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Fatigue Performance and Lifetime Prediction of 2024-T351 Aluminum Alloy
Friction Stir Lap Welded Joint

LEI Xinghai WANG Ruijie MI Peng
(Faculty of Mechanical and Electrical Engineering , Kunming University of Science and Technology , Kunming 650500 )

Abstract  The cross section morphology and metallographic structure in the weld zone of the 2024-T351
aluminum alloy friction stir lap welded joint was observed by experiment. It indictated that there are asymmetric hook—
shaped defects on both the advancing side and the retreating side of the friction stir lap welded joint. Friction stir lap
welded joints were tested under constant—amplitude fatigue loading on MTS test frame to obtain the S—N curve of
nominal stress amplitude. The elastic—plastic finite element model of lap joints was established according to the test.
Using the SWT fatigue damage equation and cyclic stress strain data of stress concentration region from finite element
analysis, the fatigue lives of lap joints were predicted, and further compared with the experimental results. The results
show that the prediction results for the low—cycle fatigue lifetime of friction stir lap joints by the SWT fatigue damage
formula are close to the experimental results, and the errors are all within 2 factors, while large error is in the
prediction results for the high—cycle fatigue lifetime. At the same time, it shows that the stress concentration of lap
joints has greater influence on the fatigue lifetime than the effective thickness.

Key words 2024-T351 Aluminum alloy, FSLW joint, Stress concentration, Fatigue lifetime prediction

0 51§

H TG SE S8, I ARE IS Lk R
BOROR TR AME SIS IR i 1 T2t B 45 5 7
AR a0 AL S AR BB A . B R
(FSW) AR A 43 12 1 (132 IR U Mo figt e 173X

ks H #1:2018-12-09
FETH  HE A REHFIL AR B H (51065012)

BE SRR o FSW i 25 2B T e 4 X A
AR S FEAT L — B RGO IR T, A ™
HE A o T X R RN (PSLW) R LA IR o Bl
FSW 452 T Z B AW 5T 5 A FE , FSW AR5 2544 14
e 55 PERE A PPAG MR BT . X T ML

S —AEH WA TR, 1989 A A AR A, AR 5E 7 1) : LR ZE A% 55 SR BEIF5Y . E-mail : 125524485@qq. com
WEEE TR, 197248 A WA, B30z, W0 58 A 0 , 32 23 R HUA S Fa 5 BE R BRAR WL BE 1 B8 5 vk O T O 9T TAE . E-

mail : wrj@kmust. edu. cn

FEMMEL T L hitp:/Awww.yhelgy.com  20194F &5 511



LER% 55 7F4E , EUROCODE 9 FI TIW # 1 Jy B 145
FOTE (R R s g O R FORE MG SR T
DRSS AN BOR FH FSW SR 2451

MR FSLW 4223k (38 BE PP iR I A g — i
REHCFHEWE A OIS E5 R K500 FSLW 423k
HZETERY A8, PAPADOPOULOS %5 A\ H FSLW
F2 3 W hor A i 85 it o R A A H 1S 22 T 4R L (HR
i B A — 2 S EOE 57 M RE R B L I ST ERE Y
T RE AR B 5 . HETAFSEIAN FSLW i
T 0 AR B 5 AT Wl — Tl 2 FL R BRBE 3% il dole
BT LI i AL AR S BOR MR UL 5 ) — Bl R
Fé (Hook defect) B 1% #5 i [# (Cold lap) , H BT i A
TR e TE R . AR ERE M AELE S I T #5443k 1
ARRRE o MO o il 2 SR i Pk 1
SR H AR A R B8 N M TR 5 Al B B 45 7143 1
FHZE A7 WR B 1 3k 288 HEA T DGHE $5 AR 1 4, AR A%
TR A R, B R T IR i 2
S Z B R E R RA TRKMHE G .
ERICSSON %5 A"l i Al 5% 6082-T6 FA4 4 FSLW %
3k 9% 57 PERE A B S FE B I AR 9% 57 2k R 7 AR
— A BT UIAAA . WANG S8 AR R
PSR 3 FNZE AR I 96 X B4 4 FSLW 452 3K i 4T T 9%
55 5w O, A Ch Z5 R R D)k nT DLSS A BRI
ST S FR AT S5 SR AN BAR . FSLW $23k
(9% 55 PR B LU 302 4%, — O T & B4 3k A2 B h A 2
fap Bsp 7 A T B YRS Bl LA it B4 Sk R
Ui 1) 77 5 BOHE 42 DX 30 i o0 28 Ao, 1 745 422 3K e
PR MR T 5 5 — O T A S R R B IR
BB, o | A% I AS X R 0 1, SRR B, LA R
K2 DS b R PR RE AR AL, (AR R e Sk sz
s 7%,

A SCHAXT 2024-T351 484 4 FSLW 4% 3k X i
11 A ZUMEE , X IR EA795 57 N4, o Bz 3k Ak
FENG IR AT B0 7 07 A%, 328 107 R s 38 107 g o A
P IINH T
1 XI§

WHRE A T B A [ Y 2 mm JE 2024-T351 534 4 4R
M AEZE A AR 1R o A A R Tk
PR U S HORE I T 2 S50 36 2 R8s 0 T
F2 58 B 30 mm Y S KRS SRR JL AT IR IR AR ST
17

W S 48 12 DIV A B AR T 1) ) R K v
FTUIED, il £ nl A AHRRE , (RIS ek
= B T TR

FSLW 3k 0995 57 % 050 7 MTS-810 #4 #} it
B HL b EAT A A g 4 A T R 4 e, DAl /NI
_ g0 —

T SRR S (S o % 97 LG S A = TR T Y
A TR N, SR KM E A A 1.2 ~ 6. 0 kN, il
FFN 10 He, #ifir L R=0. 1.

xK1 $AA£2024-T351LFK S

Tab.1 Chemical compositions of 2024—-T351 aluminum
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Cu Mg Si Fe Zn Mn Ti Cr Al
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Tab.2 Geometry and welding parameters of mixing head
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Fig. 1 Shape and size of specimens
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Fig. 2 Macroscopic and microstructure of weld seam of

2024-T351 aluminum alloy FSLW joint
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Tab.3 Data of fatigue test
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Fig.4 Fatigue S—N curves of overlap welded joints
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Fig. 5 The sectional topography model of lap joint
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Fig. 6 Stress contour map of lap joint

4 FSLW #Z3LE5 F i

Jriy #0732 ik S — i TR SIS
FETF Bl F1 R 7 18 AR 43 B % 57 75 A ik vk X
J7 1N A NGB 2 A0 B A% 57 1 R P 1 ) 4R rh b Y )
N AR TAE o B TGS A FEAE ) B IR R
DL R 2 38 5 S Fe e Sk b 7= A= 25 i AR 0E |, 25 B )
R TPAB L, A SCR H IR 5 ok BN 55 754 o

30 Ao S N 7 I ARk BT A AR AR R B A
fiir , B % 57 75 i B 46 S S0 A R n ARS8y e
FA, oA T AR BRI 55 A, T 1R RS A
BT R LB . ZHANG 28 A, g0 A4k
Ffir i B B 55 A () 40% ~ 50% , i 1545 N2
SN R % 55 R G A A5 o B A A AR I 2 50% , TR
A S RS AR i I 55 A Y 50% .

N, =2N 4)

Ao, NR % 57 Fim , N R Ak A 0 2480 A F i o

M TG e A o7 P v & = A2 i AR TR
FEAE PR NEAE BT P A Bz g 4R A X ) B K Mises
N7 77 il K 32 W T X6 07 B BRGSO [ Y, T A

FRIME T2 hip://www.yhclgy.com  20194F 4551



BCIR R N A (PEEQ) 3638 T & A9 55 fin 2 o 7% Y 9
P BAR TR A SO BT R B J2 PR S I T 4 TP X
K PEEQ {BLFT % B BTG , 43 514 A~ B e 7E A BR IT
3 B v B AS B Y S5 R g RN IR A I AR A
SWT 55 it AR s PPN R L B 3 &
AT ST R T BTN I T 4R T 6 AT A
T .

A ot

5 = N +ae N (5)

a-ma\(

ﬁ¢ﬁmw%ﬁmﬁﬁ§wﬁmﬁmﬁwﬁ%ﬁﬁ
SR o WIS A 6 RSV R o
S50 i ZRC B Ry BB
BRI S 4.
R4 HBEESSH

Tab.4 Material fatigue parameters
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Fig. 7 Life prediction of finite element simulation
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