L Hi

FEATURE

JIX X ZAFRE, 245, HFEH, F. 7075-T6 4562 MR IR HE #/F NP 4 5k 7 TG 458 #) Fo 1 GE TR N[T]. AL 2 #1i2 # K, 2025,

68(9): 14-18.

MENG Xiangchen, WANG Wei, XIE Yuming, et al. Distortion control and property evaluation of in-situ rolling friction stir
welding joints of 7075-T6 aluminum alloy[J]. Aeronautical Manufacturing Technology, 2025, 68(9): 14-18.

7075-T6 RS & MHEIRMRE

°

PRI

TR FEREIEN

BHERY,E e EHO, BN, BERE
(LA REILRFHMLEMHEERELEELEE 5 ER T, R5E150001 ;
2. 95 RE Tk K FR N A LR, #R N 450046 ;

3. P BALE Hl i B ARBF R, 77100024 ;

4, LR R AR &R A PR E], £i4200245 )

KR

K T kAR TR A B R Y 64 P, 4k — A R B R HR AR P MR AR R 0 AT ik, A

R T MF AR JE AT 3 K 09 IR R R R e A F R0 v . 25 RRU, MR AR R AL TR IR T IR AR R SHARIESE
KARARTY , BFHFWMACT ek R EMBERT, BEL R @B R T B2 282 um 6946 Z 254, 38 T Bk 09 KB B
JEs 3R WA 5% ARG Gt A BRI K43 T 33% 5 R AT, 43k B e AR LS G4 Sk K T 848%
KGEIR : MR AR EBEHEBIF (IRFSW) ; 4864 M 26 M IR 1, Akt

hEHES : V26; TG4

BFR
BANMEARR, L, TENE
BRI ERIROTR.

*BHEWE: HKHRP AR 4(52205350 ) ;
v [ - 5 Rl 34 (20217140151 ),

14 WishEEA « 20254F 55684 5oty

MEERERS A

0B HEEETAZM § u
RINVERG 4, AR B 5 LU,
e T A R I T AR AL T2 N T
L2 WL A e AR 4 Y B
JEE 52 5L ( Friction stir welding, FSW ) 1
N —Fh AR R A B B AR
T AR B PERE o ek T Yo B
kI R e R U BL PPy
2 C0 A S RIS, B
BESRIZEE ARG, KR ST T RE 14
ORI A L RS A TEs AT N
R R AL T i, A Sk AR Ay
IDWAR S eSS N N A
TAE, FEAE PR REAR AR5 AL BRI
WF5E. Han % © 5% FH BG4 19y
i 2024F 3 F15083H 321 fH 4 4
F VB FR AR 153 BIBEAIS 66% FI
58%,5083H 321 454 4 S 2 i °F
LT R A, g

DOI:1016080/ ji ssh6Z- 83320250014

16 2 mm 5 2A12F 4 5844 FHIE
FE RISk BR B AL AN A 4% X E AT
JRE 55 ., SRR T KR AR
Ch n 2 M %} 304 R4E N E 170 IS
MRS , 15 8 A iR 3h T LA
A R AR SR AR AX Y J1 . Ha g

25 U2 Tt 5 2 W AR I A4 BE AT DL RE
WSk (IFR AN F1 , FAR AR AR TE
{HL 23 X6 42 3 08 8 3 il — /e i . He
25 B3 3k 5A06 45 A 4 AT IR R
WAL IE R SRR IE AT, 0t
A IS LA PR 2 Sk AR T
B R, LR AY
IO 3 R A B R i, 7 — R R
AR A AR A N R A
AT ¥, o[ 24 Wen 2 09 78
PPk 1 2 FR R Bt — R R 48, WP
4 JOITJR A X A TR, R B T %
RSB R A 1 RIS TE 1 F Y



FEATURE :5

=

H R AZ FRTHR R B s, 6T 4544
02 7% T A AR AR TE MR A3 1 7 19 3
P LLE

ARSCHE T — B () Bl AR B
PiPkEEE (I situ rb lig frictio
stir weld g , IRFSW ), i 3 &35 )
Bl AR AR L, PR KRB X R 52 48
AT R AL O, DAk
FRAYN IO LA TR s | o3
P AR T A 2 RE 5 R I
JB Tk Y O 4T IR AR
U2 RE B3, MR A 4 TR
SERR PP EE A R AR P H il R kR R
THE

1 RERFE

IR AL ZS S0k 0%F 6 48
B A ELHIRA AR R 3 mm, 48
1 R SF ol 250 mm x 60 mm, K45 07
] 5 4 bE L 5 19 -7, @3F 6
BRSNS 1 R, J1%
PEREINZ 2 R,

IRFSW R ELE5 R G &l 1 Fios
KRR ARG I i [ R
FE W, 32 25 4 P Sk AR e A
R, TEPE S AL HE Y M Y
R PR, R R R 0 5 B AR
JRER , U 5 3R A B AR 0 1 2 i ]

H H % sl 8 A R MR AR AT 4 i AR
JRREE o 205 HAE AR e X R 4[]
A R AT 2% 1 R AL B B R A S AR
FARFE R 5% 3, #4174 800 r/min,
JE 42 9 o 300 mm/min, K Rl
01 mm, KR4 A A 1°, B He A e
TRIE 005 mm., il /F B2 0 16 mm,
FEFEEHC Bl 285 mm, B R ELie R
28 mm, PUERE 7R 502 55 A Sk
VEFRIX B BRI T WEAELIX, DR 3]
REAIER ER .

K Keller if71)( 25m LH NO,+
1.5 mL HCI+1 mL HF+95 mL H,0)
X4 JE B 4 AR e SR AT S ol g
TR [E] R 15 s 5 o FH M S5 TR J S5
(#15 VHXZ000E , KB4/ ) W
B0 S R TR T 2 ORI 5 B 45 Tl IX 4
241 Sk A H T 7 s A RN B AL (Y
5 UTMS5000, IR DI = Bk A A7
R /NS i 1w € DA L 18 =181 5 W 1A
i35 5 S 1 mmimin, 45 SO Y
AL S 3 AN i X P 1
2 S B TR %) S RS AR R )
A7 R AE R B30 X e R S (7Y
5 HXDX000T M, | ifF v ALA 25 %
AR T ) FAE, MR B B
$3k 3R )Z 200 pm &b, g4
2009 , Pk AstE] A 15s .

F1 7075-Te fmAEUERD(REHE)

Table 1 Chemical composition of 7075-T6 aluminum alloy (mass fraction) %
Mg Cu Zn Fe Mn Si Ni Al
243 158 59 016 005 007 001 A

&2 T075-T6 SaA &M NIFERE
Table 2 Mechanical properties of 7075-T6 aluminum alloy

Je A8 B IMPa P /MPa
330 561

(a) 15 FSWHEk

SEAHR 1% ARV
146 167

B2 WHEERIZTELREMR

(b) IRFSWHE

2 ZR5iE
21 R

& 2 fy 7075-T6 41 & 4 05 12
S REIEH, B2 (a) M5
FSW 14 15 4% R 1P 30, A5 4% 58
16 mm, 5HJH A2 HE T
R AT AR B2 Sk e 3 TR RO, (H
TENREE T 2 JRy i VB M A B 2 v Hh AR
4, TS5 BN ST 6ot B A 7=
L R TAESE FSW, IRFSW 4i4%
FHEIESHE 2 (b)) EhEH -,
FLAE DX AL B 31 Sk AR B DRI AR R
BRUE K X, B 15 X ) 96 B ok 28 mm,
St TP ERIRAEIX, HAA
CHL T B T FSW 3k 59 /N K B
B o R B pE T R T LAVE R TR
BRIGTERAE Bl Bl i T — ik
AT = | R S A 1P e 7
(R
22 WHMAER

&l 3 W1E45E FSW F1 IRFSW $23k
FR) RS 7 T 22 U5 RO ZEL Y, T o AR [
PEPEEE IR T4 N L e B
If. B3 (a) AEse FSW 452 3k ki
TAE A, 32 2 i #EA% X (Weld nugget
zone, WNZ ), #4152 1 [X.( Thermo-
mech h cally affected za , TMAZ ).
LN X ( Heat-affected zo e, HAZ)
F1 B ¥4 ( Base material, BM ) 4 4~ &
Y. HIE 3 (a) fi(b) Al i, K
% X5t B TR () i R E 35, A BT

—=0 [ "
E T [ messt

¢ 8 o

[ AT
/‘ \ A~

TR

B 1 IRFSW EEREE
Fig.1 Schematic of IRFSW tool

Fig.2 Surface morphologies of the joints under two welding processes

20254E 556845 55 01] - R MEEIA 15



L ]
Ml FEATURE

iB lj( Retreatig sid , RS), i ik fill
(Ad 0ig sid , AS) BN X
SR SRR B, (A R
J& IRFSW 423K A TN R 2R R
X. 3 (c)fn(d) Npifp T 2k
FIRGE IR X O SRS, I 3(c)
AL UL, A5 58 FSW 422 3k 12 [X 1) iy
BB S5 B R — 2 XK H &
D3 TR B G PR E T 7E A
BIFEIR T, Stk RST AR HE BRI f b
K 1M IRFSW 23k A HAGE ) X kL
UM e FSW 23k R A= T W A8
ko TR HEER A TOUERE 0 g A 1)
THERF B3R 2R T RIEHE
AT 2N AR Sk 38 2 [ oS
TR , 1 MR 2 B il b R
SPGB TR L R E Y A
B —E R AR R BB B 25
LRSS TR IE 290 282 pm, R
i St RT3 ] LR 465+ 40
A3 0 AN b2 RS TE & 2 o AT
JE I SR Bk R B, R
BRURE R 2 A SRPE AR Y B R BE e R B
ZIZ AR & A ShAS TS T B RR
PR AR ARG A8 Ry A /N R S i
AT 2L TR A0 2 R R 2
Z 8] AT 2 ) R o B R Bk
FRiz sl 5 1) A A A% | 12 X e
e UN L AP N O Y AR Y TN
FEOR AR, 98 M A T B A X 3
{215 B INTi Y YR A A I e A
KA SRS
23 1BETR

P 4 R Fh T2 % 42 Sk G i) £
RN, HE 4 (a) (b)) AT,
&5 FSW $4: 3k & A2 I 3 i S 740
JE, M IRFSW #2235 JLTP- Ik 28I
HE 4 (c)ml b, IRFSW J5 1] LA
33k 1 e R AN I B JEE B FSW
JELIE Y 263 mm [ & 04 mm, i K
YN 1) 8 B R AIR T 2 848% . IRFSW
J7 1 3E A TR ) AR R L
D R ER LA L | 0] B4 S AR
LR SR R BR AR B, AR SR
TR O FRER [ A0 10 e st 42 36475

16 MisthEEA - 20254F 55 6842 55 o)

(a) FOWIE e Iy T 2 WE 51

(b) IRFSWEk Bk 2 I

282 pm

G AT

50 pm
() FSWHZL IFASE I X (d) IRFSWHEK LI X

B3 WHEEIZTELINEEEENSHUAR
Fig.3 Macrostructures and microstructures of joints under the two welding processes
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Fig.4 Longitudinal distortion results of the joint under different welding processes
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[ABSTRACT] To address the deformation issue in friction stir welding (FSW) of aluminum alloy thin-walled structures,
a novel method of in-situ rolling friction stir welding (IRFSW) is proposed. The effects of IRFSW on the welding distortion,
microstructure and mechanical properties are studied. The results show that the IRFSW can eliminate the flash and ensure the
high-quality forming of the joint. The surface grain size of IRFSW joint was obvioudy refined and a gradient structure with a
thickness of about 282 um was formed on the surface of the IRFSW joint. The surface microhardness of the joint was improved
by grain refinement. The tensile strength of the IRFSW joint was 3.3% higher than that of conventional FSW joint. In addition,
the distortion degree of IRFSW joint was reduced by 84.8% compared with conventional FSW joint.

Keywords: In-situ rolling friction stir welding (IRFSW); Aluminum alloy; Gradient structure; Welding distortion;
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