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Abstract. Noise reduction generated during the operation vafious machines and

mechanisms is an urgent task with regard to theepgants and, in particular, to internal
combustion engines. Sound emission from the swfadaration of body parts is one of the
main noise manifestations of the running engine @nid called a structural noise. The
vibration defining of the outer surfaces of complesdy parts and the calculation of their
acoustic characteristics are determined with nurakrnethods. At the same time, realization
of finite and boundary elements methods combinationed out to be very effective. The
finite element method is used in calculating theucttral elements vibrations, and the
boundary elements method is used in the structwigke calculation. The main conditions of
the methodology and the results of the structu@ben analysis applied to a number of
automobile engines are shown.

1. Actuality of acoustic characteristicsresearch of power plantswith internal combustion

engines

Power plants with internal combustion engines aseduin various industries: in transport, in
agriculture, in power engineering, in different magactories. Modern power plants used in transport
have a significant negative impact on the envirammand human beings. In addition to toxic
substances emitted from power plants and, aboyengdirnal combustion engines, there is also an
acoustic effect to the person (noise), which csediscomfort and damages the health of people close
to the operating power plants with piston enginéehicle acoustic characteristics are strictly
regulated by various standards. Their improvemgirhportant for obtaining the necessary consumer
properties of newly-created engines with varioygesyand purposes.

Currently, the sources of noise generated by iatemombustion engines are divided into
aerodynamic ones (when gas fluctuations are thgecalunoise) and structural ones. In the lattee,cas
the surfaces oscillations of the structural elemeare the cause of noise. Experimental studies [1]
show that structural noise creates about half efttital noise of an automobile diesel engine. Thus,
the ability to assess the level of structural naisated with consideration for the characteristica
particular design and the evaluation of design mpatars in order to reduce structural noise during
engine operation is very relevant. Thanks to themder technology development, there are now
many opportunities to use mathematical modelingnigrove the design of basic components. These
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possibilities are aimed at improving the acougtiaracteristics of power plants.

2. Studying methods of the power plants acoustic characteristics with internal combustion
engines

The vibrations determination of complex structuoeger surfaces during the analysis of their
forced oscillations is performed using numericathods [2]. In practice, two numerical methods are
used to calculate the sound field of an object: fihike element method (FEM) and the boundary
element method (BEM). Each of them has advantaggsisadvantages and its own application area.
Advantages of FEM are widely known. As far as ti&MBis concerned, first of all, it is necessary to
note the reduction in the unit size of the taskbeiolved. And also we have the lower computation
costs when obtaining the results of one-accuracgpmparison with the FEM. At the same time, the
smaller computational costs applied to structum@be calculations of complex structures are the
decisive argument in favor of the BEM use. BEM adages are also joined with the frequency range
where in practice it is necessary to perform calbohs in evaluating structural noise. For example,
for piston engines this is 0.3 - 4 kHz. The maximpermissible size of the elementsldg < /6
proceeding from the spatial approximation conditidra harmonic wave with the length[3]. The
size of the finite element grid (that is at the eppoundary of the indicated frequency range in the
structural noise calculation) exceeds more tharD Xi@es the grid size of the boundary elements.
When using FEM with reference to the problem o€éar vibration of a mechanical system generating
structural noise, the equations system to be sdiasdhe following form:

[ ] iadc]« kTl ={F . o

where M], [C], [K] are the matrix of mass, damping and stiffnesspeetively,{u} is a vector of

complex displacement amplitude%[i} is a vector of complex amplitudes of the distugbforces

harmonic components.

The finite element models used in practice havedreds of thousands of freedom degrees, so the
complete solution of the system (1) for a great p@mof harmonics seems to be very resource-
intensive. In connection with this, the method mfe@modes superposition of oscillations has found
application in solving similar problems [4]. At treame time, time costs are significantly reduced
when obtaining an acceptable accuracy of the solyti). Complex amplitudes of forced oscillations
are represented by an n-forms superposition ofaladscillations:

{(1} = ]ZAJ w} (2

where /]j is a complex factor of participation in forced ilations of thej-th form of natural

oscillations{u} atw; frequency.

Complex coefficients/]j are determined by the formula:

SR G0

1 W+ 20w é -
where¢; is a coefficient of relative (modal) damping.

Modal damping coefficients are used, when applythg superposition method of proper forms,
without specifying the damping law [5].
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where¥(w;) is an energy loss factor during the oscillations.
Thus, in the case of a molded block-crank designaofautomobile engine casing, factor
P(H=172/f, wheref=2zw (that is forced oscillations frequency, Hz). Figut shows the empirical

dependence of oscillations energy losgemd relative damping coefficiefibn the frequency [6].
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Figure 1. Dependences of the energy loss coefficient obtwlations
P(f) and the relative damping coefficiehon the frequency.

Frequencieso; and formsy; of natural oscillations of the conservative systadliating structural
noise, are determined by the FEM for solving thérixnaystem of free-oscillation equations.

- a?[m]+ [K]]{u} =0 5)
The problem of sound radiation by external surfaskeshe structure (body parts) that perform

oscillations, reduces to determining the field afrsd pressurep(x Y, z). The field is obtained in the
solution of the Helmholtz equation:

A p(xyz)+K? p(xyz)=0, (6)
where K=w/c, ¢ is the sound velocity in the environment. Boundaoyditions on the external
surface of the design are set:

a~ ~
2 (x 92)=-epvy (x v.2). Q

where Vp, (x y,z) is the complex oscillation velocity of the outerface in the direction of the -

normal ,p is the environmental density.

The previously obtained vibration values of theustwral surfaces are used when assigning
boundary conditions (7). As noted above, the methibboundary elements is the most promising
when solving the radiation problem of structuraiseo Three- and four-cornered boundary elements
are used. The value of the unknown function is mgsliconstant within the element. In the case under
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consideration, a variant of the direct boundarynelet method (DBEM) [7] is realized. Under this

condition the complex amplitudes of sound presspl(e’j) at control points inside the boundary

element are unknown.

3. An example of the acoustic characteristicsresearch of power plantswith an internal

combustion engines

As an example, the problem of the structural naiseermination of an 8-cylinder V-shap8CN

12/13-typeautomobile diesel engine is considered. Figura® Japresents the finite element and the
boundary element models respectively. They corg@hthousand of finite elements and 4.4 thousand
of boundary elements. The models included the rbaity parts of the diesel engine, which had a

significant outside surface area.
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Figure 2. Finite element rﬁodel @CN 12/1diesel body parts.
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Figure 3. Boundary element model &CN 12/13diesel hoﬁsing parts for structural noise

calculation.

The transmitting function method was used whenqoering calculations for various design
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variants. The method made it possible to excludadpeated execution of a number of computational
operations and accelerate the calculation subatgnf{B, 9, 10]. Calculations were carried out in
acoustic octaves from 63 to 2000Hz. Figure 4 shawsomparison of calculation results with
experiment.
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Figure 4. Average sound levels of the diesel engine extamoele based on
the results of the calculations and the experiment.

The discrepancy between the calculation and expatimesults is connected with the experimental
data deficit on the damping of the housing parthefconsidered construction.

4. Conclusion

The conducted studies confirmed the necessityualystg the acoustic characteristics of power plants
with internal combustion engines in order to reddice structural noise created by them. The
considered mathematical model for structural ndis@nition can be used both at modernization of
existing internal combustion engines designs andredtion of new ones. Thus, the structural noise
was managed to reduce by 2.4 dBA at the nominatatipg mode. It was possible with the
introduction of an additional ribbing of the caseam experimentahCN 10.2/12.2in-line diesel
engine.
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