAIEBH
wAE(C) SHAE(mWITC) EERZE (MIRC) 91 % $(10°%/°C) FYERL R (MPa)
20 140 850,000,000 21.8 72500
100 155 880,000,000 21.8 68000
200 163 922,000,000 23.6 64000
300 168 1,000,000,000 26 60000
400 168 1,050,000,000 25.41 58000
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500 168 1,075,000,000 26 55000
600 168 1,140,000,000 26.43 10000
700 168 1,120,000,000 26.86 5000
800 167 1,125,000,000 27.42 100

Table 3. Mixing head material parameters

=3 HHAMEEY

SH A (MWIT) EL# & (Mt C) P (MPa) VARA L 2 ¥ (kg/mm®)
45 490,000,000 210,000 0.3 7.85

IUAL, ik BE R R R £ R AR B A IR B, abaqus T8 H ) johnson cook R ik K N AR
RN SR I N AR AR5 B PR DL S R G AR . johnson cook HIAKA T FEUTR

o=[A+B(s" )J{u cm[j—omTTM__Tﬂ T

i 3 A B A 5 SCBR[9] [10]43- %) A356 A1 6061 f johnson cook # 7 S ¥ 4N 4.

Table 4. Johnson cook model parameters
5% 4. Johnson cook 1&E R &%

A (Mpa) B (Mpa) o m n TR (C) T™ (C) o
A356 69.76 45.69 0.07 0.821 0.159 300 612.5 1
6061 289.6 203.4 0.011 1.34 0.35 21.26 652.37 1

2.3. KEERSHHE

KBRS B T IR SSRGS 15 mm, I TERIERE . &8 =R hE 1, R -
%, Bom. FRRJUMARGIE, Horh R RS T B R SL s ) R 2s, TS BT B AR ) R T
SRR 25, T B LV R 4% N THR4E 36 s.
2.4, HEEREEA

PRI T SCRBRBL DA, $5 bkl F 223 RO AT NIARGS 5 , 3Rk BE A3 e PR A AE 3 A 0,
FEBR R S bR i AR v SR AR Bk, FEYEE BRI, ASCEE TR I . AR DU R R R S
SEAFAERA e . B SCHR([6], p. 40) 13 BUH I R ¥ 5.

Table 5. Heat transfer coefficient
5. ML AEY

AL R B (mwIimm?*C) R (C)
JEETH 05 20
inapsasei} 0.03 20
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PPtk AR R AFERef, Abaqus HHE ok 8 B Bl HE AR . Bl A b, D) AT R R B A
JEE P R AR AN 0.3 [9], TEVEIAMT N IR $Ral e, mBE AL AR BGE B 030N 0.8 [3]. SEBR LA
IR R AR A2 B 2 AR 5, Abaqus FRZERIUG 23 BT 25 HoR SR RS0 58 4 ] s BB B4 . X
TPt SR G0 58 NI 249 R 1) 228 nUdEAT T SR 3k P35 300 2% AR ARt o o BB AE T AR T 5 280 B — NI AR R
Y1, WG #R 20°C.

25. REAEM

ALE BEASA] DUF] 3R 45 BOA BIROR, (BRN CEL BIRAMLIT- AR . SCHR[5] E36ERH A
JIRBE AR 5 BE AN S AMBIE R LA )T, SRIRBTHE 45 B HER IS DL T 3emr TR
T A SCR FH FIRE R 798, BB B3 ky = 10,000, ERIESE R 5, HAEEREN S 36 Ein
/INRE, BETRANT 1%. WE 3 FR, ShEeS N RERIHE AT LAE HTE NIRRT B HEIA B & K /N T
1%, WL NSRBI HER .
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Figure 3. Kinetic energy/Internal energy diagram
3. HMEE/AEEE

3. hESRSH
3.1. ¥R R RI RN

{5FF 200 mm/min (R BEEE, 43 5B 1150 rpm, 1100 rpm, 1000 rpm, HAh S g A48k
X EUARE SRR BT AR, IR E I, SRR R A R .

3.1.1. 18ESH 1150 rpm BIER

1 4 A& 5a) AT, 7E 1150 rmp 5l T il BV S ik B T 635°C, HIEAIE F] 6061 £5 G 4 A
650°C, 7EHNLELAIN T B R B/ 1 123°C, WifE e LB U 7 17°C, BTG E
1.8 s WIRFEIGE H 495°C T % 595°C, 4R )5 % 36 s HAREAE 18R 2 635°C . B 6061 I AR Al
P FEk, B A356 5 U4 (B iR FE 45 Pl 5(b), T AIFE N T 33 s Ji5 iR P VG A B A356 455 404 55.612.5°C,
A356 JEMR I T B AR
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Figure 4. Cloud chart of three stages of welding processing
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Figure 5. Temperature peak during welding processing stage
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Figure 6. Cloud chart of three stages of welding processing
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Figure 7. Temperature peak during welding processing stag
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3.1.3. 184S % 1000 rpm LR

HH &l 8 J 5] 9(a) nI knf%id >y 1000 rmp B A0 TR BT 2= IR A2 B 1 138°C, B AR 4 TR
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9(b) AT A4 B %3 4% 1000 rmp B A356 I FEAR iR FE IR UG 4 R 1T A356 H& &1 1 612.5°C, £F
AR BERIR I R
3.1.4. INGS

I U IR R R I, RO AR s R R R R B (K, REERLE Rk 6, Hei T
T EE £ < PR S AN [ R Tod 5 2 P W /N T8 R BN B s o, T8 I 5 L R D43 1000 rmp
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Figure 8. Cloud chart of three stages of welding processing
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Figure 9. Temperature peak during welding processing stag
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Figure 10. Temperature peak of A356 half welded plate with different parameters
10. FEIS# A356 FiNIRIRREIEE

Table 6. Temperature at different speeds

F 6. NEHETHIRE

SH T SR (r/min) SR FE (mm/min) R FEVEAE(C)
1 1150 200 635
2 1100 200 620
3 1000 200 603
3.2. 1REEEE R E AR R

FR¥F 1150 rpm Bl AR, 4350 HL 200 mm/min,

THBOkAG, o, SR =ABmai .

175 mm/min, 150 mm/min AR 4538 B Skt b 2
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Figure 11. Cloud map of welding processing stage
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Figure 12. Peak welding processing temperature
B 12 BEmTEEIEE

3.2.2. 1BIEEE 150 mm/min &R

FH Pl 13 F1E 14(a) T 01 S 4523805 > 150 mm/min B 3 5 06 (8 7 i T B iy 90 B 0l T, B R iR
FELENS ETHE 634°C, N 45 AR B PR A 626°C, S HHIIXUEII R . & 14(b)mT %0 A356 JEHH 21 s
JE B L S S AL I R

3.2.3. NG

SRR 43 FI B 200 mm/min, 175 mm/min, 150 mm/min B H5 EEIEAE JLTAR R SRR AR 6 7, S8
e otk PR WA AR A AR A2 A AR /I o EH P 15 AT 0 2 s Y 1150 rpm AG$E R, BX 200 mm/min, 175 mm/min,
150 mm/min #5238, HArRITE 34s, 14s, 21's, BATEEE S, & FIN TR BN A1) 94%, 34%, F43%.
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Figure 13. Cloud map of welding processing stage
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Figure 14. Peak welding processing temperature
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Table 7. Temperature at different welding speeds
#=7. TRIEERTHIRE
SRS R H (r/min) JE 3% (mm/min) TR AR (C)
1 1150 200 635
2 1150 175 636
3 1150 150 634

4, g5ig

FESRHAREF 200 mm/min B HARSAEAR G DL, Fedtb R LR FE V(BB R, HAE =M H LT,
WA EREE 1000 rpm R, FR4E 4 &P ERIE S0 A356 1 T A FE R IE &, 75 A3 B E e i 2
Ko FELRIFIEE 1150 rpm S HARZEAF AR IR L T 5 M50 AR 5088 o) SR 42 iR B2 WA s i 50/, HLE 150~200
mm/min F3 2 17] 2> SR G SR i ik B A356 A s, BLRAL I Bt R B B
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Figure 15. Temperature peak of A356 half welded plate with different parameters
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