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ABSTRACT:

Friction stir welding (FSW) is an effective
means of solid-state joining. It can weld thin
plates with good weld joint that’s why it is
gradually replacing the riveting technique. In
recent years, the application of Aluminum
alloys gained a good attention because of its
advanced mechanical, physical and
tribological properties. Aluminum alloys
6061&6063 has very good corrosion
resistance, weld ability, high fatigue strength
and moderate strength. In this paper, FSW of 6
mm thick AA6061&6063 plates were
performed .The weld joint was tested for
ultimate tensile strength (UTS) , Rockwell
harness number (HR) and Wear test at particle
temperature and simulation of material flow
and heat evolution during friction stir welding
by using ANSY'S workbench tool

Keywords: Friction stir welding, AA6061,
AAG063, UTS, HR, Wear test.

INTRODUCTION:

Friction stir welding is relatively new solid
state welding process. FSW was initially
invented by the ‘The Welding Institute (TWI)’
in December 1991 in the United Kingdom.
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The patents of the FSW process are also held
by the TWI, UK [1]. This welding technique
can weld a wide range of materials and as it
needs almost negligible pre welding
preparations, thus automation of this technique
can reach to a high degree.
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Figure 1.systematic diagram of friction stir
welding

parameters, tool design and  joint
configuration. The welding parameters consist
of tool rotation speed, welding speed, and
axial forces.
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Former two parameters are more significant
than the last one. The properties of base
material is also effect the weld quality. The
tool design is very important because welding
parameters are dependent on the design of
tool. The parameters involve in tool design are
pin diameter, shoulder diameter, profile of pin
and shoulder, plunge depth, and tilt angle.
Each of these parameters are significant and
affect the quality of weld. The design of joint
is also important and it involves like
parallelness of edges and smoothness of edges
of plates to be joined [3].

LITERATURE REVIEW

Rao C.M. et al [4] had investigated the
microstructure and hardness of the AAG6061
joints obtained by the FSW. They found the
average gain size in order as follows: HAZ
>TMAZ>NZ. The minimum hardness value
was 80.2 HV in HAZ and maximum value was
106.32 in base metal (BM). The tensile
strength of weld zone were less than that of
BM. Rhodes C.G. et al. [5] had studied the
microstructural changes occur in AA7075-T6
due to FSW. They found that there were
recrystallization of the grains in the weld
nugget and the dislocation density in nugget
was lower than the base metal. Kimapong K.
et al. [6] had investigated the effect of tool
geometries on AA 6061-T1.They found that
left and right screw pin profiles were
producing good joints compared to cylindrical
and conical tool. The maximum tensile
strength was 168 MPa at 2000 rpm and
125mm/min welding speed. Trimble D. et al.
[7] had studied the effect of FSW on 4.8mm
thick AA2024-T3 plates. They found that
triflute pin was most effective shape for higher
welding speeds and scroll shoulder design was
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better than concave shoulder design. Kwon Y.

et al. [8] had done FSW of 2 mm thick
AA5052-O at various rotational speed and
found that the grain size was smaller in stir

zone (SZ) than the base material, and it was
decreases with the increase of tool rotation

speed.

EXPERIMENTAL PROCEDURE
In this study, thin plates of AA6063&6061

were used. The dimensions of the plates were

200x85x6 mm. The aluminum alloy
6061&6063 sheet was initially cut into the
required size from the big sheet by shearing
operation. The sheets were then end milled by

the vertical milling machine. The milling of
the plates brings the accuracy in terms of
smoothness and make edges parallel and also

milling removes hardness and stresses induced
by the shearing at the edges. The plate edges

were cleaned by the emery papers to remove

burrs and scratch marks formed due to the
milling tool cutting edges. This makes the

smoother and thus reduces the gap between
two edges of plates. The chemical composition

of AA6061&AA6063 is shown in table 1

Table 1 Composition of AA6061

components | mg | sl i | @ fi mn | oer

Wi% 04- | 0.5 | Max0.7 | 3.9- | Max | Max0. | 04- | Max
08 | 12 30 1025 15 1.2 0.1

Table 2 Composition of AA6063

commponents si fe o mn mg of mn
Wit | 04 | 05 | 12- | 030 | 21- | 0.18- | 5.1-
2.0 2.9 0.28 6.1

In my experiment, the tool pin material was
H13 die steel having cylindrical shape. The
tool has pin diameter of 4 mm, pin length of
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1.8 mm and shoulder diameter of 14 mm.

Figure;2 steel tool and their dimension

The two important parameters i.e. welding
speed and rotational speed of tool and tool and
work piece temperature was considered for the
experiment. There were three levels was
selected for each variable.

Table 3. Process parameters and their levels

parameters.
Parameters Level T T Leveld Lewel3
Welding speed(mm. min) 40 50 1]
Rotational speed of tool{zpm) Q00 1200 1400

By using the design of experiment (DOE), L9
orthogonal array (OA) was selected for
carrying out the experiment is shown in table
3.

pn=tool front part, tn=tool rear part,
ss=retreating side ,sn=advancing side

Table 4 Experimental table based on
AA6063&6061
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Rotational | Welding | Indtial terqerature After 10 sec After Wsec
speed speed
Rpm TereTedn pn tn| ss sn pn tn 55 sn pn tn 55 sn

o00 40 AU [ 3 3 [ 310 ] 98 |3 [105 |83 | 209 | 51| T [

o00 El N T T 95 [ 40 | 100 | &5 | 200 | &0 | B0 [
o00 a0 BN ENENE] 93 [ 3 [ 9 [ a4 [ 190 | a1 | B2 64

1200 40 [ 3 |3 [ 3 198 50| 12| 85 | 180 | 63 | 100 | &3

1200 El [ 3 |3 [ 310|200 |60 | 113 ] %0 [da || W | 12

1200 [} A [ 3 |3 [ 31 | 160 | 51 | 100 | 80 | 175 | &3 | 100 | 112
1400 40 130 [ 31 [ 31 [ 182 [ 51 [ 110 | 90 | 207 | &4 | 104 | B
1400 S0 131 [ 31 [ 31 [ 202 [ a5 | 120 | 82 | 200 | 72 | 100 | B3
1400 1) 3130 [ 31 [ 31 [ 175 [ a9 | O 0 | 190 | W0 [ 112 [ o4

FSW was performed according to the L9 OA
by wusing computer numerical controlled
(CNC) vertical machining entre with power
capacity of 3.5kW at the spindle.

Infrared thermometer:

An infrared thermometer is a thermometer
which infers temperature from a portion of the
thermal radiation sometimes called blackbody
radiation emitted by the object being
measured. They are sometimes called laser
thermometers if a laser is used to help aim the
thermometer, or non-contact thermometers or
temperature guns, to describe the device's
ability to measure temperature from a
distance. By knowing the amount of infrared
energy emitted by the object and its
emissivity, the object's temperature can often
be determined. Infrared thermometers are a
subset of devices known as "thermal radiation
thermometers".

The most basic design consists of a lens to
focus the infrared thermal radiation on to a
detector, which converts the radiant power to
an electrical signal that can be displayed in
units of temperature after being compensated
for ambient temperature. This configuration
facilitates temperature measurement from a
distance without contact with the object to be
measured. As such, the infrared thermometer
is useful for measuring temperature under
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circumstances where thermocouples or other
probe type sensors cannot be used or do not
produce accurate data for a variety of reasons.
Table 5 specifications of IRX thermometer

Model | IRX-64
fﬂ”j'i'}gcmi ) Figure:5 Process of Friction stir welding
ol - . .
SROF 1o The temperatures were recorded using infrared
Fange [ | 19230F thermometer during welding process.
S00C to . — —
13100 (o) - L
Fang SBOF to
Cortact 24050F 3
Basic +15% of : e
Jemwacy | reading . : :
Adstable ‘7, A
Emissivity | 010 to 10 . T h
Optical Figure:6 Recording temperature during FSW
Fewition | 30:1 gure:6 Recording temperature during FS
ﬁ;/:::—::‘.".:' PROCESS SETTINGS e L
S P -’v ——— -
Cre — .
; LA
o
e —— "

e —— N =
| macx |
Figure:7 welding setting

RESULTS AND DISCUSSIONS

A. Tensile test:
The tensile test was performed by using the
UTM machine [model UTM-60].There were
nine specimens were made from

Figure-3 IRX 64 infrared thermometer Table 6: UTS different process parameters
tensil
yield |e
parame | stren | stren | elongat | reduct
ter ght gth ion ion

900F40 95 153 13.2| 25.36

900F50 93 160 10.25 | 26.25

Figure:4 FSW welded plate
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Rockwell hardness testing machine. It was
performed at the center of the stir zone using
900F60 %4 262 9.77] 2846 100 Kgf load and 10 mm hardened steel ball
1200F4 indenter. The obtained Rockwell hardness
0 101 185 1256 | 45.26 number is tabulated in table 5.
1200F5 Table:7 HR for different process parameters
0 225 282 8.57 | 16.79
1200F6 HARDNE
0 156 | 180 | 11.23| 23.25 SS THICKNE
SPECIM | SCAL | VALUE SSIN
1400F4 EN E (HR) (MM)
0 145 269 12.35 24.23 900F40 B 54 535
1400F5 900F50 | B 55 5.4
0 156 | 190 | 9.77| 25.12 900F60 | B 61 5.35
1200F40 B 55 5.45
1400F6 1200F50 | B 64 5.9
1400F40 B 60 5.22
. 1400F50 B 50 5.12
tensile strength graph 200ke0 | B = £ 4
350
i Q0 0OFA0
300
E aEq ‘f 1 == 300FS0
2 200 f —de— B00FAD Hardness value graph
E 150 —S M 1200F40 _ 80
w e ———
= 100 —  ==1200F50 20 ——HARDNESS
£ o \ S 20 wALUE [HR)
= o 'Lljﬁ ¥ 1200Fe0 z O oogooogoog  ——THICKNESS I
1300F40 SEEfpEEEE wm
50 s 2RSS SE T
Figure:8Tensile plot for different parameters Figure:10 Hardness plot for different
parameters

TENSILE TEST SPECIMEN

Figure:9 Tensile test specimen

B. Hardness test:
The hardness test was performed on the
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e 900 110892 ] 005
SE——— — F40 | 20 | 2 | 1000 | 2 | 857 | 6
hardness indication 900 1.2 | 0.813 | 0.03

%Si F4A0 | 40 | 4 | 2000 | 3 008 075
900
Z F50 | 20 | 2 [ 1000 | 2 | 05 | 0.1
e /ﬁa\ —— 900 1.1 ] 0.892 | 0.02
F50 | 40 | 4 | 2000 | 2 857 8
Figure:11 Schematic diagram of Indication 900 0.02
dial gauge F60 | 20 | 2 | 1000 | 0.5 2 5
900 0.5 ] 1.851 | 0.01
C. Wear rate F60 | 40 | 4 | 2000 | 4 851 35
Table.8 Process parameters and levels 120
Levellload(N) Sliding Sliding OF4 1.1 0.892 | 0.05
speed, S | distance,D 0O |20 | 2 | 1000 | 2 | 857 6
(m/s) (m) 120
1 20 2 1000 OF4 0.02
0O (40| 4 | 2000 | 1 1 5
2 40 4 2000 120
OF5
0 20| 2 | 1000 | 0.2 5 0.01
120
0F5 0.2 | 4761 | 0.00
O [ 40 | 4 | 2000 | 1 904 525
120
OF6 1.111 | 0.04
0 20| 2 | 1000 | 0.9 | 111 5
. ) 120
Figure:12 wear test machine 0F6 09 | 1052 | 002
. O [ 40| 4 | 2000 | 5 631 375
Table:9 Wear rate for different process 140
parameters OF4
0 | 20| 2 | 1000 | 04 | 25 0.02
SPE 140
CIFI OF4 0.4 | 2.380 | 0.01
WEA | C 0 [40| 4 | 2000 | 2 | 952 | 05
L R WE 140
MHEAEEAL | o
0 20 | 2 1000 | 5 0.8 25
O D D E R CE E
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140 SPECIFIC WEAR RATE
OF5 1.5 | 0.641 | 0.03
O |40 | 4 | 2000 | 6 | 025 9
140 |
OF6 1.6 | 0.602 | 0.08 z o
0 | 20| 2 | 1000 | 6 | 409 3 g oo A
=
140 ‘E 0.05 \ } A e SPECIFIC WE AR
OF6 g . RATE
O |40 | 4 | 2000 | 1.6 | 0.625 | 0.04 :
w 0.02 V V V
WEAR m eS8 sE sy

25

Figure:15 specific wear rate plot for different
parameters
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From table 9, it is clear both welding speed as
well as rotational speed is significant for wear
measurements

Simulation Results

To study heat transfer within an object or
WEAR RESISTANCE between objects, one may conduct thermal
analysis, from which thermal quantities such
as the temperature, thermal gradient, and heat
flux distributions can be determined. Steady-
state thermal analysis aims to find the
temperature or heat flux distribution in
structures when a thermal equilibrium is
reached

In addition, thermal expansion or contraction
of engineering materials often leads to thermal
stress in structures, which can be examined by
conducting thermal stress analysis.

Figure:13 Wear rate for different

parameters
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Figure:14 Wear Resistance plot for different
parameters
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Figure:16 Equivalent stress

Table:10 Force values

Joimt Probe (Total | Joing Probe (Total | Joant Probe (Total | Joint Prokee (Total
§.No | Tame[s] | Force X1 [X] Force Y [X] Feace Z) [X] Force Totali [X]
1 39E-05 §.19E-10
03 03198 -2.65E07 25,447 25,449
L] [ 035028 2.09E-08 25447 23 aas
LE 0.52543 3.35E-11 25447 25 448
LT 0.33025 1.34E-10 25447 25449
& 0 0335 E.15E-10 &
nE 055007 5. F4E:10 23447 23 EaG
-4 s 03358 4.40E-10 23,447 25 8a8
F 1 NI 7.24E-10

Various temperatures obtained for AA60601
& AA6063 when they were made to run at 900
rpm, 1200 rpm, and 1400 rpm at feed rates of
40, 50, and 60 mm/min.

Figure:17 steady state thermal analysis(x-
AXis)
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Table:11  simulation table based on
AA6063&6061
Botational [Welding  [ruhal temperature lfter 10 sec ifter 20sec
speed speed pn|tno| s | sno [ pno |t | s | osn | pn | tno| g8 s
Byt Imrnfmin
900 i 28| 28 | 28| 28 | BS | 32| 8% [ 58| 198 | 48| 68 | 59
900 50 20| 282828 | B35 80 [ 6019056 76 |63
00 60 R R E A A EI R
1200 Ko R R
1200 50 28|28 28|28 1955610286 21068 76 | 122
1200 60 28 |28 (28| 28 [ 156 46| 86 | 75 169 60| 85 | 109
1400 ko 2828|2828 1784610580 19859 98 |79
1400 50 R EI
1400 60 28| 28 | 28| 28 | 165 | 50| By [ 75| 185 | 6B | 105 | %0

Figure:18 steady state thermal analysis(y-
axis)

CONCLUSION:

The value obtained through the experiment
shows that the ultimate tensile strength,
hardness and wear rate are maximum at 1200
rpm and 50 mm/min [09] had also welded the
AA6063&6061 plates but of thickness 6 mm
with tool angle 1.91°. They were achieved the
best welding properties at 1400rpm and 40
mm/min, which is close to the results obtained
in these experiments.

The maximum value of ultimate tensile
strength , Rockwell hardness number and wear
rate achieved in the experiment is 284 N/mm?
,64and  0.2mm*m respectively. Both the
factors i.e. welding speed and rotational speed
significantly affect the ultimate tensile
strength , wear rate and Rockwell hardness
number. Ansysis simulation software and the
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temperature results are represented in the form
of graphical representation. The results are
validated according to the temperatures as
parameters.
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