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Abstract:
The presence of coatings and surface topography play an important role in the tribological performance of sliding
components. Depending on the coating used, it is possible to reduce friction and reduce wear. However, although
there may be low friction and wear-resistant coatings suitable for use in pistons, some coatings may hinder the
tribological performance by changing the lubrication regime or by preventing additives from their intended function
through chemical mechanisms. In this work, piston rings segments extracted from a commercial aluminum alloy
piston were coated with a chromium coating and were tribologically tested using a wear testing machine against
commercial grey cast iron disc, which is similar to the engine cylinder liner segments. This Laboratory tests to
evaluate piston ring and cylinder liner materials for their friction and wear behavior in realistic engine oils are
described to support the development of new standard test methods. A ring segment was tested against a flat
specimen of gray cast iron typical of cylinder liners.
A stepped load procedure was used to evaluate friction behavior using a run-in ring segment. The extent of wear
was measured by weight loss, wear volume and wear depth using a geometric model that takes into account
compound curvatures before and after testing. Wear volume by weight loss compared well with analytical precision
balance. Laboratory test results are compared to engine wear rates.

Introduction
An internal combustion engine is defined as the machine that converts the chemical energy liberated through
combustion of a certain fuel, into a mechanical energy that is used to derive a certain vehicle. The definition
highlights two important facts about the engines. First, an engine is a machine, hence a mechanism exists. This
mechanism can vary and thus we can have more than one mechanism of operation. The two most famous
mechanism of operation are two-stroke and four-stroke engines. As clear from its name, the only difference exists in
the so called stroke. This leads to different design considerations, and accordingly leads to distinguishable efficiency
for each kind. There is a Third design for engines that is called the Rotary Engine.
The second point in the definition is the conversion of chemical energy to mechanical energy; one can distinguish
two main types of engines, Diesel engine and Gasoline engines. The first engine is based on thermodynamic cycle
called Diesel cycle, while the second is based on the cycle called Otto cycle. Due to the difference in the
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thermodynamic cycle that is used to burn the used fuel, a certain fuel is selected to suit the process. In Otto cycle
engines, gasoline is the fuel. In Diesel cycle engines, diesel oil is the fuel. Further the engines may be classified on
the basis of number of cylinders as Single Cylinder Engines & Multi Cylinder Engines .

Parts of the Internal-Combustion Engine and their functions:
The function of the mechanism of any engine is to provide a means whereby the heat energy of the fuel can be
efficiently converted into useful mechanical work. A study of its construction and parts is needed in order to become
familiar with the engine as a whole and with the terms used in describing it. Some of the principal parts are
described below.
The cylinder is usually made of hard, close-grained cast iron and may be arranged horizontally, vertically, or at an
angle to the vertical, according to the type of engine. In most aircraft engines the cylinders are made of steel. For
reasons already given, the cylinders must be provided with some means of cooling the walls. In small engines this
may be accomplished by placing fins, or ribs, on the outer surface of the cylinder to expose a large cooling area to
the outside air. The largest engines and the majority of smaller ones are water cooled, the cylinders being cast with
outer walls, or jackets, inside of which water is circulated to cool the inner wall.
Pistons are usually made of a good grade of close-grained cast iron or aluminium alloy. In larger engines, cast steel
is sometimes used. The pistons are similar to the steam-engine pistons except that they are longer. For single-acting
engines the trunk piston is the type generally employed. Usually no special provision is made for the cooling of this
type of piston, as the circulation of air within it is sufficient. All pistons are provided with rings to prevent leakage
between the piston and the cylinder walls.
The valves of an internal-combustion engine serve the same purpose as the valves of a steam engine. They admit the
fresh mixture of air and fuel into the cylinder at the proper time and permit the exhaust gases to escape. In some
engines slide valves are used to perform these functions, but poppet, or lift, valves are most commonly used. Valves
for small cylinders are made of alloy steel. The valves are worked from an auxiliary, or cam, shaft. In most engines
the valves are actuated by cams, while in large engines eccentrics are generally employed.
The force on the piston of the internal-combustion engine is transmitted to the revolving crankshaft through a
connecting rod and crank in the same manner as in the steam engine. In single-acting engines there is no piston rod,
but the connecting rod is fastened directly to the trunk piston, which also acts as a crosshead. In double-acting
engines the arrangement is the same as that of the steam engine, there being a piston rod, cross-head, and connecting
rod. These parts are usually made of open-hearth steel.
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Performance parameters:
The parameters on the basis of which the performance of an I. engine is judged are known as performance
parameters.
Some of them are:
1.

Torque: - It is the tendency of a force to rotation object about an axis torque is considered as a twist to an
object. Torque is defined as the cross product of lever arm distance vector and force vector, which tends to
produce rotation .and its SI unit is Newton meter (Nm)
T=RxF
Where,
T = torque vector
R = displacement vector
F = force vector

2.

Brake power: - It is defined as the power available in crankshaft, the brake power of an IC engine is,
usually measured by means of brake mechanism (pony brake or rope brake).
B.P = (W-S) п D N
60
Where,
W = dead load in N
S = spring balance reading in N
D = diameter of the brake drum in m
N = speed of the engine
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Indicated power :- The indicated power is the power actually developed by engine cylinder
I.P = 100 k Pm L A N
60
Where,
K = no. of the cylinder
Pm = actual mean effective pressure in bar
L = length of stroke in meter
A = area of the piston
N = no. of working strokes in per min.

4.

Indicated mean effective pressure: - Indicated mean effective pressure of an engine is obtained from
indicator diagram drawn with the help of engine indicator. Mathematically ,mean effective pressure(in bar)
It may be noted that the mean effective pressure calculated on the basis of theoretical indicator diagram , it
is known as theoretical mean effective pressure . If it is based on the actual indicator diagram, then it I
called actual mean effective pressure.
IMEP =

area of indicator card x scale of indicator spring

Length of the indicator card
5.

Mechanically efficiency: - It may be defined as the brake power (B.P) to the indicated power (I.P).
Efficiency = B.P
I.P

6.

Indicated thermal power efficiency: - It is defined as the ratio of heat equivalent to one KW hour to the
heat in the fuel per I.P

ITPE = I.P x 3600
mfxC

7.

Brake thermal power efficiency: - It is the ratio of the heat equivalent to one kw hour to the heat In the
fuel per B.P. hour.
BTPE = B.P x 3600
mfxC
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Volumetric efficiency: - It is the ratio of the actual volume of charge admitted during suction strokes at the
N.T.P. to the swept volume of piston.

9.

Specific fuel consumption: - It is defined as the amount of fuel burns to produce one kw amount of
energy.

Modern era engines:
Automotive engineering has seen a spate of innovations in the past decade, MV’s (Multiple valves), DOHC’s
(Double overhead cams), MPFI (Multi-port fuel injection) which, when combined with stronger and lighter carbon
composites and metal alloys, are bringing the internal combustion engine technology to its full potential.
These modern innovations have resulted in such a better fuel economy, more power & cleaner engine. But the irony
is that all these inventions have increased the efficiency merely by 5% with an overall efficiency of less than 25 %.
This is because the I.C. engine looses 42% of its energy to exhaust and 28% of its energy to the cooling system.
However in order to reduce the energy losses it is proposed to use the exhaust gases to run a turbine which in turn
can run the auxiliary devices which are at present powered by the main engine such as turbo charger.
Various methods that may be implemented for improving the engine efficiency are as follows:
1. Run the engine at lean fuel i.e. use sotcheometric air fuel ratio.
2. High compression ratio with high octane/cetane number.
3. Run the engine at optimum conditions, meaning low friction (modest engine speed) and low pumping work (air
throttle more open).
PISTON:
A piston is a component of a reciprocating engine, pumps and gas compressors. It is located in a cylinder and is
made gas tight by piston rings. In. an engine, its purpose is to transfer force from expanding gas in the cylinder to
the crankshaft by a piston rod or a crank rod. A piston is a cylindrical engine component that slides back and forth in
the cylinder bore by forces produced using the combustion process. The piston acts as a movable end of the
combustion chamber. The stationary end of the combustion chamber is the cylinder head.
Pistons are commonly made of a cast aluminium alloy for excellent and lightweight thermal conductivity. Thermal
conductivity is the ability of a material to conduct and transfer heat. Aluminium expands when heated and proper
clearance must be provided to maintain free piston movement in the cylinder bore. Insufficient clearance can cause
the piston to seize in the cylinder. Excessive clearance can cause a loss of compression and an increase in piston
noise. The piston acts as the movable end of the combustion chamber and must withstand pressure fluctuations,
thermal stress, and mechanical load. Piston material and design contribute to the overall durability and performance
of an engine. Most pistons are made from die- or gravity-cast aluminium alloy. Cast aluminium alloy is lightweight
and has good structural integrity and low manufacturing costs. The light weight of aluminium reduces the overall
mass and force necessary to initiate and maintain acceleration of the piston. This allows the piston to utilize more of
the force produced by combustion to power the application. Piston designs are based on benefits and compromises
for optimum overall engine performance.

Volume 7, Issue 11, 2017

32

https://pramanaresearch.org/

Pramana Research Journal

ISSN NO: 2249-2976

Piston profile:
The piston which seems to be cylindrical in shape is actually having a linear as well as polar profile on it. The upper
and lower end of the piston is curved inwards and has maximum diameter (nominal diameter) at the skirt at a
particular height. This curved profile provided along the length of the piston is known as linear profile. Similarly
when seen from the top, the geometry appears to be a circle which is not the case. In actual it is oval in shape having
its minor axis along the pin bore axis and major axis perpendicular the minor axis. This type of profile provided on
the piston outer diameter is known as Polar profile. The profile is provided in order to compensate the thermal
expansion of the piston inside the cylinder. Once the engine starts operating, the inside temperature begins to rise
resulting in the thermal expansion of the piston. The portions equipped with more material tend to expand more than
those having lesser material. Accordingly the profile has been given to the piston so as to compensate the thermal
expansion and finally it achieves a cylindrical shape inside the cylinder.
Types of cylinder piston fitments:
The cylinder/piston fit is one of the most important factors governing the success of an engine. Material selection
wise, there are many choices out of which the best suited one is selected as per the necessity and engine
requirements. Each has their own characteristics, advantages, and disadvantages. The most common choices, in
ascending order of preferences are:
1. Steel liner, Cast Iron piston
2. Cast Iron liner, Cast Iron piston
3. Steel liner, Steel piston
4. Steel liner, Aluminium piston, and Cast Iron ring(s)
Piston Nomenclature:
Broadly a piston can be classified into two zones namely ring zone & Skirt zone. The ring zone comprises of ring
grooves and ring lands. The upper most rings is the compression ring which solely bears all the pressure during
power stroke and transmits a large amount of heat generated to the surrounding through the cylinder. Thus keeps the
internal temperature under control. Below this there are intermediate rings and oil rings. The oil ring contains oil
holes through which oil passes over the piston skirt and form a layer of oil between cylinder liner and the piston.
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The number of grooves depends on the size of the piston & requirement of the engine. There may be 2,3,5 or 7 rings
in a piston. The skirt portion is having feed lines on its surface that helps in holding the layer of oil on it. On the
minor axis of the piston there are two bores in the piston known as pin bore that holds the gudgeon pin in it with the
help of circlips. The circlips stops the sideways movement of the gudgeon pin when in operation. The top of the
piston is known as crown. It contains cavity which is used as a combustion chamber where the mixture of air and
fuel burns to produce hot gases.

Fig. piston nomenclature
Composition of piston:
An Aluminium piston contains many alloying elements in its composition such as Silicon, Manganese,
Zinc, Tin, Iron, Titanium, Copper, Magnesium and Lead etc. According to the composition each type of the piston
material has been assigned with a code. Some of them are given below. The prime objective of adding these alloying
elements is to improve the physical and thermal properties of the Aluminium. They impart hardness, toughness and
durability to the piston. Elements like Magnesium improve the machinability of the metal whereas Silicon makes it
more hard and wear resistant. These alloying elements also lower the coefficient of thermal expansion of the
Aluminium to match up with the coefficient of thermal expansion of C.I. ring.

Cylinder liner:
A cylinder liner is a cylindrical part to be fitted into an engine block to form a cylinder. It is one of the most
important functional parts to make up the interior of an engine. The cylinder liner, serving as the inner wall of a
cylinder, forms a sliding surface for the piston rings while retaining the lubricant within. The most important
function of cylinder liners is the excellent characteristic as sliding surface and these four necessary points.
1.

High anti-galling properties

2.

Less wear on the cylinder liner itself
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3.

Less wear on the partner piston ring

4.

Less consumption of lubricant

Fig : cylinder liner in engine
The cylinder liner receives combustion heat through the piston and piston rings and transmits the heat to the coolant.
The cylinder liner prevents the compressed gas and combustion gas from escaping outside. It is necessary that a
cylinder liner which is hard to transform by high pressure and high temperature in the cylinder. A cylinder wall in an
engine is under high temperature and high pressure, with the piston and piston rings sliding at high speeds. In
particular, since longer service life is required of engines for trucks and buses, cast iron cylinders that have excellent
wear-resistant properties are only used for cylinder parts. Also, with the recent trend of lighter engines, materials for
engine blocks have been shifting from cast iron to aluminum alloys. However, as the sliding surface for the inner
cylinder, the direct sliding motion of aluminum alloys has drawbacks in deformation during operation and wearresistance. For that reason, cast iron cylinder liners are used in most cases.
Piston Ring:
The piston ring is a split band that fits into a groove on the outer diameter of the piston in a reciprocating engine
pressed against the wall of the cylinder by springs mounted in the inner “junk ring”. The Tongue maintains the seal
as the ring expands and split apart.

Fig: Piston ring Courtesy: (spr ltd.)
A ring groove is a recessed area located around the perimeter of the piston that is used to retain a piston ring. Ring
lands are the two parallel surfaces of the ring groove which function as the sealing surface for the piston ring. A
piston ring is an expandable split ring used to provide a seal between the piston and the cylinder wall. Piston rings
are commonly made from cast iron. Cast iron retains the integrity of its original shape under heat, load, and other
dynamic forces. Piston rings seal the combustion chamber, conduct heat from the piston to the cylinder wall, and
return oil to the crankcase. Piston ring size and configuration vary depending on engine design and cylinder
material.
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Piston Ring assembly:

Fig : Piston rings arrangement

DESIGN OF PISTON RING:
The piston rings are used to impart the necessary radial pressure to maintain the seal between the piston and the
cylinder bore. These are usually made of grey cast iron or alloy cast iron because of their good wearing properties
and also they retain spring characteristics even at high temperatures.
The piston rings are of the following two types:
1.

Compressor rings

2.

Oil control rings

The compression rings or pressure rings are inserted in the grooves at the top portion of the piston and may be three
to seven in number. These rings also transfer heat from the piston to the cylinder liner and absorb some part of the
piston fluctuation due to the side thrust. The oil control rings or oil scrapers are provided below the compression
rings. These rings provide proper lubrication to the liner by allowing sufficient oil to move up during upward stroke
and at the same time scrap the lubricating oil from the surface of the liner in order to minimize the flow of the oil to
the combustion chamber. The compression rings are usually made of rectangular cross-section and the diameter of
the ring is slightly larger than the cylinder bore. A part of the ring is cut- off in order to permit it to go into the
cylinder against the liner wall. The diagonal cut or step cut ends may be used. The gap between the ends should be
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sufficiently large when the ring is put cold so that even at the highest temperature, the ends do not touch each other
when the ring expands, otherwise there might be buckling of the ring.

The radial thickness (T1) of the ring may be obtained by considering the radial pressure between the cylinder wall
and the ring. From bending stress consideration in the ring, the radial thickness is given by
T1 = D √ 3 Pw
σt
Where,
D = diameter of the bore.
Pw = Pressure of gas on the cylinder wall in N/mm2. Its value is limited from

0.025 N/mm2 to 0.042 N/mm2.

σ t = Allowable bending (tensile) stress in MPa. Its value may be taken from

85 MPa to 110 MPa for cast iron

rings.
The minimum axial thickness (T 2) may also be obtained from the following empirical relation:
T2 =

D
10 n R

Where,
n R = number of rings
The width of the top land is made larger than other ring lands to protect the top ring from high temperature
conditions existing at the top of the piston,
Width of top land,
B1 = t H to 1.2 t H
The width of other ring lands in the piston may be made equal to or slightly less than the axial thickness of the ring
Width of other ring,
B2= 0.75 T2 to T2
The depth of the ring grooves should be more than the depth of the ring so that the ring does not take any piston side
thrust.
Based on the design study, better heat treatment based alloy for different parts of power producing unit of an I C
Engine may be designed. Also profile of piston ring may be considered for better lubrication, smooth functioning
and efficient capable engine.
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CALCULATION OF RESULTS AND DISCUSSIONS
Wear rate with cast iron pin without coated condition:
The cast iron pin taken for experiment has a dimension of diameter of 10 mm and length is about is 30 mm. The
initial mass of pin was 19.5102 gm. The projected length beyond gripping in the clamp of the test rig is 4 mm. The
cast iron disc of diameter 165 mm is taken for testing. The experiment carried shows the variables and the result
obtained during pin on disc testing table.. Column 1 shows velocities (m/s) for different loads (kg). Column 2 shows
the load applied during each run. The mean value of friction force for each run is taken from the graph showing on
computer monitor attached with the wear testing machine and then coefficient of friction is obtained .coefficient of
friction is shown in column 3. Disc rpm is shown in column 5. Tracking distance is taken in decreasing order from
120 to 60. Sliding distance is taken 2000 m. Time recorded in each run is shown in column 8. Column 9 shows mass
after wear of pin by weighing in weighing machine. Last column shows specific wear rate.

The variation of coefficient of friction with the velocity is shown in figure. above this figure has 3 zones. First zone
is boundary or mixed zone. In first zone, the coefficient of friction decreases with velocity. In second zone,
coefficient of friction decreases up to its minimum value of 0.0645 at 5.23 m/sec velocity of disc. In the third zone
coefficient of friction increases rapidly due to debris present between pin and disc. Slope of curve in velocity range
of 3.1 to 5.1 m/sec .should be continuously increasing but due to insufficient lubrication and debris sticking in wear
area. It is not continuously increasing. Maximum value of coefficient of friction is 0.08154.
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The variation of coefficient of friction with the load is shown in fig. above it has 3 zones also. First zone is boundary
or mixed zone. In first zone, coefficient of friction decreases continuously with load. In second zone, the coefficient
of friction attains its lowest value of 0.0645 at 3 kg. In third zone, the coefficient of friction increases slowly
compare to zone 2 due to less debris present in wear area. Maximum value of coefficient of friction is 0.08154.

The variation of specific wear rate with load is shown in fig. above and it shows a 2 zones. In first zone, specific
wear rate is continuously increases and obtained its maximum value of 10.69 at the load of 4 kg .in zone 2 specific
wear rate decreases up to 8.16 due to insufficient debris present between pin and disc.

The variation of specific wear rate with velocity is shown in fig. above and it shows specific wear rate is increasing
up to velocity 5.3 m/sec in the first zone and attains the maximum value 10.69. In zone 2 specific wear rate
decreases because of the formation of the debris. Specific wear rate is decrease up to 8.16.
Wear rate with cast iron pin with coated condition:
The coated cast iron pin has same dimensions before take 10 mm dia. and 30 mm about its length. And it’s coated
with chromium with help of electroplating. And its initial mass of pin was 20.7986 gm. The projected length beyond
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gripping in the clamp of the test rig is 4 mm. The experiment carried shows the variables and the result obtained
during pin on disc testing table below. Column 1 shows velocities (m/s) for different loads (kg). Column 2 shows the
load applied during each run. The mean value of friction force for each run is taken from the graph showing on
computer monitor attached with the wear testing machine and then coefficient of friction is obtained .coefficient of
friction is shown in column 3. Disc rpm is shown in column 5. Tracking distance is taken in decreasing order from
120 to 60. Sliding distance is taken 2000 m. Time recorded in each run is shown in column 8. Column 9 shows mass
after wear of pin by weighing in weighing machine. Last column shows specific wear rate.

The variation of coefficient of friction with the velocity is shown in figure above. Figure has 3 zones. First zone is
boundary or mixed zone. In first zone, the coefficient of friction decreases with velocity. In second zone, coefficient
of friction decreases up to its minimum value of 0.0280 at 4.186 m/sec velocity of disc. In the third zone coefficient
of friction increases up to 0.04587.the reason for increasing the coefficient of the friction due to debris present
between pin and disc. Curve is uniform and shows actual stribeck curve.
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The variation of coefficient of friction with the load is shown in fig above.it has 3 zones also. First zone is boundary
or mixed zone. In first zone, coefficient of friction decreases with load. In second zone, the coefficient of friction
attains its lowest value of 0.0280 at 4 kg. In third zone, the coefficient of friction increases and attained its maximum
value of 0.04587. In zone 3, coefficient of friction is increasingly because debris is presence between pin and disc.

The variation of specific wear rate with load is shown in fig above. this figure show tha6t specific wear rate is
increased up to the load 3 kg attains the value of 7.07 and then decreases beyond this load. This may be due to the
presence of the debris in the cast iron pin which reduces the area of contact between pin and disc and finally the
wear rate again increases beyond 4 kg load. Maximum value of the specific wear rate is 7.72 obtained at 5 kg load.

The variation of specific wear rate with velocity is shown in fig. aboveit has 3 zones .in first zone specific wear rate
is increasing with velocity. It attains value of 7.07 at 4.186 m/sec .because of the formation of the thick film
lubricant between the pin and disc. In zone 2 specific wear rate decreases up to 6.58 at velocity 5.234 m/sec. in zone
3 specific wear rate increase up to 7.72.

CONCLUSIONS
This pin and disc test results showed that cast iron piston rings and cylinder liners have insufficient wear
characteristics for objective "future" engine. Also cast iron cylinder liner has insufficient strength. On the other
hand, developed piston rings and cylinder liners, coated with chromium plating composite by the electroplating and
by the means of other method, proved excellent results on the wear resistant characteristics. Moreover the process
developed in this study makes possible to apply stronger materials for cylinder liners.
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And with this coating surfaces piston rings and piston life is doubled as compared to the uncoated piston rings
and piston. Its appearance becomes good. This enables periodic inspection every 4 years instead of every 2 years,
consequently reducing the maintel. Lance cost for overhauling. And mean effective pressure, mean piston speed,
mean cylindrical pressure is also improved and increased. Due to this frictional force is decreased.
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