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Abstract
Development of light materials is challenging. Numerous applications has
been developed for creating light weight materials which can be used in
Aircraft industry, automobile industry, satellite launching, mobile assembly
applications. This can be achieved by Friction Stir Welding is a solid state
joining process. In this process a rotating tool is plunged in to the work
piece, because of the friction between tool and work piece a considerable
heat is developed which is sufficient to melt the metal and join which is free
from fumes, gases or oxides. An experiment has been conducted on a
conventional milling machine for joining of Aluminum(6061-T6) with Brass
and welded samples are tested found that Square profile has given better
Tensile Strength and Yield Strength but Diamond profile has given better

Hardness

Keywords: Friction stir welding (FSW),EN 19 Tool, Diamond and Square

profile

INTRODUCTION

Friction Stir Welding is a solid state
joining process which was invented and
patented by The Welding Institute, UK in
1991. Several experiments has been
conducted since then, till date the process

is not commercialized at a low cost. The

cost of the FSW machines are prohibit to
reach to MSME sector. In our experiment
we are using a Conventional Milling
machine and Tool is made of EN19 which
is commercially available at affordable
cost. There are several joining process are

already available for joining of dissimilar
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metals viz Laser Welding, Resistance
Welding etc which are either costly or not
serving the purpose of MSME sector.
Friction Stir Welding serves this purpose.
This technique is used by NASA for
joining aluminum-lithium alloy which is
light weight, for welding of liquid oxygen
tank. It is also successful for joining of
aluminum and steel, aluminum to
magnesium, copper to stainless steel,
nickel alloy to steel. Petronos in Malasya
demonstated this technique for joining of
Nylon sheet 6 mm to 16 mm thick.
Friction stir welding applications are

endless which includes ships, cars, heavy

tricks, military vehicles, airplanes, space
craft applications, Parts of imac Apple
company etc. Fig(1l) shows the schematic

diagram of Friction Stir Welding.

TOOL DESIGN

The design of the tool is a important part
as a fine tool can improve both the
eminence of the weld and the utmost
probable welding speed. The tool material
is made up of tough , thermal resistance
and wear resistance. We have designed
Diamond Profile Tool and Square profile
tool in CATIA. The final dimensions of
the tool are described in Fig(2) and Fig(3)
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Figl: Friction Stir Welding
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Fig2: Diamond Profile Tool
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Fig3: Square Profile Tool

The shape of the shoulder outer surface (square or diamond) has an insignificant influence on
the welding quality because the shoulder plunge depth is very small. This simple shape is
easy to machine and can produce sound welds.The final fabricated tool are depicted in Fig(4)
and Fig(b)

Fig 4 & Fig5: Final Fabricated Tools
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3. TOOL MATERIAL CHARACTERISTICS

Tool material characteristics can be critical for anti clock wise direction of friction stir

welding. The tool material depends on the work-piece and tool life.

EN 19 Tool Specification

EN 19 also known as 709M40 is a high eminence alloy steel, its good ductility and shock
resistant and wear resistance and also widely used in the industries of FSW tool including an
additional use EN 19 is usually supplied as high tensile grades. EN 19T (709M40T) OR EN
19U. The typical composition of EN19 are described in Table (1)

Table: 1 EN 19 COMPOSITION

Carobon Silicon Manganese

Sulphur Phonsphorous

Chromium | Molybdenum

0.36-0.44% | 0.1-0.44% | 0.7-0.44%

0.44% Max 0.35 Max

0.9-1.2% 0.25-0.35%

4. PROCESS VARIABLESFOR FRICTION STIR WELDING ARE

Tool design
Rotational speed of tool
Welding feed speed

Main anti clock wise direction for FSW process

Table 2: Input Parameters

Tool design variables

Machine variables

Other variables

Shoulder and pin materials

Welding speed

Anvil material

Shoulder diameter

Spindle speed

Anvil size

Pin diameter Plunge force or depth Work-piece size
Pin length
Thread pitch Tool tilt angle Work-piece properties

Feature geometry

Table 3: Process Variables Selected

Parameters 1 2
Rotational speed(rpm) 900 900
Feed(mm/min) 315 31.5
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Depth of cut(mm) 2.8 2.8
Tilt angle(degrees) 0.5 0.5
Tool profile Square Diamond

5. EXPRTIMNETAL SETUP
FSW performed on vertical milling machine. The input parameters as mention before be
taken for machine process parameters. We have machined our Al 6061& Brass plates in the

size of 100*55mm and 2mm thickness by automatic showing cutter. After Table(3) shows the

final results of the experiment.

Fig 6: Experimental Setup in a Conventional Milling machine

RESULTS AND DISCUSSION

Friction Stir welding is conducted on a Vertical Milling machine. The Welding samples are
tested on a Universal Testing Machine and Hardness is evaluated in Vickers Hardness
machine. Fig(6) shows the final welded part by using Square Profile tool and Fig(7),8 shows

the final welding part by using Diamond profile tool.

Fig7: Final Welding by using Square tool
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Fig9: Test report on Vicker’s hardness
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Table 4: The following are the final test results of the tested samples

S.NO | Sample Tensile Yield Vickers Tool Profile
Strength Strength Hardness
N/mm2
N/mm2 HV
1 Al-Al 101.72 82.19 39.77 Diomond
2. Al-Al 85.24 82.007 33.13 Square
3 Brass-Brass | 345.58 303.16 121.67 Diomond
4 Brass-Brass | 383.32 324.78 111.33 Square
5 Al-Brass 63.34 59.21 125 Diomond
6 Al-Brass 47.28 41.37 73.5 Square

CONCLUSIONS:

Experiment has been conducted on various
combinations of brass-brass, Al-Al and
Al-Brass ,Brass-Brass with EN19 tool with
Diamond and square profile tools, The
welded samples are evaluated Tensile
strength, Yield strength and Vickers
Hardness. Compare with test sample,
Brass-Brass with Square tool profile is

strongest joint.
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