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Abstract: Based on the coupled Euler-Lagrangian (CEL) model, the finite element model of friction stir
welding of dissimilar metal AA5059 aluminum alloy and AZ31B magnesium alloy was established. The
effect of welding parameters on the temperature distribution was studied, and the plastic flow behavior of
dissimilar plate and the relationship between plastic flow behavior and welding defects were studied by par-
ticle tracing technique. The results showed that with the increase of welding speed from 120 mm/min to
180 mm/min, the peak temperature of weld seam decreased from 579.9 “C to 507.0 °C, which was lower
than the melting point of the two materials. The error between simulation and test data was within 5%,
which verified the accuracy of the model. The equivalent plastic strain analysis showed that the strain val-
ues at the initial welding position and the forward side were significantly higher, and the simulation results
were consistent with the experimental results, showing flash and hole defects in these areas, indicating
that the material on the advancing side had a large amount of plastic deformation during welding and was
difficult to fully supplement. The particle tracing technique revealed that the extent of material flow on the
retreating side was smaller than that on the advancing side, and the materials cross-mixed during the weld-
ing process, and finally distributed uniformly in the weld area, showing interweaving interface characteris-
tics in the thickness direction.
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¢. 500 r/min, 180 mm/min

B4 FRREEENREZER
AR SHCT T AR R B 2 NP 5 BT, I Y DX 1A A B b R O O 2 AR . T 2



% 6 2 RAM, % . AAS059-AZ31B F A4 B it H EEIZ R E G MM R AT AR 181

T S 5 BEHE DO B AL Bk 70 M B4 SR AROR L o B8 8 DX A 0 ) 8 AR B8 e e o e L DX 2 B TR,
T S DXCEOR R . JOR R AZ31B Bea &R T R T AAS059 a4, S B ) Y J 14 34
ABLY, (RIS, (BRI 4 50 A R A T AR PR B LU ), DR o AR OR Bl R RO RE 45, LR BE T
BH S bR 1) Y EE SRV PE AT . 2R ZR IR RIAE T S BT R DX R 0 A A X R 2

BE/T
565.36

a. 500 r/min, 120 mm/min 495.09
424.82
1 mm 354.55
L]

284.28

b. 500 r/min, 160 mm/min
214.01

\ 7
by v 143.74
\ 1
{
\ 73.47

¢. 500 r/min, 180 mm/min
Es5 AESHETIGEEEEE=E

R AIE a5 TR A 0 4 >R FH BB B (KB AL A TIC A K 7R A Fl A Ol B SR SR B B AT, ORI SR B . 7E
A AR DX B AR AE R0 8 mm AR KRR, DU I SRR A R AR R AR A B . 1] 6 iR
N T TR IE R 500 r/min, PEIEEEE 491N 120 mm/min. 160 mm/min #1 180 mm/min % T. 2, &1
T BN IR AR AE R (experiment, ex) AL (simulation . sim) AL BE ARG P8 28, FCUA R 30 17 L)
FARR R ZE R 4 PR,

MNIEL 6 T LA H o 7803 TT 46 38 1 B2 0 8 ok A b i RS 400 A T I i 4k B AR — B AR T 7E B R
AR, B AR TR S5 R BT S . R RE S B T X 2 FiOp R A B S BRI e R G A I 1 i 2L
T A AR 45 SR I 48 SR AP AE — e iR 25 . ISR A W LAE . B 28 A5 I i 00 3k 32 s v T )5
B, HAIE R S R e T — AR WSS R MR RIR2ER 43800, E/MRER—0.46%,
IR ZE RV EZ N . X —45 R UL P i B E B8 S AAS059-AZ31B A&/ FSW R f b it 2 Y
89 3 A1 A S A AL AH DL IR

x4 HESRWANENKIEERE

REIE T./C Ty /T FAXF R 2/ %
AS120 364. 4 367.8 0.93
RS120 350. 4 355. 2 1.37
AS160 310. 6 322.4 3. 80
RS160 3011 314.3 4.38
AS180 283.7 288. 4 1. 66
RS180 280. 6 279.3 —0. 46

T RIE LS RO R B A3 A s WAL TR DX ) O TR R D AR I R R, LR AR
TR Sy A A& 7 R . 4R HE ZE O 500 r/min BF, KRR 120 mm/min £ /5 #] 180 mm/min,
A5 4 DX SR 19 0 {1 TR FE N 579. 9 (C IR 507. 0 °C, A5 2 7 B A 2 10 3 S0 07 1) P ) BV A R .
7 AT, AE A AR AR I B0 o 5 (1 TR 5 R B 2 T 22 BAORH DG DG R, BV B A AR S 1Y



182 THRFFHOGARBF R http://xbbjb. swu. edu. cn F 47 %
4007 —— AS120-sim o r —— AS160-sim
350 —— AS120-ex 350 b —o— AS160-ex

©=500 r/min ©=500 r/min
300 AA5059 3001 C AAS5059
o 250F o 250}
B 200f B 200¢
% 1sof % 1sof
100+ 100
SOL 50 y,gp‘*
. . . . . . . . . . . . . .
s 10 15 20 25 30 s 10 15 20 25 30
BYi8)/s BYiE)/s
a. gdEl: 120 mm/min b. BIFEM: 160 mm/min
4007 —=— AS180-sim 4001 —— RS120-sim
350+ —o— AS180-ex 350} —o— RS120-ex
i ®=500 r/min [ ®=500 r/min
300 AA5059 300 AZ31B
@ 200f m 200f
150t & 1sof
100} 100F
sof sof
. . . . . . . 0 i ; ; i ; ;
s 10 15 20 25 30 s 10 15 20 25 30
B i8)/s B i8)/s
c. gydEl: 180 mm/min d. FIiRM: 120 mm/min
400 —— RS160-sim ~hllker —e— RS180-sim
350 | —o— RS160-ex 350 —o— RS180-ex
[ ®=500 r/min [ ®=500 r/min
300 AATH 300 AZ31B
O 250 F O 250 F
m 200f m o 200f
Ji| Juls|
150t A 150t
100} 100+
50 50 F
0 ; ; ; ; ; ; 0 i ; i ; i ;
s 10 15 20 25 30 s 10 15 20 25 30
B i8)/s B i8)/s
e. FIEM: 160 mm/min f. EiBM: 180 mm/min
B 6 4FAE &R I8 A A IR0 IR B 1R B B £k
B, AR B P s VEL B B W AR . Commin ZEP W IY T B REEEHE T S BRI B IX ek 05 {1 VL BE 1
KFR, W,
T w’ “
AfzK( ) (1
T, V.10
A, T B RKIEEIRE; T, NEESIIES: o NECEEE IR, V PP e AT E BB 5 o A

K RHEH. HFa H0.04~0.06, K K 0.65~0.75, 20 () A5 45 R ot
KB T2 I .
2.2 HXEAMER TR A EBELBA

SR AR M O AR S VT AN KRB R ) AR AR . B 8 SRR TR HE I B T 2 T A AR M Iy AR 1 AL
GEARXTH . T LLE B, AFR0N AR 3 A v R R T UG A0 R R R, L A R AR R TR AR, A

— BRI T ABRL B FSW



% 6 RAM, F. AAS059-AZ31B F4+ 2 & it 3 BEHIT R E G e AR IT AR 183
32 L U 7 T OO 0 A AL R A 700 T
IR R T G B EE , BEE P X s T T 600 F —*— 160 mm/min
SR X 03I S0 B Pl T
B9 JBIR T B Bk BB BB IO BT ZE B 518 400
~ AAS5059 AZ31B
AT He . FT DA R RS P A AT HE DA b A B as
SR AR AL o A2 AR 5 42 A AT I 37 4 ool
BT LI B RE , HAA R FREBS H 02 1.5 mm (RT3 -
0 D 35, 35 2 S B Ay T O A 0 9 4 2 O kT e
SR 000 B2 5085 T R 161 SR 0 20 0 0 10 20 20 4
Rl i I AR DA AT R X T 36 47 2 4% 1Y SR LR /mm
FNFE . BB B A DX R R G 15 B S 4 A R H7 ARREEETEATRERESHHE

PRI R 22 42 K T 0 5 2 T BB

e m————— o

N s s =

AAS5059

NP ONOWI—NOO
DU O NN GO
JRSHLS AR AN

SULSQBRSJANSS

O 00— —=EININI WL s ]
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A 1lc, 11d AL, X e =14 s BF, Bk A 2h R Bk v i) X8, /iR M) i) o 350 40 R 1 28 5 Je iR
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