Material Sciences #1EIRI2E, 2024, 14(5), 782-789 Hans )0
Published Online May 2024 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2024.145086

HEHsHRBER A ERREREHFERE
PRI B E R

FNCH, %, LHF, K%, § %, £
IR NS5 % NN R et 05

b

ks H . 20244F4H22H; FHBEM: 202445 H24H; kA HM: 20244F5431H

H E

A ICR A HIBKEL - Hok B B 753, M2 T3 RS REE SRR & S 3 SR I BUE TR,
PR FIBCEEAT TR : —MERH LML SRET LEES (R, A—MRMHLRL A
a&mEl mm (LE2). FALERER, RE1KMERIIENTET . ERHN, BeEEENBRL
Bl K FRZhEfEBM; TIE/ERN, —#oBRaENEHLETTAKFRBIZAEM, 75— MMABE
LR 75 AR R RERRED, BEEEARABEH IE R T4k MR L5 ish . REMEIRBITEE, WK
BELBBTIRI 2 AR R XA R X . AR TSN 0 A3 AN XK. e B 278 3R R XA
BRI X 14/ SR AR SE O C R A . B TAERIRSIATE 2, TR E2EBSKARER T “#
B” G

XA
BERREE, HHEEE, MR, BERRKE - HARRIE A

Numerical Simulation Study of the
Influence of the Offset of the Stirring
Pin on the Material Flow in Friction Stir
Welding of Aluminum and Magnesium
Dissimilar Alloy

Huibin Sun, Yalin Li, Chaoping Ma, Shaofeng Song, Rong Zeng, Hao Wu

School of Mechanical Engineering, Chongging Vocational and Technical University of Mechatronics, Chongqing

Received: Apr. 22", 2024; accepted: May 24™, 2024; published: May 31%, 2024

WESH: INCH, T, ST, RgE, v, RE. BEEHRES BRI R 5 4B i R B A B B 1Y
FUERHID]. AR, 2024, 14(5): 782-789. DOI: 10.12677/ms.2024.145086


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2024.145086
https://doi.org/10.12677/ms.2024.145086
https://www.hanspub.org/

INCH %

Abstract

This article uses the coupled Euler-Lagrange method to establish a numerical analysis model of
friction stir welding of Aluminum and Magnesium dissimilar alloy with intermediate metal. Two
different configurations are studied: one in which the axis of the stirrer is aligned with the center-
line of the weld (configuration 1), and the other in which the axis of the stirrer is offset by 1Imm
towards the aluminum side (configuration 2). The results show that material flow is more com-
plete in configuration 1. On the advancing side, aluminum mainly flows horizontally from the front
of the stirrer to the retreating side. On the retreating side, some magnesium flows horizontally to
the advancing side, while another part flows from the back of the stirrer towards the bottom of the
plate thickness and then continues to flow towards the top of the plate thickness under the action
of the threaded stirring needle. According to the range of material flow, the cross-section of the
joint can be divided into two areas: the shoulder influence zone and the needle influence zone. The
flow of intermediate metal is divided into three regions. In configuration 2, both the alumi-
num/magnesium cross-sections in the shoulder and needle influence zones are smoother and
more regular. However, due to insufficient material flow, configuration 2 forms a “tunnel” defect
inside the joint.
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1. 5l

ROl T AASEMI. WamEMLRIE &SR, O ZNHTRE. 288, st
REAEGIR[1] o ik — D R i Al 0], 45/ 5 G A IROZE 02 0 jLSZ 332 T [2] » T4 BE #52J5 (Friction
Stir Welding, FSW)EA—Fp et (B AHE SRR, BAA BRGNS, CRENE
GEFEREGSHERENERITEZ 3]

B2, HTHREEMESSEMESERMATERE BB RZER, REIY IR & S8k
W2 PRAER[4]. XA, FEAELL AR Al-Mg it )8 A4k &P (Intermetallic Compounds, IMCs)% £
SLPERERC I N W . N Al-Mg BEt: IMCs IITE R, AFFE N SUERRIE R B, AH L Tk AliMg 5t
THI7E P i N 45 B RIS 18] [5] [61 RSN I B RE & [7], A hneh Al <5 Jg@ 8] [91% ] Al-Mg fiiit IMCs F1E HIEE

1E FSW b2, &JEAMEHR BT S AlIMg gt IMCs IFERR. 04T KNS DIASE[10]. {HA2H
T FSW i RR I 28, BB BOATS o ik S E i e T B B RO AR S AR 4 AT [11] o T SR A0
BITTEAE T RIS AL TR (R [FI, AT LK FSW I #% m (038 B 4 AT A BHAR S EAT B @ 50T . X
T FSW HIEE AL,  H A 3 2 TR K 7577 (Computational Solid Mechanics, CSM), 1H&i 1k 71
*#(Computational Fluid Dynamics, CFD). A& 4% BH H - BXHi 7772 (Arbitrary Lagrangian-Eulerian, ALE)
FIFEA B - H#% B3 H 771 (Coupled Eulerian-Lagrangian, CEL)%[12].

22 b, ASSCI SR RS I BREL - A% B H J732:(Coupled Eulerian-Lagrangian, CEL), LA 7075 45441

ik
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AZ31B BEE S TN G, UNINAl Zn Ayrhlal s, R Sk A% AR B0 0 5w U A T IR R
WA, NSRRGSR G ECkIERRBEENE IR S % .

2. BUEER

B 1 ONEREE SRR R FSW 1A BROGEAL . BEAN KRR IR FE BEA . A SR — 2. B AR
& BIRYIEARTER S IRIE e E, BRS04 100 mm x 49.5 mm x 3 mm A1 100 mm x 1 mm x 3
mm. 7E 100 mm x 100 mm B6F X3k F 75 F — 2 E R 2 mm 7252 . SRS Rg B E R, BRI
JGHH EC3D8RT, #i& N 413,842, Futk W] HRIMAR B G AN C3DAT, HiEH 125,987,

TEREA R R R, BERE Sk e FE B AR 500 B/or%h, IR e (R RF 50 mm/2r%h. BCE 1 Bt dE kil
LEREEPOLES, E 2 BA-LMEME S SMmE 1 mm. HHESRAMIRSUERHEET, $HE BA
Jy15mm, K¥EAN 4mm, /DNEERN 2 mm, HEEE4AK 2.85 mm.

Figure 1. Aluminum and Magnesium dissimilar alloy friction stir welding CEL model

1. BIBRFRAESRHERE CEL RE

fE FSW i RErh, FORHKEBIERBIN . IEE . SRR AR MR AR 3 2 &) (¥ 55 & 1 Johnson-Cook
AR IR, 2RI A A (D):

o(T.eé)=(A+ Bg”){ucm(éﬂ{l{%r} @

Hh o NIRBIN 1, & NERIBIENAS, & NEREBMHENARR, & NSHENAR, T, NER, T, M
BUA S . A, B, C, n, I m AMEEEL. 7075 85464, AZ31B B:454, Zn HFE/ZH) Johnson-Cook 7
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HJTIEARFR BN 1 PR, Ak, MR E S Z 50 SRR, BRI 2 Prs.
£ FSW iR, MR A 32 ZORIE TR Sk 5 BEM IR BE BRI RER IR SEPE AR T o S0Pk Sk 5 RERE (X S
g~ Q)T

Qi = upy 2

e w NEBEREL AERI0.3, p ARk SRR AR ERVARE S,y NBPIER.

Table 1. Johnson-cook model constants for 7075, AZ31B and Zn [13]
% 1.707548A%, AZ31B #4447 Zn 7 EHY Johnson-Cook #4#1E#[13]

A (MPa) B (MPa) C n m Twm (C) T (C)
7075 520 420 0.001 0.52 161 620 25
AZ31B 224 380 0.02 0.76 1.55 605 25
Zn 163 648 0.006 0.33 1.44 1726 25

IBPEAS T vl 2 N(B) T B
Qp = 770_5p| (3)
A p WML RERFONIREL M RS, ABHE 0.9, o AR, &, WA,
FE FSW bR b, AR LS S 00T B S s R A, B R AR E D 20 WimP K. AR S 6 R
e H H PR, B REOLE N 1000 WimPK. LysRRR S SR A NI ) B B %, baRTE A . SRk
(¥ jie e At 2 th 2 2% mi 424l .

Table 2. Thermo-mechanical properties for 7075, AZ31B and Zn [13]
F# 2. 7075 586 €, AZ31B HAEH Zn HERMANMIIIES H[13]

BE(C)
Y y2p
20 100 200 300 400 500
7075 130 186 197 194 196 196
S#HEE
z 0
(W/m-K) n
AZ31B 96.4 101 105 109 113 /
7075 870 910 960 980 1040 1100
b
z 446
(JI/kg-K) n
AZ31B 1050 1130 1170 1210 1280 /
7075 2.15 2.34 2.36 243 252 261
Rk #2310
z
(10°9/K) A 0
AZ31B 2,65 2.66 271 2.79 2.85 3.0
7075 711 65.2 56.3 38.0 315 25.0
KRR
z 65
(GPa) A
AZ31B 44.8 343 302 29.4 / /
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3. &R 5vHe
3.1 EEEARSH

2 Jor T ARG B O TR A R A L. N 2013 2(c) T AR HE, FERCE 1 RIS
& BB T LRI R 2 X (2 = 0~L1.5) At AT S M X (z = 1.5~3.0) BR/AD S 1] I H 25 HPIR
&o WEE 2(0) T LU, Zn IR G )R 1 E AT TR M X, AR R R S X IFB0A 0 A . X AR/ IR
& BEEE BRI AT B T e X

2(d)yAnfs] 2 T BCE 2 500 M BT M A fE B TR B B, Zn HA SR
RIS EFEROIF ARG TG MBS a e Aizh, Bt SRCE 1AM, BE 2 BRI mEm- g, #
AT JE 1% X 73 il S DA PR RE R X [, ] 2(e)h Zn 3R7 R A2 il R 20 X A BE B
PSR I R A SN o

LR LPTk, PIRECE R OL NI A R AR R R ERCE 1 b, MORLR SN R 2R A1
FAT ISR ER N, R T IR X TAERCE 2 iR AR SR B AN B A e AR AN BRI
55, FECEE T HA S X 725 X35

0.0 0.5 1.0
@) BERESL TR S (d) RSk 1454 4 RS T mm
OO0 OR: i

pgubg ) R REETDE o) g

Figure 2. Materials distribution in the cross section at 5 seconds of welding ((a) and (d) 7075; (b) and (e) Zn; (c) and (f)
AZ31B)

& 2. /8% 5 s MZEBEARMRSM. ()F(d) 7075 SBESARDIE; O)FE)EXERE Zn IS H; (©F(F)
AZ31B &€ HRIE)

3.2.2= 0.8 KKEHBEM B O
3 FEoR T IERE bs %I, z=0.8 /K TFAUE LA RI BN . IX—8EAATHE WX, Fibkk
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YL Bl 32 2R 1) 82 500

Mg 3(a)MIE] 3(c), FTABEFIERCE 1 B OLT, 7075 fa6 &A1 AZ31B B & e AR SMG AT A
I AF RS B i & ZUE R SN, MRS R AT, s & < AR R
Wiz, METEMGR AR, SRS, ER-—KCrE E, BE s BT S E SRRl 8
S5 G BRI AR A AT DAEI, A7 T RTEM 40 SR sh i iR g b b 2, HERR T IR M. AT
SR B G a, — M AP IR G P2 J5 HER T RTED, 53— MIVE RS (2 ) 7 A1 30

(o)t biE s T HCE 1 500N TSR AT AE . AR IRIRRE 73 AT BLOR D = AN X
FEXIE 1, BHESKIERT T M RHE SRR A N R AL, BEJRAE R 1R R A A S AR T I sh 21
JEARM, SFFERRHBEREN E DY 6 = 0~60° (LASEHESK Loy I A, T AT IR 5 A SEAR AR AR ) o
M7E 0 2~ 60°~110° MV A, SHFEMBHUBA A, X MRk e deia sh 21 3(b) i X
2. BEEBEARATE, X302 PRPIRTM B T “Z7 k. X3 3 PP Sk R ER R A
MRBNTER,  FF HIZX MR 2 B HEPE Sk ik R AR (2 ) U5 sl -

Figure 3. Material distribution in the horizontal section of z = 0.8 at the time of 5s welding. ((a) and (d)
7075; (b) and (e) Zn; (c) and (f) AZ31B)

3. 1R 55 9% 2 = 0.8 KEHEMEI M. ((2)F(d) 7075 IREEHIRTE; (b)F(e) Zn HE)
EAMBERDIE; (0)F(F) AZ31B ZEEHRIHE)

MIEL 3(d) M 3(F)ATAE ], BCE 2 100 F AR B, MEHRshTE BN, E24E
TR A ERIX . T 3(e) R SH AR RIE 6 0 0°~180° Vil [ W R R k43 A, AT TR BT LK) 3 A
X3

gr b, fERURR M XA, AORHAEN R BAUR S5 R . AT, SECE 1AL, BCE 2 1M
BRASIEA TR, SBOEAMR/S T E NG B sha BlEUh . XA 2 Rk e e A
HE
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3.3.z=25 kK FEHEH S

4 JEIR TIREE 5 s B %I, z=2.5 ACFE MR A G Ol . 7Rk b, AORNAR S 3 2 B bR
Sp= AL PPN pIE ik DN SE  E PO E 5N

M 4@ LB R, fERCE 1 1EOUT, 7075 55 S /E B PR B a2 ATt 3h 2 5B . 481,
WEZIE A(c) KB, TEF— /KPR L, FHRAMIFER AZ31B 824 & s BTkl . o5& adm s el
I3, 0] DAHEMEE A 4 5 A5 B M A R (z ik 1 77 7)) 75 AR TR g, b Js e P A S S I E - T
(AR A4 2R 1 (z Jh 477 W) 80

Wi 4(0) EoRE A EHE 0 8 0°~180°Vu [ N RILESE /A, e A XA 4. ERCE 2 1
BUF, M AR 4(f) T LAE B8R/ A DG . BN, [, 7EE—#EE L, 7075 SE SR E IR
MFELY AZ31B B4 &AM & KBS, RUESSIERIE (@ #) 77 PR H AR X
WA RIESFET E 4d) i) “BEE” S, 4(e)sor 1 R T SE TS M R A RIRE R FFIESE . #H
M, H A X I A A 50 A

Figure 4. Material distribution in the z = 2.5 horizontal section at the time of 5s welding. ((a) and (d)
7075; (b) and (e) Zn; (c) and (f) AZ31B)

4. 1B¥E S5 s K%l 2= 2.5 K FEEMRIST. (Q)F(d) 7075 BEEEFADE; ()FA(e) Zn HE
EFMRUATR S8 (©)F() AZ31B # &6 &S E)

gi BRI, ERCRRET M X N, AMRRRSh I S TR X . AR, SECE 1AL, BB 2 1
PHENR BN NS BR . BEANEE/EE AT IO eI . RO Ry s, rR R R S, X RR
Xk 1R MR RE R R AR K. T ARHR B TE 4, BRI T R “FBIE " BRRf .

4. #hig
ASCLL 7075 $75- 4 A1 AZ31B 855 S NWF R &, U N4l zn /5 AR a4 )8, KA CEL A% T FSW

DOI: 10.12677/ms.2024.145086 788 PR R


https://doi.org/10.12677/ms.2024.145086

INCH %

BUE AR, FZRG 7B R B MRS S e, ERE R T

1) S SR AE T LR B AN, RO L AR B X AT 7> AR X (2 = 0~1.5 mm)
ABFEE LM X (2 = 1.5~3 mm). & @M G A ENRE e 7y, FH 2 ITEE. Sk
R E e E Imm i, SEE SR SEAMRIREIZ IR, FE e .

2) {EHUB R X (2 = 0.8 mm)EBUKT- M, e Lk 5IR g LR E AN, BEeriRsi®Eh T
RIS X, e eRTsi NS R ERE AR, SH A ARG & ME 1 mm i, [F— 8
EHREEMBE SRR EEA Y.

3) EMFHET NI (2 = 2.5)BIBUKT T, Ak SR b LR A, AR R KT L
e EMEI R AT SRR, G SEATFRAIER, BT (2 )75 kAR s . A8
KB E e WE L mm i, BT ERRSIATE Y, BB T “BEIE” BBEE .
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