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Abstract:

In this study, the stir casting method was used to create a hybrid aluminum composite with
variable percentages of bagasse ash (4, 8, and 12 wt%) and a constant weight percentage of
boron nitride (2 wt%). For the weldability analysis, the friction stir welding process was used.
The welding speed and tool rotation speed are chosen as inputsparameter and the weld
nugget's impact strength were chosen as the output response. The Taguchi method was used to
plan the experiment and investigate how input parameters affect the final result.The results
showed that an increase in the percentage of reinforcement showed negative trends on impact
strength; tool rotation speed contributed significantly (48.5%) to the output response. The
results of the ANOVA show that every input parameter significantly affects the output

response.
1. Introduction

Metal matrix Composite materials are widely used in various industries due to its high strength
to weight ration. Among them, aluminium based composite materials are mainly used in
automobiles and aerospace application [1-4]. Aluminium based composite are fabricated by
addition hard ceramic particles and solid lubricating materials such SiC, TiC, graphite, M0S2
etc. Addition of these reinforcement materials increases the basic and functional properties of
base material without affecting its existing properties [5-9]. However usage of these
reinforcement particles increase the fabrication cost of composite fabrication due its higher cost.
To overcome this fact, agriculture waste such as rice husk ash, bagasse ash and industrial wastes
such as rock dust and fly ash are used as reinforcements [10—15]. These agro wastes consist of
silicon as the major constituents. In application point of view, developing larger size automobile
component using composites; metal joining process is consider as the better way instead of using

large size mould and dies. Generally squeeze casting and stir casting are followed to fabricate
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these composites [16—28]. Fusion welding processes are widely used in welding of metals and
alloys. Conversely these processes have several problems like porosities, thermal stresses that
reduce welding strength. To overcome this fact solid state welding processes such as Friction Stir
Welding (FSW) are prefer in this joining of two metal take place by means of frictional force.
Tool angle, tool rotational speed, axial force, welding speed, etc., are major parameters that
govern strength of the welded materials. In order to attain high quality of welded joint. These
control parameters must be optimized, since improper selection to control factor results in tool
failure and reduce the welding quality and production timing. Advancement in computational
technology results in formation various optimization methods such as ANN, Taguchi, RSM,
PSO, ANFIS etc. usage of this optimization tools well assist in attaining proper control
parameter with improved welding quality [29-32]. In this research, an attempt has been made to
understand the weldability of aluminium composite. Aluminium based hybrid composite was
developed by stir casting method and FSW process was adopted for weldability analysis. Tool
rotational speed and welding speed was selected as input parameter and impact strength of weld
nugget was selected as output parameter. Taguchi method was adopted for experiment plan and

L9 orthogonal array was designed using the control factors.
2. Materials and method
2.1 Materials

The base material selected for developing the aluminium composite is aluminium 7075 which is
known for its hardness and yield strength due to the existence of stronger precipitates in the
material. The bagasse ash is prepared from the crushed sugar cane stems which are collected
from the nearby sugarcane processing industries. The collected crushed sugarcane is kept in a
furnace and the temperature is increased to burn. Then the ash is collected from the furnace and
sieved to get uniform sized particles and to remove the unwanted particles. The secondary

reinforcement Boron nitride is purchased from the marker directly.
2.2. Composite fabrication

The weight percentage of the bagasse ash is varied as 4, 8 and 12% in the aluminium matrix in
the view of analysing the effect of reinforcement over the properties of aluminium matrix. As

minimal as only 2% Boron nitride is added with the AlI7075 as the soft nature of reinforcement
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will decrease the composite properties when it is added in higher amount. The fabrication
methodology chosen in stir casting in which the small pieces of AlI7075 material is kept in the
furnace. Then the temperature is increased to 700°C to melt the material completely [32]. On the
other hand the primary and secondary reinforcements are preheated separately for a period of one
hour at 200°C. Then the preheated reinforcements are added to the molten material and stirred
continuously with the aid of mechanical stirrer to get uniform reinforcement distribution. Then
the molten mixture is poured into the rectangular die with dimension of 100 x50x8 mm to attain
hybrid composite.

2.3. Friction stir welding of developed hybrid composite

Weldability behaviour of hybrid composite was studied with the help of Friction stir welding.
CNC milling machine was used for Friction stir welding process. FSW tool was made up of D2
tool steel material that consist of two major parts namely pin and shoulder; the diameter of pin is
6 mm. Tool rotation and welding speed are the major influencing parameter for FSW process.
Hence these two parameter are selected as input control factor. Taguchi method was selected to
study the influence of input parameter over output response. Herein L9 orthogonal array was
selected with varying input parameters viz. reinforcement weight %, tool rotation speed and
welding speed. Impact strength was selected as output response.Since toughness was consider as
major phenomenon to infer the property of welding joint; larger is better criteria is selected. The

adopted control parameter was depicted.
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Fig. 1. Main effect plot for Impact strength.

output response and signal to noise ratio values are depictedFig. 1 depicts the influence of input
parameter over toughness of the weld joints. It can be notified that increase in reinforcement
decreases the toughness of the welding joints. This fact might be the brittle nature of
reinforcement particles; increase in reinforcement percentage results in clustering effect near the
weld zone this result in formation of void and porosities that reduces the impact strength.
Addition of hard ceramic particles reduces ductility near welded zones and reduces the energy
absorbing efficiency near weld joint that reduces the fracture toughness of composite joints. In
FSW process tool rotation speed was consider as important factor since the heat generation near
weld zone are control by tool rotation speed. From Fig. 1 it can be observed that increment in
tool speed increase the impact strength of weld joint. In general phenomenon, increase in tool
rotation speed increase the heat generation near weld zone that increases the turbulent flow of
material that result in coarse grain formation. Conversely in the case of composite material
presence of hard reinforcement reduce the chance of coarse grain formation and form fine grain

structure near the weld joint thus increase the impact strength. From Fig. 1 it can notify that
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Increase in welding speed increase the impact strength of welded joint. Increase in welding speed
increase the contact surface between tool and weld material that results in lower heat input near
stir zone this fact increase the coarse grain structure formation near weld zone however in case of
composite material presence of hard reinforcements particles reduce the coarse grain formation
and maintain the proper heat distribution near the stir zone thus improves the impact strength
[10,11]. it can be observed that tool rotation speed act as the major parameter in controlling the
impact strength of thewelded joint. Reinforcement weight percentage act as second influencing
factor and welding speed have low influence on tensile strength of weld joints of composite
material. Optimal parameter can be obtain for main effect plot herein lower reinforcement
percentage with higher tool rotational speed and welding speed is the optimal parameter for
better impact strength. Herein P value less that 0.05 was considered as the significant parameters.
From table 4 it can be depicted that all the input parameter have significant over output response.
It is also observed that tool rotation speed have major contribution of 48.5% on impact strength,
followed by reinforcement percentage with 32.1% of contribution and welding speed have least
contribution percentage of 19.2%. These results are well augmented with mean response table

which depicts that welding speed have low influence over output response [29,30].
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Fig. 2. Contour plot of impact strength with respect to: a) wt. % & tool rotation speed b) Tool

rotation speed & welding speed c¢) wt. % & welding speed.
2.4. Combinational effect of input parameter over impact strength

Fig. 2a depict the influence of reinforcement weight percentage and tool speed over the output
response, pink region indicates the maximum impact strength region; green depicts the optimal
region and red region implies lower impact strength. It can be found that optimal region lies in
middle region that implies the medium tool rotation speed and reinforcement percentage
giveoptimal impact strength [33-36]. Fig. 2b display the combined effect of tool rotational speed
and welding speed over impact strength of the composite joints. Contour plot depict that lower
tooling speed with welding speed of 6 mm/min is the optimal parameter for output response.
From Fig. 2 ¢ in can be notified that higher welding speed ad reinforcement percentage give

optimal tensile strength for welded nugget.

3. Conclusion
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The hybrid aluminum composite was subjected to the friction stir welding process, and the

following findings are reported:

1. The impact strength is lessened when the percentage of reinforcement is increased.
2. The main factor influencing output response is the tool's rotational speed.

3. The impact strength of welding is less affected by welding speed.

4. The ideal parameter for the output parameter is 3 weight percent of reinforcement with 1500
rom of tool rotation speed and 9 mm/min of welding speed.
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