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Abstract: To address the joint formation and service performance issues caused by assembly gaps during friction stir weld-
ing (FSW) of 6005A-T6 aluminum alloy extruded profiles for rail vehicles, FSW joints with a 1 mm gap were fabricated us-
ing two gap-filling methods: 6005A aluminum alloy homogeneous filler strip (1 mm thick) and ER5087 aluminum alloy het-
erogeneous filler wire (1 mm in diameter). The joints were produced under optimized welding parameters (rotational speed
of 800 rpm and travel speed of 200 mm/min), and the effects of the two filler methods on high-cycle fatigue performance
and fracture behavior were comparatively investigated. The S-N curve results indicate that the fatigue strength at 107 cycles
of the homogeneous filler-strip joint is approximately 40 MPa, while that of the heterogeneous filler-wire joint increases to
approximately 70 MPa, representing a significant improvement in fatigue performance. Fatigue fracture in both types of
joints predominantly occurs in the heat-affected zone (HAZ) and parent material (PM), rather than in the stir zone (SZ). No
crack propagation along the "S-line" or hook defects is observed, indicating that under the optimized parameters, the intro-
duced filler materials are not the dominant factor controlling fatigue failure. Fractographic analysis reveals that fatigue

cracks generally initiate from the specimen surface corners or beneath the welding ripples, the crack propagation region ex-
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hibits predominantly cleavage characteristics, and the final fracture region displays dimple morphology. These results pro-

vide experimental references for the selection of gap-filling FSW process schemes for aluminum alloy profiles in rail vehicle

applications.

Keywords: friction stir welding; aluminum alloy profile; gap filler; fatigue performance; fracture behavior

SRR ST, EH, EORE, % FVE GBI R B URHR P B AR S S PERERTTSE 1. M ARAIL, 2026, 56(6) : 64-69.
Citation:ZHANG Xinmeng, WANG Shijun, WANG Dachen, et al. Fatigue property of Gap—Filling Friction Stir Welded Joints in Aluminum Alloy

Profiles for Rail Vehicles[J]. Electric Welding Machine, 2026, 56(6): 64—69.

0 3l

i1

i PEEE #2245 (Friction stir welding, FSW )/ h—
ol 1 AF S e AR SRR P AR R AR TR /N
BRANI RS AR ROR B AL AL, RO R A A
AP Th R S R AR Tz — . B FSW
T [E SN A2 3 v 2R R T W
o i e LR fe SRR ARS8 e 5
il A T 5 AR P K E N PUE A S
G R S S AR T A R KRG S 8 R AR,
X — S5 RHIE R FSW AR 1 0 4 T34,
SR, KRB AESZ PR FSW A P= Hh il — 1> 28 H M
H——2CRCMI P . 2R A B BN 25 BRI
Jie O 25 LA M S84 T e kG EEAR SR Z N R Y
ZRG R, MR R T B B 3k £ AE AN [R) R EE 1% 1] i
(RS [A] B FSW 4223k Joit ot %) 52 M 2 22 7 THT 1) o
— 5T, AP R T AR AE XA RLIE 5 i SR  ahAT
R, 2 1] B R AR R 10% B, MOBHIE AN R
DA 5 B AR B A T, A o | LI | ik T A LAY
BB s o —Jr i FERE PR R IMERTT , B 8k n &
Ja 23 1) ) B S 3 2, 3 S04 DX 3l A 2050 T ik 328
FERE BT W N RET R Inl R U 4
TRZE AR A T 0 B 55 9 55 PS4, R TR SR A R0
TR

B Xt TR st P BB, R FH SRS B M A L 2K 2
—Fh UL E T AT B R R o 3R FSW AR 1
AT A8 , WEETERE 1 Hl Sk 55 A1) 9 E AR
foiBE A I8 B AIB RS i B O S BR
BOY , SCEEEM R T SRR 45 A gl ATUR
J , JEFEARH o 5 AR AR LR e MR A X Y 2
AR, LTI, AR T AR T R
H—45 6005A-T6 £ 44 [7] J5t 1 6005 413 & 7

DAOREE FSW RE4E 55 BEA ) 5T 5 L — W 15 45 6005 A~
T6 #1164 MIG K& OB AR IS PSRRI ) 5 R
) ER5087 f8 A & Mt 22 . e BLUL B2 | W Fh DR}
TEM TS TEAS LA A, A SC B 7E A TRE R H A
JE S Fb W A EURE D 22 % FSW 322 3k 98 95 P BE Y 52 i
FUEE, SO LA TR S R R 2
Tl 554 FSW 4523k 1995 57 M R S B 844 Tk o 5T
NN FE S G AR A A R R BRIE 7 FSW T2
Wik Srirte =i MG

1 REMRETE

RETEH 6005A-T6 FR G A BIM A BEAT , WHHE4E
FSW B2, 427 B X HERE 9 4 mm, 15487
PR BETS o LA 1 mm 4050 ) B2 R RS % 42, 6
FHW RN 5 A4 . — B R 1 mm JE 9 6005 B4 47
A, A —F o B AR 1 mm (47 ERS087 534 4 18
22, 6005 50 A A WU M5 775 R 1 6005 A B A4
M B e A FAP A ER 400 °CHEARTE 1 h, 2R )5
FIMLAFLE 1 mm B R WE iR, 752548
HAYE , 6005A-T6 A4 22400 °C/1 h IR B B3
AR, B () 1A AR AR T To &M, IR 22118
TS5 A I R 22 0 B 0 55 MR Y 2

TG T RSk S P U1l R SRt P
FILEFTE R, BlUE A% 16 mm, it REEHK 3.72 mm, #%
PR B AR 6 mm, B2 0.8 mm, B FE Sk 4 A
HI3HWERLEA, FSWAHEESEL. F4h5454 800 r/min |
FF B E 200 mm/min, FSW 5[] 34747 T 1A 55 TR
Jrlal,

9% 55 PR BE MK 3 GB/T 3075—2021( 4 J& #4
Bh 95 57 1B il ) Jy 7)) , 7E GPS20 B g Ja
SIS EHEAT R 4RI, B 7 R=0.1,



66 F 13K

2026 4F

000000

]

[
O00000

¢

AL

E1 SEsERMHEETETE

Fig. 1 Schematic illustration of the preparation process for aluminum

alloy filler strip
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Fig. 2 Fatigue S-V curves of FSW joints of profiles with a 1 mm gap filler
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Fig. 3 Fracture morphology of the filler-sheet FSW joint after fatigue

failure
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Fig. 4 Cross-sectional macroscopic morphology of the FSW joint frac-
tured in the HAZ
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Fig. 5 Fatigue fracture morphology of the specimen fractured in the PM
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Fig. 6 Fatigue fracture morphology of the specimen fractured in the HAZ
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