\\

@(

i [JTEMT; www.ijtemt.org; EISSN: 2321-5518; Vol. II, Issue VI, Dec 2013

STuDY OF MICRO STRUCTURE CHANGE DURING FRICTION STIR SPOT
WELDING OF LAP WELD JOINT USING ALUMINIUM ALLOY

Abhijit Dey
Dept. of Mechanical Engineering,
National Institute of Technology,
Sichar, Assam, India

Abstract-

Friction Stir Spot Welding (FSSW) can be consideredor many
of the applications presently performed with traditonal
resistance spot welding (RSW)the basic concept of FSSW is
remarkably simple. This investigation highlights tte influence of
rotational speed of the tool, and the effect of pd@on of the
interface with respect to the tool axis on tensilstrength of the
friction stir spot welded joint. The axial load isconstant between
the tool shoulder and the surface of the base maief. The
rotational speed of the tool axis is continuously manged by
keeping the axial load constant. It is found that here is an
optimal axial load, above which the weld is defedree, with joint
efficiency of 84% for Al alloy generally. There isa tolerance for
interface position; i.e., the tool can be allowedot deviate away
from the interface without deteriorating joint effi ciency of the
weld. The tool can be allowed to deviate from thenterface in
either side, but the tolerance is higher when thenterface is
located in the around the tool. Mechanical testingf the spot weld
lap joints was performed utilizing the tension-shea
configuration. And also evaluate the hardness on thweld spot at
the different zone nugget, TMAZ, HAZ and Base plate Two
primary functions that the FSSW tool has serves: (aheating of
work-piece, and (b) movement of material around pirto produce
the joint. The heating is accomplished due to theittion between
the work-piece and tool and plastic deformation ofwork piece
has taken place. The combined effect of localizedehting, tool
rotation and axial load, softens the material aroud the pin. That
iswhy it is called a ‘solid state’ welding process

Keywords- FSW, FSSW, tool, material, welding and process.
1. INTRODUCTION

The FSSW process involves only the plunge and aedra of
the FSW tool as shown in the diagram in Figure he T

(L), mean (M) and green (G), having the charadiess
indicated as follows [4, 10].

= Improved weld quality (L)
= Reduced distortion (L)
= Low power requirements (L)
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traverse part of the process is eliminated. TheVW$Bocess
mimics the Resistance Spot Welding (RSW) procesiscam

be used in place of RSW, riveting, clinching or asther

single point joining processes in many applicatifhls The

FSSW process has major variants; one which usdagées
sided tool which is comparable to what is knownR&W

"Poke" welding and the other involving a C-Framdich is

more like traditional RSW [2, 4]. FSW tool desigmd tool

orientation and position. Once the proper tool glesrotation

speed, travel speed, etc. are selected, this simppleess
ensures high quality, repeatable welds [3, 5].

Friction Stir Spot Welding (FSSW) is a novel vatia
of the "linear" FSW process, creates a spot, lajghwéthout
bulk melting. FSSW can be a more efficient (sigmifit
energy and cost savings) alternate process taielegsistance
spot welding. FSSW has generated tremendous itgeérethe
automotive industry was used for direct replacemeht
resistance spot welding of Al alloys [6]. Fricti&tir Welding
(FSW) is less than 20 years old and Friction StiotSNVelding
(FSSW) has just recently arrived on the scene. d&Jpdw,
most of the production applications have focused on
nonautomotive means of transportation such as strain
airplanes and boats. Tremendous results have leized
including dramatically improved production, qualityptime
and flexibility [7, 8 and 9].

What if someone invented a welding psscinat didn't
need to melt the base metal to make a joint bstillsstronger
than conventional processes such as Gas Metal Arc o
Resistance Spot Welding? What if this process vess |

= No filler metal or shielding gas required (L)

= No unsightly soot (L)

= Adaptable to all positions (M)

= Fatigue life 2-10 times arc welding (M)

= Able to join numerous non-ferrous alloys (even thos
considered un-weldable) (M)
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= Mechanical strength of joint equal or close to i
base material (M)

generate higher temperature because of higheiofritteating
and result in more intense stirring and mixing daitenial as

= Can weld material thickness ranging from 1-50mm-+will be discussed later. However, it should be dothat

(M)

frictional coupling of tool surface with work pieég going to

= Generates no fumes or ozone, i.e. environmentallgovern the heating. So, a monotonic increase itingeavith

friendly. (G)

Quiet (G)

No spatter (G)

No ultraviolet light (G)

for chemical cleaning agents) (G)
Note: L = Lean, M = Mean, G = Green

Not possible you say? Well, there is such a welgingcess
and it has been in production for over 20 yearss Italled
Friction Stir Welding (FSW) and it is making largeroads
into the fabrication of trains, airplanes, autonhediand boats,
especially in Europe and Japan. FSW is being uséalni and
high production situations daily, lowering prodocti costs
and improving quality. Let's look at the basicstlué process
and how it compares to conventional welding proesséfter

this, we'll review how FSW can best be exploited by

discussing a case study which reviews the fabdnatf a
transportation component [4, 12]. The FSSW proaessves
only the plunge and retraction of the FSW tool s in the
diagram in Figure 1. The traverse part of the pssces
eliminated. The FSSW process mimics the ResistSpmt
Welding (RSW) process and can be used in placeSWR
riveting, clinching or any other single point jaigi processes
in many applications. The FSSW process has majoants;
one which uses a single sided tool which is contpar#o

increasing tool rotation rate is not expected asdbefficient
of friction at interface will change with increagitool rotation
rate [15].

In addition to the tool rotati rate, another

Reduced need for cleaning of part (i.e. reduced neeimportant process parameter is the downward fordéd w

respect to the work piece surface. A suitable deptures that
the shoulder of the tool holds the stirred matedniathreaded
pin and move material efficiently from the arouhd pin [7].

a b

Figure 2. (a) Tool 1 and (b) Tool 2.

Tool geometry is also an important
parameter for FSSW. For example, the performarittetaol
shoulders geometries: a flate shoulder with a 10 mm
diameter (Tool 1, Fig. 2.3a). The geometry of thebp for
tools is a cylindrical probe with 3 mm in diameténnm long
for the flat shoulder.

what is known as RSW "Poke" welding and the other

involving a C-Frame, which is more like traditiorREW [13].

Fz (axial force)
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Figure 1. FSSW with the base plate [3]
2. WELDING PARAMETERS

For FSSW, two parameters are very important: tothtion
rate (rpm) in clockwise or counterclockwise direntiand
plunge along the line of joint. The rotation of tgesults in
stirring and mixing of material around the rotatjpig and the
translation of tool moves the stirred material fridme around
the pin and finishes welding process. Higher tothtion rates

;

o=
o
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3. FSSW PROCESS AND PARAMETERS
SELECTION

The most important control feature is the down éocontrol
(Z-axis). It guarantees high quality even if thare tolerances
in the materials to be joined. It also enables &ighelding
speeds, as the down force is main parameter inragmg
friction to soften the material. The following pareters are to
be controlled in Friction Stir spot Welding: Dowrrée,
rotation speed of the welding too. So with only twmin
parameters for the Friction stir spot welding [18].

The joints were performed using the Pillar Friction
stir welding Machine. The plunge rate employed lincases
was 1 mm/s with dwell time of 20s and plunge degpitii.1
mm. The rotational speed was 870 & 1340 RPM. The
penetration of the tool was measured by the madhame the
position where the tools just touch the upper serfaalled
scratch position the tools geometry was made imtwkshop
of NIT, Agartala by using the lathe and grindingeeh as
shown in Figure. The diameters were 16.44 mm fa th
shoulder and 7.06 mm for the pin. The pin lengtts W88
mm. The torque was measured by rotameter in thiarPil
Friction stir welding Machine. The parameters sibecwas
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made according to information obtained in the dtere [18].
On the basis of report the stir zone width is weayrow using
rotational speeds <1000 RPM without dwell time. rEfiere,
the welds were performed with the lowest rotatiepged and
also the maximum (RPM, limit of the developed pesgrfor
FSSW machine) The plunge depth was increased 8mug,
and for these evaluations, only the pin was vatieel choose
shoulder was 3 Scrolls, and the rotational speed @D
&1340 RPM.

4. SELECTION OF WELDING MATERIALS

Aluminum as an engineering alloy is and has beenpating
with steel for a number of years. It is approxinhatéree
times lighter and three times “weaker” (elastic miod 70
GPa) and has three times higher thermal co-effictban
steel, “The rule of three 3:s”. Weight savings mafien be
compensated by improved design in order
unnecessary reduction in strength. High thermakféicient
together with the protective oxide-layer of alumimmakes it
tricky to arc-weld. The oxide-layer must be brokand
removed, and the heat must be inserted rapidlyrderoto
avoid unnecessary thermal expansion in the produdfs
course, with friction stir welding these problenypital to
aluminum are avoided. The 6063 alloy is one of mhest
widely used alloys in the 6000 series. This stashductural
alloy, one of the most versatile of the heat-trielatalloys, is
popular for medium to high strength requirements &ias
good toughness characteristics. Applications rarfigsm

5. EXPERIMENTAL PROCEDURE

to avoid

transportation components to machinery and equipmen

applications to recreation products and consumealdes.
The 6063 is intended for structural applicationduding rod,
bar, tube and profiles [19].

TABLE I. MAIN PROCESS PARAMETERS IN FRICTION

STIR WELDING.
Parameter Effects
Rotation speed Friction heat, “stirring”, oxide
layer breaking and mixing
Down force Friction heat

TABLE Il. EXPERIMENTAL PARAMETER.

Parameter Range
Rotation speed 870rpm | 1340rpm|
Down force 500N 500N

The base material used in this work was 2 mm thick

Al 6181-T4 sheet, the chemical composition is shawhable
1. The grains in the as received material werezedpli

TABLE Ill. VICKER'S HARDNESS TESTER MACHINE SPECIEATIONS.

Parameter

Supply source

Testing Pressure

4.9N (0.5Kgf),9.80N (1Kgf), 29.4N (3Kgf), 49.0N (5K,

98.0N (10Kgf)

Hardness Value Symbol

HV5,HV10,HV20,HV30,HV50

Pressure Loading & Unloading

Automatic

Magnification of Microscope

200x(for measuring)
100x(for observation)

Pressure Holding Time 5-60s
Min. Measurable Unit 0.5um
Max. Height of Sample 160mm

Main Body Weight

Approx. 40kg

Power Supply

AC220V/50HZ

Machine Size(LxWxH)

540%220x650 mm

i
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6. THEORY OF TENSILE TESTS

If a test specimen is subjected to an axial IBads shown in
Fig.3 (a), and if the load is increased in incretadrom zero
to the point of fracture, and stress and straincaraputed at
eac
h

T—p P

—

L AL

P e | J

Figure 3(a).

7. EXPERIMENTAL RESULT OF HARDNESS TEST

step, a stress-strain curve as shown in Fig.3dbh)be plotted
[17].

Proportional
limit

vield point

Fracture point

Plastic behaviour

T fiastic behaviour

Stress —p

er—Permanent set
1L

3090

Strain —»

Figure 3(b).

TABLE IV. VICKERS'S HARDNESS TEST OF PARENT PLATEMAZ, NUGGET AND HAZ FOR SAMPLE AT 870 RPM FOR LABOINT.

diagonal d(mm) test force f/kgf(n) rotational axial force
speed (n)
o rpm
g0 |5 49.03 )
E c IS
B8
HV 5
BP HAZ TMAZ BP HAZ TMAZ
A 0.168 0.173 0.182 329 309 280 870 500
So1 B 0.168 0.180 0.181 329 286 283
C 0.168 0.178 0.179 329 292 289
AVERAGE 329 295.67 284

TABLE V. VICKERS'S HARDNESS TEST OF PARENT PLATEMAZ, NUGGET AND HAZ FOR SAMPLE AT 1340 RPM FOR LABOINT.

diagonal d(mm) test force f/kgf(n) rotational axial force
speed (n)
i o (rpm)
= =
E2 |3
& & 49.03
HV 5
BP HAZ TMAZ BP HAZ TMAZ
A 0.168 0.201 0.213 329 232 204 1340 500
So01 B 0.168 0.200 0.210 329 230 210
C 0.168 0.201 0.213 329 232 205
AVERAGE 329 231.33 206.33

CHART |. HARDNESS OF BASE PLATE, TMAZ, NUGGET AND AZ FOR LAP JOINT AT 870 AND 1340 RPM.
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8. EXPERIMENTAL RESULT FOR TENSILE TEST

Dimesion of the tensile specimen(base plate) aadpecimen in the jaw of the tensile machine shioviigure (a) & (b).

Figure 4(a). Figure 4(b).

Stress vs Strain

Print Load vs Displacement Print
16.2200| P 1.6220)
Pan an
B |
— =
Back| Back
Load Stress
(K.Newton), (K.Newton
Isq.mm)
0.00| 0.00|
0.00 Displacement (mm) 9.0400 0.00 Strain 01614
Peak Load = 16.22 R.Newton K-Maximum  Y-Maximum Peak Stress = 1622.00 (/53 mm) X-Maximum  Y-Maximum
Peak Disp = 2.04 mm ©.0400 162200 Peak Strain = 0.1614 0.1614 1.6220
Disp at Peak Load = 8.02 mm

a. b.
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Load vs Time

Prine Displacement vs Time Print
9.0400 16.2200
= =
=] [zee]
= —
Back:| Back]
Disp (mm) Load
(K.Newton)|
0.00, _ 0.00
0.00 Time (Secs) 181.0000 0.00 Time (Secs) 181.0000
iaat gﬂa\i = ;s:.)iz K.Newton /sg.mm X-Maximum Y -Maximum Peak Load = 16.22 K.Newton /sg.mm X-Maximmm Y -Maxinum
cak Disp = 9.1 181.0000 9.0400 Peak Disp = 9.04 __ _m
Disp at Peak Load =802 Disp at Peak Load = 5.02 181.0000 16.2200

Figure 5. BASE PLATE TESILE TEST GRAPH. a. LoalRisplacment, b. Stress vs Strain, c. Load vs Tniisplacment vs Time.
9. TENSILE TSET FOR LAP JOINT

Dimesion of the tensile specimen, when the specim#éme jaw of the tensile machine and the crosi@®al view shown in Fig
6(a), (b) & (c).
s

[ .y
Figure 6(a).
I/ﬂ
[@]

Figure 6(b).

201

Probe 56

I mm

Figure 6(c).
(iy AT 870 rpm.

i Load vs Displ t
Print oadvs Blsplacemen! o Stress vs Strain
12.0600
Pan 0.6030,
Pan
E =
=
TGa ]
Back oo
Back)
Load
(K.Newton)| St}fess
(K.Newton
Jsqmm)
0.00]
0.00 Displacement (mm) 14,3900 0.00 _ e
Peak Load = 12.06 R.Newten X-Maxinmm  Y-Maxinum 0.00 Strain 0.2605
Peak Disp = 14.50 mm 145900 12.0600 Peak Stress = 603.00 (N/Sg mm) K-Maximum  Y-Masinmum
e SR 3 - s b6oso

a. b.
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Print Load vs Time Lo
12.0600 Pan
Pan
|
=
Load
(K.Newton)|
0.00
0.00 Time (Secs) 151.0000
peak Load = 12.06 K.Newton /sg.mm X-Maximum aximum
Peak Disp = 54;9 151.0000 12.0600

Disp at Peak Load

Displacement vs Time

14.5900
Disp (mm)
0.00
0.00 Time (Secs)
peak Load = 12.06 K.Newton /sg.mm
Peak Disp = 14.59
Disp at Feak Load =0.e7

d.

Figure 7. TESILE TEST GRAPH FQRP WELD AT 870 rpm. A. Load vs Displacment, b. &is vs Strain, c. Load vs Time d. Displacment vs
Time.

(i) AT 1340 rpm.

Print Load vs Displacement
13.0300
Pan
Load
(K.Newton)
0.00
0.00 Displacement (mm) 1.3300
Peak Load = 13.03 R.Newton X-Maximum Y -Maximum
Peak Disp =1.33m 1.3300 13.0300
a.

m““ Index Copernicus(ICValue: 6.14), Ulrich, DOAJ, BASE, Google Scholar, J-Gate and Academic Journal Database.

Stress vs Strain

0.65135
Stress
(K.Newton
/sq.mm)
0.00
0.00 Strain 0.0238
Peak Stress 651.50 (N/3g mm)

Peak Strain

= 0.0238

b.
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P
Pm|
=

Bagk

(K.Newton)|

Figure 7. TESILE TEST GRAPH FOR LAP WELD AT IB4m. a. Load vs Displacment, b. Stress vs Steaihpad vs Time d. Displacment vs Time .

Load vs Time

13.0300)

Load

0.00]

0.00

Peak Load
Peak Disp
Disp at Peak Load

Time (Secs)

3.03 R.Newton /sq.mm

C

220000

X-Maxinum  ¥Y-Maximum

Displacement vs Time

1.3300]

| HENES

Disp (mm)

0.00

0.00

Peak Load
Peak Disp

Disp at Peak Load

1.
1.33
1

Time (Secs)
3.03 E.Newton /sq.mm

d.

22.0000

X-Maximum  Y-Maximum

TABLE 6. TENSILE TEST OF PARENT PLATE, LAP JOINTMD BUTT JOINT SAMPLE AT 1340 RPM AND 870 RPM.

Z £
. = > g g |5 5 £,
<3 o - 2 = = oo < S a
2| F £ g b o g g & & g £=
; e 3 = =1 e o ]
F = 5 5 n n i) o3> I -
“ 18 < 5 o Fi2 b @
L] £ c o =
= (] ©
é (mm) (N/mn? (mm/mm) (mm) e~ °©
1 Base plate . 16.22 9.04 1622 0.1614 56 1.622 0.28 1622
2 Lap joint 870 12.06 14.59 603 0.2605 56 0.5385 0.46 603
3 Lap joint 1340 13.03 1.33 651.5 0.0238 56 0.6515 0426 651.5
CONCLUSION

In this project, Tensile testing were done on 4 sétLap and
butt in the friction stir spot welding and 1 of thase plate,
The results show in table 6.

Yield strength and tensile strength values of faeided
specimen are all lower than basic materials (bds)p
and extension ratio and plasticity are all lowarttbasic
materials, so the forming capability of welded spemn
are decreases.

Yield strength and tensile strength values of |lagdwis
larger than the butt weld.

And also observed that tensile strength and yigkhgth
at 1340 rpm is higher than the 870 rpm in bothlaipeand
butt weld.

a)

b)

c)
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