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A Study on the Effect that Pin Shape and Welding Speed have an Influence

on Mechanical Strength in Friction Stir Welding Al6061-T6

Hee Sang Park*, Young Ho Lee”, Won Doo Choi™, Jun Bin Ko™

JL Abstract {T

Friction stir welding(FSW) is an relatively new solid state joining process. A16061-T6 aluminium alloy has gathered
wide acceptance in the fabrication of light weight structures requiring a high strength to weight ratio and good corrosion
resistance. This friction stir process(FSP) uses a non-consumable tool to generate frictional heat in the abutting surfaces.
The welding parameters such as tool rotational speed, welding speed, etc., and tool pin profile play a major role in
deciding FSP zone formation in Al6061-T6 aluminium alloy. Tow different tool pin profiles have been used to fabricate
the joints. The formation of friction stir processed zone has been analysed macroscopically. Tensile properties of the
joints have been evaluated and correlated with the friction stir processed zone formation.
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Table 1 Chemical composition of materials(Wt. %)

Materials | Si | Mn | Mg | Cu | Cr | Fe | Al

A6061-T6 | 0.58 | 0.12 | 1.1 | 0.22 | 0.20 | 0.35 | Bal.

Table 2 Mechanical properties of material

Mechanical properties

Tensile Yield Elongation | Hardness
strength strength %) (Hv)
(MPa) (MPa) °
359 335 10 125

23

of gdi7| %@01 7hestes -T—Jé g 5 ‘*L

%3;‘% A O‘Ei 1,}/\}_4 QX%H]O o, U""‘%{&D{
o] 35t E ) 7|4 A B4 A= Table 13} Tabl

N
jg

,_
4
=)
ojr
=t
2
it

ol
g,
e
kl
rE
ofp
o
1o
it
ok
N
[

St
et

<>
O
o 2 o 2 4

1o, Mo

O ){:I_‘
1) [:‘)14
4

i

=)

oft,

A

=

lo

=3

i

, e
2

i

=

je:ln

i)
e
>
i3
ox
gl"
e rlr
e
tile
o
2

i
ST
=

yo o
U Jy ox

ek jo

2

£ PNl me R

Eh

Flg 1011*1113‘ gt
A E-J Ikl 01]‘117\]3*% ot M oF
gHE E9l 2380rpmof Al AEE AR, 1
© B9 AAYE, ol$4L, 29 U, 99 A 52
on] B9 AL 2.5°2 A
o] AL FF7 2.2 YA (Threaded cylindrical)
Fo 24T tool)¥ AFZHE8)(Quadrangular pyramid)
E—(Q tool)& AME-8Lgl 0. ZFho] Ak Fig 29
£ 49xde E& I ¥ & &9

(Shoulder)ﬂ wAl ge WE 4y 7iEeR sk

R
Hu ool

n
o

!

v
W F.Hm —?—lL
rlo rlo
e

:—‘4)\:1‘
A
_?L

m o mo

Lead angle

Counter
clockwise

Weld tool Travel
———

Clockwise

Weld tool pin

Weld tool soulder

Fig. 1 Typical weld tool and process parameters used
in the FSW process
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(a) Threaded cylindrical (b) Quadrangular pyramid
Fig. 2 FSW tool pin profiles
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Fig. 3 Dimensions of tensile specimen
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Fig. 4 Cross-sectional macrostructures of the weld zone
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macrograph : (A) SZ(Stir Zone), (B) TMAZ
(Thermo-Mechanically Affected Zone), (C) HAZ
(Heat Affected Zone), (D) BM(Base Metal)



BI A Xb7| Al 8HE =83 Vol.17 No.4 2008. 8.

o e (A 2A] vla) o)AE 529 23ARE
£ U 988 & 4 tkelt AeH: B9 v
A3 240 T2 ASHE0E AEA 23] YHE
th @d A G B A, QAo B
of 7al# AAE 24 5

recovery)©] #/JHct

4 oA A e B FH E]E(dynamic
deA glod Ylole Be A 4

2 94242 o AT A(subgrain cell)o] FHPr}L R7E)
7 QH. Oy 2A% SARE ARY 2% AT Qe
o B9 Aol glol ool GPUL W= ol 1
S okl o3 AL FRs BREAL o

ket
Fig. 40 Yehiizo

| FSWH9] ZobrS7yo]4li= AAE

o] ulA|3tg % ¥ o} @} Onion ring ¥+ Kissing bond
go] ?5:!1‘45]2]1:1} o]E9] 2AY Agkiy]_]l 2ol TfA W
2EE} Qlolch et AT AR )T 6NO01 Al

(a) T tool :

400mm/min clockwise

g FSWholA A== Askae] g, 2, uyt 4 4
A7) o] Wato] zsfsto] A Siehs] wR e fisheto
AR ey HEF A Ring B A4 P
2 ESHA drba B s, A W] 2ol &
Akl s 718 A3ee-Al203)2 FHEY A

off o &4, whd ¥ wylo] WEHUA WY &Y

of )8 2] oo, A FUnTe) Asure 7
WEe| S\7ol ofa) At oo HRele AR oln
k) M) doy] melo] 2Ajsn QU AsiuRe Tl
B A%go) oo 9 waroR A =Y. ojga mut
argol o8 24, w3 L sto] hag wy) B
of Asfere Wo) TeHEgo] £ ZH<02mmME Ring
goz, Be) aikago] ¥id A& ALC03mminE A

Aoz BEslA gk 2 @ukatgo] vlmA & 90|
¥4 &)+ Onion ring®] 47170 tigh A& F3ka.L6

(e) Q tool :

400mm/min clockwise

() Q tool :

600mm/min clockwise

() Q tool : 400mm/min counter clockwise

(h) Q tool : 600mm/min counter clockwise
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Table 3 Rotation and structure of tools

Tool |Threaded cylindrical | Quadrangular pyramid
. Clock | Counter Clock Counter
Rotation . . . .
wise | clockwise wise clockwise
Macro Funnel | Onion ring ; Funnel Funnel
structure
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Fig. 8 Hardness of quadrangular pyramid tool
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Table 4 Result of threaded cylindrical tool

Tool Threaded cylindrical tool
Spindle
speed 2380 2380 2380 2380
(rpm)
Weld speed
00
(mm/min) 4 400 600 600
Rotatio Clock | Counter | Clock | Counter
otation wise | clockwise | wise | clockwise
Tensile
strength 243 249 267 266
(Mpa)

Table 5 Result of quadrangular pyramid tool

Tool Quadrangular pyramid tool
Spindle
speed 2380 2380 2380 2380
(rpm)
Weld speed
0
(mum/min) 40 400 600 600
Rotation Clock | Counter | Clock | Counter
otatio wise | clockwise | wise | clockwise
Tensile
strength 255.8 255.8 266.5 269.9
(Mpa)
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