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1. Introduction

The repair of shipboard diesel engines crankshafts is significant part of overall diesel engines
repairs and thus is very important for ship building and ship repair industry. When the ship’s
diesel engine repairs are carried out crankshaft journal (bearing) surfaces must be renewed
according very precise geometrical and surface roughness requirements. Currently technologies
available for ship repair enterprises are sufficient to ensure these requirements, however, they
are very time consuming and consequently expensive. Therefore it is necessary to undertake
comprehensive research of the shipboard diesel engines crankshaft journals surfaces machining.
This will allow to improve technological processes and to identify respective surface roughness
parameters as well as to give adequate technological recommendations. It is important to note
that crankshaft bearing surfaces must be seen as three-dimensional object with definition of
microtopographical surface roughness parameters which reflect to real surface. To summarise
all available scientific researches in this field it is stated that there are no analysis given
regarding impact of technological regimes to the shipboard engines crankshaft journals surface

microtopography.
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Taking into consideration the above mention arguments, the comprehensive research has been
done, using the new technological approach, which significantly simplifies technological work
and allows crankshaft journal grinding performing inside the housing without removing it from
engine. This technology saves significant financial resources as well as time of engine repair
itself.

Subsequently this research contains actual production assignment with practical implication.
Solving problems related with surface accuracy it is possible to considerably improve the
crankshaft machining process as well as performance of maintenance operations and
consequently overall quality of repair works.

2. Three-dimensional model for shipboard diesel engines crankshaft bearings

In the above mentioned research the model of crankshaft journals surface roughness was
determinate. This mathematical model of the surface roughness should be complete enough to
describe the real surface and in the same time simple enough to be practically applicable [1,2].
In order to successfully work out the crankshaft journals surface roughness model, during
research a classification of rough surfaces and analysis of an irregular roughness model have
been done.

It was defined that every type of mechanical machining and surface creation process has their
own, unique surface roughness topography. However, all mechanically processed surfaces
principally can be divided into two groups: isotropic and anisotropic surfaces. The Isotropic
surface is surface whose roughness parameters in the all directions are the same but for
anisotropic surface the roughness parameters are different depending on measuring direction
(see Figure 1).

Fig.1. Samples of rough surfaces: a) anisotropic and b) isotropic

Isotropic roughness structure is typical for details which surface is machined by following
methods: electro-erosion, sand or pellet blasting, vibro — abrasive, polishing and scraping. But
anisotropic surface structure is characteristic for surfaces machined by different abrasive
methods, e.g. grinding, superfinish, rolling and broaching, etc [3,4].

Despite the above mentioned classification surfaces with the identical structure can have
absolutely different character of surface inequalities. Therefore, in this research the detailed
surface irregularities classification were done. Generally by surface roughness mathematical
functions these surfaces can be divided into three groups, namely, with regular character,
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irregular character and mixed type. The regular type of irregularities characterises by periodical
bodies of inequalities which are very similar and in the first approximation can be described by
the periodical mathematical function. But the irregular type of inequalities characterises with
irregular height and form of roughness. Furthermore, mixed type of profile is forming when
regular and irregular character factors are combined, in fact this type is allocated between both
above described kinds of irregularities.

According above described classification, the shipboard diesel engines crankshaft journals
machining with the mechanical grinding method, can be looked as anisotropic surface with
irregular character of surface roughness. This kind of surface can be described by the normal
distribution (Gaussian) law. It was determinate, that the optimal microtopographical model of
the particular surface is composed by the following parameters: roughness height parameter R,r
and two spacing parameters S,,; and S,,;. It is important to note that the measurement basis for
these roughness parameters is a mean plane of overall roughness.

3. Calculation formulas for the three dimension surface roughness model components

During research the topographical parameters of the crankshaft journals surfaces were defined.
None of these parameters are currently foreseen in the any of technical standards. Therefore,
mathematical calculations of these surface roughness parameters were done, based on real
metrological and technological surface parameters of the crankshaft journals.

The formulas of the surface roughness parameters R,r, Sm; and S, were determinate [3]. The
microtopographical surface roughness height parameter:

R, =—i; j [ 17Cx, ylebeay 1)

where: A- area of the viewed surface, mm>;
h(x,y) — surface roughness (points) deviation from the mean plane, in

coordinates x and y.
The mathematical expectation for parameter R,r can be calculated in the following way:

E{R,}= -}4— [E{n(0)jax
0 @

Furthermore, it is possible to adapt equation (2) in more suitable and functional way:

ER, )= [T Oravas
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where: 7 ]h(x)t .
In case of a normal distribution, according the Gaussian law function f{y) divides even:
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Topographical spacing parameters S,,; and S,

Swi2 = TN
" n(o)l,z (5)

where: n(0); ; — number of ,,zeros” within one length unit, when the profile crosses the mean
plane in the two perpendicular directions to each other.
The mathematical expectation for parameters Sm1 and Sm2 can be calculated in the following

way:

2
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Nevertheless, it is important to note that very often surface roughness measuring equipment or
specific measuring conditions (as it is in the case of crankshaft bearings) do not allow reading of
the microtopographical parameters R,r;, Sm; and S,2. Therefore, to obtain microtopographical
values of above mentioned parameters the discrete method were applied, by breakdown of
observing surface in to the several separate profiles. Thus calculations of the microtopographical
values of R,;, Sm; and S,,; have been done using discrete values recorded in two dimension
profile. For this purpose the following formulas were determinate:
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where: M~ number of measurements within single profile;

N—  number of profiles examined;

i— the examined profile;

j- the measurement within profile.
Note: measurement S,,; and S,,; should be done in the perpendicular directions to each other.
Naturally, these formulas allow making transition from discrete values of R,r, Sn; and Sp2
measured in profile to the surface roughness microtopographical parameters.

4. Three-dimensional roughness parameters applicable for diesel engine crankshaft
bearings

During an experimental part of research a multifactorial analysis of collected data were analysed
using computer programme SPSS v. 12.0. Practically the mathematical correlations between
technological regimes values (used in the experiment) and obtained surface roughness
parameters Rz, Sn; and S, were established. Thus by multifactorial analysis the empirical
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formulas for surface roughness parameters calculation formulas were determinate. The
following formulas correspond to the shipboard diesel engines crankshafts journals grinding:

0,3,0,29 @011
VA R\

R, =0,42 ool
det (10)
Z 0,1t0,3S 0,18
S =000 ——5—
det an
0,22 0,16
S,, =892
Via £ (12)
where: Sraa— radial feeding of the grinding stone (mm/move);
t— grinding depth (mm);
Z—  grinding stone graininess;

Va:— longitudinal feeding speed of detail /device/ (m/min).
The empirical formulas for calculation of the R,7, S,; and S,,, obtained in the research are
directly applicable in cases when the grinding of crankshafts journals will be carried out by the
elaborated grinding device. Even more when in the practical work it is necessary from
technological regimes values to prognoses the microtopographical values of the mean
arithmetical deviation of surface R,r and the perpendicular spacing parameters S,; and Sy2 —
surface spacing parameters between the peaks.

5. Conclusions

The research of the three-dimensional roughness parameters model for surfaces of shipboard
diesel engines crankshaft bearings allows obtaining the following conclusions:

The model of microtopographical surface roughness is based on mean arithmetical deviation of
surface - R,r and two spacing parameters .S,,; and Sy, - surface spacing parameters between the
peaks. These two spacing parameters are measured in the perpendicular directions to each other.
Moreover, this model fully complies with crankshaft grinding technology and its parameters can
be obtained in practical work.

The microtopographical surface roughness parameters necessary to characterise crankshaft
journals were developed. The formulas were provided allowing switch from discrete profile
surface roughness parameters to the microtopographical parameters R,r, Sy and Spz.

The experimental researches with the technological equipment have been made. Thus
determinate the real impact of technological regimes to the microtopographical surface
roughness parameters R,r, Sn; and S,». Results achieved during these experiments were
analysed multifactorially and this analysis allowed to determinate the empirical formulas for
calculation of above mentioned parameters. Obtained formulas exactly reflect to the elaborated
equipment for grinding of crankshafts journals. Therefore these formulas will be applicable to
the ships’ engines repairs, when the impact of the technological regimes needs to be evaluated.
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Torims T., Rudzitis J. Kuga dzinéju klokvarpstu virsmas raupjuma pétijumi.

Dota jauna kugu dizela dzingju klokvarpstas gultnu slipéSanas tehnologija. St tehnologija atjawj uzlabot apstrades
procesu un biitiski samazinat apstrades procesa laiku kugu dizelu dzingjos.

Tadu radita slipésanas tehnologija attiectba uz iegiito virsmas raupjumu, G parametriem nav pilniga. Ta prasa
zindtnisku analizi. Ir svarigi atzimet, ka klokvarpstu gultpu virsmas raupjums ir jaapskata ka tris dimensiju (3D)
lielums. Tapéc janosaka redlds virsmas 3D virsmas raupjuma parametri. Izveidots kugu dizela dzinéju klokvarpstas
guitpu virsmu raupjuma 3D modelis. legiitds virsmu raupjuma parametru aprékinu formulas Jayj pariet no
diskrétiem virsmas profila raupjuma parametriem uz mikrotopogrdfiskiem parametriem: Rup, Sy; un Sy
Eksperimentalie péttjumi parddija, kd legiitas formulas precizi apraksta realo raupjumu.

Torims T., Rudzitis J. Surface roughness investigations for surface of shipboard engines crankshaft.

The new grinding technology for shipboard diesel engines crankshaft bearings has been developed. This novel
technology allows improving technological processes performance and considerably saves the repairing time of the
ships diesel engines.

However, impact of this novel grinding technology to the surface roughness parameters is not yet clear and
requires addition scientific analysis. Furthermore, it is important to note that crankshaft bearing surfaces must be
seen as three-dimensional object with definition of microtopographical surface roughness parameters which reflect
to real surface. The 3D-model for shipboard diesel engines crankshaft bearings was developed. The formulas were
provided allowing switch from discrete profile surface roughmess parameters to the microtopographical
parameters Ry, Sy, and S, Obtained formulas exactly reflect to the elaborated equipment for grinding of
crankshafts journals.

Topumc T., Pyosumuc A Hccnedosanue wiepoxosamocmu ROGEPXHOCMU KOJIEHYAMbBIX BAI06 CYOO8bIX
oguzamenen.

Ilpedcmasnena HOBAS MeXHONOZUS WAUGOBAHUS NOOWNHUKOS KOREHYAMbIX 6108 CYOO8bIX OU3ENbHbIX
deuzameneil. JJaHHAA MeXHONO02Us NO360NSEM YIAYUULUb NPoYece 0BPAGOMKIL U CYUECMBEHHO YMEHLUUMb 6DeMS
06pabomK NOOWURHUKOS CYO08bIX J8Uzamenet.

Heobxo0umo ommemums, umo npedndzdemas MEXHOROZUA WNUOsaHus mpeGyem HO8020 OMHOUWIEHUS K
wepoxosamocmy  0bpabomannbix  nogepxuwocmeii. Heobxo0um OONORHUMENbHBITL MEOPEmUYecKutl aHAIU3:
WEPOXOBAMOCH NOOUIUNHUKOS KONEHYAMbIX 81068 CYOO08bIX Oguzameneli HeoOX00UMO pPACCMAmMpPUsams Kax
mpexmepuyro senuyuny. K neil cnedyem onpedenume napamempul wepoxosamocmu kax mpexmepusie. 1losmony
C030aHa  3X-MepHAA MOOenb WepOXO06amOCHi NOOWUNHUKOS KONEHYamblx 6a08 Cy008blx oOeuzamenecil, u
npednodcersl (hOpMYIBL  pacyemd MUKpOmMONozpaguyeckux napavempos uiepoxosamocmy: Ry S, u Sy
DrenepuMenmaivHble  UCCIE008ANHUS HOKA3WIYN, YMO NOmyueHHble (QOpMYNsl MOYHO OMpAXCAIOM XAPAKMED
PEATBHOT WEePOX06amOC.
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