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Analysis of formation of onion rings in friction stir welding
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Abstract: The onion rings structures in the joints of Cu alloy and Al alloy welded by friction stir welding were
studied, and their formation and influence factors were analyzed. The results show that the key of forming onion
rings structure is a trace in a way the plastic metal softened shell layers around the friction stir pin were shifted, su-
perimposed and fractionated between the former plastic layer. The grains between the layers ware dispersed, and
which are different from the grains in the layers due to low friction heating in the friction stir pin zone. From macro-
scopic point of view, the overlapped semicircle structures form in the longitudinal section of the joint while the spe-
cial onion rings structure emerge in the cross-section. The study also discovered that the distance between the layers
in the longitudinal section of the center joint nearly equals to the forward step over which the stir pin rotating a cir-
cuit are forced to move forward.
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Table 1 Welding parameters of FSW

Alloy Spin speed/ (r* min~ ') Weld speed/ (mm * min~!)

T2 800 115
T2 600 75
LF2, LY12 900 75
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Transverse metallographic section of FSW joint of copper

Fig. 1
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Fig. 2 Onion ring structure shape and space of FSW joint of copper

(a) —Onion rings structure presented in advancing side;

(b) —Onion rings structure presented in retreating side
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Semicircle structure in center longitudinal metallographic

Fig. 3

section of FSW joint of copper
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Fig.4 Location of electrode probe on

layers micrographs in copper FSW weld
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Fig.5 Onion rings structure presented in

cross~section of FSW joint of Al alloy
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Table 2 Results of component testing of
points 1, 2 and 3 in Fig. 4 by electrode

probe(mass fraction, %)

Point Cu Fe Sn Cl
1 94. 862 2.992, 1.179 0. 967
2 99.712 0 0 0.515
3 100 0 0 0
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Fig. 6 Trace of plastic layers flow around tunnel

type defects in FSW joint of copper
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Fig.7 Trace of plastic metal flow around

small hole defects in FSW joint of copper

AL FE L HIRRL, AL 2 2 T3 2 REUROR, ik
25 R AR REAETEAZ SRR, FESERRET 310
TR SRR GHIAY] B BGH K . B BEHe ™
BB LN, VG R RR R A E,
W= Z TR BIRE R BN, B AT B, =
[IRH I 38K, FIGEHFEET R L AL AT REA &,
1T T S s I A 2 3 HH BV 5 S 22 T s i A 1) 1 2
IELE .

3 Zig

1) JEAEPTT R FSW R SR T b #8047 AE v 2
gk, AT AR A B < AR FE A v
I, XER BN 13 R LR AR kA
TR . RS B SR AR S R AT
TRB I A ) — P .

2) WASAIIE K E R H R RN

JEBEIGE I I Sk e R iU EI, SEsh B
Bt U5z B AL 2 L Se R O T R
FRADERR A BEVE e A8, FF AR P Sk e 4 By gt i 7 o
AN T RGP RE AN [ (1 98 1 e 1A 2 A L R
m, =)z R A RE AR, )= ] 2% s
&, BB ERZRA KKK, WEMR BB L&A
R T L T e A G

3) HBLAE FSW Bkt il 1 _E 9 234 (] # A
FRrFC ) PO BTREDY 3 [ 00) s #k
N F T _E BB TR) B AR5 PR T — J I i ik
AR A A

4) FEBUPEE ST AR S8 P R LI 1 s U
SFFEAM S Fris i TZSHA K, &5 THEE
LRI RRDRL BRI A K

5) FEBIAS IR EH AU AL RERI R W, 3
BE— 2B TAERA ST

REFERENCES

[1] Shibayanagi T, Maeda M. Microstructure and hard-
ness in a joint of 7075 aluminum alloy friction stir wel-
ded[ A]. Proceeding of IIW Pre-Assembly Meeting on
FSW in Nagoya[ C], Japan: Osaka University, 2004:
205 ~ 211.

[2] Seung H C, Sato Y, Kokawa H. Effected of micro-
texture on fracture location in friction stir weld of Mg
alloy AZ61 during tensile test[ J].
2003, 49: 161 ~ 166.

[3] Biallas G, Braun R, Donne C D, et al. Mechanical

Scripta M ater,

properties and corrosion behaviour of friction stir wel-
ded 2024 = T6[ A]. First International Conference on
Friction Stir Welds[ C]. Thousand Oaks, CA, 1999.

[4] Lee W B, Jung S B. The joint properties of copper by
friction stir welding[ J]. J Materials Letters, 2004,
58: 1041 ~ 1046.

[5] Colligan K. Material flow behavior during friction stir
welding of aluminum[ J]. Weld J, 1999, 2: 295 ~ 375.

[6] Krishnan K N. On the formation of onion rings in fric-
tion stir welds[ J]. Mater Sci Eng A, 2002, A327:
246 ~ 251.

(71 EAu, whBEH, W, & BENe SO ER
FRIBPE S B AN R R B K P SR BL[ T . T E A
B4R, 2005, 15(2): 198 ~203.

WANG Xrjing, HAN Xiao-hui, LI Chang-feng, et al.
Horizontal flow status of plastic metal in different

depth during friction stir welding for thick aluminum

alloy[J]. The Chinese Journal of Nonferrous Metals,



516 &5 10 1] LA, G BERREEEAR AR b T AR U B

* 1677 *

—
[ore}
—

[ 10]

[ 11]

2005, 15(2): 198 ~203.

EA, EEA, BT . B AR AR K R A
LIy, AL 2004, 1: 22723

WANG Xrjing, GUO Rurjie, A Rong. Temperature
measure for joint of friction stir welding[ J]. Electric
Welding Machine, 2004, 1: 22~ 23.

Vilaca P, Quintino L, dos Santos J F. A stiranalytical
thermal model for friction stir welding[ J]. Journal of
Materials Processing Technology, 2005, 169: 452 -
465.

BT, M=, ORI, S5 CYERCREEE SRR
FRMEE AL T]. T A 6 5 2 4R, 2005, 15
(6): 865~ 869.
ZHAO Yanmhua, LIN Sanrbao, HE Zrqiu, et al
Numerical simulation of 2D friction stir welding
process[ J]. The Chinese Journal of Nonferrous M et-
als, 2005, 15(6): 865~ 869.

WG, W, PIERW], AF. U RS AR R
U IPEFANBTTEL)] . FE B T2 # B2 4, 2003,
17(3): 17~ 19.

HUANG Feng-an, XING Li, KE Lrming, et al.
The studies of material two-dimensional plastic in
friction stir welding[ J]. Journal of Nanchang Institu-

te of Aeronautical Technology ( Natural Science),

[ 12]

[ 13]

[ 14]

2003, 17(3): 17~ 19.

FRE, BEA. HHEHER =R ]].
FRE AR, 2004, 25(4): 46~ 50.

WANG Dayong, FENG Jiecai. The model of three
dimensional plastic flow in friction stirs welding[ J].
Transaction of the China Welding Institution, 2004,
25(4): 46~ 50.

Schneder J A, Nunes Jr A C. Characterization of
plastic flow and resulting microtextures in a friction
stir weld[ J]. Metall Mater Trans B, 2004, B35: 4~
13.

Fonda R W, Bingert J F, Colligan K J. Development
of grain structure during friction stir welding[ J].
Scripta Mater, 2004, 51: 243 = 248.

Bussu G, Irving P E. The role of residual stress and
heat affected zone properties on fatigue crack propa-
gation in friction stir welded 2024 = T351 aluminum
joints[ J]. International Journal of Fatigue, 2003, 25:
77~ 88.

SulJ Q, Nelson T W, Mishra R, et al. Microstruc-
tural investigation of friction stir welded 7050 ~ T651
Acta Mater, 2003, 51: 713 ~729.

(H5E  TF8)

aluminium[ J].



