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Effect of ultrasonic assisted friction stir welding on
residual stress of welded joint

YE Shao-yong, HE Di-qiu, YANG Kun-yu, ZHU Jian-ming, SU Bin, LAI Rui-lin

(State Key Laboratory of Complicated Equipment Design and Extreme Manufacturing, Changsha 410083, China)

Abstract: To investigate the effect of ultrasonic assisted friction stir welding (UAFSW) on residual stress of weld line,
1.8 mm thick 2024-T4 aluminum alloy plates were welded by UAFSW with 20 kHz ultrasonic, and the residual stress of
UAFSW was measured by X-ray diffraction and compared with that of friction stir welding (FSW) under the same
process parameters. The results indicate that when the stirring rate is 1 200 r/min and the welding speed is 160 mm/min,
the longitudinal residual stress of UAFSW reduces 38 MPa compared with that of FSW on average, which is
decreased by 28.5%. And the longitudinal residual stress along the weld line of UAFSW is much more even than that of
FSW. UASFW has small impact on the transverse residual stress, which is nearly equal to that of FSW. The transverse
residual stress increases as the welding speed increasing at a constant rotation rate.
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Fig. 1 Schematic illustrations of ultrasonic assisted friction

stir welding
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Cu Si  Fe Mn Zn Mg Ti Al
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Fig. 2 Ultrasonic assisted friction stir welding process
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Fig. 4 Comparison of residual stresses of UAFSW and FSW
obtained along weld line: (a) Longitudinal; (b) Transverse (n=
1 200 r/min, v=160 mm/min)
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Fig. 5 Residual stresses of points obtained across weld line and with 250 mm away from start welding position: (a) Longitudinal,
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Fig. 6 Effect of welding speed on residual stress of UAFSW (n=1 200 r/min): (a) Longitudinal; (b) Transverse
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Fig. 7 Microstructures of weld nugges of FSW (a) and UAFSW (b)

REARALASRERFINERE, SRR S, AR S

FEANRE o

e 7 B B PR R TR R o 1R

THEFE RSN RERRIA, F TR 0™ A A I ot
IEE, e REE N AL S ), FTRUE R
REAR S, AL SRE TR BPPHPIRES TR R 2 fE

LR, BRRNIIIFEIREIG, NIR%. &7 Pk
FSW H1 UAFSW FEAZIX (RO AL 28 - e 18] 7 AT LA
UAFSW /R IX R Ri A B4 48, 3540/ 5
T A S VA L e s e ol =T VL Vb At I 1N
DRSBTS MR T I, SRR BN RS, SRR ER



523 %5 7 e,

S A B DO R A AR Y ) (R

1847

RV B DA RE B i ) e AV 32 3 2 e B AR R
RBEAE, RERLFEAR, SARN IS 2RI

3 Zig

1) AR AR S hiRE PR R AT L, RS
AR ARIR SR\ 0 RN g, AR5 1 200 t/min, 7
160 mm/min I, JREERIYNERRI T PREIEAK T
38 MPa. 40K H: M AN B A IR BRI
IRV T, AFYN R AR Y ) A AT n345), s
PrEEAAPERE .

2) FEBHESR AR RN, S m R R, A bk
RV IJABBEZ R AE R i AR N5 m AR /N

3) A A PR VR AR A N I B N
I RFIN ST, BEREAL 50 mm J5, GhIER AN ) SRR
ik, #BirT 0.

4) VI AN TP AE UAFSW Hox BRI 4%
WA Ny IAE IALEE,  JLAOUAE LA R it — 20
(R I BIE

REFERENCES

(11 BUdboR, B 5. A SR U I,
200610004059.3[P]. 2006—09-27.
HE Di-qiu, LIANG Jian-zhang. The process and device of
friction stir China,
200610004059.3[P]. 2006—09-27.
21  BUtsR, & 8, B, RET. ol R AR
[J]. H22ER, 2011, 32(12): 70-72.
HE Di-qiu, LI Jian, LI Dong-hui, LIANG Jian-zhang. Study on

ultrasonic  assisted welding:

ultrasonic stir compound welding of aluminum alloy[J].
Transaction of the China Welding Institution, 2011, 32(12):
70-72.

B]  FAK. muia s e aR T2 5T RD]. K
W PR, 2008,
LI Dong-hui. Study on the process and mechanism of ultrasonic
stir compound welding of high strength aluminum alloy[D].
Changsha: Central South University, 2008.

(4] ERBUE, M. RPEER IR N T A ). A
& JE N T, 2007, 36(4): 34-38.
CHEN He-jing, YANG Xin-qi. Reseach progress of residual
stress in friction stir welding[J]. Nonferrous Metals Processing,
2007, 36(4): 34-38.

[5] £ . SRR T2 el R BUE D). Tk
FH: ZRAEK2%, 2009.
WANG Lei. Study of friction stir welding technics and numerical
simulation of welding process[D].
University, 2009.

[6] AVAL H J, SERAJZADEH S, SAKHAROVA N A, KOKABI A

Shengyang: Northeastern

[10]

[11]

[12]

[14]

[15]

H, LOUREIRO A. A study on microstructures and residual stress
distributions  in  dissimilar  friction-stir =~ welding  of
AA-5086-AA6061[J]. Journal of Material Science, 2012, 47:
5428-5437.

PEEL M, STEUWER A, PREUSS M, WITHERS P J.
Microstructure, mechanical properties and residual stresses as a
function of welding speed in aluminium AAS5083 friction stir
welds[J]. Acta Materialia, 2003, 51: 4791-4801.

MILAN M T, BOSE FILHO W W, TARPANI J R, MALAFAIA
AM S, SILVAC P O, PELLIZER B C, PEREIRA L E. Residual
stress evaluation of AA2024-T3 friction stir welded joints[J].
Journal of Materials Engineering and Performance, 2007, 16(1):
86—92.

CHARITIDIS C A, DRAGATOGIANNIS D A, KOUMOULOS
E P, KARTSONAKIS I A. Residual stress and deformation
mechanism of friction stir welded aluminum alloys by
nanoindentation[J]. Materials Science and Engineering A, 2012,
540: 226-234.

STARON P, KOCAK M, WILLIAMS M, WESCOTT A.
Residual stress in friction stir welded Al sheets[J]. Physica B:
Condensed Matter, 2004, 350(1/3): 491-493.

SUTTON M A, REYNOLDS A P, WANG D Q, HUBBARD C R.
A study of residual stresses and microstructure in 2024-T3
aluminum friction stir butt welds[J].
Materials and Technology, 2002, 124(2): 215-221.

W8, BREE, BN SRR ORI AR N O
[7]. BE2EdR, 2002, 23(5): 53-56.

YA Min, DAI Fu-long, LU Jian. Test study on the residual stress

Journal of Engineering

of friction stir welding[J]. Transaction of the China Welding
Institution, 2002, 23(5): 53—56.
/ﬁéfﬁiﬂ T A BRSO
WHFL[T]. &S LEOR, 2011, 39(12): 44-46.
CUI Gao-]lan, ZHENG Xue. Microscopic mechanism research
on eliminating weld residual stress of aluminum alloy using
ultrasonic[J]. Light Alloy Fabrication Technology, 2011, 39(12):
44-46.
gk Rk SR S BN R RS SRR R Y O WEST [D]. R
e KEEH TR, 2009.
ZHANG Jing-lu.
elimination of aluminum research[D]. Dalian: Dalian University
of Technology, 2009.
e AR, T, 5K
BRI 1 BT R T VA (T
s713—s716.
FU Hao, LIU Xi-lin, LU Hai, ZHANG Hao, LI Ning. Relieving
residual stress of titanium alloy welded joint[J]. The Chinese
Journal of Nonferrous Metals, 2010, 20(S1): s713—s716.

/N 7S b ol T R AN G A SR R AR N ) R e
T EBGERE, 2008, 29(5): 46-50.
LIU Xiao-yu. Test study on the elimination of the welding

Uses ultrasonic welding residual stress

A T e eE Rk
. EAG G JE R, 2010, 20(S1):

residual stress in steel structure bridge by ultrasonic peening
method[J]. China Railway Science, 2008, 29(5): 46—50.

(4mig  fIF48)



