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1 INTRODUCTION

The issue of computational modelling of noise arfation of powertrain is the
next logical step in the virtualization of the dgsprocess. Engine manufactures and
also all producers not only in the automotive indusre trying to change the
process of development in to the virtual desigmash as possible. This is due to
reducing design costs and shortening the time mkeddeput the product to
customers.

Technical requirements for powertrains are now miamgs contradictory. It is
expected: high performance, reliability, low powensumption, basic construction
and low production costs as well as reduced enmssio

However, we can say that even if these propertieseasential, ultimately the
decision to buy a car is often overridden by ther edmfort. As for the cars, is one
of the parameters of comfort an acoustic convemriesaund while driving, which is
generated e.g. from joints of plastic interior pahd also an aerodynamic noise. In
the case of trucks and tractors is, in additioth# acoustic expressions, evaluated
also the magnitude of the vibration. Certain maximualues prescribe various
standards of hygiene. Also, impact on health anth whis the corresponding
guantity and quality of work done is a significéattor in choosing.

In the passenger cars is the primary source okeramsl vibration the drive unit,
but also it should not be forgotten the source ftbmwheels, transmissions, final
drives and principally all of the subsystems tmah$mit power from the engine to
the wheels.

Recently, it is more and more talking about altewesfuel vehicles, which should
replace the conventional combustion engine ancbyepotentially eliminate a key
source of noise and vibration. It is difficult toeplict the future in this field, as yet
recently unimaginable car operated independentha lmpmputer is now a reality.
However, it is possible to say with certainty thhtthe source of energy for
movement is the internal combustion engine, hydnogegine, electric motor or
other type,; there always will be the transfer ofvpr to the wheels and thus always
will occur larger or smaller vibrations or noise.



2 EVALUATION OF THE CURRENT STATUS

Baseline for determining the acoustic parameterghef drive unit, it is the
determination of vibration of engine surface by evhit can be further determined
the acoustic pressure at a certain point in tha areund the drive unit. Values of
velocity at nodal points of finite element 3D modah be obtained from the results
of simulations using the MBS system.

There are the methods in the field of vibration ante, which enable to measure
and locate their sources at a high level in terfracouracy. These methods enable
to verify the computational models or eventuallggest their modifications.

It should be realized that mentioned facts can dmurately applied to simple
objects and structures. The combustion engine d@xausubstructures and their
properties, which entering in to the MBS analydso ancludes other elements that
have a considerable effect on the vibration andaated noise.

The results of vibration of virtual engine surfare values that do not involve,
for example, coolant, lubricating oil, effect ofrepding of acoustic wave and their
reflection inside the engine. Therefore, the demleyt of computational methods
for determining the emitted noise is technicallysgble, but the real engine will
have different values of the studied parametergréfbre, the values calculated in
this way could be taken only as qualitative valadmut which it is only possible to
say that this version is better or worse and terd@he the approximate difference.
Comparing the accurate calculated values is frosygérspective still the future.

" MEASUREMENTS vs.
SIMULATION
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ENGINE

Figure 1 Development phase of virtual engine



As the acoustic pressure is directly dependenhersize of the velocity of engine
surface vibration, it is faster and smarter waylébermine this value as evaluating
value. Comparison of the values for the differemtiants also gives only qualitative
information and with a certain amount of uncertgiptovides information about
what is the difference between them.

By using computational methods based on BEM or IBENS today possible to
calculate the values of acoustic pressure emittedthe environment, on the base of
the velocity of surface vibration. However, timeasaming of these methods is still
relatively large and therefore their use in de@dom the design options at level of
parts (block, power and bath) extends the timeireduor the development of the
drive unit.

Also in this field there is fast and intense depetent and what it is now difficult
or unrealistic it may be a common practice in a y@ars. The process of calculating
the noise and vibration tends to that already enddvelopment, it would be possible
to hear from a computer what sound will affect fassenger in a car or what will
hear a man standing on the street when a car goasdiit. Estimation when this
happens is pure lottery or shamanism.



3 AIMS OF THE THESIS

This dissertation thesis will focus on processing aisualization of the results
obtained by using the virtual model. Input paramsetre finite element mesh of
engine and coordinated components of velocity {)s&ifits nodal points.

Another aim is to propose a method how to evaluat®us engineering designs
and modifications in the area of the impact onation and thus the corresponding
noise. The method will be fairly quickly and acdeta compare the individual
alternatives. By this method, it will be also pbésito determine which variant is
better or where it should come to edit.

From the last section follows, that it is prefemldnd more effective, as an
evaluation criterion to choose the velocity of aad vibration. Therefore, in this
work this criterion will be used and comparisonlwié on the basis of the speeds
calculated on the normal components to the surface.

In order to verify the proposed method, it is neeeg to take measurements.
Measurements will be performed on basic models binguthe contact and
contactless sensors of velocity. One of the g@aés creation of a program that will
process the measurement results and enable to thiemv by postprocessor and
compare them with measurements.

Input data and computational part are implementeMatlab program, or in a
free program Scilab. Results will be presented histhe open-source postprocessor
ParaView. This solution provides the ability easigvelop and modify by anyone.

Another section of this thesis describes the imllial steps just like they are
carried out and as a logically follow. The finatsen includes samples of using the
proposed method of evaluation of vibration respetyinoise.



4 ELECTRODYNAMIC VIBRATION EXCITER

To verify the model and the chosen procedure, lsotta obtain input parameters
into the computational model it is necessary te taleasurements. For fine-tuning,
it will be the measurement at first realized onrmle experimental object and then
to the real parts. In the experiment, it is advisdb excite the structure. From the
possible ways of excitation, it was chosen vibragaciter, as the most flexible.

One of the most common vibration exciter is antebmsagnetic vibrator. It works
on a similar principle as a speaker. In the centels usually placed permanent
neodymium magnet (exceptionally, the permanent miagsn replaced by coil)
around which is voice coil, through which is tranmsed the alternating current. In
the coil is induced alternating magnetic field, @fhmakes it move. Force applied to
the coil is then transmitted to the measured obj8tt

4.1 DESIGN OF VIBRATION EXCITER

The basis, in the engineering design of the vibratexciter, are available
information about industrially produced exciters. ¢rder to use the driver as
flexible as possible, method of mounting of the exomust allow tilting about a
horizontal axis to both sides of an angle gredtan t180 °. The mount of the frame
Is provided with holes for fastening bolts witheye in order to hang the exciter on
flexible lines or firmly mount to the ground.

The main requirement is to ensure the positiorhefdoil closest to the center of
its stroke in any position of exciter. Also, thiaetcoil will remain in coaxial relation
to a permanent magnet, so there are not frictiesds, which might tend to damage
the drive. Of course, there should be the possibiif easy assembly and
disassembly.

Axisymmetric of the coil was assured by the 3 gual#s and the central cross. In
order to eliminate friction, it was used a spegpiaistic. Backing the position in the
middle of the stroke was carried out by a springictv was fitted on the oscillating
rod through the holder, which was supported agaxist movement by the pin. On
the upper lid was placed the second holder. Thelevbiogineering solution of the
first design is shown in Figure 2.

After assembly the first design and start testiigwas found that handles
mounting which enables rotation, was after sevat®@mpts unable to hold the
weight of cover with drive unit. This was due tdatoon of support in inside the
cover. Also, mounting of the coil, after a few nii@si of operation and especially
after loading at low frequencies but on high amplé, stopped fulfil its purpose and
the coil fell and touched the permanent magnet.



Figure 2 First design of exciter

For ensuring of axisymmetric and center positiorvate coil, it was designed
special spring (Fig. 3), where the axial stiffn@sscomparison with the radial is
much smaller. Due to its shape it provides axisyimmalso in the deformation.

Figure 3 Special spring of exciter

This solution allows for easy adjustment of engyitime center position. First by
using FEM it has been designed shape and thickofespring. The design was
based on the weight of moving parts, maximum strakd expected maximum
power in the extreme positions

In the second design, it was also ensured theidixah a certain position, and it
was prevented rotation of the cover of exciter. $blkeition was based on rotation of
support by 90°, what caused contact with the loldgrand thus assurance against

rotation.
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Figure 4 Electrodynamic exciter and amplitude amplifier

4.2 THE CONTROL SOFTWARE

The primary source of signals, for which it is #estem designed, is the PC or
laptop sound card. In order to generate the signakal time, it was created a
specific program.

The program was written by using Matlab and comrso it can run on any PC
with Microsoft Windows operating system. Program,addition to generating the
signal, allows a saving in to file *.wav. This typé file can be run in different
programs and operating systems.

The program also allows to give as the input amyt or *.dat file with a record
of the measurements and then to play or createigutfile.

The solution designed in this way has several adgas. One of the most
important is that the generator is not bound tpexsic PC by the license. It allows
creating a database of tested signals with diftetbaracteristics. Because the input
to the amplifier is the output from the sound candl thus 3,5 mm termination, it is
also possible running by using smart phones, wiatases flexibility and mobility
of device.
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5 EXPERIMENTAL MODAL ANALYSIS

This chapter will discuss the experimental modadlgsis, which is one of the
methods of measurement and detection of dynamipepties of structures or
systems.

5.1 PRINCIPLE OF THE METHOD

In the theoretical vibrational analysis, it is pregsing towards from the physical
model to the response model. In the EMA there thes opposite way. Frequency
response function (FRF), which forms the basisha&f tmodel it is expressed as

follows [8]:

o Output  Motion _ Response

Input  Force ~ Excitation

The principle of modal testing is that the measwstdcture it is excited by the
strength, which waveform it is measured and simeltaisly it is measured
waveform of the vibration response of the systenthaforce. For measuring of the
response, it is usually used the sensor of actmlerdf this measurement it is made
on of a sufficient number of points, the resulihis response model.

The exact definition of a matrix element FRF is [8]

N o ray
(@) =7 =) A;"f_"’;jz D

r=1

where) is a value of r-th mode) is the j-th element of the r-th vector of eigen
forms @), i.e. the relative displacement in the |-th padfitoscillation on the r-th
form and N is the number of modes.

If we use the relation 1, it is possible to shoattan appropriate set of measured
receptances must contain only one row or a onenuolaf mobility matrix. This
means that either the system is excited at one poith responses are measured in
all other points, or the response is measured atpomt, and the system is excited
in all other points.

For a description of the interrelations of thegmals in the frequency domain, it
Is used the FRH, and in the time domain, it is used the impulspoase function
(IRF). These are so called the descriptors of yis¢esn and are independent on the
signal [8].
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Excitation a( M Response b(t)
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h(1)

[H(D]
time
frequency
a(t) b(t) A(D B(f)
Convolution: Multiplication:
b(1) = J-h(‘t)' a(t—1)dt=h(t)*a(r) B(f)=H(f)- A(f)

Figure 5 Frequency response function and impulse response function [24]

The proportion of the complex amplitude of the thspment and the excitation
force is a function of receptance that is FRF butlonger dimensionless. For a
system with 1° of freedom it looks as follows:

X(w) 1 _ R N R * )
F(jw) k—mw?+job jo-—(=8+jR) jo-—(=6-—j2) @)

H(iw) =

where R is rezidunt is natural frequency of damped oscillatiérilecay constant.

Because this is a complex function, it is not passito represent all the
information by 2D chart. The most commonly used displaying of the amplitude
- frequency characteristics. All methods of dispigyof FRF are shown in Fig. 6.
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Figure 6 Display options of FRF [24]
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In the FRF chart, where it is visualized the depsoeg of amplitude on
frequency, and natural frequency it is determingdiie maximum value of the
amplitude.

For the description of the damping, there are nsostmonly used two types of
models. It is a viscous damping and hysteresis dagnplysteresis damping is more
precise for the forced vibration of systems withrendegrees of freedom but for the
free vibration is problematic. More often it is fdescription of the damping used
viscous damping.

One of most used method is called half-power pwiathod (half-power point).
This method uses a waveform of dependence of amdpliton the frequency.
Determination of the proportional damping is alstatively simple. In the point of
natural frequency, it is found the maximum amplgudliext it is calculated its size
of half-power (i.e. formula it is divided). In thislue, it is leaded the parallel line to
the horizontal axis, and where it crosses the grapldependence, there the
frequencies are subtracted (see Fig. 7)

20-log |(H())|

13@.
P, P-

/

) glo (0)))
Figure 7 Half power point [8]

2%

Damping ratio determined using:

Wy — Wq

= 2. 3)

)

5.2 EVALUATION OF MEASUREMENT

Analysis of natural frequencies and damping istinedey easy for mass-spring-
damper system. However, real cases are more catgdi@and complex. Therefore,
it is not possible these values easily to subfraach the chart.

The first problem is that it is measured in morenfg This is connected with
certain complications. Despite the best effortgs ifjuite likely that one or more
sensors are placed close to the nodal pointsidrcéise, the visualized waveform of
FRF would be significantly distorted. Also, orietba in the maze of graphs (see
Fig. 8) and determination, which peak is the righe, it is a problem. Therefore,
there are the methods by which it is also posdiam a large number of points
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accurately and quickly determine natural frequesycdamping and waveform of
FRF.
The most common include [11]:
* SUM — Summation function.
* MIF — Mode Indicator Function.
* MMIF — Miltivariate MIF.
* CMIF — Complex Mode Indicator Function.

10% ) T T T T T T T T T

Real part (log)

1 | l | | | | | |
0 100 200 300 400 500 600 700 800 900 1000

Frequency

Figure. 8 FRF of measurement points

The most accurate method for determining the nbafugguencies is the CMIF
method. It bases on singular value decompositidn¢hvconsists of measured data
of FRF at individual points. Singular value decosifon is defined [10]:

[H] = [U][X][V] (4)

Where H] is the frequency response function matriy] [s left singular matrix
(unitary), D] is singular matrix (diagonal) an®T is right singular matrix.

From the options listed above it was used for @sicg the measurement results
the CMIF method. Exported results from the measgursoftware have been
imported into Matlab program. Source of code fargassing the measured data was
created from [10], where it was only a slight magdifion.

The resulting graph of FRF obtained using the CMH#thod it can be seen in Fig.
9.
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Figure 9 Reconstruction FRF from measurement data using CMIF method

Amplitude

For verification of the accuracy of the number afural frequencies, it is used the
method MAC (Modal Assurance Criterion).

The modal assurance criterion matrix is a mathemlatool to compare two
vectors to each other. It can be used to investitye validity of estimated modes.

The MAC between two mode shape vectopd § and {y} s is defined as:

{5 {WkhH?
_ 5

The MAC will approach the value 1 ify4 r and {y} s are the same mode
shape. It {y} r and {y}_s are different mode shapes, the MAC value shbeltbw,
due to the orthogonality condition of the mode gsap

In Fig. 10, it can be seen a preview of the MAC: the calculation of the MAC
in Matlab, it was used code from [10].

254 Frequency (Hz)

Figure 10 Modal Assurance Criterion
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6 PROCESSING AND VISUALIZATION OF MEASUREMENT
RESULTS AND CALCULATION

This chapter will describe the method of processimgresults obtained by FEM
or MBS analysis and based on this, determinationacdustic parameters of
examined object. As mentioned above, for obtairohgcoustic parameters it is
essential to set the normal velocities of surfabeation. Therefore, in this work as
a benchmark it is used just the normal velocity.

The methodology is based on the fact that the CARdlehis using specialized
software discredited to finite element mesh. UsirgFEM program ANSYS is then
performed the harmonic analysis and its resultettoey with a description of the
mesh are processed, resulting in normal velocitiEssurface vibration. As a
visualization tool, it is selected the program Raea. A detailed description of the
individual steps is listed below.

6.1 PROCESSING OF FE MESH

For the creation of the 3D parametric model, ussed program Pro/Engineer. The
created model is then exported into a neutral formenich allows further
processing.

For the creation of finite element mesh, it is u$€&EM program. Using this
program is created a mesh, defined componentsactsnand material properties.
Final version of the mesh is further processethé REM program ANSYS.

In the ANSYS program, there are on the examinecadbapplied boundary
condition and load. In the calculation, it is detared the response of the structure
to the periodic excitation at the defined points. @& load, it is possible to use the
results of MBS analysis, which should be convertben time domain to the
frequency domain using Fourier analysis. If no ksswf MBS analysis are
available, it is also possible to use basic loatthenform of sine wave power.

In defining the parameters of calculating it shadl set the initial and final
frequency and frequency step. Also, the main paterseaffecting the accuracy are
the damping properties, which can be obtained gy rttethod mentioned in the
previous chapter.

The results of harmonic analysis are coordinateghpaments of deformation
depending on the frequency. These results exceptdrfiain examples of models do
not correspond to acoustic properties of the exadiobject. Therefore, it is
necessary to process the results.

For that reason, it is necessary to export thelteesu a reasonable format in
which can be further processed. For this purpose weeated macro files into the
ANSYS.

The first macro file exports the finite element mme$ export, it was used
information obtained in [13]. There are the infotima about the number of
exported nodes and then are listed the numbersdofidual nodes together with
their coordinates. Another part of the file consainformation on the walls (faces)

17



of the individual elements, where in the first ¢oluis the number of the element
and in the other columns are numbers of elemerits avcommon wall (face). The
last part is the list of elements, that contairesribmber of element and numbers of
nodes by which is formed.

The resulting file is then processed using Mathkab first, there are determined
from the obtained file the walls (face), which fothe surface of the object (there
are included also the inside walls and holes iskabubsequently, it is determined
a surface area element. A crucial step is the ihtetion of the normals. This is
divided into two steps, where in the first onestdetermined the normal to the
surface element by vectors formed by connectingoofes forming the element. The
second step is to determine the normal at the nddeereas one node usually
consists of more elements, in determining of tmalfnormal it is found the final
vector from vectors generated by multiplying themal to the element containing
that element.

Principle of the determination of the normals te giement it is shown in Fig. 11
where the method is presented on a single 2D exampl

A

4 Model surface

n Nnode

el

Element 1

Ne2
Element 2

Normal at the node

Y

Figure 11 Calculation of normal vector

The second macro file exports the results of harmanalysis. There are the
information about the number of exported frequesicieumber of nodes and
information about what a frequency is currently@xed. In the next line, there are
the results of harmonic analysis for each node emordinate components of
displacement at a particular node.

Also, this file is then processed by Matlab. Thduga of displacement for
individual frequencies are converted into velockyom the coordinate components
of velocity, it is calculated the resultant velgorector at that node.

The last step is the conversion of the resultalttcty vector into the direction of
the normal vector at that node. The principle caisden on the 2D case in Fig. 12.
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Model surface

Element 1

Normal at the node

Element 2

Y

Figure 12 Calculation of normal velocity

6.2 ANALYSIS OF THE VELOCITY OF SURFACE VIBRATION

From the results obtained by the previous methad,detected surface vibration
at specified frequencies in certain nodes. Howdeemore detailed evaluation it is
sometimes necessary to find out the integral clratcs in a certain frequency
range or to have available one number represettimgroperties of the examined

object. In the mutual comparison, it is also uskd tvaveform of velocity of
vibration throughout the structure depending oguency.

Determination of individual acoustic parameterset&s on whether it is a node,

component or eventually complete assembly of thelyaad object. However, in

each of these cases are analysed the normal vetoand the surface of the object.

Distribution and mutual connection can be seengrilB. [14]

Selected Surface | Components
nodes distribution | (Mean value)
Single- v?
frequenCies dB[A]
Frequency-| v* | 3
distribution dB[A] Y sa]
Frequency-| v, A TTwe
integrals SaBla] Yds[a] Y ¥ aefa]

Figure 13 Overview of possible results [14]

To calculate the acoustic parameters are accordindg4] used the following

relations:
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Mobility:

f2
1
E[x?] = Ez Uy, (6)
fi

where V iIs normal velocity, fis lower frequency and fs upper frequency.
Surface noise level in dB [14]:

(E[x?])f

L,[dB] = 10log (7)

Ure f

6.3 VISUALIZATION OF RESULTS

After processing of the measurement results andraatation of the acoustic
parameters, it is, in addition to an integral numidescribing the level of acoustic
noise areas or graph of dependence of vibrationthen frequencies, also the
visualization of the entire surface in 3D space.

In the initial phase of the testing of chosen pduce, the visualization was
carried out using Matlab. However, this solutioomwkd significant impracticability
for large objects, because that from size of thehraound 3000 nodes, there was
an inability to rotate and zoom in Figure in MATLABogram.

For this reason, it has been chosen as a postgmcgsogram ParaView. This
program is free, and it is used to visualize a watege of scientific applications.

For purposes of this work, it was chosen as thatifile, the file with suffix
*.vtk. Description of this file is given in [15]. Bé advantage of this file is that it
allows visualizing different types of elements atsb the results of analyses related
to the nodes or elements, by using the colour raAgether advantage is the fact,
that this file uses for the description of the getma similar principle as ANSYS
and thus the conversion of the exported file frodSAX'S into the ParaView, was
relatively easy to apply. Writing of *.vtk file wadso carried out using Matlab.
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7  EXAMPLES OF PRACTICAL APPLICATION OF METHOD

This chapter will show examples of using the abbsted procedures to real
objects. In the first part, it is a single flat @eplate with ribs. Next section
describes the cover of valvetrain for 4 cylindezs#il engine Zetor. In the last part,
there is the sample of processing the results oSNBalysis for 6 cylinder diesel
engine Zetor.

7.1 THE VERIFICATION OF PROCESS FOR A SIMPLE CASE

Flat metal plate was selected because of its easluption and the possibility of
a simple verification of models.

Verification of the chosen methodology is implengehton two experimental
models. The first model is a flat metal plate amel $econd one is a metal plate of
the same dimensions but with added rib in the fofrvelded belts. Experimental
models can be seen in Fig. 14

Plate 1 Plate 2

1

Figure 14 Experimental models

On the experimental models, it is created a meskpahts at which the
measurement is then performed. Excitation is pwegil eccentrically to the center
of metal plate. Mounting is solid and fixed. Measisamples are securely fixed to
a steel plate. Electrodynamic vibration excitgplaced freely by using steel chains.

For scanning of displacements, it is used the Issanner POLYTEC 4000 Series
Laser Vibrometer, as the recording device it isduseompact PULSE data
acquisition unit. For saving, processing, visudlmaand control, it is used software
PUPLSETM 13. The real experimental arrangementesseen in Fig. 15.
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Figure 15 Real experimental arrangement

The next step is the comparison of velocity of acef vibration investigated by
measuring and calculated using the harmonic arsalybien using the sine wave

power 10 N. In Figure 16, it can be seen the redaltthe frequency of 30 Hz, 110
Hz and 260 Hz.

Plate 1 Plate 2
30 Hz 30 Hz
i Measurement

Computation Measurement

[ . . Vo= 51070 M0
min max §
380
L —Plate 1
30 Hz
220 —Plate 2

Surface noise level [dB]

5 20 3 50 65 80 85 110 15 140 155 170 185 200 215 230
Frequency [Hz]

Figure 16 Comparison results of calculations with experiment

245 260 Fii 290
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Visualization of calculated velocity of surface rabon for examined objects
throughout the frequency range is shown in Fig. 17.

Plate 1 Plate 2

Figure 17 Calculated integral mobility

The detected results qualitatively meet the expiecis The metal plate with
added rib is in terms of vibration and noise maeofirable. The calculated and
measured values in decibels are relatively highs Thbecause of that, the loading
force was in comparison with the stiffness of melate vast and metal plate had a
significant displacement (in several mm). This vediythe load it has been chosen
because of the possibility of visual control of tieal vibration, where real form of
metal plate deformation at the selected frequensietentical to the calculated and
measured normal velocities.

7.2 THE COVER OF VALVETRAIN OF THE ZETOR ENGINE

Another example is the detection of dynamic propsrof the cover of valvetrain
four-cylinder diesel engine Zetor. Preview of tlower can be seen in Fig. 18.

Figure 18 Cover of valvetrain of the Zetor

The measurement is performed using the same appasatin the previous case.
The difference is in the excitation signal and alstow to fix the cover and the
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electrodynamic vibration exciter. In the previowsse, it was used the continuous
frequency sweep. In the measurements of the caveras used the white noise.
Arrangement of the measuring chain it can be seé&ing. 19.

Figure 19 Arrangement of the measuring

The measurement results are again processed usatighivend comparison of
natural frequencies can be seen in Table 1.

Tab. 1 Results of measurement and calculation

Number of Mode Measurement Calculation Damping Ratio
1 254 [Hz] 285 [Hz] 0,076
2 480 [Hz] 457 [Hz] 0,017
3 722 [HZ] 730 [Hz] 0,013
4 934 [Hz] 893 [Hz] 0,012

This measurement is carried out in order to detgnthe dynamic properties,
which are subsequently used in the following exampl

Tab. 2 Damping variable

Variable Value
a 250,7
B -3,19-10-6
¢ 0,031
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7.3 VIRTUAL ENGINE

The last sample is the application of the evaluma#iad visualization on the six-
cylinder engine Zetor. The input data represenhiéefelement mesh, alpha, beta,
proportional damping, and as the load there aré theeresults of the virtual engine.

Due to the fact, that the entire engine block igienaf the same material as a
cover of valvetrain in the previous case, the dyicapnoperties alpha, beta and
proportional damping are applied from the abovelussults.

For the calculation of virtual engine in MBS bus@in measuring, it has been the
engine fixed on silent blocks. These silent bloakse simulated using support in
the extreme points of the engine. For the suppdrts,defined the stiffness of 50
000 N/mm and the damping of 100 Ns/mm.

From the results of simulations of virtual enginee abtained coordinate
components of forces in the bearings of crankshuadt the forces in the liners of
cylinders. For the purposes of harmonic analys$iss necessary to transfer these
forces from time domain to the harmonic componefite transfer is carried out by
using the Fourier analysis.

Harmonic analysis is made from 0 Hz to 1000 Hz wih step of 10 Hz. Due to
the fact that this is a comprehensive model coimgielements of 228 085 and 190
927 nodes, the harmonic analysis is performed famlywo revolutions 1600 min-1
and 2200 min-1.

Given that during the experiment and writing ofstiwork, it was not available
any measuring device for visualizing of the surfait®ation (acoustic camera), the
calculated results have been compared with resnlitsined in [1]. In that
publication is the Campbell diagram of normal véioat the point of the engine
block surface.

In the figures below, there are pictures repreagnthe comparison of normal
velocity vibration of engine's surface for the sede revolutions at selected
frequency.
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Figure 20 Mobility for 30 Hz

From the above picture, in comparison with the lteso the Campbell diagram it
can be seen, that for the visualized point aredhelts qualitatively consistent.

1600 rpm 2200 rpm

Vir= 51075 00
s

A |
min max
Figure 21 Surface noise level

Integral vibration of surface for the frequencygarand revolutions it is shown in
Fig. 21. The characteristic value for the wholeieagit is the mobility, which in
case 1600 min-1 is 90,66 dB and in case 2200 nsnt33,65 dB.
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8 CONCLUSION AND DISCUSSION

In presented thesis, it is at the beginning evadnadf the current status. In the
next section, it is presented a design of electradyc vibration exciter, which is
used for experimental verifying of calculations addtermination of dynamic
properties of the structure. The principle of thetmod bases on processing the
results of harmonic analysis. Detailed descriptives the chapter 5. In the last
chapter is on three examples shown a possible iseeomethod and presented
potential pitfalls and problems. One of the exammpke purely experimental and
others present method of solving practical problems

The above mentioned examples describe the methwbdhanway of determining
the acoustic properties of either the powertrainiter individual components.
Accurate qualitative comparison was not possiblenttke due to the insufficient
laboratory equipment. However, the method has ateqeompliance of experiment
and measurements for qualitative comparison.

By this procedure, it is possible to determine ghantitative levels of generated
acoustic emissions and thus the mutual comparidomdividual engineering
designs. This would require the use of modern nutlod visualization, which is the
acoustic camera. On the other hand, it should e iakcluded in the calculations
other elements that influence the noise and vitmati characteristics of objects or
the whole structure. To the most basic, it is gmesio include the impact of the
operating fluid, changing of properties dependingemperature and as well impact
of internal interaction of excitation to the spreddibration and noise.

The advantage of this method is mainly the relasuaplicity and speed of
comparison of individual load step, variants oreotimodifications. In using of
implementation as indicated in this work, is thislu§on unsatisfactory for
complicated structures (see the time of the cdlicumaof engine). Speed up of
calculation by using the FEM is possible only bguetion of model. This can be
achieved by simplifying or omitting structural diétaor by coarser mesh. However,
both solutions involve the increasing of uncertaiot the calculation. The second
way to speed up, it is to use for processing ofctileulated results another way. As
appropriate, it appears to rewrite a debugged sotwde either from Matlab to C +
+ or to Fortran. In them, it is possible to spepdhe calculation in some cases more
than 10 times.

This thesis presents initial analysis and a ongasdsible approaches to the
analysis of acoustic properties. It is not baseddwmact evaluation of generated
noise, but on the evaluation of surface vibratibhe work is the basis for future
development to solving the issue. The developmeunldcmove towards the use of
normal velocities to obtain the changes of the sattoupressure around the
investigated object. Another option is to focus iocreasing the accuracy of
calculation results. One option is also extensibthe method on the determination
of the dynamic properties of the system, and aeafi basic database of these
parameters that would be used in the design of eegineering solutions in the
future.
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The objectives of the dissertation thesis, whicls wpecified at the beginning,
have been met. The result is a designed methodadfiaion of noise (vibration),
with the basic application and presentation of tésults. The whole method is
created in such a way that allows its use by tbe $oftware; therefore it is open to

further development.

28



[1]

[2]

3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

REFERENCES

NOVOTNY, P. Virtual engine — a tool for powertrain development, Habilitation Thesis.
Brno: Brno University of Technology. ISBN: 978-80-214-3666-5, 2009, 94 p.

HASSAKK, J. R., Zaveri, Z. Acoustic Noise Measurements, Bruel and Kjaer, Copenhagen
(1979).

BIES, D. A., HANSEN, C. H. Engineering Noise Control Theory and practice, Taylor &
Francis, 2009, ISBN 0415487064.

KELLY, S. Mechanical vibrations: theory and applications. 1st Ed. Mason, OH: Cengage
Learning, 2011, p. cm. ISBN 9781439062128.

BEIDL, C. V.; RUST, A.; RASSER, M. Key Steps and Methods in the Design and
Development of Low Noise Engines. SAE technical paper series. 1999-01-1745.

LANSLOTS, J., DEBLAUWE, F.JANSSENS, K. Selecting Sound Source Localization
Techniques for Industrial Applications. SOUND & VIBRATION/JUNE 2010. [online] [cit.
2011-4-11] URL:< http://www.sandv.com/downloads/1006lans.pdf>.

STEFFENS, CH.; NUSSMAN, CH. Virtual product development techniques applied to
powertain acoustics. Autotechnology 1/2006.

BILOSOVA, A., Experimentalni modalni analyza. Fakulta strojni. VSB-Technicka univerzita
Ostrava.

TUMA, J., Experimentalni modalni analyza -Teorie. $tudijny material. Zapadoceska
univerzita v Plzni. Fakulta aplikovanych véd. [online] [cit. 2011-4-12]
URL:<http://www.kme.zcu.cz/jkana/soubory/Tuma_Modalni_analyza_mereni.pdf>.

VERBOVEN, P. Frequency — domain system indentification for modal analysis. Vrije
Universiteit Brussel, Faculteit Toegepaste Wetenschappen. May 2002.

AVITABILE, P. Modal space article In Our Own Little World. University of Massachusetts
Lowell. Modal Analysis and Controls Laboratory.

MALENOVSKY, E. Potiticové metddy mechaniky v dynamice. VUT v Brné. Fakulta
strojniho inZenyrstvi. 22. zari 2008. [online] [cit. 2011-8-20]
URL:<http://old.fst.zcu.cz/_files_ web_FST/ SP_FST(SVOC)/_2009/ sbornik/PapersPdf/In
g/Dvorak_Vitezslav.pdf>.

ANSYS 12 Help.
MAGNA POWERTRAIN. FEMFAT NVH 3.1, User manual, Magna Steyr.

Vtk User’s Guide. File Formats for VTK Version 4.2. [online] [cit. 2012-4-11] URL:<
http://www.vtk.org/VTK/img/file-formats.pdf>.

29



10 CURRICULUM VITAE
Ing. Richard Ambréz

9th September 1982 in Liptovsky Mikulas,
Slovak Republic

Brno University of Technology
Faculty of Mechanical Engineering
Institute of Automotive Engineering

Email: r.ambroz@gmail.com

EDUCATION

09/2007 — Brno University of Technology, Faculof Mechanical
Engineering, Institute of Automotive Engineering.
Subject of Doctoral Thesis: , Analysis of Powentrai
Acoustic Properties “.
Supervisor: prof. Ing. Vaclav P&t DrSc.

09/2009 — 06/2011Brno University of Technology, Faculty of Busineaad
Management.
Master Thesis: ,Selection of Information System &mall
Company*.

09/2002 — 06/2007Brno University of Technology, Faculty of Mechadica
Engineering, Institute of Machine and Industriakiga.
Master Thesis: ,,Optimization of Cabin Mounting®.

PROJECTS

2011 — 2013 Development of methods suitable for vibration reuaturc of
drive units.

2009 — 2012 Research and development of two-stroke diesel engith
opposed pistons, a member of the research group.

2010 Development of methods for determining the hmatal
losses, Standard grant of Specific research FME BBIFS-
10-2, member of research group.

2009 Laboratory for comprehensive analysis of isizdl losses in
internal combustion engines.

30



2011

2010

02/2011 —

TEACHING

Leadership training of subjects:

Institute of Machine and Industrial Design
CAD I
Design and

Institute of Automotive Engineering
Computational models
Computational methods
Team Project

PRODUCTS

AMBROZ, R.; PROKOP, A.; NOVOTNY, P.: UADI shak
V1,; Electrodynamic vibration exciter.

AMBROZ, R.: NOVOTNY, P.: SBLoader; SBLoader.

EXPERIENCE
NETME Centre

04/2012 — 06/2012Engineering Center Steyr
01/2009 — 03/2012AKTechnology

08/2006 — 08/2009Zetor

06/2005 — 08/2006ABB

SKILLS
Driving Licence: A1,AM, A, B1,B,C, T

Languages Skills:

Slovak Language — native

Czech Languages — fluent

English Languages — pre-intermediate

SW skills:

Very good — MS Office, Inventor, SolidWorks, Proffimeer
Good — ANSYS, MathCAD, AutoCAD, COREL, MATLAB
Basic —~ADAMS, ANSYS ICEM, HTML, ParaView

31



11 ABSTRACT

This thesis deals with the analysis of the acouptaperties of powertrain.
Introduction section contains the theoretical asiahof the physical principles of
vibrations and noise and an overview of the curstaie of solving problems in the
area of powertrain design.

Main part of the work describes the engineeringigesf electrodynamic
vibration exciter, design of evaluation of measwratresults and also the method
of processing the results. Acoustic propertiesema&uated by normal velocity of
surface vibration.

In the final part of this work, there are presentieel samples of the use of the
method in practical examples connected with thegdesf powertrain. The whole
solution is a comprehensive method of analysisaabletfor quick evaluation of the
impact of engineering changes on the acoustic ptiepe
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