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The conference is organised by the University of Zilina. It is the university with about 13 000 graduate and
postgraduate students. The university offers Bachelor, Master and PhD programmes in the fields of transport,
telecommunications, forensic engineering, management operations, information systems, in mechanical, civil,
electrical, special engineering and in social sciences.
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Wheelset and Rail Profiles Transformation

"Mat($ Ba&isin, Tomas Lack, Juraj Gerlici
"University of Zilina, Faculty of Mechanical Engirreey, Department of Transport and Handling
Technology, Univerzitna 1, 01026 Zilina, SlovaKislatus.Bacisin, Tomas.Lack,
Juraj.Gerlici}@fstroj.uniza.sk

Abstract. This article discusses the transformation of thHeeelset and rail profiles depending on the
wheelset lateral position and angle of attaclrofiles used to transform Cartesian rectangedardinate
system X, vy, z in the basic position, then rotdtgcn anglex about the axis z. The last system in transition
coordinate system is normal - tangent.

Keywords: Angle of attack, lateral displacement, wheelseintpof contact, normal, tangent

1. Introduction

The issue of transformation profiles is importasitaa input for the calculation and analysis of
mechanical stress in wheelset and rails contactdNer the profile transformation is desirable in
terms of changing the relative positions of the elhagainst rail. Changes are caused by
a presupposed wave movement of the wheelset, drfvam straight rail to the arc, but also due to
other factors, such as wind etc. Specifically, gemmetric parameters used as input into the
transformation process are: transverse displacegertd angle of attack. The basic computing
element is the transformation matrix used in gepeiguations between coordinate system. The aim
is to achieve expression of profile in the coortingystem normal - tangent in the point of contact.

2. Coordinate systems

Coordinate systems in the process of transformatveruse 3:
X', ¥, z', 3 — dimensional rectangular coordiratstem of the wheel, starting at poini-g~(0,0,0).
X, Y, z, 3 — dimensional rectangular coordinateéesysof the wheel, starting at point,-(0,0,0).
n, t — coordinate system normal — tangent staringoint of the contact between wheel and rail.
The plane created by lines n and t is generallglfgmwith the plane created by lines y and z.

3. The process of transformation

We have a wheel base coordinate system x', yh this system, we expressed the wheel
coordinates: x' =0, y', z' are dependent on dcudat wheel profile. We also have a basic grid rai
system X, y, z, in this system, we expressed thecoardinates: x = 0, y, z are dependent on
a particular rail profile. To begin the processt@insformation is necessary to know the angle of
attacko as well as lateral displacementwheel and rail profiles against each other. AbZateral
displacement yand zero angle of attaak are the points @, Ouneel identical. The coordinate
systems are also identical. Generally it is nag.tieor non-zero angle of attagks a system x', y', z
'rotated to the system x, y, z about axis z of@agls shown in Fig. 1.
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Fig. 1. Mutual rotations of coordinate systems and wheks on the angle of attaek

3.1.Profile projection from the wheel coordinate systento the rail coordinate system

The coordinate system of wheel profile x', y'tmhsformed into a coordinate system of rail x,
y, z. Due to the projection of a circle of the pleopoints to create the ellipse correspondingache
item. The ellipse in profile stands out particwamh the area of the flange. This will create
an envelope, which changes the profile, Fig. 2.

rsinol : 7]:)’

Fig. 2. The envelope of a profile

A profile in the system X, y, z we can get fromdbeelations:

r (simﬁ\/l—tgza(cos¢9tgzy—sin2 @) +tgysin® a cos ¢} 1)

=y COSa COsp —
y=y % cosa 1+tg’asin® ¢

\/1—tgza(cosz #tg’y —sin’ @) +tgpga sing cos ¢} )

Z=r-y'sing —r cosa
y'sing ( 1+tg®asin® ¢

where:
a — angle of attack,
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¢ — tilting angle of the wheelset,
y —angle tangent of point in the profile.

3.2.A point of contact finding

The contact point of the profile is obtained takingp account the envelope profile. The point
thus obtained we determine the longitudinal disgaent of the contact point X in the coordinate
system x, vy, z.

3.3. Transformation into the wheel coordinate system oivheel x', y', z'

We obtained the distance X of contact point indberdinate system x, y, z. At the distance X
of the coordinate system x, y, z, we compute coateis of the remaining points on profile. The
distance X for each profile point in the systemyk'z' transform to a distance of X' corresponding
to each point in the wheel coordinate systeny’, z'. This distance X' is already differeat £ach
point. Between the coordinate system X, y, z ang x2' we use the transformation matffix

cosa s
T=|-sina cor Q, 3)
0 0 1
A*T'=B" (4)

where:

A — matrix of the wheel profil in the X, y, z coandie system,

o — angle of attack,

vy — angle tangent of point in the profile.

B" — particularly matrix of the wheel profile inelx’, y', z' coordinate system.

We obtained the coordinates in the system x', 'y',The coordinates z'(i) are identical with
coordinates z(i). We change the vertical coordmatdased on relationship:

/(i) =r =yr()* -x(@)” (5)

r(i) — radius on ith point of wheel profile,

r — wheel radius.

X(i)' — horizontal distance of the i—th point iretprofile coordinate system x', y', z'.

This recurrent based on relationship (5) we enterdbe system of coordinates X, y, z, but already
at a distance X. Matrix of coordinates will be edIB'.

3.4.The transformation of coordinate system to coordinte system normal - tangent

We obtained coordinates in a coordinate system,xz gt a distance X. Plane acquired
translated coordinates parallel to the plane Whken we do it we use transformation mafroc

1 0 0
Tg=|0 cosy - siry|. (6)
0 siny coy
Solving system of equations:
B*Tg' =N, (7)

where:

B'— profile matrix of coordinates in a X, y, z coordmaystem at a distance X,
N — profile matrix of coordinates in the normal Ag@nt coordinate system.
Multiply the columns of matriB’, N.

We obtain the matril profile in the normal — tangent system (x, n, t).

13



normal direction

i i i
-4D -20 0 oo 40 B0
tangency direction

Fig. 3. A shifted contact point sample at an angle ofcitte6.1 ° in the normal - tangent coordinate system at
a horizontal distance X = 97 mm. Processed in Maiking the transprofwheel.m function file

4. Conclusion

Profile transformation takes place in 3 independgys:

1. Profile determination, taking into account the dape profile with designated contact point
and the horizontal shift X.

2. Transformation points of the profile coordinatetsys x, y, z coordinate system to x ', y', z'
and the acquisition of vertical coordinates z=z'.

3. Transformation points of the profile system x, @tz distance X to the normal-tangent.

The resulting transformation profile in coordinatesmal - tangent is suitable as an input into

the program to calculate the mechanical stredseatdntact between rail and wheel.

Acknowledgement

This paper was created during the processing ofptbgect “RAILBCOT - RAIL Vehicles
Brake Components Test Stand”, ITMS Code 262202202ked on the support of Research and
Development Operational Program financed by Eunogaand of a Regional Development. The
work was also supported by the Scientific Grant dgyeof the Ministry of Education of the Slovak
Republic and the Slovak Academy of Sciences inegtojNo. 1/0362/10: “Research of the
phenomena resulting from a block brake brakingncput on a test stand and of the block
geometry influence on the braked railway wheel ipgoshape modification” and the project
No. 1/0376/10: “Research of the railway wheels ifgsef geometry modification due to an
operational load with the help of a computer sirtiatd.

References

[1] BORGEAUD, G. DieFihrung des Fahrzeuges im Geleise und die Vorgamgschen Rad unfd Schier@l.M
Technische Mitteilungen, R. Spies &Co Wien. Julr@9

[2] IWNICKY, S. Handbook of Railway Vehicle Dynami€RC Press, Taylor&Francis Group, Boca Raton, 2006
[3] DUKKIPATI, R. V. Dynamics of a Wheelset on Roller Righicle System Dynamics,, 3wets & Zeitlinger 1998

14



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Hybrid Propulsions and their Use of Rail Transport

" Lubo$ Bartik, Daniel Kaliték
" University of Zilina, Faculty of Mechanical Engeréng, Department of Transport and Handling
Machines, Univerzitna 1, 01026 Zilina, Slovakiaygbs.bartik, daniel.kalincak}@fstroj.uniza.sk

Abstract. This article deals with hybrid propulsions. It fgs up possible solutions of problems with
effective use of unused energy in the railway ehécea. The results of use alternative sourcesefgy or
application of different type of hybrid propulsiane reducing consumption and emissions. This arsiztes
existing solutions of hybrid systems with their dgstion and results of measurement which were made
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1. Introduction

Today we witness enormous increases in prices ef. faurther there is also a growing
emphasis on reducing emissions arising from themhwustion. Therefore it is important to deal
with the idea of reducing fuel consumption in tyaors. Substitution of fossil fuels with alternative
fuels (Liquefied Petroleum Gas, Compressed Nat@as, Ethanol, Methanol, Hydrogen), or
extending the use of unconventional energy soyegsuel cells) seems a perspective solution.

Today the alternative fuels are used seldom inadmer of traction railcars. It is mainly natural
gas, which is among the fossil fuels but its resgrare bigger than those of petroleum. Also in
vehicles which use natural gas for its drive ip@ssible to use biogas of similar composition. But
the use of natural gas does not solve problem gviéenhouse gases (& OTherefore advanced use
of hybrid drives seems to be a good solution tseh@oblems.

2. Hybrid propulsion

Each system using more than one energy sourceve awehicle is considered to be hybrid
propulsion. The most commonly used combination erernal combustion engine, batteries and
electric engine. Drive system with this configuoatin the traction railcars allows:

» storage of energy gained by electrodynamic brakimdjits utilization,

* installation of a primary power source with sigogtly lower output as in the case the of
classic traction drive,

» operation of primary source of energy in optimurgimee from the point of view of fuel
consumption and emissions,

» shutting off internal combustion engine during siiag, auxiliary equipment are powered
by energy accumulated in batteries,

» work in closed halls for traction railcars withomtnning internal combustion engine
leading to better working conditions.

Application of hybrid propulsion may not be usefor each type of traction railcar. The
biggest contribution we can expect from shuntirgptootives or urban railcars for passengers with
a lot of stops. Therefore it is important for theasurements to analyze the actual operation of the
internal combustion engine operating modes, runr@ogiliary equipment and subsequently to
designe the optimal power primary source, necessapgcity and power of batteries. This issue is
analysed in publications [1,2,3] etc.
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3. Application of hybrid propulsion for traction railcars

3.1. Mitrac Energy Saver (Bombardier)

Measurements of Mitrac Energy Saver has been ceedidor four years. The prototype
vehicle has been equipped with only one insteasofplanned Energy Saver. This allows a direct
comparison between a bogie drive with energy syl bogie drive without energy storage at
any time. Mitrac contain UltraCaps with long life& and with higher power than batteries.
UltraCaps are connected in series so creating naggg unit with ability to store 9 kWh power
with 72 % of recoverability [4].
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Fig. 1. Left: Power consumption without MITRAC Energy Savight: with MITRAC Energy Saver [4]

In Fig. 1 left side the measured line power consumptionrofgbype vehicle is shown without
Mitrac Energy Saver system. Maximum speed of measent was 50km/h with maximum power
between 80 and 100 kW. The braking energy can patity be recuperated to the network Hig.

1 right side the line power of the drive with Mitr&nergy Saver is show. The measurements have
been done simultaneously on the same track. Theep@ansumption of the vehicle during
acceleration is reduced to 55 kW only. During bngknearly all the braking energy can be reused
(stored into the energy storage and remaining gnsrigd back into the line) [4].

Advantages of Mitrac system [4]:

« reduced energy costs — reduced peak power of hitles is equal to the reduction of
energy consumption (30 %),

« reduced peak power — and subsequent reduced coatevfary (substation, trolley line,
etc).

3.2. NE train, (Hitachi)

HITACHI, LTD. has been developing hybrid drive sysis - aiming to reduce environmental
load since 2001. In collaboration with East Japaivwy Company Hitachi constructed a series
hybrid drive system - combining a diesel engine higth-energy-density lithium-ion batteries and
by mounting this system in a test train called “N&in.” The train body used was a stainless steel
body which was the same as series E127 railcarsahan local lines and powertrain was the same
as series E231. In Fig. 2 left is shows the overved the NE train and overview of energy
management and control system on right side.
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Fig. 2. Left: overview of the NE train, right: overvievi the energy management and control system [5]

We do not give detailed description of the prineiplybrid systems because the range of this
article is limited. The results of tests which wemnducted from May to September 2003 on the
Nikko, Karasuyama, and Utsunomiya lines are follayvi

» designed performance is satisfactory (accelergignformancen=2.3 km/h/s [ at 35km/h],

deceleration performan@e 3.6 km/h/s),

* running with cut-off engine(the car was able toederate up to 70 km/h with the use of only

the battery),

» the car could run with only the engine when thedgtis cut off due to failures,

it was confirmed that the engine stopped when Hrestopped at a station after running for
more than 5 minutes, and that the engine remaiffedh®n the car started again (until it reached
approximately 25 km/h).

In Fig. 3 left we can see results of measurements on litveele® Nishinasuno and Nozaki. The
curve “engine revolution speedhows the engine running. It is possible to ses, tthe engine had
been stopped when the car was at the station Nishito and started to operate when the car speed
reached 25 km/h. After that followed increase eagiatput from 2N (1700 rpm) to 3N (2100 rpm)
when the car speed reached approximately 80 knutthér was engine controlled depending on
the status of charge of secondary battery. Theectsgcondary battery SOC* shows how much
energy was stored in batteries when the brake sed 10 stop the car at Nozaki station.

In Fig. 3 right shows measurement data obtaineth fthe running test conducted between
Nikko and Imaichi stations. There is continuougpslof approximately 25%.. The NE train has the
“holding braking® function that keeps the car spaedler a certain speed level on a download
slope. This brake can be controlled in 2 stageStage 1, the battery absorbs regenerative energy.
In Stage 2, if the battery charge level reacheglalevel, the exhaust brake of the engine consumes
the brake energy.
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Fig. 3. Left: running test chart (Nishinasuno to Nozakight: (Nikko to Imaichi)

According to the simulation, regenerative enerdicieihcy is of approximately 20 %. lig. 4
is shown comparison between the results of the labmuns and the results of running tests
conducted. The values were approximately the same.
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4. Conclusion

Examples of hybrid drive systems used in rail tpams indicate the possible development
direction of these systems in the future. The tssmhich were obtained when testing vehicles with
hybrid drive system NE train, showed that hybrita in rail transport has future. Currently are
running tests with two testing railcars which camtiaybrid drive system, cooperating fuel cell and
battery.
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Abstract. The paper deals with usability and efficiency peab for the chosen solution methods for
mechanical systems with structural uncertaintigdsckvare significantly influencing the analysisuks and
the analysis itself. In the centre of interest Wil the chosen approaches and methods; an applicdtthe
chosen approaches is presented - the first oneymescombination of only inf-values or only suphwes;
the second one presents full combination of allsind values; the third one uses the optimizing ggs@s

a tool for finding out a inf-sup solution and lasie is Monte Carlo technique as a comparison tool.

Keywords: Uncertain structural parameters, MATLAB, Monte IBamterval arithmetic.

1. Introduction

Generally, it is possible to say that each engingeproblem encounters uncertainties in
various forms, e.g. in geometrical parameters, nateonstants, loads, etc. Many of those
uncertainties are based on physical imperfectitres,general diversity and complexity of natural
phenomena and of course our ignorance or inabiitprecisely describe characteristics of the
investigated problem.

Uncertain parameters appear mostly as random Vesiaind thus are described in the terms of
stochastic approach. But without the knowledge hid probability density and the nature of
distribution we are forced to use another approadhch could describe the parameters with the
mentioned restrains and at the same time contdfitisat information about the character of the
uncertainty.

Alternately to the use of probability methods we ese imprecise probabilities [4] and the
possibility theory, which involves the theory oterval numbers [2, 3, 5, 6, 7, 8], fuzzy numbers
and fuzzy sets [9, 10]. Without the informationtb& relevance of the data on the interval, we
cannot use the fuzzy approach, but are still ablaige the interval approach to describe the
uncertain parameters, which are considered as wrkbat bounded with lower and upper bounds.

Our short study proposes algorithms for modal gettsal interval computations of FE models
and their effectivity analysis in view of the inputcertainty degree (2%, 5%, 10%, 20%).

2. Computational methodsfor interval analysis

If we want to use interval arithmetic approach, warcertain number is represented by an
interval of real numbers [2, 3]. The interval numsbderived from the experimental data or expert
knowledge can then take into account the unceirgsim the model parameters, model inputs etc.
Complete information about the uncertainties inntedel may be included by this technique and
one can demonstrate how these uncertainties areegsed by the calculation procedure in
MATLAB.

During the solving of the particular tasks using timterval arithmetic application on the
solution of numerical mathematics and mechanicalblems, the problem known as the
overestimate effect is encountered. Its eliminatiorpossible only in the case of meeting the
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specific assumptions, mainly related to the timiciehcy of the computing procedures [3, 4].
Considering uncertain parameters in interval fosome solution approaches already used or
proposed by the authors are analyzed [9, 10]. Tded 3 to present algorithm description and
comparison study of the following numerical methods

* Monte Carlo method (MC) - as a comparison tool,

* asimple combination of only inf-values or only stgdues (COM1),

» afull combination of all inf-sup values (COM2),

* a method which uses an optimisation process a®lafdo finding out a inf-sup solution

(OPT).

Monte Carlo method (MC) is a time consuming buiatde solution. Various combinations of
the uncertain parameter deterministic values anergéed and after the subsequent solution in the
deterministic sense we obtain a complete set dilteegprocessed in an appropriate manner.
Infimum and supremum calculation is following

inf (F)=min of allresultsF (p, ), where i=1,..,m and m=5000+100000
sup(F) = maxof allresultsF (p, ), where i=1,..,m and m=5000+100000

Solution evaluation in marginal values of intergaframeters (COM1) has its physical meaning
for many engineering problems. We consider an amrovhere the extreme output values are
obtained by the application of the extreme parametkies on input. That means that the inf-sup is
obtained using the deterministic analysis for imfsoip of input uncertain parameters. Inf-sup
calculation is

inf (F)=min of [F (E) F (T))J and  sup(F)=maxof [F (E) F (B)] 2)

Solution evaluation for all marginal values of & parameters (COM2) which is also based
on the set of the deterministic analyses appeatheasnore suitable one. The marginal interval
parameter values are considered again but thenohfsap values are also combined. The method
provides satisfying results and can be marked kable, even if there is still a doubt about the
existence of the extreme solution for the uncenp@rameter inner values. Solution for two interval

numbersp, =(a, b) and p, =(a, b,) may be found by this computational way

inf (F)=minof F [(a a,), F(a,b,), F (b 2,), F(b,b,)]
SUp(F):maXOf F [(al az)’ F(al bz)’ F(bl az)’ F(bl bz)]-

The method of the inf and sup solution using thenogation techniques (OPT) is proposed by
the authors as an alternative to the first andhéathird method. It should eliminate a big amount o
analyses in the first method and also eliminatesptioblem with the possibility of the inf and sup
existence inside of the interval parameters fordaerministic values. Computational process for
two interval numberp; andp, may be found as follows

inf (F): F (pOPT)’ i.e.find por sothat F (popT) - min,
SUp(F): F (pOPT)’ i.e. find Popr sothat F (popT) - Mmax.

(1)

3)

(4)
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3. Solving of trussstructurewith interval parameters

Considering different uncertain parameters the migaleinterval stress-strain study of a three—
dimensional truss structure (Fig. 1) was performed.
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Fig. 1. Analyzed truss structure, dimensions in [m]

As the interval uncertain parameters were the esestions of the trusses considered. Because
of the computation memory and time demands, fiftg bars have been split into 7 cross-sectional
groups. All other parameters were considered dainer

Certain parameter€ =200" Pa: =03, p=7800kgm>=, §=10".
Uncertain parametersf :[002, 005, 010, 020],

A =3500010° [fl+xf,) m, A, =30000107° ({1 +xf, ) m,
A, =2000010° [fi+xf, ) m, A, =18000107° {1+ xf,) m,
A, =1000010°° [fL+ xf, ) m.

A, = 2500010° {1 + xf, ) m,
A, =1500010° [f1 + xf, ) m,
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Fig. 2. Stresses solutions on bars No. 5 and 36
U”rfte;ta' o MC oPT coM1 CoM2
204 5 | <25.010 26.030 > < 25.010 26.03(<>25.010 26.030 p< 25.010 26.030 p
36| <-0.104 -0.097 3 <-0.102 -0.096 %-0.103 -0.099 >< -0.106 -0.096 >
5% 5 | <24.754 26.853 > < 24.946 26.85324.295 26.853 p< 24.295 26.853 p
36| <-0.110 -0.095 >3 <-0.106 -0.090%-0.107 -0.097 »<-0.115 -0.090 »
10% 5 | <23.264 28.345 > <23.191 28.34x23.191 28.345p< 23.191 28.345 p
36| <-0.118 -0.085> <-0.130 -0.079%-0.113 -0.092 »<-0.130 -0.079 »
20% 5| <21.258 31.888 > < 21.258 31.88821.258 31.888 p< 21.258 31.888 p
36| <-0.158 -0.071 > <-0.150 -0.086%-0.127 -0.085 »<-0.167 -0.062 >

Tab. 1. Stress inf/sup results for the chosen bars [MPa]
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4. Conclusion

The paper presents the interval arithmetic apptinabn structural FE analysis. The interval
arithmetic provides a new possibility of the exaation of quality and reliability of analyzed
objects. In the paper authors investigated pogs@silof the stress-strain solution of models with
interval cross-sectional areas of the truss stractli shows the solution efficiency for solving
problems including uncertain parameters with aotaxiwidth of the interval.

The analyses results can be summarized as follows:

« COM1 method gives satisfactory results and can dseribed as reliable for this kind of
analyses, although doubt arises in the sense oéxistence of extreme solution for inner
values of uncertain parameters,

« COM2 method provides decent results, but it istiahidue to the exponential growth of the
analyses number for complicated problems, oncenaggées doubt in the sense of existence
of extreme solution for inner values of uncertaamgmeters,

* OPT method provides good results and is suitabledomplicated problems because it does
not need so many analyses as in the cases of therlOM2 methods.
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Abstract. The use of an impact hammer is the simplest astega method of inducing construction
oscillation. As standard, impact hammers are gupdpwith sets of exchangeable tips of various feases
and heads of various weights, with the use of witieh possible to influence the frequency range vel

of inducing force. A comparison of the influendelese exchangeable tips and weights of headsudiét
hammers was carried out on a steel frame whictedeir placement of machinery equipment.

Keywords: Oscillation of mechanical assemblies, experimemiadial analysis, impact hammers.

1. Introduction

An oscillating motion is an accompanying event dgrihe operation of almost all machinery
equipment. In the majority of cases, it is unwdnteApart from decreasing the life time and
reliability of machinery equipment, in many cades oscillating motion has an adverse effect upon
the quality of the products. Understanding anahgisnethods in dynamic analysis of mechanical
assemblies, with which constructors must be familaan subsequently allow construction to
proceed in a manner to effectively suppress unwilaogeillation and provide peaceful operation of
constructions.

2. Experimental modal analysis

Experimental modal analysis is a process of expartal determination of modal parameters
(self frequencies, weights, firmnesses, buffersitgpe of self oscillations) of linear time invatian
systems. Experimental modal analysis is often dsedesolving dynamic problems, oscillations
and acoustics, which are not resolvable analyticalt includes the theory of modal analysis, an
expression of the relationship between measuregesahs time and frequency relationships and
also an estimation of modal parameters on the bdsibtained modal data and their presentation in
a suitable format. On the basis of classical tzdmh, the theory of modal analysis theoretically
explains the existence of self frequencies, buitegoefficients as well as modal shapes for linear
systems.

When estimating modal parameters, the majorityunfent methods require data processed in
the form of functions of frequency transfers. Aioaask when investigating dynamic properties is
to obtain information regarding dynamic properttdsmechanical systems from given frequency
transfer functions. At present, modern methodexgerimental modal analysis are available to
determine parameters of a system from measureddney transfers.

2.1. Measurement methods

There are two methods of measuring oscillations:

- measuring only one parameter (usually the levelbb),

- measuring input and the echo at output.

If the values of generation and echo of the contttn are known, the properties of the
measured system can be derived from this datahifihis category, there are several approaches
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to obtaining the requisite data. The most frequgmroach is obtaining data during generation of
the construction at one point (within this methodly one line or column of the frequency echo
function matrix is measured). There are two madifons of this method:

- SISO (Single Input Single Output) — single inpuinisilus), single output (response),

- SIMO (Single Input Multiple Output) — single outputultiple outputs).

Another type of measurement is MIMO (Multiple InphMultiple Output). Generation of
construction is implemented at several points.

2.2. Impact hammers

Impact hammers are hammers which are equipped waitious additional devices allowing
adjustment of the frequency and force of the rasfgenpact effect [1], [3]. An integral part of the
hammer is a force converter functioning on the @pie of piezoelectrical materials which serve to
determine the amplitude of force induced by th&etof the hammer on the construction. The
force amplitude is determined by the weight of H@nmer head and the speed with which the
hammer strikes the construction surface. The frequeange of generation implemented using an
impact hammer is determined by the firmness ofntlag¢erial of the hammer head contact surface.
The resonance frequency of the hammer head steustexpressed by the formula:

(1)

The length of duration of the force effect dependsen firmness (not rigidity) of the impact
hammer head contact surface. A firmer head andrlexeeght of impact hammer causes an increase
in frequency ranges.

- contactsurfaceigidity
hammeheadweight '

2.3.PULSE 6

The PULSE 6 measurement system is a universaltigalig orientated measurement system
for measurement and analysis of sound and osoitlatt provides a platform for a wide range of
measurements carried out by a computer designegrioyl & Kjaer. For adjustment, control and
collection of measured data from the measurementelesoftware supplied with the measurement
device is used. The standard supplied softwatieeisype marked 7700. It provides the possibility
to adjust analysers, display outputs and contrdélerotaccessories. Types of analysers and
accessories depend upon the installed software.

3. Measurement

A network of points was selected on the steel framnethe basis of an analysis of frame
oscillation using the finite element method. Fdustration, Tab. 1 shows some self shapes for
frequencies.

Tab. 1. Self shapes for frequencies

Excitation of a frame was carried out using imgathmers of type 8206 and 8210 from Bruel
& Kljaer (Fig. 1).
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Fig. 1. Impact hammers type 8206 and 8210

Rubber, plastic and aluminium extensions were usedhe tip of the type 8206 impact
hammer. A large, type 8210 impact hammer is sugpl&h four extensions labelled as soft,
medium, tough and hard. The measured structure geasrated by the impact of the impact
hammer in points 1 to 6, whilst the measuremenhotetvas gradually repeated using all available
impact hammer tips. A triaxial acceleration sengas placed at reference point A (Fig. 2).

Fig. 2. Positions of reference points

From the obtained data, it is clear that the rigiddf the type 8206 impact hammer tip
significantly influenced the shape of time devel@otof generating force (the lower the rigidity of
the tip, the wider the impulse and less sharpnéseak of development). The greatness of the
generating force also depended upon the rigidityheftip used. The higher the tip rigidity, less
generating force was required to sufficiently datd the measured frame.
Generating force

Impact hammer

Impact hammer tip

(N)

rubber 151
8206 plastic 122
aluminium 58

Tab. 2. Comparing of excitation forces for type 8206 impa@mmer

Type of impact

. aluminium
hammer tip

rubber plastic

Shape of i i
generating T ]
force : L
developement

Tab. 3. Generating force development for type 8206 imbachmer

When generating the construction using type 82fgelaerformance impact hammer, the time
developments of generating forces had similar agreknts as when using type 8206 impact
hammer. The width of force impulse depended upenritidity of the tip used (the greater the
rigidity of the impact hammer tip, the narrower thece impulse). Generating force also depended
upon the type (rigidity) of the tip used. When lgppg the same energy, the greatness of generating
power was in line with the level of rigidity of thgpe 8210 impact hammer tip used.
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Impact hammer tip Generg\t:)ng force
Impact hammer soft 1660
8210 medium 2740
tough 4600
hard 5620

Tab. 4. Comparison of generating forces for type 8210 ichpammer

After oscillating the frame using impact force imegefined places, the development of
accelerations of point A in directions x, y and ere obtained via an acceleration sensor. The
shape of individual time dependency was influeniogdhe greatness of the generating force and
the rigidity of the tip used. The measured data then processed using the PULSE 6 measurement
system which resulted in frequency dependence pfiardes of point A accelerations. When using
a type 8206 impact hammer with a rubber tip, tlveeee problems in reading the values of higher
self frequencies from the obtained frequency depeoel of amplitudes of point A accelerations.
The frequency range is influenced by the weighthef impact hammer and the rigidity of the tip
used.

Type of impact hammer tip rubber Plastic
‘ Workng. amar A3t 1T 1. o pist A FET
i T
Frequer_1cy deper_1den_ce of point A ; }‘i i‘ :‘ in / J\ 1‘ \”\ “‘ i ‘!LF ‘n i M
in the x direction i i i Ul‘\"\ T ﬁ,\(ﬁ\ M ;‘ M H AT

| | |
1 T W AT Y

()
e A i MM | ”W“'ﬂ T

|
I
i

U
D: w 'MZ\

!
00

Tab. 5. Frequency dependence of point A accelerationarxttirection when generating a frame in place

4. Conclusion

The frequency range is influenced by the weighthefimpact and the rigidity of the tip used.
Force amplitude is determined by the weight of hlaenmer head and the speed with which the
hammer strikes the construction surface. A chandke level of impact force can be influenced by
a change in size (weight) of hammer head. In casising a very rigid hammer, input energy will
cause a too large frequency range at output wpdésdt of the frequencies will be outside the range
of our required frequency range. The greatestlprolzonnected with the use of impact hammers
for generating a construction is ensuring compkaat individual generating effects which is not
only related to the same force amplitude induced bammer strike but also maintaining the exact
position where the hammer comes into contact whil ¢onstruction surface. It is also very
important to avoid a so called double strike. A loleustrike causes significant problems when
processing the signal and influences the measuwatd When choosing an impact hammer tip, the
fragility of the construction surface and functibtyaof the measured construction should be taken
into account.
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Abstract. In this article theapproach to maintenance of technical objects TPMlimtaoduced. Chosen TPM
coefficients were calculated. On the base of TPMffaoents its effectiveness was estimated. Thatoks
using PAMCO coefficients the utilization of workirtigne machine was researched. The period of researc
embraced one year and the object of the analysiglveamachine for wood production.

Keywords: TPM, OEE, utilization conditioreAMCO

1. TPM coefficientsfor circular sawing machine

TPM (Total Productive Maintenance) is an approaxisdrvices of technical objects and its
equipment. One of the most important aims of inimdg TPM is the identification and aspiration
for elimination the losses which are caused by anemical maintenance of technical objects.
These losses concerned: time, speed and the quidiityugh elimination these losses it is possible
to improve the productivity of plant and equipméht The TPM coefficients are the measuring
instruments that are designed for evaluating affensess work machine and they are calculated on
the base of their performance. They are applyingctessibility in the meaning of active work of
machine, utilization in the meaning of planned ergentages loading and the quality of produced
by the machine products [2, 3].

Assessment of actual effectiveness of circular sgwnachine was carried out in one year
period. In the evaluation of maintenance perforneatite overall equipment effectiveness (OEE) is
the most important and is used as metric to evaltie manufacturing capability and is a function
of equipment availability, performance efficienaydathe quality. The OEE coefficient - Overall
Equipment Effectiveness is a key standard concgreifectiveness of machines, individual posts,
production teams as well as assembly lines uséaeiTPM program. One of the main aims of the
TPM improvement program is to reduce or eliminateNbajor Losses:

- Break down,

- Changeovers,

- Availability loses,

- Speed losses,

- Short stoppages,

- Quality losses.

It allows precisely locating the area which requattention and, in effect, increasing the
equipment effectiveness. The OEE factor shouldré&téd as internal unit that allows estimating
the improvement or deterioration of the situatiohiler comparing to the situation dating on
different period of time on the same productior]idevice or group of devices [7].

On fig. 1 was introduced average value of the dadiefit of exploitation (WE), the performance
coefficient (WW), the quality coefficient (WE) aride overall equipment effectiveness (OEE) in
one year period.
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Fig. 1. TPM coefficients value for circular sawing machinene year period.

For researched circular sawing machine the averag@t more than 50% means that from
machine we can obtain half of products, which camdzeived in an ideal condition. An 85% OEE
is considered as being world class and enterpsisesld try to reach it. Very often, the OEE factor
is much lower. The research indicates that theameeOEE coefficient in production companies
amounts 60%. On fig. 2 was shown the losses whailse decrease of OEE coefficient for
researched circular sawing machine in one yeaogeri

Bad quality;

Short stopages; 2.80%

7%\

Speed losses; 9%

Breakdowns;
13%

OEE; 53%

Availability
losses; 6,20%

Changeovers;
9%

Fig. 2. Distribution of OEE coefficient losses.

For analyzed machine losses caused through breasd@nd changeovers has the main
influence on fall of OEE coefficient value. Alscetlquality losses should be reduced because value
2,8% is considered as too high. Elimination of abawention losses can contribute to significant
increase effectiveness of researched device.
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2. Value of PAMCO coefficientsfor circular sawing machine

The PAMCO method (Plant & Machine Control) is anportant tool for evaluation the
efficiency of working time machine. According teetRAMCO method time is divided on kinds and
individual coefficients are counted using it. Oe thasis of PAMCO coefficients companies may be
accounted for their tasks and target in producteorg their results can be compared with other
manufacturers and enterprises. In the aim of thegmtation the utilization of work time machine
and capacity company the time has been dividedseteral categories, which constitute the basis
for calculating their particular fcoefficients amdtes, providing the complete and clear picture
utilizing the operating time of machines. It is dder evaluation efficiency of machines in diffeten
enterprises [4]. Chosen PAMCO coefficients for wiac sawing machine were calculated. The
value of coefficients PAMCO: Operational Efficiend§DE), Operational Utilization (OU),
Production Utilization (PU) and Effective Utilizath (EU), were counted from formula introduced
in study [1, 5]. For determination PAMCO coefficisrdate from 12 months were collected. The
average values of chosen coefficients were showiigo8.

100

. W
l/' \/‘\A\Y /‘—_‘/‘\A —a—EU

60 1--

Coefficients value, [%]

50

40

1 2 3 4 5 6 7 8 9 10 11 12

Reseach period,[month]

Fig. 3. Value of PAMCO coefficients for circular sawing nhae.

From received analysis results that machine i<edey utilized. Shows about it high level of
average coefficients PAMCO - Operational Efficien(@E) oscillated about 95% (optimal value
about 91,5%), - Operational Utilization (OU) anddgtive Utilization (EU) reached about 70%
which nominal value should be more than 50%. Thesdficients testify about high utilization of
machines working time. It should be shown that llexfeindividual coefficients were subjected
significant fluctuations in individual periods. Espally it concerns Operational Utilization (OU)
and Effective Utilization (EU). In first four monghof the year the value of this individual
coefficients was increasing but in following montkisen the production level was reduced also the
coefficients values were smaller.
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3. Conclusion

From conducted investigation results that the @csawing machine is utilized effectively. As
a result of the comparison analysis concerningrivethods of production equipment effectiveness,
that are the TPM and PAMCO coefficients we receidéterent results. The TPM coefficients
enable evaluating of device effectiveness with degard of three components: availability,
performance and quality and value of the most ingmdrcoefficient (OEE) reached value 53%
what is considered as an average results. The PANREEDIcients estimates only the usage scope
of (total) device working time while omitting theuajity aspect of the device and the most
important coefficient Effective Utilization (EU) itee 70% means that the machine is utilized in
very effective way. The advantage of the OEE faddull and real perception way on production
equipment effectiveness, enabling identificatiohsain problems within the scope of devices and
instruments, what allows to direct improving adtes. The advantage of the PAMCO coefficients
its universal character, formulating equal comparisriteria. It should be also noticed that machine
utilization is not rhythmical. There are ungroundgolppages, especially not planned. Despite good
results, the values of individual coefficients sldobe constantly monitored. It will allow quickly
reacted while wrong effect of working machine viaé noticed. Nevertheless, the average value of
guality level nearly 3% shows that researched @rcsawing machine manufactured a high level of
incompatible products.
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Abstract. This paper presents numerical modeling of compakiteage. The damage model is implemented
in ANSYS software for a one dimensional bar elemehtreturn mapping algorithm integration is
implemented in conjunction with plane stress elenfANE182. These subroutines should be linked with
the ANSYS program beforehand.
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1. Introduction

Composites of the future will offer many advancegerothose in use today. Composite
materials reinforced by fibres are important malsripossessing excellent mechanical and also
thermal and electro-magnetic properties. Composiiéis the highest stiffness and strength have
continuous (glass, carbon, Kevlar or aramid) fibemsbedded in thermoset (polyester or epoxy)
matrix. Fibers carry mechanical load, matrix traitsnhoad to the fibers, insures ductility and
toughness, and protect the fibers against damageddy manipulation or surroundings.

Techniques for numerical simulation of the behawbrcomposites, mostly based on finite
element method (FEM), are today becoming routinelgd by ever increasing number of design
engineers [1,2]. However, the composites failuréega currently available within most
commercial FEM packages suffer from limitations @&ming on accuracy, range of application
and/or ease of results interpretation. Other affectumerical methods for simulation of composite
materials an composite structures are describgi4h

This paper presents numerical modeling of compakiteage. The damage model is implemented
in ANSYS software for a one dimensional bar elem@nteturn mapping algorithm integration is
implemented in conjunction with plane stress elenReRANE182.

2. Numerical modeling of composite damage

A number of material modelling strategies existptedict damage in laminated composites,
subject to severe static or impulsive loads. Brpatilley can be classified as [5, 6]:

« failure criteria approach (which can be based eretijuivalent stress or strain),
» fracture mechanics approach (based on energy estates),

 plasticity or yield surface approach,

» damage mechanics approach.

Strength-based failure criteria are commonly usét whe FEM to predict failure events in
composite structures. Numerous classical criteaehbeen derived to relate internal stresses and
experimental measures of material strength to tisetoof failure (maximum stress or strain, Hill,
Hoffman, Tsai-Wu). These classical criteria impleteel in most commercial FE codes are not able
to physically capture the failure mode. Some ofrtt@nnot deal with materials having a different
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strength in tension and compression. The Hashiter@i are briefly reviewed in [7] and
improvements are proposed by Puck and Schurmaomg]Hashin’s theories are examined.

However, few criteria can represent several releaapects of the failure process of laminated
composites, e.g. the increase on apparent sheamg#ir when applying moderate values of
transverse compression, or the detrimental effe¢he® in-plane shear stresses in failure by fibre
kinking. The development of a one-dimensional daamagchanics solution involves the definition:
1) a suitable damage variables, 2) an appropriateade activation function, 3) a convenient
damage evaluation.

3. Thereturn mapping algorithm

A return—mapping algorithm is used to solve foriatles A,5,D,d,D,in numerically
approximated form [9]. To implement the return mapgp algorithm, expressions for
of /1dY,adg/aY,af /dy,0yl0danddY /0D are needed, whergis the damage activation functiov,
is vector of the thermodynamic forcesjs damage potential functiory(d) is the hardening

function, ¢ is the hardening variabl®, is the damage tensor. If we assuieg, the derivative of
the potential function and the damage surface reigfard to the thermodynamic forces is given by:

0

og _of _J1/{;_G.| 1 |2 G, E (1)
aY aY |g G./)aFR Y, G, (F)
s

— M

and the derivative of the damage surface w.r.tldlreage hardening function is

99N oy @
ady 0y
Also, the derivative of the hardening functipw.r.t. conjugate variabléis needed
9y _ &E‘XF{EJ 3)
06 ¢, C,
The derivative of the thermodynamic forces w.he internal damage variables is
oY _0dY  Oc
e @)
oD 0de¢ 0D

Furthermore, the derivative of the thermodynafoices with respect to strain is written as
a_Y = a_Y : 6_6 = a_Y ‘C (5)
d¢ 06 0O:¢ Oo

The following are written in contracted notatiordanultiplied by the Reuter matrix,

0 0 0
(A —| TGV, 20, _ -—oy, (6)
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and
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The damage model can be implemented in ANSYS usitgp USERMAT
subroutineusermatps.f, with plane stress elemdmANIE 182 or PLANE183) and laminate shells
(SHELL181) withintelVisual FORTRAN Compiler 9.1 fovindows.

4. Numerical examples
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Fig. 1. Fiber tensile damage model response
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Fig. 2. Response under in-plane shear stress

Example 1

In this example the one-dimensional bar
representative of a carbon fiber bundle is
implemented in ANSYS using USERMAT
subroutineusermat1.f, available in [10]. An
one-dimensional bar is represented by a
carbon fiber bundle. The nominal stress-strain
response is shown a solid line in Fig. 1.
Fromfig. 1 we can see that the bundle fails at
g = 1.5% andcritical stress value d¢g; =
3060 MPa.

Example 2

In this example the damage model using
a return mapping algorithm integration is
implemented in ANSYS. This model
represents damage caused by transverse
tensile  stress in-plane  shear  stress.
Compression and longitudinal tension have no
effect on damage. Thematerialpropertiesfor
AS4/APC2Carbon/PEEK unidirectional
prepreg are given in table 1.The model
response under only in-plane shear stress is
shown in fig. 2.Fromfig. 2 we can see that the
bundle fails ate.; = 3.2%and critical stress
value iso,= 158MPa.

E.[MPa] E[MPa] | &«

G [MPa] Fx [MPa] | Fs [MPa]

131-16 8.7-16 | 0.28

5.18 78 157

Tab. 1. Material propertiesfor AS4/APC2
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5. Conclusion

The present work has focused on the developmeatfaflure criteria for laminates made of
unidirectional plies under plane stress conditmwhgch has demonstrated to be accurate and to give
useful design information, has been implemented BMNSYS release 11, a commercial finite
element code. First tested example has been saleeé-dimensional bar by a carbon fiber bundle.

Second tested example has been solved the damadgd osing a return mapping algorithm
integration with the material properties for AS4@® Carbon/PEEK unidirectional prepreg. The
obtained results indicate that the existing knogkdon failure mechanisms needs further
development.

Acknowledgement

The authors gratefully acknowledge the support g Slovak Science and Technology
Assistance Agency of the Ministry of Education stgied under number APVV-0169-07 and
Slovak Grant Agency of the Ministry of Educatiogistered under number VEGA 1/0367/10.

References

[1] De SOUZA NETO, E.A., PER], D., OWEN, D.R.Xontinuum Modelling and Numerical Smulation of Material
Damage at Finite Srains, Archives of Computational Methods in EngineeribgNo 4, 311-384. 1998.

[2] KORMANIKOVA, E., RIECKY, D., ZMINDAK, M. SrengthofCompositeswithShortFibers. In J. Murin, V.
Kutis, R. Duri§, editors, CMAS 2009 Proceedings of Internatlo@onference on Computational Modelling and
Advanced Simulations. Publishing Slovak Technicalldrsity, CD ROM, Bratislava, 2009.

[3] KOMPIS, V., STIAVNICKY, M., ZMINDAK, M., MURCIKOVA, Z. Trefftz Radial Basis Functions, Computer
Assisted Mechanics and Engineering Sciences, 18, ¥p239-250, 2008.

[4] ZMINDAK, M., NOVAK, P. Particles Interactions in Composites reinforced by Fibre and Spherical Inclusions,
Communications, Scientific Letters of the Univeysif Zilina, 2009.

[5] DONADON, M,V:De ALMEIDA, S.F.M., ARBELO, M.A,De FARIA, A.R.A three-dimensional ply failure
model for composite structures, Dept. of Mechanical Engineering, InstitutoTeawito de Aeronautica — ITA
CTA-ITA-IEM, Brazil.2009.

[6] IANNUCI, L., ANKERSEN, JAn energy based damage model for thin laminated composites, Composite Science
and Technology66, 7-8, 934-951.

[7] DAVILA, C.G., CAMANHO, P.P., ROSE, CH.AFailure Criteria for FRP Laminates, Journal of Composite
Materials,39, No 4, 2005.

[8] PUCK, A., SHURMANN, H.Failure analysis of FRP laratas by means of physically based phenomenological
models, CompositesScience and Technology, 58, N#3;-1067, 1998.

[9] BARBERO J.E.Finite Element Analysis of Composite Materials, CRC Press, Taylor &FrancisGroup. 2008.
[10]BARBERO, E.J. Web resource, http://www.mae.wvu.bdddero/feacm/, 2006.

34



Transcorp 2011,V 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

State of the Art Tools for Railway Vehicles Systems Dynamical
Analysis Performance

“Jan Dizo, Juraj Gerlici, Tomas Lack
"University of Zilina, Faculty of Mechanical Engineering, Department of Transport and Handling
Technology, Univerzitna 1, 01026 Zilina, Slovakia, {Jan.Dizo, Juraj.Gerlici, Tomas.Lack} @fstroj.uniza.sk

Abstract. The paper is aimed to the dynamic simulation tools for the rail vehicle running on an actual track
simulation. The practical computations performance, contact forces, derailment indexes assessment under
various rail head profiles and rails inclinations computational conditions can be executed with the help of
some special programme packages. The vehicle parameters correspond commonly to the four-or six axle two
or three - bogies wagons or locomotives. The railway wheel tread profiles data can be obtained by the
measurement, or from a theoretical specification.

Keywords: multibody system analysis, computer aided simulation, model, railway vehicle and rail model.

1. Introduction

The analysis of mechanical systems (for example the mechanical systems of vehicles)
performance is permanently very topical. The vehicle dynamical properties are determined with the
help of this analysis during a new vehicle design,

= Croal pars or renewal of an older existing vehicle. The
=u Constrain the parts R . e K
= Define forces acting on the parts Eigen frequencies are characteristic for a vehicle
construction [12]. A vehicle mechanical system
= Measure characteristics is excited with various types of loads in the
u Perform simulations . .. . . ..
» Review animations operation and this is the reason why its individual
= Review results as plots Do resuts parts oscillate. The aim of a dynamical analysis is
« Import test data jomee™  not only to judge the influence of an excitation

V2 (L CICR = Superimpose test data on plots on the mechanical system, but also on the base of
that analysis, to propose and to perform the
= Add fction construction changes of a vehicle for the detected
u Define flexible bodies J : e : .
- ve  negative state elimination or improvement [3].

n Implement force functions
n Define controls

= Add parameirics 2. Dynamic analysis of rail vehicles

n Define design vaniables -

lterate

In this chapter are described in sum

= Perform design sensitivity studies programs that are most used for problem of
n Perform design of experiments

N Optimize bR modeling dynamics rail vehicles: NUCARS,
MEDYNA, ADAMS/Ralil, SIMPACK,
» Create custom menus VAMPIRE, UNIVERSAL MECHANISM and so
LUIGHIEICEN » Create custom dialog boxes on [12]
= Record and replay modeling ' .
operaions as macros Even through every program have different
Fig. 1. Steps in Modeling and Simulating attributes they were all developed specifically for

rail dynamics modeling. Every program includes
different methodology, Wheel-rail model, and analysis method and user interface [12].
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2.1. NUCARS

In the USA has been developed program NUCARS by the association AAR (Association of
American Railroads). He has been widely adopted and has become a standard tool in industry.
NUCARS provides a variety of output options that can be used for analysis derailment and dynamic
stability analysis. As such, it can be used primarily for dynamic rail vehicles analysis. It simulates
dynamic rail vehicles response for individual track conditions. It is capable to predict various rail
vehicles response: locomotives, passenger, transit or freight cars on any type of track geometry,
including special track work such is turnouts and guardrails. Program is ideal for evaluating and
comparing new vehicle designs as well as performing failure analyses such as derailment studies.
NUCARS is also used to investigate and improve ride quality. It is used mostly on the American
continent, mainly in USA and Canada [3].

2.2. MEDYNA

The program MEDYNA began to develop in the year 1979, when a high-speed transport began
to develop by train ICE in Germany. The research institute DFVLR Oberpfaffenhofen and
a German company series partook of it development. Program MEDYNA has been develop for
a rail vehicles investigation primarily. Motions of a rigid body vehicle are relatively small in respect
of a moving included with a vehicle reference system. Therefore MEDYNA is program making use
the formalism with a linearized kinematics valid only for small motions [9]. This limiting is equally
performance for a single rail track vehicles. Inaccuracy is accruing due to the vehicle length or
the train set and due to decrescent radius of a curve. A work with program and a model generation
performs in the editor mainly, a graphics possibilities is only for a several graph and diagram types
limited. A source code of MEDYNA through FORTRAN is available to a user therefore allows it
individual program modifications and extensions [2].

2.3. MSC.ADAMS

The start of the development program ADAMS reach
by the year 1977 when the firm Mechanical Dynamics has
been establish at the University of Michigan in USA. It has
been dealt with the program development and aid. The
ADAMS in nonlinear 3D dynamics rigid bodies program
what at time provides specialized packages as well as
interfaces to another technical and structural programs. The
creators of this were centered the most on the application at
the automobile industry, but it is use also it other
mechanical applications [6]. A model creation performs
interactive in the graphics environment and the program
allows a very well visualization and animation possibilities.
: The package for the dynamics rail vehicle analysis,
Fig. 2. Railway bogie ERRI wagon ADAMS/Rail came to be developed in the year 1993 in

created in ADAMS/Rail collaboration with NS Material Engineering (the technical
department of the Netherlandish track) and Technical University Delft in Netherlands. The
company ArgeCare from Berlin has been taken in with collaboration later. This company assures
a program MEDYNA aid. MEDYNA is proposed as the program ADAMS/Rail part. In Fig. 2 is
shown the rail bogie ERRI created by program ADAMS/Rail [1].

2.4. SIMPACK

SIMPACK is the package that has been developed in DLR (Deutsches Zentrum fiir Luft- und
Raumfahrt, Oberpfaffenhofen). The program was developed in collaboration with the concern
MAN Technologie in the year 1987. SIMPACK is used primarily for automotive, railway and
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aerospace industries, engines, wind turbines and power transmission. In every industries is
SIMPACK used for design several components and complete system analysis. SIMPACK can also
consider any external influences on the system, e. g. ground disturbances and aerodynamic loading

[4].

Fig. 3. Trainset model in program SIMPACK

2.5. VAMPIRE

The world development and research center BRR (British Railway Research) has been
developed program VAMPIRE. Nowadays this program is distributedby the company AEA
Technology Rail. The program is specialized only for a rail vehicles and it utilizes a global
coordinate system that moves (as well as refer system in the program MEDYNA) a set speed on
a ideal rail track. A model is building in an editor, a graphic input are utilize for a model control and
for a visual results [3]. It exceed through an algorithm that allows a very short computational time.
This allows a model latterly a vehicles ride at the real time. Additional advantages are jointer
elements advisable for a rail vehicles modeling, special filters package and methods for analysis
results and a very good documentation [8].

2.6. UNIVERSAL MECHANISM

The other computer modeling dynamic system representative is program UNIVERSAL
MECHANISM (UM). It is intended for simulation kinematics and dynamics of planar and spatial
mechanical systems. Mechanical systems are described by means of representing them as systems
of rigid bodies connected by various kinematical pairs and force elements, so-called multibody
systems. Online animation of motion and plots of dynamical performances are available during
simulation. There are lots of measurable dynamical performances of mechanical systems: linear and
angular coordinates, velocities and accelerations, active forces and moments, reaction forces etc.
UM has an advanced postprocessor, which includes linear analysis, statistics, optimization, and
export of results. This program is useful tool for the computer-aided modeling of multibody and
hybrid systems of various types: aerospace structures, robots, railway vehicles, automobiles, cable
systems, etc. UM software includes module for simulation of railway vehicle dynamics:
locomotives, freight and passenger wagons, etc. More than 40 modules of various vehicles were
created. There are diesel and electric locomotives, passenger cars, freight wagons, railcars, subway
wagons and trams[11].

For dynamic analysis rail vehicles and railcar/track interaction are used modules UM Loco,
UM Train/Train 3D, UM Rail/Wheel Wear. UM Loco allows the user to create fully parametrized
models of vehicles, to calculate the critical speed, analyze 3D dynamics of a vehicle or a train in
time domain on straight track or curves with/without irregularities, analyze vehicle Dynamics
depending on Wheel and rail profiles, compute natural frequencies and modes as well as root locus,
create hybrid rigid-elastic models of vehicles and then estimate stress state and damage sum [11].
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3. Conclusion

With the advent of personal computers and fast processors, the use of analytical modeling
programs has become less complicated and far more practical for more users. In this paper are
described a most widely used computer dynamic analysis tools, mainly rail vehicles. The low cost
of computer modeling compared with actual testing is a significant benefit to railcar modeling.
Modeling allows a customer to test a new car design without having to build a prototype and tie up
the track for testing, therefore increasing productivity through saving valuable time and manpower.
The modeling provides equipments for testing such a derailment or jump the tracks also can predict
forces and accelerations at various positions throughout the railcar to predict the ride characteristics
or to evaluate ideas for improving ride.
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Abstract. This paper deals with the design of the test bét&th BCOT. The device will be used for testing
of the railway vehicles' brake components in sinagaconditions. Its parameters create the conditfon

the realization of tests, which will be certifiedh dhe basis of verification testing and measurement
validation. The final examination after completigithe implementation of the test bench will beused on

the study of railway wheel profile and brake blag&ar. This initial design construction is in proggdo
next modifications, which are based on more effic@rangement of components, solutions of funetion
nodes, correction size of components and then negldlce weight. 3D software CATIA V5 R20 was used
for this purpose.

Keywords: test stand, brake blocks, wheel profiles modiftegtrotational rail, computer aided design.

1. Introduction

In recent years the activities in studying progsrtof brake pairs has been significantly
increased in the world. In some countries sped@dliest equipment is build, on which it is possible
to programmatically load wheels, wheelsets, bograbe whole vehicles. Special area in the test is
testing for brake friction conditions analysis.

Braking conditions for testing brakes of rail végcare used to test the actual brake assemblies
and components under simulated conditions. Thexefay mostly replace expensive braking tests of
whole vehicles, which tend to be costly. Much enggh& placed on studying the behaviour of the
friction coefficient and wear. It is therefore nesary to test both parts of the friction pair, emgke
blocks and wheel, in conditions simulating the pleration (speed, contact force, weight of the
vehicle on the brake). Conditions can be simulatedry and wet type of a brake.

Components on the brake bench are tested accotdiagproved international decrees and
programmes for comparison tests UIC 541-4 (apprdwetion testing of brake blocks). The
greater plart of the UIC brake bench allows to carryany test prescribed program up to speed of
350 kmh-.

The issue of the brakes is very extensive and Istilgs new knowledge, which will be
published and gradually put into practice.

1.1. Flywheel test stand UIC

The Department of transport and handling machin€éBMT) Faculty of Mechanical
Engineering University of Zilina has installed flipeel brake test bench, which in year 2000 was
approved by the institution UIC (Union Internatiteales Chemins de fer) in Paris as a universal
test bench category D. It is intended for testingkb blocks, brake discs and drums according to
UIC 541-3 (disc brake) and UIC 541-4 (Brake blocKd)e arrangement of braking bench is on the
figure 1.
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Fig. 1. Scheme of flywheel test brake bench UIC (1- elentor, 2- gearbox, 3 — system of flywhells, 4 — miedor
testing brakes, 5- clutch BKN, 6 — base frames)

2. TheRAILBCOT Test Stand Preliminary Structural Design

At the Department of Transport and Handling Tecbggl (DMT) a project aimed to the
prototype design of the test equipment RAILBCOT tisting brake components of rail vehicles is

being solved.

The design conception of the test bench takesdatsideration several construction options
and adjustments. These designs have to come owtqoirements on the constructed device.
Therefore it will be necessary to establish a distequirements, which help us with decision at
various variants of conceptions to reach the désisult. Requirements for the function of the test

bench are in Table 1.

Requirements Necessity Note
1 Modular construction wish
2 Synchronization functional components| must be Followed during manufacturing,
assembly
2 Control of speed wheelsets must b Variabilitdefice
3 Regulation of an axle forces must be Variabiitylevice
4 | Ease test bench wish
5 Easy, quick replacement wheelset must be Remavireglset, assembly
6 Minimum weight, maximum strength th¢ — must be Selection of semi-finished productd
test bench with the desired properties
7 Compactness of the test bench wish Location in the laboratory
8 Possibility of using commercially ish Lower price
available components WIS
9 Simulation of drivability of wheelset must be Aeling drivability as on the
railway
10 | Evaluation of wear brake pairs must be Mainlte®f measurements
11 | Application of load cells, speed, must be Main results of measurements
temperature, ....
12 | Safety wish Covers, fencing
13 | Other, not specified

Tab. 1. Requirements for the function of the test brakeche

40



Unlike the existing flywheel test stand UIC, thewnéest bench will be operated on the
principle of the adhesive and simulated drivabiityeelset.
Preliminary structural design of the test bendin iBigure 2.

Fig. 2. Scheme of the brake test bench RAILBCOT ( 1 — sewdtor, 2 — gearbox, 3 — rotating rail 4 — braké,u
5 —rear hinge, 6 — front hinge, 7 — supportingniea8 — wheelset, 9 — base, 10 — weight unit)

Alongside design of conception is needed to resskaeral of functional nodes, which are
necessary for the simulated drivability of wheels®bn the railway.

Such nodes are:

— change of track gauge possibility,

— change of attack angle possibility,

— lateral forces loading solution,

— axle loading solution.

Electromotor (1) through gearbox (2), which has mpeit and three output shafts will transmit
the torque and rotate the rotating rails (3). Thases are mounted in bearing housings which are
connected with the frame. The supporting framewifl) hang on two hinges. Rear hinge (5) is a
simpler construction and serves to hold the supipane (7) in the set position. Four brake units
(4) are attached to the support frame. Axle boxesnaounted on the wheelsets (8), which are
attached with screws to the supporting frame. Aupmetic cylinder creates the necessary axial
force. The front hinge (6) is attached with andtilever wheelset. By pull rod is connected with
axle box - with a supporting frame. A force sensoplaced on pull rod which measures the
longitudinal forces emerging during braking. Theyatér is attached to the bearing box on which is
a force sensor. That is associated with the tramdfeope. Vertical wheel force is inferred weights
(10) and each wheel is loaded with one weights. dtmulation the passing vehicle of arc are
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rotating rails (3) moving off from each other foaxa 16 mm. On this change it is used mechanism
of transverse displacement a rotating rail, whiohbdes a change gauge of track passing vehicles
arc. The test bench is placed on two bases (9).

3. Conclusion

Tests on the brake bench are an integral partsefareh in the area of characteristics of friction
materials. Test bench and tests on them give majaglitative comparative values. They have
replaced expensive brake tests of whole wagonss Ehithe reason why it is given so much
attention to these devices and to their constro@mxesses in more countries.

While proposed braking bench gets a final fornwilt be necessary to implement many new
proposals and modifications. Without using the C&8tem and its optimization methods, it would
be difficult and time - consuming sizing constraoati It follows that deployment of computer
technology in conjunction with CAD systems is innp&ectors invaluable.
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Abstract. The paper presents the FEM model of spur gearimiblute outline. 3D assembly drawing gear
was built in the environment SolidEdge20. Finiteraént Method calculations were made in Workbench12
ANSYS environment, using the module Static struadtudsing the tool contact of Ansys 12 Workbench
software mating area of gear elements has beemebtéPresented experiment provided us the opportun
to apply advanced computational techniques, FEMémprocess of design of whole gear.

Keywords: Spur gear, finite element method, mating area.

1. Introduction

Properly designed and assembled gear should meeg¢dential criteria for the operation,
which mainly include: high durability, steady movem of gear drive components, and low noise
emission. In the context of the criteria mentioaddve, is not without significance the analysis of
mating area of cooperating gear elements. In jgpgctairly common method of control is the
analysis of mating area during the assembly procksole gear. In conducting the measurement
the surfaces of mating tooth were coated with pamt wheels were turned in the direction of their
movement. We are able to observe the results gatieas in adhering to their tooth’s surfaces.
Analysis of mating area at the design stage of geags to the designer a many possibilities to
influence to the design assumptions, dynamic mgatibon and therefore their analysis of the
different and questionable cases, which in prakctiedfication would be very labour intensive and
costly.

2. Gear model — CAD

The model assembly of the gear can be done by usedy-made libraries are available in
CAD software, Autodesk Inventor or Solid Edge. Naithout significance is selecting the
appropriate gear tooth profile. By default, youn asse predefined libraries Solid Edge we are
dealing with an outline of involute teeth. In t&se of significant load -carrying gear and working
at high speeds with such a profile seems to by juditified. In the case of not popular gear model
i.e. circular or cycloid outline it is necessaryn@nually build and create profile geometry of the
wheels cooperating in accordance with the outlinewd. The inclusion in the model of the
assembly to engage the correction in the case lad §dge requires the designer to redesign the
entire model gears manually set the size and typmmwection required. For Autodesk Inventor
library of ready gear components have the optioplating on the modeling stage gear desired size
correction, which in the case of typical desigruiohs significantly accelerates the work
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3. Gear model — CAE

Environment Ansys 12 Workbench is a tool for thevngeneration, having an intuitive
interface, CAD modeling, automatic meshing featu@sd quick access to modify the model
parameters within a single application. The madsiembly of the gearbox has been designed in an
Solid Edge 20, has been subjected to analysislafahévolute tooth outline. To analyze mating
area of gear was used the module Static Strucinallysis. Geometry and orientation of the model
was added to the project with a *. IGES files,viwasly generated in the CAD program, while
importing geometry all constraints and dependencieserved during the construction of the
deposit model are transferred automatically, sodrange and improvement can take place only in
the original production environments file. Ediethle in the module "DesignModeler” will not be
possible. To the simulation was used tool for gsialof solid bodies contact, - “contact tool”.
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Fig. 1. FEM model of spur gear

To produce the form of pressure on contact surfecascessary to load the opposite wheel of
torque. Torque can be applied on any surfaceefiffar, such as a cylindrical hole, or on the flank
- Fig.1. Relevant in this case is to define addaiolocal coordinate systems - the function
"coordinate system" for the axis of rotation of lbbatheels, then a torque can be defined as
a component for the specified axis coordinate syste
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Finite element mesh was generated in the ANSYS Wéan&h environment, according to the
size of the settings as default, also using thel ‘tontact sizing" was carried out density of thiel g
in the region of contact of mating surfaces - Hig.

4. Solution

Analysis mating area of gear drive was carriediouhe contact area between a pair of teeth
from the external tooth contact through the bustesgpoint to the point of the internal tooth cohtac
Mating area was received in the form of pressusg&itiution on contact surfaces of teeth. To the
module design solutions it is to introduce compdséoontact tool" for each of gears K1 and K2,
and for a common solution to the contact - haviathlgeometries. In the components of "contact
tool" project solutions, we can achieve resultsduoyling a bookmark distribution of pressure,
"pressure”. Fig. 2. presents pressure distributiorthe contact surface, shadow area depict proper
mating area of gear drive.

Fig. 2. Correct mating area as a pressure distributiomercontact surface
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4. Conclusions

Application of FEA in the design engineering allogusick verification of construction in the
assumption project, which was to obtain experinlemt@y are often impossible or very time-
consuming and costly. For the analysis of matirepaooperating gear we are able to provide
exact optimization of gear at the design stagelyaisacan be subjected to unusual kinds of shapes
of teeth, gears drive can be subjected to the ciioreat the same time observing the mating area of
cooperating wheels
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Abstract. The paper presents the analysis of utilizatiohigh load capacity worm gear drive which was a
component of excavator. The excavator, equippel witrm gear drive high capacity transmission was us
as a model for analytical investigation. Calculatiof durability of overlapping with largest influesm
parameters of overlapping in work was shown. Fnidile calculation of efficiency of worm gear drivas
made and in the graphs was presented in the functimfluence of others parameters.
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1. Introduction

Worm gear drives have very different uses, andmafound in many devices ranging from
household appliances to complex industrial mackineligh-power transmissions are used as a
component in the mechanism of driving of excavaWechanism of drive elements of excavators is
equipped with worm gears of large sizes and sthengthich can carry working under variable load
for many years. Worm gear has a compact desigrthibatelatively small size allows you to realize
significant ratios, allowing decreasing the weightthe machine. As you can see the designers
have solved the issues of design and constructoanpeters matching worm gear drive, allowing
implementing of movement of these huge machinetigbfe manner as possible.

For the analysis of essential performance parasefagear drive has been used as an example
a worm gear drive — fig.1. with following paramesterated power P = 200kW, axial module m = 20
mm, axis distance a = 510mm, gear ratio i = 14.

Fig. 1. High power transmission worm gear drive - motoreduc
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2. Permissibleload of worm gear drive

Worm gear with defined parameters and a specifieeialsional accuracy of its elements - the
worm and worm wheel, and correctly assembled camsinit the specified load, which quite often
in the literature and industrial practice is reéerito as the limit load gear [1]. At the limit tha
capacity and durability of the worm gear affectgeay large number of factors and to clarify the
boundaries of one or two factors on the robustoéske structure of worm gear drive would be
abuse. Nevertheless, the thesis according to whelhimiting load of gear drive may be the result
of a single factor, is justified and is dictatedthg needs of counteract to various forms of ugme
wear.

Worm gear calculation tests are used to deternmieesafety factor and comparing it with the
rate of acceptable factorBor this purpose is to determine the theoreticéllesa of worm gear
transmission efficiency, limit the time of utilizab of worm gear or as a consequence of the
duration of the reliability of the calculated in amount of mating cycles of worm and worm wheel.
In the operating conditions may occur quite ofterptemature wear of the worm gear teeth and
actually tighten up their tooth will be determing® allowable operating time of transmission of
whole worm gearThe experiment will determine the acceptable arwtifetime of worm gear
and the relationship effect on this parameter aimk distance of the axis of worm and worm wheel.
Calculation of the boundary of abrasive wear ofttegorm wheel also allows different empirical
relationship:

_slo,,[al[N,

SWm - E (l)

max

Where:

s — parameter of the slipping distance

onm — average stress in the contact area

a — axis distance

N_ — number of cycles

Emax - reduced value of elastic modulus

Abrasive wear of the teeth calculated by dependgtjosill take place after a certain period of
time, assuming that the working conditions of tf$mission in no way deviate from the optimum
there must be understood as proper lubricatiorhowit overloading the transmission and with the
correct assembly of gear drive components - worrd awwrm wheel. In the next stage of
computation allowable work time of worm gear wi bpecified.

N, i, 2
" 60

N — number of cycles
iz — gear ratio
n — rotational speed of worm
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Fig. 2. Allowable work time of worm gear drive

Factor having the greatest impact on the valudefrésults of the calculations is the distance
axis of worm and worm wheel — fig.2. For the gedthwhe axis distance a= 510 mm, allowable
work time about 100 000 hours of continuous wor& haen calculated. This quantity is more than
3 times larger than in the case of standard exdizet of gears — for example with axis distance
a=150 mm.

3. Total ideal efficiency

The efficiency of the worm gear drive working asealucer is the ratio of effective work
derived by the worm gear shaft to work supplieth® shaft of the worm [1]. The loss of efficiency
of worm gears mainly is associated with slipping agplacing the mechanical energy into heat but
we should also take into account losses in theimgsgrseals, and idle losses. The most important
parameter determining the efficiency is the andldeight of the helix — fig.3. The formula for
determining the total theoretical efficiency, witbnsideration of losses in the gearbox takes a:form

Pzn
P 3
r‘|Ca3 Pzn + PV ( )

Pzn — analytical efficiency without mechanical kess

Pv — loses factor (includes loses: thermal, fricaig
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Fig. 3. Total efficiency of worm gear drive shown as adtion of height of the helix.

4. Conclusions

To achieve high efficiency and reliability of worthe worm gear drive must be designed on
the basis of computer aided calculation, this esmbicorporate a complicated load distribution in
gear drive, and we can include to calculations rotig@ortant factors as a slip speed, and factor of
definition of type of work — continuous or interteitt. In the case of very large drives evaluation
and research are very difficult because these gdgtas work the intermittent cycle and with very
high and variable worm wheel burdens, which deteaton in the practice are not possible.
Opportunity to compare the actual state of the eratitical description allows refining applied
mathematical relationships and in the future masbén the creation of virtual gear drives with
completely predictable parameters from the uticratspect of work.
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Abstract: In this work are described the possibilities fophaving efficiency of wood pellets production.
The introductory part shortly analyze the properoéwood pellets, combustion and production ofytahts
when combusted it. The production process of wogltkts is simply described in the next part. Thenma
task of this work is to introduce efficiency peilhet lines and cost reduction of the wood pelletsdprction

as fuel with a focus on the effects of adding adest The results of experimental measurements and
properties of wood pellets with different additivae® presented in the final part.

Keywords: wood pellets, additives, efficiency, pellet mill

1. Introduction

The aim of this work is to increase production @ffincy and properties of wood pellets by
addition of additives. This paper contains inforimatabout wood pellets properties, the process of
manufacturing wood pellets, use of equipment witfoeus on the principle of the individual
species pellet mills. It is pointed out, what happeduring the pelleting process and problems that
may occur in this process. The main objective idind out the influence of additives to the
efficiency of production and properties of woodlgisl.

2. Production of wood pellets

Wood pellets are producing from by — product of @qwocessing — wood sawdust. Wood
pellets are made by pressing wood materials at fmigbsure and temperature, i.e. pelleting process.
Production of wood pellets has following proced(s®e Fig. 1.):

» Pretreatment of raw material (separation (hearige and magnetic separator), crushing)

e Drying

» Pelleting

» Cooling

» Storage and transporting

INPUT MATERIAL SILO

MAGNETIC SEPARATOR

DRY MATERIAL SILO HAMMER CRUSHER

WET MATERIAL SILO

HEAT SOURCE
FOR DRYER

PELLET MILL

COOLER

PELLET SILO
PACKER

Fig. 1. Scheme of pelletizing line
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2.1. Pelleting

Pelleting is the most important operation, whidketaplace in the pellet mills. In this process is
done the compaction of raw wood material itself. d/ds pushed through the holes and this
increases the temperature in the facility for 90-2C. At this temperature will start to release
binder contained in the wood (lignin), which hofudlet in due form.

3. Experimental production of wood pelletswith the addition of additives

3.1. Used additives

The fuels produced from biomass must meet certagrgy, environmental and economic
criteria. The forthcoming European Union standawll allow the content of additives up to 5
percent. Manufacturers produce wood pellets withany additives according to established
standards. Disuse of additives is mainly due tddlethat this area has not been adequately studie
and it is therefore necessary to carry out suclemxgnts. The effect of specific additives in the
wood pellets before the experiment can only berasgu Additives affect the pelleting process, the
properties of pellets and combustion of wood pellet

The additives are added to a substance in ordengoove some of its properties. Usually in
practice happens that with the improving charasties occur new deficiencies. It is necessary to
analyze effects of additives on pellets propeffiieseach experiment. In the experiments were used
following types of additives:

Motor oil - is suitable for lubrication, sealing;gbecting and sediment from corrosion, easy to
mix with fuel, but especially given the high burydhogen production with the lowest emissions. It
is expected that the use of oil will reduce friatiwhen pushing material through the holes in the
matrix, which would reduce the electric power oflgtemill and wear of functional components.
Reducing energy intensity pellet mill will increa$e efficiency of production of wood pellets.

Vegetable oil - this oil should have the same e$fems motor oil. Using vegetable oil is
expected to increase the calorific value of pellassthe low calorific value of the oil is high&7(1
MJ.kg-1), compared to the value of clean wood pelle

Cornstarch - the use of this additive should ineeegesistance to abrasion of pellets; pellets
should have a smoother surface, better hardnesthasdhe overall quality.

Dolomite - the addition of dolomite to pelletingogess should reduce the production of SO2
during the combustion of wood pellets.

Sodium carbonate - is used as a means of creatiatkaline environment.

Urea - it is expected to reduce the low calorifdue and an increase in density, marked change
in moisture content and strength of wood pelletsoisexpected.

In this work were produced wood pellets with vagyamount of additives in comparison with
pellets free of additive (see Table 1).

Pellets with additives Amount of additives[%]
Wood pellets - Reference sample | Without additives
Motor oil 05;1

Vegetable ail 05;2;5

Cornstarch 05;1;2

Dolomite 05;1;2

Sodium carbonate 05;1

Urea 0,5;1

Tab. 1. Amount of used additives for production of woodlgisl
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3.2. Experimental production

Each material has different qualities and charesties. Therefore each material will behave
differently in the pellet mill based on its moigtudensity and binding qualities. Below is what a
material should behave like, and what to target ifathe raw material has the correct qualities for
making a pellet, you should see the following tkilh@ppen (see Fig. 2.).

A. The material first enters the pellet mill and conmgs contact with the pressing roller.

B. Some of the material will be compressed underaHherrthrough the die holes.

C. Represents the material carpet that lies betweerdith and pressing roller. As more
material is added to the pellet mill the pressiolder adds this to the carpet. The roller
therefore compresses the bottom of the carpet gihwrthe die.

D. Represents the compression of the material thrabghdie. If the material has the
correct qualities heat and pressure will be produibge to friction, as the material is
compressed through the die.

E. With sufficient friction, heat and pressure a shdgnse pellet will emerge. Once this
pellet cools it will dry and become hard, thishen ready for use.

Pressing pulley /

Fig. 2. Pellet machine process with the correct propesti@ging material (PELHEAT)

3.3. Production procedure

Input material was dry wood shavings from pine waosapplied by an external company. In
tested material was found to be a low moisture en{8-9%). That moisture of input material is
inadequate and needed to be increased to aboud%0Rxperiments revealed that the optimum
moisture content of sawdust is 15-16%. To achiepgnmum moisture content of material was
necessary to add the right amount of moisture. &thes, for 1 kg of dry sawdust was added
approximately 60 to 70 grams of water.

Fig. 3. Experimental pellet mill
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Subsequently, the additive was mixed with sawdostrder to achieve desired amount of raw
input material. Then the sawdust was mixed withitadgdto the nearest 0.1 g, in order to achieve
desired amount of raw input material. Thus preparéotal of 7 samples with additive were further
pressed to pellets in the pellet mill (see Fig. 3.)

4. Analysisof results

4.1. Effect of additives on the input power of pellet mill

The input power of engine is an important factdiluencing the energy intensity pelletizing
lines. The additives affect the friction generatethe matrix of pellet mill, thereby is changitige

input power of engine. Effect of additives on thput power is shown in the table 2.
Sample Input power [W]
Motor oil 3792
Vegetable oil 3830
Dolomite 3830
Cornstarch 3868
Refer ence sample 3907
Sodium car bonate 4060
Urea 4098

Tab. 2. Effect of additives on the input power

The lowest input power has been achieved in the cagellets with motor oil. Significant
increase of input power and friction in the matsias found in the production of wood pellets with
the addition of urea and sodium carbonate. Presampif reducing input power by using
cornstarch have not been found, this value is #jighcreased.

4.2. Effect of additiveson the pellets proporties

To determine the effect of additives on propertésvood pellets are necessary experimental
measurements. Experimentally observed propertiesnasisture content, density, bulk density,
lower calorific value, quality and lower flow tempéure of wood pellets.

5. Conclusion

More test and experiments are necessary in ordiengoove parameters of wood pellets. The
measured results indicate that pellets with sodezarbonate have higher flow temperature in
comparison with reference sample. This can leagdaction of slagging and fouling in the plant.
In the rest of the samples were measured lower teEwperatures in comparison with reference
sample.
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Abstract. This paper describes different types of railwagiler blocks and problems that may arise at their
homologation and implementation into the servi¢epdints out on the possibility of change of cashi
braking blocks for the composite blocks, to rednoise level produced mainly during the brakingrefght
wagons in rail transport. Next, the paper describfigwheel brake bench and presents some resutined
during testing of various brake blocks.
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1. Introduction

Reducing and suppression of noise in railway trartsis still very important subject. These
problems are solved by all areas which are activeilway transport. Whether it is construction
and designing new railway lines where the noiseéseasing in an existing environment, or a
reconstruction and renovation of present railwanedi which are not oriented only to reaching
higher speeds of trains but also to reduce a lefvabise in railway transport. The most effective
way to reduce noise in railway transport is redgaioise directly on a source. Researches showed
that the noise is not created only at braking bsb at a movement of a train. Noise during the
movement is created by roughness and unevennesstuéel and a rail. Unevenness on the tread of
wheel is created mainly by deposit from cast ircakb blocks. During intense breaking, material of
the brake block is melted and attached on the wé#te wheel.

Noise reducing during braking of goods wagons issgme only by replacing cast iron brake
blocks for composite brake blocks. This solutiomet so easy, because it is necessary to solve
some technical problems in this area.

- Alternative product must guarantee desired frictomefficient and keep specified braking
distances as cast iron brake blocks.

- Train set that is braking with different brakingptks must not generate disallowed pressures in
direction of the movement or other effects whioh andesired during the braking.

- Because by braking plenty of heat is created amdposite brake blocks are not able to lead
away so much heat as cast iron brake blocks, tleelwlare more heat stressed.

- Alternative product must be economically attractemed operating costs must not overrun
operating expenses of cast iron brake blocks.

2. Present state

Brake blocks which can replace iron cast brake Kdaare divided into the three categories
according to value of the friction coefficient (K, LL). Brake blocks from the category K have the
higher friction coefficient that is why applicatiaf these brake blocks is limited only for new or
reconstructed wagons with redesigned braking sysBrake blocks from the category L have the
lower friction coefficient as from the category Kthihe friction coefficient is higher compared with
the friction coefficient of cast iron brake blocKdat is the reason, which does not allow replacing
cast iron brake blocks throughout range. Equivateptace for iron cast brake blocks are brake

55



blocks from the category LL. These brake blocksehtine similar friction coefficient as cast iron
brake blocks.

Composite brake blocks are compounding of a poliamaatrix and fillers. Fillers are mainly
metallic and oxide dusts. Fillers are added in otdeincrease heat conductivity of brake blocks.
These types of brake blocks are divided by compoamd thermal treatment into organic and
metal-ceramic (sintered with the matrix of coppefesrum).

Before using of a new type of composite brake dotke approval process according to the
norm UIC 541-4 have to be performed. The basic irements for the geometric dimensions,
mechanical, physical and chemical properties atagalequirements for the coefficients of friction
are prescribed in this norm. There is also desdribe procedure of tests, which consists of two
parts. The tests start by testing of brake blocksvith UIC approved brake bench accordance with
testing programs defined in this norm. The secoad pf the tests runs on vehicles during 12
months long continuous railway operation. It isaies in assessing long-term tests:

- the wear of brake blocks and wheels,
- the emergence of metallic inclusions in the brdkeks,
- the possible deposit of organic composite blockthenvheels, which can reduce the electrical

conductivity between the wheel tread and rail. [4]

3. Specification of brake bench test results

In following text composition of UIC railway flywtet brake bench placed in Department of
transport and handling machines (KDMT), Facultyvtgfchanical Engineering, is described.

6 1 b) 3 8 4 2 I

Fig. 1. The scheme of UIC flywheel test brake bench oKD
Pos.1 Elektromotor (P =265 kWyRy=400 kW, n=3200 1/min)

Pos. 2 Gearbox ( gearing ratioi=1,5, réspl,72,i=25andi=4)

Pos. 3  Clutch BKN

Pos. 4  Flywheel 400 kgfe 280 + 120 kgrf ( 2x5+3x10+4x15 ) ( Base inertia mass 20 Rgm
Pos.5 Flywheel 600 kgm

Pos. 6  Flywheel 900 kg?'n

Pos. 7 Base frame

Pos. 8 Disc brake or wheel brake

This brake bench is approved by UIC since the 2680. It serves for the homologation tests,
certification of the properties of brake blocks dmdke pads of disc brakes and for measurement of
real friction coefficients and heat stress of indiial parts of railway brake. Various other tests a
also made by customer requirements. In followiggfes 2 — 3 values of mean friction coefficients
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for brake blocks COSID 810 and JURID 777 measuredUtC brake bench of KDMT are
described.
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Fig. 2. Values of mean friction coefficients for brake ¢ke COSID 810 of type K [1]
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Fig. 3. Values of mean friction coefficients for brake ¢ke JURID 777 of type LL [2]

4. Conclusion

The graphs show that the middle friction coeffitisnmore stable at the brake blocks type K
than at the type LL. Its value is not so velocitylaontact force dependent as it is seen on pgture
2 and 3, for example by braking No.15 an 16. Batkings are from the velocity of 120 km/h and
the difference is only in contact force. The confacce of 8 kN is for the braking No.15 and the
contact force of 19 kN is for the braking No. 1léheTfriction coefficient differences in this two
cases of braking are for the brake blocks type pr@aamately 0,078 and for the blocks type LL
circa 0,15.
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The maximum mean temperature obtained from threemihcouples, which were evenly
distributed 9mm under the wheel tread were alsoitmi@d at the tests. This value shows with what
temperature the rail wheel is stressed, becauskeofomparatively smaller heat removal due to
lower thermal conduction of composite materialbraking comparison to cast iron blocks.
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1. Introduction

There are two commonly used methods for mechamigaidmic systems identification. The
first of them, based on the drawing of structusethie dynamic version of Finite Element Method.
The second one is an experimental method basect@nndnation of transmission response and
mode shapes of structure using digital Fourieryaeal.

2. Mathematical Formulation of Problem and Its Background

By the experimental identification by means of @ibFourier analyzer there are two essential
steps involved in the determination of the modahpeeters and mode shapes.

The starting point of the analysis technique retieghe estimation of spectra and subsequent
determination of corresponding transfer functiohs.the second step the measured transfer
functions are used to extract the necessary moddbrmation. Anticipating mostly
the stochastic nature of mechanical dynamic syst@xcitation and response, time series methods
and Data Dependent Systems (DDS) [1] approach sedms be very suitable
and effective in the area of dynamic modelling too.

There are two theoretical areas concerning the eabaentioned problems. The first
is a classic approach to the vibrations of meclsmiynamic systems. It is well known, that
in case ofn-degree of freedom systems they are representesiystem of ordinary differential
equations of second order in matrix form as:

MX +Bx +Kx =F(t) Q)

where M, B and K aren x n mass, damping and stiffness matricésx,x and F(t) n-
dimensional column vectors of accelerations, véegi displacements and force respectively. For
the type of solution of this system are essenkial éigen-values of left-side of matrix equation,
which are usually, obtained as complex numbers.réhkparts of them have physical meaning as
damping ratios and imaginary parts are naturalkeegies.

The second theoretical area of theme is theoryoohsstic processes. It was shown in [1], that
any continuous system could be represented (ialarscase) as differential equation in form [1, 2]
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(D” +a,,D"" +a ,D"?+..+a,D* +ao). X(t) =

=(8,D"+ B,, D™ +..+ B,D). Z(1)

for which holds E[Z(t)] =0 and E[Z(t).Z(t - n)] =9(n).o,, wheren, mindicate the order of

the model,D=d/dt is the differential operatorZ(t) is white noise,E denotes the expectation
operator,dn) is the Diracs delta function amris andS's are model parameters.

When such system is sampled at uniform intexdal differential equation (2) becomes a
difference equation

X,—a X, —aX ,—.—anX_, =& —-be, —...-b.6n 3)

(2)

for which holds E(¢,) = Oand E(g,.€_,) =9d,.0-. Values X;, %.1, %2, ... are values of

processa’s andb 's are parameters of the modal, &.1, &, ..., &n+1 are residuald: denotes the
expectation operator and is Kronecker delta function,. Such a model isezhAutoregressive
Moving Averagef order (n, n-1) — ARMA (n,n-1).

It is obvious that parameters of continuous andrdte model of the same process must be
functionally related. The simplest way to exprdss telationship is by using roogs and A; of
characteristic equations of formula (2) or (3). Takationships then takes form as

A =" or u, :§In/li 4)

In case of multivariate systems (mechanical dycasgstems) th&ector Autoregressive
Moving Average — VARMA model is obtained in form [3]:

Ay X, -A X ,-..=A, . X, =¢ -D,.g,—-..-D_, . (5)
respectively in form
(A,-A,.B'-A,.B*-..-A_.B").X, =
=(1-D,.B'-D,.B*-...-D,,.B™).¢,

which can fully express the relationships in stuoetduring its vibrations and wheXe andg;
are vectors of measurements and white noise sé&iiesdD; are matrices of system paramet&s,
is vector of back shift operators,” is matrix of dispersion and reciprocal correlatoand & is
Kronecker delta function. If one analyses a meata@mynamic system with a numerical technique
and its vibrations and exciting forces measurenifoum sampling intervalgit, it is possible to

develop discrete models to describe the relatignsbtween output (vibration) and input (exciting
forces) after Fig. 1.

X 2t X1t
MECHANICAL
> DYNAMIC
EXCITING SYSTEM VIBRATIONS
FORCES
DYNAMIC
NOISE

WHITE ﬁ €11
NOISE

Dynamics of the mechanical system and dynamic®iskens represented by a discrete transfer
function. Supposing non-existence of feed back betwibrations of structure can be expressed in
its excitation (which hold for structures tests) eongets a resulting model
of structure dynamics in form [3]

Fig. 1. Block scheme of mechanical system dynamics
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(1—alll.B— a,,,.B° - .- a, .E’f) X =( A,0% @, -B F 3,

Xy +(1-by B-by, B - oy, BV e,
where attached assumptions shown in formula (5).

.’B) ©

3. The Results of Identification for Two Simple Models

Procedure of statistically adequate models ismggettoncentrated in principle of output signals
substituting (using non-linear least square methat) models of gradually increasing order until
the decreased sum of squares becomes statistcadbgignificant on a chosen level of significance.
Physical meaning of such a procedure is in thaareetrying to substitute the system with a model
with the lowest number of statistically significanbdes of vibrations [4].

During this procedure, each increase of model obyetwo introduces (a further degree of
freedom). If its contribution in not significanhe former model is taken as statistically adequate.
In detail is involved strategy described in [2].eTtiheoretically correct approach mentioned in [1]
and fully developed in [2].

As the examples of this procedure are the resiltislemtification of two simple models —
3 DOF system (Fig2, Tab. 1, Tab. 2) and very simple beam strudfig 3, Tab. 3).

E(t)
_ 1 I F
k o|1 \r§ i30 1 F(t)
Coz2 m v
i s =
K1z § \_ﬁf Ciz
[ mo | [~ e
K2s ? - C2s
I ms |
Kos ‘g \_'_‘ Cos
Fig. 2. Three Degrees of Freedom System Fig. 3. FEM Model (Beam Elements)
X Al A2 A3 A4 A5 A6
X1t 1.5820 -2.8093 2.5325 -2.5329 1.2516 -0.7089
X2t 1.3915 -2.4370 2.0704 -2.1173 -0.936p -0.5819
X3t 1.5859 -2.8081 2.4854 -2.49071 1.2183 -0.7271
Tab. 1. Summary of Identified Parameters of ARMA model
1st Mode 2nd Mode 3rd Mode
ni(Hz) 1 np(HZz) 2 ng(Hz) 3

< | Xt 1.2958 0.04701 1.9647 0.06908 2.7945 0.027H4
E Xot 1.2926 0.03468 2.1071 0.13760 2.8203 0.034p8
< | Xg 1.2941 0.03069 1.9788 0.0488% 2.8152 0.041p63
Real values 1.2926 0.05289 2.0621 0.06664 2.829y 0.059¢45

Tab. 2. Summary of Identified Parameters of 3 DOF system

1% Mode | 2"Mode | 3“ Mode | 4" Mode | 5" Mode | 6" Mode
FEM 8.406 25.873 42.439 103.93% 126.626 126.6R6
ARMA 8.523 26.037 42.238 Non-sign. Non-sign.  Non-sign.

Tab. 3. Natural Frequencies of Beam Structure

61



Above-mentioned procedure of identification usingn#inear least square method
and F-test of statistical adequacy is theoreticatiyrect but very tedious and slow, therefore not
suitable for on-line identification. For this pug® a new algorithm based on theory
of adaptive and learning systems was developedarcessfully tested in [2].

Once having the ARMA parameters of dynamic modetemieined, the procedure
of dynamic performance of structure simulation esysimple. One has to start with generation of
random residuakt, which are supposed to be normally distributedhwiero mean anae
determined from residual sum of squares of the Iindde step-wise procedure looks like.

1. Generate,, X = &,
2. Generate,, X =a.Xi+ £ -b. &,
3. Generates, X=arXo+ax X+ &-by. £5- by &,

(n+1l) Generat&.;, X =arXatax Xat..tanXg+teni-bén--hh &
(k>n+1) Generates, X = ar X1+ axXeo oot an Xen + & - br. &1 -.- Bere Eenit

The way of simulation of vector (multivariate) syist is more complex but essentially the same

2.

4. Conclusion

It introduces problems were proposed and verifiedai frame of grant researciEGA
#9/0430/09 named ,Stochastic Methods of Identifimat of Mechanical Structures Dynamic
Systems” where some possible applications of the propos#htification procedure were
investigated. Advantage of ARMA models utilizaties in fact that their parameters can one
obtains directly from adequate models without neitgsf transfer function determination.

Further, any subjective judgment is eliminated bseathe tests of statistical adequacy are
strictly defined. Results of further problems usm@posed procedure by dynamic analysis and
identification of modal characteristics of mechahisystems showed a relatively good agreement
between theoretical and identified values.

From presented facts one can develop that abowsnshesumptions and theoretical starting
points are correct and developed procedure carceedumber of calculation in an expressive way
and improve efficiency of mechanical structuresaiyit calculation.
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Abstract. The article deals with the thermal conductivityro€ks as an important parameter for quantifying
the potential heat of the rocks. Describes thegdesi the experimental device for measuring thermal
conductivity and measuring procedure. They willrheasure samples of rocks from deep borehole to be
used for obtainingow-potential energy Thermal conductivity of ground will be input valufor the
simulation of heat flows in the borehole using GfBthods.
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1. Introduction

Exploitation of renewable energy is the main treh@1st century field of energy. Earth's heat
is one of the most attractive alternative energy@® Thermal conductivity of rocks is one of the
main monitored physical quantities in the use oftreaheat. It is the physical parameters
characterizing ability of rock to conduct a heagcBuse rock is inhomogeneous three-phase system
has other features vast block of rock, the othet lgang between the major cracks and different
from it the obtained drilling core. Thermal conduity of rocks depends on the petrographic type,
density, porosity and moisture (decreases withegging porosity and increases with greater water
content) and its spatial arrangement. It has eelaayiance and is different in any direction. Its
detection is important for considerations and maztulations of temperature location in the
earth's crust and it has from rock parameters cakdinportance for the dimensioning of the heat
input of heat pumps. Also it has a significant uethce on the depth of the borehole, because the
thermal conductivity is higher, the borehole carsberter.

Thermal conductivity A

wm'K™*
rock ground wm'K?

from to

basalt 1,70 1,70 | dry ground 0,30
granite 1,90 4,00 | dry coarse sand 0,2(
calcite 0,80 3,00 | dryclay 0,14
loam 0,40 1,20 | wet ground 1,90
sand 0,30 1,20 | by water saturate sand 1,72
runite 2,90 2,90 | by water saturate loam 0,88

Tab. 1. Typical values of the coefficient of thermal contivty for the selected type of rock

63



2. Design device on measuring thermal conductivity of rocks

One method for determining the thermal conductiistg stationary method of plate and on its
principle is designed and constructed measuringcdevt is an electrically heated circular
aluminum plate with a diameter of 200mm, which utgs two spiral reel from special resistance
cables. One is located in the centre of plateshaisch temperature its performance is equal to the
heat flow that enters the soil. The second spsréd¢ated at borders of the plate and is heatéketo
temperature;tand its task is to eliminate the marginal effddiemperature field.

This means that heat flows escaping into isolatdlh not significantly adversely affect the
measurement. Resistance wires are connected tal@@ulaboratory power supply of electricity,
which is continuously adjustable output voltag@woiput current continuously adjustable.

To the entire aluminum plate from the top and butis placed measured sample rocks on the
total area S, the total thickness is 100 mm. Thepsa must have the whole length of the same
thickness and parallel surfaces. In order to ensonstant temperaturgdn the outside of the rock,
the thermoplates are placed there. Thermoplatealaminum plates with the diameter 200mm,
which have loaded the capillary tubes with outandkter 4mm. In capillaries with the aid of
circulation thermostat flows cooling water by ogenstantly temperature t

To obtain accurate temperature values on surfaeetrigl plate on either side glued foil
thermometers to measure temperatuyestl to detect temperatugestick foil thermometers on the
inner surface thermoplate. The entire device idaied from surroundings with ISOVER
polystyrene EPS 50 thickness 100 mm.
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Fig. 1. Scheme device for measuring thermal conductfitsocks,1) circulation thermostat Julabo, 2) lattory
sources on direct current, 3) thermoplates, 4)iebadly heated aluminum plate, 5) isolation isof#tS50, 6)
foil thermometers, 7) central measuring station

3. Calculation thermal conductivity

To determine thermal flow in the rock is neededwlalte electric power of spirals. The value
of voltage and current were read from laboratory $2@rce. These date were used for calculation
of direct current power in following equation

P=U.I[W] 1)
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Heat flow, which is transported into the soil isuafto the electrical power and spirals can be
determined from Fourier law
. At —t2).S
Q=22 w, e
All required attributes can be measured, so thatnthal conductivity is then determined from
the simple regard expression from equation (1.2)

_ Q2 KR!
= et)s [W.m™.K™]. 3

eletric spiral

ensuring t: a Q /

= = =
AT <]

A g Lo} ] () L (S T () L
)

-
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/;K

Fig. 2. Arrangement of heater surfaces and heated susfastationary method of plate to determining thdrma
conductivity

4. Conclusion

The objective of measurement was to determine hiertal conductivity of rock cores for
obtaining low-potential heat from rocks. Measuredutts will be used for the simulation of heat
flows in the borehole. We are interested in howythfect efficiency heat pump life and well
recharge in the summer of solar thermal solar ganel

The aim is to assess whether it is effectively gadrorehole in summer. The second objective
of measurement will determine the impact of mosstyorosity and density of rocks on its thermal
conductivity.
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Abstract. This article provides an overview of the constiarctof the turbocharger Garrett GT 1749V.
Particular attention was paid to the descriptiothefdesign and operation of the bearing system.

Keywords: Turbocharger, construction, combustion engine.

1. Introduction

Description of the turbocharger is a general foroocated in order to facilitate the
understanding of issues relating to damage ariGagett GT turbocharger 1749V. Description of
the construction of the turbocharger focuses orsguiing the structure of the bearing system.
Descriptions of the structure housing the turbiné eompressor have been missed.

This article is an introduction to the article: flmence of non elimination causes of
turbocharger failure Garret 1749V for further exggibon of the new component”, by Marek Idzior,
Maciej Bielinski, Tomasz Borowczyk, Wojciech Karpiuk publicaieda Transcom — Zilina 2011
conference.

2. Constructional featuresof the Garrett GT turbocharger 1749V

Described turbocharger is built according to modstandards in force in this type of
structures. We are focused on the fall of the tcinlboger compressor, turbine and part of the central
body. Air compression takes place in a rotating passor, the centrifugal (axial — radial) of the
twisted blades. Compressor wheel is made of alumialioy. Exhaust gases expansion occurs in
the turbine centripetal turbine (radial — axialheTturbine wheel is made of high alloy steel, is
connected to the shaft of the turbocharger. Comspreand turbine rotor with the shaft is shown in
Figure 1.

Fig. 1. Selected elements of Garrett turbochargers 1749\compressor wheel, b) shaft turbine rotor,
¢) set of blades control ring [1]
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Turbocharger shaft is journalled by bearings: slebearings and thrust bearing. Spreads
bearings oil is supplied to the turbocharger frargiee oil main. Oil is supplied to the bearings in
two points, hollow channels inside the body (Fiyj. Radial forces from the reaction of exhaust
gases are transferred the turbine rotor, and mradtirce from the intake air are transferred the
compressor rotor. Bearings bushing are showngurEi2. Bearings bushing are a sleeve bearing
made of bronze alloy, cooperating with the turbogbashaft extension.

a)

Fig. 2. Garrett turbocharger center housing 1749V: a) ggmew, b) cross-sections: 1-flow of oil,
2-channel hollow oil, 3-drain oil [1]

To the contact zone with pin bushings bearingspthis supplied through the holes located on
the periphery of the sleeve. Two grooves on theuaiference of the pan cause that collects in them
ensure continuity of oil in the bearing oil filmh& oil pan comes out with two holes top and bottom
(Fig. 3b). Oil flowing bottom hole is supplied dity to the volume in control ring body the
turbocharger, in which he collects. Opening thefloivs on the surface of the outer sleeve while
receiving heat from the walls. Acetabulum is prtedcagainst rotation wedge, round whose axis is
mounted in the control ring body middle (Fig. 3c).

a) b) c)
2 | 1 2 1

) T i b) T i 2 I 1

Fig. 3. Radial slide bearing bushing: a) general viewpp and bottom hole trailing oil,
¢) method to determine position relativ the body bearings acetabular

Longitudinal sliding bearing is composed of a dhiehade of bronze alloy, both sides
cooperating with steel pins, which rotate togetherrotor. Longitudinal sliding bearing is show in
Figure 4. Oil to the friction zone is fed insidesthollow bore shield bearing the channel flows
created by selecting the surface. Arbors bearingpeessed against the blade axial resultant force
coming from the turbine exhaust gases and commesse the compressor.

Axial force on the turbine shaft is transmittedthe front surface of the shaft neck, and from
the compressor rotor cylindrical surface of the pogssor. The fact that the stem moves the load
bearings surface of the blade determines the esditirce: axial component side of the turbine and
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compressor. At a fixed rotor speed and acceleragigneater than the resultant force on the tutbine
while during deceleration, on the side of the cagspor.

Turbocharger rotor seal is achieved by two segstifrrom the side of the turbine is mounted
in a ring groove on the shatft (it is possible ttation) and the central control ring body (mounted
on a permanent basis). In addition to the ringlen ghaft from the turbine is made of one piece
labyrinth seal.

From the side of the compressor seal ring is saatadgroove made in the stem thrust bearing
(pivot mounted) and the lower part of the compressaising (permanent). The individual elements
of the longitudinal bearing turbochargers are presg on Figure 4b. Deposit with a part of the
rotor shaft and the seals are shown on the Figure 4

2 | 1 2 | 1

2 I i 2 I 1

Fig. 4. Longitudinal sliding bearing: a) disc bearingstt® elements of bearings:
1-pin shaft, 2-spindle bearings of the turbinej:dbearings, 4-pin on the side of the compredsa-helical
part of the compressor rotor, c) view of the asdethbearing assembly

3. Conclusion

Turbocharger ensures the correct operation oinglibearings of the rotor. This function is
achieved by transverse and longitudinal bearing Béaring system is closely connected with the
lubrication system. Turbocharger rotor lubricatgystem has two basic functions, lubricates and
cools the moving parts. Lubricating oil come frone tbus engine oil. From a structural point of
view, this is not insignificant. However, this ingtavas due to by maintenance.
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Abstract. In this article had described a case of damageethby non-removal of a turbocharger primary
cause of failure. The effects within the turbocleairpearing system have been described. Descriptiva
been supported a detailed photographic documentating a microscope. Discussions on the causes of
failure have been conducted.
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1. Introduction

This article is based on research material - turhogers removed from the vehicles operating
under real conditions. The study was carried ouestablishments involved in regeneration and
repair of turbochargers for internal combustionieeg. There was analyzed Garrett turbocharger
business model 1749V. Observation was carried siaguMotic SMZ-168 microscope, which was
equipped with digital video camera Motic 2000. Tgaper presents the construction and principle
of operation of the turbocharger. Damage causedhbyincursion to a foreign body on the
compressor rotor was analyzed.

This publication is limited to the analysis of daggaacaused by the lack of suitable turbocharger
lubricating oil parameters. Descriptions of theusture and working principle have been missed.
Damage in the turbocharger has been resulted terfatlure to comply with the necessary service
actions, which is removing the causes of damagata®anated in oil have not been removed.
Failing to remove the primary causes of damagesesauvapid destruction in the new turbocharger.
This occurrence is commonly noticed in practice.

2. Description of damageto the turbocharger bearingsin place asaresult of
momentary interruption in the supply of lubricating ail.

Turbocharger bearing system is shown in Figure donsists of a set of slide bearings, journal
bearings and thrust bearing. Turbocharger beagatges is shown in Figure 1. It consists of a set
of bearings, the transverse and longitudinal. Bepleeve is made of an alloy of bronze,
cooperating with the valve shaft with a chrome Ist€eease is the oil from the bus engine. Disc
thrust bearing is also made of an alloy of bromo®perating with two pins. Qil is supplied to the
bearings through the holes radially arranged nexhé circumference of the sleeve (4 per side).
The middle hole is used for oil draining and recegvheat from the friction zone. To the thrust
bearing oil is fed from the body by a single du@dma in the disc. Oil is drained by canals on the
surface of the disc. Oil from the transverse amgjitnidinal bearing gets to the middle area of the
body of a turbocharger, which continued for dramagfices reaches the sump of the engine.
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2 | 1
Fig. 1. Construction of a turbocharger bearing systenmis@petric view 1 - shaft, 2 — journal bearing bush
3, 5 — bearings pin, 4 — journal bearing disc,ibywof submission, c) cross-section view

In the described turbocharger, oil was contaminatiethe hard inclusions such as burnt oil in
the conduits or the origin of metallic foreign besli Impurified oil splashed into the zone of
cooperation pairs of friction bearings causes abeasurface. Abrasion occurs due to implantation
in hard-contamination of one of them. This causgsofved and microcutting contrasurface. This
event is compounded by the high speed rotor andsasfficient quantity of oil in areas of friction.
Abrasive wear the disc around thrust bearing showhigure 2a. and the new bearing surface in

Fig. 2. Thrust bearing disc: a) damaged area, b) newiffaagnification 10x)

As a result of adverse events, bearing, by modifgeometrical parameters did not attended its
function. Distortion of these parameters resultedhie presence of the turbocharger shaft axial
clearance, which contributed to increased stredbansealing rings and, consequently, break the
ring on the side of the turbine. Ringless resutisai decrease of oil pressure in bearings, and
penetration of it into the exhaust system. The qunes drop of oil worsens the conditions in the
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bearing lubrication, and the ability to create lenfof oil. In this case, the liquid friction become
to mixed friction.

Because of this, and the fact that the contaminaiiednechanical wear has been cooperating
with the pivot shaft bearing section. It was obserdeep sulcus and grooves on its surface (Fig. 3).

i

|

b)
Fig. 3. Turbine shaft: a) lateral sulcus and groovesidwy shaft surface (magnification 20x)

Destruction within the journals shaft and beariegsponents, also affect the emergence of
negative vibrations shaft of the turbocharger. ®ilans of small amplitude but high frequency
(f = 3 kHz), the destruction process in these areasase. The adverse effect of vibration can be
observed on the outer surface of the thrust beaBegause the nominal sleeve remains stationary
relative to the body, in this connection, thereaidritting event. Destructive mechanism of this
process is the simultaneous influence of adhesgi@iting intensive oxidation.

Fig. 4. Thrust bearing bush: a) outside surface (magnifin20x), b) new bearing bush (magnification 3x)

This intense oxidation is caused by increased iactf the surface layer as a result of contact
stress and strain [2]. The effect of fretting oa #urface of the thrust bearing is shown in Figyre
which confirms the oscillation compressor — shatftrbine.
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The increasing amplitude of vibration, with unchadidrequency led to an increase in stress in
the shaft turbocharger and its bursting. As a tethe# team has been destroyed, damaging the rotor
blades of the turbine and compressor.

AN

a) b)

Fig. 5. The broken shaft: a) magnification 2x, b) magaifion 10x

3. Conclusion

This failure analysis shows that during replacenténised turbochargers for a new, should be
removed cause of the damage. If this step is niegleor damaged causes diagnosis will be
incorrect turbocharger component failure is repkatln the current case before the next
turbocharger replacement would replace the turlgpnenoil and filter. In addition, consideration
should be given to the patency of the channel ialetl outlet of the turbocharger oil or
prophylactically replaced.
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Abstract. 2-cylinder in-line engines are considered as dtaraed by high torque instability and high
external inertia forces. This paper presents pidi¢igib of improvement in torque stability and etaally
rotational speed by elimination of thé" rder harmonic from engine total torque. A gragfs tbeen
presented which illustrates explicitly an improveme stability of the tangential force generatgdab?2-
cylinder engine if the ™ harmonic component was balanced. Attention has Ipaéd to the present day
possibilities of the ® order harmonic elimination by its balancing withelectrical machine of hybrid drive.

Keywords: Run irregularity, torque variability, two-cylindengines.

1. Introduction

There is a general belief that high torque instigbihnd high external inertial forces are
characteristic features of two-cylinder in-line areg. This opinion is entitled for as case of sinpl
constructions devoid of systems reducing such meniences. When the top priority is a low cost
of production generally the measures improvingdya@amics of 2-cylinder engines are not applied.
The engine of FIAT 126p car produced in Polanddecades could be the right example. However,
the 2-cylinder engine arouses interest also inedrifior which the overall cost is a minor decision
factor. A good example for such a situation iseéhgine of BMW — F800S motorcycle [1]. On this
engine a balancing mass has been applied of kinesmatplained in Fig. 1 presenting the engine
crank system.

Fig. 1. The crank system of the BMW F800S motorcycle emgin

With a certain approximation a swinging mass coteteto additional connecting rod directed
opposite to regular connecting rods offers a pdggilmf balancing forces both of 1st and 2nd
order. Consequently, the engine of crank mechapigsented in Fig. 1 does not generate external
forces. A unit of this type does not generate ewtetorque as well and the only phenomenon
producing vibrations is a variable torque transmditto the power receiver via engine shaft.
Unfortunately, the variability of torque is far neomtensive than in engines of higher number of
cylinders.
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2. Torquetransmitted to power receiver via engine shaft

The variable torque transmitted to the power reareproduces torsional vibrations of engine
crankshaft and this was the reason why construdt@d to minimize the variability of torque
resulting from gas and inertia forces from the Veeginning of engine history. The simplest way is
the increase in cylinder number and keeping thdeaimgerval between ignitions constant. Such
assumption leads to the course of torque preseémtéid. 2 as the specific tangential force.
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Fig. 2. Course of specific tangential force — thin blueejiand shaft momentary angular speed — thick ntadjier; 2-
cylinder, 4-stroke in-line engine 90% load at noahispeed 4500 [rpm] — 471 [rad/s]

The variable tangential force causes about 5% gtilan velocity fluctuations presented with
magenta line in Fig. 2. Such high fluctuations mg@ar velocity mean the speed irregularity level
O, equal to 1/21. If the assumed swept volume 1390 was distributed into four cylinders the
speed fluctuations would be much lower. Fig. 3 @nés engine parameters as in Fig. 2 but for a 4-
cylinder in-line engine.
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Fig. 3. Course of specific tangential force — thin bluee]iand shaft momentary angular speed — thick madieeat 4-
cylinder, 4-stroke in-line engine 90% load at noahispeed 4500 [rpm] — 471 [rad/s]

Calculations of speed irregularity level for a 4hogler engine have been carried out reducing
proportionally masses and dimensions: linear, agedl volumetric. Masses were reduced double
fold (proportionally to the reduction in cylindeolame) while the linear dimensions were reduced
in ratio to the cube root of cylinder volume ane ttube root of volume change elevated to the
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square has been applied in case of area. The fghiertia was not changed which should be done
on a real 2-cylinder engine and was justified flustration of differences in torque stability o2
and 4-cylinder engines. The carried out analysesqul that the 4-cylinder engine generates torque
five fold more stable than the 2-cylinder engineor® precise relation between speed irregularity
level of analyzed engines &/d, = 127/21.New Roman is recommended font. Therdyge sizes
specified in Tab. 1. The usage of particular stylédsbe described in detail in particular situatso

3. Improvement of the run irregularity level by removing the 2nd order
harmonic

The course of tangential force from Fig. 2 one pagsent as a sum of harmonics of which one
of the 2nd order was marked magenta in Fig. 4.
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Fig. 4. The course of 2nd order harmonic — magenta linet aart from the course of tangential force priesbm
Fig. 2, and the course of corrected tangentialeferthin blue line

If the values constituting the course of 2nd oifltEmrmonic were taken away from the tangential
force, one would obtain the corrected course ofyeatial force as the blue line in Fig. 4.
Elimination of 2nd order harmonic improves maniftie &, speed irregularity level of 2-cylinder
engine and makes this level similar to the one afylthder engine, i.e. 1/122 and 1/127
respectively.

4. Possibilities of generation of variable counter moment to 2nd harmonic

In practice there are various methods of harmormment generation. Since this moment does
not require a delivery of energy to the system, cere assume that the proposed action would not
deteriorate engine efficiency. One of the wayshhemonic moment can be generated is coupling
engine shaft to an electrical machine. Nowaday$ sunbinations are met in so called hybrid
drives. However, in the case of 2-cylinder engl\alue of torque harmonic of*rder becomes
a problem. As seen in Fig. 4 the amplitude %f &der harmonic of tangential force is 17 MPa,
which corresponds to the amplitude of, torque 580. [Such a value exceeds 2.5 fold an average
torque generated by engine at analyzed conditionsontemporary hybrid drives both mechanical
and current permissible loads do not allow for gatien of so extreme parameters. On the other
hand it should be highlighted that a very rapidgpess can be noticed in the construction of more
powerful electrical machines purposed for applaratin hybrid drives. It is very probable that in
near future 2-cylinder IC engine coupled with elieal machine will become a real challenge for a
4-cylinder engine.
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5. Conclusion

Possible construction of a 2-cylinder engine ofjt@r stability corresponding to the stability of
4-cylinder engine allows to obtain a unit far bettean 4-cylinder in-line engine universally apglie
as a drive of passenger car today. 2-cylinder engfrthe same volume as 4-cylinder demonstrates
numerous advantages like:

A smaller surface to volume ratio of combustionrobar,

A smaller total surface of friction, which concemdinders, main and crank bearings and
others,

A lower cost of manufacturing thanks to a small@mber of engine parts,

A more compact construction, which would be patéidy advantageous in hybrid, drives
because it allows housing an electrical machinesutite hood.

Undoubtedly, the justification of the last thesencbe seen as external view of the BMW
F800S engine presented at the beginning of therpape

Fig. 5. External view of the BMW F800S 2-cylinder engine
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Abstract. Identification of the combustion engine resistat@enotion is necessary in every investigations
aimed at limiting the frictional losses. In spité many attempts of measuring the frictional resise
components there still are no functional test bibds would allow to take measure of frictional feror
frictional torque in particular assembly. Most oftdhhe mean value of the torque for one or even ftylo
revolutions of the crankshaft is determined. Fromnynregards it is more convenient to determine the
resistance to motion torque of the combustion engirth external drive but the torque from extermha@ve is
unfortunately disturbed by torsional vibration. Téés at least theoretical possibility of separatice torque
generated by vibration from the raw measuring dignahe paper obtained results and selected pnoblof
those separations are presented.

Keywords: internal combustion engine, coupling torque, hammacomponents, proper vibration of the
crankshaft

1. Introduction

Identification of the combustion engine resistanie motion is necessary in every
investigations aimed at limiting the frictional #&s. In spite of many attempts of measuring the
frictional resistance components there still arefurectional test beds that would allow to take
measure of frictional force or frictional torqueparticular assembly. Usually the value of coupling
torque of the engine with the power receiver is lasic measurement during the combustion
engine investigations. Most often the mean valutheftorque for one or even two full revolutions
of the crankshatft is determined. The test benclippgd with torque sensor is shown on fig. 1.

Fig. 1. The test bed of the two cylinder passenger car cstitn engine equipped with the measurement sehéor
instantaneous torque values

The resistance to motion of the combustion engowis during rotation of the crankshaft no
matter if the engine is in normal operation ortifevolved by the external engine. From many
regards it is more convenient to determine thestasce to motion torque of the combustion engine
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with external drive. The torque from external drisaunfortunately disturbed by torsional vibration
because the rotor of driving engine creates thetoby assembly with the tested engine crankshatft.
From this reason torque sensor placed betweenotbe and the crankshaft measures the torque
which is the sum of resistance to motion torquéweéstigated engine and the torque generated by
vibration. The frequency of the torque generatedibyation in longer period of time usually is not
exactly the multiplicity of driving engine rotatiah frequency, so there is at least theoretical
possibility of separation the torque generatedibyation. In the paper obtained results and setecte
problems of those separations are presented.

2. Torquetransmited from the driving engine shaft to the crankshaft of
investigated combustion engine

On figure 2 with the thickest green line the cour§éorque is presented. It was measured on
the test bed at 3000 rpm.
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Fig. 2. The course of torque measured with the torque seniee thinness blue line, torque obtained aftetusling
harmonic components which are the multiplicity lod 720 degrees working cycle — the thickest grigen the
sum of harmonic components excluded from the medssignal — red average thickness line

It can be noticed that the course of measured kigment repeatable in the following working
cycles. From the work character of the piston emgesults the periodicity formation of resistance
to motion components. These components are mahdyresistance of compression, resistance of
inertia, frictional resistance. As a result the glmmg torque of the drive with the engine on thst te
bed shown on fig. 1 should repeat in cycles of twwolutions of the crankshaft. The only
component of coupling torque which frequency igedént from the shaft revolutions frequency is
the frequency of various proper vibration formseatetically it is possible that the frequency of
one of the forms is close to the shaft rotatiopalesl but this phenomenon is simple to detect.

From described regularity results that harmonidedént from the multiplication of shaft
revolutions frequency can be excluded. As a resfuliescribed operation the course of torque was
obtained and is pointed out on fig. 2 with the kbt green line. Additionally with the red line the
course of excluded harmonic components summamesepted.

3. Comparison of revised resistance to movetorque with calculated tor que of
theinvestigated engine

Making the statistic course of the resistance towentorque is a typical operation connected
with designing the new engine. Despite omitting shaft proper vibration the statistic course of
torque allows to estimate energetic characteristidhe new engine but such course is little useful
in strength calculations. However to evaluate tb&aioed course of revised resistance to move
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torgue which is shown on fig. 2 a comparison widltcalated statistic course shown on fig. 3 was
made.
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Fig. 3. The course of statistic torque obtained with useomfhputer simulation — the thinness blue line, Thearse of
torque obtained after excluding harmonic componefish are the multiplicity of the 720 degrees wngk
cycle — the thickest green line, the sum of harmeobimponents excluded from the measured signal — re
average thickness line

As it can be noticed there are some distinctioadsen character of modified measured course
(fig. 2) and character of simulated course (fig. IBmainly concerns the repeatability of courses.
The measured signal repeats every two revolutiod simulated signal repeats every one
revolution. Because courses apply to the two cglirfdur stroke engine the repeatability of statisti
course is obvious. But results of revised measungsngo not confirm apparent evident computer
simulation results. It could be connected with tge#orsional deflection of the crank more distant
from the torque sensor.

4. Theinfluence of engine speed accuracy at excluding proper vibration
components from the measured signal

Presented method of revising measured signal ofctupling torque is saddle with many
errors. The main problem is the precise deternonaf the periodical torque components
frequencies which become from the engine functiodd aot from the proper vibration. To
determine how does the engine speed measurementrdluence at the obtained revised signal the
analogous to presented on fig. 2 analysis was rbadevith incorrectly assumed engine speed
at 2900 rpm instead of 3000 rpm. Obtained revisenlse is presented on fig. 4
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Obrety = 2900 [cbr/min] Obciazenie = 0 [%]
1M_30 2011-02-08 13:12 20024 dt =0.1041
6000 Pomiar [mV] Moment oraz FILTR [ — ]

5000 ~ ’ _ 1000

4000 "J,,—. \ "", LAV ,\, 40
3000 jﬂt \\7LA”L kT‘jg.Zk\/l\ﬂ\]aL’Lr?\/lvwooo

2000 L2000
1000 AN A AL Al AL A - 3000

WAL AT AAIT A AT AV
—1000 \ \/ \’ l \/ I 5000 —— Pomiar

v h'd 4
QDVWO 2.0 30 40 50 6,6} 7.0 8.0
liczba obrotow walu

Fig. 4. The torque course from torque sensor — the thinblessline, The course of torque obtained aftehaing
harmonic components which are the multiplicity lod 720 degrees working cycle — the thickest grizen the
sum of harmonic components excluded from the medssignal — red average thickness line. The assumed
engine speed is 3 % less than the actual engirezlspe
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It is easy to notice that if rotational speed i%3ess than the actual engine speed the revised

course differs from both actual engine speed reviseirse (fig. 2) and the course obtained with use
of computer simulations (fig. 3).

Only if the actual engine speed dispersion is teas 0,5 % from the assumed for revising it

basically does not influence at the correctnessalfzed revising (fig. 5).
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Fig. 5. The torque course from torque sensor — the thinblegsline, the course of torque obtained aftefueking

harmonic components which are the multiplicity fod 720 degrees working cycle — the thickest grigen the
sum of harmonic components excluded from the medssignal — red average thickness line. The assumed
engine speed is 0,5 % less than the actual engéeds

5. Conclusion

The presented method of revising the measuredtaiasis to motion torque of the combustion

engine is necessary to determine instantaneousdorglues for example to evaluate the internal
friction in the combustion engine. In this methadgse maintain of the engine speed is required. It
is recommended that the engine speed is speciftdaacuracy not less than 0,5 %.
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Abstract. In the call OPVaV-2008/2.2/01-SORO Operationalgeamme for Research and Development -
Transfer of knowledge and technology from researoth development into practice (ITMS-26220220057),
whose strategic objective is "Device to use loweptial geothermal heat without forced circulatidrheat
carrier a deep borehole, near the Zilina Univeregiglized two deep wells (150 m). The purpose ebé¢h
wells is their connection to the available techggl@and the need for continued use of Zilina Unikgrs
Simultaneously with the realization of this goad, rhade a prototype device to gain low-potentiatiysonal
energy in the comparative test-drilling in the ind@boratory.

Keywords: low-potential geothermal energy, ground exchargjerulator of transport geothermal heat

1. Obtaining of the Earth Heat

Nature of geothermal energy must be sought in #mhis core. It's actually store inside the
Earth, which arises from the decay heat of radieacsubstances with long-lived. Geothermal
energy is due to the temperature difference betwgmer and deeper zones, through radiation,
convection and conduction moves to the Earth'sasarfl]. Despite the fact that the earth's core
heat escapes through cracks in rocks geothermabyeng considered as an alternative energy
source because limitless potential for us. Thigggnes able to meet our worldwide consumption
and its annual increase.

Heat that is stored in the ground, thus geothehmeat is used almost always indirectly (except
hot couple that operate directly on the turbinede$). We receive it in the heat exchanger (eg
natural collector) and by-circuit and heat transfethe substance thus obtained heat is transported
to the evaporator heat pump

Heat exchangers are devices that are built intgéaoghermal heat exchange stations and place
them in the heat transfer process under the lawtherimodynamics, that is from warmer - the
primary substance of heat transfer (geothermalnvate® the cooler - the secondary heat transfer
substance. Heat exchanger the polyethylene pipth (eallectors) is considered as a heat exchanges
too to store into a ditch.

1.1. Vertical collector-Earth Probe

The most effective type of ground collector is et collector, which is stored in a borehole.
Drilling depths up to 150 m (approximately 10kW gmiheat pump) is placed near the buildings, at
least 10 m apart. Number of wells is designed we#pect to the heated object. In the case of new
buildings is possible to place such a bore ancctlyrdelow it. The actual drilling must be preceded
by a hydrogeological survey. In the above-mentiaieadperature is constant at depths from 8 to 12
°C which allows the heat pump to work efficientlydacontinuously. Such a heat pump works with
an annual average heating factor 3 to 3.5. Heasfiea between the heat pump and the ground is
usually secured with brine (antifreeze concentrai@er and frost-based glycol) which flows in
tubes stored in the borehole. Work is part of themary circuit of the probe. The probe is inserted
into the hole and surrounding area is filled suspen (bentonite). Thus achieves a better heat
transfer and prevents contamination of groundwakéier pouring a suspension of the probe has
not pulled out or in case of repairs. Therefore, wge special materials (PE 100), which are
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intended to wells and have high mechanical streagtinst possible engraving in introducing the
probe into the borehole.

Fig. 1. Vertical earth heat exchanger with a probe andhd Introduced into the borehole

2. Simulation of transport geothermal heat

Before the construction of a laboratory model we twadesign a structure which would allow
comparison of the two interiors and technologyhat $ame time as closely as possible emulate the
processes performed in boreholes located in thevddsity Campus. Then we choose the
appropriate components and suggest ways how tdvieavbe simulator. The main objective was
therefore to devise and implement a system witkefrcirculation of heat carrier, and without
forced circulation heat carrier for the use of Ipatential geothermal heat from geothermal
simulator transport of heat.

_" : s __-H‘.:I
Fig. 2. Device applied to the laboratory "boring"

Equipment using forced circulation heat carrier wiespond in the construction to
an equipment currently used to transport heat fd@ap borehole using heat pipes. The second
device without the use of forced circulation heatier will be based on the use of U tubes for the
transport of heat from deep borehole with differeoirking substances (CO2, NH3). The aim of
this project is to design and verify an appropribéat pipe design, with different content of a
substance, and all equipment for transport of freat the geothermal well to heat sink. Based on
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available knowledge of heat transfer, constructibboreholes and geological composition of rocks
as well as the geothermal gradient was preparedesgng design simulator.

The device allows us to measure the flow of heanfthe rocks into the heat pump circuit and
experimentally determine the parameters of contagtorization of the heat pipe and rocks.
Simulator for low-potential heat transport throupe phase of transition in the vaporization and
condensation of the tube at temperatures below @ °@evelop research activities in the verified
production technology heat pipe suitable for the wo$ terrestrial heat at low temperature in
a laboratory environment. Individual components re$earch facilities enable thermal kinetic
parameters of transport of heat from rocks to heatvehicle model. The device allows realistic
modeling of heat flow from the rock into the haamnsfer fluid.

2.1. Purpose of equipment

* Earnings low potential GE disused way through dedinal U tube without forced
circulation of the carrier.

» Comparison of the effectiveness and weaknessdwafaw technology of proven technology
(vertical heat exchanger with forced circulatiorttué carrier).

* To carry out experimental measurements on low-piaiegeothermal heat simulator.

* Analyze the measured results.

3. Construction

The device is assembled from a few simple compenéC pipe diameter D = 500 mm and
length 5 m surrounding a hole in a cylindrical shaphis outer tube is slid PVC pipe with
a diameter of 200 mm and the same length. Thisveryahole in which they are located heat pipes
(device 1) or U tube (device 2). With ring spacélisd with wet sand, whose thermal conductivity
is 1.63 Wm™ 1 K-1, The area around the heat pipe (200 mmyesgmting itself and the well is filled
with bentonite.

Fig. 3. Installing a heat exchanger system to "pipe ir'plpeated by electric cables

After the outer circumference of pipe (500 mm)wieund in a spiral-shaped incandescent
power cord with 10 watts / m. Cable diameter is & mand 10 mm spacing. Heater borehole
simulator is divided into 3 sections. Incandesaatile is insulated with aluminum foil. Heating
power cables is so geared towards the well andesepted by external temperatures. Glow cables
are in our case the Earth's heat that is accumglati wet sand (rocks) and subtracted using the U
pipe or heat pipes. With properly spaced thermolesupver height (5m) and average (0.5 m)
equipment to obtain data on heat transfer frompérghery of the borehole (glow cable) towards
the center hole (heat pipes).
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Fig. 4. From project to realization

4. Conclusion

Device to simulate low-potential geothermal enetggnsformation into heat suitable for
heating allows your designing mimic processes iapdeells. By examining these processes in
laboratory conditions to obtain knowledge on thetheeat transfer fluids, exercise, heat transfer,
conduction of rocks etc. Final task is to compaeettvo technologies using this device.
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Abstract. The paper presents an analysis measurements sgiemin domestic boiler. As a heat source was
used pellet boiler with a heat power equal to 18 KWve boiler is designed to burn wood pellets veéth
diameter of 6 to 10 mm. Boiler was connected to dhiemney where were carried out measurement of
emissions. The gas analyzer was used for measurerhésilowing emissions - ¢ CQ,, CO, SQ, NG,.
The whole process was controlled automatically ftbe control system. Tests were performed at differ
times of feeding and standing period. From the mnressents were found optimal operating conditions of
the boiler.

Keywords: biomass, emissions, boiler, heat output

1. Introduction

Biomass consists of plant materials and animalirmritjcan be used not only for heat, but also
to generate electricity in combustion devices.

The pellet is the name of granule circular crossiee with a diameter of about 6-8 mm and a
length of 10-30 mm. Pellets are made only from wasaterials such as sawdust, wood shavings,
without any chemical additives. They have low ashtent (0,5 to 1%), low water content (10%)
and high calorific value (about 18 MJ/kg). One loé pellets advantage is €@eutral production,
which means that their combustion arises only som@Q, how much plants can consume during
the growth of the atmosphere during photosyntheSmmbustion of pellets is the ecological
heating, since they does not contain chemicali@difbinding materials, sulphur, halogens or
heavy metals.

Emissions from combustion of biomass are the poaicsource of environmental pollution.
Quality of combustion in small boilers is mostlyfeatted by the temperature of combustion, the
supply of atmospheric moisture, fuel moisture anmel technology used. In biomass combustion
escape into the atmosphere these pollutantg; CO, SQ, NO, and NO. Globally, the most carbon
dioxide that causes greenhouse effect and globahing impact. From an ecological point of view
have a significant negative impact of nitrogen esidnd hydrocarbons evaporated, which is under
the influence of solar radiation involved in thenf@tion of photochemical smog.

2. Experimental setup

Experimental measurements have been performednmestec boilers for combustion of wood
pellets with heat power equal to 18 kW. Boiler $2d mainly for heating of houses. In boiler were
burned wood pellets. Boiler was placed on weiglat tis used to measure fuel consumption.
Measurements in the boiler have been done for 9utes. Optimal conditions and power control
are designed electronically controlled fuel supgiy air supply with electronically controlled fan,
depending on the user-defined parameters requyréldebheating and hot water.

The scheme of experimental setup is shown in Figurhe experimental device consists of
heating and cooling circuit. Circuit are separdig@ heat exchanger.
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Fig. 1. The measurement setup Fig. 2. Automatic pellet boiler

3. Measurements of the boiler

Tests were performed at constant time of standimd) feeding pellets. The first series of
measurements was carried out at constant timeistapellet 25 seconds (time of burning pellets
in the burner) and changed the times of feedinetge- 9, 12, 15, 18 seconds (the time at which
the pellets are conveyed from the reservoir taotln@er). The first test was conducted at a nominal
heating capacity of 18kW boiler. At rated thermatput, the boiler is operated so that the smooth
running of its potential. The second series of messents was carried out at constant time of
feeding pellets - 18 seconds and changed the trhsgnding-25, 28, 31, 34 seconds. During the
measurements were analyzed emissions by analyzeremmorded by the measuring unit. Data
logger was connected to a computer, which recoadlethe measured variables. All continuously
measured variables were determined at interva2 sleconds.

4. Results of experimental measurements

During the measurements are watching content m dglas emissions and also the heat output
depending on the fuel metering. The highest heatepavas achieved at the operating mode 18/25

seconds (feeding/standing). The progressive deogea$ the feeding period resulted in reduction
of the boiler power.

. 16,921 18 16.921
15,758 16 - 15,389
16 14,342
12,754 1
- 14 12,693
g -+
2 12 4 17
B 10,096
10 ~ = 10 -
- Z
5 8
E :
= = 6
4
3 4 =
0 ?
13 15 12 ] o -
Feeding period [s] 25 28 31 34
Standing period [s]
Fig. 3. Comparison of heat power for different Fig. 4. Comparison of heat power for operating modes

operating modes

On the Fig. 4. is shown course of performance efltbiler at constant time of feeding pellets,
18 seconds. The highest heat power was achievetheatoperating mode 18/25 seconds
(feeding/standing). The progressive shorteninghef standing period resulted in reduction of the
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boiler power. The following figures present emissiconcentrations at various settings of the
boiler.

The largest concentrations of emissions have beported in settings 18-25. From the
measurements it was found that shortening the tohéseding pellets resulted in reduction of CO
and CQ. In measurements were recorded low concentratb8€», and NQ.
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5. Conclusion

The measurements was found that the impact ofnfigééring has a significant influence on the
performance and emission parameters of the heatesda this work was proposed the method for
measurement of boiler for combustion of wood psll&ith a nominal heat output of 18kW. As a
fuel were used pellets with high heating value pralide automatic operation of the boiler. The
boiler was automatically controlled during the meaments. For complete combustion of biomass
is necessary to provide enough air, a sufficiehtyh temperature, proper humidity and enough
time to burn fuel. The basic pollutants whose cotregions were measured in the flue gas arg, CO
CO, NQ,, SQ,, O..
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Abstract. The paper deals with diesel engine emissions lia@st with the focus on the nitrogen oxide. The
paper highlights some of the methods of Nf@duction with the focus on verification methodstioe
temperature reduction of the charging medium. Téwgep shows a basic scheme of measuring the engine
bench by creation of extremely low temperaturehafrging air. Cooling of charging air is ensuredtigh

the double-degree cooling. According to schemeethesre designed two intercoolers. Simulations ef¢h

two intercoolers are instrumental to state estiomatif measuring the low temperatures of chargingTdie
simulation results show, that the change of codlamiperature is possible, charging air temperatheages

in the desired values. The low temperatures ammvall to obtain experimental of information on the
development of N¢

Keywords: intercooler, simulation, charge air flow, nitrogexides, emissions.

1. Introduction

Emissions of diesel engine in comparison with eioiss of gasoline engine have certain
differences. Emissions have differences in conadéiotts in exhaust gas and in chemical
composition, too. The reasons for differences aased on different way of preparation and
mechanism of ignition. At the beginning of combastiprocess of diesel engine is carried by the
ignition of the appropriate fuel concentration withe air influenced by compression heat.
Combustion in diesel engine occurs in lean mixtukéigture is in minimal contact with the wall,
which suppresses quenched effect of the wall, thexediesel engines have considerably lower
content of the products of incomplete combustion @@ unburned hydrocarbons CH in the
exhaust gases, than in the gasoline engines. lext@ust gases are also included particular matter.
On the formation of particular matter has the gsiaimpact the last combustion phase. The
problem of diesel engines is the content ofyNDd unburned (revised) hydrocarbons adsorbed by
the carbon particles. In the analysis of fractidnparticular matter captured on a filter are the
unburned fuel and oil quantity called soluble oigdraction (SOF-soluble organic fraction). Leave
emissions limits for exhaust gas combustions enépnevehicles of category N is shown in the
Tab.1.

ROK co HC NOy PM
g.kw*h? g.kwth? g.kw*h? g.kw*h?
Euro | 1992 45 1.1 8.0 0.36
Euro Il 1996 4.0 1.1 7.0 0.25
Euro Il 1998 2.1 0.66 5.0 0.10
Euro IV 2005 1.5 0.46 35 0.02
Euro V 2008 1.5 0.46 2.0 0.02
Euro VI 2013 1.5 0.13 0.4 0.01

Tab. 1. EU Emission Standards for HD Diesel Engine soult#p://www.dieselnet.com/standards/eu/hd.php

In the performance of diesel engines emission $imitis one of the most important problem of

implementation levels of nitrogen oxides (NO
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2. Reduction of NOy content in the exhaust gases

Methods of reducing NQare divided into two basic categories: the primangthods,
consisting in the suppression of N@uring combustion and secondary methods, congistirthe
subsequent removal of N@om exhaust gas.

2.1.Primary methods of reduction NOx in the exhaust

Primary methods of reduction NQuse the knowledge of their creation. From the yaislof
NOx results is clear that during the combustion preczm reduce the NOformation by three
main ways: by reduction of the combustion tempeeatoy reduction of the £concentration in the
flame and by reduction of the residence time ottaats in areas with favourable conditions for
NOyx formation. Generally, in practice it doesn’t usestjone method separately, but in their
combination. It is used to control the amount ofmbastion air, to edit design of combustion
chamber, to exhaust gas recirculation, to flamdimg@and the fuel escalation.

2.2.Secondary methods to reduce NQin the exhaust

Secondary methods reduce the quantity of NOX irettieaust gas. There are several methods,
but the most commonly are used the selective ntalytie reduction (SNCR) and the Selective
Catalytic Reduction (SCR). The other methods usingeduction of NOX in the exhaust gases can
be given active deNOX system, CRT (Continuosly Regating Trap) system and non-thermal
plasma.

3. The parameter impact of extremely low temperaturesharging air on the
gaseous emissions

On the department of automobile technology FME Wrsity of Zilina the problematic of
gaseous emission engines is actively solved. Cilyrewe are engaged by the research of the
influence of charging air extremely low temperature the gaseous emissions and the other
parameters of the diesel engine. Reduction of tiaeging air temperature reduces the temperature
of working medium at the beginning of the cyclecdin be assumed, that by the reduction of the
temperature of working media, at the beginninghefworking cycle occur (for constant conditions)
in a reduction in temperature throughout the worélee Reducing temperature of working cycles
will influence the maximum combustion temperatusich determine the formation of nitrogen
oxides.

For the purpose of experimental verification of fihgact of extremely low temperatures
charging medium on the gaseous emissions and gqiaemeters of the engine is built the
specifically test bench (Fig.1) with double-degeeeling of the charging air in the series.

The first degree of cooling the charging is prodidy the heat exchanger constructions air-air,
the cooling air flow provides for a variable fanwmyed by the crankshaft. The second stage of
charge cooling is designed as heat exchanger efdaydiquid. A forced circulation of cooling fluid
is provided by circulator pump, which is includeda cooling circuit with a special mixing tang on
the ensure of extremely low temperatures.
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Fig. 1. Basic wiring diagram test bench

3.1.Proposal of parameters intercoolers

The calculation of the first degree of intercooteassumes the charging air Intel temperature is
100°C.The charging air pressure behind the blowasrthe value of 170 000 Pa. Air mass flow rate
has the value of 820 kg‘h Cooling air mass flow rate is 1 992 kg.hat 20°C. The intercooler
surface of heat transfer from the side of chargiimghe value of 1.9055 The intercooler surface
of heat transfer from the side of cooling air theue is 4.32 th The used value of head transfer
coefficient on the side of charging air has theugal, =78 W.m?K ™. For the cooling air heat
transfer coefficient was used valuecpE78 W.m?K ™. The values for het capacity are 1 005 J.kg
! K. Resultant heat transfer coefficient for the firgercooler calculated according the formula (1)
has the valuea,=54 W.m?K™. The outlet temperature of charge air calculaedording the
formula (2) is 45.5 °C and the outlet temperatureomling air calculated according the formula (3)
is42.4 °C.

1
k= (1)
1,51
a. S, a,
sl
1 D
ts:tdZ_AtL:tdZ_(td “ty (2)
 JFTR
e
_ D 1-
Lyo (t + 4t )_ d2+(td2_t 3)

w W@[l‘

The calculation of the second degree follows tHeud:aitlon of the first degree. Coolant mass
flow rate is 3600 kg.h. The intercooler surface of heat transfer fromsiue of cooling air has the
value of 3 M. The intercooler surface of heat transfer fromside of coolant has the value of 0.99
m?. The value of head transfer coefficient on tite sif coolant has the valag=78 W.m?K™. The
value for het capacity is 4 186 Jki . Resultant heat transfer coefficient for the secon
intercooler is calculated according the formula {iLhas the valuen, =75 W.nm”K ™. The charging
air outlet temperature and coolant outlet tempeeatiependency on the coolant inlet temperature is
demonstrated in the Tab. 2.
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Coolant inlet temperature Air charge outlet Coolant outlet temperature
(°C) temperature (°C) (°C)
20 29.57 20.87
17.5 28.01 18.46
15 26.44 16.04
12.5 24.88 13.63
10 23.32 11.21
7.5 21.76 8.80
5 20.20 6.38
2.5 18.63 3.97
0 17.07 1.55

Tab. 2.Charge air outlet temperature and coolant owtleipierature dependency on the coolant inlet temperat

4. Conclusion

The paper deals with the numerical simulation afgerature reduction of charging air using
double-degree cooling. The simulation is used tofigation of application possibilities of the
proposed to double-degree cooling, with purposactieve the required temperature of charging
air.

From the cooling simulation results it can be st by using of temperaturg;£0°C in the
scheme a minimum temperature of charging @aiF~17.07°C can be achieved. The simulation
shows that by an appropriate change of coolant eeatyre can be modified the charging air
temperature in the range fromint 17.07 °C to ta= 29.57 °C. The achievement of the required
charging air temperatures allows the verificatidrsimulation impact of temperature on the NO
formation, which was published in [1].
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Abstract. The paper deals problems with heating of hot watesmall biomass heat sources. In the
development of local furnace small power for bugnimood in currently based on the energy policyhef t
European Union, with particular emphasis on thécieficy of combustion equipment and low exhaust
emissions. In recent years there has been, inai@ext of significant growth in all prices energycreased
interest in the possibility to use fireplace insas a local heat source. Reduced consumption tedusat
that is beginning to use the fireplace with a le@hanger for hot water.

Keywords: Fireplaces insert, hot water, biomass, heat exggran

1. Introduction

Combustion devices are devices in which the condousif solid, liquid and gaseous fuels,
there is a conversion of chemically bound energyhim fuel into heat, which is then used for
heating or hot water.

Combustion devices can be divided into two mairugsy namely:

« central (transmit heat released by burning heauster fluid (water, oil). Heat transfer fluid

is then heated each room, rooms, etc.).

» local (used for space heating, in which theylacated. The basic types of structures include

stoves, open and closed fireplaces, fireplace tmséihey are used in most cases, as
additional sources of heat).

2. Theprincipleactivities of the fireplaceinserts

Fireplace inserts are finished furnace with adplistair supply, with glass doors and direct
outlet burnt gas in the chimney. They stand inanr@lone, or may be incorporated into sheath the
fireplace. Part of the heat produced from the faep insert is transmitted by radiation, mainly
through the glass doors and part of the conveetioheating.

Fig. 1. Fireplace inserts

Fireplace inserts are made either as a grate doutitgrid and material the fireplace inserts is
either steel or cast iron. For heating smaller epatich as huts, respectively smaller spaces can be
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used fireplace inserts with built-in hot-water heathanger, which heats the heating water. Then
some of the heat used to warm air heating espgtial space in which the fireplace and some heat
is used for hot water heating adjacent rooms wathiérs.

3. Heating hot of water

Heating hot of water in small source for combustébiomass is performed by hot-water heat
exchanger. Hot water heat exchangers are usualtjeddérom sheet pressed piece, or pipe and are
integrated into the fireplace, while allowing adlal heating by water systems heating. The heat
exchangers are most commonly placed between #y@doe and flue of fireplace, or in the second
shell of fireplace. Hot water may be directly cocteel to the heating system, or may accumulate to
storage for later use.

3.1. Hot water heat exchanger placed in thefireplaceinserts

This method is most used in the manufacture offiteplace inserts. The system is based on
that heat exchangers are the rear side, or defleatml by combustion is walls heated of the
furnace, which then heats water which passes threxghanger. Hot water heat exchangers are
also mounted in the fireplace, but still as partaofireplace insert. It is appropriate reason that
strong cooling of the fire and there may be mofieieht burning of wood, and thus also to greater
efficiency.

Fig. 2. Hot water heat exchanger placed in the fireplaserin

3.2. Hot water heat exchanger of thefireplaceinserts

In this case, hot water heat exchanger mountedenhearth, or to the flue tile liner. The
advantage of this arrangement is that the exchatges not affect the burning in the fireplace,
while the residual heat is utilized to the outgoinghimney. Used to several ways to transfer heat
from the flue gas to heating water. Efficiency sport heat can be achieved by appropriate
arrangement of heat transfer surface area, or roppate ribbing their surfaces.
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Fig. 3. Hot water heat exchanger of the fireplace insert.

3.3. Fireplaceinsert with externally attached hot-water heat exchanger

External hot water heat exchanger can be conndctegfer to any fireplace insert. Normally,
hot water heat exchangers are available with apubutf 10 kW. The system operates on the basis
of heat removed from the fireplace insert to a spebeat-resistant fan and blown into the heat
exchanger. Copper coil exchanger, in which the wigtdneated by hot air and circulating pump
transports water back into the system. This syste® the great advantage of the possible
connections more active and effective regulatony mreasurement techniques. Another advantage
is the possibility of hot-water heat exchanger aomr and transported to prioritize, or more heat
radiators, floor heating or heat water

3.4. Heating of hot water in small heat sourcesto biomass using heat pipes

Another way to use the fireplace insert for heatiog water is using heat pipe. Heat pipes are
hermetically of sealed tubes, suitably filled witlorking medium, such is antifreeze, water, and
alcohol. Heat pipes are installed one end of thehimney, which not affect the combustion in
fireplace and it is utilized outgoing heat up tlenaney fireplace insert. The other end of the heat
pipe is embedded as a fired heat exchanger tchoéatater tank, where it releases its heat.

Fig. 4. Fireplace insert with heat pipes
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Principle of heat pipe

Heat pipe through the burnt gas at one side ilde#tcauses the end of the heating side tube
will start working medium in heat pipe evaporatabSequently, the steam passes through the tube
to the cold end, which is embedded in a hot wageatihg tank, here condensed prior back into
liquid and gravity flow goes back to the warm emdere it evaporates again. This raises the
circulation of working medium associated with thentsfer of heat to the temperature difference.

In this method of heating hot water will considepttlary heat pipes. As a working medium
will be used antifreeze, water, or alcohol. Apprafaness of working medium will detected
experimentally.
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Abstract. The technological advancement in the productioncarfistruction materials, fuels, oils and
advancement in the machine construction only addbké continuous improvement of combustion engines.
This development aims at a reduction of the exhaasssions, reduction of fuel consumption whildl sti
ensuring high level of performance (engine pararagtend reliability under different operating caimatis.
Currently the most discussed issue is the reducfaxhaust emissions and fuel consumption. Onthef
trends in this matter is seeking new engine desmations. The paper presents one of the concdpts o
development of piston combustion engines aimirfgrateaching downsizing.

Keywords: emission, supercharged Sl engines, downsizing.

1. Introduction

Growing transport needs cause the exploitatiorosdif fuels to grow, thus adding to the global
emissions to the atmosphere. A combustion enginbasmoist widespread powertrain used in
transport and its wide application results frombsfreatures as: a advantageous ratio of mass to
power output, reliable operation, adaptability tdfedent applications and access to wide
infrastructure necessary for the engine properaimer. These features have caused that intense
search for new sources of propulsion has failegpriavide a wide application for any of the
alternatives. What is more an objective analysithefachievements indicates that the combustion
engine is still to remain the most widespread sewfgpropulsion for at least the next two decades.
The operation of combustion engines is connectel livnitations as well - they currently result
from growing global environment pollution. In thentext of the ecology of engines a particular
role is played by the emission of carbon dioxidat throws proportionally to the consumption of
fuel. The fuel consumption grows continuously alotige growth of the popularity of
TRANSPORT. The idea behind the here presented engincept is the motivation to come up
with rational solutions (applicable on a wide scatelimited costs) that would contribute to the
efficient reduction of carbon dioxide and fuel comption in engines used in road transport. In the
authors’ opinion the most successful method ofréuiction of fuel consumption and the exhaust
emission is downsizing.

2. Theconcept of extreme downsizing in a middle class vehicle

Downsizing is a reduction of the engine displacemnvamile maintaining its maximum power
output and an improvement of the course of the mari torque as a function of engine speed. The
above listed objectives can be completed througfinensupercharging. This is the most efficient
way of increasing the maximum value of the meapatffe pressure. Engines designed in such a
way have a high torque at low engine speeds ardstiady in traction applications they are at least
equal to the traditional solutions and in many sdkey outrank them.
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The reduction of the fuel consumption in enginesigiead in line with the idea of downsizing
does not result from the improvement of the efficie in the whole area determined by the
operating conditions. Combustion engines for vehapplications have been manufactured and
perfected for over 100 years and we need to assiiaeheir current level of advancement results
from the current level of technology and in sucéitaation any growth of the overall efficiency is
practically impossible. Downsizing reduces the feensumption through the change of the
operating conditions of the engine. In order tove equivalent tractive conditions the engine
designed in line with the idea of downsizing mupemte under higher load- higher against its
reduced displacement through mean effective pressur

The authors see a potential in the developmenasdlge engines in the aspect of downsizing.
Automotive manufacturers introduce gasoline engofatirect fuel injection and twin charging— an
example here may be the TSI engine by Volkswagget-these are usually engine of high power
output, designed to be fitted in a relatively sngablup of vehicles. The TSI engine proves that the
supercharging of a gasoline engine and obtainirg faximum values of the mean effective
pressure exceeding 2 MPa is possible while maimigitne costs of the construction within rational
boundaries. The TSI engine due to its high pow#puius not suitable for the most popular middle
class vehicles.

The authors deem downsizing as extremely suit&lolh in terms of ecology and economy in
designing two cylinder gasoline engines of the mmaxn power output of 70 kW for the application
in the most popular middle class vehicles.

In serially manufactured European vehicles a twlordgr engine (with few exceptions) has
not been used for decades. The production of twadsr engines in Europe was seized in the
after-war period. They were replaced with largeurfaylinder ones. At the then level of
technological advancement this policy was entitglgerstood due to low unit power outputs of the
engines. From this historical times superficialgogents remained that two cylinder engines are not
suitable for use in vehicles due to a lack of ewgprration and body vibrations caused by poor
balancing of the piston crank assembly. The devety of technology can now easily compensate
these imperfections by the application of a duakrgole mass flywheel or an electric machine
located in the place of the flywheel and additidoalancing shafts, not to mention the use of boxer
type piston configuration [3]. In the authors’ ojoim it is worth attempting to verify the already
well-rooted convictions, in this case entirely ofilate due to technological advancement.

To sum up, the issues that need solution in supegel two cylinder gasoline engines as a
source of propulsion we can divide into the follog/igroups:

1. thermal loads of the engine resulting from the stipgrging and high values of mean

effective pressures,

2. mechanical loads resulting from supercharging,

3. limitations of supercharging resulting from knodkimhile still maintaining a relatively

high compression ratio conditioning the enginecegficy,

4. exhaust emissions, nitric oxides in particular,

5. lack of torque evenness (in two cylinder engines),

6. engine vibrations resulting from poor balancindhad piston crank assembly.

The authors are sure that the solution of all isted issues is possible and that it is justified t
take action in this matter. In the case of therloatls the existing analysis of motorcycle engine
solutions can be of assistance. Motorcycle engiva® high unit power outputs exceeding 200
KM/dm?®. Figures 1 and 2 show an example of a design divacylinder engine that, if
supercharged and modified in design, could bedfittea vehicle.
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Fig. 1. Two cylinder Rotax-BMW engine, of displacement Fig. 2. Piston crank assembly in the Rotax-
of 0,798 dm3 and unit power output of 80 kWim BMW engine [2]
used in BMW motorcycles [2]

3. Development potential resulting from the specificity of atwo cylinder engine
design

The application of a two cylinder engine as a sewt propulsion does necessitate solving
numerous issues but at the same time creates nesibpities of development and applications of
the technical solutions, whose implementation a&ssic four cylinder engines is difficult. Naturally
particularly attractive become those solutions tt@ild contribute to an additional redecution of
the fuel consumption. The following concepts we kstrhere: crankshaft support on roller bearing,
variable compression ratio and pulse charging.

The problem of the application of roller bearingsceankshaft bearings was an object of a wide
scale research project by FEV. The presented epmd publications [4] indicate a possibility of
obtaining a much higher engine mechanical efficgemdich results from a high (30%) share of the
crankshatft in the total engine friction losses. Bh&l investigation by FEV did not lead to general
application of the crankshaft roller bearings. Qrighe significant hurdles was the need to use
divided bearings for crankshafts of four cylindegmes that were the object of the research. A V-
type or boxer type two-cylinder engine has only tvearings located at both ends of the crankshatft,
which solves the problem of the fitting of bearthgt have undivided ball tracks.

The support of a short and rigid crankshaft on dwy bearings also creates the possibility of
using mechanisms controlling variable crankshai$,awhich enables varying of the compression
ratio. Variable compression ratio is a highly degifeature in engines where supercharging was
applied as a method of reduction of fuel consunmptid variety of solutions related to variable
compression ratio (crankshaft position againstcilmders and cylinder head) have been analyzed
in detail in [1, 4].

Pulse charging allows better use of the energyhefeixhaust gases, which is a very valuable
property in the aspect of improvement of the engsn@ercharger operation [5]. A better
exploitation of the energy of the exhaust gases atlay a wider cross section of the turbine intake
while maintaining good conditions of operation dfetengine—turbocharger assembly under
dynamic engine load and low engine speeds. Thisureais extremely valuable in highly
supercharged traction engines. In the case of ecyiweder engine there is a possibility of separate
exhaust feed from two cylinders to the divided toebintake, which would fully use the advantages
of pulse charging.
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4. Conclusions

In recent years the research and development wankgasoline engines have been very
intense. Such a situation is related to the pdggibif application of simple aftertreatment system
that in a relatively economical way lead to morgiemment friendly powertrains. The issue still to
be solved is the engine low overall efficiency tiedirectly related to the fuel consumption as
opposed to a diesel engine. Currently out of thepgean vehicle manufacturers only FIAT decided
to manufacture two cylinder engines for their védsc- their engines are developed according to
the latest downsizing technology. The said engias k straight cylinder configuration, is
turbocharged and is fitted with a balancing shHfiis is the first step towards extreme downsizing
of a gasoline combustion engine. The discussiorsegmted in this paper indicates that it is
purposeful to apply two cylinder V-type enginesnmddle class vehicles and because of their
multiple advantages they may constitute a finalitboh.
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Abstract. Using the heat pipe allows the use of waste heatits removal from the place of origin to the
colder environment. Heat pipes work on the thermbew principle. While maintaining a small temperatu
difference to transfer large heat output. Heatdf@mis ensured in the process of evaporating @ th
vaporization part, condensation in the condenseagian and a return of the condensate into vaptoiza
part. Heat pipes may be filled with different warlii substances, whose choice depends primarily ®n th
temperature range of cooling and compatibility vittle tube material. Gravitational heat pipes ariniya
used in vertical position with the condensing mortiocated above the vaporization part.

This article analyzes the influence of the typewalrking substance and its amount on heat output
gravitational heat pipes. Parameters necessaryaloae the performance of heat pipes have beexineiok
using the experimental device.

Keywords: heat, heat pipe, heat transfer.

1. Introduction

Heat pipe is a simple and ingenious system, whietves to transfer heat output while
maintaining a small temperature difference. The afsbeat pipes allows for example the use of
waste heat and its removal from the place of tlaihg system. Heat pipes allow solving the tasks
related to the desired increase in performancejcied size and weight of the rising demands for
life and operational reliability of electrical eguanent.

The heat pipes have various dimensions and shajpesding to using and construction of
device for which are assigned. The material salacto heat pipe is affected by temperature
conditions for which is heat pipe assigned, whethéa-low or ultra-high temperatures. Every
cooling medium used as filling in heat pipes hasous chemical and physical properties.

It is also important what amount of substancessiduin the investigation of transmission
properties of heat pipes. Too little fluid can ldadcomplete evaporation of excess liquid and can
cause flooding of the heat pipe.

2. Production of gravitational heat pipes

Mechanical preparation of production gravitatiohaht pipe is mainly in the preparation of
individual parts of the tube. Sheath of the tub&am a copper tube (in our case the length of 500
mm internal diameter and 13mm external diametermijrfilling capillary and sealing components
of the heat pipe (Fig. 1.).

This method of implementation was applied to alth@pes. After filling of desired amount of
water and ethyl alcohol (10ml, 15ml, 20ml and 25uoding a rotary pump to drain the air from the
heat pipe. After some time the pressure reached gkig. 2.).

Heat pipes filled with ethyl alcohol (10ml, 15mIQl and 25ml) is required for pumping
immersed in a cooling bath. Ethyl alcohol boilsl@aw temperatures. Without cooling, there is
boiling and subsequent evaporation of the workingsgance from the tube. Cooling of the tube was
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secured with liquid nitrogen. Filling capillary dosed after pumping air by special pliers. This
process prevents the re-intake of air.

Fig. 1. Different parts of the gravitational heat pipe Fig. 2. Pumping air through a rotary pump

3. Proposal for amethod for measuring the cooling power of gravitational heat
pipes

Thermal power transferred heat pipe is measurethéyinvolvement of the picture No. 3.
Spiral from copper capillary is wound to the gratithal condensation of the heat pipe contact
surfaces of the condenser tube be coated condymdiste to improve heat transfer. In measuring
the heat pipes in a vertical position. Vaporizatiamt of the heat pipe is submerged in a container
with water heated thermostat (MLW U 15) at 70 “Gondensation section with wound spiral and
adiabatic part they are insulated over the spactharimostat in polystyrene container to avoid
condensation of environmental influences. Input wigart of spiral is connected to a water from
cooling thermostat (Julabo MODEL SE) at 10° C.

The water passes by spiral across the condenserarcnind the part and goes through the
ultrasonic flow back into the cooling thermostah @put and output part of the coil are connected
temperature sensors NiCr-Ni, which record a chamsigeemperature of coolant medium. Other
thermometers of type Pt100 are in an thermostaprtwvide heating and cooling and one
thermometer reads ambient temperature. Coolant ftate is measured by ultrasonic flow
KAMSTRUP TYPE 66C22A1372. All thermometers and adwnic flow meter are connected to the
input of measuring units AHLBORN ALMEMO 5690-2 (Fg). The control panel transmits
information using special software to personal cotap in the form of a Microsoft Excel
spreadsheet.
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Fig. 3. Connection cooler to flow thermostat Fig. 4. Experimental measuring device

4. Evaluation of the measured variables

The survey was carried on gravitational heat pijmes vertical position Water and ethyl
alcohol were used to determine transmission cheniatits of different capacity cartridges (10ml,
15ml, 20ml and 25ml). Mass flow of cooling watersnaaintained at 21 liters / hour. Calculation
of the temperature difference of cooling water thatvs through the coil of copper capillary,
scanned on entry and exit of the helix is calcala@ecording to equation (1) in the form

M =to-t, . (1)
Where:
At _ the difference of middle temperatures theiogolvater in fixed state[°C],
% _ the middle value of output temperature thaling water [°C],
% — the middle value of input temperature theliogovater [°C].
The calculation of middle heat pipe power valuerfrmeasuring values is determined by the
formula (2):

Q=mc, AL, @)
Where:
Q _ the middle power value in fixed state [W],
mo_ mass flow rate of cooling water [kg/s],

C

» — the specific heat capacity on constant presisl/kg.K],

At _ the difference of middle cooling water tengteres in fixed state [°C].

By analyzing the quantity of filling it was founbdt the best transmission properties of the heat
pipe filled with water volume 15 ml. It is the maffective by heat pipes filled with ethyl alcohol
to use volume 20 ml. The water showed better ptgseby assessing of the type of filling.
However, it is not suitable for use in operatinghperatures below freezing. Ethyl alcohol is
suitable for outdoor use, thus freezing too. Em$mission characteristics are compared with water,
a little worse, because it has less heat capantyatent heat. Comparative graph was created from
the transferred heautput (Fig. 5).
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Fig. 5. Comparison between the size of the transferredfheaheat pipe with two working substances

5. Conclusion

Applied calorimetric method of calculating the timed power transmitted heat pipe enables
you to locate a suitable amount of filling the hpate as well as quantify the heat output in the
desired range of temperatures. Designed experiindetace makes easy to vary the boiling
temperature in the heated heat pipe and coolanpeature in the condensing section. At the
proposed facility can be tested heat pipes of ajeemetrical parameters too.
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Abstract. This paper discusses dry ice blasting technoldgighvcan be used for cleaning different surfaces.
It describes the characteristics of technology,sphand its advantages compared with other techieslog
Dry ice blasting technology is in Slovakia stittlié used.

Keywords: Blasting, Dry ice, Carbon dioxide.

1. Blasting with dry ice, CRYOCLEAN

Dry ice is conventional name for solid form of cambdioxide. Dry ice sublimates, thus varies
from solid-state to gaseous without passing onidigstate by normal atmospheric pressure.
Sublimation temperature is -78,5 °C

One of the possibilities of use of dry ice in inttygs cleaning. Small particles of dry ice are
blown with compressed air against surface to befipdr By this way it is possible to remove
residuals on industrial installations, ink, adhesivoil, color, mold and rubber. This technology is
alternative for sandblasting, hot steam cleaninggssurized water, solvents, because the
environmental burden is very low.

Properties of dry ice:

— Itis a natural refrigerant with high cooling pemy

— It is odorless and hygienic,

— It does not contain pathogens,

— It is bacteriostatic and displaces oxygen inding

— It does not melt, does not leave wet imprints @els not damage goods or its packing. [5]

1.1.Dry ice blasting has three phases

Kinetic — when granules (pellets) of dry ice, driven bywflof compressed air, are hitting at
speed of sound on surface, they break and relessancinants from purified surface. [1,2]

Thermal — due to its low temperature (-79 °C) it causesngoact on purified material by local
undercooling. Due to different expansion coeffitseof base material and coating it causes tension
that facilitates removal of impurities from the fawe. [1,2]

Sublimation — on hit of dry ice pellets it occurs simultandgusheir instantaneous
sublimation, i.e. the transition from a solid statethe gas phase. At the same time there is
approximately 700-fold increase of the volume of ghase and this ,explosive” effect separates
contaminant from cleaned surface [1, 2].
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Fig. 1. Principle of dry ice blasting [3]

1.2.Benefits of Dry Ice Blasting

The process of dry cleaning
Dry ice blasting is pure dry process. Dry ice fsliere of CQand they immediately evaporate
by contact with the cleaned surface.

No waste
Technology treatment does not produce secondarytewasfter cleaning the removed
residues are simply swept or vacuum cleaned.

Ecologic

Dry ice blasting system is ecological technology Makage of toxic substances occurs
and there is no use of support chemicals. It sastscassociated with the additional removal of
other abrasive media, (sand, slag, soda and teg,ld solvents.

Non-aggressive

Dry ice blasting is non-abrasive. Cleaned surfaeewin undamaged, what can’t be achieved
by cleaning with steel brush, scrapers or othesquee cleaning (sandblasting, blasting slag,
metallic materials and the like.

It enhances the quality of production

Dry ice blasting allows maintaining clean tools aaguipment during the manufacturing
process, without complicated disassembly or caglyipment downtime. It provides a proven cost
reduction.

Quickly and efficiently

The combination of quick cleaning and wide rangemplication nozzles, allows for effective
cleaning also difficult to access parts. Thererar@emains of cleaning material. It is not necessar
to dismantle the cleaned equipment; it is cleanedth® spot. The total time required for the
cleaning process, is thus significantly reduced.

Reducing costs

Shortening the machinery downtime. Improving thedoiction quality. Cleaning on site
without complex dismantling. It reduces the costdieaning and maintenance, replaces expensive
and environmentally harmful chemicals and solvents.

Dry ice blasting is appreciated especially by smsj where it is not possible to use other,
conventional cleaning methods, as solvents or alerawmaterials. Abrasive material — dry ice,
simply evaporates.

The method is suitable for removing various contamis such as different sediment,
adhesives, carbon deposits, grease, dust, bitumpaiats and the like. Dry ice is inert and
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therefore it is very suitable for cleaning in eoviments with high hygiene requirements as food
or pharmaceutical industry [1, 2].

2. What is needed to use technology

Ochranné pomdcky

Kompresor

| Pelety CO2 | |DIS Drylce zariadenig

-

Fig. 2. Set-up of equipment for dry-ice blasting

Compressor
From 1,503 minimum quantity supplied, pressure 6 Bar, stetiy or mobile.

Dry ice pellets
Produced in DIS Pelletier or from supplier of inttizd gases. Cooler for storage of dry ice
pellets.

System DISDry I ce
Device for spraying dry ice DIS Dry Ice.

Protective Equipment
Earmuffs, goggles, industrial protective clothisgfficient fresh air. Fig. 2 [1, 2].

3. Conclusion

Dry ice blasting is a method, which finds very wiaage of applications in various industries.
It is suitable for cleaning hard to reach partsv@chinery and technology units, which are still
installed in production. Cleaning does not requlissnantling of technological units or disposal of
secondary contamination. Impurities are removedr afteaning by vacuum cleaner or are swept.
Abrasive material, dry ice, simply evaporates. Bhasting is ideal for maintenance of production
machinery and facilities where access is difficilhe technology is environmental friendly and
hygienic.
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Abstract. An alternative medium (lithium bromide liquid) fle in a cooling jacket of a combustion engine
of a nonconventional energetic unit. The paper dadth a modeling of flow of a cooling medium
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1. Introduction

A nonconventional combustion engine is a part afoaconventional energetic system (see
Fig. 1). An engine cooling liquid is replaced byxtare of the lithium bromide liquid with water.

The solved energetic system is defined in areaigérieration systems. The mentioned system is
a source of electric energy, cold and heat.

. [ ]

-—
-

| A li.
4. ¢

Fig. 1. CAD (Computer Aided Design) model of the noncortieral energetic system
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2. Definition of the Model and the Flow Simulation

The space geometrical model corresponding to tlmngey of the original evaporator is
created in the CAD (Computer Aided Design) softwdeEngineer WildFire 2. One half
of the evaporator is created because of the dexrieathe demand on the computational means.
This CAD model is then imported into the preprooesSsambit. The imported model is repaired
and a suitable mesh is then created. The last istepe definition of the types of boundary
conditions. The resulting computational mesh cas$ about 455 000 elements and is illustrated
in the Fig. 2.

The created computational mesh is imported intoGR® (Computational Fluid Dynamics)
code Fluent. The boundary conditions are specifigdheir specific values. The time step has
the value of 0.001 s. The RNGekurbulent model is used for the mathematical model

Fig. 2. The computational mesh of the evaporator

3. Achieved Results

The filling of the evaporator ring by the coolingedium is shown in Fig. 3, 4 and 5. The off-
take is able to take away all the needed amoumh ftee evaporator. The simulation shows that
the lithium bromide liquid starts to pour throughetedge of the evaporator cone in the time
of about 2.5 s after the initiation of the calcidat The starting cooling liquid level has the \alu
of 1 cm under the edge of the evaporator cone.vahge of 1 cm is used because of the decrease
in the computational time.
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Fig. 5. Flow in the evaporator in the time of 25 s

4. Conclusion

The simulation shows that the cooling medium stargzour through the edge of the evaporator
cone in the time of about 2.5 s after the simukastarts. In the presented Figs. 4 and 5 it can be
seen that the off-take is able to take away thee@amount of cooling liquid from the evaporator.
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Abstract. The production of engine emissions is negativectfbf the combustion process of fuel-air
mixture in combustion chamber. The variety of reasof production emissions are quality of comburstio
combustion velocity and chemical facilities of fa@ mixture. Subsequently the amount of emissigns
needed monitor and analyze. The correct monitaimdjanalyzing of harmful pollutants enable to redot
impact on the living environment. The paper dealh whe method of analyze of particular matter hie t
engine exhaust emission of diesel engine.

1. Production of emissions

The emissions accrue from the combustion procestiefair mixture in engine cylinder.
Quantity and part of emission-particles is depenaiea¢hemical fuel composition and combustion
process. Fig.1 shows the percentage part of exkeauissions in combustion gas.

| Fuel (GH,O)) + Air (O.N,...) |

U

Burning |

U

Exhaust emissions

CO, + HO +N, + O, CcO HC NOy PM
20N 2R R v v v v
<15% <10% <72% <1% <1% <0,5% <0,5% <0,5%

Fig. 1. Percentage part of exhaust emissions

2. Particulate matter and soot

By analysis of exhaust there are obtained inforomasibout the exhausts physical and chemical
properties. On Fig.2 we can see that the percerthparticulate matter of exhaust gases is about
0,5%. Particulate matters are defined as all elésnehich are retained on the precisely defined
filler during measurement. The greatest part oftipdate matters consists of soot and
hydrocarbons.
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2.1. Soot

Soot is the product of incomplete combustion prectsarises due lack of air in  combustion
space of the engine. The favorable circumstancesdot formation are long injection time and
thermal decomposition of fuel [1]. Sources of tbetscreation are fuel and oil. Soot belohgshe
group of not burned residues of gaseous and lifpets. These solids are made in gas phase and
they cause yellow luminous flame. This is happenfnpe used fuel is diesel. Soot underlying
smoke of the diesel combustion engines.

Smoke is defined as coloring of the exhaust gas. Srhoke is measured in HSU (hartridge
smoke units): 0+100 or in absolute unites absomptioefficient m': 0. Measuring of smoke of
the combustion engines is necessary to do in dodeot crossing the emission limits. Smoke, as an
idea, was associated only for the diesel enginésviih the coming a new EURO norm number 5,
it has began to concern for the petrol combustiagirees with direct-injection gasoline, too.

3. Measuring of the particulate matter

In defining the physical character of the partitellenatter is the main emphasis for weight,
dimensions and shagéven. Chemical character of the particular materot analyzed, because of
high difficulty and low relevance [2]. The amourittbe particulate matter is measured by several
methods. There are:

e gravimetric method,

» optical method,

» photo-acoustic method,

» frequency method,

* laser anemometry,

* method of the measuring of pressure on the filter.

From the previous options of the measurement metisotthe gravimetric method most used.

3.1. Gravimetric method

The principle of the gravimetric method is weighiaf preciselydefined filters. Filters are
weighted before and after a measurement. Differefiddter's weights is equal to weight of the
particular matters. Before and after the measurerfibars must be stabilized in the special
chamber shows on Fig. 2.

Humidity and temperature are maintained on the saahe in this chamber. The special filters
must be stabilized at least for 8 hour in this chamThe humidity is maintained about 30+60%.
The temperature is maintained between 20+30°C.il@&tmn is necessary to do in order to
guarantee the same options before and after sagmpliossibly changing conditions would have
negative consequences to measurement accuracyseesaighed mass is very low.
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Fig. 2. Special weighing chamber

The measurement takes place on precisely declamdtspof the selected technical
characteristics. Also the manipulation with filtensist be with special tools only. If it is necegsar
to take filters after the measurement to anothaceglwe can take them only in Petri dishes or in a
special removable disc shows on Fig. 3. This iseseary to do in order to maintain the same

humidity of the filters.

Fig. 3. Special removable disc with filters
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During the measurement process pass specifiediuahthe exhaust gas through the filters.
Crossing gas through the filters is exhaust géerd&tl and the particular matters are captured &y th
filter. Fixed part of the exhaust is transporteairirthe exhaust tract to isokinetic probe whers it i
diluted with clean air. This action is necessaryldobecause of reduce temperature of the mixture
of exhaust gas and clean air. The temperature erfiltiers not exceed 52°C in order to not
destruction them. The whole process is getting thinvnarrow limits of parameters like a exhaust
flow, clean air flow, humidity, pressure and espégiof the temperature.

4. Conclusion

Smoke of the diesel combustion engine is negaadity of the current status of the traffic.
Gravimetric method, like one of the several methimdsnalyzing amount of the particular matters,
is difficult process. During the processes of gmatric method it is necessary to observe a lot of
measuring practices with maximum accuracy. Earlg aocuracy analysis of particular matters
creation can help to avoid the negative conseqenicidne environment.

References
[1] LABAJ, J.: Spalovanie a plamesii. Book center in Zilina, 2002

[2] MERKISZ, J.:Emiga czastek stalych przes silniki spalinowe o zaplonie samoczynnym. Editorship of University
Politechniki Poznanskiej, 1997

118



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Robotics and Automation Systems Applied on the Moder n Battlefield

"Jakub Kulpa
"Kielce University of Technology, Department of Mationics and Machine Building,
Tysigclecia Pastwa Polskiego 7, 25-314 Kielce, Poland, jakub-a@wp.pl

Abstract. Partly autonomous robotic combat systems are asangly used on the modern battlefield. These
are used to eliminate the human factor during ltemes activities, fulfill the roles of observatiomda
combat. Through the uses of modern automation mgsteveapon becomes much more precise. The paper
presents selected examples of automated systerosrfdrat.
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1. Introduction

Ideally, robot soldiers would be able to achieve shme military goals a human group could
manage. They'll have to be autonomous and abldetatify targets, distinguish between friendly
and enemy forces, engage the enemy and interabt atiters in ways beyond simply firing
a weapon. Right now, most robots [1] are controlechotely by a human being at a command
station, though some robots have limited autonomy @an get from point A to point B with
minimal supervision. For a robot army to be an afie fighting force, it would be best if
individual robots could assess situations and nalagogsions without relying on human input.

The Army continues to work with government agenclé® NASA, universities and
corporations to push for more research into achgevhis goal [2]. Part of the Future Combat
Systems Program is the Autonomous Navigation Sy$fNS) project. ANS's goal is to create a
modular navigation system that technicians canaihsh all unmanned and manned ground
vehicles. The system will include navigation seas@lobal positioning systems (GPS), inertial
navigation systems (INS), perception sensors alidioa detection software.

The robots are divided into four categories:

 Unmanned Aerial Vehicles (UAV) designed for surite and reconnaissance
missions;

« Small Unmanned Ground Vehicles (UGV) that can ehi@zardous areas and gather
information without risking the lives of soldiers;

» Multifunctional Utility/Logistics and Equipment (MLE) vehicles designed to provide
combat support in conflict situations;

* Armed Robotic Vehicles (ARV) that weigh 9.3 tonsdacan either carry powerful
weapons platforms or sophisticated surveillancepeqgent.

2. Selected examples of applied robotics systems on the moder n battlefield

2.1. SWORD robot

Most popular of automated machine that are on agquypment is a SWORD Robot. The full
name is Special Weapons Observation Reconnaiseteetion System. Robot was designed by
Bob Quinn and it is a composed of weapon systermieduon unmanned standard Talon chassis
designed by Foster-Miller which is mostly used bpsers.
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There are a many different weapons which can banted on the SWORDS; M16 rifle,
5.56 mm SAW M249, 7.62 mm M240 machine gun, 0.50M&2 Barrett rifle, a six barreled
40 mm grenade launcher or quad 66 mm M202A1 FLASIdndiary weapon.

Those robots are created to replace a soldier belfpthem in difficult actions. Some of these

jobs, such as getting rid of bombs or walking tlgtouninefields, have the potential to save many
human lives.

Fig. 1. SWORD robot model

Sword robots are controlled by human [3]. It isdus®increase a distance between the soldiers
and enemy force. The soldiers can participatiotiié action, without of risk to be killed.

The first stage of the project was to design agikaghich give possibility to move on different
grounds like rocks, sands, snows and event undewtter. Robot is equipped with 5 cameras.
One is behind the scope and gives possibility to t&i the target. Second one is on the top and it
can be rotated in 360 °, next one is on the ld# #iis wide angle camera with zoom. The next two
are erected on front and back of robot. The rababntrolled via a handheld console.

2.2. The Starstreak High Velocity Missile

The Starstreak High Velocity Missile (HVM) system a close range surface to air missile
(SAM), which has the capability to engage lightiynared land vehicles although the missile's
main strengths is when combating air targets. Thssiha is a laser-beam riding system, one of its
kind, which, because of its particularly precisselacontrol and rapid duration of flight, can
overcome a mixture of threats, together with ainleotargets such as Unmanned Aerial Vehicles
(UAVs) and helicopters, added to exterior targstationary systems or stands.

Fig. 2. HVM rocket

Once the missile is at a harmless distance fronopleeator, the second phase rocket motor will
fire. As the second phase is used up, the thréesdarmunitions are out. Each dart is made up of a
revolving fore-body with two canard fins connecteda non-revolving back installation including
four fins. In addition, the back installation cantathe electronic components that direct the eissi
device. The missiles are controlled (for the indaraof the direction) by two laser beams into a 2D
matrix by the target seeking element. The laseadpisted in relation to its situation in the
anticipated medium. Such adjustment is identifig@éch of the sub-munitions.
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2.3. Unmanned aerial vehicle- Predator

The Predator is an unmanned aerial vehicle (UA\Bdugrimarily by the United States Air
Force (USAF) and Central Intelligence Agency (Cté&) surveillance and reconnaissance missions.
Initially conceived in the early 1990s for recorssgince and forward observation roles, the Predator
is equipped with cameras and other sensors bubdws modified and upgraded to carry and fire
two AGM-114 Hellfire missiles or other munitions.

The Predator and sensors are managed from thedystation via a C-band line-of-sight data
link or a satellite data link for beyond-line-ofgbt operations. The crew in the ground control
station is a pilot and two sensor operators. Theraft is equipped with the AN/AAS-52 Multi-
spectral Targeting System, a color nose cameraefgiy used by the pilot for flight control),

a variable aperture day-TV camera, and a varigidetare infrared camera (for low light/night). At
the beginning, Predators were equipped with syittlagierture radar for looking through smoke,
clouds or haze, but it was removed to reduce weifii cameras produce full motion video and
the synthetic aperture radar produced still fraadar images. There is sufficient bandwidth on the
data link for two video sources to be used at ame,tbut only one video source from the sensor
ball can be used at any time due to design linoitsti Either the daylight variable aperture or the
infrared electro-optical sensor may be operatedibameously with the synthetic aperture radar, if
equipped.

Fig. 3. Unmanned aerial vehicle — Predator

The newest Predators models are equipped with ea @esignator that allows the pilot to
identify targets for other aircraft and even pravithe laser-guidance for manned aircraft. The
system can be deployed for worldwide operation® Phedator aircraft can be disassembled and
loaded into a container for travel. The ground orgystem and PPSL are transportable in a C-130
Hercules (or larger) transport aircraft. The Predaan operate on a 1,524 meters by 23 meters hard
surface runway with clear line-of-sight to the gndulata terminal antenna. The antenna provides
line-of-sight communications for takeoff and larglin

2.4. Powered exoskeletons

Humans have long used armor as an artificial eXeske for protection, especially in combat.
Exoskeletal machines (also called powered exosk&dgtare also starting to be used for medical
and industrial purposes, while powered human exeskes are a feature of science fiction writing,
but are currently moving into prototype stage.

A powered exoskeleton, also known as powered aisrpowered mobile machine consisting
primarily of an exoskeleton-like framework worn ayperson and a power supply that supplies at
least part of the activation-energy for limb movemd&xoskeletons are created to help and protect
the user. They could be applied, for example, sisagnd protect soldiers or construction workers,
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or to aid the survival of human in other hazardemgironments [4]. A wide medical market exists
in the future of prosthetics to provide mobilitysesance for aged and infirm people. Other
possibilities include rescue work, such as in gaéd buildings, in which the device might allow
a rescue worker to lift heavy components, whileapp@lrprotecting the worker from falling rubble.

Fig. 4. XOS 2 Raytheona exoskeleton

Engineers also want to apply exoskeletons in timeyaidt can be used to help soldiers in
difficult tasks, such as loading rocket or carrylmgavy equipment. XOS 2 Raytheona exoskeleton
gives many new possibilities to human like extrarggth and stamina. But the main problem which
has to be solved is a power supply.

3. Conclusion

There are many possibilities of applying the neelds of automatics and robotics on the
modern battlefield. The idea is to replace humangntelligent machines and use them in place
where the human don’t have access. It is possibkend a robot like SWORD to recognize the
situation which can eliminate the human factor. Gatirobot designing is quite difficult and very
expensive. For this moment it is impossible to @eatonomous robot which can recognize who is
ally or enemy. Event when we create this kind ofthi@e there is a risk related with eventual
software or hardware errors which can be dangeimusperator. A hard problem to solve is the
power source. For example the exoskeletons can wohk when supplied with power cable.
Military robots must undergo rigorous testing fdimenate potential errors and problems during
missions. Rapid development of robotic warfare ¢wins closer to futuristic battles carried out by
the intelligent machines.
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Abstract. Content of this article is description of experinta investigation of running variability changes
of a spark ignition (Sl) engine in a low load bycanled recirculated exhaust gas (EGR) delivery th®o
intake. Changes in running variability of the lomatled S| engine were investigated in the framewbtke
research of possibilities for engine efficiencyragasing by decreasing of pumping work during thergl
exchange. Examined engine was four stroke, nayuaalpirated and natural gas fuelled with stoichimime
concept. Pumping work was decreased by EGR deliv8ignificant decrease of pumping work was
obtained only under very high EGR rate conditiodswever, the running variability was significantly
increased under the same very high EGR rate conditi

Keywor ds: Running variability, SI Engine efficiency, low eng load, EGR.

1. Introduction

It is generally known, that the Sl engine efficigne the low load is very small, [1]. Internal
combustion (IC) engine in a vehicle is working e low load about 50% and more of the whole
operating time, especially in urban traffic. Thawhy, the engine efficiency in the low (part) load
is very important. Just small increase of engirfeciehcy may have a significant effect on fuel
combustion and thereby GQCemissions especially in urban traffic. That is treason for
continuation of research of possibilities for lomatled Sl engine efficiency increasing at the
author’s workplace.

In this research, the pumping work decrease by aladoEGR delivery into the intake was
investigated. Decrease of pumping work by varioG&REates is shown in Fig. 1.

In-cylinder pressure [bar]

41 bmep = 200 kPa

- Experiment

| 1700 RPM AL1Z = optimal P Fuel: Natural gas
0 T T T T T T T T T T T T T T T T T 1T

0 10 20 30 40 50 60 70 80 a0

Stroke of piston [mm]

Fig. 1. Change of in-cylinder pressure patterns of Sleagiuring the charge exchange by various uncool&id E
rates, 1700 RPM, bmep=200 kPa.
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In-cylinder pressure patterns in the low-pressuanme pf working cycle of low loaded Sl engine
are shown in Fig. 1. As visible, the work for chergxchange is decreased with increase of EGR
delivered into the engine intake. Significant dasee of work for charge exchange appears only
under high EGR rate conditions. Patterns, showhRign 1, were acquired during the steady-state
dynamometer tests at naturally aspirated and ragasa fuelled Sl engine Skoda 781 with
stoichiometric concept. More about the experimants$ data evaluation is described in [2].

The question is how the running variability of $gee will be changed under mentioned very
high uncooled EGR rate conditions. Similar expentak research was already carried out at
another workplace, see [3], however without runniagability investigation.

2. Data Acquisition for Running Variability I nvestigation

To investigate the running variability of SI enginader conditions of very high EGR rate
(over 20%), the experiments described below werdechout with appropriate data acquisition.
Scheme of the appropriate data acquisition foringqmariability investigation is shown in Fig. 2.

Signal — NI

conditio- ] " In-
ning | I cylinder
! I pressure
! ﬂ ﬂ ﬂ‘ ﬂ ] I | transduce
I
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trans- \
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(4\ IC Engine \ I IRC

_ A\ T
1 1
1 Clutct
1 1]
1 1)
l 177
I —— Coored —

Charge
amplifier

Geared ring
dynamo- of the exhaust
meter flywheel collector PC-DAQ

Fig. 2. Scheme of the data acquisition usable for runaargbility investigation of the tested Sl engine.

As it is visible in Fig. 2, data for running varibily evaluation were sensed using inductive
transducer at the flywheel side of the engine cshak. The teeth of geared ring of the flywheel
(124 teeth) were used for pulses generation indtigel transducer.

At the pulley side, the incremental rotary encofd®C) was placed. IRC was coupled with
crankshaft due to a clutch.

Pulses from inductive transducer had to be conuitioto TTL standard and then were sensed
using a counter card with very high clock tick fueqcy (50 MHz), [4]. However, IRC was applied
for sampling the in-cylinder pressure data acgoisitin-cylinder pressure data acquisition was in
progress simultaneously with data acquisition émming variability evaluation.

Engine speed was chosen at value 1700 RPM durm@xtperiments. Loading of the engine
was chosen at the value of brake mean effectivespre (bmep) 200 kPa, which was about 23% of
the maximal load of the tested engine.
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3. Data Evaluation, Results

A special software, developed at author’'s workplg6g was used for evaluation of recorded
data both of in-cylinder pressure patterns and inghwariability. Because recorded patterns of
instantaneous speed from applied sensor were en¢éerfwith undesired frequencies, a filtration
using Fourier analysis was used. Fourier seriepdandic function upon [6] is defined:

f(t)=B,+> A sin(nat)+> B, cos(nat) (1)
n=1 n=1
where:
An, Bn: coefficients of Fourier series; n: harmoniaégral) number,
t: time; o: angular frequency.

Consecutive, the final patterns of measured inateetdus crankshaft speed were made by
choosing selected harmonic components using Inveéoseier Transformation (IFT) with goal to
suppress undesired interference. These conditipaddrns of measured instantaneous crankshaft
speed are shown in Fig. 3 together with calculagterns from in-cylinder pressure data in case of
NO EGR. In this way, it is possible to compare ittheantaneous crankshaft speed calculated from
combustion progress (assumed it is the same aylatiders) to measured patterns.

Calculated

Measured

] (Teeth)
AL1Z = optimal ieon ]
T T T T T T T T T T T T T T T T TTOoOw T T T T T T T T T T T T T T T T T
-360 -270 -180 -90 0 90 180 270 360
TDC Crankshaft angle [°CA]

Fig. 3. Measured and calculated patterns of instantaneramkshaft speed in case without EGR delivery.
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Fig. 4. Measured patterns of instantaneous crankshaftispezase of EGR rate up to 20%m.
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Measured (and conditioned using IFT) patterns efitistantaneous crankshaft speed of tested
engine in the case of uncooled EGR rate from 00t@@(by mass) are shown in Fig. 4. As it is
visible, the running variability of engine is chaagnegligible up to the EGR rate of 15 %.
However, running variability is increased with E@&Re increasing at the value of 20%.

In Fig. 5, we can recognize the further increaseunhing variability of engine with uncooled
EGR rate increasing.

20% EGR

34% EGR

bmep = 200 kPa E 1640 g SR EGRN T
___________ R PM=1?00§1629h$eaf:red
AL1Z = optimal (Teeth)
-360 -270 -180 -90 0 90 180 270 360
TDC Crankshaft angle [°CA]

Fig. 5. Measured patterns of instantaneous crankshaftispezase of EGR rate from 20 up to 38%m.

4. Conclusion

Running variability investigation of low load tedteengine under condition of very high
uncooled EGR rate was carried out. Acquired dataewsonditioned using Inverse Fourier
Transformation. Based on the results, the runniagability is significantly increased over EGR
rate of 20% (by mass). It is caused by combusteirrebration in consequence of very high content
of inert gas in combusted mixture. In order to ioy& the combustion progress it could be apply
e.g.: plasma discharge, more spark plugs in cyirete.
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Abstract. This document describes the analysis of energpl@nes of hybrid drive for urban traffic.
Introductory section deals with the division and ttoncept of hybrid vehicles. The next section joles an
energy intensity analysis using the driving sinmolaby modified urban driving cycle by NEDC and iteal
driving the vehiclein acity. The comparison ofthaverage power necessary for vehicles with
different parameters is in the last part of thipgra

Keywords: hybrid drive, driving simulation, energy intensity

1. Introduction

Constantly tightening emission limits for vehiclasd decreasing of oil reserves lead to the
more effective use of energy. Alternative fuelspioving combustion engines, the use of hybrid
technology or vehicles with pure electric proputsare the part of this problem solution. It is also
an effort to use the energy which would be wasteravise, for example kinetic energy during
braking.

2. Hybrid drive

Vehicle hybrid drive means the combination of twar@re power sources. The most common
combination in automotive industry is the use ¢éinal combustion engine and electric motor. The
advantages of both systems can be used by appgepdmbination of internal combustion engine
and electric motor. This leads to fuel savings tndorresponding reduction of air pollutants in the
exhaust gases.

Division according to the share in using the seaoypgower source:

Microhybrid —is a stop - start system, which requires muanger starter and vehicle battery.

Mildhybrid — except of the stop — start system and recuper&mnergy system this system can
support internal combustion engine by small electrotor, if it is necessary.
Fullhybrid  — it is possible to drive vehicle with internalngbustion engine and with the use

electric motor only.
Plug-in hybrid— vehicle battery can be recharged from the pudéctricity network.

2.1. Configuration of hybrid drive

Serial hybrid

Serial hybrid is powered as well as electric vehigurely by electro motor. Internal
combustion engine serves as the drive of the gemwerthe source of the electricity. Internal
combustion engine can be operated in a very nareswaiutions range, or in one revolution mode.
This eliminates wasteful areas of the working cbi@mgstics such as idling, or the lower partialdoa
range. The engine can be set to the optimal opgratatnge with maximum efficiency. The
disadvantage of a serial hybrid is the multiplergpeonversion.

127



ICE internal combustion engine

—> - < G generator
ICE G MG ——X M/G electric motor/generator
¢ B battery

Fig. 1. Serial hybrid

Parallel hybrid

The parallel hybrid has a direct mechanical conaedtetween the internal combustion engine
and the wheels, much like conventional vehicle. Thaventional type gear box is shared for
electrically-driven branch, too. At this configumat, it is sufficient to change the speed of an
electric motor in relation to the internal combastengine only in the appropriate range.

G

ICE internal combustion engine
—> il T transmission

ICE T Y B battery

M/G electrcic motor/generator

5 G

B M/G

Fig. 2. Parallel hybrid

Serial/parallel hybrid

Combination of serial and parallel configurationn caeliminate the disadvantages of both
systems. Its equipment with internal combustionir@gelectric motors, transmission components,
clutch, overrunning clutch or brakes can be vari¢ies example, it can be a serial hybrid with an
interconnection clutch between internal combusgogine and wheels. The branch performance
can be done mechanically by differential or eleeity.

3. Energy intensity of the hybrid drive

When designing the components and power manageaienybrid we can start from the
driving simulation of the vehicle. Based on thevohg simulation we can determine the size of
energy that would be otherwise wasted and theré&dwy dimension the components of the hybrid
drive. The philosophy of a hybrid drive is that tkehicle drive doesn’t work constantly on
maximum power, the power peaks can be supportezhbggy accumulator and unused energy can
be accumulated. That means that we can use annaht@ombustion engine with lower
performance. The aim of the driving simulationasdietermine the average power needed for the
vehicle drive.

We could use the urban part of the NEDC cycle winchsed to measure of fuel consumption
like a driving simulation. This cycle consists ofsaries of accelerations, consistent drivings,
braking and stopping. Maximum speed in this cyslBG km.A and the average speed is 19 Ki.h
Because this cycle is simple for our using, it ¢dtesontain the climbing resistance, is insuffidien
for design of the hybrid drive. We can use two wiyachieve the optimal reason. One possibility
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is to adjust the urban NEDC cycle by supplementimggresistance of the climb. We can also make
the driving simulation using the real driving irethity traffic, which seems to be better alterrativ
The simulation was created using the measured valuacceleration, speed, distance and climb on
chosen routes. The measurement of distance, spekdceleration was made with contactless
measuring device based on the Doppler phenomendnwathh GPS data logger in order to
determine the climb. The measurement was made ameontional vehicle. Consequently we
determine the driving resistance of the vehicle seidts performance requirements. The particular
simulation was measured in the city with the popaiteof 311,650 and the area of 214%mhhe
population density is 1,500 inhabitants perkithe total distance is 12 km. The maximum climb
value was 8,8% and the value of maximum descentl@&8%o.

280m

Skm

Fig. 3. Elevation profile of real driving simulatio
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Fig. 4. Real urban driving profile

We use the parameters of small city vehicle to amapghe both cycles under consideration.
The parameters of the vehicle are: weight of thhicke of 300 kg, frontal area of 1,3°m
aerodynamic drag coefficien§ of 0,35, coefficient of the rotating parts of 1Resulting value of
the average power according to modified NEDC urbgaie is 1,24 kW and according to the real
simulation is 1,48 kW.
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Fig. 5. Modified NEDC urban cycle for small city vehicle
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Fig. 6. Real driving simulation for small city vehicle

The comparison of energy intensity for vehicleshvdtfferent parameters like average power,
highest required power PMAX and the highest posgidwer for the recovery Pmrek is stated in
Table 1.1. The results show that the vehicles lgither mass are more energy-consuming, but they
can acquire more of unused energy. Vehicle of taesof 1600 kg could theoretically acquire and
use the 21,32 kW, while the vehicle of the mas3Qff kg only 3,37 kW. It must be remarked that
the acquisition and storage of recovered energglificult. When using the battery as energy
storage the maximum recharge current is limiteelgfore it is not possible to accumulate all of the
energy.

m [kg] 300 800 1100 1350 1600
S, [m?] 1,3 2 2.4 2,5 2,7

Cy[-] 0,35 0,35 0,33 0,31 0,34
A -] 1,1 1,25 1,5 1,6 1,6

Paverage [KW] 1,48 3,53 5,11 6,26 7,42
Puax [KW] 9,33 25,26 37,99 46,15 56,83
Pmrek [KW] 3,37 10,12 14,3 17,98 21,32

Tab. 1. Vehicle comparison

4. Conclusion

One measurement is not enough to build the correBpg simulation. It is necessary to
include various routes in cities with different noen of population to the simulation. Driving in the
city center with higher number of crossroads, thednhfor frequent stopping and with multi-track
roads connecting the various city districts, shdugdappropriately distributed. We must also take
into consideration the factor of the traffic opeyatlevel, which is different in rush hours and
during the weekends.
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Abstract. This paper presents the Bodner-Partom model aolditeanary algorithms to simulate the stress-
strain relationship of standard tension test andidentify several constants describing the behavior
of common elasto-viscoplastic material. The resdépend on the different settings of evolutionary
algorithm. This work is focused to determine thestnappropriate settings of evolutionary algorithm
to obtain the best results for Bodner-Partom model.
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1. Introduction

Sometimes we face technical problems, which ared hiar solve experimentally. If
the experimental identification of several matepatameters is too complicated and expensive, we
could use some numerical model to describe thevimhaf these materials. The behavior
of viscoplastic material is precisely described Bgdner-Partom model. The identification
of parameters of Bodner-Partom model was implendehteevolutionary algorithm. The material
parameters are determined from standard experihdat&from tension test.

2. Basic information about the Bodner-Partom model

The Bodner-Partom model is a set of constitutiveagiqns for elastic-viscoplastic strain-
hardening homogeneous isotropic material, whichndd use the vyield criterion to separate
the elastic area from the inelastic one. This modalbe used for small deformations and the whole
load and release history. The viscoplastic constguaws are formulated by differential equations
based on different material parameters. The BoBagiom model uses 8 constants to determine
the strain rate, kinematic hardening and isotroiciening.

The Bodner-Partom model is based on the assumfstainthe total deformation rate consists
of elastic and inelastic components.

& :£i}3 +£ijp , (1)
where £ is the elastic strain rate amy is the plastic strain rate.

The elastic strain ratg; is obtained from elastic stress-strain relation

g.
' E
where E represents the Young's modulus.
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The plastic strain raté is formulated as

2| o2 o, 3)

n
. 1(z2) |V35
&l =Dyexp ——| — %
ef ef
where D, is the assumed maximum plastic strain rateis the total hardening variable,
represents the effective stress apds the deviatoric stress. This is the generalticrezjuation.

The basic equations of unified elastic-viscoplastieory are kinetic equation and evolution
eqguations for isotropic and directional hardening.

The special forms of general kinetic equation foilamial stress,, and simple sheay, are

2n
2| 0 1( Z
& =—| =% |Doexp —=| —| |,
. \/§(|0-ll|j ° pl Z(Jllj }

1 1 Z 2n (4)
T
= Vb =Dg| 2 |exp - =| ——| |
2y12 O(|T12|J 2[\/§T12]
The total hardenin@ consists of isotropi@' and directionalZ® hardening
Z=7'+Z°. (5)
Isotropic hardening is formulated by expression
7' =2,-(2,-Z,)expl-mw, ), (6)

where Z, is the maximum value of isotropic hardening, is the initial value of isotropic
hardening,m, is the rate of isotropic hardeningj, is the accumulated plastic work.
Directional hardening is expressed by equation

Z°=4 u;, (7)
where £; is a directional hardening variable andis a direction of stress.

The material constants, that are needed to formuls uniaxial stress-strain relation &e
Dy, n, Z,, Z,, m. The general shape of stress-strain curve in nbtastic domain is obtained

by hardening ratem and by ratio of the maximum to initial value obtpic hardening%.
0

The particular curve can be obtained By, that is additionally determined for a given nthwD,
initially set. Different combinations of n and, can be determined for particular values raf
Zl

0

and == from the equations (4) and (6).

3. Introduction to basics of evolutionary algorithms

Evolutionary algorithms are part of sub-symbolitifaial intelligence and they are inspired by
processes of natural evolution. They are used @®lalem solving methods by minimizing error
and maximizing of an attribute of individual in apgulation of solutions, which is called fitness.
The typical parts of evolutionary algorithms are:

» Initialization: creating a first population of indduals
» Selection: chooses the best parents of new indasdior crossover
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» Crossover: producing new individuals from two orreiparents
* Mutation: random changing of the individuals wheftuson finding goes to a dead end
* Termination condition: tells the algorithm whenstop.
As the evolutionary algorithms are well known agmio of solution finding, we won't describe
them here more in general, but rather focus om ygdlication in our case. For more information
please refer to literature mentioned in refereratdbe end.

4. Determination of material constants

The parameters are determined from test data nélatd tension tests for the Bodner-Partom
model. The common homogeneous isotropic elast@plastic strain-hardening material was used
for experiment. The material parameters are detethiby minimizing the difference between
the experimental data and curves simulated nunilgricBo find the best correlation between
experimental and numerical curve we used the ewolaty algorithms. The function
of the corresponding optimization problem has anfor

f(C,Cy) = Z{Z[aﬁ}p—ak”;‘m(cl,...,cN)]Z} - min, (8)

wherec,,...,c, areN material constants, that are determirteds the number of experimental
curves, with that we have. M is the number of mirdpresented in stress-strain relatioos;”
is the experimental stress value in it point related to the corresponding strain atgtrain rate

num

k. gi" is the numerical stress value, that is calculatetie corresponding strain.
For the fitness calculation of an individual théidwing equation is used:
Cy) = 1 : 9)
[+ (c,penvCy )]

where the chromosome of an individual is a sellohaterial constants,,...,c, . The stress-

strain curve is simulated numerically and the Ssef each individual is calculated, where the
values ofc,,...,c, are applied. The lower the fitness value is, tlghdr is the suitability of the
individual for the crossover. The chromosome ofrafividual consists of the combination of these
parametersk, Dy, n, Zy, Z;, my, Z3, Mmy.

Points of stress-strain diagram obtained by EAcarapared with points of stress strain curve
experimentally obtained. EA minimizes the erroriexn the experimental and numerical points.
The solutions obtained from EA provide the paramsetef Bodner—Partom model that we
are looking for.

The focus of this work was to find the best pararebdf evolutionary algorithms, which lead
to the best constants of Bodner—Partom model. i@ifile settings of evolutionary algorithms
influence the quality of output results. It is a&essary to determine the best settings of algorithm
to obtain good results. The number of individuabime generation, duration of the algorithm run,
selection methods, crossover methods, the numbelitefindividuals were changed in algorithm.
The error calculated as the numerical differendevéen the curve obtained from the tension test
at common conditions and the curve created by d&woolary algorithm was monitored.
The following picture shows the best results. Tiveeee 24 individuals in generation, the maximum
number of generations was 300, the remainder metbiodselection and scattered method
of crossover were used and the number of eliteviddals was 8, i.e. 33,33 %.

fitnesgc,,.
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Fig. 1. Stress-strain curve with the most suitable pararset

The program was running 177 second and the errerOM@5688. The most adequate constant
for Bodner-Partom model obtained by evolutionargoathm are: Young's modulus E = 161,83
GPa, assumed maximum plastic strain r&g=171 410 000,0 1/s, controls rate sensitivity

n =1,0333, initial value of isotropic hardening, = 1,817 GPa, maximum value of isotropic
hardeningZ; = 9,537 GPa, controls rate of isotropic hardening=-11,505 1/GPa, maximum
value of directional hardeningZz = 1,5691 GPa, controls rate of directional handgni
m, = 254,06 1/GPa.

5. Conclusion

For the identification of several material conssasome numerical model can be used
to describe the behavior of that material. The p&tar determination is more convenient this way
compared to experimental methods, which are moreptioated than numerical ones. To find
the appropriate material constants for measuredidencurve when using a numerical model
the evolutionary algorithms can be used. The qualitresults depends on the different settings
of evolutionary algorithms. The best results web#amed using 24 individuals in generation,
the maximum number of generations was 300, remam@¢hod of selection and scattered method
of crossover were used and the number of eliteviddals was 8, i.e. 33,33 % in evolutionary
algorithm. The program was running 177 secondslamdeached error was 0,0588.
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Abstract. This paper deals with brake tests, which can bdenthrectly in the operation or in the testing
laboratories. The UIC 541-3 and the UIC 541-4 stagsl solve this field theoretically. The paperimed at
nowadays brake test benches used in Europe, t@oaffitle deals in more detail with the “UIC flywdie
brake test stand” with its design and software ggeint. This test bench is utilized for testing Enies of
braking materials prototypes. The software calledGer”, developed by the Department of Transpod an
Handling Technology staff is used for data acgisiind data assessment. This is a part of thiekest
stand, too.
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1. Introduction

Brakes are among the most important parts of eatWway vehicle from the point of view
concerning quality and safety of railroad operatidiey are often mentioned especially in
accordance to building corridor’s railway lines andreasing of running speed where are higher
requirements for braking equipment, too.

The actual braking tests can be performed directlytraffic or in testing laboratories.
Measurements in traffic, called “the test lines® dased on putting a wagon to the specific train
and its uncoupling from the measuring train sehetest section (in Slovakia the test sections are
Senec - Sladkovovo, Poprad - Svit, Haniska pri KoSiciach - KoSicB)easurements in testing
laboratories are performed on testing facilitiebech‘the testing rings” or “the testing benches” i
conditions simulating the real railway traffic (Blovakia there’s one UIC bench stand by the
company ZSSK Slovakia in Zilina).

2. Nowadays known brake test benches

The braking test benches of the railway’s compaaies producer’s of brake blocks and brake
lining serve testing brake assemblies and theimefgs in conditions, which are simulated the
reality and they replaced too expensive break testeal “test lines”. It goes about:

= homologation friction tests of brake linings andake blocks according to UIC 541-3

and UIC 541-4 standards,

= preliminary verification tests of brake linings potypes and brake blocks prototypes,

= tests on durability of braking shoes, liningscdasid track wheels.

The most significant parameters are the frictioaftcient and wear. Therefore it's necessary
to test two pairs of friction couple (brake disdiwilining or railway wheel with shoe) in conditions
simulating real traffic — e.g. vehicle velocity, ntact pressure, wagon weight falls on the brake,
drag braking, road loan simulation, dry brakinggkang during rain or during snow. According to
aspect of measurement accuracy it's necessarystoethe achievement of equal values of the test
results comparing the same type of products fronpadicular producer. The UIC (Union
Internationale des Chemins de Fer) test benchebam®logated by expert’s workgroup ERRI B
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126.3, where the mechanical and instrumentatioouiawith equipment of a particular test bench is
controlled.

Currently in Europe there are at least twenty besiches, eight of them are the accredited
(homologated) UIC test benches.

2.1.Producer’s test benches

The producer’s test benches didn't pass the appr@etification) progress by the UIC
organization and they aren’t homologated by UIC.olign the leading producers of brake linings
and brake blocks belong companies: “Becorit”, “Bskerl”, “Honeywell Bremsbelag”, “Knorr -
Bremse systeme” from Germany, “Flertex”, “Faivelesansport” from France, “TMD Friction”,
“General Mogul” from United Kingdom, “CoFren” frotaly and “Icer” from Spain.

These companies also own their test benches cdléthe dyno machines”.

2.2.UIC homologated test benches

The nowadays existing and homologated test ber(slesds) by the UIC organization belong
the test benches of railway companies: DB (Deut&dten) in Minden, SNCF (Société Nationale
des Chemins de fer Francais) in Vitry, FS (Ferraedo Stato) in Firenze, PKP (Polskie Koleje
Paistwowe) in Warsaw, CFR (Caile Fera Romane) in BestiyrCD (Ceské Drahy) in Prague,
ZSSK Slovakia (Zeleztina spolénog’ Slovensko) in Zilina.

3. The UIC flywheel test stand in Slovakia

The UIC flywheel test stand (approved for ZSSK pamy) in Slovakia is homologated brake
stand by the UIC organization, which is situatethat University of Zilina, Faculty of Mechanical
Engineering, Department of Transport and Handlingchhology. In 2000 it was taken to
homologation progress by the UIC SVA ERRI B 126 kgooup and was homologated as a
universal test bench of “D” category.

Test bench ZSSK Slovakia
Place Zilina
Maximal size of test piece [mm] 1400 x 300
Maximal power [kw] 400
% E Maximal rotation speed fori= 1,5 (i=1,72;,i ¥4 [rpm] 2100, (1850, 800)
= '» | Maximal braking moment [KNm] 25
Number of bearings [pcs] 4,6,8
Electronic flywheel mass simulation allows to add 1100, (1300, 3000)
« | lg (basis fixed rotation inertia mass) 20
E I, (flywheel mass detachable) 5 (2x)
~ | |2 (flywheel mass detachable) 10 (3x)
g I3 (flywheel mass detachable) [kg.nm?] 15 (4x)
g I, (flywheel mass detachable) 280
§ I5 (flywheel mass detachable) 600
l¢ (flywheel mass detachable) 900
I max 1900 (4900)

Tab. 1. Main parameters of the ZSSK Slovakia test bench.

3.1.Construction of flywheel test bench ZSSK Slovakia

Basic elements of this bench are the engine, siywheel masses, brake stations for testing
disk brakes and block brakes, air ventilation em@épt, water spraying equipment, systems for
managing service and evaluation of measured data.
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Fig. 1. UIC flywheel test bench 1 - D. C. electric motor, @earbox, 3 - electromagnetic disengaging cludch
flywheel with adjustable moment of inertia, 5 andffywheels, 7 — base frame, 8- disc brake testigr

The engine consists of D.C. electric motor withasape excitation - type SB280LN8B, which
is controlled by 4-quadrant thyristor converter hwa reverse. The gearbox is connected with
electric motor through a clutch and its gear rasiasi = 1,5/ 1,72 / 4. Nominal torque moment this
electric motor is 1592 Nm with nominal power 265 kWith the possibility of overloading up to
50% from 20 to 60 seconds. Maximum rotation spdeslextric motor is 3200 rpm with maximum
torqgue moment is about 800 Nm. This maximum rotasipeed allows this brake with gear ratio i =
1,5 to reach the maximum rotation speed of breakt simtil 2100 rpm and then to reach maximum
speed of 350 km‘hfor medium worn wheel's diameter 890 mm. With gsigearbox with gear
ratio i = 4 it's possible to reach the maximum witp about190 km.fh for wheel diameter
1250 mm.

Other elements on test bench are three flywhedésboad in company ABB Brno. Total mass
moment of inertia of the first smallest flywheeld80 kgnf (it consists of one switchable flywheel
with moment of inertia 280 kgmand ten pieces of small flywheel masses detachatbte total
moment of inertia of 100 kgwhich are associated with a pressured bearirgvdih moment of
inertia of 20 kgrfi to the shaft). The second flywheel has momenneitia 600 kgrhand the third
flywheel has the mass moment of inertia 900 kgm

Brake stations are used for testing brake linimgsdiscs (disc brake) or for testing brake shoes
and track vehicles wheels (block brake). On eaahdsit’'s used a pneumatic brake cylinder with
diameter 8 or 10 inches.

3.2.Test stand control software

The Test stand bench is equipped with the progrgstesn named LaGer. We can say that
program system LaGer is the software tool for mxtéve design of programs (application forms)
for continuous monitoring of measured places, aateoh measurement, recording of measured
data, data assessment, controlling of experimédats, exports in the formats suitable to continue in
processing with CSV and TXT formats, graphical preéations with WMF export, measure
protocol processing and printing. The program syste based on the philosophy of the open
component system. With advantage the Component $V@ilational Instruments), the ActiveX
components set for data acquisition, numericalyangl computations and data presentation can be
implemented. The program contains the Designer @allatvs on-line editing of the application
form. All activities are done during the progranmriWe can say that under editing of application
form we understand the creation of new instancethefregistered components, their removal,
settings of the published properties and assigtiegmethods for processing of the published

137



events of these components. Setting of the puldigimeperties and events of the components is

guarantied by ,Object inspector” of the Designer.

Setting of the component properties influencedoigigavior of the component and in the visual
components the appearance and the location toasBigning of the method to the given event of
the component, we can guarantee the processimg @vent by assigned method.
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Fig. 2. The screen of application form in the program

LaGer in the regime of active Designer
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Abstract. The paper presents the sequence of designinghtwégght numerically controlled milling
machine using SolidWorks software. Then the machuas made in accordance with the design and
implementation meets the structural assumptions.using the transparent box-design all structural an
kinematics systems are well visible. The machénfeliy functional, is used for learning the fundamtals of
programming. Cutting machine is used for teachimgppses.

Keywords: Milling machine, SolidWorks.

1. Introduction

In the last years reveals a very rapid developnoértomputer-controlled cutting machine,
spurred by the manufacturers of electronic comptsemutting tools, control systems as well as
leading manufacturers machines. Processing maclairesnore and more common to use and
available, and users put their growing technoldgieguirements and utility forcing designers to
continuously and manufacturers increasingly bestdutions to design, control and operation.

The rapid growth of numerically controlled machimes be seen in the industry, as well as in
smaller companies where often is modernized comwaaitmachines by using independent engines
and equipped with computer numerical control.

High availability of ready-made components and panakes it possible to build machines
from the basics, they are applicable to the neédslucation, training machine operators as well as
purely numerical modeling a hobby or strictly pss®nal. With many advantages of numerically
controlled cutting machines (such as the ability it@wrease production flexibility, high
reproducibility of geometrical objects, short timzfsprocessing, high dimensional accuracy), they
are more common use.

Currently functioning a lot terms referring thereamachine, universally function names such
as milling plotter, plotter, CNC engraving and migj machine CNC. Very often some of these
terms are used to describe the same machine.Theerpis a computer peripheral device,
constructed on the basis of the table, which igl dselarge flat surfaces having even a few dozen
square meters, it can cut out shapes and patesnggll as draw engraved, often it is widely used i
graphic design, advertising industry, for modelofgreliefs. Work performed on these machines
often overlap with the work implemented at millimgchines.

Computer-controlled milling machine, however, pgteater requirements on the usually, the
rigidity and precision machining, productivity teolhnd application-driven spindles with power
from a few kW offering a rough cutting. They arewnonainly versatile machines for surface
treatment of shaped and flat and new constructiennereasingly alternatively with the the spindle
equipped in measuring heads, water jet cuttingaserl cutting. Milling engraving machines are
lightweight milling machines and are equipped withh reaching speeds electrospindles of tens of
thousands revolutions per minute, this gives thesidity of using carbide tools with diameters of
less than one mm, and the use of high speed maghit$M.
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2. Description Of Milling M achines Description Of Milling Machines

The article described the construction of a modeieaching lightweight milling engraving
machines with movable gate (Fig. 1). It was createdhe work leaded in the €ztochowa
University of Technology Institute of Machines Taokogy and Production Automation [3].

Components have a total functionality and thanksusing twisted-box design with a
transparent PMMA are well visible. Milling with theeope of the working space of X: 290mm Y:
420mm Z: 100mm allows performing machining of medisize in the materials to be milled and
especially non-ferrous metals, plastics, wood, Mifards and laminates. All axes are driven by
stepper motors, transmission to trapezoidal sc@lows through the claw coupling, in addition,
each axle has also enabling erasing backlash ntlteobolt. Milling engraving machines resolution
is 0.01 mm. Drives feeds are now important comptmeh of numerically controlled machines.
This puts them more and more demanding, because lénge extent determine the machining
depends on their positioning accuracy, repeatgbsipeed and acceleration of movement. Drives
feeds are now important components of of numegicadintrolled machines. This puts them more
and more demanding, because to a large extentndaterthe machining depends on their
positioning accuracy, repeatability, speed andlacagon of movement.

The machine is equipped with High-speed spindleguasy 500W. It is powered by a single
phase mains voltage, and the design allows for gasgport and launching in any room. For the
control can be used any computer with an instadled properly configured control program, for
example, ArtSoft Mach3's.

Fig. 1. View of the milling machine.
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Virtual milling machines project was executed usisgecialized software, SolidWorks
Dassault Systémes SolidWorks Corp. (Fig. 2). lansintegrated system that offers complete 3D
software with tools that will help to design, caoyt a simulation of the resulting products, also
manage the technical documentation of the produist.relatively easy to use and simple program.
He became very helpful in creating advanced 3Dgtesnachinery, allowed the creation of the
whole design of mechanical milling machines, withasing other software [2].
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Fig. 2. Spatial view of a virtual project.

To perform milling machines were used as ready-mamlaponents and standard parts are
described below. The spindle due to a similar dhstion of forces during machining grinding
machine used GS 500 VS DWT with a capacity of 5084 the maximum speed 27,000 rpm.

To drive the X and Z axis was used stepper moto0#® Nm moments due to the presence of
small forces of inertia. To drive the gates of mdlmachine moving in the Y axis was used a larger
1.4 Nm stepper motor which, through a toothed teites the two trapezoidal screws. Stepping
motors were used, because it made it possible fwpéan loop control and a wide speed range,
accurate positioning and repeatability of movemand high reliability. Open linear bearings
KB120OP, KB20OP were used for bearing parts oftadl @axles on the rolls of the special precision
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WV12 and WV16. Power screws of all axes are supgoty conventional ball bearings 608RS.
Axes X, Y and Z are driven through trapezoidal Istseeews with symmetrical thread Tr14x4 made
in tolerance e7.

These bolts work with nuts BA1032 made of aluminbranze. To all components such as
spindle motors, guides, screws, couplings and bgaihave been developed their spatial drawings.

Other elements of the construction have been degifiom the basics. Machine base, gate,
spindle clamping system has been designed androotest of transparent plexiglass panels in the
box-system. This solution achieved a very highditgiof the construction and low weight.

A stepper motor has been mounted by the constructasists of an open cuboid fixed on at
the top of gates of moving in the y-axis machir@aw clutch was mounted on the shaft of the
stepper motor and trapezoidal screw pivot.

Box-like structure of the gate moves relative te thilling machine Y axis along a fixed base,
because it was supported on linear bearings mavinipe shaft leading embedded in the base. Gate
is driven by the stepper motor centrally locatééntthrough the toothed belt with pretensioners on
the pulleys trapezoidal screw on the nut attacbetd walls of the gates.

To control the milling machine was used Mach 3 @ifttgorogram. This is a program for
numerical control machines built up to six axese phogram is based on control by the G-codes. In
the window, you can keep track of the route thavesothe tool and to control the depth, spindle
speed, size and other processing parameters. igeapt is used to control stepper motors, servo
drives and gives it possibility the error correntjperformance power screws. Makes it possible to
erase slack during relapse milling machine tabtntfl is from a PC via the parallel port. Mach 3
Software can import files in DXF, HPGL, JPG and BB recognize text files that the G-code.

3. Conclusion

The paper presents the design gantry milling machising the CAD program has been
designed and made between all elements of the meamaking it possible to eliminate errors and
optimize the construction. It has satisfied all tesign intent. The machine is fully functional, is
used for learning the fundamentals of programming autting machine is used for teaching
purposes. This is an example of the creation ofptlogect and its implementation in accordance
with the technical documentation.
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Abstract. Lathe claw OSA 200 gives the opportunity to makiugh technological operations as turning,
boring, drilling, threading, turning cones and gpda surface. The lathe is applied in the indussmyall
manufacturing plants, and education. OSA 200 isppaa with Mitsubishi control system. Operationttod
lathe can be simulated by software Swansoft. Theulsitor makes it possible to check the machine-
generated NC programs, their optimization and thleutation of the time of manufacture. Because the
simulator imitates the real turning lathe, allovegiyo test the NC program for specific manufacuwitesks.

Keywords: Lathe OSA 200, Swansoft

1. Introduction

Lathe claw OSA 200 (Fig. 1) is equipped with Mitslid control system. It is used for
machining as disc and shaft class. Gives the oppitytto making such technological operations as
turning, boring, drilling, threading, turning conaad spherical surface. The lathe is apply in the
industry, small manufacturing plants, and educatitinis designed for individual and mass
production. Using it can be machined steel, cast,inon-ferrous metals and plastics. Cutting tools
can be mounted with carbide inserts and sintereshue metal. The lathe is built on the bed, it has
a rectangular cross-section, bottom bracket mol@sgyahe longitudinal bed, it is placed on the
cross slide, mounted on the carriage head tool. il drive consists of the headstock and the
motor with variable speed regulation. The headsi®skrewed in to the bed. In the headstock is the
spindle. The spindle is supported on precision ibgar The bed is made of cast iron and has
a rectangular form. Are bolted to the bed slidesth® slides moves suport. Tailstock is moved by
hydraulic cylinder. Tailstock has a claw rotatidio. drive the feed used ballscrews.

Cross slide comes standard with eight positionaktis Pragati. The head has a blade utility
knife with a direct attachment to the external tagrntool. Coolant is supplied to the machining area
by the blade tool. For the control was used MitsbhbMeldas system.

2. Numerical control

Numerical control puts more and more demands modattme, which determines their
construction. Machining spaces are increasinglynoped and characterized by automatic tool
change. In contrast to the conventional machindis all the tools are placed in the tool head, this
allows significantly shorter downtimes. Tool settaol head according to the plan resulting from
the technological process and timely machining momehe workspace by entering to work.

Machining technology program is written in such aywhat its achievement can be on any
lathe, regardless of the kinematic system, so yastmrite a program in the system from the base
point is located at the zero point of the workpiebdormation about the origin location are
determined in any manner, according to the critefiapractical skills and the technologist-
programmer and stored machine control system. Wysuigs easiest to fix in such a way that can be
easily read the data dimension. t is necessargdourate measurement and adjustment of the tool
tip against the base point at the stage of preparaf the lathe to work. Tools should be set with
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accuracy greater than the desired accuracy of tdtma worked. Due to the length and radius
compensation equivalent reference tools, tool Ipaget is possible to write part programs without
regard to the specific dimensions of tools. Theatisions of the tools will be taken and converted
by the control system of the lathe. This allowsdpelication program can be written in a universal
way.

Fig. 1. View of lathe WASP 200

3. Swansoft ssimulator

Swansoft CNC Simulation includes 17 sorts, 67 systeand 126 control panels. It has
programming and processing function of FANUC, SIENESINUMERIK), MITSUBISHI (Fig.

2), FAGOR, HAAS, PA, Romi, GSK, HNC, KND, DASEN, WASREAT, SANYING, RENHE,
SKY. By using the software in PC, students can aragperation of all kinds of NC lathe, NC
milling and machining center in short time [1].

The simulator makes it possible to check the maehenerated NC programs, their
optimization and the calculation of the time of m&atture. Because the simulator imitates the real
turning lathe, allows you to test the NC programdpecific manufacturing tasks It also allows to
determine the dimensions of the workpiece surfacghness after machining. Using the capacities
of the simulator can effectively support industpabduction. With its capabilities can be corrected
downtimes and eliminate errors in the NC program.

Work on the simulator Swansoft is like working oreal machine tool CBKO WASP 200. The
simulation program takes account of the workingcepand all the preparations. We can determine
the size of the workpiece, the type of clampingd,tBe coordinate origins the workpiece, cutting
tool to select. Been applied a realistic visual@abf three-dimensional space.
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C:\Program Files (x86)\Nanjing Swansoft\SSCNC\MITSUBISHRESOT\EGO\O11.cnc MITSUBISHI EZMotion-NC
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Fig. 2. View of the virtual lathe with the controls Mitsshi.

In a preparatory mode to prepare the simulator slamachine tool (Fig. 3). The first step is
to attach the power, turn off the emergency stapobuand attach the key editing. To perform any
maintenance operations on a lathe, use the follpwaference. It involves moving carriage to the
reference point in the directions Z and X. The tmgaof this point has been determined by the
manufacturer, is used to determine the positiath@tool in relation to the spindle, it occurs omy
the lathe with the incremental position measuremsgatems. Thus, it is determined that a specific
distance from the zero point of the machine itasgible to build an absolute coordinate system.

The lathe can be run in manual mode JOG, STEP,AMMLE. To start the terminal grip
chuck, we must first determine whether grab thewv&eor shaft. Short programs can make or edit
mode using the MDI. Each program can be run stegtdyy, or stop in progress. In both simulation
and real, we can turn a graphic tool trajectorye $hmulator and the real lathe should be mounted
and set the cutting tools. Can be do this eitheectly. The advantage of this method is the
elimination of measuring tools, it is easy to dbeTisadvantage is the extra time to set the tool.

This method is good at not too frequent exchangeoofs in the tool head. In order to
determine the dimension of the tool turn longitadiy cylindrical surface of any size who need to
know. The length of the tool in the X axis is tla¢io of the size of the correction in the axis ué t
monitor reading and pre-measured turning radiuketylinder. In order to determine the length of
the tool in the Z axis must turn the front faceollength is the ratio of the size of the correatio
the Z-axis and zero offset from the planned froetshaft piece.
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Fig. 3. The measurement of the virtual object and hisahviews.

4. Conclusion

The paper presents the possibility of turning WAE® with controls Mitsubishi and with
virtual counterpart. To control lathes have beeeduSNC systems made in Japan. They cooperate
with digital propulsion systems with high reliabyli Program processing technology is a standard
G-codes according to I1SO. In order to provide catfoperating all operations can be similarly
being done with the simulator. Before operating riiechine can reproduce virtually her work and
earn education in operating and CNC programming.
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Abstract. The aim of the article is comparison and settiigcamputing combustion model for CFD
simulation and empirical calculation of glycerimaoustion. The comparison was made based on catwulat
of adiabatic combustion temperature.
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1. Introduction

The combustion from chemical aspect is fuel oxatatvhich can perform in any temperature.
Glycerin combustion is very problematic and comgild due to its high viscosity, low pressure of
vapor, high temperature of auto-ignition, and fefmsm production of dangerous emissions.
Antecedent attempts showed that the most suitaldansn for glycerin combustion was burner
usage. The burner has to be modified to be abkffemtive work with this type of fuel. Before
practical construction of experimental burner ihecessary to verify theoretical conditions by CFD
simulation. The simulations were made with compaoitetl program Fluent. For CFD simulation of
glycerin combustion in experimental two-fuel buriteis important to right set up computational
model of combustion. As a computational model isvehosen model of stoichiometric mixture
combustion, and model of chemical equilibrium. Rerification of chosen model of glycerin
combustion with theoretic glycerin combustion wee usalculation of adiabatic combustion
temperature. This temperature is most importaritdio@racteristics.

2. Staticsof glycerin combustion

For theoretic computation we will reflect with pugb/cerin using whose heating capacity gets
from thermodynamic table 6658 kJ.kg. Experimental burner has performance 20 kW. We can
define theoretical glycerin consumption from burperformance and heating capacity. Theoretical
fuel consumption will be,35 kg.H.

Glycerin GHgO3

Relative molecular weight 92,09 g.rifol
Mass ratio C 39,14 %
Mass ratio H 8,69 %
Mass ratio O 52,17 %
Density (20°C) 1260 kg.m
Kinematic viscosity (20°C) 1,2.10 nr.s’
Dynamic viscosity (20°C) 1,48 Pa.s
Thaw point 17,8 °C
Boiling point 290 °C
Self-ignition temperature 370 °C
Heating capacity 16558 kJ kg
Specific heat capacity  (0°C)| 2,261 kMg
Specific heat capacity  (20°C) 2,428 kJKG ™"

Tab. 1. Main properties of pure glycerin
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Perfect combustion requires correct quantity of lsostion air. This quantity we compute by
using of mass ratios of fuel components (obtaimechftable 1.) and by excess-air coefficienBy
using of empirical equations we obtain total aiawity which isL; = 46,1 kg.H.

2.1. Amount of exhaust gases and their composition

For adiabatic temperature calculation we have makamount of exhaust gases which rise by
combustion of given fuel. The calculation assumeth \perfect fuel combustion without water
content (fuel has chemical composition by tab.The calculation assumes with excess dry air
contenta.

Minimal amount of exhaust gas®g, min Which are caused by combustion of stoichiometric
mixture (with excess-air contem=1) for given case will be present on base of chehficel
composition, and on base of chemical reactionsngudombustion. The production of exhaust
gases describes following equation

¢ H 79 .
Vsp,min = 1,867m + 11,2 To0 + ELt [m3_kg 1] )

Real amount of exhaust gases is minimal amounlohwst gases which is increased in the
conseqguence of excess-air content and we caldulagaising equation (2)

Vsp = Vsp,min + (A -1)L, [m3-kg-l] (2)
We can calculate the composition of exhaust gasethe assumption that equation (1)

determines count of particular components of exhgases. Volumes of particular components are
following

Veo, = 1,867 — [m°.kg'] 3)
Viyo = 11,2— [mP.kg] (4)
Vn, = AL, + 0,8 [m’kg"] (5)
Vo, = == (A= DL, [m°kg'] (6)
Then for real amount of exhaust gasgsresults on base of antecedent equations
Vsp = Veo, + Vo + Vi, + Vo, [m*.kg] (7)

3. Combustion temperatures

Heat rises during fuel combustion, this heat skips exhaust gases, which in this regard reach
certain combustion temperature. We use followingloostion temperatures in the calculations:
- adiabatic combustion temperature
- theoretical combustion temperature
- theoretical combustion temperature with dissocamtio
- real combustion temperature

3.1. Adiabatic combustion temperature

Adiabatic temperature is theoretical temperaturas limportant fuel characterization which
suggests possible available temperatures duringbastion, and presents chances to compare
different fuel types from this aspect. Fundameptamises for calculation are:

- fuel and combustion air enter into combustion chexmd¥ burner with temperature
t = 0°C, fuel has given heating capacity

- excess-air coefficient is= 1 and combustion is ideal

- arose heat is transferred only into exhaust gdsed, non-takes away into environment
(it is adiabatic actiondq =0)
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We can calculate adiabatic combustion temperatire a
Hu
(K] (8)

ta - VSp'min'Cp'SP
where particular members of equation are:
Hu — fuel heating capacity, [kJ.Kj

Vsp,min— theoretical minimal amount of exhaust gases.Kgnl]

co.sp— Middle specific heat capacity of exhaust gas#s e@mposition foVep min [kJ.mi°.K™]

As we can see in equation (8), for calculation waguire know middle specific heat capacity of
exhaust gases with given composition. But it depeod temperature, which is also unknown.
Therefore, calculation of adiabatic combustion terapure and middle specific heat capacity of
exhaust gases is possible do by iterative methaelugé graphs of dependencies between specific
heat capacities and temperature. Dependencieb@mnsn the figure 1.
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Fig. 1. Dependencies between specific heat capacity of B, N, O, [kJ.ni*.K™] and temperature [K]

The final value of middle heat capacity of exhayastes is calculated as middle heat capacity of
gas mixture by equation

Crmixture = Z?:lrici [k‘]'m_s-K-l] (9)

where:
ri — percentage of component i (computed by equa(@n® (6))
Ci — specific heat capacity of component

We have to choose expected glycerin adiabatic teatyre for calculation by iterative method.
We supposé, = 2100 K. By using of graphs (Fig. 1) and equationw® compute resultant value
of middle heat capacity of exhaust gases. Thisevala subsequently institute to equation (8) for
adiabatic temperature calculation. We again use pated adiabatic temperature for new
calculation of middle value of heat capacity of @xét gases. We repeat calculation while value of
adiabatic temperature isn’'t constant. The resultaitie of adiabatic combustion temperature
obtained by this method ig= 2022 K.
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The calculation of adiabatic combustion tempee by CFD method uses combustion
model of stoichiometric mixture of fuel and air. élbourse of combustion temperature depending
on mixture richness is shown in the figure 2. Maximvalue of temperature is equal adiabatic
temperature when excess-air coefficient 1. Computed adiabatic temperature by CFD method
using ist; = 2030 K.

T 1.62E+03 —
e .
m
p 1.22E+03 —
e
r i
a
t  s12E+02 —
u
r i
e
0.00E+00 2.00E-01 4.00E-01 6.00E-01 8.00E-01 1.00E+00
Mixture Fraction F
STOICHIOMETRIC REACTION prePDF V3.10
INSTANTANEOUS TEMPERATURE (KELVIN) Fluent Inc.

Fig. 2. Dependencies between combustion temperature [¢(Khakture richness [-]

4. Conclusion

The adiabatic temperature computed by empiricalatgguos is 2020 K and adiabatic
temperature computed by CFD model of stoichiometnixture combustion i2030K. The
comparison of these two temperatures we can estatblat the CFD model was chosen correct and
we can use it for next complex CFD simulations lgEgrin combustion in two — fuel experimental
burner.
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Abstract. This article describes project of adsorption auplievice, which utilize the solar energy from the
solar collector for its work, with working pair astbent/ coolant zeolit/ methanol or zeolit/watertBtype
device we will use for parameters measuring of dieigice types. Result of measurings will be cakinggof
COP and ratio of energy supplied from the publiecelcity network and energy reached from the sun.
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1. Introduction

Humanity still don't utilize some energetic sourceghich don’'t charge environment or
sources, which utilize, doesn't utilize them effeely. Adsorption cooling system with utilization
of sun energy can be one of example, how is passibiply make a cool in the summer time, when
IS most necessary. Part of energy, what needsetieedfor work it takes from sun collector and
part from the electric power net.

2. Utilization of sor ption effect in cooling devices

Adsorbents are high porous material with very langgde space, on which can bind molecules
of coolants with very big power. This effect weligg in cooling Technologies for non compressor
devices. Adsorbent sharply soak vapours of coqlsygtem is discharging) like a compressor in
under pressure part of device. Pressure in syssegoing down and boiling point of coolant is
moving down. Evaporative heat need on boiling aflaot is from air conditioning system or inside
space of refrigerator, etc. But when the capaditgdsorbent is full, we have to coolant reach from
the asorbent (desorption) by heat from the heatcsoucharge the system. This heat will be in our
case from the sun collector or electric heat exghanlts means that this devices work
discontinually. If is necessary, to have cool ntopssystem must to have minimally two absorbers,
first one will be discharged and second one chaageldupside down.

Coolant we choose according the temperature, we. iteeery coolant has other freezing point
and other evaporating heat. Where we need tempesatinder 0°C, we can not use water like
a coolant. Other coolant has, in comparison wittewdower evaporating heat.

Adsorbents we choose according the coolant, beaantsall coolants work with combination
with all adsorbents. Next factor in associationhwadsorbent is desorption temperature. Every
adsorbent has other desorption temperature. lesomgbtion temperature not so high (lower than
100°C), we can use for desorption low-potentiak Isearces, for example flat sun collectors.
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3. Composition of system and how does adsor ption system work

Adsorption cooling device are simple constructigstems. It is assembled from heat source (in
our case sun collector or electric heat exchangegt exchanger, evaporator-condenser and
absorber-generator. Because the adsorption dexiwat icontinually working, in 1st phase absorber
(dry adsorbent is charged by water vapour) abswlvapour from the evaporator is cooling and we
can utilize the cool for example to air conditiagisystem. System is discharged. In the 2nd phase
we need the wet adsorbent to dry — charge themydtethis case absorber become to generator
and evaporator become to condenser in our caseawe dondenser like separate device (because
measuring of condensing heat and faster workimyj¥charge the adsorbent is possible by the heat
and in our case by the solar thermal energy frollector. By heating of generator is the adsorbent
agent charged and water vapour is condensed ireased

sun collector

cooling circuit

o valve
circuit
pump
) condenser
expansion 5
tank
I
adsorber/ L
desorber evaporator

Fig. 1. Scheme of experimental adsorption cooling device.

4. Experimental adsor ption cooling device with utilization of sun energy with
working pair zeolit/water, zeolit/methanol.

This device we designed for working pair zeolit/gradbr methanol. Watre has high evaporating
heat, methanol has evaporating heat approx. halfabér evaporating heat. But with methanol we
can achieve lower temperatures (under °C), highedensation temperatures, than with water and
we suppose lower desorption temperatures. Watezrisgood, ecological and very cheap coolant.
Methanol is for human poison but we will fill theedce in liquid form — not so dangerose.
Methanol occurs in nature and originate by gernaeesbic process.

For desorption we use heat from vacuum sun colidadan company Viessmann, because has
better power parameters, than flate collectors whk same surface and achieves higher
temperatures, what is necessary for desorptionepsodCollector has active surface 3 m2. Like a
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heat transport medium we use Alycol Thermo from gany Slovnaft. For circulation of medium
serve solar circuit pump Grundfoss.
System needs the others components like a expatasiknsystem of valves safety system, etc.

Fig. 2. Condenser and adsorber with zeolit

5. Problemswith construction of adsor ption cooling system

The main problem with construction of this systesnassuring vacuum tightness. If is not
assured this parameter, boiling point temperatdireoolant is moving up, or don’t boil neither.
System needs special material, which can work wethperatures to 250°C and can work in
aggressive ambience, it hold for gaskets, fittiagd constructions materials. Additional problem is
dilatation of material, because device works withtemperature differences — in device have to be
used high stiff screws.
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Fig. 3. Construction of adsorber

6. Conclusion

The aim of project is relate coefficient of perf@mnce, desorption temperature with various
coolants, lowest temperatures, which we can achiétvethis device and exactly describe problems
with construction, describe advantages and disadgas of this system and possibility of
utilization in practice.
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Abstract. Thermodynamics of Jet engines working on the placof Brayton cycle is theoretically well
described. Verification this knowledge by experiteill increase the opportunities to further exaenthis
issue on the level of study and scientific levelnadl. It motivates students to a deeper examinatibthe
problem. Allows you to compare theoretical and akttalues of parameters and allows investigatirgy th
behavior of a jet engine in various modes incluskesidard and nonstandard. Such experiments will use
small aircraft engines. For our experiment willdsed engine Jet-Cat P200. It's single spool, sifigle, jet
engine with centrifugal compressor and axial tugbin
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1. Introduction

A small jet engine Jet-Cat P200 was bought as a&tior teaching the subject of aircraft
engines on Department of aviation, Faculty of Opeanaand Economics of Transport and
Communications.

It will be used for a simple experiments focusedn

= familiarize students with the operation of jet eTegi

» thermodynamics of jet engines

= energy balance of jet engine

= comparison of theoretical and real values of thamst efficiencies of the engine

= comparison of specific parameters of this engire@mmercial engines

Similar engines, for example. SR 30 from Turbinktexdogies are used in many laboratories
around the world. Their arrangement is generallyfa®ws: inlet diffuser radial compressor,
annular combustor, axial turbine and fixed nozg&lg. 1. shows a simplified diagram of a jet engine
operating on the Brayton cycle.

Combustor T

Compressor Turbine

Diffuser Nozzle s

Fig. 1. Scheme of jet engine and his T-S diagram

But for this purpose are necessary changes soitth@as possible to measure the basic
operating parameters. In cooperation with DepartnoérAutomotive Technology of Faculty of
Mechanical Engineering the engine test bench isgoéesigned so that it is possible to record these
parameters.
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2. Design of test bench

Based on knowledge of similar experimental devares set of requirements has been designed
measuring scheme and itself the structure of tihelbe

2.1. Measuring scheme

For experiments on a test bench is necessary teureeaecord and evaluate these parameters:

Inlet air flow, fuel consumption, RPM’s and temperas and pressures on each section of the
engine.

The measuring scheme for these measurements watectras on Fig.2 It contained two
sections: control section and measuring section.

N e W

Engine deg

7 C CCH T

7]

8 o (| 10 || 11|12 || 13| 14 || 15
N

NN //// .

- 3 =~ On

Fig. 2. Measuring scheme

C — compressor, CCH — combustion chamber, T —narbi
Control section:

RPM sensor

Temperature sensor — exhaust

ECU

LED board

GSU

RS 232 interface

Measuring section:

7. Inlet Air Flowmeter

8. sensor EMS 20 — thrust

9. RPM sensor

10. Sensor PTTJ-183 — compressor exit temprerature
11. Sensor of compressor exit pressure

12. Sensor PTTK-1 — turbine inlet temperature

13. Sensor of turbine inlet pressure

14. Sensor PTTK-1 — exit temperature

15. Sensor of exit pressure

16. Measuring card

17. Sensor T7510 — Atmospheric parameters

oA WONE
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2.2. Test bench

The design of the bench must provide the abilityneasure the required parameters and to
provide user protection in case of destructionhef ¢ngine. According to these requirements was
designed the test bench and engine mount as o8 .Fig.

Fig. 3. Design of test bench and engine mount

3. Basicrole of experiment

One of the main objectives of the experiment igdofy the theoretical parameters obtained by
numerical methods with the actual values and olasienv of behavior of Jet engine in different
modes. Fig. 4 shows the theoretical parameterd@fengine on the output of the simulation
software GasTurb11.

W i) P WRstd
Station kg/s K kPa ko= FN = 0,24 kN
iy 288,15 101,325 TaFC = 23,8893 g/ (kN*s)
i 0,495 288,15 101,325 FN/W2 = 480,64 m/s
7 0,485 288,15 100,312 o, 500
3 0,485 451,65 401,247 0,156 Prop Eff = 0, 0000
31 0,495 451,65 401,247 eta core = 0,230
4 0,501 500,00 389,210 o, 230
41 0,501 900,00 385,210 0,230 WE = 0,00568 kg/s
49 0,501 754,08 177,480 = NOx = 0,07362
5 0,501 754,08 177,480 0,462 XMB = 00,9418
& 0,501 754,08 177,480 ne = 0,0020 m,
8 0,501 754,08 177,480 0,462 P8/Pamb = 1,751e
o ——— B Bleed 0,000 451,65 401,247 WBld/W2 = 0,00000
angs = 20,00 °
P2/P1 = 0,9900 P4/p3 = 0,9700 Pe/P5 1,0000 cDe = 0,9538
Efficiencies: isentr polytr RNT p/P W_NGV/W2 = 0,00000
Compressor 0,8500 0,87537 0,990 4,000 WCL/W2 = 000000
Burner 1,0000 0,970 Loading = 100,00 %
Turbine 0,8900 0,8736 1,003 2,193 @45 th = ;85000
. J £ar7 = 0,01148
Spool mech Eff 1,0000 Neom Spd 14000 rpm PWX = 0,00 KW
Cooling
0%
Overboard Handling hoom ¥ yepll PHY. Fuel
Bleed Bleed 0,0 0,00000 43,124 Generic

hde o Input Data File:

0% C:\Program Files\GasTurb\GasTurbll Entry Levelldemo_jet.cyj (modified)

Fig. 4. Sections of engine and output parameters of GadTur
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4. Conclusion

The test bench of small aircraft engine Jet-CatORadws us to verify theoretical knowledge
of jet engines, to transfer simple thermodynamipeeinents in order to compare parameters with
commercial jet engines and the investigation ofrgndlows in the engine. Read in to teaching
students it will enrich their practical knowledgedamotivate them to a deeper study of this issue.
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Abstract. This paper deal with CRISP-DM (Cross-Industry 8t Process for Data Mining) process
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1. Introduction

Nowadays, manufacturing companies have to cope wiipredictable changes in market
demand. Manufacturing systems have to have adedenate of flexibility in order to react to
market fluctuations immediately and cost-effectyved system that is able to accomplish these
goals have to consist with modules (hardware affivace) that can be removed, added, replaced
or upgraded so that a new process technology cajuioc&ly adjusted to cope with the unstable
environment. The level of system flexibility sthicdepends on modules determined at the system
design stage. Therefore, it is necessary to devalopntegrated methodology that allow system
designers easily and quickly choose most appr@&priaidules for new or existing manufacturing
systems. This article deals with methodology that be applied to determined hardware system
modules (machine, conveyors, auxiliary equipmemwt) flexible manufacturing systems. This
methodology based on CRISP-DM (Cross Industry Stahdérocess for Data Mining) reference
model using relational databases. Section 2 braglcribes main step in CRISP-DM model, while
section 3 shows proposed data structure model &@hming systems.

2. The CRISP-DM reference model

The CRISP-DM is the industry standard methodolagydiata mining and predictive analytics
that was developed by a consortium funded by theogan Commission. The CRISP-DM
methodology was invented for data mining projecith warge dataset, but can be also applied for
projects with smaller dataset.

The CRISP-DM reference model for data mining prigies shown on Fig. 1. This model
depicts overall life-cycle of a data mining progdn the CRISP-DM model, six major phases were
distinguished:

1) Business understanding — this phase was dividenl fiotir tasks: determine business
objectives, assess situation, determine data migwads, produce project plan. It focuses on
understanding data mining project objectives arguirements from a business point of
view.

2) Data understanding — this phase was divided intw fasks: collect initial data, describe
data, explore data, verify data quality. It focusascollecting and understanding initial data
as well as identification data quality problems detkction subset to form some hypotheses
for hidden information.
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3) Data preparation — this phase was divided into fasks: select data, clean data, construct
data, integrate data, format data. It focuses aaterg the dataset that will be next
introduced into the modeling tools. It also incladeleaning and transformation
(normalization, standardization or even assignnseme coefficients for qualitative data if
it is necessary for modeling tools). In most cabes step will be performed several times
before data reach the final state.

4) Modeling — this phase was divided into four tadedect modeling technique, generate test
design, build model, assess model. It focuses @ttegy the best modeling technique and
determining optimal values for his parameters. Sonwoeleling technique require special
preparation of input data, so it is common to miogek to data preparation phase.

5) Evaluation — this phase was divided into three dasaluate results, review process,
determine next steps. It focuses on assessingealswdel in order to verify if all business
objectives and requirements were reached.

6) Deployment — this phase was divided into four tapkan deployment, plan monitoring and
maintenance, produce final report, review projéctocuses on developing and improving

obtained model.

Business Data
Understanding Understanding
Data
Deployment. Data preparation
Evaluation Modeling

o

Fig. 1. The CRISP-DM reference model [1]

Relationships, that were shown in Fig. 1, are tlestnmportant dependencies between defined
phases. However, relationships could be determbetdveen each phases depending on users
requirements. Data mining is a cyclic processs ilépicted as a outside circular loop. All results,
information and experiences gained from one datangicycle should be utilized for next one in
order to find the best solution.

CRISP-DM reference model can be applied for selgatodules for manufacturing systems.
Methodology presented in this section was outlineelfly, for more details see [1].

3. Database model of flexible manufacturing system

Colledani, Terkaj and Tolio in their work proposguocess-product-system information
formalization for production system. In flexible mdacturing systems, three main areas, as shown
in Fig. 2, were distinguished: System, ProductcEss.

An UML (Unified Modeling Language) object-orientadodel of production system for
decision support methods was presented in [2]. Eaaim area was divided into several classes
(some of this classes are derived from STEP-NCdstal), and each class is characterized by
several attributes.
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Production System area was divided into ten claaseshown on Fig. 3. All of those classes
describe physical resources and structural charstits of the manufacturing system. More
detailed information about classes and their atteb can be found in [2]. Machine class, for
example characterized by following attributes: nembf controlling axes, work cube dimensions,
maximum spindle speed, precision level, numbeiait sn the tool magazine, machine efficiency,
time to change a tool on machine etc.

Production
System

Technological
Process

Fig. 2. Three main areas in manufacturing systems [2]

System
Performance Selected System
Evaluation
Tool Cartier Hyperplane

Production

System
Tool Machine
Physical Pallet Carrier
Load/Unload
Station

Fig. 3. Production system classes [2]

Product area was divided into four classes (FigA#t)of those classes describe the workpiece,
his geometrical complexity and possible evolutioh tike workpiece according to predicted
scenarios.

Machining

Feature

Scenario Node

Workpiece

Production
Problem

Fig. 4. Product classes [2]
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Technological Process area was divide into sixselsss shown on Fig. 5. All of those classes
describe machining process, tools, technologicaamaters, operation sequence, location and
orientation workpiece on the pallet, time needech&zhine particular feature on the workpiece.

Machining
Operation

Setup Face

Technological
Process

Machining
Workingstep

Setup
Workpiece

Workplan Pallet

Ay

Fig. 5. Technological process classes [2]

Model of flexible production system presented ims thection is a framework that can be
utilized for developing methodologies and tools nranufacturing system design domain. In
peculiarity, it can be used to determine physieaburces (machines, carriers, pallets) for flexible
manufacturing systems. The proposed data struchodel can be use to define new production
system, starting from the green field, as welltasgdefine new configuration of existing system
(reconfiguration task). Methodology presented is fraper can also be used for design a new type
of system, namely, Reconfigurable Manufacturingt&ys(RMS). This type of system, from its
definition, has full modular structure, consisttwtiardware and software modules. Therefore this
methodology can also be used for determining phlsiesources (modules) for reconfigurable
systems.

4. Conclusion

Nowadays companies must struggle with aggressiugettion and rapid changes in market
demand. Developing methodologies and tools for faaturing system designers is a main issue
for researchers in this domain. Methodology presernin this work can be used for selecting
physical resources for flexible manufacturing systeas well as for determining physical modules
for reconfigurable manufacturing systems.
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Abstract. The paper deals with one of possible ways of antification of stochastically loaded
mechanically structures. The purpose of this apragto find an algorithm of a forecasting conwbtheir
working in real working conditions. It deals withpaoposal of an application of vector time seriesvimg
average models (VARMA). The paper contains a thealeprinciple of problems solved and a descriptio
of a real testing methodize.

Keywords: Mechanically structure, stochastic loads, idecdifion, vector autoregressive models VARMA,
virtual model of crane jib, software support - Alget, ARMASA Package.

1. Introduction

It is well known that working of majority of machaa is significantly influenced by different
kinds of stochastic loads. There is possible tpeesthe tendency a limitation of energetically and
material consumption to oversize their dimensidBst it is necessary to look for some more
ingenious methods to deal with this problem’s. Sofrttem are the ways to control (influence) the
working of a mechanical system in respect to thesposed behaviour. But it needs to follow of the
system behaviour in the real time and to make soecessary controlling interventions.

2. VARMA models in Stochastically Loaded Parts Identifcation Process

There is necessary to identify such a system stt fir means to get its statistically adequate
mathematical model. There is possible by using tislel and by developing sufficient fast and
correct machine control system and suitable soéwarforecast behaviour of system in the near
future. We can get in such a way the possibilitynaking some controlling corrections before the
system reaches an unstable region.

2.1. Vector Autoregressive Moving Average Models (VARMA

It was found the as a suitable solution for a sistbally loaded mechanical structure
identification can be used the ARMA (autoregressinveving average) models or their vector
modification VARMA (Vector Autoregressive Moving &vage) models [3], [4].

A stochastically loaded part of structure and hdviour during time can be described by
using of scalar autoregressive moving average mAdRMA. Its identification (stochastically
adequate model) but gives just an information aisudwn behaviour without a relationship to the
whole structure during acting of different workireggimes.

We have found as one of possible ways the use dibwveutoregressive moving average
models VARMA to improve accuracy of stochasticatlgded mechanical structures identification.

These models are suitable for stochastically loadedhanical structures identification which
outputs are reflections on stochastically loadsiare number of points — vector time series (Fig.1).
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The Course of centered component of stress in 3 critical elements of
structure in the form of time series
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Fig. 1. A Vector Time Series of Stress in elements rfcstire.

A searched vector model VARMA (m,n) can be expréssea matrix equation in form [3]

Xg TAX g —A X T A X T8 ~Bg L —Boe L, - mBre L, (D)
or in written out form [3]
_Xlt_ _alll a'121 akl Xﬂ.—l a]m a]rﬁ akln Xt-]:m
X | |81 8oz - 8| [ Xpg| | @ap @ e || Xian -
L X | [ Rar or 0 Q] | Xa-1 Am Hm o Hym Xit-m o
-3 r 2
&y b,, 0 .. O0]|e&._, b, 0 .. O0]|e,.,
Ex| | O DBy o O fleay| | 0 by o 0 )]e,,
& 1O 0 by || s 0 0 .. b ||é&,

this can be transformed in the system of k lineartiependent equations. The symbol of “k”
means number of points of the structure in whiehdhtput on dynamic loads are recorded. The left
hand side of matrix equation (1) expresses theribgee of vector time series values on former
values of the series and the right hand side shibvsrelationship of stochastically random
deviations.

2.2. The Possibilities and Advantages of VARMA Models

The application of VARMA models as an alternativethe systems of differentials equations
for stochastically loaded structures identificatisrsuitable from different point of view too. Ifew
can express the system of differential equatiorsssimplified form [4] as

Mx+Kx +Cx =F ) 3

where M, B and K aren x n mass, damping and stiffness matricésx,x and F(t) are

n—dimensional column vectors of accelerations, aigés, displacements and force respectively. Its
matrix formulation is in form (4). We can judge tmatrix of dampindK and the matrix of stiffness
C as a mathematical expression of the relationstipng the individual parts of structure.
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The matrix coefficients asa,,a,,...,8,0f a vector model VARMA are the mathematical
expressions of individual parts interaction.

m 0 .. O]|>X| [k, k, .. k,||%| [cy € - cy|[x f,(t)
0Om .. O % |, Ky, Ky oo Ko, [%e[4]Ca Co o Cogf | % | _ f,(t) @)
0 0 .. mj||. kK, K, ... k.|| Coi Coz o Con || X, f,(t)

Xn Xn

The advantages of VARMA models:

= they can show the physically base of problem studileis means that they to obtain the
natural frequencies and natural modes of vibrajipts

» they can describe a wanted accuracy of real sy&gn8],

» the mathematical apparatus of methods is relatimple (use for “real time” control [3],

[4]).

3. The Software Support of a Proposed Method of Idenfication

The scalar models of a simple description of dymasystem can not express statistically
adequate description of complex systems. For #asan there was developed an effective software
system which enables to create the statisticallylatsoof dynamic stochastic system by using
VARMA models. The accuracy and the reliability
the developed methods and algorithms were veril
by use of commercial software packages.

The creation of a software support which is al
to identify some stochastic loaded parts of stmastu
is just the firs step for applying of the adapti
control of mechanical system activity. The resitilt
a proposed application of this methodology
software product ArmaGet. This developed softwi
is able to create an adequate mathematical mode
describing a matrix model of a tested stochas
loaded mechanical system. There was develope
FEM (Finite Element Method) model of a crane |
(Fig.2) and in MATLAB environment was realize
simulation of its loading. The acting loads were
described as a stochastic excitation in form ofFig. 2 FEM model of a crane jib
stochastic time series.

: . R e S = ARMAV Visledky identifikdcie 7ZNod 1 6 _9000.DBJ i
ARMAV Wstupné parametre ZZHo 30 B/ B mhe =
Koeficienty AFRAY modelu:
B ad autoregresne] Sasti riadely = 15 _..:_J 0.00000 0.00000 0.00000 0.00000 0.00000 0.23541 =1
b5]=
e e : | 0.22205 0,00000 0.00000 000000 0.00000 000000
Bad casti klzawich priemercy modelu = |5 = 0.00000 -0.53395 0.00000 0.00000 0.00000 000000
0.00000 0.00000 -0.22077 0.00000 000000 000000
. . 0.00000 0.00000 0.00000 -0.02808 0.00000 0.00000
Padet elemettoy = jE: = 0.00000 0.00000 0.00000 0.00000 -0.30911 0.00000
= i 0.00000 0.00000 0.00000 0.00000 0.00000 -0.36181
Fodet hodnit &azove] postuphiosti = iEIEIEIE = Bueslstyoroopentehibloli
= =P [ = = 0.00007 0.00001 0.00001 0.00001 0.00003 0.00004
o = FPoget iteradnpch krokaow =
Eonitanta konvergencis = iEl.Eﬂ Qoo 22 35 20 B2 B0 B9 4,:1
. JEH | £
: : 3 Stomo
Ulazit wpsledky? ] & Ok l
Fig. 3. Settings of input parameters. Fig. 4. Results of a jib upper boom identification —

an optimal model VARMA (6,5).
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There were used as an application of a numerickeXacolson method [5] of direct integration
the deformation of all nodes of FEM model (20 ngddhe time intervals were selected as
At vz = 0.01 s. Resulting outputs for deformationreverganized in corresponding vector time
series. There was selected in a testing examplector time series of deflection in “z” axe
direction. The determination of vector time seiireslirection of “z” axe is introduced on Fig.3 and
results of identification are introduced on figah(optimal order of model is VARMA (6,5)). The
verification of developed software support (ArmaGess realized by two different ways.

At first it was the simulation of time series widletermined parameters and their “back way”
identification (this option is available by menartSmulation — Model VARMA). The second way
was a comparison with results of software PackaB&ASA [2]. There are showed in Tab.1 the
results of an application of ArmaGet software aheirt comparison with results obtained using
available product - ARMASA Package.

VARMA(6,5) VARMA(8,7) VARMA(10,9)

ArmaGet

ARMASA

ArmaGet

ARMASA

ArmaGet

ARMASA

Node 1

7,9591.1¢

7,9606.10

7,9251.1¢

7,8991.1¢

7,8985.10

7,8398.10

Node 2

1,0659.1F

1,1381.1C

1,0493.1C0

1,1243.1C0

1,0365.1CF

1,1953.1CF

Node 3

1,1204.1C

1,2789.1CF

1,0689.1CF

1,1868.1CF

1,0424.1C0

1,1307.1C

Node 4

1,4823.1CF

2.4128.10F

1,4327.1C0

2,1467.1F

1,4028.1C0

2,0833.1C0

Node 5

2,5955.10

4,3874.1C

2,3396.10

4,2690.1C

2,2255.10

3,5906.10

Node 6

4,1240.1C

8,4167.10

3,8608.10

6,4402.10

3,7822.10

6,2980.10

Tab. 1. The verification of the identification results (AaGet and Excel).

4. Conclusion

It was shown that by using of a suitable matherabtapparatus can forecast the future
behaviour of a mechanical structure. The vectoetgmries and its models (VARMA) were chosen
as a suitable mathematical apparatus and the Biytatf this choice were proven by use of
computer simulation of stochastically excited menta systems parameters.
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Abstract. This contribution deals with transient dynamic lggia of composite plates. The finite element
method (FEM) and meshless local Petrov-Galerkinhog{ MLPG) are applied. First, the FEM solves the
problem of a simple supported rectangular platefeeted with carbon fiber and compressive loadany]
then the MLPG method solves a three-layer orthatrplate loaded with a single force.

Keywords: Finite element method, Meshless local Petrov- Radanethod, transient analysis, orthotropic
composite plate.

1. Introduction

In recent years are the demands on planar and spactures increasing. The objective is to
minimize their weight and increase strength andstasce. One possibility is to use layered
structures composed of composite materials. Thinirlated plate structures are commonly used in
engineering practice for designing aircraft, shg®d civil engineering. The most significant
advances in the analysis of shell structures wexdenusing the finite element method (FEM) and
boundary element method (BEM). Apart from some [@wis of bending of thin plates with simple
transverse loads or simple boundary conditionss iery difficult to obtain general analytical
solutions. Therefore are the numerical studiesheirtbehavior for different loads necessary. The
idea of numerical simulations of plates is to tfarma complex problems into real simple discrete
mathematical forms. Then it is necessary to sdieproblem in the computer and thus create a
model approaching the requirements of analystgrdperly used, numerical methods can be
effectively obtain numerical or approximate solatio a complex problem.

In this paper we applied FEM and MLPG method tovesdimple supported orthotropic plates.
Numerical examples are presented and discusseldote ghe accuracy and the efficiency of the
present MLPG method.

2. Theoretical background

Shells and plates are structures in which the tid@skh is at least one order of magnitude
smaller than the representative planar dimensi@Rid. 1). This fact allows use Reissner-Mindlin
theory [1] to reduce the 3D problem to a 2D probléfyg. 2). This reduction transforms the
problem, which is defined at each point in the 3Dtewuum to a problem defined in each point of
the reference surface of the plate. Eliminationtred coordinate in the thickness directibns
usually performed during the integration of equilion equations. This elimination can be done by
several methods [2].

So far known formulations for monocoque plates simells are divided into three groups:

1. Continuum based or stress resultants based smodel

2. Asymptotic type approaches.

3. Axiomatic type approaches.
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There exist a number of plate and shell theoriesl they differ from each other in two
principal ways: (1) the choice of the assumed figkel displacement or stress), (2) the choice of
terms in expansion (i.e. number of terms and powérghickness coordinate in displacement
expansion.

& n
J\y. 0 ) N h > X
Czbdn
o/" -
{|a ‘9
Z
Fig. 1. Geometric parameters Fig. 2. Bending of the plate

The number of theories further multiplies if diéat order expansions are used for different
components of a field variable and types of nomineerms included in the strain-displacement
relations.

3. Numerical solution

There is a growing interest to develop new advanueaierical methods despite the great
success of the FEM and the BEM. Meshless approdoha®blems of continuum mechanics have
attracted more attention during the last decadeicpéarly due to their low requirements and high
adaptivity on preparation of input data for numalrianalysis. Many meshless methods are derived
from the weak formulation on the global domain @eaof local subdomains [3]. Cells are required
in the global formulation for the integration ofethveak form [4]. Cells are not required in the
methods based on local weak formulation and thezefwe often referred to as real meshless
methods. The MLPG method is the basis for the deam of many meshless formulations. Test
functions for the MLPG are selected from differ&unctional areas. The method was successfully
applied to problems of plates and shells with hoemegus and orthotropic material properties.

4. Solved problems

Example 1 — simple supported plate under pressure loading
The first problem solved is a rectangular plate

z

2 of dimensions 250 x 250 x 0.89 (fig. 3). It's maufe
Wl T unidirectional composite, carbon fibers in epoxy
B matrix. Fibers are parallel to one edge of theeplat
y % labeled as the direction “11”. Other directions are
- /y” Z4nl—~  “22" and “33". Density of this material is
L % ) 1 540 kg.nt. Material constants are:
ook i B E1;=1.299.18'Pa, E;» = 1.39.16° Pa, Ea3 = Ejy,
// a H12 = 0.28,/123 = 0.741,/131 = 0.03,612 = 4516 Pa,
g Gp3=3,992.18 Pa, Gs; = 4.5.10 Pa. Relaxation
Fig. 3. Plate under pressure loading time ist = 3.68932.10.
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Given the symmetry of the plate, we modeled ordyarter of the plate. The plate is supported
and its degrees of freedom are restrained on gesadnd in the middle. The area loaded with
pressure has a circular shape and a radigsFfz.c’p,. The time course of the load is determined
by Heaviside functionF(t) = Fo.H(t). The main task in this problem was to obtain galwf
displacement components(X, y, z, }, (X, Y, z, }, U(X, y,z, J and velocity and acceleration
components.

Fig. 4a shows the time course of the displacemmahfig. 4b shows the time course of velocity
in the middle of the plate and center lines whiobss the plane of symmetry. Fig. 5a shows the
course of the acceleration and fig. 5b shows thplacement field at time 0.025 s. Its maximum
value is 0.001892 mm.

(x10%#-3) 1.25
2.25

-1.25 (210%%-2)

_.25 (210%%-2) 0 o i 1.5 2 2.5
9 5 1 15 2 2.5 25 8 1.25 138 2.25
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TIME

(@) (b)

Fig. 4. Time course of displacements and velocities
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Fig. 5. Time course of accelerations and displacement field

.001892

Example 2

In this example a clamped square plate with a lgdgth a = 0,254 m and the plate thicknesses
h/a = 0.05 considered. The plate is subjected uaiformly distributed static load. Homogeneous
material properties are considered firstly to testaccuracy of the present computational method.
The following material parameters are used in oumerical analysis: Young's modulus
E2 =0,6895.1010 Pa and E1 = 2E2, Poisson’s ratkts = 0.15 andul?2 = 0.3 and density
of 5000 kgm-3. The modulus of elasticity correggonto Young's modulus E2, so
G12 = G13 = G23 = E2/[2(1112)]. The model was created out of 441 nodes wgindistantly
distributed nodes.

In our numerical calculations, 441 nodes with aulag distribution were used for the
approximation of the rotations and the deflectidhe origin of the coordinate system is located at
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the center of the plate. The variation of the dwiten with thex;-coordinate ak, = O of the plate is
presented in Fig. 6. The deflection value is noizeal by the corresponding central deflection of an
isotropic plate with material constants given abbuéE; = E, . For a uniformly distributed load
0o = 2,07.16 Pa we havew®(0) = 884210°m. The numerical results are compared with the

results obtained by the FEM-ANSYS code with a viemg mesh of 900 quadrilateral eight-node
shell elements for a quarter of the plate. Our mizakresults are in a very good agreement with
those obtained by the FEM for an orthotropic pl&@ee can observe that the deflection value is
reduced for an orthotropic plate if one of the Ygsnmodulus is increased. This is due to the
increase of the plate stiffness for the orthotrqpate.

1.2
- == =isotropic
19-%. < X  orthotropic-FEM 8
—~ T — MLPG
S ° N
8 a
m
E =
~~ —
)
<
ka3 < .
%) — - == - isotropic
= 34 X  orthotropic-FEM
—— MLPG
-4 T T T T
0 0.1 0.2 0.3 0.4 0.5
X;/a
x1/a
Fig. 6. Variation of the deflection with the, — Fig. 7. Variation of the deflection with the, —
coordinate for a clamped homogenous coordinate for a clamped homogenous square
square plate plate

The variation of the bending momemM , is presented in Fig. 7. Here, the bending moneent i
normalized by the central bending moment value esponding to an isotropic plate
M,3°(0) = 3064Nm. The absolute values of the bending moment apthe center (0,0) and the
center of the clamped side ( 0.5a; 0) are highem th the isotropic case.

Next, a clamped orthotropic thick square plate wrale impact load with Heaviside time
variation is analyzed. The used geometrical ancen@tparameters are the same as in the static
case. For the numerical modeling we have used ag4innodes with a regular distribution.
Numerical calculations are carried out for a tineps = 0,357.10s.

25 35
- <O= =isotropic 3 - == -isotropic
2 3<><9Q> —X—orthotropic-FEM i X  orthotropic- FEM
< C_e— MLPG =) 25 —— MLPG
—~ N o .
o 5] g
= 5, o]
mm EH
= < 151 o
8 8 <><>
= 05
0 W S
S
0 5 T T T T '0.5 T T T T T 1
0 0.2 0.4 0.6 0.8 1 0 0.2 04 06 08 1
T/To '[/'[0
Fig. 8. Time variation of the deflection at the Fig. 9. Time variation of the bending moment at the
center of a clamped square plate subjected center of a clamped square plate subjected to
to a suddenly applied load a suddenly applied load
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The MLPG results are compared with those obtaineBEM-ANSYS computer code, where
900 quadrilateral eight-node shell elements witBQL@me increments have been used. The time
variations of the central deflection and the begdimoment M,, are given in Fig. 8 and Fig. 9,

respectively. Both quantities are normalized byrtberresponding static values at the center of the
isotropic plate. The static central deflection 4s™ (0)=8,842.10”m for the considered load

0o = 2.07.16 Pa. The static bending moment Ad:" (0) = 3064 Nm. The time is normalized by

70= 0.3574.1G s. A good agreement of the present results fordifection and the bending
moment at the plate center and the FEM resultbssmed in both figures.

The peaks of the moment amplitudes are shiftechtoter time instants for the orthotropic
plate with a larger flexural rigidity. Since the ssadensity is the same for both isotropic and
orthotropic plates, the wave velocity is higher the orthotropic plate with higher Young's
modulus. The amplifications of the bending momedhie to the dynamic impact load for both
isotropic and orthotropic plates are almost the esainthey are normalized with respect to the
corresponding static values. The static bending emdrfor the orthotropic plate is slightly higher at
the center of the plate (see Fig. 7). Then, th& padue for the orthotropic plate under an impact
load in Fig. 9 has to be higher since that valusisnalized by the isotropic bending moment.

Example 3 — supported orthotropic plate loaded with a force

In this example we are considering simply supposiggare plate with three orthotropic layers.
The plate is loaded with impact load in the fornthed Heaviside functions. The following material
properties are used: Young's moduliss= 0.6895.18 Pa andE; = 2 E,, Poisson’s ratiog,; = 0,15
and u12 = 0,3 and density of 5000 kginThe modulus of elasticity corresponds to Young's
modulusE,, so Gz = Gz = Goz = Ex/[2(1+ u12)]. The model was created out of 441 nodes with
equidistantly distributed nodes. The time step wiast = 0.357 .10's.

Fig. 8 and 9 show the course of displacement inntiddle of the plate and the bending
moment M; dependant on time. Both values are normalized regpect to their static values in the

middle of isotropic homogenous plate. Static valagslisplacement isv;™* = 0.02829 m for the
considered load ofgy = 2.07.16 Pa. The value of the static bending moment is

M 5 (0) = 6482 Nm. Time is normalized with the valges 0.3574 .16 s.

25 35
3 |
2 -
S 154 5 g
5 Dy k)
g — <
2 1 = 15 &;590&
5 S
= S 1
S 051 s &
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—e@— laminated ortho —@—laminated ortho
-0.5 T T T : : '05 T T T T T 1
0 02 04 06 08 1 1.2 0 02 04 06 08 1 1.2
Tt /10
Fig. 10. Displacement time course Fig. 11. Bending moment time course

From the shown results we can see, that for theolgemeous orthotropic and laminated plates
the maximum displacement amplitude and bending moramplitude are shifted at shorter time
intervals. This is caused by the higher Young mosiullhe highest values are obtained for the
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laminate orthotropic plate. The elastic wave spiselighest for the laminate plate, because the
density is the same for all plates. The maximumreise in displacement is achieved for the
laminate plate, which has the highest stiffnese Emination has practically no influence on the
bending moment. Therefore, the maximum values oflimg moments in the laminate plates have
almost the same values.

5. Conclusion

In this article we applied classical FEM and mestI®LPG method for vibration of plates
loaded with mechanical shock loads. Reissner-Mintheory reduces the original 3-D thick plate
problem to a 2-D problem. The numerical FEM resalts presented for a square plate with a
compressive load.

The proposed MLPG method is a truly meshless methddch requires neither domain
elements nor background cells in either the intiatpmn or the integration. The MLPG method has
no limitation on the number of laminate layers ar their material properties. Nodes can be
distributed randomly or equidistantly on the suefaé the considered plate. The MLPG method is
applied on the vibration of the plate loaded witipact force with Heaviside time variation. It is
demonstrated numerically that the quality of theules obtained by the proposed method is very
good. The degree of the agreement of our numereallts with those obtained by the FEM-
ANSYS computer code ranges from good to excellent.

Since in our illustrative examples only simple pgembs are analysed, only a regular node
distribution has been used. However, a random itmtatf nodes should be considered for general
boundary value problems. To this end, an efficrandom node generator is required, which has to
be developed for further progress of the method.
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Abstract. OBD system is assembly diagnostic test, analyioal decision procedures realization in actual
time for the purpose improvement emission efficieand efficiency of components responsible for pass
and active safety of vehicles. OBD system is irdbgomponents of vehicles with connecting with coint
module of engine. One of the basic problem conuewsith OBD technology is test of on board diagrmosti
efficiency in different application. Self-diagnasts to minimize the volume of substances generiayethe
combustion engines polluting the natural environm@&elf-diagnostic is the basis for creating thetbe
conditions for the most effective operation of #hegine. Those paper include same results of testiwlg
possibilities monitoring of catalytically convertier SI engine and simulating of signal from oxygemsor.
There are results of simulation of misfire in thesgine.

Keywords: sensor, monitor, OBD II, catalytic converter.

1. Introduction

The purpose of the examinations was to developtamtheck under the laboratory conditions
the operation of devices simulating the failuresefected engine components covered by the OBD
Il system monitoring. The obtained results are & dpplied for improving their design and
implemented to the laboratory procedures. The sobplee examinations assumed performing the
determination of the influence of the simulatedliui@s on the emission of the limited gas
pollutions, fuel consumption, and the driving pemi@ance of the tested vehicle. The tests were
performed for the following vehicles: Fiat Pandarm new and Opel Astra. Fiat Panda was
equipped by its maker with the OBD Il system, whsréOpel Astra was subject to some
complementary examinations.

2. Running of investigation

The measurements of the total vehicle friction lmsshe road were carried out by a cast down
test method according to the Regulation no0.83 UNEESupplement 3 to Annex 4yhe harmful
components emissions from the exhaust system aftetd start at normal ambient temperature of
(20-30°C) and the fuel consumption were measureédemype | test (Regulation no.83 UN/ECE,
series 5 of Supplements) for different percentagfednisfire” events. The “misfire” defect was
generating by the AMX 700, version Il, device.

The results of the pollutant emissions and fuelscomptions measurements are shown in
figures 1-3. The “misfire” defect was set on thénder no. 2 at synchronization with the cylinder
no. 1. For every one per cent of the “misfire” etgeibh was checked whether any expectation error
had appeared or MIL lamp (Malfunction Indicator highad lighted. Three driving cycles were
realised at the percentage of 15% of “misfire” dégeand ten cycles at 25%. At the percentage of
35% of “misfire” events and after realisation ofaé driving cycles the expectation error occurred,
however, the MIL lamp did not light. Next the dng test was performed consisting in driving
under the urban traffic conditions. The MIL lam@rséd lighting after three driving cycles and
travelling the distance of 70 km (error nos. P0368 P0302 — multiple “misfire” events).
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correction — the weighted average (the test after a
cold start)

During the exhaust emission measurements, aftdrstatting at the ambient temperature of (—
7°C), the “misfire” event was set on the cylindex2Zhat synchronization with the cylinder no.1.
After each test it was checked whether the OBDesyshad detected the “misfire” events. The
errors PO300 and P0302 occurred only at the pexgerdf the “misfire” events of 35%, however,
the MIL lamp did not light. The measuring results presented in figures 4—6.
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The traction characteristics of the vehicle was

function of positioning misfire in the test type |
Regulations 83 EKG UNO, the 05 series
correction — the weighted average (the test after
a cold start in the temperature —7°C)

a&samined by measuring the changes in the

net output at wheels for different percentagedef‘misfire” events. The measurements were taken
for the fifth gear at driving velocities rangingpfn 60 to 150 km/h. Figure 7 shows the results ef th
decrease in the net output at wheels measuremakas for different percentages of “misfire”

events in relation to the output power measuret it
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As the percentage of “misfire” events increasesviilae of the net output decrease at wheels
of the tested vehicle increases as well. At smallies of the engine crankshaft speed the effect of
the changes in the “misfire” events percentage smaaller in comparison with the one noted at the
rated engine output speed. To perform the comparaésts of the exhaust emissions from the
exhaust system of a car equipped with a sparkimgngystem, Sl, with a multi-points fuel injection,
the AMX 700 device was installed. That device wasdufor forcing an incorrect operation of the
ignition system by preventing the conditions essémbr forming a spark between the spark plug
electrodes. The “misfire” event failure was simathtn the cylinder no.2 of the engine.

During the examinations the following actions weageried out, namely:

— the measurements of the concentrations of the hirewhaust emission from the engine
exhaust system were taken according to the pradsad the Regulation no.83 UN/ECE,
series 04 of Amendments, at the “misfire” eventscgertage for one of the cylinders
increasing from 0 to 30% (table 1);

— the measurements of the concentrations of the hidrehaust gas components in the
engine exhaust system were carried out with the aisthe diagnostics analyser at a
percentage of the “misfire” events for one of tigender increasing from 0O to 40%;

— the characteristics of a voltage signal from threldda probe at the idle running speed and
its increased value as well, without “ misfiringiica for the percentage of the “misfire”
events of 35 % for one of the cylinders.

% “misfire” | 0% | 10% | 15% ]| 20%]| 30%
Emission [g/]km [g/]km [g/]km [g/]km [g/]km
co | 5,479 7,889 7,807 7,920 15,24
Q | NO, [ 0126] 0251 0294 0,198 0463
S5 | HC | 0301] 0,711 0,772 084 2,525
co, | 252,0| 261,9] 275d 271,b 2510
co | 0656 0841 0950 2,341 1,861
Q | No, [ 0,059] 0,065 0091 0,118 0,076
D | HC | 0,045] 0075 0,004 0,258 0,233
co, | 150,6| 14809 1564 153,p 159|8
o | CO | 2422] 3436 3459 439 6,776
& | No, | 0,084] 0,134] 0,164 0,14p 0,218
% HC | 0,139] 0,309 0,343 0471 1,015
co, | 187,7| 1905 1994 197,81 1933

Tab. 1. Results of the emission measurement in drivindesyc

In order to evaluate the changes in the conceatratof the harmful exhaust gas components
and composition of the air-fuel mixture against thmisfire” events percentage under the
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measurement conditions corresponding to the onéscahical examinations some additional tests
were performed which consisted of (table 2):

— the measurements of the CO, HC, Cd Q concentrations and the mixture composition
taking into account the excess air number for thgiree operating point under the idle
running conditions;

— the measurements of the CO, HC, Cdd Q concentrations and the mixture composition
taking into account the excess air number for thgiree operation under the increased idle
running speed conditions (~3000 rpm).

The performed investigations show that there araessignificant differences between the
characteristics of the concentrations of the harmethaust gas components obtained for the engine
operating without and with “misfire” events. In thiest case the concentrations were adjusted in a
variable way from the values corresponding to n08@rpm to the ones of the idle running. The
stabilization state was obtained after 30 secomdthe second case a decrease of concentrations to
the very small ones was recorded after 30 secardsafter 80 seconds a significant increase in
their values was noted. The stabilization was olehiafter 150 s, however, some oscillations near
the average value were still occurring, what wkslyi caused by a fan switching on in the cooling
system. At the speed value of 3000 rpm an increaee preset percentage of the “misfire” events
resulted in:

— anincrease in the CO and HC concentrations,

— adecrease in the GO@oncentration,

— adecrease in the excess air number,

whereas after the stabilization of indicationspdes] corresponding the idle running conditions
it resulted in:

— anincrease in the CO and HC concentrations,

— adecrease in the GO@oncentration,

— anincrease in the excess air number.

Palace of n = 3000 obr/min Idle
“misfire” coOlHC|cag| » |co|HC|cal|l
cylinder2 | 0,63 439 14,70,972| 0,16 273 118 1,277
cylinder3 | 0,12| 68| 15,11,001| 0,34 199 110 1,294
cylinder2 &3 | 0,68) 573 14,80,967| 0,43 200 9,2 1,536
9
3

">

cylinder 1 0,14 59 1520,999| 0,38 29§ 11,5 1,25
cylinder 4 0,70 574 14,80,965| 0,24 474 11,4 1,26
Cylinder1 & 4| 0,76 613 14,80,968( 0,47| 189 8,5 1,626

Tab. 2. The measurements results of the CO, HC; &fdcentration and the air factor in differentisgtt of the 35%
misfire in a different configuration of the AMX 73fevice

+=

During the performed measurements it was obsetvatdthe CO, HC and Goncentrations
and the mixture composition depend not only onpeentage of the “misfire” events but also on
settings on the AMX 790 device for a cylinder, whithe synchronization comes from and a
cylinder/cylinders in which the “misfire” eventsag.

Some tests verifying the correctness of operatioth@ AMX 790 device were carried out in
the aspect of a possibility of its software impnonvamt. The operation of the Version Il of AMX 790
device was subject to an evaluation. Special emplveas put on checking whether there was a
conformity of a programmed percentage of ignitiamsvhich the “misfire” events were expected
with a real percentage recorded under the engiaetipg conditions.

For comparing the programmed and real percentagésisfired” ignitions a certain research
method was developed. That method allowed for:

— evaluation of the engine operation with and withimuting the “misfire” events;

— developing the method for measuring the real péagenof “misfired” ignitions;
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— checking whether the defects detected for the eerksbf the device can be also detected
for the version II;

— measuring the real percentage of “misfired” igm#against the engine speed.

The device’s task is to force the “misfired” igoitis in the spark-ignition engines. It can be
realized by changing the voltage characteristica law voltage circuit of the ignition installation
by shorting it to frame or to the battery positalectrode. It prevents from generating the pulsg in
high voltage circuit of the ignition unit which mecessary to force a spark between the ignitiog plu
electrodes. The device is expected to be providgedars for which the ignition installation is
equipped with more than one high voltage coils. Tdevice’s design calls for taking a
synchronizing signal from one of the low voltagecuaits and calculating on its base a time in which
the individual low voltage circuits interfere inetltircuits of other high voltage coils. The device’
software provided a possibility for determining wlapercentage of ignitions was to be “cut out”,
and in what cycle, and on which cylinder it wasb® done. Programming any sequence of the
“misfired” ignitions consisting of (up to) 1000 ites was possible.

During all performed tests the device was synclaeshiby a signal from the ignition coil for
the cylinders 1-4 forcing the “misfired” ignitiorfigr the cylinders 2 and 3 at one programmed speed
range (600-4000 rpm). The subject of tests wassagmager car of Opel make. Two testing methods
were used. In the first part a method of checkhmgreal percentage of “misfired” ignitions based
on a signal from the lambda probe was used. Iadagtive engine operation managing systems the
mixture composition is monitored by a lambda probenitored (installed) in the engine exhaust
system. The presence in the exhaust system theigtxgpases coming from a combustion of a very
rich mixture, thus containing insignificant amouwntfsoxygen, forces the generation of a voltage
signal of 1V, whereas, in case of exhaust gasa®s fihe very poor mixture combustion, thus
containing significant amounts of oxygen — a vadtaggnal of O V is generated.

The method assumptions are as follows:

— the misfired ignition results in a lack of combuostin a cylinder; the unburnt mixture with

a high oxygen content flows into the exhaust maaifa high amount of oxygen causes a
momentary drop in the lambda probe voltage;

— a signal from the lambda probe can be a basis éterohining the number of engine

operating cycles in which the “misfired” ignitionscurred:

— a proper operation of the AMX 790 device is con&dnif a voltage signal frequency from

the lambda probe corresponds to the its progranfreqdency of the “misfired” ignitions;

— the “misfired” ignitions are forced by the devicgenation.

The used method shows that the engine “misfiretltesin the irregularity of the engine
operation which is accompanied by a characterigtise. The evaluation of the engine operation
consisted in watching a control diode on the AMXide casing, which was (lighted) on while the
device was forcing the “misfired” ignitions, andsaloving whether the mentioned disturbances
(had) occurred. Such evaluation was possible atelogine speed for idle running. It was found out
that usually after the diode had lighted some ulagty of the engine operation and the
characteristic noise accompanying the “misfirediitigns occurred. However, there were some
cases when the engine was running with no distedseven after the diode had lighted. It can be
supposed that not in every case a real engine iteiigiccurs and a certain nonconformity of the
programmed percentages of the “misfired” ignitionth the real one can appear. It was also found
that some short brakes in the diode lighting haghbaccurred from time to time suggesting that
during those brakes the “misfired” ignitions haok theen realised.

During the tests eight lambda probe voltage charestics were recorded for the unloaded
engine running at the following engine speeds: rdiening, 2000, 3000, 3500 rpm at different
settings of the “misfired” ignitions frequency. Amcrease in the “misfired” ignitions frequency of
the AMX 790 device caused an increase in the frequef the lambda probe signal changes.
However, in case of all settings there was no aomty of the frequency of the lambda probe
signal changes with the programmed “misfired” igms frequency.
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If a frequency of the “misfired” ignitions is lowdhan a frequency of changes in the mixture
composition adjusted by an engine controller difficult to distinguish a drop in the lambda probe
voltage resulting from a typical mixture compositiegulation process from the one caused by the
engine “misfired” ignitions. The works [?] suggestinat under some engine operating conditions
an occurrence of certain nonconformities of thec@etage of “misfired” ignitions programmed in
the AMX 790 device with the real one would be pbkesi The performed tests verify such a
possibility. The evaluation of the correctness pémtion of the device in respect of conformity of
the programmed percentage of the “misfired” igm&iavith the real one on the basis of an analysis
of the lambda probe voltage characteristics ggvesitive result at the idle running speed.

However, at speeds of 2000, 3000 and 3500 rpmaadrecy of changes of the lambda probe
voltage is different by 33 % from the “misfired™nigions frequency programmed in the device. The
difference is approximately constant, independenth@ engine crankshaft speed and the device’s
settings. The obtained results of tests do noticarthe correct operation of the device, however,
they cannot be regarded as an unambiguous eviddrngevrong measurement of the “misfired”
ignitions number. Such situation made a modificatbthe applied research programme necessary.
A new research programme consisted in measuringalt@ge characteristics in the ignition unit on
the primary winding of an ignition plug. The numhsrthe “cut out” ignitions and sequences of
their occurrence were subject to evaluation. Theblda probe voltage was also measured.

The tests showed, in most cases, the conformitgudfing out” ignitions characteristics at the
idling running speed with the characteristics paogmed in the AMX 790 device. However, some
cases were noted in which the pulses for the mmiticutting out” were omitted or mistaken.
Despite the detected errors the frequencies ofdgak“cutting out” pulses were slightly different
than the programmed ones.

3. Conclusion

The operation of the AMX 790 device consists in g the voltage characteristics in a low
voltage circuit of the ignition plug. The investiigms showed that the voltage is induced in the
secondary circuit. A connection between the voltageting out” in the primary circuit and the
lambda probe voltage characteristics allows toestlaht a decrease in voltage acts on the engine
operation. This action confirms the expectationan8& additional engine examinations should be
performed in order to confirm unambiguously thadpite of the voltage drop in the primary circuit
there is a spark-over in an ignition plug, andréduced energy lowers the combustion rate. This
fact intensifies irregularities in the engine opieraand the HC emission.

There is no conformity of the programmed percentaighe “misfired” ignitions with the real
one. Moreover, it was found that at the engine dm#e2000 rpm an increase in the percentage of
the “cut out” ignitions programmed in the AMX 79@wce results in, neglecting the pulses
“losing”, an increase in the real percentage oir tleaitting out”.

The performed tests show that at the engine spgagtsr than the idle running speed there is
some nonconformity of the percentage of “misfirégfiitions programmed in the device with the
real one observed during the engine running.
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Abstract. This paper describes impact of use valve traimaut camshaft and its benefits. Chapter valve
trains deals with a brief overview, short descadptof the advantages of variable timing of vahans. The
next section describes the valve train VARROZ. Thain task of this work is to assess the impact of
throttleless load control of petrol engine on itfeetiveness. The result of modeling of flow in timake
manifold is presented in the last chapter.

Keywor ds: petrol combustion engine, throttle, valve traimggture, valve timing.

1. Introduction

Reciprocating internal combustion engines to powehicles is subject of continuous
improvement. In concerns the improvement of itsrtteglynamic processes, reducing the negative
environmental impact, in terms of design, using earadnaterials for its production and in terms of
its management.

2. Valvetrains

One of the sub-combustion engine is valve trainclvinas a significant impact on the quality
of exchanges of fuel mixture. Quality exchange wdl fmixture affects the conversion of thermal
energy contained in fuel to mechanical work. Pcatly, shortly before the end of the last century
began to receive increased attention, mainly vali@, looking for ways to improve their impact
on the quality of the exchange of fuel mixture. iUtlhen, more attention was given to their
kinematic and dynamic properties and related sefindion gap in the mechanism, which is
necessary for trouble-free distribution functiorvafve train.

Result of quite quickly proceeding research ancetiggment was the introduction of variable
timing valve train into mass production, especiaflycars. In principle, it concerns a change of
valve opening angle and its stroke, adapted todfairements of the engine in the working mode.
Its effect helped to achieve a significant improeamin parameters of internal combustion engines
especially in partial load. Initially it was a valle timing for the two discrete modes — lower angi
speed and load (urban cycle) and higher enginedsped load (highway cycle), which later
developed into a proportional variable timing asrtise range of engine operating modes. The
proportional timing valve train has a significamtdarest in improving the thermal efficiency of
gasoline internal combustion engines at part Ittaallows the valve train by an early intake valve
closing to take over control of the amount of faekture rather than classically used throttle. The
consequence of this fact is to minimize the negatork related to the exchange fuel mixture
(Fig.1.), which positively affects the efficiencf/the engine.
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Fig. 1. Negative area of work diagram of engine — on lefiith throttle, on right — engine management wittake
valve timing

VVT naturally led to a need of using different nooaventional valve trains solutions and
alternative methods of propulsion, which resultedainumber of non-conventional mechanisms,
used in internal combustion engines. It can be pedvédoy mechanical, hydraulic, pneumatic,
electric, or their possible combination. In anyegasontrol of valve train is in an electronic ergin
control unit. Moreover, these mechanisms can hguesdive effect on the mechanical efficiency of
internal combustion engine.

3. Variably timed electrohydraulic valvetrain VARROZ

On the department KDMT, later KAT of University dilina, model without camshaft
hydraulically operated and proportional controlwealtrain with variable timing VARROZ was
designed and constructed. One of the reasons sfpiluposal is the ongoing development of
intelligent hydraulic and pneumatic elements, congmis of which have the ability to provide very
fast and accurate operation systems. The propogsdns not only provides continuous valve
timing of the internal combustion engine, but atsatinuous change of valve stroke, independently
from each other, which is one of the advantagehisfsystem.
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Fig. 2. Valve train VARROZ

The big advantage of variable valve timing is tlosgbility of removing the throttle of the
intake tract, resulting in the increase of engiogue by its better performance and lower fuel
consumption.
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4. Modeling pressuredrop in theintake manifold of internal combustion engine

The biggest problem of spark ignition engines ®irtiinferior efficacy in partial and limited
load. This relates to power control in a quanti&ativay, by throttle. (Fig. 3.) In case of partiahd
of the petrol engine, with throttle occurs throttji with a significant decrease in effective
efficiency, because of the growing losses assatiaith the Exchange fuel mixture, the negative
area of work diagram. Ideal situation would behifottle was not at all in the intake tract. You can
see turbulence around the throttle in the Fig. 3.

Fig. 3. Turbulence around the throttle

The Fig. 4. shows the calculated course of mangoéssure, the piston considered speed is 10
m/s, the throttle opening angle is 40 degrees atig dpen the inlet valve. Pressure at the intake
manifold was intended by the atmospheric, it is3HBLPa. Calculated pressure behind the throttle
is 76800 Pa, a pressure drop is approximately 24%.pressure in the cylinder space, behind the
intake valve is 72000 Pa, which represents thespresdrop about 29% compared to atmospheric
pressure before the suction line.

Fig. 4. Pressure in intake manifold

The Fig. 5. shows when the turbulence intensityhm same conditions as in the course of
pressure. From the results obtained by the modeliripw in the intake manifold can be assumed
that after removal of the throttle from manifold métrol engine the negative labor associated with
the exchange of fuel mixture will be reduce, whadsitively affects the efficiency of the engine.
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Fig. 5. Intensity of turbulence in intake manifold

The Fig. 6. shows course of manifold pressure withbe throttle, calculated under the same
conditions as before. The difference in pressuferbehe inlet valve and behind it is approximately
4,4 %.

1.02e+05

Fig. 6. Pressure in intake manifold and valve without ttieot

5. Conclusion

For a full investigation of the impact of the remabwf the throttle from intake manifold of a
petrol engine it is necessary to make more modeatsons that involve the dynamic processes of
opening and closing intake valve. The obtainedltesuill be use for comparison with results of the
experiment, which will simulate real work of combaa engine. In measurements it is necessary
to measure the mass or volume air flow at the cotmeal valve train, as well as the management
of hydraulic VVT VARROZ without throttle.
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Abstract. Attempt to raise train speed involves applicatifrgreater braking power i.e. braking systems
rapidly absorbing and dispersing stored heat endrgymaintain high efficiency of braking systemtive
whole operational process, it is necessary to obttte friction set: brake and pad before reactimgary
wear particularly of friction pads. This articleegents assessment of possibility of diagnosingvediicle’s
disc brake system. In this article usability ofgraeters and symptoms to diagnose the wear ofdinigtads
was analyzed.

Keywords: disc brakewear of friction pad, diagnostic disc brake systeiration signal, braking distance.

1. Introduction

After carrying out stationary friction tests it wesund out that certain parameters of braking
process can be used to diagnose the wear of frip@als. Dependencies of friction parameters of
braking process on pad’s thickness determined bly Wrear during the measurement in the whole
braking process or its part are defined for aveagficient of frictionum, maximum temperature
of the brake dis@, braking timet and braking distance

Diagnostic stationary tests proved possibility bfaining dependencies of pad’s thickness on
selected diagnostic parameters (vibration). Tortbag the wear of friction pads it is possible te us
the following diagnostic values determined in tioh@mmain and amplitude domain: RMS value of
vibration accelerationagrusand average value of vibration acceleratiafgrace.

2. Selection of assessment criteria and their evaluai

Usability of suggested friction and vibration paeters to diagnose the wear of brakes pads
was evaluated by using the following assessmem¢riai sensitivity, repeatability, uniqueness,
availability and the cost of diagnosis.

Diagnostic sensitivity of a certain parameter isirsgel on the basis of dynamics of changes
described with dependency (1).

D= 20Ig(i} @)
S
where: s1 — value of point parameter determined for gaglor Gy,
s, — value of point parameter determined for @ad

Then it is possible to conclude if a certain disgjiioparameter shows changeability to change
of state stemming from the wear of friction padcéstain diagnostic parameter shows satisfactory
sensitivity to change of state if dynamics of chesgf received symptoms is over 6dB [1]. Then
double change of values of measured diagnostiengeas is concluded.

The condition of repeatability of the process oégiiosing the wear of friction pads is
connected with statistical assessment of symptoeteived during braking. With assumed
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confidence interval amounting to 95% and assumgmifgiance leveb=0,05, changes of symptom
values into decrease of pad’s thickness in thega®of its wear were observed. Repeatability of
diagnostic process was assessed on the basiscofatadg coefficient of changeability described
with dependency (2) for a certain number of rejmet# of measurements.

- S 00, )
X

where: S - standard deviation,
X — arithmetic average.
Assessment of unigqueness of diagnosis, as oneitefian of assessing suggested diagnostic
parameters with defining pad’s thickness, was edrrout by determining diagnosis error
(dependence 3).

Boieg =20 IR [100%. 3)
Or
where: Oo — pads thickness calculated on the basis of megsilbraking timet
and dependenm [4],
Or — pads thickness measured with measuring insttume

Assessment of uniqueness of diagnosis was verifigd representation of implemented
regression diagnostic models from paper [4] aggasts thicknesses measured before verification
research. Already at the stage of evaluation ofjssigd assessment criteria of diagnostic process of
the wear of friction pads, it was concluded tha tbllowing parameters: average coefficient of
friction, RMS value and average value of vibratamtelerations as a point parameter of vibrations
in their analysis in amplitude domain, are inadéguaecause of lack of possibility to verify
received values during operational research.

Diagnostic availability was connected with easinetgarrying out diagnosis and inference
about the condition of friction pads. Availabilitgriterion was evaluated on the basis of the
following items, significant from diagnostics peestive: direct or indirect measurement,
measurement with and without disassembly of partsets of braking system, measurement with
and without modification of parts or sets of brakisystem, measurement using additional
measuring instruments.

Assessment of availability of carrying out diagmostof the condition of friction pads was
carried out on the basis of experience from statiprand operational research. Preparation for
research and registration of diagnostic symptonmabled to classify analyzed parameters for
diagnosing the wear of friction pads of disc braker a parameter characterized with the best
availability 1 point was assumed in 6-point assesgracale (measurement of braking time) and for
a parameter characterized with the worst availgiflipoints were assumed, which was concluded
by analyzing preparation of the station for measnet of instantaneous coefficient of friction.

Cost of diagnosis is connected with assessmergaidfility of a certain diagnostic parameter in
the aspect of expenses incurred for purchase dfaapps (measuring instrument) together with
equipment. To assess the cost of carrying out dstgs, a non-dimensional coefficient of cost of
diagnosis calculated in dependency (4) was sugjeste

kdiag par.ij
pingi = e @
o min kdiag,par.i
where: Kdiag,par.i — cost of carrying out diagnostics by using diagjitgparametei,
min kjagpari — the lowest cost of carrying out diagnostics I8ing diagnostic
parameterr.

Cost of carrying out diagnosis from non-dimensiopalspective was determined for all
considered parameters against the lowest diagnosiasing on braking time.
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3. Analysis of usability of parameters and symptoms athe condition of disc
brake

Assessment criteria of diagnostic parameters delieand analyzed in point 2 of this article
possible to use in diagnostics of the wear of beakection pads, are presented together with
suggested evaluation in Table 1.

sensitivity repeatability uniguenesg availability d%%sntoc;fis
DIAGNOSTIC PARAMETER . Coefficient of . . -
Dynamics of o Diagnosis Coefficient of
changeability, Scale
changes, [dB] (%] error, [%] cost.
1 Average coefficient of friction| 0,35 0,73 98* 6 60
2 Maximum temperature of disq¢ T, 0,34 11,32 16 5 25
3 Braking time t 0,45 0,5 12,2 1 1
4 Braking distance S 0,38 0,68 12,2 2 12
5 RMS value of ylbratlon Aeus 53 0.74 98+ 4 30
accelerations
6 Average value (_)f vibration e 45 06 98+ 4 30
accelerations
* rough assessment of pad’s thickness

Tab. 1. Assessment criteria and evaluation of diagnostiampaters

Indicating the best diagnostic parameters to agbeswear of friction pads is connected with
solving decision-making problems basing on selestdction criteria. For this purpose usage of
special multi-criteria programming method includipigrality of goal function [5]. Aggregation of
decision criteria was carried by using one of thethnds enabling normalization of diagnostic
variables through study of the range of a valuéeda\lletoda Unitaryzacji Zerowandi(UZ) [3].

Six different variants of diagnosing the wear aftfon were assumed. Variants were characterized
by five features (diagnostic variables).

Normalization of diagnostic variable (feature) wadculated on the basis of dependencies (5)
and (6) [4].

For maximalization value:

X; —minlx;
Zis = : ()
maxx; —minlk;
For minimalization :
_ maxx; —X; ©)
%0 max; —minlk,
where: zj — i-th normalized value of j-th diagnostic vat@b
Xj — Vvalue of a certain feature (diagnostic variable)

The last stage of MUZ was to calculate the valuetlod aggregated variable, which
characterizes diagnostic parameters (variants)rdegnassessed effect. Calculating the value of
aggregated variable for each variant and diagnositable value was carried out by using
dependency (7) [3]:

Q :zzij (7)
i

where: Qi — value of aggregated variable assigned to i-jeabb
Table 2 presents a collation of results of norm#brefor considered variants, whereas Table 3
presents ranking and selection of best variantdifignosing the wear of friction pads.
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) Normalized diagnostic variables
Variants Qi
Z1 Z2 Z3 Z4 Z5

W1 0,009 0,979 0 0 0 0,987
W2 0,008 0 0,904 0,2 0,593 1,705
W3 0,017 1 0,945 1 1 3,962
w4 0,011 0,983 0,945 0,8 0,814 3,553
W5 0,430 0,978 0 0,4 0,508 2,316
W6 0,362 0,991 0 0,4 0,508 2,261

Tab. 2. Collation of normalization results for consideredghostic variants

Parameter Variant Q Assessment
Braking time W3 3,962 Max’
Braking distance w4 3,553
RMS value of vibration accelerations W5 2,316 Max™
Average value of vibration accelerations W6 2,261
Maximum temperature of the disc W2 1,705
Average coefficient of friction w1 0,987
" the best variant concluded on the basis ofostatly friction research,
™ the best variant concluded on the basis of ogerativibration reserach.

Tab. 3. Ranking and selection of the best diagnostic patars (variants)

After carrying out multi-criteria analysis by usiMjJZ, it was found out that for the purpose of
diagnosing the wear of friction pads, out of flctiparameters, braking time should be selected.
From vibration parameters, after stationary diagossesearch, it is justified to use RMS value of
vibration accelerations. In both considered cabeshighest values of aggregated variables were
concluded.

4. Conclusion

Multi—criteria analysis carried out with the methodlled Metoda Unitaryzacji Zerowanej
(MUZ) showed that for all considered braking paramefessiants) assessed on the basis of
diagnostic variables (features) it is preferableuse braking time and RMS value of vibration
accelerations. In both cases the highest valueaggfegated variables of analyzed diagnostic
variants were found out. Basing on measurementakimg time, carrying out assessment of the
wear of pads, errors connected with dispersioresiilts of braking time should be considered as
well as error stemming from approximation of thedtion of the wear of friction pads against
barking time. Overall diagnosis error, not consiugrthe speed at the beginning of braking v=50
and 200km/h, does not exceed 12%.

References

[1] GRYBOS, R.Drgania maszynWydawnictwo Politechnikslaskiej, Gliwice 2009, s. 214.

[2] KARTA UIC 541-3 Hamulec: hamulec tarczowy i oktadziny hamulcomarunki ogéine dla préb na stanowisku
badawczymyydanie 6-te listopad 2006.

[3] KUKULA, K., Metoda unitaryzacji zeroweyVNT, Warszawa 2000.

[4] SAWCZUK, W. Badanie tarczowego uktadu hamulcowego pojazdu smmo w aspekcie rdavosci jego
diagnozowaniaRozprawa doktorska Politechnika Poxsiaa, Pozna2010.

[5] SZWABOWSKI, J. — DESZCZ, JMetody wielokryterialnej analizy poréwnawczej. Pwgg/ teoretyczne
i przyktady zastosowiaw budownictwieWydawnictwo Politechnik$laskiej, 2001.

186



Transcom 2011, 27-29 June 2011
University of Zilina, Zilina, Slovak Republic

Testing a Prototype for an Innovative Water Turbine

"Mariola Starzomska, Jerzy Zbigniew Piotrowski
"Kielce University of Technology, Faculty of Civihd Environmental Engineering,
Kielce, Poland, ravdms@wp.pl, piotrowski@tu.kiepte.

Abstract. The possibility of using rivers with small deptiusd dips to produce electricity requires building
innovative turbines. Prototype of a new turbinetasted on a natural watercourse, and is designed to
determine the hydrodynamic characteristics. Watdnites installed on the rivers with small dips aegths
without the need for building any extra bottleneokay contribute the development of micro power f@an
using rivers.
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1. Introduction

Poland has small water resources. Theoretical wesaurces in Poland were calculated during
the 1960s, based upon the methodology of the Wenkelrgy Council. The amount of electricity
was about 23 TWh per year (1TWh = 109kWh). The ribigcal energy resources using all flowing
waters determined by A. Hoffman and M. Hoffman [#¢re about 12 TWh per year and the
technical NEW resources (water objects less thaiVpMere about 2 TWh per year. However,
only 10-12% of the technical potential of Polisheris was being used and operating hydropower
plants were producing an average of about 1.8 T@é/tyear.

There are no natural conditions in theictokrzyski region sufficient for the construction of
typical hydro power stations, which is why scidntifesearch being carried out at the Technical
University in Kielce is mainly focusing on the usagf kinetic energy contained in flowing water,
regardless of the watercourse conditions.

2. Research of turbine prototype

The studied turbine is a prototype. The propesdigsh as its dependence on the parameters of
the turbine power, i.e. the number of combinedisestand the distance between them, or the
dependence of rotational speed and the speed oflaweng water are not known yet. Tested
turbine will allow using shallow rivers. It is cangcted from the combined section and guiding
system which is increasing the water flow velodisected on the turbine. It works without having
to build expensive bottlenecks and passes almalsbuti interfering with the natural environment.

A model of the turbine which will be tested on matwconditions is currently being built. Tests
are designed to determine the hydrodynamic charsiits of the turbine - power and torque in
function of water flow rate. Shaft speed and terquill be directly measured (net power of the
turbine will be determined by the product of vetgand torque without considering transmission
efficiency). Due to the sectional construction loé tturbine performed tests will allow to define
number of sections and a distance between thenchiewee necessary optimal amount of power.
The study will also be used to determine bladeangl|

Absence of windings and rotating electrical partdl wesult in a higher efficiency and
reliability compared to conventional generators.eCio the low rotation speed the turbine will
cooperate with an innovative synchronous generatiuced by permanent magnets, which will
also reduce noise and increase structural religbili
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3. Power of water turbine

Kielce University of Technology tested the waterbtne with an innovative solution which
uses the flow of water without a need to build egdee bottlenecks. Other important advantages of
this device are its relatively low cost and mininmapact on the environment.

The kinetic energy of flowing water stream is detered by the following formula:

™0 ] (1)

2

E =

where:
m = pAdJt (2)

A — area through which water flos?],
9 — speed of the flowing Watﬁi]

p — water densit)[%]
Hydraulic power of the flowing water:
E A93
Py =7 =" [W] (3)

t 2
By adding the water densityp(= 1000 % ), we get:

P, = 500493 [W] (4)

The amount of power calculated from the formulai¢4dnly theoretical because the recovery
of the entire kinetic energy of the water would smit to stop flowing. Available capacity is due to
the slowing of the water as it passes through uhgirte (the difference between average speed of
the water before and beyond the turbine).

Po=gn(143) (1~ () ©
Assuming a minimum average speed of the water dehmturbine:
Iomin = 0.759; (6)
we get a maximum power of the turbine:
P, = 0,38P, @)

Actual hydraulic power of flowing water is weakerdait depends on the physical conditions
of the riverbed through which water flows, hydraubss, depth of the river, etc., and the cube of
the flow speed, which is not very large for the jongy of the rivers and remains between 1-2 m/s.
In spite of its rivers great potential, flowing watcannot obtain large amounts of energy from a
single device. Therefore, the appropriate use dfipkel components would be for them to work on
a single receiver.

4. Economical efficiency

Energetic and economical calculations:

P
He = P_i (8
where:
u; — turbine efficiency,
P, — power on the shaft of the turbine,

P; — hydraulic power calculated using the formula (7).
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Tab. 1. shows the calculations for the followingnpiples: efficiency of the turbing; = 0,8,
the efficiency of the generatpy, = 0,8, and the efficiency of the turbine complex=pun=0,64.
The income from energy produced during one yeary&r. Calculations were performed for the
diameter of a turbine 0.4 m with a single rotorcoanplex of 5, 10 and 15 sections, and the current
energy price — 0.13 EUR/KWh.

No. of Produced
sections m energy Slyear
1|2 5] [ P Wl PAW] | PIW | | [EUR]
1 62.8 23.9 15.3 134 17.42
1 2 502.4 190.9 122.2 1070 139.1
3 1841.4 699.7 447.8 3923 510
1 314 119.5 76.5 670 87.1
5 2 2512 945.5 611 5350 695.5
3 9207 2498.5| 2239 19615 2549.05
1 628 239 153 1340 174.2
10 2 5024 1909 1222 10700 1391
3 18414 6997 4478 39230 5100
1 942 358.5 230 2010 261.3
15 2 7536 2863.5| 1833 16050 2086\5
3 27621 | 10495.5% 6717 58845 17653.6

Tab. 1. Turbine power, amount of the produced energy aadntome from its sale

The calculations above indicate that it is very amti@nt to use multiple subunits working for a
single collector to get suitably economical resudtpecially at low speeds of flowing water.

5. Conclusion

Water turbines installed on the rivers with smatisdand depths without the need for building
any extra bottlenecks may contribute the developrofmicro power plants using rivers.

Turbines built on rivers with small dips should rmaie the kinetic energy of flowing water.
Using several subunits working on a single colleatould increase efficiency of the turbine.
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Abstract. In this article is described a mechanism of heatsfer, the way of measurement of thermal
conductivity, specific heat capacity and thermahdwctivity of rocks. It is very important to knovbaut
thermo-technical properties of grounds, which aecdbing transport of heat.
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1. Heat conduction

The heat is transferred by conduction in the sbilid also liquid and gaseous substances. For
heterogeneous structures, which include groundprimarily a mechanism of heat transfer
conduction. In addition to conduction, heat cantda@smitted by the convection of groundwater
flow. Among the information needed to assess tliecebf temperature on the transport of heat
from the ground mass is important to know the tenajpee field and thermophysical parameters of
grounds, such as temperature, geothermal gradieermal conductivity, coefficient of thermal
diffusivity of grounds and heat flow.

Based on knowledge of temperature distribution osspble to determine the temperature
gradient and heat flow. The quantification of thermal field is based on a differential equation of
heat conduction.

Temperature field is a set of temperature valuedldhe points considered space at each time
point. Distinguish betweerstationary and non-stationary temperature field.Stationary heat
conductionis thermally stable thermokinetic story mode chimazed at the time of constant
temperature at all points of the point or pointtegs Heat, which passes heat conduction area at the
time, expresses Fourier law. Expressed in the form

Q=-AgradT.S [W], Q)

whereZ is thermal conductivityW. m~1. K], T is temperatur¢K] a S is aregm?].

Non-stationary heat conductiomvolves going where the temperature field in thoalyb of
function space and time. The solution of the coret@n of energy for heating or cooling of a
homogeneous and isotropic body without a heat sowe getthe Fourier heat conduction
differential equatiorfor non-stationary temperature field without int@raource in the form:

aT  9*T  9%T | 9°T
9t ax2 + W + 352" (2)
whereT is temperatur¢K] andx, y, z are Cartesian coordinafeq.

By modifying equation (2) we get the Fourier diffatial equation of the form:

oT

E = V. az. T , (3)
where coefficient of thermal diffusivity is givelyb
__1 2 -1
a—cp_p [m*.s71], 4)

where A is thermal conductivity [W.m 1. K™1], ¢, is specific thermal capacity
[J.K~1.kg~1] andp is densitylkg. m~3].
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Substances such as thermal conductivity, specdat bapacity and density, which act in the
definition of thermal conductivity are dependent wrechanical parameters such as rock (non
heterogeneous structure) and some grounds andateg gontent in rock. The amount of water in
the rock significantly affect the thermal condutt{iof grounds at the phase transition of water ice
Therefore relevant for modeling transport processethe deep borehole temperature working
media below 0 ° C is necessary to know the deperedeh thermal conductivity of grounds,
specific heat capacity and density of the watetetrand temperature.

2. Measurement of thermal conductivity

Thermal conductivity reflects the ability of agemtskeep warm. Value of the coefficient of
thermal conductivity of rocks can be measured enl#tboratory to test samples of several methods,
such as methods relying on stationary heat flowmethods of unsteady heat flow.

Currently, the most common for measuring thermaldctivity by employing the stationary
flow apparatus according to Bock as "Fig.1", otatg@pPoensgenov device.

1 2 3

I:I:- / L1

L H’”:

- —— _| .
— 17
| Ll

Fig. 1. Principle of measuring thermal conductivity.
1 - compensator, 2 - meter, 3- switch heater, 4atihg, 5 — thermostats, 6 - heated plates, 7 tedeboard,
8 - resistance thermometers.

Principle of measurement using Bock’s method desidbat the test sample (rock) is placed
between two thermally tempered plate device. Undaistant temperatures of both state boards,
which has a maximum temperature of 5 ° C to 10 W&mer than the lower plate, measured
perpendicular to the flow of heat tested materidmmwn thickness.

Subsequently in the laboratory on a similar devioe measuring thermal conductivity
measurements will be made of rock samples. By ngakirdeep hole and thermal conductivity
measurements obtained values necessary for ebiablia mathematical model of heat transport in
the ground.

In practice, the measurement of thermal condugtigitoften used hand-held device ISOMET
is controlled by a microprocessor. Used to meatheeoefficient of thermal conductivity, specific
heat capacity, density, coefficient of thermal aaetd/ity and temperature of the compact, loose
and liquid materials using the needle exchangesarfdce probes. The principle of measurement of
thermophysical quantities using said device, whiolresponds to the hot wire method. Hot wire
method is one of the methods of measurement with-rstationary heat flux. In the test sample are
transmitted heat pulses is measured and the sudrsetime-dependent thermal response of the
material. Heat flow creates a scattered electriwgvan the probe resistance, which is thermally
bonded to the laboratory detection of material.
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Fig. 2. Measuring equipment ISOMET

3. Measurement of specific thermal capacity

The heat capacity as a basic input parameter fat kenductivity factor calculation is
a determinate for each sample. The heat capaityeiasured on the base of physical definition
.equation (5)". The transmitted heat is determibgccalorimetric method, which assumes the heat
— isolated calorimeter with sample and medium. Bpecific heat capacity is determines by
calorimetric equation after achievement of tempeest’ balance.

1 Aq _ _
C=;E[]K 1kg 1], (5)

where m is mass of the samp|&g], Aq is transmitted heat to samlg¢ andAT is change of
temperature for transmitted hg&.

To measure specific heat capacity is most commosdyg mixing calorimeter. It is a thermally
insulated container in which the substance undeeweby the mass m delivering and collecting the
amount of heat and its temperature measured bychhege. Mixing calorimeter consists of a
cylindrical container (a) filled with liquid (b) éwally distilled water) of known thermal capacity,
which does not react chemically with the substamuer investigation (body), thermometer (c) and
mixers (d).

This container is placed into another, larger coeta

Fig. 3. Mixing calorimeter.

3.1. Deter mination of specific thermal capacity of ground

Calorimeter for heat capaciff of partially fills with water for specific thermahpacityc; and
weightm;. Wait until the water and heat exchange calorimetg. until the temperature stabilizes
t;, at the value they will measure. Then warm uplibdy mass (rock mass thermal capacity,
which we provide) to the temperaturg, which should be at least 40-50 degrees highaar the
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temperaturg, a and put it into the calorimeter. There will beexchange of heat and temperature
of the water body in the calorimeter and the caleter to stabilize the temperatute.

Based on the law of conservation of heat energgrgte the sample, the sum of the heat taken
by water and heat it takes calorimeter with acagssowe can express the relationship for
calculating the heat capacity of the sample exathine

(mq.c1+K)(t—t1)

c= ——=———=[.K"L.kg™], (6)

my(tz—t)

4. Conclusion

To assess the effect of temperature of the roclsnsasecessary to know the temperature field
and thermophysical parameters of grounds, sucthesnal conductivity, thermal conductivity,
specific heat capacity. Rock properties also depamdrarious factors, namely the structure of
rocks, porosity, humidity, pressure and temperag@estatical. Contribution to this research is to
obtain a database of thermophysical propertiesiftdrent types of rocks and their application in
solving transport phenomena in grounds.
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Abstract. The paper is aimed at the presentation of thecehapplications of experimental methods of the
mechanics. The main attention is focused on usfngarern optical method — digital image correlation
method (DIC). This method allows to perform a cotiess measuring of deformation fields on a surfifce
tested objects. As a practical and effective taol quantitative in-plane deformation measurement of
planar object surface, two-dimensional digital imagprrelation (2D DIC) is now widely accepted and
commonly used in the field of experimental mechanithere are presented procedures and resultmedtai
under the determination of plastic strains of tidled elements in the domain of stress concentrati

Keywords: digital image correlation, plastic deformation.

1. Introduction

The digital image correlation is an advanced methatich provides recording of data and
evaluate spatial deformations of the whole surfafcebject. Characteristic properties which result
from its conception we can consider flexible aréameasurement (mmto nf), material and
geometry independence and spatial visualizatiomedsured parameters. This is the reason why
digital image correlation has been successful egdior many areas of science and survey. It has
been applied for testing of components in engimgernd microelectronic, determination of
material properties and so on.

The principle of digital image correlation is based application of stochastic pattern the
surface of the test object. This pattern can baygar with a white base color and spattering a black
color on top. Observed area is divided into smalteas called facets (Fig. 1).

virtual grid
Fig. 1. Stochastic speckle pattern on examined surface

These speckles on the top of surface representrimlgp@ints of body. The speckles copy
deformations of surface and they move together sutffiace. Displacement and strains of points are
calculated through correlation of correspondingefa®n digital snapshots in state before and after
deformation [1]. In case of plane digital imageretation object deformations are determine by
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observation with camera vertically aimed at surfatech provides to determine displacements in
parallel plane with imagine plane. Figure 2 showe tschematic illustration of a typical
experimental setup using an optical imaging defocehe 2D DIC method [2].

Loading system

F t Planar specimen
=

'—9

90‘?‘ 7 Computer

. BlA = i = = o CCD

§ camera
9 /\

o [ =
F l White light source L 1l

Fig. 2. Typical optical image acquisition system for the ROC method

2. Determination of plastic deformation of thin-walled members

The experimental analysis of plastic deformatigng3applied for every area, where material is
stressed above yield stress. Knowledge of plakcacteristics of material has great deal espgciall
in areas of compression molding of components, gukbksing, as well as loading supporting
members in yield stress area. In these casesigeifl to apply DIC method, because it provides to
plot field of full-field deformations on the surla@nd evaluate deformation at every point. In next

part there is described experimental evaluatigolastic properties of pressing steel plate.
300

l L

R25 150

»
L

speckle pattern
Fig. 3. Specimen with speckle pattern

Specimen (Fig. 3) is created by DCO3 cold presstegl| plate (tractile, suitable for indoor
parts of care frame and other pressings). Mechaoigerties of specimen are shown in Tab. 1.

Name Thickness Re Rm A80 .
[mm] [MPa] | [MPa] [%] %
DCO3 0,8 236 335 37 1,90

Tab. 1. Mechanic properties of specimen material

Measurements were realized by shredder FPZ 10@14}[4], while plastic deformation was
measured around area of dent of specimen by higlesporrelation measure system Q-450. As it
was plane analyze, the measurement was realizeohlyyone camera [5]. The specimen was
tension in longitudinal direction to the total bkea
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Fig. 4. Position of the camera during specimen loading

Velocity of motion girder wast = 0,1 mm/s, while approximate time of break of penwas
100s. Plastic deformation of the whole crampedi@eatas achieved by forcexq= 9 400 N. Break
of sample was caused by forcg.f= 13 400 N. In the Fig. 5 are shown fields ofissa, (Fig. 5a)
and fields of shear straing, (Fig. 5b) (mm/m) of specimen, which were obtaibgdystem Q-450.

a) b)

Fig. 5. a) The fields of strainsy [mm/m] and b) the fields of shear straixy [mm/m]

Results of measurement, which were obtained besy§-450 were exported into HDF5 files
and then they were numerically calculated by pnwgMatlab in order to plot strains at sections
X-X and Y-Y (Fig. 5) as a dependence of measurera@. Dimensional coordinate with respect
of length of lines pand g is expressed non-dimensional coordinates of posiii=x/a a&=y/b,
where “a” is width of measured area in “x” directiand “b” is width of measured area
in “y” direction (Fig. 5). Strain diagrarg, with respect of lines,pand g at 100th step is shown in
the Fig. 6.
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— after smoothing
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Fig. 6. Strainsey measured at lines px and py before smoothingadted smoothing

As a result of diagrams obtained by Matlab (Fig.b§) smoothing were obtained more
continuously strain diagrangg, however process of smoothing caused reductiosgzeof results
at points with maximum values. Except for this cding sample frequency was occurring like map
line sample with steps after processing by Matlab.

3. Conclusion

In this paper there is introduced 2D example ohgisigital image correlation method. As it
was shown this modern method provides to obseiféereint events during deformation of object.
Recall that 2D DIC can only be used for in-planédweation of a planar object. Even if optical
methods with white light are preferred in technifield, DIC method has been expanded on
electronic microscopy field. Nowadays it coversaareof mechanical engineering, car and air
industry.
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Abstract. This article deals with experimental verificatiohfatigue life prediction of aluminum alloy under
biaxial fatigue loading. The theoretical part dédses a physical process of fatigue material inmegof low
cycle loading. There is also discussed an influafcarious factors to fatigue characteristics emdtiaxial
fatigue of loading. The experimental part of thiicke deals with evaluation of biaxial fatigue ltae to
aluminum alloy EN AW 6063.T66 from fatigue lifetinoint of view. The fatigue test was realized on
multiaxial fatigue device with these conditionssiausoidal wave type of loading was used for bemdind
torsion experimental testing; frequency of loadives f = 30 Hz and temperature wast2B°C.

Keywords: Experimental verification, fatigue resistance xmhfatigue, aluminum alloy.

1. Introduction

Fatigue failure of materials is still statisticatlye most common cause of serious accidents of
mechanical structures in the world despite of esttenresearch and studies over last 5 decades.
This situation is caused by complexity of fatiguegess and large number of impacting factors.
Nowadays the Material Science and Engineering deffatigue failure as tendency of material to
fracture under repeated alternating or cyclic lngdil]. The nominal maximum stress values are
considerably below the ultimate tensile stresstliamd may be below the yield stress limit of
material. If the loads are above a certain threshwolicroscopic cracks will begin to form at the
surface. Repeated cyclic deformation even chantes anechanical properties therefore serious
theoretical life time prediction is strongly infloeed by experimental testing especially for new
materials. The aim of these studies is to increambirance, safety and reliability of components
and structures, to protect human life and contebnteconomical point of view. Current trend in
technology and manufacturing has led companiegs$ayd optimized products in recent few years.
There is not usually requirement for unlimited Idedevices and used materials. For this purpose
fundamental knowledge about behavior of materralsw-cycle area of loading started to be really
important for designers. This is the reason whyyrrasearch teams perform experiments in regime
of low-cycle loading to determine exact charactmssof material and component life for special
types of loading and verified boundary conditioR®r most of mechanical structure is typical
bi/multiaxial character of loading and better esiied lifetime value can be obtained and
whereupon used for practical purposes only fromtiantél fatigue life diagrams [2,3].

2. Low cyclefatigue

Low-cycle fatigue as a phenomenon has received ratiehtion since the early work of Coffin
and Manson in the fifties and the sixties. It beeastear that low-cycle fatigue is a problem which
is different from high-cycle fatigue. As pointedtdiefore, the high-cycle fatigue mechanism on a
macro scale occurs as an elastic phenomenon. Howevew-cycle fatigue, macroscopic plastic
deformation occurs in every cycle. Low-cycle faggtan be relevant to structures that are subjected
to small numbers of load cycles in their econonfe. IlIf it would be required to keep all stress
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levels below a fatigue limit, the structure may dree very heavy without this being necessary.
Under low-cycle fatigue, failure can occur in a §nmaimber of cycles, say 1000 cycles or less.
Small cracks are usually nucleated immediatelywiéw of the high stress level, final failure will
occur when the cracks are still small. Periodsisible crack growth are hardly present. It is known
that low-cycle fatigue under constant amplitudedliog leads to a high plastic deformation in the
first cycle followed by much smaller strain ampties in subsequent cycles. For that reason, it is
instructive to study the low-cycle fatigue processthe laboratory by imposing constant strain
cycles on a specimen. In general, this loading timmdis also representative for the low-cycle
conditions in structures [4, 5, 6].

Coffin and Manson independently observed that @wggde life under low-cycle fatigue
conditions plotted as a function of the strain atage, &, indicates linear relations if plotted on a
double logarithmic scale, see Fig. 1. The relatian be written as:

eazeae+sap:%Eﬁ2Nf)b+ef [ﬁZNf)C. Q)
whereE is Young modulus; is the fatigue ductility coefficient,represents the fatigue ductility exponent.

loge, t

Fig. 1. Manson-Coffin curve.

3. Material and experimental procedures

Experimental material used for fatigue tests wasaaminum alloy EN AW 6063.T66.
It is a medium strength alloy, with magnesium aiida as the alloying elements suitable for
application where no special strength propertiesraquired. Ultimate stress limit was R 247
MPa. It is commonly referred as architectural alayh good surface quality characteristics, high
corrosion resistance and suitable to welding. Losgfiency fatigue tests were carried out with
using a multiaxial testing apparatus for low-fregeye sinusoidal cyclic bending and torsion loading
(working frequency 50 Hz, temperature T = 266 °C, load ratio R = —1). Smooth 4 mm-dia
round bar specimens polished in the working are@ weed for fatigue test program (see Fig. 2).

40

5
-~
@10

e 150

Fig. 2. Shape and dimension of the specimen for multigaigue test.
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The final shape of experimental specimen has besigued by the standard to support easy
manufacturing and connection with testing machifke fatigue lifetime, strain amplitude vs.
number of cycles to failure, was investigated i tgion from N= 103 cycles to N= 106 cycles of
loading.

Mechanical fatigue test equipment used for expertmdéas been developed on Department
of applied mechanics at University of Zilina. Figu3 show two independent parts of fatigue test
machine. Both types of loading — bending and torstan be synchronized and controlled by
computer.

Fig. 3. Work area of the multiaxial fatigue test machine.

4. Experimental results

The results, fatigue resistance (strain amplitude number of cycles to failure) of tested
structural material EN AW 6063.T66 in the low cycégime are presented in Fig. 4 and Fig. 5. In
the low cycle regime of loading the strain ampléudkecreases with increasing of cycles number
to failure.

The first series of performed experiments were dafy fatigue behavior of aluminum alloy
EN AW 6063.T66 under low-cycle bending loading tataon relation between strain magnitudes
versus number of cycles to failure. The Fig. 4 sadwn the results of fatigue tests with the
symmetrical pure bending loading. The specimemtfaitriterion during the testing was a creation
of fracture area more than 90% in the measured @@stion of the testing rod.

The second series of performed experiments weverity fatigue behavior of aluminum alloy
EN AW 6063.T66 under low-cycle bending-torsion lwadto obtain relation between strain
magnitudes versus number of cycles to failure. Fige 5 had shown the results of biaxial fatigue
testing. There were seventeen different combinatieith low amplitude (constant torsion value
va= 2,4 . 10°) of the torsion loading combined with graduallalscup amplitude of the bending
loading. The loading sequences were constant torfdlowed by bending (torsion/bending)
loading combination.

0,0055 : : - 0,0055 : - :
0,005 : : ﬁ 0,005 : : :
' : : —— Pure bendin ' | T i -
0,0045 \ : | : i 0,0045 N : FUEEI‘:“%E torsion ||
0,004 \ | i 0,004 M i 1
< 00035 f N f i < 00035 AN
= ! ! H = N
S 0,003 i @ 0,003 5
& 00025 | | ’ & 00025 : P ’
0,002 \\ 0,002 \"-
0,0015 ; ; i 0,0015 ; i <L
0,001 : : : 0,001 : :
1,0E403 1,0E+04 1,0E+05 1,0E+06 1,08407 1,0E+03 1,0E+04 1,0E+05 1,0E+06 1,08407
Number of cycles Nf; log scale Number of cycles Nf; log scale
Fig. 4. Fatigue resistance, low—frequency fatigue testingsig. 5. Fatigue resistance, low—frequency fatigue testing,
pure bending, EN AW 6063.T66 bending and torsion loading, EN AW 6063.T66
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Generally we can say, that results are in goodeageat with published results of other authors
[1,4,6]. The differences in fatigue resistance bafmanum alloy of specimens are caused by
different history of loading. Unless fatigue undsxclic tension and under cyclic bending are not
that much different during by torsion loading theme some differences. The critical stress of a
specimen in bending case is cyclic tension in tivéase layer of the material. The stress gradient
perpendicular to the material surface is diffefemttension and bending, but the more important
stress gradients occur along the material surf@zssical examples of fatigue under cyclic torsion
are associated with axles and spiral springs. Mitiole of the first microcrack again occurs in slip
bands carrying the maximum shear stress. This stteegs amplitude in a specimen loaded in
tension is equal to half the tensile stressz,@rd,/2. For a specimen, loaded under cyclic torsion,
the maximum shear stress is equal to the sheassirethe specimen. As a first estimate, one might
expect that the fatigue limit under cyclic torsienjs half the fatigue limid; under cyclic tension in
agreement with the Tresca yield criterion. Howewasrwas before indicated, such slip bands under
cyclic tension are also loaded by a tensile stpesgendicular to the slip bands, whereas thislensi
stress is absent for cyclic torsion. As a resh#,donversion of cyclic slip into a microcrack nimey
more difficult under cyclic torsion, angmay be larger tha& /2.

5. Conclusion

The results of experimental observations abouguatiresistance of EN AW 6063.T66 in the
low cycle number of loading shows:

* The fatigue resistance of aluminium alloy increasil decreasing stress amplitude
continuously in the cycles of number region.

* The fatigue properties of aluminium alloy stronglpends on type of loading
(combination of loading).

» According to this fact it is necessary to verifg fatigue resistance in respect to working
reliability and safety of the components and dewice
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Abstract. The paper deals with the numerical simulation teé flow in the charge air intercoolers
of the turbocharged internal combustion enginestRine 3D virtual model of the intercoolers spase i
created within the 3D parametric modeler CATIA V%hen the flow simulation is performed
through the computational fluid dynamics softwahaeht.
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1. Introduction

Both boosted air intercoolers are designed for fte stroke compression ignition engine
with the engine displacement of 7.6 |. The firstemooler is liquid/air type and the second
intercooler is the air/air type. The simulatione Hre part of the simulations performed with tha ai
to acquire the information about the influence ¢ £xtremely low temperatures of charging air
on the exhaust emissions production.

2. First Intercooler Design and Flow Simulation

As mentioned above the intercooler is liquid/apey The charging air flow is perpendicular
to the coolant flow. The intercooler has 5 pipesdach of the 3 drafts. The pipes have the outer
diameter of 10 mm and the thick of the wall of 1 mFhe pipes has the active length of 760 mm.
The cooling fins have these parameters: height mi®0 width 50 mm, thickness 0.2 mm.
The design of the intercooler can be seen in Eighg distance between the cooling fins is 1.4 mm.

Fig. 1. The design of the first intecooler
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First the coolant flow simulation is performed. TBAD model is created through the CATIA
V5 — 3D parametric modeler. Then the part of thelehmeeded for the flow simulation is prepared
(see Fig. 2). This CAD model is then imported itite preprocessor Gambit and the computational
mesh is created. The mesh consists of 1 399 06&heztral cells. Then the mesh is imported
into the Fluent — CFD (Computational Fluid Dynanis®ftware. The values for the boundary
conditions are set. The velocity at the coolargtihs the value of 1.26 rit.s

Fig. 2. The CAD model for the simulation preparation

Fig. 3 shows the distribution of the velocity veston the pipe. The maximum value

of the velocity is about 2.6 m's
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1.31e-M
3.453e-045

X

‘Veloc[ty Vectors Colored By Velocity Magnitude (mfs) (Time=1.0000ehM2 16, 20110
Fig. 3. Velocity vectors distribution in the inlet of tipgpe

The second simulation is the simulation of the ghmay air flow between the cooling fins.
The CAD model is again created within CATIA, the gheis prepared in the Gambit
and the simulation is performed inthe Fluent. TNedocity of charging air at velocity inlet
boundary conditions is 5.6 m.sThe result can be seen in Fig. 4. The maximurnesbf velocity
occur in the proximity of pipes and achieve 13.3'm.
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Fig. 4. Velocity vectors distribution between the coolfints

3. Second Intercooler Design and Flow Simulation

As mentioned above the intercooler is air/air tyfpde charging air flows perpendicular
to the cooling air. The intercooler consists offdes in one draft. The pipes have the same outer
diameter of 10 mm and the same thick of the walllomm. The distance between the axis
of the pipes is 25 mm. The active length of theepijs 410 mm. Fig. 5 shows the arrangement
of the pipes and the cooling fins and the comptisign of the intercooler. The parameters
of the cooling fins are: height 462 mm, width 64 pthickness 0.2 mm. There are 165 cooling fins
and the distance between each two fins is 2.3 mm.

Fig. 5. The design of the second intercooler

The same means are used for the preparation of laiou — CATIA, Gambit
and the simulation is again performed in the Fluémtthis case the mesh consists of 1 323 792
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tetrahedral cells. The charging air inlet velochgs the value of 6.7 nts Fig. 6 shows
the simulation result. As we can see the maximulocity magnitude is about 91 rl.s
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Fig. 6. Velocity vectors distribution in the area of inieto the pipe

4. Conclusion

The coolant flow simulation for the first interceolshows that the maximum values of velocity
magnitude is about 2.6 rit.9n the area of pipe inlet. The charging air floimslation shows
that the maximum values of velocity magnitude fue first intercooler reach 13.3 nl.svhich is
lower compared to the value of 91 this the case of the second intercooler.
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Abstract. Emissions reduction and the impact of technoldgétpiipment on the environment is a very
important issue at the moment. One of possibilfie@geduction of this impact is the use of cogatien for
production of heat and electricity. Using this cameld production of energy, significant part of paimy fuel

can be saved and operating costs may be reducedpdper discusses the measurement of emissions of
cogeneration units. There are results of measurenfe@O, CQ, HC, NQ in graphical form for several
monitored types of cogeneration units. These uaits deployed to variable technological processes of
production. Engine running of cogeneration unitgehd adapt this process. Therefore, emissions bagn
measured in transient modes of combustion engimeshs

Keywords: cogeneration, emissions, engine, transient motesgine.

1. Cogeneration

When traditional production of electricity is usedaste heat generated during production is
emitted to the atmosphere without future use. Theiency of this equipment is 35 — 40%. Use of
waste heat generated as a secondary product ofustimi for hot water heating or household
heating may increase the efficiency of technoldgicet up to 80 — 90%. Combined production of
electricity and heat — cogeneration, representsfictive and highly ecological way of using the
primary energy contained in fuel. The fuel is uguahtural gas, but also biogas, propane and other
fuels have been successfully used. This technakogyrrently widely used in industry.

1.1. Advantages of cogeneration:

- Significant saving of primary fuel compared to spa production of electricity in
condensing power plants.

- Significant reduction of emissions of technologieatities using combined production
energy which use natural gas as a fuel compartstbmological entities which use coal as
a fuel.

- High energy-use efficiency, fast start up into @pien (in case of technological entities with
internal combustion engines or combustion turbines)

- Possibility of an independent operation in castaitdire of public electricity power network
for technologies with a synchronous electric getoera

Cogeneration eliminates ineffective processes @arsge energy production because this
technology enables a combined production of hedteaactricity in a single device and in one
place. This way, we can get up to 40% saving of doemsumption. Currently, this technology
represents a significant proportion of heat andtetgty production in the market.

1.2. Disadvantages of cogeneration

Benefits of this technology are accompanied by spnodlems. The main one is the initial
investment, which is today the largest energy moblWe have to calculate between inputs and
outputs, but often in these unstable conditionsdtwlculations only turn into estimates. In otder
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use all benefits that cogeneration offers, a denwriteat energy for at least 4500 hours per year
must be ensured.

2. Gasemissionsof cogeneration units

Department of automobile technology participatethmdevelopment of cogeneration units for
the private sector. It provided also tests of thcegeneration units in normal operation and
evaluation of measured results. The tests wergdagsiccording to customer’s requirements.

Earlier measurement detected that the combustigmendespite expected steady mode, often
worked in transient modes. This is a result of #algn of the engine to the requirements of
technological process. The results of some meammsmwhich were carried out in order to
determine the burden of cogeneration units in tesmisnodes on the environment, are listed below.
Monitored gas emissions produced by three diffecegeneration units have been measured.

First cogeneration unit

Cogeneration unit consists of three-phase geneasrspark ignited gas engine. It is in-line,
six cylinders, four stroke, liquid cooled, turboalp@d engine of stoichiometric conception without
three-way catalyst.
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Fig. 1. Produced HC after hot start engine
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Fig. 2. Produced CO after hot start engine

Gas emissions have been measured behind exhauseXudanger after hot start of engine
during the first 70 minutes of operation. In Fig. the course of the emissions of unburned
hydrocarbons is shown. The highest amount of eomsswere recorded during the first minutes
after startup. Fig. 2. shows the course of the gions of CO. As we can clearly see in the figure,
greatest values were recorded during the first temafter startup in this case as well.
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Second cogeneration unit

Cogeneration unit consists of three-phase geneaatbspark ignited gas engine. In this case, it
is V-engine, eight cylinders, liquid cooled, fouroke engine of stoichiometric conception with
three-way catalyst of exhaust.

In this case, emissions behind the three-way csttabf engine have been measured.
Measurement was carried out at the constant ersgised of 1500 rpm. The course of emissions
depending on the active power of generator of ceggion unit was monitored. Fig. 3. shows the
course of emissions of CO, GGHC and NQ.
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Fig. 3. ProducedCO, CQ, HC, NQ, second cogeneration unit behind catalyst

Third cogeneration unit

Third cogeneration is a combined cogeneration cmitsisting of three-phase generator with
electronic control allowing electric engine modeatipump and spark ignited gas engine. It is in-
line, six cylinders, four stroke, liquid cooledrthocharged engine without three-way catalyst.
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Fig. 4. Emissions CO produced at various operating modes

Gas emissions behind exhaust heat exchanger oficechbogeneration unit at constant engine
speed have been measured. Fig. 4., Fig.5. and®dHg.successive steps show a comparison of the
emissions of CO, NQand CQ at various operating modes. They are charactebydtie value of
active power of electric generator and connectiogisconnection of the heat pump. The heat pump
was connected only in the third case.
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3. Conclusion

The use of gas combustion engines has both ecoreordienvironmental benefits. Installation
of gas combustion engines into cogeneration ungglayed in the technological process will
increase significantly the use of primary energgtamed in the fuel. However, adaptation of the
engine to the technological process results iretiggne working in the transient mode. This has the
effect of increasing the burden on the environmmatause the engine does not work in steady
mode.
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Abstract. This report is repair of wheelsets in ZOS Trnaaa, and implementation new technologies in
process of wheelsets repair in the company (replane parts wheelset, nondestructive testing, runnin
profile). They say of new devices for wheelset.
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1. Repair of wheelsets in ZOS Trnava, a.s.

ZOS Trnava, a.s. as one of the leading repaireaibtars in Central Europe is trying to keep
pace in technological equipment. This also appbethe repair of wheelsets. lllustrated by the fact
that in 2010 were in this company repaired throR4000 pieces wheelsets. Because wheelsets in
ZOS are repaired for several railways in the Eghhjuality of repair is required. The company
presently owns licenses of wheelsets repair fhwegis:

Railway Company Slovakia, (ZSSK),
Cargo Slovakia, as (ZS Cargo),
Czech Railways (CD),

Deutsche Bahn (DB),

The Austrian Federal Railways (OBB),
Association of private owners — VPI,
Swiss Railways (AAE).

VVVYVYVY

1.1. A technology wheelset repair

A technology wheelset repair provides:

entry control of wheelset

removal of bearings boxes, bearings and bearirmgg rin
destructive inspection

exchange of worn or damaged parts

mounting of bearing boxes, bearings and bearingsrin
output control

YVVVYVYYY

Entry control — control of the wheelset at the entrance is dmoerding to valid regulations:
a) tread area (running profile), monitors the heightdth and slope of the
flange, damage on the tread area, the overall stfape tread, or cracks
b) measures, each type of wheelset has its own weduresa(diameters). If the
diameter of the wheels is not suitable, monobloastrbe replaced
c) Brake discs, monitoring its overall thickness, warmracks on active area.
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Removing of the bearing boxes — after an entry inspection, the wheelset is mawedepair
line, where the greasy is cleaned. As the firstrihgaboxes are dismounted together with the
bearings. After their removal and the greasy cleguai visual inspection is done. Damaged parts are
removed.

Destructive inspection, so. NDT (nondestructive testing) — after removing the bearing rings
starts prescribed wheelset—destructive testingh Eaibwvay has its own rules concerning repair of
wheelsets, and therefore the scope of these tesstiaccording to the railway company to the
wheelset belongs.

On the basis of the increasing levels requirementsIDT inspections for wheelsets ZOS
Trnava, as bought device that automatically perfomon-destructive inspection of the whole
wheelset axle (Fig. 1).

e

Fig. 1. The device for defectoscopy of the wheelset axle
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Exchange of worn, or damaged parts — the extent of replacement parts wheelset isdoun
during an entry inspection, as well as the resofit®dlDT testing. If the measurements and tests
revealed not any needs to replace any part of theelset, the wheelset is repaired mostly just
turning the running profile on a wheel lathe (F). It may also occur in case that the
measurements found only over "sharpness” wheelgdémnn this case, some railways allow
surfacing the flange (Fig. 3) and then turningrilrening profile.

If parts are necessary to replace, wheelset mavéilet pressing machine (Fig. 4), which is
carried out removing the wheels, if necessary bohiges. After this removal is definitely set, ieth
axle will be replaced. All appropriate parts arelenged for new ones (are pressed) and wheelset
moves to the wheel lathe, which makes turning thend) wheel profile.

| - =5 L
Fig. 2. Device for turning of the driving profile and theake discs
u ‘ | M

Fig. 3. Device for surfacing of wheelset wheel flanges
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Installation of bearing boxes, bearings and bearing rings — the first are the bearings heat
pressed on the axle, then also the bearings atephessed in the bearing box and finally the
bearing box is mounted on the axle. In some cadts,the installation the boxes welded joints are
checked on the bearing box for crack detectiong@sfly in bearing boxes, where the mangan
plates are welded).

Output control — after mounting the bearing boxes the exit corafothe wheelset is done
where are measures the important dimensions of ladteglistance between monoblocs, shape and
thickness of danges, the diameter of monoblocs athérs). If everything is in permissible
tolerance, the wheelset is assigned an identifg & is transported to the workplace, where is
mounted into the bogie.

Device for cracks defectoscopy axle wheelsetss I& idevice type from MAGISKOP CEM
2500/350x350 from CGM company (Italy). That devieas developed specifically for the
company ZOS Trnava, a.s as a prototype. It hafotlosving parameters:
capable of detecting surface and subsurface ctacksleep of 2 mm
works on the principle of magnetic watering methods
used fluorescent powder is diluted with water (reowended type PAD 31-73/50)
device allows the detection of cracks in horizoatad in vertical direction.
allows defectoscopy axle in three modes:

VVVYVYY

1. only axle (without monoblocs, brake discs, and ingdboxes and rings),
2. axle with disk brakes (no bearings boxes and rings)
3. axle with monobloc and brake discs (no bearingeb@nd circles).

1.2.New devices for wheelset

Other new devices for wheelset are:

1. pressing machine for pressing the brake discsrambbloc (Fig. 4),
2. lathe for turning axle (Fig. 5),

3. lathe for turning the hub of monobloc "Caroug€iy. 6).

A hydraulic press CDRA 500 (Fig. 4) is a device foessing and unpressing brake discs and
monobloc. Its technical parameters are:
nominal force — 5.000 kN,
maximum stroke - 700 mm,
working pressure - 320/80 bar,
working speed — 0,5-3 mm/s,
maximum length wheelset — 2.650 mm,
maximum diameter tread wheelset — 1.250 mm,
max. wheelset weight — 3.500 kg,
working liquid - mineral hydraulic oil VG46 class.

Peak lathe SUA 80 NUMERIC / 3500 (Fig. 5) is usedtfirning axle wheelset, namely turning
"seats" for the pressing brake discs and monobBloe.parameters are as follows:
distance between centers — 3.500 mm,
max. turning path length — 3.350 mm,
max. workpiece weight (without support / with sugpe 6.000/8.000 kg,
max. torque — 8,0 kN,
spindle speed - 5 to 1250 riin
max. feed rate - 4 m / min

Lathe VL 200 ATC + C (Fig. 6) allows turning hubd®o{es) monoblocks or brake discs before
they are pressed on the axle. Technical paramateras follows:
» max. outer diameter turning — 1.350 mm,

YVVVVVVVY

YVVVYVYYY
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» max. diameter of workpiece — 1.600 mm,
» max. workpiece weight — 5.000 kg,
> working feed 1-2000 mm.mih

Fig. 5. An axle lathe
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Fig. 6. The Lathe for turning hubs (holes) of monoblocks

2. Conclusion

_All described procedures and machinery equipmenréribute, that the repair of wheelsets in
Z0S Trnava, a.s. is on high level, thereby offegngtomers in the future a required quality.
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Abstract. This article deals with determining of fatigueetime of structural materials during by multiaxial
cyclic loading. The theoretical part deals with tatigue and with the criterions for evaluationnofiltiaxial
fatigue lifetime. The experimental part deals witiodeling of combined bending - torsion loading and
determining the number of cycles to fracture inieedow-cycle and high-cycle fatigue and also dgrof
loading with the sinusoidal wave form under in phas 0°.

Keywor ds: Multiaxial fatigue, stress and strain, sinusoigadlic loading, structural material.

1. Introduction

Fatigue failures in metallic structures are a Welbwn technical problem. In a specimen
subjected to a cyclic load, a fatigue crack nuclears be initiated on a microscopically small scale,
followed by crack grows to a macroscopic size, fanally to specimen failure in the last cycle of
the fatigue life.Understanding of the fatigue mechanism is essemialconsidering various
technical conditions which affect fatigue life afatigue crack growth, such as the material surface
quality, residual stress, and environmental infagThis knowledge is essential for the analysis of
fatigue properties of an engineering structure?]1,

Fatigue under combined loading is a complex problémrational approach might be
considered again for fatigue crack nucleation atrfaterial surface [3]. The state of stress at the
surface is two-dimensional because the third ppaicstress perpendicular to the material surface is
zero [4]. Another relatively simple combinationdfferent loads is offered by an axle loaded under
combined bending and torsion. This loading comlbpmaivas tested in our and also in many others
experiments [5, 6, 7]. In spite of this fact, fagigmechanisms are still not fully understood. Téis
partly due to the complex geometrical shapes asw@mplex loadings of engineering components
and structures which result in multiaxial cyclicests-strain states rather than uniaxial.

2. Criteria

Criteria valid for the fatigue lifetime calculatiaran be classified in three different categories:
strain based methods, strain-stress based methddmargy based approaches.

Brown and Miller [8] observed that the fatigue lifgrediction could be performed by
considering the strain components normal and taregea the crack initiation plane. Moreover, the
multiaxial fatigue damage depends on the crack tralirection. Different criteria are required if
the crack grows on the component surface or infidematerial. In the first case they proposed a
relationship based on a combined use of a criptaate approach and a modified Manson-Coffin
equation, where the critical plane is the one okimam shear strain amplitude. Criterion, which
was created, has the following form:

A};na—WSxAsn: AXWX(ZXNf)b+5x5'fx(2x'\'f)c (1)
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Fatemi and Socie [9pbserved that the Brown and Miller's idea could $fgccessfully
employed even by using the maximum stress norm#idaritical plane, because the growth rate
mainly depends on the stress component normaktéatigue crack. Starting from this assumption,
he proposed two different formulations accordinght® crack growth mechanism: when the crack
propagation is mainly MODE | dominated, then thitical plane is the one that experiences the
maximum normal stress amplitude and the fatiguetitife can be calculated by means of the
uniaxial Manson-Coffin curve; on the other handewlihe growth is mainly MODE Hoverned,
the critical plane is that of maximum shear staasplitude and the fatigue life can be estimated by
using the torsion Manson-Coffin curve [9]. Criteribas the following form:

A—zyx[l+kx—a”'mea”j:%x(2x Nf)by+yfx(2x Nf)cy (2

gy

Liu created a virtual model of the deformation gyemwhich is a generalization of the axial
energy on the basis of prediction of fatigue IE&iterion has the following form:

s 2
AW =ax0 s x{2xN, P (o, ®3)

Smith, Watson and Topper (SWT) created a parametantitiaxial load, which is based on
the main deformation rangel and maximum stressh,max to the main plane. Criterion has the
following form:

Ae, 0%

g, %X(ZXNf)Zb+0"fxg'fx(2fo)b+c (4)

n,mean
2

Goodman used main stresses for evaluating theugatighder multiaxial loading. Normal
stresses are calculated for each plane and thegesaare used for calculation of fatigue lifetime.
This is a less conservative criteria based on tlaenal ultimate strength yield point Sut.
To establish the factor of safety relative to trmo@man’s criteria can be written as:

Kt X Oamp + omean_ 1 (5)
Se Sjt ff

Findley criterion is the first critical plane cniten. He suggested that the normal stress
acting on a shear plane might have a differen@alinefluence on the allowable alternating shear
stress4z/2. Criterion has the following form:

%+kx0-n:ffx(Nf)b (6)

Sines’s criteria are very much alike, utilizing #m@plitude of second invariant of stress tensor
deviator (which corresponds to the von Mises sjrasghe basis. His resulting failure criterion can
be expressed as:

% +ax (+ xar’]“ea”) =7 ><(Nf )b (7)

Minimum circumscribed ellipse (MCE) — The origin tfis method goes out from minimum
circumscribed circle method (MCCMJhis method was first presented by Papadopoulesnéjor
feature is its explicitness in determination of meshear stress. The contrast in comparison with
MCCM is clear — it should offer a better solutiohphase shift effect problems. Nevertheless, as
regards the definition of mean shear stress, is du# offer any new approach. For proportional
loading this will always be a straight line and fam-proportional loading histories will have some

complex shape.
7, =R +R (8)

Wherey; is the fatigue ductility coefficient in torsiog; is the fatigue ductility coefficient;
is the fatigue strength coefficient,"**"is the mean hydrostatic stresgiis the normal stress;, max
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is the maximum stress; meaniS the mean stressy is the stress in the direction of the axig.yis
the equivalent shear stress;is the fatigue strength coefficient in torsidymax is the maximum
shear strain range&je; is the principal strain rangeée, is the normal strain rangaz/2 is the
alternating shear stresstoc is the octahedral shear stresgV is the virtual strain energy; is the
number of cycles to fractur&; is the modified fatigue strengtf;; is the ultimate tensile strength;
is the factor of safety applicable the fatigkas the elasticity modulus in tensiog;is the elasticity
modulus in torsionRa is the major axis of the ellipsBj is the maximum distance of stress point;
is the fatigue strength exponeitt; is the fatigue strength exponent in torsianis the fatigue
ductility exponent;c, is the fatigue ductility exponent in torsiol, B, S, k,a are material
parameters.

3. Numerical calculations and results

In ANSYS software was created the model of theliast The real geometry of this component
is shown in Fig. 1. The rod bar had a circular ehagith a defined section, in which was expected
an increased concentration of stress and creati@tigue fracture. The ends of this model were
loaded by reversed bending moment on the one sideby reversed torsion moment on the
opposite site. The values of presented stressestemids in the middle of the rod radius were taken
from computational analysis using finite elementhmd. We used the following parameters in finite
element model: used material was aluminum alloy &N 2007.T3 (AICu4PbMg) with Young's
modulusE = 0,817.18" Pa, Poisson numbgr= 0,3andwith thestrength limitR,, = 491 MPa.

Obtained values of the stresses from finite elera@atysis were next computational analyzed
using Fatigue Calculator software. This is a progvehich can quickly calculate fatigue lifetime of
selected material. After starting the calculatibatigue Calculator displayed the number of cycles
to failure for different models of damage. In owlaulation we considered with all multiaxial
criteria described above which can be applied w-dgcle and also to high-cycle fatigue region.
The computational fatigue tests were performed umdghase cyclic loading with the zero mean
value. All the tests were performed under contcbliending and torsion moments. Frequency of
each analysis was equal to 50 Hz.

>

0.0 50.0 100.0 150.0__ 200.0
- -l 2s5.0 75.0 125.0 175.0

Fig. 1. Geometry of the test bar Fig. 2. Result of FEM analysis

From computational analysis can be seen that the aith greatest concentration of stresses
or eventually the place with the higher deformatieas localized in the middle of the rod radius
(see Fig. 2).

The obtained results can be discussed i.e. fronpdimg of view of multiaxial criteria applied
on low-cycle and high-cycle region of fatigue laagli Generally, we can say, that stress amplitude
continually decreasing with number of cycles tdufi@ increasing after conventional limit of cycles
number Ne = 2.10 cycles taNe = 1.10 cycles) used to fatigue limitz determination.
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Fig. 3. Wohler curves for multiaxial low-cycle fatigue  Fig. 4. Wohler curves for multiaxial high-cycle fatigue
with phase shift 0°, AW 2007.T3 with phase shift 0°, AW 2007.T3

4. Conclusion

All  multiaxial models applied to fatigue lifetime alculation of aluminum alloy
EN AW 2007.T3 increases with decreasing stress iaudpl continuously in the cycles of number
region. In the region low-cycle fatigue, Wohler wes have shown a good agreement of progress
line with Fatemi-Socie, SWT and Liu damage modé&lsr Brown-Miller model, it was also
observed significant decrease of stress amplitutlteimcreasing number of cycles to failure but the
fatigue endurance values in comparison with referamumber of cycles were markedly lower as
for Fatemi-Socie, SWT and Liu damage multiaxial eled

In the region high-cycles fatigue, Wohler curveseénahown a good agreement of progress line
with Goodman, Findley and Sines damage models Foo.MCE model, it was also observed
significant decrease of stress amplitude with iasiey number of cycles to failure. Fatigue
endurance values in comparison with reference nuofbey/cles were lower too.
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Abstract. This paper describes execution of a project ftmenang low - potential ground heat with heat
pipe system and his comparison to conventionaliggoexploited methods retrieving heat off the grduBe
along described general procedure deepening berednud feeding earth probes. Further paper induct
preparation entire devices for measuring thermoaiyagrocess of connection with transport low - ptied
heat. A part of single systems design is too aiglyg and selection convenient working substanckeeaft
pipes waste going temperature potential.

Keywords: low potential heat, heat exchanger, geothermdl heat pipe.

1. Introduction

Development and introduction of new energic tecbgplis very important for safeness
delivery, tenability and competitiveness energicct@es. Research pertinent to energetics
considerably contribute for energic effectivenesg ( in the engine cars) and to diversification of
energy through piggybacking on revivable sourcpamter. Balk renewable energy sources range
too low - potentially heat contained in the surfaghich is situated more deeply how neutral zone
(10 — 20 m away from the levels of surface eait®at is possible gaining several in ways. One of
them is the system vertical heat exchangers (gmdbe). System with vertical heat - exchanger
does not require big jerked - in - fillings soildamdependent away from the intensity sunny
radiation, which impinges topsides earth. Vertloaht - exchangers effectively work virtually in all
the geological environs, besides soils with lowrtiie conductivity ( for example they are in dry
sand or dry gravel ).

In the surrounding ZU was deepening two borehol@gni8epths for retrieving low - potential
heat on principle vertical exchangers through tleeliom:

» forced circulation heat carrier substance (witmémirculationy

» circulation heat carrier substance ( heat pipdsi@ogy ) on thermosyphon principle.

2. Simulation measuring for realization

Outside the single realization devices for retmngviheat in the laboratory condition was
simulating given project in the reduced dimensiofisere was considered machined simulation
bore pro forced circulation working media and foformal circulation (heat pipe). Both of them
bore simulate effective strength conditions in dath and all of thermodynamic processes. For
transport heat has been waste heat pump type thi'\gater in like manner, how be those by the
real condition.
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3. Implementation borehole for low-potencial heat transport

Laboratory results from measuring on simulationnisined, who has been machined for
laboratory measurement, was supply informationttier next progress realization given devices in
the real condition.

Two bore by over 150 meters depth were they conadrdéng furnished for digging
geothermal caprice at distance approximately 25erseapart, that to avoid mutual thermic
influenced. By the realization propeller with fodceirculation with brine media was treated the
same way as is used to heat the pump type of graater. This means U-type pipe PE 100 RC is
embedded in the soil massif with special sensonpégature. Sensors were attached to the pipe axis
grouting duct designated for supply of bentonitbattom of the borehole. Liquid bentonite is then
filled free space and air bubbles in the borehabdenfthe bottom up to the surface of the tubes.
Contact surface of the tubes will provide moreacggint heat transfer to vertical heat exchangers.
Temperature sensors were positioned to detect tegtperatures accelerate changes in four
different depth of the borehole and in the rang@, 10, 50 meters and 2 m close to the ground
surface. There were used the thermo couples ty(€i®r-Ni) series TFAU. There being it is an
thermocouple wires, it should provide safe bertthefmeasurement ends so as not to damage when
applied pipes set into the ground. For this reasdhese thermocouples were attached to removal
ribbons of short sections of pipe for injection,igrhis held in the middle of the piping system of
PE 100 RC geothermal probes (Fig. 1).

Potrubie PE 100 RC
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a)
Fig. 1. a) - The cut of the earth's probe and the mourgirigmperature sensor (thermocouple), b) - thatlon of the
condensing heat exchanger of the HP into a conpiete

Thermocouples are so protected pipe to collect et pipe of the second hole is made in the
same way, but on the surface of the borehole wélleguipped with specially designed heat
exchanger for heat pipes of this type. Gravitatidreat pipe working on the principle of phase
transition working substance of CO2 will work undegh pressure because, at 0 ° C is saturated
vapor pressure of this substance around 35 b&.Sttimes more than in ammonia NH3 (R717),
which is also part of the experiment using heaepip is therefore necessary to ensure greater
emphasis in terms of tightness and pressure resestd hermocouple sensors are located just to the
injection pipe but in smaller distances, it is gv25 meters.

This method of obtaining low-potential heat by HPa method in the research stage. It is
therefore necessary to have a detailed overvieall e thermodynamic processes in its operation.
Stainless steel heat exchanger for HP will be plduabout 1.5 meters in the ground in sewage shaft
on the concrete surface.
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Fig. 2. a) - Strengthening of thermocouples to injectiqmepb) - Earth Probe PE 100 RC.

Piping system from individual borehole will be caeted underground to laboratory, where
heat dissipation will be realized by two heat pugnpund-water on performance 2x8kW. Parallel
connection of individual probe will allow us to nseme individually. Primary brine heat pump
circuit is connected to the borehole with forcedtwiation and heat exchanger with heat pipe. On
this and the secondary circuit will be measuredntia¢ power measuring set, which will be
installed in the premises of laboratory. Excesd ha@fbe fed into the cooling circuit. If necesgar
heat will be used as a supportive source of heaetting system of the University of Zilina and
into storage tanks for further measurements adsocvaeith accumulation of heat.

The aim of the device will draw heat from the sugssif conventionally employed method of
forced circulation and its comparison with the expental method without forced circulation of
the working substance. This method has advantaljeacwity circulation without additional
energy. Costs associated with the operation of slysgem, which uses additional energy for
pumping circulating working substance in the pgpéhiat fall on power circulator.

4. Filling system

Heat exchanger, which will be mounted on the cosihgnheat pipe has two holes designed for
the implementation of working substance. Here moaganied by filling furnished consisting of
pumps, cylinder with working substance and fittimigsigned for high pressure systems. Since the
use of CQ and NH medium is necessary to ensure a perfect tightmedssecurity of the bottling
plant and process performance. Before the actuébrpgance the heat pipe will be subjected to
vacuum the desired pressure (Pa). Then opens pmtysperformance of CO(NHz) and working
medium is pressurized to the desired pressure.uBeaaf the high pressure in the pipe will be used
in carrying out (discharge) special valves. Medilh vary according to the needs of measurement
because of the comparison features of each. Whiag tise working media will go after GO
pressure to 40 bar, so it will be necessary torerthe tightness of connections and the resiliefce
the system to applied pressure. The whole syste#s guo operation before relevant safety and
environmental protection.
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Fig. 3. Sinking geothermal borehole.

5. Conclusion

After done of all realization act will realize measg, whose aim will be comparison methods
retrieving low - potential heat through the medithrarmic tube with method of forced circulation
working substance thermic pump earth/water typdeasurements give us information about the
effectiveness and reliability of such system andrgy balance compared with commonly used
methods of obtaining heat. The results can be wseyul for the further use of low-potential heat of
the earth for the purpose of heating and hot water.
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Abstract. The paper discusses modern methods of rapid ppitgt of mechatronic systems. Article raises
the possibility of integration of modern enginegripackage for a comprehensive synthesis and asaiysi
the system. Paper also illustrates the conceptladeal implementation of selected methods of duyfitr
equipment excavator bucket.
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1. Introduction

Engineers and scientists use virtual prototypindesign, optimize, validate, and visualize their
products digitally and evaluate different desigmazpts before incurring the cost of physical
prototypes. Mechanical and control engineers cdlalmmrate and assess the operation of moving
parts. Virtual prototyping allows to visualize rsic machine operations, estimate the cycle time
throughput, determine whether the product will,faihd glean important information about the
dynamic behavior of the system. Rapid and virtwatqiyping are fundamental tools in the design,
development and manufacturing of a different presiult involves using CAD systems and some
simulation software to validate a design before imgla physical mechatronic system [1]. This is
done by creating 3D computer generated geometpaek and either combining them into an
assembly and testing different mechanical motidihgand function or just aesthetic appeal. The
assembly or individual parts could be opened in Cdiiware to simulate the behavior of the
product in the real world. Virtual prototyping eitgaintegration of multi-domain dynamic
simulation in the design process, in order to rdpoe and analyze the effects of design choices on
the overall performance.

Main areas of virtual prototyping and simulation adntrol can be divided into following
domains:

- mechanical prototyping,

- motion analysis,

- control system simulation,

- CAE analysis.

Some techniques for virtual prototyping can alsaibed to determine the behavior of existing
mechatronic systems. Motion analysis can help fmoe®, how the system will works without the
physical movement of any part of the system. fidssible to simulate any equipment like drives or
sensors. Control engineers can predict behavianethanic system by applying virtual drives,
actuators [1] and virtual drivers same as in realit

The remainder of the paper presents a virtual pypiiog of existing hydraulic equipment
excavator bucket [2]. The method includes mechapicaotyping and control system prototyping,
by creating CAD models, motion analysis and apgintual control equipment.
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2. Mechanical prototyping

Geometrical model was created in the SolidWorksirenment. SolidWorks is a Parasolid-
based solid modeler [3], and utilizes a paramd&ature- based approach to create models and
assemblies. This software integrates with eachehtechanical characteristics of the CAD system,
project controls, management, technical documeamtatiesign communication in one, easy to use
package. Enables the creation of an entire prdjeat the initial assumptions for its advanced
visualization, without having to use other softwaParticularly useful was a motion module to
examine the dynamic volumes, such as displacemetfucity and acceleration, while controlling
collision of object elements.

Work usually starts with a two dimensional sketthe sketch consists of geometry such as
points, lines, arcs, conics and splines [3]. Dinnams are added to the sketch to define the size and
location of the geometry. Relations are used tandeéttributes such as tangency, parallelism,
perpendicularity, and concentricity. Then dimensi@ne applied to define the size and location.
SolidWorks allows users to do all the testing aintlating virtually. The virtual prototype behaves
as it would in the real world because users infiutha characteristic of the real thing. Software
offers another tremendously beneficial featurevélg users to put together components — creating
a virtual assembly. Each piece is individually desd and then one can see how parts interact
together. Tests can be run to make sure compoassésnbly properly and don’t interfere with each
other as they move.

Fig. 1. Geometric model of a hydraulic excavator bucket

3. Motion analysis

Motion simulation was performed in SolidWorks eoviment using the Motion module. Each
of the three actuators have been given a linearemewt along their axis. It was found lower and
upper markers defining the minimum and maximum hrangf rod. As a result of analysis of linear
motion of actuators, it is possible to set minimamd maximum rotation angles between the
various constituents. Motion study also allowed tlegermination of the critical position of the
object and possible configurations giving rise tmaflict of accessories.
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Fig. 2. Ggeometric model of a hydraulic excavator bucketrdy motion analysis

4. Control system simulation

LabVIEW is a graphical programming environment usganillions of engineers and scientists
to develop sophisticated measurement, test, andot@ystems using intuitive graphical icons and
wires that resemble a flowchart. It offers unrivhlategration with thousands of hardware devices
and provides hundreds of built-in libraries for adeed analysis and data visualization — all for
creating virtual instrumentation. LabVIEW prograrase called virtual instruments [4]. Each
program has three components: a block diagramgra franel and a connector panel. The last is
used to represent the program in the block diagmaintgher. Controls and indicators on the front
panel allow an operator to input data into or esttrdata from a running virtual instrument.
However, the front panel can also serve as a pnogkic interface. Thus a virtual instrument can
either be run as a program, with the front panelisg as a user interface or when dropped as a
node onto the block diagram, the front panel defittee inputs and outputs for the given node
through the connector pane. This implies each jaragran be easily tested before being embedded
as a subroutine into a larger program. By integgagngineering environments LabVIEW and
SolidWorks, a procedure for a virtual model of gusitioning actuators was developed.
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Fig. 3. Control system front panel.

Designed application, gives a possibility to cohteach cylinder individually or all
simultaneously. The action consists of choosingphemeters such as the distance, velocity and
acceleration. Motion parameters are transmittedh& SolidWorks package, where the motion
simulation takes place. Depending on the motiorampaters, the complexity of the object and
computing power, the simulation can be run in teaé mode or close enough. The advantage of
this method is possibility to check displacememtpuity and acceleration of any specified point on
the object.
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Fig. 4. Hydraulic actuators displacement chart.

Interesting is also the possibility of draftingjéetory [5] and displacement of any specified
point while control process.

T .

Pozyeja ¥ komea zeba bezld (c)

Fig. 5. Bucket tooth displacement chart.

5. Conclusion

Virtual prototyping methods allows to rapid syntisesf mechatronic systems [1]. Also gives
possibility to virtual examine existing systems. dlanical prototyping allows to get realistic
looking parts and assemblies. By applying motioalysis it is possible to determine the critical
position of the object and possible configuratigngng rise to a conflict of accessories. It gives
also important information about the dynamic bebawf the system. Motion analysis can help to
explore, how the system will works without the plbgs movement of any part of the system.
Control system simulation allows to simulate anywipment like drives or sensors. Control
engineers can predict behavior of mechanic systeapplying virtual drives, actuators and virtual
drivers same as in reality. Article raises the fmlty of integrating modern engineering package
for a comprehensive synthesis and analysis systdso discusses the two most powerful
development environments. for the virtual prototgpiBy integration of SolidWorks with Motion
module and LabVIEW with Soft Motion module it isgsible to simulate any mechatronic system.
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