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Abstract

In this elaboration there is showed the affecthef phenomenon of piston rings vibrations on thbttiess of
the piston-piston rings-cylinder liner system (PRQhere has been executed an attempt to deternfige t
mathematical model of the phenomenon of pistorsrisilgrations in the radial plane and a preliminamethod for a
model towards the cylinder axis that affect onliteav-by to the crankcase of the piston combustiayires.
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1. Introduction

Keeping the appropriate mating among the pistostopirings and the cylinder liner bearing
surface in a wide range of temperatures and trespre alterations causes the load losses from the
working space. The load losses in the form of thmwvkby to the crankshaft of the piston
combustion engine by leakages of the piston-pigtays-cylinder liner (PRC) cause a reduction of
the engine output. Escalation of the cylinder |ggkeauses a considerable reduction of the engine
working parameters. It is caused by the affecthef ¢dlearance among the PRC system elements
and conditions of forming of the oil film among tpéston rings and the cylinder liner bearing
surface. As the research for providing the tighérafsthe entire PRC system showed, any kinds of
the piston rings movements have the affect onigfinentess of this system.

The phenomenon of the piston sealing rings vibnatits, in a certain extent of the engine
rotational speed, the direct reason for the exeesbiow-by. For example, the extreme of
maximum of the blow-by takes place at the rotatis@eed about 1800rpm for the SW-680
engine. In the Fig. 1 there is shown the diagramlterations of the blow-by for the 359 engine.
There are two local extremes of the blow-by fos tengine. The first takes place at the speed of
1500rpm approximately and the second at the spEe2ti0@rpm.

The piston ring makes various kinds of movementghe piston ring groove. Despite these
movements, the piston ring has to adhere to thedsd liner to provide the tightness. As the
piston extorts the movement of piston rings towdhascylinder axis and radial movements of the
piston rings, the piston ring has to have a polsilito move in various directions to provide the
tightness.
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Fig 1. The characteristic of the blow-by in thedtion of the rotational speed of the 359 enginel&ghto maximum,
1- the blow-by intensity, 2-stowing of gases indtankcase [1]

2. Formulating a problem

According to A. Iskra, Professor, there are the tnpassible the vibrations with the amplitude
towards the radial direction of the cylinder [41. dan be assumed, that there are the small
amplitudes of vibrations in the radial directiomthesult from the small harmonic amplitudes that
extort vibrations, and a strong damping that cans@ang of the piston ring in this direction.

However these vibrations do not cause such lostightness by the piston rings as the
vibrations towards the cylinder axis. The pistoalisg ring, detaching from the upper and lower
edges of the piston ring groove, causes such adbs#ise tightness as the PRC system would
operate without the piston ring. This phenomenauddeto out-of-proportion escalation of the
blow-by intensity to the engine crankcase. Thedwations are extorted by the reciprocating
movement of the piston. The amplitude of vibratioaa only be in the range of the piston groove
size and is very strongly damped because of ineteasit pressures in the areas of the piston-ring
joint.

3. Themodel description

In general, the piston rings vibrations were coaid in two causes: the radial vibrations and
the axial vibrations (towards the cylinder axisheTradial movements of the piston ring are caused
by change of the cylinder liner shape, on whichpiston ring moves, with change of the oil film
thickness and variable pressure force resultingn fiiwe blow-by and the pressure alterations in the
cylinder working space. According to A. Iskra, Rysdgor, in the case of the piston ring radial
vibrations, the potential energy is bound almogirely in the piston ring deflections. The radial
deflections cause the longitudinal stresses, theeva which alters in a linear way.

The equation of the piston ring vibrations can éseived from the condition of balance of the
forces, as the non-trivial solution of the homogenequation [4, 5]:
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where:
X - the coordinate of situating of the intersectoamsidered,
y(x,t) - the deflection of the intersection fornetheutral state at the t moment,
E(xX) - the Young’'s modulus,
J(X) - the axial moment of inertia of the intersect
p(x) - the mass density of the piston ring material,
A(X) - the piston ring cross-sectional area,
P(x,t) - the external force that extorts vibrations.

Finally, after conversions in accordance with tierature [4, 5], the piston ring movement is
described with the dependency:

Y, (x): Fn[U(zn %]—\ng:))v(zn IZH (2)

U,V - Krylov functions

where:

Concerning the quoted theoretical basis of theatitn that cause deflections in the radial
direction, they can be adapted for the real pisitwyp what was confirmed in the literature [4].

The vibrations in the axial direction shall be ddesed separately for each working cycle of
the engine, with the forces acting on the pistagsitaken into consideration. However the biggest
losses of the load are present during the workyadecof the engine. Therefore the initial stage of
the research will refer to determination of podgibs of the piston rings vibrations in this cycle

The author proposes to use the Rayleigh methockdiction of the vibrating system with
parameters split to the energy-equipollent equitaleystem with one degree of freedom. A
relatively high accuracy can be achieved at calmria of the first natural frequency. Vibrations of
the continuous system approximated with one degféeedom is described by the function with
variables separated:

u(P,t) = T(tU(P) 3

where u(P,t) is the function that describes disgiaents of the point P at the momentCE and

Q is the area of the technical system considereobiAt of reduction that moves identically as the
equipollent system, it means T(t), shall be chasethis method. The point of reduction shall be
chosen there, where the vibrations of the systeentla® most intensive, or there, where the
concentrated mass is situated. This is the beasdame, for the considered case of the ring, the
point situated 180from the piston-ring joint. The substitute mass is determined from the
formula:

m, = [ p(P)U*(P)dv, +> mU*(R,) (4)
Q k=1
wherep(P) is the mass density and m the concentrated mass connected with the syistdhe
Px point.

Because the piston rings have a tendency to rotdtee piston ring grooves, in the expression
defining the kinetic energy there must be the appate term that corresponds to the energy of



rotation of the masses connected with the systeomparing the potential energy of the
continuous system, which energy is the form of segiaf displacements and deformations for the
linear system, with the potential energy of thestilite system, we can receive the formula that
defines the substitute stiffness. From the equalitthe work of external forces in the continual
system on the virtual displacements:

oL :j f (P,t)au(P,t)dv, + i F. (t)au(P,,t) (5)

and the work of the substitute forcgtPon the corresponding displacemémt):
(OL), = P(t)dT(t) (6)
that takes the following equality into consideratio
Ou(P,t) = U(PYT(t) (7)
the formula that defines the external force results
PAD) = [ £ (P.OU(P)dv, + g F (U (R,) ®)
5 =

where: the f(P, t) is the density of the split mrthe k(t) is the concentrated force that acts on the
system in the Ppoint.

In Figure 2 is presented the equivalent systemkohtions.

% cylinder
ring (m,)

PA(t)
Fig. 2. Diagram of the equivalent system of viloas (¢ — damping constant, k substitute rigidity)

Comparing the energy lost by the continual systerd by the substitute system we can
calculate the damping constapicaused by the friction and presence of the oilGarion deposits
and lakes on the cylinder liner surface. The autleatises that it is necessary to determine the
concrete form of the formula that depends on tleepted rheological model. The curve that is the
eigenfunction of the similar system can be usethasexample. The assumption of the form of
vibrations is equivalent with imposing of consttaion it.



4. Conclusions

Because, in accordance with the author's assunmtithe vibrations shall be considered
separately for each working cycle of the enginerdfore it is necessary to collect, as much as
possible, the data concerning changes of the meessaurse in the cylinder, and thanks to it,
alterations of the piston ring pressure to the loedge of the piston ring groove and alterations in
the thickness of the oil film, alterations of thesds and accelerations and thanks to it, therpisto
ring inertia. Determination of the resultant of fleece variable in time that acts on the ring, can
lead to determine of the concrete equation of vibma that describes the displacement of the
piston ring towards the cylinder liner axis.

When determining the model of packing ring vibratidowards the cylinder axis according to
Rayleigh’s method, the external force extortingraitons R(t) should be set. This force is a
resultant force from: in-time non-uniform pistongiinertial force resulting from piston to-and-fro
motion with non-uniform acceleration, non-uniforrasgous force (non-uniform pressure of gases
exerting an effect on piston ring), and non-unifdriation force, depending on oil film thickness.
This method does not take into account changefenangular position of piston rings, and
consequently their effect on variation in the @rgtforce. The vibration damping is examined as a
constant of silencer,calthough as a matter of fact it is not constdapending on the thickness of
oil film, pressure pattern of piston ring, and opes in its position (in particular in relation toet
cylinder liner). Nevertheless, for simplicity oflcalations, it was assumed that vibration damping
is constant and invariable in time.
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