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Mechanical Characteristics and Microstructure on Friction Stir Welded
Joints with 6061-T6 Aluminium Alloy
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Abstract

This paper shows mechanical properties and behaviors of macro- and micro-structures on friction stir
welded specimen with 6061-T6 aluminum alloy plate. It apparently results in defect-free weld zone
jointed at welding conditions like the traverse speed of 267mm/min, tool rotation speed of 2500rpm,
pin inserted depth of 4.5mm and tilting angle of 2° with tool dimensions such as tool pin diameter of
Smm, shoulder diameter of 15mm and pin length of 4.5mm. The tensile stress 0,=228MPa and the

yield point 0Y=141MPa are obtained at the condition of traverse speed of 267mm/min and tool rotation
speed of 2500rpm. With the constant rotation speed, the higher traverse speed become, the higher
tensile stress and yielding point become. Vickers hardness for welding zone profile were also presented.
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Table 1 Chemical composition (wt. %)

Si|Fe|Cu| Mn |Mg| Cr | Zn | Ti Al
0.60({0.66| 0.35| 0.078 [1.22| 0.13 |0.039 [0.014 |Balance
2 METME U AHYY

21 Al M=
AA6061-T6A 5.2 334 %A Table 13 7

on  FEAH(yielding point)Z 21735 (tensile
stress)®] k> Z}Zto, =274MPa%} 5,=322MPa©]

i, A& (elongation)S 16.63%°]™, H|AXAHE
= 112Hvo]th

e

o

22 A

22.1 EFYAIE

-0 AFEE FA= 270x80x5mme] 21 E 1
22 ARSI FSWA R AMEE F9 A
FE oAES] 15 E 20mmE, Fo| AAHL 4
2 smm%, ¥ ol 45mm=E, ¥ 5o+
YA A 1.0mme] L EYAtR A Zslglon, 2°
o] A X ZK(Tilting angle), REAI AW 2 A] A WS,
Ae] Aglzlo]l 4.5mm, WHFEE 250 ~2500rpmO]

W 2 &£45% 41 ~267mm/min= Table 29} &2
$HzRom §HS At

222 el BEAE

S5 A EARS SAHEY] st A
AR S AN 8N AXNA B A
el SRR ARFERas A st
7] Skl 2F8 SAS AASGlY = stue
SN Fdds RS 5434 1mm, Al
2Rk, 2.5 9 4mm ZolollA FAHFIR T, T
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Table 2 Friction stir welding conditions and different

tool dimensions

Tool Dimension FSW Conditions
Tool Tilt
. . Rota-
Shape Shoulder| Pin | Pin tion Traverse| Angle, Rotation
p Dia. Dia |Length Speeds Speeds Pin Direction
(o) [ ()| (m) (pr ) (mm/min) | inserted
P Depth
Right 250 a1 Anti-
handed | 15 4 A5 800 87 2", | clockwise
Screw 20 5 ' 1800 124 4 .5mm or
Type 2500 267 Clockwise

A% AL ek7] Gstel AFAPS AAeg
G QAR RE AT AKS
s Aaks

of Adel AgH

G A=

1l o ‘er H
(INSTRON 8516)°]™, series X ZZ 1S o] &
dte] JAFEHE 02mm/min 2 Q1G] FHF-W

9 HE L YMPE A= TR

LIS

A

A 7 (X40) 2 SEM(X1000)°. =
e vz, d-7AA HAZ
#Z947 EDXEAS

o

lo X

oy =
I

> ol oo BN g

>,

N
Ofn

204 R k3 kAl A RFERo =
1800 = 2500rpm7it} &7 <%
267mm/min= WAl A - E A di&] u

oty} Fetdn|Ho= SR HE 1
B A=

Fig. 1 AFKelA e wnuk &% 250rpmet ot
S EHET 4Almm/minE |3 A kRS
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B | 250mm, 41mm/min

e [
— _| 1800rpm, 87mm/min

2500rpm, 41mm/min

2500rpm, 87mm/min

| 2500rpm, 124mm/min

__| 2500rpm, 267mm/min

oz vhadol ¥ WANA Po} S5 24
frEol REH] HFL AT 5+ aad

LHERSE T
S A= 2500rpm¥} &3 <%= 267mm/min
& A4 gPEve vindy A% AN

5 SR HE doEilth 250pm3t ol
2 g uNiRFHow &

XA A EFsd

Fig. 13} Fig. 2 Z12] 3L Table 3914 800~1800rpm
7} 124~267mm/min®] 7oA &4 F97F 84
5o mjz=ef ) As 75 T 2R S A
A Egom st of vjwA g5k g0
2 JddEn AR 3 2500rpm 2 SR EE
267mm/min 2714 &5 H 75 1H et

AFE BolF IRtk ANOR SAMNL
A §REE 252 AgYe A ek

2500rpm, 267mm/min 7oA & 3%
2 S WAANTERS 228MPac] il A Ak

Table 3 Mechanical properties of friction-stir-welded
Al alloy 6061-T6 plate with different

welding conditions

Max Yield | Elong | Energy to
Pm  |mm/min ’Is‘eélesgse Point —atio% Breakgsgl)oint
(MPa) (MPa) (%) (N—mm)
250 41 Defect in welding
41 184 108 8.59 52019
800 87 199 121 6.92 45008
124 207 128 6.64 44888
267 200 138 4.67 24628
41 169 113 3.97 21376
1800 87 197 123 4.74_1 28647
124 208 130 5.35 34073
267 228 140 7.36 54057
41 190 114 6.64 40290
9500 87 194 120 495 29320
124 165 128 7.47 50667
267 228 141 7.20 53101
Transv
B/M 322 274 | 16.63 188343
—erse
E 2500 A A
8
d1soof A A o d
7
%’ 800 |- Lt
DC,’: 250

41 87 124 267
Welding Speed(mm/min)

v¢ : Defect Free, Very Good Mechanical Properties
O :Defect Free, Good Mechanical Properties
A i Defect Free, X : Defect

Fig. 2 Processing map for friction stir welding
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Fig. 3 Tensile stress vs rotating speeds according to

welding speed, especially at 267mm/min

with clock wise and anti-clockwise direction
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Fig. 4 Yield stress vs the rotating speed according to
welding speed with anti-clock wise direction
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Fig. 5 Stress-strain curves under traveling speed of
267mm/min at constant rotating speed of
2500rpm
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Fig. 6 Comparison of micro vickers hardness at

horizontal profiles jointed by welding speed
of 267mm/min and rotation speed of 2500rpm
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Fig. 7 Distribution of hardness level measured at
the traverse speed of 267 mm/min. and the
rotation speed of 2500 rpm

(a) Surface

(b) Profile

Fig. 8 Fractured configurations after tensile test
with Al6061-T6
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(b) Micro-structures(x1000)
Fig. 9 Macro-and micro-structures on cross-section
of 267mm/min and
rotation speed of 2500rpm

at traverse speed

33.70 at% Al
62 .08 at9e SI
3.03 at% Mg

91.67 atv% Al
5.51 at% Mg

e e y N

(¢) SEM/EDX Al-Mg-Si atomic% for TMAZ

Fig. 10 SEM/EDX(Energy Dispersive X-ray Spectroscopy)
Analysis of Al-Mg and Al-Mg-Si
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