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DETERMINATION OF LOSSES RELATED TO FRICTION WITHIN THE
RECIPROCATING COMPRESSORS - INFLUENCES OF
TRIBOLOGICAL OPTIMIZATION OF PISTON AND CYLINDER
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Summary: Measures to reducing friction inside the reciprocating machine make a
decisive contribution to further improvements of machines efficiency. A number of
influencing parameters have already been tested on diesel and gasoline engines. The
friction between piston and cylinder liner is a major contributor to overall engine friction.
Reducing friction in reciprocating machines can be achieved by using appropriate
materials and optimizing the structure of the piston and piston group. Tribological
materials and coatings are one of the options for increasing strength of the aluminum
parts of reciprocating engines and compressors. This initial manuscript describes the
influences of the piston skirt and cylinder liner design. The differences in frictional losses
are determinate for the entire compressor operating map for base aluminum
construction, as well as coated aluminum construction.
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1. INTRODUCTION

Heavy—duty vehicles (HDVs), trucks and buses are responsible for about a
quarter of carbon dioxide (CO2) emissions from road transport in the EU and for some
6% of total EU emissions. Transport is the only major sector in the EU where greenhouse
gas emissions are still rising.

In city buses and trucks a lot of fuel energy is engaging for power of auxiliary
units. Specifically, the fuel energy is engaged for drive of periphery units on engine, as
example, for the air compressor, the alternator, the steering pump, the oil pump, the
coolant pump, the fuel high pressure pump and the fuel delivery pump, as well as for
(A/C) compressor. The share of auxiliaries on the total power consumption is especially
high for city buses due to the air conditioning (A/C) system and additional consumers of
electricity and pressurized air, Fig. 1 [1,2].
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Fig. 1 Percentage of driving resistances and auxiliary power demand on the fuel
consumption of the city bus

Reasons for this are the higher air demand of the wheel brakes, fewer headwinds
for the engine cooling or more steering in curves. i.e. the main influence factors on fuel
consumption are the engine off heat or the wheel brakes air demand.

Generally, city bus 18 t (rigid bus, 12 m) classes are associated with 4.4% of
(CO2) emissions [1]. City buses are frequently purchased by public institutions and thus
they are in the public eye, yet may be the focus of cost-cutting measures [2,3,4].

Vehicles equipped with a conventional combustion engine can be still further
improved by minimizing the internal friction of the mechanical parts in order to reduce
(COz2) emissions [5].

Potential actions to reduce friction in vehicles include the use of advanced
coatings and surface texturing technology on engine and transmission components, new
low-viscosity and low-shear lubricants and additives, and tire designs that reduce rolling
friction [6,7,8,9].

Aluminum also continues to gain in importance as a material for lightweight
engine design. One of the applications is replacing of material for engine blocks, which
has been traditionally produced of gray cast iron.

In accordance with the above mentioned facts, we have realized the research in
the field of optimal design of reciprocating aluminum engines and compressors.
Consequently, we investigated new option for increasing strength and tribological
characteristics of the tribosystem piston-cylinder liner [8,9,10,11,12,13,14].

The result of researches is patented prototype of aluminum piston and cylinder
whose contact surfaces are coated or modified with inserts based on the tribo-materials
[8].

2. NEW CONCEPT OF ALUMINUM CYLINDER WITH REINFORCEMENTS

Running surfaces of cylinder inside conventional reciprocating machines usually
are made from gray cast iron or AISi alloy. For the adequate lubrication, honing of surface
was used as the standard technology. When the piston ring now comes into contact with
honed cylinder surface, the oil can be drained from the contact point through the
interconnected grooves potentially leading to boundary lubrication states with higher
friction and wear.

Generally, according to real machining conditions, the full contact between
piston rings and cylinder wall is not possible. One way to reduce consumption of oil and
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thus friction and wear is the application of the sliding surfaces in the form of spirals. This
fact leads us to the idea that by casting tribological inserts in the cylinder wall, we can
determine in forward, contact area between piston rings and cylinder wall.

With the aim to achieving strength as well as tribological characteristics similarly
as in case of the application grey cast iron, we patented the cylinder of composite
material for reciprocating air compressor with the reinforcements consisting of
tribological materials, Fig. 2 [8].

The internal surface of the aluminum cylinder as base material-matrix, (alloy EN
AlSi10Mg), was modified by putting tribological inserts of cast iron that are arranged in
the form of continuous pads, the plates (Fig. 2.a) or like discrete tribological plugs in the
form of spheres (nodule), or particles spherical shape, as reinforcements (Fig. 2.b) [8].

b)
Fig. 2 Photography of patented aluminum cylinder with tribological pads (a-continual
and b-nodular discrete pads)

By transferring the contact between the piston rings and cylinder made of
aluminum metal matrix composites on the reinforcements, we reduce the wear. This
technology extends the service life of cylinder and piston rings.

This optimization can lead to reduce machine weight as well as reduced friction
and wear. A reduction of friction between piston rings and the cylinder running surface
is particularly effective, because the majority of frictional losses in the reciprocating
machines are generated in this tribological system [13].

3. EXPERIMENTAL RESEARCHES

Wear is progressive loss of material caused by friction resistance between
contact surfaces. The present work wants to investigate and evaluate the effect of
tribological plugs on tribological behavior of patented aluminum cylinder.

We have started also the laboratory testing of a patented small experimental
reciprocating air compressor, which is made of aluminum alloy, the ratio of bore/stroke
is (74/35 mm-mm-"'). The base compressor, before reconstruction it was constructed of
grey cast iron. For purposes of testing the performance of the reciprocating
compressors, we projected the installation for measuring (Fig. 3.a) in the Laboratory for
IC Engines at the University of Kragujevac, Faculty of Engineering (FINKG) [4,12,17].

Tribological tests were carried out at (FINKG) on CSM nanotribometer (Fig. 3.b)
with ball-on-plate contact pair for different normal loads, sliding speeds and distances
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without lubrications.

The first step of the research work consists in the measurement of the friction
coefficient under different conditions (see Fig. 4). Generally, tribological tests are based
on variation of three different normal loads (0.3, 0.6 and 0.9) N and three different speeds
(3, 9 and 15) mm-s~". Duration of each test was 500 cycles (distance of 1 m), whereat
one cycle is represented by full amplitude sliding distance (half amplitude is 0.5 mm).
The friction coefficient was automatically recorded during the testing, using data
acquisition software. Simultaneously, the friction coefficient curve was recorded and
plotted.

Source: Sasa Milojevit

b)
Fig. 3 Photography of the experimental installation (a-test rig for reciprocating
compressors and b-CSM nanotribometer)

3.1 EXPERIMENTAL RESULTS

Diagrams of friction coefficient (COF) and penetration depth during reciprocating
sliding are shown in (Fig. 4.a) for base material (aluminum) and in (Fig. 4.b) for
tribological inserts of cast iron as reinforcements.
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g. 4 Coefficient of friction and penetration depth under (Fy = 0.3 N; V = 15mm - s™1)
for (a-base metal-matrix and b-reinforcements)

The values of the (COF) for reinforcements were ranging from (0.041 up to

0.344), and these maximal values are lower to the results of base material (0.016 up to
0.662). This decrease was specifically lower for higher values of sliding speed and higher

726



Determination of losses related to friction within the reciprocating compressors - influences of
tribological optimization of pistons and cylinders

regimes of load. A steady-state value for the friction coefficient was reached shortly after
the beginning of the test. Penetration depth of reinforcements has relatively stable and
constant values compared to base material.

After the tribological tests, plan is to continue testing of the optimized cylinder
construction on the test rig for compressors. The friction power test rig can be used to
examine parameters for the compressor components and frictional pairs (piston-
cylinder) and to define friction mapping using the indication method. Friction mean
effective pressure (FMEP) can be determinated as the difference between the brake and
indicated mean effective pressure (BMEP and IMEP). This method depends on the use
of high-precision torque measurements combined with high-quality compressor
indication.

Based on the results of tribological investigations (Fig. 4) and the results of wear
which are obtained by testing of the engine [13,14], it is expected to be significantly
reduced the losses related to friction, by applying new concept of the cylinder.

4. CONCLUSION

In city buses and trucks a lot of fuel energy is engaging for power of auxiliary
units.

Potential actions to reduce friction include the use of advanced coatings and
surface texturing technology on engine and transmission components, new low-viscosity
and low-shear lubricants and additives, and tire designs that reduce rolling friction.

Aluminum continues to gain in importance as a material for lightweight engine
design. One of the applications is replacing of material for engine blocks, which has been
traditionally produced of gray cast iron.

Wear is progressive loss of material caused by friction resistance between
contact surfaces. Inside manuscript, are investigated the effects of tribological plugs as
reinforcements, on the tribological behavior of the patented cylinder whose base is made
of aluminum.
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