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SIMULATION PARAMETERS OF FRICTION
AND WEAR CONJUGATION IN THE FRICTION CYLINDER

A.10. lllabaHoB, A.b. 3atiueB, A.A. Memene@, O.I1. NycmoBanoB

MOAEJ/INPOBAHUE NAPAMETPOB TPEHUA U UBHOCA
CONMPAXXEHUX TPEHUA LNT NOPLUHEBOIO ABUTATENA

The article presents the results of research which aims to develop a model of the friction units of the
cylinder-piston group, i.e., the “piston ring — cylinder liner” and “piston trunk — cylinder liner” couples
taking into account the change in the real state of the working surfaces of the mating parts and lubricating
oil. We have examined the factors that have a progressive impact on the operation of the engine friction
units during their wear life. The impact of these factors on the wear and forecasting it has been assessed.
We propose the method for predicting the operation life and the real state of the engine. An experimental
study to validate the developed method to the particular engine has been conducted.

WEAR; INTERNAL COMBUSTION ENGINE; LIFE PREDICTION; ENGINE OIL; TRIBOUNIT.

B craTbe npencTaBiieHbI pe3yJIbTaThl HAyIHO-UCCIIeI0BaTeIbCKOM pabOoThI, 11eTh KOTOPOii — pa3paboTaTth
MOJIEJTb Y3JI0B TPEHUS LIMIMHIPOIOPIIIHEBOM TPYIIIBI, a UMEHHO Map «IOPIIHEBOE KOJBLIO — BTYJIKa
UWJIMHIPa» U «TPOHK MOPIITHS — BTYJIKA WIMHIPa». Moielb yYuThIBaeT U3BMEHEHNE PeabHOTO CO-
CTOSTHUSI pabOYMX ITOBEPXHOCTEN COMpPSITaeMbIX IeTaieil (TPOHK MOPIIHS, IIEPBOE ¥ BTOPOE MOPIITHE-
BOE KOJIBLIO, MACIOCHEMHOE KOJIbII0, 3epKaJIO IMIMHAPA, KOPEHHBIE M IIATYHHbIE IIEHKY 1 BKJIAIBIIITN
KOJIEHYATOTO BaJla) M CMa304YHOTO Macjia. PaccMarpuBaloTcst (hakTophl, OKa3blBaIOIINE ITPOTPECCUpy-
Iolliee BIMSIHYE Ha pabOTy y3J10B TPEHUS ABUTATENS 110 Mepe X u3Hoca. OlieHeHa CTeTreHb BIUSHUS
3TUX (PAaKTOPOB HAa UBHOC U €T0 MPOrHo3upoBaHue. [1peniokeH MeTo ik IPOrHO3UPOBAHMUSI pecyp-
ca v peabHOTO COCTOSTHUS ABUTaTeNs. [IpoBeneHo sKcnepruMeHTaIbHOE NCCIIeNOBaHME IUTSI TIOATBEPIK -
JIEHUS MPAaBUJIBHOCTHU pa3paboTaHHOI METOIUKN Ha KOHKPETHOM JIBUTATEJE.

MN3HOC; ABUTATEJIb BHYTPEHHEI'O CTOPAHUSA; TIPOTHO3MPOBAHUE PECYPCA;
MOTOPHOE MACIJIO; TPUBOCOIIPAXKEHMUWA.

Introduction Method of achieving this goal. We will emphasize
the following from the factors having essential impact
on work of CPG friction units and changing itselfdur-
ing operation:

1) change the gap values in CPG friction mating
caused by processes of wear of cylinder liner working
surfaces, pistons, and piston rings. As practice shows,
the basic wear is occurred in the forming cylinder
liner leading to formation the difficult conical and oval
profile of its working surface. Tracking of this profile
with elastic piston rings leads to continuous change
of expansion gap values in the piston ring joints, and
the average values of the gaps tends to increase in the
process of wear. Losses of working medium in the
combustion chamber are defined generally by leak-
ages throughthe ring expansion gaps [1, 2] therefore

Change of technical and economic parameters of
the engine during the service life (from the beginning
of operation to write-off) in many respects is defined
by dependence on real condition of its friction units,
first of all — the cylinder-piston group (CPG). How-
ever the existing models describing the frictional
processes in an internal combustion engine (ICE) do
not consider the change dynamics of the key design
data during the deterioration of the friction couples.

Research objective is to propose the model of
work of the cylinder-piston group friction units
(couples «piston ring-cylinder liner» and «piston
trunk-cylinder liner») considering change of real
condition of the working surfaces of mating parts
and lubricating oil.
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the current state of the forming cylinder liner signifi-
cantly influences on the course of the indicator process
in the engine cylinders and on the piston ring gas
loads. The mechanism of rising force formation in the
gaps under the rings and the piston allows us to neglect
the cylinder working surface deplanation caused by
wear and thereby not to consider this factor at the
change of the form of the gaps and impinging angles
of the flat bearing formed in these couplings. At the
same time it is necessary to consider the change of the
form forthe friction surfaces of the piston rings and
piston trunk caused by wear;

2) change the current state of the working sur-
faces of the CPG parts caused by accumulation the
friction defects on them in use. In spite of this factor
is especially casual, it has essential impact on work
of the CPG flat bearings, changing the value and
nature of distribution in them the rising force hydro-
dynamic pressure;

3) change the physical and chemical parameters
of lubricating oil in the course of its long work, first
of all the change of kinematic viscosity and the com-
position of the antiwear additives complex influenc-
ing friction coefficients in the couplings at distur-
bances of the friction hydrodynamic regime.

The first two factors are constant operating ones;
their influence gradually increases in the process of
the engine operating time during the period from the
beginning of operation (the end of the break-in pe-
riod) till capital repairs when there is a restoration of
the friction units. The third factor is cyclic, acting
between maintenance of the engine with change of
engine oil.

As a result of the complex of theoretical and ex-
perimental studies conducted by the authors for the
last years the approaches allowing to enter into clas-
sical model the description of the frictional proces-
ses in ICE CPG [1, 3, 4] the majority of the above
influence factors of engine current state on the indi-
cators of friction and wear have been formulated.

The factor of change the gaps in CPG friction
mating is considered as follows.

Taking into account the leakage values of working
medium from the combustion chamber on the indi-
cator process in ICE cylinders is realized by the joint
solution of the equations of the first law of thermo-
dynamics for the combustion chamber and beyond
ring volumes formed by lateral surfaces of the piston
rings and the piston with cylinder walls [6, 7].
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Calculated and Experimental Assessment

The system of the differential equations describing
the mentioned thermodynamic process has the fol-
lowing appearance:

00, -00,, =0U +dA+Xi, oM, +i, oM ,, .

Where 0T = g.Q,0x — heat released during com-

bustion of fuel; g_— cyclic fuel feed, kg/cycle; Q. —
fuel net calorific value, J/kg; x — relative heat;
00y~ o F, (T — T,)dt — heat loss due to heat ex-

change with the combustion chamber walls; o, —

medium over the surface instantaneous heat transfer
coefficient from working medium, W/m -K; F,,— heat

exchange surface area; T, T, — temperatures of wor-

king medium and the combustion chamber surface,
respectively, K; 0U=0(MC, T)dt — change in internal
energy of the thermodynamic system; M — mass,
C,, — isochoric heat capacity of working medium;
O0A =T10V — work instantaneous value; P — working
medium pressure, 0V — cylinder volume change; ,,

O0M — respectively enthalpies and working medium

mass flows through the valvesand piston ring joints
of CPG; ipr, aMpr — respectively enthalpies and wor-

king medium mass flows through gappings of the first
piston ring tothecylinder liner surface.

The masses of leakages of working medium from
the combustion chamber in the engine case depend
on piston rings set gas tightness, and consequently,
on degree of the cylinder wear [8-10]. The real con-
dition of the cylinder liner is considered by use in the
calculation the profile ofthe deformed and worn out
cylinder generatric, gained by direct measurement,
or by modeling of cylinder wear, for example by
means of the technique [6]. Taking into account the
local deformation and wear of the cylinder liner the
current gap in the piston ring joint changes:

Ae(2) = A (Ti) + 27A(2, Ty ),

where A, (z) — current gap in the piston ring joint;
A, (T,) — expansion gapin the jointat the ring tem-
perature 7 ; A(z,T,) — cylinder generatric radial

deformationat the operating temperatureof the sleeve
1, taking into account its wear.

Figure 1 shows the results of gas load modeling at
the first and second ring of the piston for the forced
diesel at different degrees of the engine wear. These
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results indicate that in the process of wear because of
increase the leakages from the combustion chamber
the gas load of the first piston ring decreases, but of
the second one — increases. Influence of growth of
leakages on the indicator showings of the engine in
general is insignificant and is shown generally in a
zone of small rotation frequencies of the crank shaft.
Such redistribution of the gas load influences the
power of friction losses and extent of wear zones.

Taking note of the real condition of the friction
surfaces on formation of the bearing ability of the
piston rings and piston trunks is carried out in the
following way: the parameter which is conditionally
called the “damage surface factor” is entered into the
mathematical model for calculation the thickness of
a lubricant layer in these couplings. It is calculated
on the following dependence:

Q= Prfreal
Priq’

where P — pressure of the hydrodynamic rising

force for the real worn bearing, having certain amount
of friction defects; P, — pressure of the hydrody-

namic rising force for the bearing with an ideal surface
on the same design conditions.

To determine the values of damage surface factor
there was the special calculated experiment at which

Changing the gas load when worn

the numerical modeling of the hydrodynamic pro-
cesses in the flat bearing with different types, sizes
and amount of conditional friction defects in com-
parison to the ideal bearing under identical conditions
of loading was carried out. In figures 2 and 3 the
typical pictures of distribution of the hydrodynamic
pressure in the bearings having a certain amount of
friction defects are presented.

Taking into account this refinement, the final sys-
tems of the differential equations for the description
the processes of formation of the hydrodynamic lu-
bricant layers look as follows:

for the piston rings

ack/aq) =nDH[ (P - B_))2- P, -

~ LOIW(M)QA (G = C, (o +8/28))/8° | fonmy ;
dCy /0@ = C, [6n,

where C__— radial movement speed of the piston ring;
a,, h,— parameters describing the working profile of
the piston ring; m, — ring mass; (M) — medium
viscosity where tghe piston ring works; Q. — damage
surface factor, considering existence on a working
surface of the friction couple the defects caused by

wear process; it is defined on the basis of the analysis
of a profilogram of the worn-out rin;

Main period of operation

Catastrophic wear

]

I " I . I ‘ 1
50 75 Engine operating
hours, %

Fig. 1. The relative change in gas loadat the first and second piston ring of the
forceddieselvarious modes of operation depending on the engine wear factor
(relative to the initial state): / — first ring,crank shaft high speed mode;

2 — second ring,crank shaft high speed mode; 3 — first ring, crank shaft low
speed mode; 4 — second ring, crank shaft low speed mode
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2% pu — dynamic oil viscosity; L — trunk length;
20 M, — hydrodynamic force moment, acting on the
15 piston relative to the piston pin axis,
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Mgp = | xdx | P(x,,6)cos0d6;
5 L -9

Fig. 2. Diagram of the hydrodynamic pressure in the ideal
bearing

for the oil scraper ring this system of equations can
be written as

9Cy /0 = D [pMC?»/ P~
~ 1,010k (Cx - C, (8/2h,))/8° / 6nmy ;
08/d9 = C, /6n,

where p,, — oil density; 4, — height of the scrapers

work surfaces for the oil scraper ring;
Jor the piston trunk

dc 1

L = —(QP,, — Py );
de(p 6n( GD N)
dop 1

— =—(QM ., - M, );
Pd(P 6n( GD N)
damin_c_r.

dp  6n’
do _op
dp 6n’

where P, — normal force acting on the piston;
M, — longitudinal force moment relative to the pis-
ton pin axis; P, — hydrodynamic force acting on the
piston,

XX g ask Xt
Py =6ucy [de[—2— s 1 L fa[—
R e M T (e
dt

12B((p)nd—6 X X
dt [T gy :
0 0 (80 + 8*)3

—6uc,AQ| 1 +— &£
L TR
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m, — piston mass; Jp — piston moment of inertia
relative to the rotational axis (piston pin); ¢, — radial
movement speed of the piston forming an oil layer;
o, — angular speed of the piston; ¢ — crank rotation
angle; n — engine rotation speed; 6 . — minimum
gap in front of the trunk; o — angle of obliquity of
the piston axis relative to the cylinder axis.

Pressure,
MPa
30

25
20
15
10

Fig. 3. Diagram of the hydrodynamic pressure in the ideal
bearing with two friction defects

Figure 4 shows the calculation results of the relative
change for lengths of the friction tracks (wear zones)
on the walls of the cylinder liners of the forced diesel
at different stages of its wear. Figure 5 shows thecal-
culation results of power of mechanical losses in CPG
for the same diesel during its work on the external speed
characteristic at the same stages of wear.

Results of the Computational
and Experimental Studies

The modeling results show that at small and aver-
age stages of wear the power of the mechanical loss-
es in a set of the piston rings becomes slightly less
than calculated power for the initial condition of the
engine. The factor of some decrease in the gas load
level of the first piston ring affects with a growth of
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gaps, thus the damage factor value is still rather small
and poorly influences the lubricant layer thickness.
With a growth of the surface damage degree that is
characteristic at high degrees of the engine wear, there
is a noticeable falling of the oil layer bearing ability
value leading to increase the boundary friction zone.
At the same time the power of mechanical losses
grows; and this factor starts influencing much more,
than the gas loading change of the rings caused by
the progressing wear.

Changing the gas load when worn

"Break in
11 period

Catastrophic wear

]
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Engine operating
hours, %

Fig. 4. Relative change of the lengths of the friction tracks
on theworking surface of the cylinder liners for theforced
diesel atvarious modes of operation depending on the
engine wear factor (relative to the initial state): / — crank
shaft high speed mode; 2 — crank shaft low speed mode

Friction power in CPG, kW
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Fig. 5. Changing the friction powerin theforced diesel CPG

for various modes of operation depending on the engine

wear factor: / — crank shaft high speed mode; 2 — crank
shaft low speed mode

Oil kinematic viscosity, cSt

o _

25 50 75
Engine operating time in an interservice interval, %
Fig. 6. Change the engine oil kinematic viscosity at different
periods of its use: / — at the modes withcrank shaft high
speed;2 — at the modes withcrank shaft low speed

The factor of change of the physical and chemi-
cal parameters of the lubricating oil depending on
lubrication operating time degree in the engine in an
interserviceinterval is considered by use the depen-
dence of the engine oil kinematic viscosity. It is cal-
culated with the help of the Walter unified depen-
dence [5]:

lglg(n) = A(1) + B(x)t + C(1)1%;

lglg(v,) = A1) + B(t)t + C(x)1%,

where v, — desired value of the kinematic viscosity at
the temperaturet, cSt; t — temperature,°C; A(t), B(1),
C(t)— approximation coefficients taking into ac-
count oil operating time in an interservice intervalt.

Approximation coefficients of theoil viscosity
change were determined for big sample group of mar-
ketable oils by the long resource tests according tothe
technique of the SPBPU DAiGM chair. Typical curve
of viscosity changesfor lubricating oil in the period
of an interservice interval are shown in fig. 6.

Conclusion

Numerous calculated researches the work of the
CPG friction units in the piston ICEs show that all
three factors progressing in the process of engine wear
have approximately equivalent impact on the engine
outcome indicators and therefore have to be consid-
ered in forecasting of the ICE resource indicators.
The offered technique realizes rather effective tool
for solving this problem.
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