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ABSTRACT

In this paper, standard SS304 austenitic stainless steel and SS430 ferritic steel cylindrical rods were fabricated by
friction welding process by varying the frictional pressure and forge pressure in order to understand the effect of process
parameter. The tensile strength and Vickers micro hardness tests were conducted for each fabricated joint to evaluate the
mechanical properties of the welded specimen. It was found that sample S5 with friction pressure of 90 MPa and
forging Pressure of 120 MPa has the high tensile strength value of 637 MPa and 372HV at the interface region. A
detailed microstructural analysis was performed at the interface to reveal interconnecting of dissimilar metals.
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1. Introduction

Stainless steels are iron-based alloys containing 8-25% nickel and 12-30% chromium, having good corrosion resistance
and withstanding for high temperature. Generally stainless steels can be categorized as martensitic, ferritic and aus-
tenitic. Austenitic stainless steels represented for the largest production group of stainless steels than any other group.
They have a good corrosion resistance in most environments. Austenitic stainless steel can be strengthened significantly
by cold working and are often utilized in the applications requiring a good atmospheric or high temperature corrosion

resistance!'l.

Ferritic stainless steels are basically iron-chromium alloys with body centered cubic (BCC) crystal structure. Chromium
content is usually in the range of 11-30%. They have poor strength at higher temperature even though they possess good
ductility and formability. It is used in the field of chemical processing equipment, heat exchangers, furnace parts,
petroleum refining equipment, solar water heaters, storage vessels, electrical appliances, and house hold appliances
where a less severe corrosive atmosphere. Conventional joining of ferritic stainless steel with austenitic steel has many
problems because of different mechanical properties for different metal. Such joints can be obtained in a different

combinations by solid state welding process!?.

Friction welding is solid state welding process which is most temperate and very gainful joining strategy for disparate
metals. The friction welding process producing welds of two workpieces rubbed each other with compressive-force
while one is rotating and the other is stationary. The continuous friction of the contact surfaces produced heat at the
weld interface and the material became soft. Eventually, the material starts to flow plastically and forms an upsetting at
the interface region. Once a certain amount of forging pressure applied, the rotation is stopped and the compressive
force is maintained or slightly increased to consolidate the joint. The fundamental parameters of the friction welding

process are the pressure, the forging pressure, the duration and the rotational speed. The major advantages of friction
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welding are the capability of joining different metals or alloys, less material wastage, and a short fabrication timel®l,
This method can also be used to join the different shapes like components of cylindrical or non-cylindrical workpieces.
A lot of studies presented on friction welding of similar and dissimilar materials™*'%; however, study based on friction

welding of dissimilar austenitic and ferritic stainless steel is scanty.

In this study, parts of the AISI 304 austenitic stainless steel and AISI 430 ferritic steel with equal diameters were
welded by the friction welding method. The tensile strengths and micro hardness variation of the joints were determined
and correlated with process parameters. Then, the weld visual appearance and microstructures of the welding zones
were obtained and investigated using macro- and microphotographs.

2. Materials and Methods

Austenitic stainless steel SS304 and SS430 ferritic steel of cylindrical bars with 12 mm diameter and 75 mm length
were fabricated by means of friction welding. The fabrication of the joints was obtained by a continuous drive friction-
welding machine which is shown in Figure 1. The chemical composition and mechanical properties of the base metals
are tested and presented in the Table 1 and 2. The welded samples were obtained by varying the frictional pressure and
forging pressure and maintaining the other parameters such as rotational speed and forging time were constant. In this
experiment, the austenitic stainless steel SS304 rod was rotated and ferritic steel SS430 was kept stationary. Figure 1
shows the friction welded sample. The tensile specimens were turned from these joints as per ASTM ES8 standards. The
ultimate tensile strength for all the joints were evaluated in universal testing machine and further Vickers micro
hardness and the microstructural studies are carried out using hardness tester and optical microscope at the welded
interface region. The chosen values of the friction welded parameters are presented in Table 3.

Materials C Mn Si P S Cr N Ni Fe
SS304 0.08 2.0 0.75 0.045 0.03 18-20 0.1 8-10.5 Bal
SS410 0.12 1 1 0.04 0.03 16-18 - 0.50 Bal

Table 1. Chemical composition (wt. %) of SS304 and SS430

Material ~ Tensile Strength ~ Yield Strength % Elongation =~ Micro Hardness (HV)
SS304 621 Mpa 205 Mpa 40 210
SS430 530 Mpa 310 Mpa 25 180

Table 2. Mechanical Properties of base metals.

Specimen Friction Pressure (Mpa)  Forging Pressure (MPa)  Friction Time (sec)

S1 60 90 10
S2 60 120 9
S3 60 170 7
S4 90 90 10
S5 90 120 8
S6 90 170 8
S7 130 90 10
S8 130 120 9
S9 130 170 8

Table 3. Friction welded parameters values at the rotational speed (rpm) of 1500.

Figure 1. Photograph of Friction welding Machine.
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3. Results and Discussions

3.1 Evaluation of Macro- & Microstructural Properties

A defect free dissimilar joint of SS304 and SS430 were made by friction welding procedure by varying the friction
pressure and forge pressure and holding other parameters as constant. There is no significant imperfection found in
macro image of the welded joint depicted in Figure3. The welding is complete and the flash formation is unsymmetrical
due to difference in mechanical properties of dissimilar steels®l. It is obvious from the macrographs that friction
pressure and forging pressure greatly affects the geometry of the weld zone and the morphology of the flash. A view of
friction weld joints shown in Figure 2 reveals larger flash width increases with incremental of friction pressure and
forge pressure. The flash diameter ferritic steel is larger than austenitic steel because of lower thermal conductivity of
SS304.The smaller flash diameter exhibits the output of lower friction and forging pressure due to less heat input at

interface!®.
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Figure 3. Macro image of weld interface.

Microstructural evaluation of sample S1, S5 and S9 of low, medium and higher level of pre-selected parameters
considered for this study was shown in Figure 4. The friction welded joint clearly depicts that three distinct zones were
observed namely fully deformed zone (FDZ), partially deformed zone (PDZ) and heat affected zone (HAZ)!?\. The
most microstructural changes occurred in the FDZ and PDZ regions. The rotational work piece induces frictional heat at
the abutting surface to attain high temperature and causes the viscous metal moved towards the central region of the
metal. Eventually when friction pressure is applied to unite the joint connected by plastic deformation yielded the
dynamic recrystallization. Thus the grain refinement in the interface region of the weld formed. Finally the forge
pressure is applied to complete joint with further refinement of grains!!!.

High friction pressure give rise to high temperature in the weld interface producing higher orientation intensity and
larger expulsion of flashes as revealed in Figure 4c¢. It is evident that rising the value of friction pressure causes plastic
deformation in larger region owing to molten metal and subsequently makes the orientation easier. However, applying
forging pressure reduces the HAZ because of high molten area. As the forging pressure is increased the fine grains are

noticed on the either side of the weld interface.



Figure 4. Microstructural evaluation of friction-welded joints.

The low friction pressure and forging pressure depicts the narrow interface region as shown in Figure 4a. At low
friction pressure, due to lack of sufficient amount of frictional heat the grain structure is not closely packed and results
in incomplete plastic deformation when compared to the sample S5. The sample S5 microstructure reveals the wider
heat affected zone with dynamic recrystallization by increasing friction pressure. Subsequently applying forge pressure,
the central region consists of equiaxed grains and is confined to ferritic stainless steel. At higher friction pressure speed,
the friction heat involved is more results in heating and sudden cooling at this region. This makes the region brittle and

results in lower mechanical properties'].

3.2 Evaluation of Tensile Strength

Tensile specimen was prepared as per ASTM ES8 standards from the fabricated samples and tested for its ultimate tensile
strength using Universal Testing Machine of 1000 KN capacity. The correlation between the tensile strength and the
process parameter depicted in Figure 5. It was found that frictional pressure has a great influence on the joint strength.
High friction pressure caused more amount of heat led to soften the metal in the frictional surfaces. Hence the soften
metal could easily pour out in the direction of rotation and forms more elongated grains in the interface. When the forge
pressure is applied the grains became finer, voids became narrower, and are eliminated at the abutting surface due to the
local heat added up on the interface region. Thus the tensile strength is much higher in the interface due to the fine grain
development of applying forge pressure!'*l. The low tensile strength 483 MPa was found in sample S1 with friction
pressure of 60 MPa and forging pressure of 90 MPa.

At low friction pressure there is no adequate amount of heat generated to soften the metal to create a joint and resulted
in inferior welding. Eventually applying forging pressure concealed the joint with minor pores. In sample S5 with
friction pressure of 90 MPa and forging Pressure of 120 MPa has the tensile strength value of 637 MPa. This is due to
adequate amount of heat is generated with moderate friction and forging pressure. But when the high friction and forge
pressure, the metals to be joined are subjected to high heat and successively cooled at faster rate. But when friction
pressure and forge pressure is too high, consequently, the process frictional heat becomes higher and the high heat
softens more viscous material, which can lead to expel a large volume of flashes and thinner interface region!'*l. This

enhances the plasticity of the metals making them to soften easily resulting in a lower tensile strength observed at

sample 9.
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Figure 5. Correlation of tensile strength with friction and forging pressures.
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3.3 Evaluation of Micro hardness

The micro hardness variations were attained on Vickers Hardness Testing Machine, the hardness value along the weld
interface were obtained by applying a constant load of 500 gf for a dwell period of 15 sec. The Figure 6 showed the
influence of friction and forging pressure with harness values. It has been observed that weld interface has the higher
micro-hardness value compared to the PDZ and HAZ region. This increase in hardness can be related directly to the
increasing heat input and plastic deformation'>l. At lower friction pressure and low forging pressure the micro hardness
value is very less at the interface region because of less frictional heat input. It has been noticed that there is high hard-
ness value at lower friction pressure with higher forging pressure in the interface region. Meantime higher frictional
force with lower forging pressure also has higher harness value compared to the samplelvalue. Thus hardness values at
the interface are more than that of base metal value due to fine recrystallized grain structure and the presence of inter-

metallic formed as an output of high heat input and severe plastic deformation.
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Figure 6. Correlation of micro hardness with friction and forging pressures.

4. Conclusion

The AISI 304 austenitic stainless steel with AISI 430 ferritic steel has been carried out by continuous drive friction

welding for various friction and forging pressure. From this investigation, the following inferences were arrived:

1. The macro study showed unsymmetrical flash formation of joint and the flash diameter increase with higher friction
pressure and forging pressure.

2. Microstructure exhibits fine grains for the higher forging pressure where in increase friction pressure aids dynamic
recrystallization with coarse grains.

3. Friction welded joints yielded higher tensile strength than the base material. Higher tensile strength was seen at
friction pressure of 90 MPa and forging Pressure of 120 MPa.

4. Hardness at interface has higher value than the PDZ and HAZ hardness values at the interface due to fine re-
crystallized grain structure and the presence of intermetallic formed as the effect of high heat generation and severe

plastic deformation.
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