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Summary. In the paper the analysis of correlation is useglstimate the influence of gabarit-mass
modification in a conventional piston of S 4002fgjime on the vibration dynamics in the cylinder
liner. The obtained results allow to ascertaingmificant influence of gassive force on the vibra-
tion dynamics inside of a cylinder liner under ddesed research conditions.
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INTRODUCTION

The tribological system: piston with piston ringdiader liner is one of the basic
systems which decide about the exploitation rdiighdf a tractor engine. The coopera-
tion of piston, rings and cylinder influence itsrdbility, mechanical waste and the level
of vibrations generated by the engine block [Cem@85, Kozaczewski 1987]. Because
of high-speed of spark-ignition engines, the masses predominate in the range of
nominal rotational speeds. However, the gas fopcedominate in the range of maximal
efficient pressure. In the engine with self-ignitipas being lower high-speed and having
much higher maximal pressure up to 12 MPa, the fgases have got much contribution
in the whole range of its work.

In modern high-speed car engine the low-gabartopss with reduced number of
piston rings have got more and more applicatioarder to decrease friction resistance
of piston rings and friction between piston skintlecylinder liner as well as to decrease
the mass forces [Serdecki 1987, Iskra 1998, Serd®98]. On the other hand there is
an opinion that superfluous reducing of piston niaamjustified because of increasing
tendency of the assembly of crank-shaft-pistonilioate [Kozaczewski 1987].
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Such methods of mathematical statistics as coiwalaanalysis, multifactorial
analysis of variance or regression are of more mode importance in estimation of
influence of exploitation and technical parametarghe dynamic of the engine’s work
[Burski et al. 2003, Hempel and Seidl 1970].

THE AIM OF THE PAPER

Because of prevailing traditional constructionaluions for piston and piston
rings, the aim of the paper is to try to evaludie influence of gabarit-mass piston’s
modifications on cylinder liner vibrations by meaok correlation analysis. The re-
searches were done by the method of experimemtallaiions on a model stand under
traditional ratiok = S/D . Proecological aspect of researches was takeraguount.

MATERIALS AND METHODS

The research object was the acceleration of cyfitider vibrations in the form of
linear level (LIN) and amplitude spectrum(f) in the range of band 31.5 Hz kHz

with maximal emission of vibration energy.

The detailed description of research stand as agehlpplied measuring equipment
and research conditions were presented in [Buns#li Barasiska 2005, Bursket al.
2003]. The model of acting forces of conventior&lB-R-C at the technological (initial)
clearance together with measurement points of dglidiner vibrations in considered
planes are given in Fig.1l. Two different compressichambers, namely, |
(P, =05MPa) and Il (P, =0.26MPa)were used. Mass forc®, =0.374kN was

also considered (in case of nominal piston) [Buesid Tarasiska 2005].
Five size modifications of piston were made: fonrthe piston’s guiding part: ,1¢”
(coefficient of gabarit-mass  modificatipy,, =9.6); ,2¢” (y,, =9.8);

23C"( Yy, =9.9); ,5¢” (y,, . =101) and one ,4c” {,,, =10.0) on the sealing part.

The original number of piston rings was kept. Akasurement results are referred to the
nominal piston withy,,,, =9.4 (,0c”).

ax

RESULTS OF RESEARCH

Table 1 presents the correlation coefficients betwvo measurement points for
amplitude spectrum of vibrations & 24) andp-values for these coefficients. They are
presented under three different conditions of gcforces: only mass forceR() with

pressureP, =0, maximal P',__ (Pb + Pg) with experimental compression chamber Il and

P" x With compression chamber I. Correlation coeffitseim case of nominal piston
(0c) and modifications ,1c” and ,2c” are considdsaldiversified (r =-0.70+0.98).
Only under compression pressure of chamber | (6:8@2 MPa) correlation coeffi-
cients are in a narrower range 0.63+0.97. It mahast there is essential influence of
compression pressure (ford&) on the level of amplitude vibrations between gred
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measurement points in all planes. In consideredilsition conditions with lower com-
pression pressure or only mass forég)(the differentiation of correlations coefficients

is considerable.
For succeeding modifications (3c+5c) there existeng positive correlation in
emission of amplitude spectrum vibrations, regasllef compression pressure value

(r =0.63+0.97). It points at little contribution of namal force (N__ ) connected with

holding down of piston to cylinder bearing surfatdransversal piston’s movements.
In evaluation of determination coefficieit00-r?[%]), influence of normal force

max

(N,.) for y =99, undermass force B,) alone is 46% and undéd?,_ (chamber I)

only 17%. A similar result for determination coeféint appears for the rest piston’s
modification coefficientsy,,,, =100and y,,,, =10.1.

Figures 2—7 present exemplary changes of correlabefficients (between two re-
search conditions) as a function of piston’s madifions for different planes and meas-
urement points.
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Fig. 1a, b. Localization for vibrations measuremesfta cylinder liner and the model for acting
of basic forces in unit p-r-c

In evaluating the influence of piston rings andrt&kifriction on the vibration of

cylinder liner (with participation ofN __ ), the measurements of the vibrations in verti-

max
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cal plane in points P5 and P6 (Fig. 1) were takém account. From Table 1 we can see
that the correlation coefficients for these points, case of nominal piston work

( ps =0), are the lowest — with minus sign. It is the effef large difference for piston
rings and skirt friction as a result of transversavements of piston under fordd . .
From succeeding modification ,2c” the power of &bation between both measurement
points increases and the influence of normal fdkg,, does not exceed 14%.

Table 1. Correlation coefficients and their p-valfer amplitude spectrum
of acceleration vibrations of a cylinder linertire adopted study conditions

Plane and point of measurement

Piston’s modificationy,, transversal longitudinal vertical
1/2 3/4 5/6

P=0 0.79 0.94 -0.70

: 0.00 0.00 0.00

Oc hamber 1 0.62 0.79 0.75
Vi, =94 chamber 0.00 0.00 0.00
chamber | 0.63 0.88 0.77

0.00 0.00 0.00

_ 0.12 0.21 0.96

P=0 0.56 0.32 0.00

1c hamber 1 0.90 0.56 -0.69
V., =96 chamber 0.00 0.00 0.00
chamber | 0.95 0.85 0.89

0.00 0.00 0.00

P=0 0.95 0.28 0.94

: 0.00 0.17 0.00

2c hamber 1 0.95 0.98 0.95
V., =98 chamber 0.00 0.00 0.00
chamber | 0.93 0.97 0.92

0.00 0.00 0.00

P=0 0.74 0.95 0.96

: 0.00 0.00 0.00

3¢ hamber |1 0.92 0.91 0.96
Vi, =99 chamber 0.00 0.00 0.00
chamber | 0.91 0.96 0.95

0.00 0.00 0.00

P=0 0.93 0.96 0.92

: 0.00 0.00 0.00

4c hamber 1 0.94 0.92 0.91
Vui =100 chamboer 0.00 0.00 0.00
chamber | 0.96 0.92 0.93

0.00 0.00 0.00

P=0 0.97 0.63 0.93

: 0.00 0.00 0.00

=l hamber |1 0.92 0.96 0.96
Y =101 chamber 0.00 0.00 0.00
chamber | 0.96 0.96 0.94

0.00 0.00 0.00

correlation coefficientz,p-value
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Fig. 2. Spectrum amplitude’s correlation coeffi¢igalue changes in transversal plane vibrations
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of a liner (P1) in case of acting mass force (@) gas force (I.1I)
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Fig. 3. Spectrum amplitude’s correlation coefficigalue changes in vertical plane vibrations

1 4

-1 -

of a liner (P5) in case of acting mass force (@) gas force (I.11)
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Fig. 4. Spectrum amplitude’s correlation coefficigalue changes in longitudinal plane vibrations

of a liner (P3) in case of acting mass force (@) gas force (I.11)
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Fig. 5. Spectrum amplitude’s correlation coeffi¢igalue changes in transversal plane vibrations
of a liner (P2) in case of acting mass force (@) gas force (I.1I)
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Fig. 6. Spectrum amplitude’s correlation coefficigalue changes in vertical plane vibrations
of a liner (P6) in case of acting mass force (@) gas force (I.11)
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Fig. 7. Spectrum amplitude’s correlation coefficigalue changes in longitudinal plane vibrations
of a liner (P4) in case of acting mass force (@) gas force (I.11)
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CONCLUSIONS

So far in the design of combustion engine the sulyédesign engineers’ interest
was the choice of the most important geometricahupeters: among others, the cylin-
der’s diameter (D) and piston stroke (S). A proglesice of their values allows to form
an engine’s dimensions, mass and basic paramdtiéssmork. However, there is lack of
information on gabarit-mass connections with valokaracterizing the quality of en-
gine’s work or its influence on environment.

In spite of that, experimental tests by simulatiogthod were conducted on a single
set of real objects. They proved the influence afagit-mass modifications of conven-
tional piston on the vibrations of cylinder liner irespective planes. The gas force is of
great importance here. It reduces an influenceoofmal force in transversal plane of
piston movements so that the ,power” of correlatimiween the analyzed points in-
creases. The greater modification is (3c+5c), tleeensimilar the amplitude spectrums
for different research conditions become.

Researches are being continued on next objectslar to confirm statistically ob-
tained dependences. TOB exploitation wear of avildbe also taken under consideration.
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