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ABSTRACT Now days, internal combustion engines are used in most of the automobiles and
mechanical machineries. The piston is a part without which no internal combustion engine can
work 1i.e., piston plays a vital role in almost all types of vehicles. So, the reliability of piston
manufacturing system is most essential for the proper functioning of vehicles. A piston is a disc
which reciprocates within a cylinder. It is either moved by the fluid or it moves the fluid which
enters the cylinder. The main function of the piston of an IC engine is to receive the impulse
from the expanding gas and to transmit the energy to the crankshaft through the connecting rod.
The piston must also disperse a large amount of heat from the combustion chamber to the
cylinder walls. Cast iron, Aluminum Alloy and Cast Steel etc. are the common materials used for
piston of an Internal Combustion Engine. In this project here we were taken steel is an existing
material and aluminum is another material. The aim of my project is to model a piston for a two
wheeler using theoretical calculations, designing with Creo software. The main objective piston
is investigate and analyze the thermal stress distribution of piston at the real engine condition
during combustion process, in this process we applied temperature and convection as boundary
conditions and we determining total temperature on the body, total heat flux values. In this
process I am also discussing about energy efficient and best manufacturing method to produce
ceramic coating more efficiently on piston.

Key Words: CREO Tool, Piston, Total heat flux, Ceramic coating.

1. INTRODUCTION

1.1 INTRODUCTION The depletion of
fossil fuel resources at a faster rate in the
present world of economic competitiveness
is generating an essential demand for
increase in efficiency of internal PISTONS
On the basis of head formation Deflector
head piston combustion chamber type piston
Domed and depression headed piston. On
the basis of skirt profile Slipper piston

Cutway piston On the basis of skirt piston
solid skirt piston split skirt piston On the
basis of other specialties Cam ground piston
Taper piston Oval piston combustion
engines. The wuse of coating in the
automotive industry has been found to yield
a significant effect on the efficiency of
engines. Higher the operating temperature
more will be the efficiency of the system.
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However, such higher temperatures demand
for enhanced temperature resistant materials
to be used, that is thermal insulating
materials (commonly known as thermal
barrier coatings). The first use of Thermal
barrier coating (TBC) was for aircraft engine
performance. The concept of thermal barrier
coating for diesel engines began in 1980s.
The petroleum crisis and the subsequent
increase in the cost of fuels, the
improvement of fuels and the improvement
of fuel economy of the I.C Engines has
become a high priority to the researchers.
Numerous investigations have modelled and
analyzed the effects of in-cylinder thermal
insulation. Reducing heat rejection in
reciprocating engines is a possible way of
reducing fuel consumption. This may be
possible by eliminating a part of the cooling
system and incorporating high-temperature
insulting materials in the combustion
chamber to withstand the higher combustion
gas temperature. The advent of high
temperature, high performance ceramics has
tempted engine researchers to strive for
higher  operating  temperatures  with
subsequent higher engine thermal efficiency
by reducing fuel consumption. Various types
of pistons are employed on different
engines. This is because each type fulfils
some specific requirements on a particular
engine. Some pistons have complex head
formation, some have specially formed
skirts, and other have geometrical
peculiarities.

www.ijiemr.org

headed piston.

Fig 1.1: Hierarchal representation of piston types

2. LITURATURE REVIEW

S. Lakshmananl G. Ranjith Babu2 S.
Sabesh3 M. Manikandan4[1]

According to the First law of thermo
dynamics, thermalenergy is conserved by
reducing the heat flow to the coolingand
exhaust systems. It’s known that only one
third of energy is converted into useful
work, theoretically if rejection of heatis
reduced then the thermal efficiency likely to
be increased.To a considerable extend. The
Application of TBC decreases the heat
transfer to the cooling and exhaust system
whichultimately results in the high
temperature gas and hightemperature
combustion chamber wall which reduces the
level of smoke and hydrocarbon (HC)
emission.In  particular, for the latter,
durability concerns for the materials and
components in the engine cylinders,
whichinclude piston, rings, liner, and
cylinder head, limit theallowable in-cylinder
temperatures. The application of thin TBCs
to the surfaces of these components
enhances high temperature durability by
reducing the heat transfer andlowering
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temperatures of the underlying metal. In this
article, the main emphasis is placed on
investigating the effect of aTBC on the
engine fuel consumption with the support
ofdetailed sampling of in-cylinder pressure.
X.Q. Cao*,a, R. Vassenb, D. Stoeverb[2]
During the past decade, research efforts
were devoted to the development and
manufacturing of ceramic thermal barrier
coatings (TBCs) on turbine parts because the
traditional turbine material have reached the
limits of their temperature capabilities.
TBCs are deposited on transition pieces,
combustion lines, first-stage blades and
vanes and other hot-path components of gas
turbines either to increase the inlet
temperature with a consequent improvement
of the efficiency or to reduce the
requirements for the cooling system.
Severalceramic coatings such as Al203,
TiO2, mullite, CaO/MgO+ZrO2, YSZ,
Ce02+YSZ, zircon and La2Zr207, etc.
have been evaluated as TBC materials.
1,5The number of materials that can be used
as TBCs is very limited. So far, only a few
materials have been found to basically
satisfy these requirements. In Ref. 6 the
development of new TBC systems is
described.Properties of thermal expansion
coefficient and thermal conductivity seem to
be the most important. These data are
collected from different references and
hence may not becomplete

Jing Zhang a,?, XingyeGuoa, Yeon-Gil
Jung b, Li Lic, James Knapp c[3] Thermal
barrier coatings are multi-layer coating
systems depositedon turbine components,
especially turbine blade, which thermally

www.ijiemr.org

insulate and protect them against hot and
corrosive gas streams [1-3]. Typical
structure of TBCs includes four layers: (1)
super alloy substrate; (2)bond coat; (3)
thermally grown oxide (TGO); and (4)
ceramic top coat. Typically, TBCs canbe
deposited directly on the substrate using
various techniques, such asair plasma
spraying (APS), electron-beam physical
vapor deposition(EB-PVD), high velocity
oxygen-fuel (HVOF) spraying, vacuum
plasmaspraying, low-pressure ~ plasma
spraying and diffusion bond method[5-8].
This review article summarizes the latest
information about the manufacturing
techniques  of  lanthanum  zirconate
(La2Zr207, LZ) powder and La2Zr207
based thermal barrier coatings (TBCs).
Lanthanum  zirconate is  apromising
candidate material for TBC applications, due
to its lower thermal conductivity and higher
thermal stability compared to other
traditional TBC systems. In this work, the
physical, thermal, and mechanical properties
ofthe powder and coatings are evaluated.
The durability experiments of the TBCs in
various thermal, mechanical, and corrosive
conditions are also reviewed. In addition,
theoretical studies on the powder and
coatings propertiesare presented.

D.S. Patil, K. Prabhakaran®, Rajiv Dayal,
C. Durga Prasad, N.M. Gokhale, A.B.
Samui, S.C. Sharma.” [4]. An organic
precursor-mixing route has been developed
for preparation of 8 mol% yttriatabilized
zirconia (8YSZ) ceramics. Polymeric salt
ofsuccinic acid with yttrium and zirconium
has been prepared separately by treating

Vol 06 Issue09, Oct 2017

ISSN 2456 - 5083

Page 140



International Journal for Innovative

€ngineering and Management Research

A Peer Revieved Open Access International Journal
www.ijiemr.org

sodium succinate with yttrium chloride and
zirconyl chloride followed by washing with [ -
water and drying at 1200C. Thorough '
mixing of the two salts in stoichiometric
proportions by planetary ball milling
followed by calcination at 8500C resulted in
a precursor powder containing
nanocrystalline (40 nm)  monoclinic
zirconia, tetragonal YSZ, cubicYSZ and

yttria. Compacts prepared after
deagglomeration of powder by planetary
ball milling produce 8YSZ ceramics having

density 99.3% TDon sintering at 1550 0C
for 2 hr. Fig 3.1: Creating model with dimensions

3. DESCRIPTION '
3.1 DESIGINING IN CAD DESIGN ‘
TOOL (CREO) The design calculations for

piston design were as follows. -
Pressure Calculations

= T
Mean effective pressure By, = V—"‘ 2
d

Fig 3.2: Modeled Piston Fig 3.3 Ceramic coated piston with 0.4mm coating
_ 13.4w2%2x114 =112 memz d
1495 la_\er
Indicated power [P = P42 = A o RS G SI = 11217.05 kw So the modeling of piston with 0.4mm thick
Brake power BP = 2207 = 2DX6000134 _ g5 layer is completed by using CREO design
Mechanical efficiency Nyeen = % = % =0.75 = 75% software.
Piston Specifications
3.2 ANSYS ANALYTICAL SYSTEM For
L. Thickness of piston head X X L.
2 4ty all engineers and students coming to finite
3. 4= 2585/12.56% 17475 X 75) element analysis or to ANSYS software for
4. =000157m the first time, this powerful hands-on guide
5. g=1.5" . .
= develops a detailed and confident
.ty =5.45mm
understanding of using ANSYS’s powerful
2. Piston rings

engineering analysis tools. The best way to
learn complex systems is by means of

The gap between the free ends of the ring = 3.5t to 4t = 7.72mm

3. Piston barrel hands-on experience.
The piston wall thickness towards the open end

ts = 0.35t3 = 2.989mm
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3.2.2 Thermal ANSYS Process Pictorial
analysis for thermal analysis of uncoated
piston with materials Steel and al-alloy. The
figures are shown below.

Fig 3.4: Model imported from CREO

Pictorial analysis of uncoated piston with materials Steel and al-alloy. The figures are shown
below.

"
-

)

TR T S T Fig 3.12: Total temperature of Steel Fig 3.13: Total temperature of Al-alloy

Fig 3.5: Safety factor of Steel Fig 3.5: Safety factor of Al-alloy

b
A

EI’

H

l"‘" Fig 3.14: Total heat flux of Steel Fig 3.15: Total heat flux of Al-alloy

" ‘T Pictorial thermal analysis of coated piston with materials Lanthanum zirconate and steel
8YSZ. The figures are shown below.
Fig 3.7: Stress of Steel Fig 3.8: Stress of Al-alloy

Pictorial analysis of coated piston with
materials Lanthanum zirconate and steel
8YSZ. The figures are shown below

Fig 3.16: temperature of Lanthanum zirconate ~ Fig 3.17: temperature of steel 8YSZ

!i illllll' e ¢

el - -T Fig 3.18: heat flux of Lanthanum zirconate ~ Fig 3.19: heat flux of steel 8YSZ

Fig 3.10: Safety factor of Lanthanum zirconate Fig 3.11: Safety factor of steel 8YSZ
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4. RE SULT The graphical representations are shown below graphs.
The following tables and graphs are N factar of safety
obtained from analysis such as deformation, 2%
strain, stress, factor of safety. The results are -
illustrated in the following tables. ],
Results of Uncoated piston " steel & stech Lt 8 - Y52

Table 4.1 uncoated piston result values

Fig 4.1 comparing percentages of factor of safety graph

Material | Deformation(mm) | Safefy factor |  Strain Stress(Mpa) . .
emparature ditripution
Steal 011397 1383 00009061 180.73 angos
Mo | 031606 1518 | 0002605 18448 -
Results of Coated piston aoox — E
Table 4.2 coated pismn result values Fig 4.2 comparing percentages of temperature distribution graph
Material Deformation(mm) | Safety factor | Strain Stress(Mpa) 5. CONCLUSION
sebLZ | 0096929 155% 0008 | 247 In this project we have done one piston
Gl dVSZ | 011138 1450 s | model by using CAD tool (creo-2) and then
imported into CAE tool (Ansys). For
improve results here we selected another
The thermal analyzed results are presented in the below tables. . .. . .
material steel and existing material is Al-
Resuls of Uncsded piston AlloyA360 only. And applied real time
Table 4.3 uncoated pison result values boundary conditions on it but in this case we
Material Heat fuxowimm?2) Tempi*e) got good results for existing material only.
So we decide to change the design. For
Steel 059121 0582 ) .
changing design here we added 0.4mm
Al-alloy 09929 2807 thickness material on the top surface which
is called ceramic coating and we used two
Results of Coated piston materials for this one 1is Lanthanum
Table 44 coated piston result values zirconate and 8YSZ we analyses for both
steel and al-alloy pistons with these
Material Heat flux(w/mm"2) Temp(*c) . . ...
coatings. In static conditions when we
Steel-lanthanum zirconate 0.78873 40891 applied 6Mpa pressure on steel piston
Sl 1S 001 9198 produce.d 180.73Mpa l‘)y changmg. design
and adding lanthanum zirconate coating
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stress are increased but the factor of safety is
increased by12.7% so the strength of piston
is increased and also in real time conditions
these results are not enough so we have
analysis these models with thermal loads
also. In thermal analysis steel piston gained
temperature 305.820 c only by changing
design steellanthanum zirconategained 4080
¢ and steel-8YSZ gained 393.980 c.
Ceramic coating increased exhaust gases
temperatures at every operational condition.
Exhaust gases temperatures were increased
90 to 1000C according to standard engine
configuration. This increase corresponds to
15 to 25 percent of standard engine exhaust
gases temperatures. When a turbine is
combined to the system, aforementioned
excess of exhaust energy can be converted
to useful mechanical energy. From the
above we can say in thermal conditions
steel-lanthanum  zirconate = combination
produces better results compare with other.
And it also has good static results. Finally
we conclude steel with lanthanum zirconate
ceramic coated piston will satisfy both static
and thermal conditions, and it increases the
piston efficiency
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