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Analysis of Bronze Hybrid Composite
for Spark Ignition Engine Piston

The development in automotive industry leads to economy and comfort of
the vehicles and thus forces the designers to develop new materials for the
improved performance. In this work, Bronze hybrid composite with
Alumimum and Silicon reinforcementfor spark ignition engine piston was
fabricated through vacuum stir casting process. Conventional machining
techniques such as turning, drilling and boring etc., were used to
manufacture the piston. Thermal analysis on the composite piston was
carried out using Finite Element Sofiware ANSYS. The mechanical
properties tensile and impact strength and hardness of the composite were
measured. Wear analysis on the composite material was carried out and
wear rate was calculated. The results were compared with the existing
material and found enhanced with bronze hybrid composites. Emission test
was also carried out and found improved. Microstructure examination was
carried out to study the structure of the composites..
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1. INTRODUCTION

In automobiles, engine is the main part which will be
used to determine the performance. Piston is the most
inevitable part of the engine. The piston used in
automobiles engine should have good strength and heat
resistance. The piston should have rigid construction in
order to avoid the mechanical and thermal distortions.
The inertia force is also considered for the design of
piston. Normally the inertia force should be minimum
for which the weight of the piston to be reduced.
Shaping of the combustion chamber, sealing, kinetic
arrangement and gas force transmission are some of the
functions of engine piston [1].

Generally, 700 K is the temperature observed in the
crown of the piston at high rotational speed and loads.
Frictional force, gas and mass forces are the sources of
mechanical loads in piston [2]. Composite materials are
used to manufacture the piston in order to increase the
mechanical strength, reduce wear and to enhance the
thermal properties.

The trend in modern automtive and aircraft
structures is the replacement of metallic materials with
different types of composite materials [3]. In this work
composite piston was made with bronze as the matrix
material and aluminium and silicon were the
reinforcements. Vacuum stir casting method was used to
fabricate the composite piston

Generally metals like steel and cast iron are used to
manufacture engines. Since the engines made of metals
are heavy, it consumes more amount of fuel. The torque,
compressive forces and harmonic vibrations produced in
conventional engines need to be dampened using
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dampeners, flywheels and counterbalancing pistons.
The centrifugal, internal and reciprocating forces, loads
and momentum were generated by the moving parts of
the engine made of steel and cast iron. The power,
performance and efficiency of the engine are affected by
the engine’s increasing weight, Engine parts made of
light weight composite materials are employed in diesel
and gasoline powered automobile engines, aircrafts,
truck, marine, single and two cylinder engines, portable
generators, lawn movers and other internal combustion
engines. The fuel and gasoline consumption of such
engines made of light weight composite material
reduces to a greater extent. This is also helped in other
ways such as quieter performance due to attenuate noise
reduction and permitting the engine to operate in higher
speeds. Higher horse power is produced by light weight
composite parts used engines when compared to
conventional engines, along with dimensional stability,
maintaining its shape, structural integrity and operating
conditions of the engine. The composite material parts
used engines diminishes the momentum, internal force,
centrifugal and reciprocating force and load on the
engine. Piston design is changed. New materials
graphite and carbide is added,overall to minimize
pollutants and increase efficiency [4].

This work dealt with the manufacturing of engine
valve guide using Aluminium — Silicon Carbide com-
posite material and other alternative materials to imp-
rove the engine’s reliability. Aluminium metal matrix
composites have identified as the best suitable material
for making components used in automotive and aviation
industries. It gives greater scope in the development of
such engineering fields. Finite element analyses of
Titanium alloy (Ti-834), copper nickel silicon alloy
were compared with Aluminium — SiC through ANSYS
13.0 software. The stress produced in engine valve
guide due to various pressure and temperature were
taken for the analysis. The range of pressure and
temperature used in the analysis were 10 MPa and

FME Transactions (2020) 48, 962-967 962



600°C and 650°C. The principal stress and strain, tem-
perature distribution of the valve guide’s entire surface
were calculated. The analysis results obtained were
compared with allowable values and found low in Al-
SiC composites and concluded that it was suitable for
the use [5].

The piston of a spark ignition engine made of bronze
hybrid composite is mainly used in automotive and
power generation and aircraft industries. It reduces the
shortcomings of S.I Engines made with conventional
material piston. It increases the durability of the engine.
It has more strength compared to conventional piston.
Thermal expansion of the composite material piston is
also very low [6].

Engine piston and cylinder are the prime components
employed in the conversion of chemical energy produced
during the combustion process into torque. The modern
I.C. Engines are generally converting 30% of generated
energy into useful work. 70% of the energy is lost due to
friction between the moving parts of engine, Waste heat
and pumping air out and into the engine. Fuel con-
sumption and emissions produced increase due to friction
[7, 8]. This work concentrates on the enhancement of the
performance of S.I. engine with Composite material
piston by reducing friction and emission characteristics,
which was less explored in earlier studies.

2. EXPERIMENTAL WORK

2.1 Material Selection

In this research work a new metal matrix composite was
used to fabricate the piston. Table 1 Shows the compo-
sition of the existing material. The material has alumi-
nium in major prportion and silicon in considerable %.

Table 1. Composition of piston material - Existing

Material Com[‘))osition Material Coml‘))osition
%o Yo
Aluminium 80.54 Magnesium 1.181
Silicon 12.362 Zinc 0.075
Iron 0.456 Chromium 0.002
Copper 4.361 Nickel 0.946
Manganese 0.011 Titanium 0.011

In order to improve the mechanical strength, wear
resistance and thermal properties a new metal matrix
composite was developed. Table 2 shows the compo-
sition of proposed piston material. It has 70% of bronze,
18% of aluminium and 12% of silicon.

Table 2. Composition of proposed piston material

Material Com]‘))osition
%
Aluminium 18
Bronze 70
Silicon 12

2.2 Fabrication of Composite Piston

The composite material made with the composition
mentioned above was manufactured using vacuum stir
casting method. Figure 1 shows the bootom pouring
type vacuum stir casting equipment.
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BOTTOM POURING TYPE STIR CASTING FURNACE
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Figure 1. Bottom pouring type Vacuum Stir Casting
Equipment

In vacuum type stir casting the mould was kept at
vacuum with 10 mbar in order to remove the gases
formed in the melt. There are many types in vacuum stir
casting. Stir casting machine with bottom pouring type
was used in this work. Double stage vacuum pump was
used. Vacuum chamber and tank made up of stainless
steel. Vacuum was maintained inside the chamber with
the help of dial type gauge. Split type die mould was
used to obtain a casting of outer diameter 50 mm and
length 300 mm [9].

The composite material melt was poured into the die
and the required shape piston was obtained. Conentional
machining techniques like turning, drilling boring and
grinding was used to fabricate the piston as the required
dimension.

Figure 2 shows the nomenclature of the piston. It
contains piston head, top land, ring section, ribs, piston
boss, circlip, piston pin, grooves for compression ring
and oil control ring, skirt and piston barrel.

Piston head
o crown
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t -‘1] ////////
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Figure 2. Nomenclature of Piston

Table 3 shows the technical specifications of the
piston. Air cooled four stroke single cylinder engine
was used with a ddisplacement of 97.2 cc and maximum
power of 5.66 kW
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Table 3. Technical specification of the piston

Engine Type Air - Coo'led, 4 Stroke
single cylinder OHC

Displacement 97.2 cc

Max.Power 5.66 kW @ 5000 rpm

Max. Torque 7.130 N-m @2500 rpm

Compression Ratio | 9.9: 1

Starting Kick / Self Start

Ignition DC — Digital CDI

Bore 50 mm

Stroke 49 mm

The bronze, aluminium and silicon hybrid composite
piston was made as per the technical specification given.
The bore of the cylinder is 50 mm. An air cooled, four
stroke single cylinder engine with overhead camshaft was
used in this work. The Figure 3 shows the composite
piston fabricated through vacuum stir casting.

2.3 Finite Element Analysis of composite piston

Finite Element Analysis was carried out in this work to
analyze the thermal behavior of the composite piston.
Temperature distribution and heat flux were the two
parameters analyzed in this work. ANSYS R 15.0
software was used to perform the analysis.

Figure 3. Piston made of composite material in vacuum stir
casting.

2.4 Mechanical Properties of the composite piston

The mechanical properties tensile strength, impact
strength and hardness were calculated through experi-
ments. The specimens made as per ASTM standards D
638 and d 256 for conducting tensile and impact test.
Five specimens were taken for the analyses and the
average value was recorded [10].

2.5 Wear Analysis on composite piston

Wear is one of the unavoidable phenomena in piston.
Therefore analysis of wear in composite piston is
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essential one. Pin disc apparatus was used to conduct
the wear experiment. The parameters for wear analysis
were load 10 N, sliding velocity 1 m/s and sliding dis-
tance 500 m. Figure 4 shows the schematic arrangement
of pin and disc. The pin was made with 8 mm diameter
and 32 mm long. The pin was kept stationary and the
disc was roating. Fig. 5 shows the experimental setup of
pin on disc.

oo

Figure 5. experimental setup of Pin on Disc
2.6 Emission Test

Emission test was conducted with the composite piston
developed. The test was conducted in a two wheeler
with petrol as the fuel and emission level of all the
gasses were measured.

3. RESULTS AND DISCUSSION

Research studies have been carried out to investigate the
reason for fracture in the crankshaft and piston of the
transport aircraft engine, and concluded that due to
excesive contact pressure and cyclic loading the fatigue
crack occurred [11,12]

The thermal behaviour with transient analysis of the
composite engine piston was analyzed in ANSYS
R15.0. Figure 6 shows the three dimensional model of
the piston developed in CATIA software. The three
dimension model of the spark ignition engine piston was
developed as per the specification. Meshing was done
with the developed model using following parameters.
Three dimensional solid elements were chosen with an
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element edge length of 1 mm. Fine meshing was
performed. The image of the composite piston after
meshing was shown in Figure 7. Thermal analysis was
carried out on the meshed model of the piston using
standard thermal analysis procedure.

Figure 6. 3-D model of the piston

A Wiimmi

Figure 7. Meshing model of the piston

#
i Im imm) ‘.‘_3'

Figure 8. ANSYS Result of Temperature Distribution of
Composite Piston

The temperature distribution and heat flux of piston
made of bronze hybrid composite with aluminium and
silicon reinforcement were shown in Figures 8 and 9. The
maximum temperature observed was 1500 °C and heat
flux was 10.251 W/m* where as for the existing material
it was observed as 1275°C and 1.851W/m’. Therefore the
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bronze hybrid composite piston can be operated in higher
temperature. The heat flux was also increased. This was
due to the matrix material and reinforcement [13].

Figure 9. ANSYS Result of heat flux of composite piston

Table 4. Mechanical properties of composite piston

. Tensile Impact | Hardnes
Material
SLno Description strength | Strength s
P (MPa) | (J/m>) | (BHN)
Bronze
j | reinforced with ) L0 28.6 159
Aluminium and
Silicon
Existing
2 Material - 420 18.2 137
Aluminium
alloy

The mechanical properties of bronze hybrid com-
posites were measured [14]. The tensile strength was
observed as 684 MPa and for the existing material it
was 420 MPa. Similarly the impact strength was calcu-
lated as 28.6 J/m® and for the existing material it was
18.2 J/m’. The brinell hardness also calculated as 159
BHN. The mechanical properties of the composite pis-
ton were shown in Table 4.

Mechanical Properties

m Bronze hybrid composite piston

1 Aluminium based piston (Existing)

Tensil Impact  Hardness
strength strength BHN
Mpa 1/5q.m

Figure 10. Mechanical properties Comparison

Figure 10 shows the comparison between the bronze
hybrid composite piston and the existing material. The
enhancement in tensile strength was 38.59%, impact
strength was 36.36% and hardness was 13.83%.
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Wear rate of the composite piston was also calcu-
lated in this work. The pin specimen was loaded against
a flat rotating disc based on the circular path described
by the machine. The Table 5 shows the parametersfor
wear rate calculation in pin on disc apparatus [15].

Table 5. Parameters for wear rate calculation in pin on disc
Apparatus

Applied load (N) 10
Sliding Velocity (m/s) 1
Sliding Distance (m) 500
Sliding Dia (mm) 44
RPM 50
Initial Weight (gm) 27.893
Final Weight (gm) 27.892

The wear rate calculated was 0.00357 mm’/m, whe-
reas the wear rate for existing piston material is 0.01436
mm’/m. The wear rate of the piston made of Bronze
hybrid composite was reduced [16].

The emission test was also performed with the piston
made of new material i.e., bronze reinforced with alumi-
nium and silicon. Table 6 shows the emission level of
vehicle using bronze hybrid composite piston and the
existing piston. Figure 11 Shows the comparison of emis-
sion levels vehicles using of new and existing piston [17].

The pollutants which are emitted from the exhaust pipe
of the automobilesare known as exhaust pollutants [12].
They are formed as a result of combustion of the fuel in the
engine. These pollutants are harmful to the atmosphere and
living thingsin particular. The major types of exhaust
pollutants are discussed in the following sections [18].

EmissionRegulation Limit

80
70
60
50

40
30 M Existing Piston

20
dE==
0 |
SRR
N
&

i New Piston

Figure 11. Comparison of Emission levels of New and
Existing Piston Mechanical properties Comparison

The emission testing carried out in non- dispersive
infrared measuringmethod .The measuring pollutants
are CO, CO,, HC, O,. The emission level is reduced
with the piston made of bronze hybrid composite mate-
rial when compared to existing material [19].

Table 6. Emission level with new (Bronze hybrid compo-
site) and existing piston

parameter Regulation Limit
New Piston Existing Piston
Cco 0.15 1.81
CO, 0.40 3.30
HC (PPM) 40.0 73.0
0, 20.13 21.72
PEF 0.53 0.53
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4. CONCLUSION

In this work a new material bronze hybrid composite
reinforced with aluminium and silicon was proposed
and tested. The following results were observed and it is
concluded as follows.

e The mechanical properties of the bronze hybrid
composite for piston were enhanced for tensile
strength by 38.59%, impact strength by 36.3%
and hardness by 13.83 %.

e  The temperature distribution is better and it can
withstand higher temperature than the existing
material. Heat flux was also higher.

e The wear rate of bronze hybrid composite was
lower than in the existing material.

e The emission level of new material proposed
was lower than in the existing material.
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AHAJIM3A XUBPUJHOI' KOMIIO3UTA HA
BA3H1 BPOH3E KO/l KJIMITA BEH3UHCKOT
MOTOPA

Hanew II., Anang T., Benkarecan J.

AyToMoOMIICKa WHAYCTpHja C€ pas3BHja y IIpaBIly
JOCTH3aka SKOHOMHUYHOCTH M KoMdopa BO3WIIa, IITO
MOACTHYE AMU3AjHEpE Jla paje Ha CTBapamy HOBHX MaTe-
pHjana y by ocTBapema 00JbuX nephopMaHCH BO3H-
na. Kiun Gen3uHckor Motopa je uspalen o xubpuaHor
KOMIIO3UTa Ha 0a3u OpoH3e ca ojadyarmeM O] alyMH-
Hujyma u cwmnujyma wmerogoM STIR nmBema y
Bakyymy. TepMuuka aHaiu3a KJMIa je M3BeIeHa MpH-
MeHoM codrBepa ANSYS. M3BpiieHa cy mepema clie-
nehnx MexaHWYKHX CBOjCTaBa KOMIIO3WTA: jayMHA Ha
KHJame U yJap v TBpaoha. AHann3upaHa je OTHOPHOCT
Ha xabame 1 u3pauyHata je Op3rHa Xxabama MaTepHjana.
Jobujenn pesnratu moxasyjy Aa XUOPHIHA KOMIIO3UT
nMa 0oJea cBojcTBa y mopehemy ca mocrojehum mare-
pujanmma. Taxole je yrBpheHo mobospIIame pe3ynrara
TeCTa eMmHcHje. AHamm3a CTPYKType KOMIIO3UTa je
00aBJbEHA UCITUTUBAHEM MUKPOCTPYKTYPE.
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