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The Influence of Propertiesof Selected Fuelson Injection
Parameter s and Vibroacoustic I njector Signal

" Ambrozik T., tagowski P.
" Kielce of University of Technology, Faculty of Meatronics and Machine Building, Chair of Heat
Machines, Al. 1000-lecia PP 7, 25-314 Kielce, einsdispal@tu.kielce.pl

Abstract. The paper presents the research results and égsesnof the influence of the basic physical
properties of the mineral fuels, biofuels and thdend with diesel oil (ON) with 30% ester content
(B30) used to fuel AD3.152 UR engine on the basieash parameters of atomizing fuel: the mean
volumetric and superficial diameter of a drop thiéial speed of the fuel outflow from the atomiztire
velocity of stream front the atomizer, injected|fabarge and the voltage of vibroacoustic sigrfal o
injector during engine work cycle. Investigationgres carried out at the test bench, which included
measurement system for fast changing quantitie® rEsearch shows that physical and chemical
properties of engine fuel influence the mentiorkedasn parameters of atomizing fuel and vibroacousti
signal of injector.

Keywords: atomizer, combustion engine, injector, vibroaciousignal.

1. Introduction

Building engines with higher unit power and withetlbest technical and economic
indeexes a very important economic task. Desigaim) manufacturing engines brings many
complicated problems connected with the necesditimprovement and optimisation the
combustion process and with reduction maximum gasgoire in the cylinder and the fuel in
the fuel system at the same time. The resolutiomerfitioned problems should be realised by
assuring the proper injection and fuel atomizatwraracteristics, which are one of the
important factors influencing the natural enviromigollution and noise emission. The
intensive research on supply systems in the seifioqqn engines resulted in precise injection,
which causes that the engine fulfil the exploitatib requirements with minimizing the
negative influence on the natural environment.

2. Test stand and measuring range

Testing were carried out at the test bench, whictuded AD3.152 UR engine, water
brake and also a control and measurement unit itralcthe stand and take readings of the
engine and brake work parameters. The stand wasppEgl with a system to take
measurements of important fast changing quantigissssure in cylinder, pressure in the pipe
injection, the injector needle lift. Besides thesttdench contain the piezoelectric charge
accelerometer B&K 4371V, which used to measurententvibration acceleration. The
diagram of the research stand is shown in Fig.ndl. the Basic technical data of sensor are
presented in table 1.
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Fig. 1. Block diagram of the research stand

The piezoelectric charge accelerometer B&K (mo@a114)
Parameter Units Value
Charge sensitivity pC/ms-2 1,02

pClg 10
Frequency range Hz 0,1+12600
Mounted Resonance Frequency kHZ 42
Residual nosie level mg 0,24
Operating temperature range 0C -74+250
weight gram 11

Tab. 1. Basic technical data of the piezoelectric chagekerometer [10]

The engine under investigation was the self ignit®D3.152 UR with fuel directly
injected into the combustion chamber located ingtston crown. During investigation the
engine fuelled by diesel feul Ekodiesel Ultra Dpeaeed oil fatty acids methyl esters (FAME)
and their blend with diesel fuel B30 (30% FAME).

Received result of investigation when the engines igelled by biofuel and B30
compared with results was received when the engia® fuelled by diesel fuel. During of
investigation the engine was operated externaldspbaracteristic and manufacturing settig
engine. Physical and chemical properties of thenimxed fuels are presented in Table 2.

Ekodiesel Ultra D FAME

Parameter diesel ol plant fuel
Cetane number 51.4 51
Calorific value, MJ/kg 43.2 36.7
Density at 18C, g/cnt 0.8354 0.883
Kinematic viscosity, miis (~40C) 2.64 4.47
Ignition temperature, °C 63 above 130
Cold filter blocking temperature, °C -23 -14
Average elementary composition, %: C 87.2 76.8

H 12.7 12.1

O 0 11
Sulphur content S, mgl/kg 9 8.1
Water content, mg/kg 43.8 113
Particulate matter content, mg/kg 5 18

Tab. 2. Basic physical and chemical properties of engirgdsfused in investigations [3,4]

The measurements of the pressure in the cylindethé pipe injection, the injector
needle lift and the vibroacustic signal were made 50 engine work cycles. The engine
operated in the external speed characteristitheabtational speefilom 1000 to 2200 rpm.
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The received results were as follows:
- the mean pressure in the cylinder,
- the mean pressure in the pipe injection,
- the mean injector needle lift,
- the mean tension amplitude of the vibroacusticaighthe injector.

3. Analysisand resultsinvestigation

The knowledge of physical properties, technicaladatf tested engine and the
experimentally made indicator diagrams of pressuneshe cylinder, pipe injection and
injector needle lift enabled to compute the velpeind the dose of a fuel flowing out of the
atomizer during the engine work cycle. The velooitya fuel flowing out of the atomizer was

computed from the formula:
W=u }% ) [m/s] (1)
ppal
where:

u — coefficient of a fuel outflowing from the atoraiz
Ap=pw-pc, [MPa] — difference between the pressurthénatomizer hole and the pressure of
working medium in the cylinder,
ppar [K9/M3] — density of injected fuel.

The knowledge of hour fuel consumption a fuel deas computed [1]:

g, = _Gn | [kglcykl pracy] )
30O

where:
i — number of cylinders,
G — hour fuel consumption,

n — rotational speed of the crankshaft [rpm].

n Ne [kV\/] Hsr Wmax 106'9: Pwmax Olwy da2 [Hm]
[obr/min] [m/s] [ka/cykKl] [MPa] [POWK]

1000 16,509 0,56 117,09 47,733 20,422 14,063 35.7
1200 19,935 0,52 108,39 45,648 20,417, 18,281 38.12
1400 23,402 0,58 128,83 45,032 23,254 18,281 38.15
1600 26,58 0,65 150,78 43,514 27,92 18,281 36.06
1800 29,531 0,73 177,61 45,277 27,922 18,281 35.42
2000 32,399 0,75 188,12 45,156 29,679 18,281 36.51
2200 26,786 0,57 144,12 37,045 29,814 22,5 41.30

Tab.3. The results of measurement and calculationsuef injection parameters for the AD3.152UR engine
operated in external speed characteristics andeélueby diesel fuel (ON) with angle of the fueldnfion
advance 17 CA deg and with flow section of atomtaes f = 246 10-9 m2

n Ne [kVV] Hsr Wmax 106@ Pwmax Ol da. [l—lm]
[obr/min] [m/s] [ka/cykI] [MPa] [POWK]

1000 16,42 0,6 119,69 51,94 19,80 14,063 37,90
1200 19,829 057 | 11517 51,64 20,23 18,28 41,65
1400 23,28 0,64 | 139,63 51,48 23,73 18,28 39,51
1600 26,439 0,7 163,17 50,17 26,90 18,28 38,00
1800 29,37 0,76 | 185,32 51,64 29,35 18,28 36,25
2000 31,802 0,79 199,00 50,46 31,32 18,28 35,21
2200 26,979 0,69 | 163,12 42,25 27,92 19,69 38,76

Tab. 4. The results of measurement and calculationsuef injection parameters for the AD3.152UR engine
operated in external speed characteristics antetLibly rapeseed oil fatty acids methyl esters (FAMih
angle of the fuel injection advance 17 CA deg aittl flow section of atomizer taps f = 246 10-9 m2

11



n Ne [kVV] Her Whax 106& Pwmax Ol d32 [le]
[obr/min] [m/s] [ka/cykl [MPa] [FOWK]
pracy]

1000 16,552 0,54 108,08 50,72 19,26 14,063 39,64
1200 20,112 0,58 119,92 49,69 20,38 15,47 39,21
1400 23,464 0,64 141,64 48,56 23,54 15,47 37,84
1600 26,649 0,68 160,02 49,4 26,45 16,875 37,5(
1800 29,793 0,66 161,85 46,06 28,66 18,28 39,1(
2000 32,062 0,69 167,65 45,93 30,74 18,28 38,64
2200 27,253 0,63 155,45 38,61 29,12 18,28 40,2(

Tab.5. The results of measurement and calculationsuef injection parameters for the AD3.152UR engine
operated in external speed characteristic andefiiely the blend of 30% of FAME and 70% of didael
with angle of the fuel injection advance 17 CA éeg with flow section of atomizer taps f = 246 12

n [rpm] The mean vibroacustic signal of the injector far &mgine, U [mV]

ON FAME B30

for 50 work cycles of the for 50 work cycles of the for 50 work cycles of the

engine engine engine
1000 238 230 218
1200 267 253 239
1400 286 297 269
1600 320 351 287
1800 345 328 297
2000 343 326 302
2200 340 320 293

Tab. 6. The mean vibroacustic signal of the injector far engine operated in external speed charactegisti@angle
of injection advance 17CA deg fuelled by ON, FAMitiaB30

U, mv

0.45

0.15

-0.15

-0.45 ; ; ts
o 0.5 1 1.5 2 2.5 3 3.5 a

Fig. 2. The exemplary course of the vibroacustic signahe injector (U) in function with time for 50 wocycles
of the engine operated in external speed charatitefiuelled by FAME, at the rotational speed 1400.
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4. Conclusion

The analysis of research results allows to draedehg conclusions: / To sum up, the

investigations showed that:

maximum pressures in the cylinders were about 1@§teh when the engine was
fuelled by biofuels for the engine operated in mdéspeed characteristics,

higher (at about 12%) doses of biofuels than mirfeeds were obtained,

the mean amplitudes of the vibroacustic signahefihjector were lower (at about 10-
15%) when the engine was fuelled by B30 in comparigith ON and FAME,

the maximum speed of the fuel outflowing from tltenaizer in the engine fuelled by
tested fuels and operated in external speed clesistits was changing in the range
from about 108 m/s to about 200 m/s. The outflowosiies were higher when the
engine was fuelled by FAME than when it was fuellsddiesel fuel (ON). It can be
explained by the higher kinematic viscosity of bielf (4,47mmz2/s). The velocity of
outflowing fuel was changing in an extensive bosdeso three forms of stream
disintegration can appear. The basic disintegrdtom was atomization, during which
large part of fuel is splited into drops,

the fuel dose used during one engine work cycle lvagr for the engine fuelled by
diesel oil than for the engine fuelled by FAME atslblend B30. Higher fuel doses
were received for the engine operating at loweational speed (1000-1400 rpm).

for the engine operated in external speed chaisiitsr and fuelled by commercial
diesel fuel at lower rotational speed (n=1000 rpm=+1800 rpm) the mean diameter of
the drop d32 is lower than for the engine fuellsgdRAME. When the engine was
fuelled by biofuels the mean diameter of the drepame smaller (from 4dto 35u)
when the rotational speed became higher (from ¥@60to 2000 rpm). The reduction
of the mean diameter of the drop size indicateslleméuel atomization. Surface
tension and viscosity forces counteract drops tdigiation, therefore the disintegration
process lasts to the moment, when forces thatligelthe drop become bigger than
forces that cause its disintegration.

it is expedient and relevant to continue the redeam pressing and fuel injection
processes in the case when the engine is fuellduidiyels and its blend with diesel
fuel. The important task is to estimate the paramsedf injection fuel process and
noise emission caused by the engine injection Byste
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Abstract. In this article the author presents a model dgatdoby Nicholaus Rott [6] and used the first
time by Gregory Swift [7]. This model presents havgimple plate introduced in a standing wave can
influence the fluid near the plate. The model repnés the basis of the thermoacoustic engine$4p],

(51, [7], [8].

Keywords: Acoustics, Thermoacoustics, Thermoacoustic Engine.

1. Introduction

This article present a model developed by Nichddrett [6] and used the first time by
Gregory Swift [7] in one of his publications. Tharpose of this work is to descript a simple
example where the acoustic and thermodynamic sffaet nearly distinct. We will consider a
fluid supporting an acoustic plane standing wave4[35], [7] and a single small solid plate
aligned parallel to the direction of vibration dietstanding wave. We will present here how
the standing wave is modified by the presence epthte.

This simple effect, produced by the interactionneetn sound wave and solid boundary,
are the basis of all thermoacoustic engines phenanio derive this basis effect with as few
complications as possible, we will make many sifgplg assumptions.

2. Thesingleplate model

Consider a solid plate of lengttx, width I1/2, and negligible thickness, as shown in fig.
1. The lengthAx is aligned along the x axis, and there is annangi acoustic standing wave
directed along x in the fluid around the plate vitib pulsatiorn. The acoustic pressure [2, 3,
4, 5], [7], [8] is:

p = p,sin(x/1)codat), (1)
and the acoustic velocity:
v=—(p,/ p,c)codx/x)sin(at), )

where:
pA is the pressure amplitude at the pressure ateimof the standing wave [N7m
x=cl/w=A/2mis the radian length of the wave [rad];
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c is the sound speed of the fluid [m/s};= 2rf is the angular frequency [s-1]; f is the
frequency [Hz]A is the wave length [m]; tis time [s].
We have defined the width a82 because a cross section perpendicular to x thrthegh
plate a perimetdrl and we will see later that the heat flux alongplae is proportional té/.
We will assume that an expansion to
vV A first order in the acoustic amplitude
suffices for all thermodynamic and
acoustic variables (pressure, velocity,
temperature, density, entropy), and we
adopt the usual complex notation for
time-oscillatory quantities.
For example, the pressure p will be
written:

POt = po + py(x)e. (3)

with pl (and similarly the other small
oscillating amplitudes) a function of
position, and all the time dependence
z appearing in the factor @&i.
The average values (subscript 0) will
Fig.l. The geometry of the simplest thermoacoustic be real, but the small amplitudes
example (subscript 1) will in general be complex,
reflecting time phasing of the oscillating
quantities.

We will use the complex exponential method of solubf linear differential equations,
and the convention that the real parts of this dempolution represent the actual, physical
solution. In this notation, the acoustic standingvey has the pressure given in (3) and x
component of velocity:

u=u,e*; with p, = pasin(x/1)= pS(x); u, =i(pa/ poc)codx/n)=iuf(x).  (4)

To avoid confusing minus signs later, we take 0<M4 so that we defind: andY as
positive real functions of x. The superscript “sfars to standing waves.
2.1. Ogcillatory temperature

Without the plate

In the absence of the plate, the sound wave ishatica and so there is an oscillating
temperature T1 related to the pressuréy 1, =T /ap),p,- In [2], [3], [4] and [7] we show
that:

T, =BTaPy! PoCy (5)
where: B is the thermal expansion coefficienﬁ:—(ap/aT)p/p; po is average density

[kg/m?; Tois average temperature [K] and cp is the consteggsure heat capacity per unit
mass [J/kgK].
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We have to note that: Sing#, / p,c, is positive and real, T1 and p1 are in phase in an
ordinary sound wave; for ideal gases, it is eashtow that:

BT 1 poc, = (v =1To /1, (6)

We now introduce the plate [3], [4], [5], as showrfigure 1, into the standing wave and
begin our thermoacoustic calculation by first fimglithe temperature of the fluid near of the
plate:

T=T,+T,e€e“. (7

We will see that the plate modifies the originaiparturbed temperature oscillations of
equations (5) in both magnitude and phase. Fai thé defined [2, 3, 4, 5], [7, 8]: the thermal
penetration depthg, = /2ag | w, is roughly the distance that heat can diffuseugh the

fluid during a time 1b; ag is the thermal diffusivity [s]; o is the pulsation [Hz]; kg is the
thermal conductivity of gas [W/mK}-xg =k, /p,c,- For example [8] in air at the frequency f

=1000 Hz &k = 0,1 mm. To make rapid progress, we need seassimptions:

1. We assume that a steady state exists;

2. We assume that the plate is short enoufith<< A) and far enough from the both
velocity and pressure nodes tipatandu, can be considered uniform over the entire
plate;

3. The fluid is considered ideal gas, so it has zésoosity, sau; does not depend on

4. The plate has a large enough heat capacity peareat that its temperature does not
change appreciably at the acoustic frequency;

5. We neglect temperature dependence of the thermmathysoperties of the fluid and
plate;

6. We assume that the plate has a given mean-tempemgtadient in thex direction:
aT, = dTo €’

dx
DTO

7. We neglect the plate’s thermal conductivity and fllné’s thermal conductivity in
the x direction;

8. We also take the mean fluid temperatliggx) to be independent gfand to be the
same as that of the plate.

To calculate the oscillating fluid temperature Té& begin with the general equation of

the heat transfer (entropy equation) [3], [4], With the assumptions made becomes:

Ds @ 0s t dratic i locities:
Tl %S +vms | = 0 fkoT) Hterms quadratic in velocities; (8)
PO +085°X, =p [a v sj {kOT)

with % =dVd gnq 4=—KIT . Q. s the volume density to the heat flux [W/m3] jsqthe
density to the heat flux [W/m2]; k is the thermahductivity [W/mK] .

This equation shows that the entropy at a poinhgba in time due to the convective
flow of entropy, conduction of heat, and generatidrentropy by quadratic terms (equals to
zero by assumptions made). Keeping only first-otdans, and neglecting thermal conduction
along x, equation (8) becomes [3], [4], [7]:

d d°T, 2
('asﬁuldsij o % T T

l

¢ dy? 2 dy*  pc, w
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Here
& =2k, | poCw. (10)

To calculate the solution T1(y) we use the boundanditions:
1. Boundary condition imposed by the plate T1(0) = 0O,
2. Oscillatory temperature far from plate has a finidue T1¢) = finite.

The solution is:

i)y _(i)y Y ood L
T1: TOﬂ plS_DTO uf 1-e [ . SOD 1-e % =1-e I {d(],
pOCp w
_+i)y ,lsin(lJ
Dn{l—e % J:e 8- (11)

The terms in this equation are easily interprefgue fluid far from the plate, y >3,
makes negligible thermal contact with the platethlst case we have:
TOIB s DTO s

Py ——W.
,OOCp \—w,_/ (12)

T, -

|
The first term here is simply due to the adiabatpressions and expansions of the
fluid. The second term comes from the mean-temperajradient in the fluid{T,). As the
fluid oscillates along x with displacement ampligud, =u; / w the temperature at a given

point in space oscillates by an amouTyu; / w even if the temperature of a given piece of

fluid remains constant. The actual temperaturellatons are just a linear superposition of
these two effects.
In this case we replace T1 = 0 in equation (12)]3sd]:

OTs™ =ToBaps | poC,us, of OTS™ =T, A’tg(x/A) ¢ A, (13)
there is a critical mean-temperature gradient (ggs (4) show thatp? /u; = p,ctg(x/R))-

For this OT¢™ the temperature oscillations at a point are zthve;fluid properties and

standing wave geometry conspire so that the termperachanges due to the pressure
oscillations cancel those due to the displacemstitlations.

The critical temperature gradient is importanteaese it is the boundary between the
heat pump and prime mover functions of thermoadoushgines, anddT, OOTS™ for
efficient engine performance.

For ideal gases:

y-1=T,Bc*Ic,. (14)
Substituting both these results into equation (@&have:
o7 = (y-Ttg(x/ &)/ 4. (15)
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3.

Conclusion

For an engine we want to have a very little valoe ¥ /% (so to a very little value

for OTS™ ) to obtain a big value for the wave length)(

In the full expression of; the “y” dependent part of equation (1@,—e‘(1”)y"5k), is

complex. It approaches ong&"for y>> g and zero 0" for y<< g, where the plate imposes the
conditionT; = 0. Most importantly, foly 09, , its magnitude is still of the order of one “1”,

but it has a substantial imaginary part.
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Abstract. The problem of parameter identification for arfolegree-of-freedom robot was solved using
specially developed differentiéilters [1]. The data were fine-tuned using theutgrror method [2].

Keywords: identification, differential filters.

1. Introduction

The rapid developments in computer hardware antivaoé and, consequently, the
common use of computers to control processes haesed wide interest in mathematical
modeling, control processes and, accordingiytrol systenidentification.

The method of identification applied in the anaysivolves fine-tuning of thenverse
model. The method can be used only for such vadfi¢ise input signals that are determined
from the measurement data. Identifying a dynamgtesy by means of the input error method
(Fig. 1) requires looking for a model that genesatee same input as the object. Only in the
case of model reversibility is such a proceduresipds. This reversibility is true for linear
minimum-phase models and a certain class of n@atimodels where the input is determined
basing on the output data.

Let us assume, for instance, that the object icribexi by means of a differential
equation:

f(y™, y",...y,0) =x. (1)
where f is a certain known function. Thus, the identificaterror is defined as:
e=x-X,
x=f(y™, vy . y,8).

A drawback of this method is that derivative estesaneed to be determined. An
advantage, on the other hand, is that it is noessary to solve the differential equations
describing the model at each step of iteration.

(2)

21



() Object r

e(t)
b, 4

Model

Bl

%‘amemrs of object

Minimization
algorithm

Fig. 1. A block diagram of the process of estimation &fitiverse model parameters

The fundamental problem related to the implemewtadif the input error method and its
generalization is the necessity to determine thimates of signal derivatives. This is

achieved by applying differential filters.

2. A mathematical model of arobot manipulator

The analysis was conducted for a manipulator vath flegrees of freedom, the structure

of which is presented in Fig. 2.

Zn

Fig. 2. Manipulator model

Let us determine the velocities of points A, B @&d
U, =T, [0, 0, _, T, [T, [,

i+l
r=r® =r® =10001]"

The kinetic energy of the system is:

Kin =20 FOm e 0 U], = 2 m, 1262
2 2

_1

273

+(L +s,)%6; +85}

22

3 3T . 1 .
Z 3JrB mBrB(B) U;—j}qu :EmB{[L+(|—1+53)00592]2612+

3)

(4)



Kic =3 jél{u4jr‘c(4)nbré4)Tu4Tj}q12 =2 MllL+(Ly +55)cos0, + L, cos@, ~6,)] 267 +
+[(L1+33)2 + L% +2(Ly +55)L, €0s6,] 922 +S§ + L%éf}
K=K+ Kgp +Kye
The potential energy of the system is:
M=, + Mg +M,c ==(M, +mg +m)gh—(mg +m)g(L, +s5)sing, +
+m.gL, sin(@, - 6,)
PD controllerswere used to ensure stable operation of the sysatsingeneratiorof

a signal required for the identification process.&\vresult, a set of closed-loop equations was
derived. The manipulator dynamics could then bénddfby applying the Lagrange equations.

(5)

d 9K _ 9K _ or _
————+—=71,, 7,=K gr_g -K.@
dtog, 06, 06 R 0 (0 —8) ~ K6
d oK oK adn .
—_———+t—=7,, T =K Hr -6.)-K..0
dt 06, 06, 06, 2r e PZ( 2= 6,) d2% o
6
EG_K_G_K-FO_HZ Ty, T3 = K(S3—8) —Kys$s
dtos, 0s, Os
d oK oK adn .
— 37 a5 Tap Tl =K (6, —6,) —Ky,6
dt a04 a04 694 4 p4( 4 4) daYs

3. Simulation of the manipulator model

This section discusses the results of a simulatibrelosed-loop equations including
a robot model with PD controllers. The collectedadaill then be used in the identification

algorithm.
First, the pre-determined signal was definf; &,, s., 8,,] . The signal was assumed to

be a properly delayed step function (each arm wittlifferent delay) passing through an
additional low-pass filter with a boundary frequgn@, = 0.025[rad]. The filtering was

responsible for limiting the signal spectrum.

©[rad],s[m]

. A/\VA;,W__ _

2

Fig.3. Responses ofd,,6,,s;,6,
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The responses are not satisfactory from the pdinieav of regulation. The aim of the
study was to generate signals to be used in thdifidation process. It is advisable that the
pre-determined signals and the controller pararadiercarefully selected so that the signals
provide sufficient information about the object dymics.

4. |dentification

Let us recall that the robot mass and arm leng¢htlae unknown parameters denoted
asy =[m,,mg,m.,L,L,L,]. The method used for the parameter identificaisorepresented

graphically in Figure 1. It is assumed that the sneament data concerning the trajectories of
the generalized variables and the necessary irignals are available. The estimate of the

input signals, 7', is determined basing on the current estimates thed object
parameterg =[m,, My, M, L, I:1 I:Z] . These equations have the same structure as Egetp
the unknown parameterg, are replaced by the estimatgs,the generalized variables are

replaced by variables filtered through a low-pakerf and their derivatives (which are not
measured) are replaced by their estimates obtdipeing relevant differentiating filters. Let
us assume that the boundary frequency of the difteating filters is:Q = 02[rad]. The

identification requires determining the estimatéshe parameters responsible for the quality
factor minimization.

J()?)=$J(ff —r'yedt, @)

wherer ' is an input signal filtered with a low-pass filter

The identification procedure is commenced for thellofving initial values:
X=[B1 26 16 085 065 025. The final values of the parameters are determéritaat
1340 iterations of the minimization algorithm. Téstimatesy = [49.9201 25.0225 14.9591
0.800161 0.600063 0.200312 slightly depart from the real values of the parters
x=[bB0 25 15 08 06 05].

5. Conclusion

In contrast to the conventional output error methathich involves comparing and
estimating input signals, the input error methodcimsiderably fasterThe identification
procedure does not require solving a series oewdifftial equations in each iteration of the
algorithm minimizing the quality factor.

It should be noted that the spectrum of the prerdained signals is limited. In spite of
the fact that the robot system is a non-linearesysthe following relationship is obtained for
the filtered signals7" O7", if y = x. As the slight differences are due to the system-n

linearity and quantization errors, the equation lsarsolved approximately.
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Abstract. It happens that the results of car examinatiordema different diagnostic stations in different
conditions are not similar. In this paper it wasalgred the influence of air pressure in tires diabdity

of the car’s technical examination, especially td&sng passenger cars. The purpose of this woak is
experimental evaluation of influence of air pressuarcar tires on effectiveness of suppressingatitns
by suspension system, which has effected on geocaralondition and safety in road traffic.

Keywords: diagnostic line, pressure in tires, car vehicleffectiveness of suppressiosiispension
method EUSAMA.

1. Introduction

The main objective of a car suspension system &sare good adhesion of car wheels
to the road and possibly the highest comfort ofdliag for its users. Proper functioning of the
suspension system has direct influence on thensaf@ment of a car on the road, it is also the
condition of appropriate operation of other safgtgtems, e.g. braking system.

To examine shock absorbers installed in a car,iarfdct, vehicle suspension, are used
practically two methods: the method of free vilmas and the method of forced vibrations.
The first method includes the evaluation of viloas (specifically, the number of vibration
semi-periods) of a motorcar body caused by throwliogn the body from the stationary state.

In newer types of free vibrations method, the lagdiorce of a wheel on the ground is
measured [1]. The second method includes forcimtjcad vibrations of a wheel with the
frequency of 16-25 Hz [2].

Those methods make use of a well known fact of Hghsitivity of the suspension
system vibrations amplitude to the suppressioiénresonance zone. Those methods include
the method suggested by BOGE Company. A neverti@riaf the second method of vehicle
shock absorbers examination method is the methtéddc&USAMA (an acronym of an
original name of the European Association of Shablsorbers Manufacturers). The values
recorded in this method are the static load foa®svell as dynamic load forces of a road
wheel on the road (the plate of the forcing equipthe

In this paper, the maximum permissible total masgeticles is expressed in tones [t],
and the pressure in tires is given in bars [bah]sTs connected with the universality of those
units in technical examinations and scaling ofd¢hamination equipment in the said units.
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2. Examination station

Tests were performed in a regional vehicle exanonatentre. It was performed on a
station type TUZ-1 by Unimetal [3-5]. This is atgia used for performing technical tests of
vehicles (with a maximum permissible mass — mpm top3,5t) suspension systems
suppression efficiency. This equipment consistswaf separate measuring sets (vibrating),
a control — indication unit and a computer [6-11].

Vehicle suspension system technical examinationtrdepends on:

» The technical condition of an examined vehicle,

= Design and performance of the station,

= Present technical condition of the examinationdtan

= Surrounding conditions (temperature, pollutioniadd or plates of vibrating sets),

= Human factor (care of performance the examinationiectness of setting the wheels
on the plates, etc.).

The result of technical examination of vehicle @mgion system depends on many
factors, whose influence is difficult to maintaim dhe stable level. Suspension system
examination results might differ from the objectistate — actual state. So, it is crucial to
assess the influence the conditions might havehennmeasurement and its results. It is
obvious that the change of tire pressure influertbes suppression of vehicle suspension
system. There is a requirement of keeping the presm tires on the level close to the
nominal one (approximately 2 bars). However, ther&no detailed information about the
magnitude of the said pressure changes influenceuppression of suspension systems in
various vehicles. Due to this, a detailed aim afsth examinations is assessment of tires
pressure (in given vehicles) on the values of EUAMdicator, which has been assumed as
a measure of vehicle suspension technical condition

3. Description of examinations objects

There were two vehicles subject to technical exaton, Fiat Punto, year of
manufacture 2006 and Skoda Fabia manufactured@6.2lhey are vehicles with maximum
permissible mass up to 3,5t. They both had efftodwassis systems, including the suspension
systems. Tires met technical requirements whicimjixd the vehicles to traffic. The tires
dimensions were compliant with manufacturers’ reguients. The examination was
performed in a short time (three weeks) in ordereuce the impact of possible changes
resulting from normal operation of vehicle (the n$suspension system elements) on the test.

4. Thecourseand test conditions

In this work the EUSAMA indicator value was assunssia measure of suspension
suppression and it results from the percentagéigrlaf minimum wheel pressure on the test
plate during vibrations in the resonance scopééacstatic pressure of the wheel [1].

The tests included checking the efficiency of sasjpn system suppression specified by
the EUSAMA metric within the scope from the half wéminal pressure in a tire to the
pressure higher than the nominal, with an increntgn0.2 bars. Nominal pressure in both
vehicles was 2.0 bar. The pressure in the testsadjasted by means of a pressure control and
adjustment device — type PA-10K. This is an attestiectronic device with microprocessor
automatic equipment for adjustment and controheffiressure especially in car vehicles tires.
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Vehicle wheels were located centrally on the examdm station for checking the
suspension system suppression effectiveness (negspliate) — Fig. 1. During the tests
a driver was not inside the car.

Fig. 1. Vehicle wheel location on measuring plates.

5. Testreaults

In the Tab. 1 there are results of tire pressufleaence on the efficiency of suspension
system suppression (the values of EUSAMA indiciarfiat Punto, manufacturing year —
2006.

Front axle [%] Rear axle [%]
Pressure [bar] Side Side

Left Right Left Right
1,0 79 76 54 60
1,2 77 75 48 54
1,4 73 73 44 49
1,6 66 66 36 40
1,8 61 61 31 34
2,0* 54* 56* 26* 31*
2,2 48 48 16 25
2,4 44 44 11 19
2,6 39 38 8 16
2,8 35 34 3 11
3,0 32 32 1 8

*values referring to the nominal pressur
Tab. 1. Results of suspension system examination of kiatd? manufacture year — 2006.
The next vehicle tested on the TUZ-1 test stationyhich the influence of tire pressure

on EUSAMA indicator was examined was Skoda Fabrahidestate car). The Tab. 2 consists
of the results of this vehicle suspension systesn te
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Front axle [%] Rear axle [%]
Pressure [bar] Side Side

Left Right Left Right
1,0 80 81 75 74
1,2 79 81 73 76
1,4 78 81 74 73
1,6 75 76 71 71
1,8 73 74 67 66
2,0* 70* 71* 61* 61*
2,2 65 69 57 58
2,4 63 64 54 54
2,6 59 61 50 50
2,8 57 59 47 46
3,0 54 55 43 42

*values referring to the nominal pressur
Tab. 2. Results of suspension system examination of Skathéa, manufacture year —2006.

6. Testsresultsanalysis

The results gathered in Tab. 1 and Tab. 2 werespted in a graphic manner for both of
the examined vehicles in Fig. 2 and Fig. 3.

///
;/A‘

74N

‘Qﬂ OFront left
HN B Front right
.= O Rear left
. B Rear right

Indicator EUSAMA [%]
oBER8E88338

Fig. 2. The relationship between the tire pressure anéEW8AMA indicator for Fiat Punto 2006 suspensiostesn
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Fig. 3. The relationship between tire pressure and theAAUBdicator for Skoda Fabia combi (estate car)@00
suspension system.

As it can be seen from the diagrams in Fig. 2 aigd & the tendency of suspension
system suppression effectiveness, expressed by ElUBMicator, is very clear. The tire
rigidity which is changing together with the tireepsure has a clear influence on the values of
the aforementioned indicator. It signifies suspenssystem susceptibility to changes of
pressure in tires. The consequence of that mighfuadification during suspension system
technical examination to the condition not confargito the actual state.

Examining vehicle suspension system suppressi@ttéféness in different tire pressure
values, one might come to the conclusion that with increase of tire pressure, the
effectiveness of suspension system suppressiora®s. In case of tire pressure of 3.0 bar,
the rigidity of a tire increases considerably aisdsuppression is much lower than in case of a
tire not inflated to the nominal pressure, whicteigressed by a lower value of EUSAMA
indicator.

Based on the results of conducted examinations,might come to the conclusion
that in case when a basic principle of preparingaa i.e. adjusting proper tire pressure
recommended by a manufacturer prior to the techeicamination, is not met, the assessment
of the suspension system might not be credibldés-igtproved both by the measurements and
the diagrams made on their basis.

Analyzing obtained relations in the Fig. 2 and RBigone might notice that the difference
of EUSAMA indicator value between the axles of Skdehbia is lower in comparison to the
earlier examined vehicle — Fiat Punto. This is @ame extent caused by higher loads of the
rear axle of Skoda Fabia on the road, becausésthisehicle with an estate car body, which
means higher load on the rear axle. One mightsget that in Skoda Fabia, the difference of
EUSAMA indicator value on one axle between the eaxie tire pressure values is lower than
in Fiat Punto vehicle. This shows that the susmensystem of this vehicle is less susceptible
to the changes of tire pressure changes.
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7. Conclusion

Based on the conducted tests and achieved resudts,might form the following

statements:
= As the tire pressure increases, the EUSAMA indicatdue for suspension systems of
both vehicles has a decreasing tendency.

As a result of tire pressure change within the samipl.0-3.0 bar, the difference between
the lowest and the highest suspension suppresHingecy indicator value exceeds 50% for
both of the examined vehicles.

= The value of the EUSAMA indicator depends on tteistpressure of a wheel on the
ground.
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Abstract. The knowledge of the toothing profiles of the woanmd the wormwheel is necessary for the
analysis of the course and conditions of meshitng determination of relationships that occur betwee

the teeth profiles of the worm and the wormwheel e parameters defining their working surfaces is
thus indispensable in this case.

Keywords: Worm gear, cone-derivative worm, Archimedes' wamaplute worm

1. Introduction

When analyzing the worm gear shown in Fig. 1 im&pf the mating of the worm with
the wormwheel is can be stated that the worm pdayse similar to that of a rack mating with
a cylindrical gear — the momentary axis of rotaii@im this case a straight line perpendicular
to the worm axis and parallel to the wormwheel axis

Fig. 1. A cylindrical worm gear [1]

The geometric locus of axes of rotation for the mwwaheel will be the rolling plane,
while for the worm — the rolling cylinder with aeta pitch equal to the teeth pitch of this
worm, which is a constant quantity. It should beedithat, in contrast to cylindrical toothed
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gears, in worm gears a slip occurs on the rolling.IHowever, owing to the fact that the pitch
of the worm and the pitch of the wormwheel are faah the name "rolling wheel" for the
wormwheel and the name "rolling surface" for themvare preserved.

2. Mating of the worm with the wor mwheel

The detailed analysis of the toothing is quite mftet possible, or is uneconomic;
therefore, it is crucial to understand the influernbat the type of worm and some toothing
parameters can exert on the system of the linemtact and the extent of the toothing region.

The shape of the contact line and its positionwal as the toothing region extent
depend on many factors, of which the following barranked among the main ones:

e type of worm

« lead angle and tooth profile angle

e wormwheel rim shape

* number of worm and wormwheel teeth
e position of the toothing pitch point.

The position and shape of the line of contact fluémced most decisively by the type of
worm — Fig. 2. The toothing shape variation is eti#t and depends on different worm
variants. In gears with worm of a concave tootHifgoboth the toothing shape and the course
of the line of contact is markedly different frorhat occurring in gears with worms of
rectilinear helical surfaces, or with cone-derivatworms. Figure 2 shows the projection of
the line of contact for two different worms, whiahe Archimedes’ worm and the involute
worm. In both cases, these are single-coil wormih & small lead angle; whereas, with
increasing helical line lead angle the differenoesveen the involute worm and Archimedes’
worm become greater.

a) b)

M)
— 1T

Fig. 2. The course of the line of contact between worethtand wormwheel teeth [2]: a) Archimedes’ worm,
b) involute worm.

If a theoretical hypothesis of an ideal gear, thdhe one where the mating elements are
sufficiently rigid and executed practically with ndeviations and there is no need for
lubrication, is analyzed, the conclusion can bevdréhat such toothing in both gear elements
would be most advantageous, which is as close ssitge to the nominal surfaces satisfying
the basic principle of meshing within the entiresimag region — Fig. 3.
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Fig. 3. The illustration of the correct position of tlied of contact as a function of the angle of getation
(the legend on the right-hand side is express¢t)ifil].

In the case of coupled gears, where the gear matlace are of an envelope nature in
relation to one another, theoretically a linearttiocontact occurs; therefore, when analyzing
the gear it is generally assumed that the contevtden worm teeth and wormwheel teeth is
linear. In reality, though, it is not possible. ividual gear elements always exhibit some
flexibility and, as practice and calculations sHay the errors of gear assembly or execution,
even in the case of mating of surfaces of mutuallyelope character, will transform the linear
tooth contact into a punctual one that can movthéoouter worm wheel face, which could
cause accelerated wear or breaking of wormwheth.téhen making a gear it should be
made sure to create the best possible conditiaristfcication of mating gear elements. In the
worm gear, the friction work is particularly gretiierefore assuring the proper lubrication of
the gear, and especially preventing the teeth foeing removed from the oil at the time of
they entering into meshing, is crucial for the whgkar mating process.

As practice and performed calculations show [1k #rrors of gear assembly or
execution, even in the case of mating of surfackesnotually envelope character, will
transform the linear tooth contact into a punctua that can move to the outer worm wheel
face, which could cause accelerated wear or brgasirwormwheel teeth. Therefore, worm
gears should be executed and assembled very aslguraimd any possible errors should be
used as the parameters for locating the contactrentitace of fitting of the gear.

3. Conclusion

In the case of the analyzed worm surface and tenkatics of machining determined for
it, there is only one linear-contact surface codpiéth this surface, whereas there may be any
number of surfaces with a punctual contact witiTliis creates definitely grater possibilities
in the design and engineering of worm gears, luheasame time, the solution of the task in
that case becomes more difficult.
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Indeed, in the analysis of mutually coupled surdaités sufficient to limit the task to the
determination of the mating tooth surfaces, wheieabe case of the punctual contact it is
necessary to design the construction and the témimof execution of gear elements, while
allowing additionally for the analysis of their nhésg, that is the determination of the actual
points of contact between the mating elements. $3@ih linear tooth contact are sensitive to
execution and assembly errors which are actuallypassible to be excluded in the gear
execution process; they can only be minimized. Riatecontact gear, on the other hand, will
be less sensitive to such errors.
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Abstract. The paper deals with the issue of wheel / raitacinstresses analysis. The stress analysis can
be solved by different methods: experimental andukition — computational. From the range of
experimental methods, the photo- elastimetry metisokhown and utilized. We are interested in the
contact solutions with the help of the Finite elemmethod methodology. There is a need for this
special couple bodies deformations, contact patchcantact stressing analysis in detail. The resflt
strain — stress computations by the Hertz and the Bethod are available for comparison.

Keywords: wheel /rail contact patch, stress analysis, pletastimetry, finite element, Kalker method.

1. Introduction

In general, we can divide the contact issue inpoiat contact (that can be carried out in
one point, two points, or more than two points) andontact in a contact patch. We will
search and assess this type of contact mainly imaloand tangential directions. Although
there is a need for the contact patch and contaesses between railway wheel and rail
assessment, it is necessary to judge more typesetifods proposed for the evaluation and
verification of this case. For the purpose of qléacomputational method choice, it is useful
to carry out a comparable computation with the t®wd two cylinders with their simple
radii.

2. Rail /Wheedl Contact Analysis

An important parameter which influences the powféce of a wheel on the rail is
the size and shape of the contact area as welleasdrmal stress distribution which has the
impact on it. Nowadays various methods are usefihtbout the size of contact areas and
stresses. It is necessary to mention the Hertzodedls one of the oldest and up to date used
methods. It provides acceptable results for alaagea in spite of many simplifications.
Another representative is the stripe method whictinanks to its results close to reality and it
is used in the following calculations, or the Kalkemethod for the performance of more
detailed and precise “half spaces contact” evalnatNowadays, another group of calculation
programme systems (ANSYS, MSC.MARC, ADINA...) isedsto a certain extend. The
systems work on the base of the Finite elementhaodetheory. Searching for the contact
problems solution with the help of FEM is the sabjef the paper too. The analytical
computational methods capabilities were mainly e fpast completed or enhanced by
experimental methods of contact stresses evaluatidhe base of visualization.
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2.1. Experimental Methods

The photo-elastimetry method is based upon thecipl of the light refraction during
the transition through the object manufactured frantransparent material on which the
external load acts. There it is possible to perfthientests on the test rig as it is shown below.
The advantage is the smart gaining of the restlits,disadvantage is, that it is possible to
analyze the stress only in one plane.

Polariser : .

1

I —

E ﬁa I>
= o

Fig. 1. The polarization phenomenon principle and therigdor experimental stresses evaluation.

Description: 1 — lever, 2 — frame, 3 — test dise, @lutch, 5 — prism, 6 — pin, 7 —arm, 8 —
a wheel for torque moment transmission, 9 — lockrt — lever for torque moment
generation, 4l I, and, r are arms [m], on that act the force§F, F [N].

These principles were utilized in the past at tlep@tment of Transport and Handling
Technology. The model was compounded from the dglinphi 200x8 and 500x8 and the
prism 45x45x8 manufactured from EPOXI E110 and EFOXL3. Mechanical and load
parameters were known. Similar to them we carrigidtioe model computation with the help
of ANSYS programme package. The stress distributipcomparison to the experimental
research is shown in the Fig. 2.

Fig. 2. The normal and tangential stress distributionaliged by the experiment and assessed by the catigut
with the programme ANSYS.
Fig.2a) shows the couple of normal stress evaloatand Fig.2b) shows the tangential
stress distribution. The shapes of both stresgildlision figures of experimental results
correspond to the shapes gained by the computation.

2.2. Analytical Computational M ethods

The above mentioned methods can be divided fronptiat of view of the possibility to
evaluate the surface stresses only and surfacenaedbody stress evaluation into two ranges.
The methods of half space contact evaluation (lsrtand quasihertzian) can be included in
the first group. They are very fast and usefuldomputations of vehicle dynamics. The Finite
element method is much slower but the internakstdistribution can be evaluated.
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Fig. 3. The FEM element, meshed FEM model normal stresshilifion assessed by the computation with the

programme ANSYS.

The computations were carried out on two cylinddr300 mm radius (rail) and 425 mm

radius (wheel) cylinders.

2.3. Results Comparison

In the Tab.1 there is the list of computationalutess The FEM models had been
compounded from different types of FEM [1].
Nr FEM Element Semi-axis | Semi-axis | Ellipse area pr'\e/lsiiﬂlri@ prl\ﬁ.z:ﬂre (tfrl:(LeJ
) a[mm b [mm S[m max ;
(mm] [mm] [mn] [MPa] [I\F;IPa] [min]
1 SOLID185 /Amm/m 7,93 6,000 149,48 668,993 1225 10
2 SOLID185 /0,5mm/m 7,743 6,000 145,878 685,5 1231 21
3 SOLID185 /0,25mm/m| 7.25 5.520 125,727 795,337 1235 | 184
4 SOLID187 /Amm/f 8,439 6,000 159,07 628,65) 1211 25
5 SOLID187 /0,5mm/f 7,86 6,000 148,158 674,95 1205 513
6 SOLID187 /0,25mm/f 7,7433 5,985 145,582 686,87 1203 | 486
Hertz method 7,1937 5,4197 122,48 816,43 1224,65 15
Tab. 1. Results gained from four various models.
‘Body (1)
G, oV
~|
Body (2)
: G&, o2

The schematic layout of
wheel /rail position

Fig. 4. Stress distribution of the real shapes rail andelkvaluation (a), contour of maximum stress b).
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3. Conclusion

From the range of experimental methods, the phastiehetry method was utilized. The
results gained by this method for the tested medelespond to the results of analytically
gained results. This method has its advantagesliaadvantages. The Finite element method
was tested for the purpose of a contact stresshdison evaluation. The results in addition to
the ellipse axis parameters and contact pressustabditions include the stress parameters
under the body surface. The assessed CPU time Mf &talyses were from 10 minutes to 8
hours. For the purpose of surface and internasstegaluation, it is effective to use the FEM
based method, but it is needed to pay attentianpot parameters and finally to increase the
precision of a computational model. For better ltssevaluation it is suitable to create an
algorithm and to build the code in MATLAB systemitiithe help of this programme we will
be able to assess the parameters, which is ndly gasssible with the postprocessor of
ANSYS programme.
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Abstract. The purpose of this article is to present the gusibnal preparation of a car mechanic
according to car mechanics themselves. It presbetinfluence of human factor, which conditions the
improvement of service and repair processes atcgestations of car vehicles. It compares the Ewoél
practical and theoretical preparation of graduatesprofessional basic and professional secondary
schools. Moreover it studies, the following issuessessment of time assigned for professionalitiggin
necessity to take part in additional courses, @ofgrofession according to interests and willieggto
work as a car mechanic.

Keywords: human factor, educational system, professionglgregion, questionnaire research.

1. Introduction

With system and economical transformation in Polaiitthin the last dozen of years,
there has been a change in the way how studenggodéssional secondary schools are
prepared to perform their profession including thefession of a car mechanic. The
observation of this way shows, that qualificati@sjuired by graduates of those schools do
not meet the requirements of present garages i@nBolThe previous system of service and
repairs of car vehicles comprised homogenous vehid respect of the brand. Those vehicles
were characterized by low technological compliaatiBresent system of service and repairs
of car vehicles comprises not only vehicles, wtach diversified from the perspective brands,
models or the age, but also vehicles which arenolgically advanced. This enforces
changes in the education of future car mechanicherevel of secondary schools educating
the profession of a car mechanic.

The purpose of this article is to present the mflee of human factor, particularly
professional preparation, on the quality of worksfgrmed at service and repair stations. The
research referred to assessment of professionphiaton in practical and theoretical aspect
with reference to opinions of graduates of schqwisparing for the profession of a car
mechanic.

2. Thecharacteristic of present educational system

In the present educational system a future car armchis expected to show
a professional flexibility, which can be achievey lasic and extended education. In the
observed way of education, a scarcity of presendehmf professional education is
noticed [1].
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The quality of services and repairs at servicecstatof car vehicles is influenced by
factors that can be reduced to three main groug$ [2

= human,
= technical (technological),
= economic.

This article focuses on the human factor preseirtellig. 1 characterized by, among
others, the following elements: psychophysical,dbéity to solve problems or the quality of
professional preparation. The factor of profesdipneparation is particularly analyzed taking
into consideration opinions of graduates of schedlscating car mechanics.

Human factor
/ —
Psychophysical Ability to solve Guality of Other
factar aroblems professpnal
prepatation

I

Quality of car servicing

Fig. 1. Selected elements of human factor on quality ofise and repair stations.

Differences in practical and theoretical preparation professional basic schools and
professional secondary schools educating car maxshesere presented.

3. Research on influence of theoretical professional preparation

A questionnaire research was carried out to as$iessprofessional preparation.
Graduates of professional basic schools and piiofessecondary schools, which prepare for
the profession of a car mechanic, took part inrésearch. The research was carried out in 42
schools: 39 professional secondary schools andr@@&gsional basic schools. The research
comprised period of time between 2006 and 2008thk research 2196 graduates of
professional secondary schools and 1782 gradudtgmofessional basic schools which
educate the profession of a car mechanic took part.

The research had a form of questionnaire with domed open questions. The closed
questions were characterized according to nomintdrnative scales (with bi-partite
classification) and a gradual scaling of attitusss applied. In this case a rank scale was
used, where the answer was scaled according tootinénal scale [3].

The first question referred to the preparation l@f¢he graduates of secondary schools
to perform the profession of a car mechanic in tbécal aspect. The second question referred
to the same group of graduates but from the petispet practical aspect. To determine the
level of self-assessment of competence a five-gakart item [4,5] was applied.

The sequence of the rising scale of assessment:

1: very low level,

2: low level,

3: medium level,

4: good level,

5: very good level.
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The results presented in Fig. 2 show that bothtjpalcand theoretical preparation are
assessed at second and third rank in five-poité sfeanswers. Such results show medium or
low level of preparation of graduates of profesalasecondary and professional basic schools
for the profession of a car mechanic.

aj
50%
40%
30%
20%
10%
0%

= 43,60%
| 50%
| U7 25,40%
A0 M Frofessional basic schools
1 00% 12,7 10,70%
) B FProfessional secendary schools
T T T T T
very low level lowlevel  medmm level good level very good level

B Professional basic schools

o
9 ,7:@’;93% v B Professional secendary schools

very low level low lewel e divm level goodlevel  very good level

Distribution in percentage of responses of graduat@rofessional secondary schools for questifernag
to the level of professional preparation for thefession of a car mechanic:
a) level of theoretical preparation, b) level cigtical preparation.

4. Ancillary research

Next step was a second part of the questionnaseareh, whose aim was to assess time
assigned for practical education of the professiod required for additional trainings. It was
checked if students chose the school accordinigeio interests and if they plan to work as car
mechanics. The following questions were includethexquestionnaire:

Do you think that time assigned for practical ediacaof the professional is sufficient
for a future car mechanic?

Do you think that before starting work as a car Inaemic you should take additional
courses?

Did you choose the profession of a car mechaniordang to your interests?

Do you plan to work as a car mechanic after gradoat

This part of the questionnaire consisted of clogedstions, which were characterized
according to nominal alternative scales (with hitipa classification). Students could only
give affirmative or negative answer (Yes, No). Bog fourth question tripartite classification

was applied comprising the following answers: Yég, | have no opinion. Fig. 3 presents the
results.
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Fig. 3. Distribution in percentage of responses of stuglehprofessional secondary and professional tsaiools

to the question about time assigned for practidatation of the profession, necessity to take aufit
training, choice of the profession according teiests and plan to work as a car mechanic.

5. Conclusion
= During the research invariable quality of eduaaiio the period of research perceived
by graduates was confirmed,
= Most of inquired persons assess both their thisatdtnowledge and practical skills
on second on third level in five-point classificatj
= Relatively low percentage of graduates plan to waslcar mechanics , although with
reference to the research, they chose the profeasitording to their interests,
= Students of professional secondary schools anestsidf professional basic schools
show deficiencies in practical preparation and egprnecessity to attend courses
improving their qualifications.
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Abstract. The paper deals with a pressure and flow measunteim@ nonconventional energetic system,
in which a combustion engine is implemented. A viiggkmedium (lithium bromide liquid + water)
flows in the cooling system of a combustion engind a nonconventional energetic system.
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1. Introduction

The energetic system is classified among absorptiooling systems. A working
medium is mixture of the lithium bromide liquid Witvater.

There is an analysis of course of pressure inqaati branches of a nonconventional
energetic system (see Fig. 1).
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Fig. 1. Block scheme of the nonconventional energeticesyst
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2. Manipulation with a pump, expansion and reduced valve

expansion and reduced valve.

pressure and flow of liquid after turning-on an@imp in the time of 2160 s.
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Fig. 2. The test unit in sleep mode.
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Fig. 3. The flow of liquid.
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All of measurement practiced on a test unit of tlmmconventional energetic system.
Manipulation with a pump - the change of rotatigeed and the change of position of the

Fig. 2 shows the impact of a hydrostatic heightiaufid on pressure sensors while the
test unit is in sleep mode. The change of flowianfitl (resulting from the change of the pump
rotation speed) is shows in Fig. 3. The max flowigdiid was achieved in the time of 780 s.
Fig. 4 shows course of pressure and flow causethbymanipulation with the expansion
and reduced valve. The expansion valve is fullynopethe time of 1500 s. The reduced value
is continually regulated from the time of 1575 sg$ig. 4). Fig. 5 illustrates the change of

Veh [m*.h]



15 45
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Veh [m*h ™

-10

t[s]

Fig. 4. Manipulation with an expansion and reduced valve.
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Fig.5. Turning —on an air pump.

3. Conclusion

The paper contains a file of pressure and flowidiqueasurement. In the presented Figs.
it can be seen an effect of manipulation by costrmh nonconventional energetic system
and effect of controls on physical quantities.
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Abstract. The article shows short description of combinedleyplants for cogeneration in industrial
power station. It involves a gas turbine and staatrine as important equipment for transport ofrgpe
There is short discussion about an effect of thetimportant design conditions and parameters.

Keywords: gas turbine, steam turbine, HRSG — heat recoveamnstboiler, design conditions, design
parameters.

1. Introduction

The thermodynamic advantage of a combined-cycldieppot only for use in a power
plant that produces power alone, but also for thekeh provide heat or process steam as
well. Fig.1 shows the flow diagram of such an iliateon with a backpressure turbine.

The thermodynamic superiority of the combined-cyuknt over a conventional power
plant is even more pronounced in cogeneration ldran it is in plants used only to generate
electricity. The drop between the average heattitppthe process and that of the exhausts is
greater in a combined-cycle plant than in a steawep plant.

If both types of power plants have to supply hédha same temperature level, the loss
in temperature drop is the same in both casestbeatrelative loss in combined-cycles is
smaller because the total drop available is largbe following combined-cycle installations
can be considered for cogeneration plants:

e combined-cycle plant with a backpressure turbine,
« combined-cycle plant with an extraction/condensgurgine,
e gas turbine with a waste heat boiler.

Though the gas turbine with a waste heat boileroidonger a genuine combined-cycle
plant (it operates without a steam turbine), it banviewed as a limit case. All installations
can be equipped with supplementary firing, whiclgimieven be of considerable advantage
for the cogeneration process because it offers éhrgueater design and operating flexibility
than available with waste heat utilization alonéeTproduction of steam or thermal energy
can be controlled independently of the electricab@r output because the gas turbine assumes
control of the power output and the auxiliary fgimandles control of the steam or heat
generation. Cogeneration plants can be classifiedthree categories as follows:

 industrial power stations to supply process steamdustrial plants,
« thermal power stations to supply thermal energyistrict heating systems,
e power plants coupled to seawater desalination gplant
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Fig. 1. Diagram of the principle of a Combined Cycle plaséd for cogeneration, 1 — Fuel line, 2 — Gas ifiert8
— Steam line, 4 — Water line, 5 — Condensate 6re Supplementary firing, 7 —preheater, 8 — evapora —
economizer, 10 — pump, 11 — Deaerator / Feed watér 12 — Reducing station, 13 — Steam Turbine; Génerator,
15 — flow mixer / divider, 16 — heat consumer, Iiiotor

2. Industrial Power Station

Wherever both electrical power and process steameeded. It is thermodynamically
and generally also economically better to prodwath broducts in a single plant.

The number of possible solutions is large becaash plant is a "special case." As an
example, we will cite here a process with a simqmtessure level for the process steam. Often
the cases involved are more complicated but thi lsasisiderations remain unchanged. One
important core parameter for cogeneration planthéspower coefficient, the ratio between
the electrical power and the thermal energy prod(i2g

One characteristic of the combined-cycle plantdshigh minimum value for this power
coefficient. It is therefore more likely to be slite for processes where a relatively great
amount power must be generated.

2.1. Example of a Combined-Cycle Industrial Power Plant

Just as we did for power generation alone, we lvéalie further considerations here on
one given example, specifically: a gas-burning plaith supplementary firing, equipped the
same 70 MW gas turbine as our other examples, abdcll pressure turbine (absolute
backpressure 3.5 bar). Tab.1land Fig.1 containedia technical data for this unit.

2.2. The Effect of the Most Important Design Conditions

As with combined-cycle plants used for generatibpawer alone, the air temperature is
of particular importance here, too, for power otitpu
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In industrial processes, the demand for power gdiyedoes not depend on the ambient
temperature. As a result, one is often compellesketect the highest ambient temperature for
design purposes.

The pressure level of the process steam and therpmefficient also are of importance
for design, because the pressure of the processstgectly affects the enthalpy drop in the
steam turbine. The higher the pressure, the lestriglty is produced.

If this pressure is very high, the use a steamiraribecomes questionable since its
pressure differential is then too small. In thategathe steam process reduces to a waste heat
boiler.

Fuel Natural Gas
Gas Turbine Power Output 69 100 kW
Backpressure Steam Turbine Power Output 44 700 kW
Station Service Power 1400 kW

Net power output of the Plant 112 400 kww
Heat input to the Gas Turbine 230 000 YW
Heat input to the supplementary firing 79 600
Process Steam Flow 65,3 kg.¢
Process Steam pressure 3,5 bar
Thermal Energy of Process steam 152 000 kW
Rate of fuel utilization 85,4 %

Power Coefficient 0,74

Electrical yield 36,8 %
Efficiency of power production 79,9 %

Tab. 1. Main Technical Data of the Combined Cycle industiawer Plant

The power coefficient of the plant is affected nhaimy three parameters:
« the amount of fuel supplied directly to the boailer,
« the size of the condensing portion of an extractitmmdensing turbine,
« the pressure level of the process steam.

Supplementary firing makes it possible to lower gwver coefficient. However, this
capability is limited because lowering it too muebould reduce the thermodynamic
advantages of the combined - cycle plant. Combayate plants should be employed only
where the power coefficient is high. That featurasmnot, however, be considered as a
disadvantage since for industries which require pmawer coefficients it is often a better idea
to obtain the power needed from the connectedagrito generate the steam in conventional
steam generators.

An extraction/condensing turbine offers greaterigtesnd operating flexibility in the
direction of higher power coefficients. The condegsortion of the turbine makes it possible
to increase electrical power produced at the cbgrracess steam generation. However, this
procedure works out unfavorably on the overalloigficy.

The backpressure turbine represents the optimum foascogeneration. As soon as the
power coefficient required changes, one moves dnay that optimum. To the left of the
maximum is the case with mixed process steam ptmgumne portion of the process steam
is being produced in the backpressure turbine baddémainder in a steam generator. Here,
too, the efficiency of power production drops apidly.

2.3. Effect of the Most Important Parameters

When selecting the design data, it is necessamjistinguish between a fired and an
unfired waste heat boiler. With supplementary §rione should select live steam data similar
to those for conventional steam power plants. dsigor plants used to generate electricity, the
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feed water temperature must be as low as possilds $0 attain a good utilization of the heat

in the waste heat boiler. Without supplementanndir the live steam data should be selected
according to specific defined criteria for planheTlive steam pressure should, however, be
higher to assure a reasonably high enthalpy drawdms the live steam and the process

steam. This is especially true if a relatively higtessure level is required for the process
steam. Poorer heat utilization results, and thss lmust be regained in a low pressure

evaporator. Normally such low pressure systemsuaeel only for the generating of process

steam. Generally it is not worthwhile to introdutte low pressure steam into the turbine

because of the slight pressure differential avigldletween the low pressure and the process
steam.

3. Conclusion

When designing a cogeneration power plant, the isuways that for given economic
conditions its design must always be simpler asd kxpensive than that for a power plant,
which generates power alone. Thus, for example effieiency of the turbine can be a bit
poorer because the losses in the machine are mecbgeergetically in the form of additional
process heat.
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Abstract. The contribution was created within the frame gfrgject from European Union — theme —
operating program for Research and Development.paper deals with a selection of an engine for the
small tractor “AGZAT".
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1. Introduction

This contribution was created within the frame gdraject under the name “Equipment
of a wheel chassis of mobile working field machibgsa caterpillar chassis”. The project was
submitted at the Department of Automotive Technglog February this year.

We can see the small tractor AGZAT with its oridiaagine and chassis in Fig. 1 on the
left. The small tractor with the caterpillar chasisi shown in Fig. 1 on the right.

Fig. 1. Small tractor AGZAT.

2. Feasiblesolution

In this solution a combustion engine BRIGGS & STRAIN is selected. The main
reason for the choosing of this engine was thecame of the engine power over the value of
ten kilowatts together increase the engine lifee Theight of small tractor is about
290 — 300 kg

Fig. 2 shows the speed-torque diagram of the aigitombustion engine
AGZAT JM 4 —002.
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Fig. 2. Speed-torque diagram.

In the Figs. 3 and 4 we can see the speed-torcqagradn and the view of thengine
BRIGGS & STRATTON. The value of max. tourque is88lm / 2600 r.p.m.
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Fig. 3. Speed-torque diagram.
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Fig.4. Engine BRIGGS & STRATTON.
Equation (1) shows the calculation of the tracfauee on the wheel:

M
F, =EE}E} [N; Nm; m] 1)
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where F,, — tractive force,
M — torque,
R - radius,
i — gear ratio,
n — efficiency.

Fig. 5 illustrates the dynamic characteristic ofafintractor with the original engine and
with engine BRIGGS & STRATTON

Dynamic characteristic
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Fig.5. Dynamic characteristic.
From the dynamic characteristic results that th&.rapeed of small tractor with engine
B & S and original gear box is 11,2 knt.lon 3% speed gear. The max. value of the tractive
force is 15,1 kN on SLspeed gear, 7,7 kN ori%speed gear, 3,6 kN ofl’3peed gear and
25,5 kN on z° speed gear.

The Tab. 1 shows the technical parameters of tiggnal gear box on the small tractor.

gear ratio| efficiency
i; | 125,112| n, | 0,91
ip| 66,395| n, | 0,88
is| 32,434| ns | 0,85
iy 205,2| n, | 0,94

Tab. 1. Technical parameters.

3. Conclusion

BRIGGS & STRATTON engine can be used as a replanemithe original engine
AGZAT JM4 — 002 on the original small tractor. Tleisgine is a construction with a vertical
crankshaft and with air cooling. We will need a ingrar box between the engine and the
original gear box because of the different revolusi per minute of the mentioned engines,
and think ahead with a slower machine run of thealkrractor. The second solution
of choosing engine is using an engine with engowicg by water.
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Abstract. Within the context of the AM70 truck-launched lyeddevelopment by company VOP-026
Sternberk Czech Republic, on the base of brief datsmni of scissor-shaped mobile bridge and its lgyin
operation, this article outlines requirements omv rigydraulic drive of funicular laying mechanism.
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1. Introduction

Military mobile bridges take place in crisis managst also in peace. They are well-
proven means especially during such disastersoasl§l Engineer corps of the Army of the
Czech Republic are equipped with armored vehialedaed bridges (AVLBs) of different
types, among others with AM-50 truck-launched beiddN\owadays a new AM70 truck-
launched bridge is being developed. However, the ABM70 keeps some disadvantages of
the outmoded AM-50 conception. Further, thanksifiemnt gravity axis layout, AM70 deals
with even more difficulties given by funicular aation of the scissor-shaped bridge.

2. Laying Operation

The run of laying and loading operations of the ABltruck-launched bridge is shown
at Figure 1. The bridge laying mechanism is mountedhe back side of the truck. There are
two actuating ropes at laying mechanism, these ropes are connected singularly to both
parts of scissor-shaped bridge, see Figure 2.

= Winch rope
= Opening rope

The ropes obviously can only pull the bridge pafisen, for pushing the bridge parts
and for supporting the ropes, there are two meshaminstalled, see Figure 2 and Figure 3:

= Bolster
= Mast

AM-50 crews experience troubles with actuating sopdgthin all the bridge laying
operation and vice-versa during the loading openatalong similar trajectories [1].
Difficulties with actuating ropes cause unwantedage which decreases tactical and
operational capability of the mobile bridge. Thees require proper leading, especially in the
phases when approaching or leaving particular psilln these phases the laying and loading
operations must be interrupted often from differetsons:

= Manual corrections of the rope positions in pullaysl winch drum
= Elimination of unwanted oscillation of the bridgedatruck
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Fig. 1. Run of the laying and loading operations of the-BMtruck-launched bridge.

2.1. Bolster-Ropes Cooperation

After the AM-50 or AM70 truck-launched bridge istaslished in the starting position
for laying operation, the bolster tilt can begin.

) - Winding
Operning rope \f \'LT\"// pulley

Outlying
bridge part

‘Winch rope

Adjoining
bridge part

Bolster

Connecting
plate

Stanchion
Fig. 2. Main parts and possible bridge gravity axis layaithe end of bolster tilt.

The bolster, actuated by a pair of hydraulic pistdifts the bridge up from the truck. At
the end of the bolster tilt — see Figure 2 — thisteo bottom touches the ground to provide a
stabilization support for next bridge operationeabthe obstacle.
The opening rope should slacken in this phasecép khe bridge closed.
The winch rope unreeling must be coordinated wittster tilt, because the winch has
two antagonistic roles here:
= At the start of the bolster tilt — winch pull unwed — to let the bolster to lift the
bridge. The winch also must not rip the bridge vatn the connecting plate. To

avoid ripping the bridge from the connecting platesre is an interlock at the new
AM70.
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= At the end of the bolster tilt — winch pull neededo keep the bridge leaned on the
bolster. In the case of slacken winch rope, thédericould fall from the bolster to the
obstacle (and twitch the slacken winch rope) eitferause of wind, or because of its
gravity forces layout, see Figure 2. This effechighlighted at AM70 with much
heavier bridge stanchion than at AM-50.

2.2. Mast-Ropes Cooperation

After the bolster bottom touches the ground to glea stabilazation, the opening rope
must tighten and then the mast-winch cooperationbegin.

Opening rope = Winding pulley
(comst length) -
7 [T7 Bridge
. LY A 3 v y
Mast o - Iw‘ o, \ middle hinge
Rear pulley | \N Outlying
=~ \}:\ bridge part
Winch \\\\‘\\
inch rope ~ \\
T I
/
o \,f L
1 - <
A — e
Connecting o e i e
plate hinge 7 o 7 P

Fig. 3. Main parts, bridge self-opening parallelogram fordes layout within the mast raise.

The mast, actuated by a hydraulic piston, pushesbtidge from the bolster to the
position above the obstacle, see Figure 3.

The opening rope actuator is stopped in this phlgethe parallelogram kinematics
cause the bridge self-opening and it keeps appiteiy constant slope of the outlying bridge
part during the mast raise. [2] FoiRén the opening rope is given by the balance abtidge
middle hinge axis — mostly by the gravity of outlgibridge part with stanchio@,. Due to
opening parallelogram, the for&increases the needed foden the mast piston. This effect
is highlighted at AM70, because its stanchion “geight” more than bridge parts, comparing
AM-50.

The winch rope unreeling follow the mast raiseavoid the bridge fall into the obstacle.
So, there is need of a ,tug-of-war” between thetraasl both ropes (balance at the connecting
plate hinge axis), even when the bridge gravitys agipositioned above the obstacle. This
Lug-of-war" causes excessive stress of mast amghwiThis problem is highlighted at AM-50
by needless mast overbrake and overheats of thedlafluid, because there is no remote
control of secondary pressure relief valve in tid-B0 mast circuit.

2.3. Ropes Cooperation

After the mast is raised at its full range, seeuFég3, the opening rope and winch rope
cooperation starts. The bridge parts just hangath opes in this phase, without push of any
other mechanism, see Figure 4.

The opening rope starts reeling, in order to opdlly the bridge. Forc® in the opening
rope is given by the balance at the bridge middigéd axis — mostly by the gravity of
outlying bridge part with stanchion.

The winch continues unreeling, in order to lowex kinidge. Forc&V in the winch rope is
given by the balance at the connecting plate hinge.
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Fig. 4. Main parts and trouble with the winch rope slackéhin cooperation with the opening rope.

Due to opening parallelogram, the fokd&in the winch rope is decreased by the fdRce
in the opening rope. This effect can even causavtheh rope slacken; see Figure 4, which is
unwanted but often at AM-50. [2] In such situatibe bridge become uncontrollable, because
continued reeling of opening rope causes not irgdnidwering and opening (around the
bridge middle hinge), but just unwanted lift of thedge (around the connecting plate hinge).
Then the operator has to reverse — unreel the ngeaope, to get sufficient force/ in the
winch rope, and finish the bridge manipulation wittwer stanchion trajectory above the
obstacle. This unwanted effect is highlighted at -BM with mechanical self-folding
sidewalks, which raise passive resistance agdiedbidge opening and closing as well.

Both the winch rope and opening rope are approgctiirir supporting mast pulleys
subsequently in this phase, and the opening rapeeteits winding pulley in the bridge, see
Figure 4. Ropes approaching and leaving pulleyseaignificant dynamic effects, even
oscillation of whole machine including the truck tre bolster bottom. These troubles are
highlighted at AM-50 with simple on-off control dfe hydraulic actuation.

3. Conclusion

Most of described difficulties during laying andatting operations are caused by
funicular actuation of both parts of the scissamgdd mobile bridge. When keeping this
outmoded AM-50 conception, the new AM70 hydraulitvel should deal with these inherited
disadvantages. Then, there is need for sophisticatester-slave control of hydraulic pressure
and flow rates in partial circuits of the coopargtimechanisms. Utilization of modern
proportional valves and advanced electronics gigead chance.
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Abstract. This paper presents the results of a project fatwse building a special laboratory stand
presenting capabilities and tasks which can bézeshby a hydro-electric pressure switch.

The first stage of the project aimed at designimg $ystem. First of all, a didactic stand was
provisionally planned and several project calcolagiwere done in order to select appropriate ele&snen
and their parameters. Then, a simulation was paddrwith the use of FluidSim Hydraulics programme
by Festo. This application allowed to check theiassd conception of the system’s operation.

The second stage of the project was connectedmatting the didactic stand. In the first place the
process of controlling the system by the contralgbavas checked. This way of controlling is easg an
convenient for the operator. Next, the pressurestrdtter was added to the system. With the appatgori
adjustment of the switching pressure, the retuokstof the cylinder was realized automatically.

The research shows that it is possible to contotlisgor pressure by hydro-electric switch
pressure.

Keywords: switch; hydraulics, pressure.

1. Introduction

1.1. Working rulesof hydro-electric transmitter

The main task of pressure transmitter is to switeland off the electric circuit by micro-
switch. It is done by pressure change in the hyraircuit depending on inputted value of
the pressure of the switch. Pressure transmittermastly used to control valve or the process
for example: emergency stop (engine emer. Stogjes@ pressure transmitters can signalize
the state of connection through optical (LED diodeacoustics (bell) signals.

Fig. 1. Symbol of the hydro-electric pressure switch.

1.2. Construction of hydro-electric pressure switch

Piston pressure switch

Hydro-electric pressure switch showed in Fig. 2aipiston pressure switch. If the
pressure to be monitored is lower than the seteyahe micro-switch (5) is operated. The
pressure to be monitored is applied via orifice tr)piston (2). Piston (2) is supported on
spring plate (6) and acts against the infinitelyialale force of compression spring (3). Spring
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plate (6) transmits the movement of piston (2) toraswitch (5) and releases the latter when
the set pressure is reached. This switches therieldccircuit on or off depending on the
circuitry.

The mechanical limit stop of spring plate (6) podée micro-switch (5) against
mechanical destruction in the event of a suddersspre drop and, in the event of
overpressure, prevents compression spring (3) hittng the block.

Fig. 2. Hydro-electric pressure switch of type HED8.1ousing; 2 — piston; 3 — compression spring;
4 —adjustment element; 5 — micro-slwit — spring plate; [1]

Transmitterswith a spring tube

There is a transmitter with spring tube in fig.8creasing pressure which flows through
a damping tube connected ayjuick coupling (4) sealed by a gasket (8) workdhenspring
tube (2) making its strain. When the pressure remdhe adjusted value, the spring tube
initiates the lever of the micro-switch.

Fig.3. Hydro-electric pressure switch of type HED 2: Aieusing; 2 — bourdon tube;
3 — micro-switch; 4 — quick coupljri— terminal board; 8 —gasket; 9 — absorber; [2]
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2. Analysisand resultsinvestigation

In the first part of the research a circuit withtuator controlled by steering desk was
checked. This steering process was done by a pagfjestment of directional valve. In the
initial position of that valve, oil is pumped toetmight chamber of the actuator (the piston is
blocked). After turning on the electrical circuite valve’s solenoid is provided with voltage,
which causes switching a directional valve. Thevealill go back to its initial position when
there is no voltage on the solenoid.

In the second part the pressure transmitter wasdadichis transmitter controls the return
of the actuator in the pressure function. Theretlaree different states which depend on the
switching pressure adjusted to the transmitter:

1. When the switching pressure on the transmitteeioa a minimal value, the piston
of the actuator is not moving, because the presalte in the source chamber of the
actuator has reached the adjusted value on thentittar. This pressure was created
by a friction of piston needed to start moving.

2. When the switching pressure on the transmitteein nearly the same value of the
pressure, the piston of the actuator will go baxlkts initial position automatically.
The piston will only return when it reaches itsdlirposition, because mechanical
limits of expansion makes the pressure in the soohamber of the actuator reaches
the pressure value of the source.

3. When the pressure value on the transmitter is tafgen the pressure of the source,
the piston does not return automatically, becabiseptessure in the source chamber
of the actuator is lower than the switching pressaue set on the transmitter.

Fig.4. Circuit diagram: 1 — pump unit; 2 —pressure fel@ve; 3 — directional valve; 4 - manometer ;
5 — pressure transmitter; 6 - aciya¥ — steering desk; 8 —power supply adap#y

The state diagram of the circuit is presentedgnX.
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Fig.5. State diagram.

3. Conclusion

Transmitters may be applied in hydraulic circuitsnhany ways. They can be used to
control circuits, regulate forces, or as emergeswitches. Regulating forces of the surface
pressure may be done by adjusting the switchingspre on the transmitter. This force
depends not only the pressure value of the sountealso on the switching value of the
pressure set on the transmitter.
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Abstract. Finite element analysis was used to investigateinfiuence of the Coulomb friction on the
results of the impact four-point bend tests. A derfprmula for quasi-static part of the dynamicess
intensity factor (DSIF) was derived taking into agnt the friction. It was shown that friction leais
increasing of forces on strikers and on suppohsjrtquasi-static components behaved similarly.
Opposite conclusion was drawn for DSIF and its ga&gic component, which decreased with friction.

Keywords: the impact four-point bend test, friction, dynarsiess intensity factor.

1. Introduction

Friction practically does not influence the resulfsquasi-static four point bend (4PB)
tests, because specimen slides along the rolliigest, supports. The strikers and supports
are fixed during an impact 4PB test, so the frictamuld have much influence on the test
results in this case. The influence of frictiontbe results of impact three-point bend (3PB)
tests was investigated by Rokach [1]. The 4PB taskghtly different, at least because there
is also some friction between the strikers and ispet. In this study influence of friction on
results of the impact 4PB test is investigatediimilar way. First, formula for quasi-static
component of the dynamic stress intensity factoSIf) is derived taking into account
friction, then there are presented results ofdieiement (FE) simulations of impact 4PB tests
conducted for various specimens and various caeffis of friction (CoF).

2. Quasi-static part of the dynamic stressintensity factor

After some transition period the quasi-static congu of DSIF become dominant.
When crack starts to grow sufficiently late, qustsitic methods of the dynamic fracture
toughness evaluation could be used. This makes at@tipn of the quasi-static part of DSIF
an important task.

When the force on strikeF increase monotonically, the strikers slides aldhg
specimen surface in the direction of the centeti@e®f the specimen, for monotonically
increasing force on suppd® the supports slides along the specimen surfatieimlirection
of the specimen ends, so, for monotonically indrepforcesF, R, the friction forced, R act
as it is shown in Figure 1a. The quasi-static 488 with friction in zones strikers/specimen
and supports/specimen could be decomposed inte Bingple cases of loading: frictionless
4PB and two cases of loading presented in Figuecedl.

The supports and strikers spans, considered i pliper, were the same as in
experiment reported by Béhme [Zz=4W, S-=W, whereW is specimen width (see Figure
la). Formulas presented in this section were defieesuch spans.
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(a) 4PB + friction (b) 4PB (c) F friction (d) R friction
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Fig. 1. The decomposition of the quasi-static 4PB test Wwittion in zones specimen/strikers and
specimen/supports into simple cases of loading.
A standard formula for the stress intensity fag®iF) for 4PB from [3] was used. The
formulas for SIF for loading cases presented irufgglc,d were obtained by fitting of the
results of FE analysis. They had the same form:

K| =in()l),i=F,R, @)

B/W

wherei= a/Wis the relative crack lengthy, Zg are dimensionless functions:

Z.(1)=1.145+0.3131 + 2.701, @)

Z.(1)= 18.391-152.973 +584.965 - 925.102F +586.643*.  (3)

The accuracy of formulas (1) fOr3<i<0.7is better thari%.

The influence of friction on SIF for increasingction forcesF, R is obvious: additional
loadsF;, R try to close the crack, so the SIF would be smahan in frictionless case. K
and R decrease, the influence of friction is opposithe Tabove could by written as one
formula usingsignfunction f — CoF):

K, =K "8 - f tfsign(F )K* +sign(F)KF), )
where the dots denoted the derivatives with resfmetime, equilibrium conditioliR=F was
used.

For the displacement-controlled test forces havdotze more work to achieve the same
displacement as in the frictionless test. Therefdoece on strikerF; is greater than in
frictionless tesF (see also Fig. 2 and Fig. 3). The correction factauld be evaluated using
virtual displacement principle in similar way asvias done in [1]:

F
Fo=—pr—,
1- f(a + pB)

where a=0J¢ld, f=0rld, J, Je are the normal and tangent displacements of thet mm
specimen surface where striker hiiy is the tangent displacement of the point on spegim

surface where the specimen touch the support. pheogimation forp=a+p was found by
fitting of the results of the FE analysis:

#AA)=0.474+0.183 +0.0574, )

the accuracy of this formula is better than 1%. Ttwemula (4) with force (5) allow to
compute SIF for 4PB with friction for given load/éd.

(5)
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3. Theresultsof FE ssimulations of impact 4PB tests

The interaction between the specimen and suppstrigers is more complex during
impact 4PB tests. Forces on the striker and on@uift), R(t) vary quite fast, so there are
frequent changes in the directions of friction &scin addition there are also periods when the
strikers and/or supports are stuck to the specimen.

Direct FE simulations were conducted for impact godsi-static 4PB tests, commercial
FE software ADINA 8.4.1 was used. The following s#t parameters was considered:
L/'w=4.1, 4.2, ..., 6a/W=0.3, 0.4, ..., 0,7 =0, 0.1, ..., 0.8 Other test parameters, used in
simulations, were the same as in experiment regpant¢2]. The plots, presented here, are in
dimensionless scales with dimensionless tir&Ep)*4W (E, p are the Young modulus and
density of specimen material, respectivelyijs an impact velocity without uniB is the
specimen thickness).
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Fig. 2. The results of quasi-static and impact 4PB testk/iV=4.1anda/W=0.3(a)-(c),a/W=0.5(d)-(f) (straight
lines represent results of quasi-static FE simorha.

It was noted that the proportionality between foict and normal forces is violated
frequently due to the sticking between specimen sini#ers, supports and changes of the
direction of friction forces. This affect the vatuef forces on strikers and supports, which
oscillate around values less than their quasiestatmponents (see Figs. 2, 3).

It was observed that friction between strikers apecimen does not influence much test
results. The Figs. 2, 3 shown that friction inceetfse quasi-static components and amplitude
of loads and decrease DSIF and its quasi-statipoaemt.
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Fig. 3. The results of quasi-static and impact 4PB tlests/W=5.5anda/W=0.3(a)-(c),a/W=0.5(d)-(f) (straight
lines represent results of quasi-static FE simorha).

It was also noted that formula (4) agree well wtith result of the FE simulations of the
quasi-static 4PB test.

4. Conclusions

Friction between specimen and strikers, supporntsease the forces on strikers and
supports and decrease the DSIF. Simple formulgdasi-static part of DSIF for impact 4PB
test with friction was derived and good accuracthwiE was achieved was achieved.
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Abstract. In this contribution there are analyses of therseuof thepressure curves, which were
measured in the diesel engine MD UR V. The reqflthe analyses confront tipeoperties and quality

of fuels. The measuring was realized withamstant rotation speed of teegine and by using different
fuels. The fuels were diesel fuels with additivésydrogenate RO, FAME, and ethanol.
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1. Introduction

Most useful information about the diesel combustmocess can be obtained by the
measurement and analysis of the cylinder pres8ecifically, the indicated mean effective
pressure and the apparent heat release rate camipaited. Other quantities such as the peak
pressure and the peak rate of fiiessure rise are also useful asititicators of theoverall
stress and noise levels, respectively.

A crucial factor for pressure measurement in thgirenduring combustion is the sensor
position within the combustion chamber. The press@nsor type is of secondary importance;
at most, thecavities between the combustion chamber and theosemay influence the
measuring signal.

A central measuring position in the combustion chemis ideal for thepressure
measurement because it does not register any &defests on theressure signal. Therefore
it is recommended for aaccurate measurement of tt@mbustion cycle.

Cylinder pressure data usually require smoothirfgrieethey can be used for analyses.
This smoothing can be accomplished by averagingrgel number of consecutive cycles,
polynomial smoothing, curved line smoothing, oritditfiltering.

2. Analysisof cylinder pressuredata

Indicator diagram of combustion engine

We can know theeal work cycle of theombustion engine only by the measurement of
the course of thepressure in thecombustion chamber. The process is called engine’s
indication. The result of thmeasurement is andicator diagram irp - V co-ordinates. The
indicator diagram will be shown in a rolled outrfgrdependent on th@ressure and angle of
thecrank shaft.
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Ignition delay

The ignition delay is defined as the time periotheen the start of fuel injection and the
start of combustion (it is found from changes aifdtency curvep —a diagram, or from curve
of heat release rate, eventually by using luminasdetector). As described earlier, the fuel
must vaporize, mix with air, and undergo preflamactions before auto-ignition occurs.

The ignition delay shows itself byraild fall of the pressure irp —a diagram, which is
due to the evaporation of the injected fuel. Thze sif theignition delay affects markedly the
peak rate of th@ressure rise. The bigger the ignition delay is, lifgher the peak rate of the
pressure rise (that means the slope of the pregsurease in the combustion chamber) the
engine has, so we try to use fuels witehert ignition delay. The fuel chemical structuse i
also important because tloetane number is a property of the fuel that indgahe fuel's
readiness to autoignite. Fuels with high cetanebmmhave short ignition delays. The time
period depends on the cetane number ofubkEbut also on theemperature of the compressed
air because it accelerates thaporization and the radical-forming preflame reats.

The peak rate of the pressurerise

The peak rate of thpressure rise is defined as fmessure rise in thengine’s cylinder
perone degree of crankshaft rotatidp/du. Its value changes during combustion depending
on theheat release rate.

(MPa)
fuel with high cetane
number, low peak rate of
%r — angle of pre-injection pressure rise
(%] — angle of ignition delay,
fuelwith high cetane number
(;gpz - angle_oﬂgmnon delay,
fuel with low cetane number apl fuel with low cetane
number, high peak rate of
pressure rise
moment of injection -
(o )
e P ) Z”—| without combustion
Ctpe
TDC o crankshaft angle (7}

Fig.1l. Effect of cetane number of diesel fuel (TDC — tigad center)

The figure 1 shows theourse of thecombustion pressurp vs. crankshaft angle, the
influence ofthe cetane number on thpeak rate of theressure rise and on thgnition delay.

3. Used measurement technique

Theaccurate measurement of thdinder pressure requires three things:
e apressure transducer that can survive the engiiebament,

« means for synchronizing the pressure measuremaéttitsh& engine,

« means for recording the pressure measurements.
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Cylinder pressure sensor

Modern pressure transducers are piezoelectric eewvitat use quartz crystals (silicon
dioxide - SiQ) to produce electric charges when mechanicallgidda

The piezoelectric pressure sengastler type 6302A was used for the measurement of
the combustion pressurg is asmall cylinder pressure sensor in ffirebe configuration; it is
designed for gpermanent operation in combustion engines wherre tisea minimum amount
of space available.

This type of sensor requires these of aprotecting case for its installation. The
protecting case hasannecting bore between thembustion chamber and theembrane of
the sensor. The case of tisensor has to separate gensor and water space in thdinder
head, and protect thmembrane of theensor.

Charge amplifier
We had to use a charge amplifier becauseetbetric charge produced by tpeessure
sensor was rather faint. We usesksies-connected charge amplifi€istier type 5029A.

Crank angle encoder

Crank angle encoder allows synchronizinghaf pressure measurements with the engine;
it is directly coupled to the engine crankshaft.

We used thecrankshaft position sensdtistler type 2613B for the measurement. It
consists of @&rank angle encoder, signal conditioner, and kmeninator. This device contains
a precision marker disk with a trigger mark, and 2thgle marks which are scanned by a
transmission photoelectric cell. Their light inténds regulated in order to compensate for
any soiling. The disk and the photoelectric cedl @ncased in dustproof housing.

Recording device

We used thecharge meteKistler type 5015A for the measurement. It is a universal
charge meter with arLCD display; it is suitable for measurements in @wdlustrial
environment. It can display
instantaneous, peak and average values
as well as reference deviations.

Diesel engine

We used thaiesel engind D UR
IV 8004.000 for themeasurement of the
combustion pressure. It isfaur-stroke,
turbocharged four-cylinder-in-line
engine with an OHV actuating gear and
direct fuel injection. The engine has
liquid cooling and it is turbocharged
without the intercooler of compressed
air. The engine was loaded by the
dynamometer MEZ Vsetin DS 1002-
4/V.

Fig.2. The final solution of thpressure sensor mounting
Inlet

Outlet

Hole for fuel injector

Hole for pressure sensor

Pwbp
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M easur ement scheme

The first cylinder was chosen for theeasurement of theombustion pressure because
its environment offered enougpace for mounting of theensor.

The most useful placement of tkensor, its installation into theentral position in the
combustion chamber, was not possible because eylindad did not offer enough space in
this position. Therefore, we had to find anothexcpinent which was as close as possible to
the ideal position so that the connecting bore rotgrting case would eventuate into the
toroid combustion chamber in thengine’s piston. The second requirement was ds litt
impairment of theesistance of the cylinder head construction asiples Figure 2 showthe
final solution of themounting.

The protecting case and water space in diiénder head were sealed with engine
silicone. Thecrank angle encoder was mounted ontocitamkshaft pulley, which was on the
free end of the crankshaft. Thmeasurement scheme and connection ofnieasurement
technique arshown in figure 3.

4
T T Jnm=—

Fig. 3. Measurement scheme
1. Diesel engine MD UR IV 8004.000
2.  Dynamometer MEZ Vsetin DS 1002-4/V
3. Pressure sensor Kistler type 6302A
4.  Charge amplifier Kistler type 5029A
5. Recording device Kistler type 5015A
Crank angle encoder:
6. Crank angle encoder with 6-hole flange
7. Signal conditioner
8. Line terminator

4. Measurement resultsand interpretation

Measuring was realized in tlitesel engine MD UR IV with theonstant rotation speed
2200 min', at the same time we measured éngine power characteristics and exhaust gas
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composition, which was not thabject of this thesis. In thiéirst evaluation of theneasuring,
we observed thslope of the pressure curve andignition delay when we used different
fuels. We did not use smoothing; subsequently wethause running average to smooth the
signal. Anexample of themeasured data is shown in figure 4 for fuel 1. Madvanced
methods of analyses contain Fourier transformaifaignal (FFT) which converts signal into
phase and frequency spectrum. There are specd@saand different types of combustion
processes in this spectrum:

1. Frequencies 30 to 1000 Hz describe the peak ratee@iressure rise. The bigger the
decrease of theurve in db/octave is in this area, the softex peak rate of the
pressure rise is.

2. Frequencies 1 kHz to 6 kHz describe proper osighatof thecombustion chamber
and combustion noise, which are timages of thecharacter of thecombustion
process. Abnormal combustion shows itself in thisaa High-level frequencies 3
kHz to 6 kHz present knock combustion at engineh applied ignition. Very hard
combustion can show in frequencies 1 kHz to 3 ki#z call it dieseling at engines
with applied ignition and rumbling afiesel engines.

Thefrequency spectrum is shown in logarithmic co-oatkss of signal proportions in dB

mV, not as theenergy density. There was zero as téerence level of thpressure; it was

220 dB, in graphs of FFT analyses for transfer @Boof theacoustic pressure.
Tested fuels:

Fuel 1: Diesel fuel NM-3HD820-1335

Fuel 2: 95 % of diesel fuel NM-3HD820-1335 + 5 %dbfdrogenate RO

Fuel 3: 94 % of diesel fuel NM-3HD820-1335 + 1 %bfdrogenate RO + 5 % FAME
Fuel 4: 93 % of diesel fuel NM-3HD820-1335 + 2 %&thanol + 5 % of FAME

Fuel 5: 90 % of diesel fuel NM-3HD820-1335 + 3 %dhanol + 7 % of FAME

The Pressure course for fuel 1

Pressure [MPa]

o

; by
I RW - % |4y
dlizean

|
T T T T T T
-80 -40 -20 20 40 60 80 100 120

2

Crankshaft angle

‘7 Fuel1 —— Running average/10 (Fuel 1) ‘

Fig.4 The pressure course in dependence oortirkshaft angle and smoothing curve for fuel 1.
Fudl 1: The fuel was a&lassic diesel fuel with theetane number 50. It was used as the

reference fuel. Figure 5 shows the time behaviahesignal. Theengine had aizable peak
rate of thepressure rise with this fuelyvhich is shown in the slope of thairve in figure 6.
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Oscillations of thecombustion chamber were shown in thea from 1 kHz to higher
frequencies. Thanfiltered signal is shown in figure 5.
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Fig.5 Time behavior of signal
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Fig.6 FFT analysis of signal

Fud 2: The engine was running very softly with this fuelis apparent from theudden
fall of the curve in figure 8. Theombustion process was not much vibrant. It caasgaiet
combustion noise and slent running of theengine. This fuel was the best of all tiested

fuels.
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Fig. 7 Time behavior of signal
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Fig.8 FFT analysis of signal

Fud 3: With this fuel, the engine had a similar peak adtthepressure rise like with fuel
1, but it had aribrant course of theombustion process throughout thenitored area. It
caused aoisier engine running with bigger combustion beats

t t T T t t t T T
s 0000s  0Q0ls  0001s 00028 00025 00035 0003 O004s  0004s

Fig.9 Time behavior of signal
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0005 00055 0006s  000Bs 0007 0008s

Frequency spectrum
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o s00 4000 1500 2000 2500 3000
Frequency [Hz]

Fig. 10 FFT analysis of signal

Fud 4. With this fuel, the engine running had a similauise like with fuel 3put it
showed a very expressive oscillation characteh@€bmbustion process which was observed
in figure 12 as aexpressive unsteadiness of theve course in the full frequeneayea from 1

kHz.
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Fig. 11  Time behavior of signal
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Fig. 12  FFT analysis of signal

Fud 5: The engine had &ard running with this fuel. It had stabilized course of
combustion. It wagaused by addingthanol into the diesel fuel. Ethanol evaporatdaskiy
and it burns with &inetic flame with aquick combustion process. #abilized course stresses

the engine less.

T T T T T T T T T T T T T T T
s 0000s  0O0ls  0001s 00028 00025 0003s 0003 O0D4s  0O004s  000Ss  000Ss  000Bs  0Q0Bs  O00Ts  0,008s

Fig. 13  Time behavior of signal

74



Frequency spectrum
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Fig. 14  FFT analysis of signal

Conclusions

The most favourable fuel is fuel 2 as resulted fritnameasurement. Aery soft and
silent running of theengine was secured by adding hydrogenate RO irgodibsel fuel.
Adding other components into the fuel changed tmaluistion processyhich resulted in the
unsteadiness of the course of the pressure curves.
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Abstract: The article describes mathematic model of boundanductance with natural convection by

the passive cooling convectors. It is determinaibiterion equations. Mathematic model was used for
simulation of these convectors kinds with changedd@ometric proportion and CFD model was make
simulation of these convectors kinds and subsecalegration was comparator from mathematic model.
Mathematic methods sets on final volume (CFD mettsbdwed like very acceptable on optimalization

passive cooling convectors

Keywords: CFD model, passive cooling convectors

1. Introduction

Passive roof convector for cooling characterizethat unused for cooling active part for
inlet air on difference from active roof convectdrer this reason passive roof convector for
cooling are characterized would-be ,quiet coolinhey don't generate secondary space
flowing.

Fig.1.0Passive roof cooling convector

1.1. Method of operation passive roof cooling convector

The passive roof cooling convector is actually lasrpipe heat exchanger in which
cooling water runs. The convector is set underda but a minimum length must be half of
width of the convector. A warm air in the top pafthe convector is being cooled, it is being
fell naturally.
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2. Mathematics simulations

In mathematical simulations was changed only gegenptoportion passive roof cooling
convector and it ribs distance, tube diametertiize input conditions;+=16°C, $,=26°C from
change water mass flow when was stabilized hegulaird.6/19°C for find out maximal power.

A. Simulation with change rib distances:

For stabilized heat drop on 16/19°C with changediftance and change water mass flow
achieved maximum power 675,505 W form rib distaB&emm.

| sMmm] | mykgsT | QKW] | t[C] | t2lCl | vg[ms]
[ 3,5 [ 0,053 [ 0,675 | 19,004 | 23,36 | 0,253
[ 45 [ 0,041 [ 0,525 | 19,003 | 23,673 | 0,223
[ 5,5 [ 0,033 [ 0,429 | 19,004 | 23,897 | 0,202
[ 6,5 [ 0,028 [ 0,362 | 19,006 | 24,067 | 0,185
[ 7,5 [ 0,025 [ 0,314 | 19,009 | 24,202 | 0,172
Tab. 1.
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r 25
—_ 24
L=l
)
= 23
s 9
faurd N
\E,: 22 53
2 9
E L 21 ©
2
(o4 20
19
18
sr[mm]
‘—o—mv [kg.51] —@— Q [KW] === Vvvz[m.s-1] t12 [C] t22 [C]
Fig. 1.

B. Simulation with change pipe diameterd;:

For stabilized heat drop on 16/19°C with changediftance and change water mass flow
achieved maximum power 447,33 W for used pipe dian2 mm.

[ difmm] [ mykgsT | QKW | tip[C] | t2[C] | v.[ms]

[ 12 | 0,035 | 0,448 | 19,02 | 23,853 | 0,206
[ 15 | 0,034 | 0,429 | 19,004 | 23,897 | 0,202
[ 18 | 0,032 | 0,409 | 19,007 | 23,946 | 0,197
[ 20 | 0,031 | 0,396 || 18,996 | 23,979 | 0,194
[ 22 | 0,030 | 0,382 | 19,003 | 24,015 | 0,190

Tab. 2.
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In simulations A and B was change (rib distancee piliameter), where for each one
geometric changes was found out heat drop 16/18%@ thange water mass flow when was
stabilized head drop on 16/19°C for find out maxipw@wer. Maximum power achieved 675,505
W form rib distance 3,5 mm.

3. CFD simulation

Flow modeling in passive roof cooling convector waade in program Fluent and
Gambit which sets boundary condition which are figod step for correct calculation.

3.1. CFD model passive roof cooling convector (with cove

On pic.3.1-3.2 is 5 ribs CFD — model passive raaling convector (with cover) on which
was made simulations and results with this modsleganpared with mathematical model.

Input conditions:

For input condition are sets real geometric sizazgt for his length regardless of on
performance used computer where for 5 ribs modelimber of cells more than 1,7 millions.
The whole model without space would have 100 nmilicells considering on performance
used computer can not to be computed.

e Turbulent model: k g;

e Input: velocity - inlet;

e Output: pressure - outlet;

e Aluminium rib: solid;

« Water in pipe: wall with sets temperature;

e Cuprum tube convector: thickness wall and sheltcation;
« Gravitational acceleration 9,81 ril.s
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On fig. 3.1-3.2 is CFD — model (with cover) in c@alculation was solving method final
volume: space, fluid flow cross, is separate oalfiparts small volume. For each volume is
calculate transport mass, momentum and energy vdaeraee velocity air flow, which range
around 0,22 ms

3.2. CFD model passive roof cooling convector (with covgn space

Fig. 3.1CFD — model passive roof

e ) Fig. 3.2CFD — model passive roof
cooling convector, temperature profile.

cooling convector, velocity profile.

Input conditions:

For input condition are sets real geometric sizaet for his length regardless of on
performance used computer where for 5 ribs modeluimber of cells 3,5 millions (1000
iterations — 24 hours). The whole model would h&a® millions cells considering on
performance used computer can not to be computed.

e Turbulent model k € - RNG;

« Input and output to do convector is interior;

e Aluminium rib: solid;

« Water in pipe: wall with sets temperature;

e Cuprum tube convector: thickness wall and sheltication;
« Gravitational acceleration 9,81 ril.s

On fig. 3.3 - 3.8 is see cut CFD — model with cozrd add volume in determinate steps
calculation where can watch flow air what can't etain to model without space. Result are
velocity and temperature profile.

Fig. 3.3CFD — model 12100 iteration Fig. 3.4CFD — model 12100 iteration
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Fig. 3.7CFD — model 50100 iteration Fig. 3.8CFD — model 50100 iteration

On fig. 3.5 - 3.8 is seen not come up in large gearmovement flowing base on this result is
possible state are model is stable and can bedmrfsir calculate to the end.

4. Evaluate results

Comparison real device with model crated in Exodbase origin geometric size for reason
find out correct mathematic model. In tab. 3 ata deeasured and computed value for comparison
accuracy.

For verifying a result from mathematic model is eexary makes numerical simulation if
given results are in the equality and if this mathéc model is consider for correct.

| Typemodel | mylkas? | QW] | tuCl | tfCl | Ll°Cl |tdCl | My Lk
| Fluent [ 0 [ 0,0191 | 9 | 9 | 28 || 27 | 0,018
| Fluent/Excel | 0,0044 | 0,0193 9 | 10,044 28| 26,865 0,017
| Typemodel | mylkg.s | QW] | tul°Cl | tu°Cl | tal’C] | ta°C] | iy [kg.s]
| Real [ 0,037 [ 0,3675/| 16 | 18,1 | 25,1 24 | 0,5-2,2
| ReallExcel | 0,036 || 0,3676 16 | 18,44 25 | 23,99 0,361
Tab. 3.

By simulations was determinate power passive rooficg convector and on the base
given results can make optimization this devicesafthieve increase power.

Comparison results from models we can use critmjigation for modeling this type of
convector.
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Abstract. The article offers an overview of the changes ohitoring parameters for a traction vehicle
(TV) with the help of CMMS, specifically with the lpeof the information system (IS) datastream 7i.
The single parts contain the description of thel@m@ntation of the system of the TV'’s repairs itite
IS, the system of preventive maintenance and tfinitilen of predictive maintenance — on an example
of measuring the height of a roadband on a TV cttemge of a parameter is defined and evaluated.

Keywords: maintenance, information system, traction vehiglaintenance system.

1. Introduction

In the present time a broad scale of software przddior operation support and
maintenance planning exist and is used in the world

A CMMS software package maintains a computer dagbla information about an
organization’s maintenance operations. This infdiomais intended to help maintenance
workers do their jobs more effectively (for exampletermining which storerooms contain
the spare parts they need) and to help managenekd mformed decisions (for example,
calculating the cost of maintenance for each p@tequipment used by the organization,
possibly leading to better allocation of resources)

| will use the IS datastream 7i for the monitorofghe vehicle's parameters.

1.1. Implementation of the TV'’s repairs system into theS

An essential part of the implementation of the T¥&pairs system into the information
system is the creation of a structure from the ingata — the definition of the device’s
structure, employees, professions and changesy Buggle from these parts must have — for
the transparency and simplification of the works-awn code and description, yet contains
more additional information.

As an example | will present the TV series 162wdrich | will monitor the parameters
that are needed for the reference of preventiveteaance and also parameters for predictive
maintenance. Fig. 1 shows a part of a hierarcluctitre created with the help of the IQ-Fmea
software and a part of a structure created in$he7i Fig. 2.
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uloZenie skrine na
podvozku
vypruzenie primarne
vypruzeni vypruzenie sekundarne
timi¢ kvapalinovy
Pojazd ram podvozka— podvieieny prignik
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Slabopridové zariadé-
nia

Ostatné zariadeé

Fig. 1. Part of the hierarchy structure created in 1Q-Fsuftware.

/€] Datastream 7i - Microsoft Internet Explorer
Datastream7i

POIA

QP099909209

Majetok: THV162 Hnacie vozidio 162.001-2

oznam Y zaznom Y Poznamicy  Udalost { Naklady  Rocurhy PPy |
I | Zobraz rodigov | Zobraz ake streds

Udrsba  Material

Pridat nadr.objekt B
P-1HV162F
S A-1HY162
B A-1HV162.BR
A-1HV162.BR.01
A-1HV162.8R.02
B A-1HV162.8R.03
B A-1HV162.8R.04
B A-HV162 8R0S
A-1HV162.BR.06
A-1HV162.CH
B A-1HV162.0Z
Bl A-1HV162.02.01
A-1HV162.02.01.01

A-1HV162.02.01.02
A-1HV162.02.01.03
A-1HV162.02.01.04

B A-1HV162.02.02

B A-1HV162.02.03

B A-1HV162.02.04
A-1HV162.P0

B A-THV162.ST
B A-1HV162.SL

Ll

Fig. 2. Structure created in the IS d7i.

1.2. Preventive maintenance system

The technical eligibility of TVs in operation is@eed through maintenance. TVs have
defined a preventive maintenance system.

The determining index is the cycle of repairs dedims maintenance cycle. A TV has the
maintenance cycle determined by mileage run, wtaaionitored with the help of a logical
meter, that is installed for each device (everyobindividually).

If a TV achieves the limit of the mileage (for th& series 162 it's 4.500 km that are
necessary for carrying-out the service), the 13 waérn of released jobs that contain activities
which are necessary to carry-out within the scdp@eventive maintenance.

The scope and content of the activities for the J&vies 162 is defined in the work
standard almanac. In the d7i system it contairstabdse of all maintenance interventions that
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are carried-out when servicing the TV whereby evactivity has a number of employees
assigned which are divided according to their djcalion grade and professions.

& Datastream 7i -- Web Page Dialog
Datastream7i ’
Gdrzba  Mal
Vyberte hodnotu, ktord cheete vymazat
00090000300
Datum Hodnota ‘lnxmel |
Majetok: 2HV162.BR  erzds s preumatické zariadenia .
05-wA>-2007 34130 o.000] 20| 2
02-wAx-2007 13:59 o.600) 343]
[ 2oznam [ 2znam [Poznémky [ udalosti [ Néklady [ Rozorhy Py T Struktira [T | TSI R G 5.257) &20)
- | [s0-pr-2007 10:38 73] 756)
e ek kit = 25-apr-2007 1312 6679 7a0)
m e ! ) o ':23—Avn—2nn7 prem; s 9]
[z7-pr-z007 10135 4500 )

26-APR-2007 13:55 @ .500) 20
25-APR-2007 17:08 .a50) 10
23-APR-2007 15:41 2a70) 42|

22 Apr-2007 20:49 sz 5o

22-aPR-2007 00.55 5]
20-avR-2007 22.22
19-apR-2007 15:28

Kl
Pridat mera | Vymazat merat | Zobraz histériu meraa | Zadaj hodnotu merata

betaily merata o

Fig. 3. Surveyors.

After planning and carrying-out the job an hours-peployee entry is done and the job
is closed.

1.3. Definition of predictive maintenance

In this case the maintenance action is carriedadter determining the real technical
condition of the object by any of the technicalgtiastics method and calculation of the time
during which the object will probably without a hikelown.

We will have a closer look on this system of maiatece on the example of wearing out
the roadband of the TV series 162. On the roadlim@adcheck carried-out during which the
height, thickness and the steepness are measusédwan on Fig. 4 the spots for the check are
identical and on every wheel the measurement rgechout once.

NA
A | p
) 2
W Ir
ot
X\
d

Fig. 4. Measured values on the rim’s profile.

The check monitors and records the technical slodgbe object and consists of the
following steps:
- release of the job for PPM depending on the sumwver another value:
carrying-out the PPM — for every object,
determining of the inspection procedure,
defining the spots of the check;
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- carrying-out the check and recording values,
- generating of the job if a limit has been excekde
- standard job — contains activities necessargtover the original condition.

Every object on which the check is carried out éiened its nominal value, maximal
extreme and maximal criticalness in Fig. 5. It isoapossible to show the content of the
measurements and approximate a time estimate tmeke check with a connection to a
standard job that contains activities for remowimg unwanted condition.

1 Datastream 7i - Microsoft Internet Explorer

0990900099
@ Monitorované zariadenia 2HV162 Hnacis vozi dlo 162.002-0 Typ: Majetok

[ Zoznam | etaily objektu [T Miesta aspektu | Miesto-Podmienky | Vyslodky |

Aspekt |PﬂD|§ ‘Metﬁda ‘Nnmmélnahndnnta‘m] ‘Pﬁvnd ‘Mln.Eerém ‘Mm.Krm(ké

ok vsska okolosnika [imvor 1 28l s 1 1

<

Pridaj druh | Odstranit druh prehliadky
Aspekt

aspekts | T
a: [iuvok Q
[ zfem Q

MinSz: S Max.52: [SDVO0 Q

Fig. 5. Defining values.

Based on the excess of the value from the survayPM job that contains a check will
be generated. This job contains activities necgskar carrying-out the inspection and the
planned evaluation time. After these activities @oae, the results of the measurement will be
recorded and the job will be assigned as finished.

In case, that the measured value exceeds the maxiriticalness or reaches maximal
extreme, a job based on the standard job will Heraatically generated (contains activities
necessary for removing the unwanted condition drel following return to the nominal
values).

2. Conclusion

If a MIS is used for operation support, it has ¢éodapable to record all the necessary data
about machines and equipment but also provide dedor operative maintenance control and
system analysis. The right choice and applicatibaroappropriate maintenance information
system supports the effectiveness of the maintenamicich means optimization of the
maintenance costs, cutting loses from drop-outtyrés and breakdowns of equipment as
well as optimization of stock levels and purchasenagement and in the end affects the
economy of the enterprise.
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Abstract. This article deals with the autonomous mobile @Bel scanning system and dividing by the
scanning mode. It is here named the key problensuch a system faces in its activities and the
subsequent processing of data. In the third sedésaribes the elements of a mobile 3D Laser Sognni
System and their properties with the reasons way #re necessary in the autonomous mobile 3D laser
scanning system.
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1. Introduction

In our work of the digitization we use a staticdascanner, which has wide application.
We have learned through it's acquire and process fda 3D models. Now we would like to
make this process of digitization has become dffectvhether in cash or time. Means that we
would like to achieve is the development of autoaasnmobile 3D Laser Scanning System.

2. Mobile 3D laser scanning system

Uses the technology of laser scanning where thenseds located on the mobile device,
which receives from the area of 3D points. A keyphtem of such a system is the
harmonization of spatial data with the position amgntation system. In order to create the
right environment, 3D model, it is necessary thatdifferent scans were merged into a single
coordinate system. This process is called registratf the scans have a different coordinate
system leads to error. As a byproduct, successifgilstration of 3-D scans relocalizes the
robot in 6D by providing the transformation to kEpbed to the robot pose estimation at the
recent scan point.

Autonomous mobile 3D scanning systems can be divid#o two groups. And
according to the mode in which scanning takes place

a, scanning mode "stop - scan - go"

b, mode scanning "go - scan"

3. Elementsof 3D laser scanning system

The system consists of the essential elementswudlile device, a laser scanner and the
supporting technology, which record the positiod anientation of the whole system such as
ERSP Navigation, ERSP Vision, GPS and IMU.
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3.1. Autonomous mobile device.

Autonomous mobile vehicle must be able to fulfis@ecific set of demands. It moves in
specified environment, gains information about itsrrent position and environment,
processes this information and modifies it's betraaccordingly.

For the purpose of developing an autonomous m@&lscanning system, we decided to
use the Evolution Robotics ER1 platform. ER1 igtas features that use of technologies that
are needed. Patented solutions ERSP Vision and ER&Rgation giving robots the
possibility to move independently and the abildyrécognize images and objects situations.

ERSP Navigation
Allows the robot or device to be fully autonomousove in their environment with
knowledge of the location, create a map to plaaféettive route to the destination point.
Main features:
= VSLAM (Visual Simultanous Localization and Mappirig)a set of navigation features
that allow localization and mapping using camerd eoller encoders as sensors. The
system itself generates a map, which consists larkbn which generates the robot
during exploration environment. Each point is cosgmb of identifiable images
recorded from each position. One of the most ingdrskills vSLAM allows the robot
to recover after the transferred to another locatio
= path planning, this module allows the user to sedetarget position and request a list
of items, which have brought the robot safely,
= voiding obstacles, allows the robot to detect alietaand continuously develop local
routes to avoid them, which ensures the safe morntafeobots,
= the survey, property survey allows the robot to enosafely in an unknown
environment,
= grid deployment represents two-dimensional map h&f tobot environment using
precision grid, which model the occupied and engpgce environment[12].

ERSP Vision

It allows the robot or device to identify 2D and 8bjects in real terms, the lighting and
the location of the object is not checked. Visiamdtions provide access to extremely
efficient algorithms of computer vision. These altfons able to analyze images from the
camera and know how to extract information frormthevhich can be used for different tasks.

Evolution Robotics ER1 platform is compiled fromadlable parts in different ways. We
have chosen to compile in the form of the chassigan be seen in the figure[12].

Fig. 1. Chassis Evolution robotics platform ER1.

In coincidence developing a tracked chassis. Tracksbetter suited for uneven terrain
The vehicle can be used both outdoors and ind&msller front tracks were added in order
to give the vehicle stairway climbing ability. Thisan be crucial in some applications.
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Platform is driven by two electric motors. They amwverful enough to move it in 45 degree
climb. This is useful when a movement through sowiral or artificial barriers is required.
The negatives of track based approach are higheempdrain and less precise movement [11].

Fig. 2. Chassis Tracked chassis.

Another type of mobile device that you can usedhae In our case, a car Wolksvagen
Touareg, this mobile platform 3D Scanning systeradnto be supplemented by additional
devices, and GPS IMU.

3.2. Laser scanner

We can use two types of scanners, 2D and 3D.
= 2D are optimized to meet the requirements for hégpleed scanning. The sensor
mechanism is based on the rapidly rotating polyfonaor, which creates a complete
one and parallel lines. The sensor is the maximuoghesof 180 °.
= 3D broadcast laser beam is made using a rotatingmwith 360 ° visual slash. There
thus creating any gaps[7].
It is possible to use one or more scanners whenngog The number of scanners is
dependent on environmental conditions and Scanning.

3.3. Additional equipment

Additional equipment, namely GPS and IMU are neeelggkcially when they are using
a mobile device, which has not technology to idgnthe location and orientation. Such
mobile devices may be a car.

GPS

Global Positioning System (GPS) can be used tormi@te the exact location and
provide a highly accurate reference almost anywtmreEarth. Accuracy of a single GPS
signal is about 5 meter. Through Differential GR&PS) deviation from the true value at a
radius of 10 km is centimeters and radius of 400ikmeters. Measurement of position using
DGPS is a bit more complicated than in the GPSiethe a need for at least two GPS
receivers. One receiver is placed at a known fipesition, which was established Geodetic
measurement. This receiver is called the RS - ereate station. This station continuously
take measurements of all visible satellites, psedype compared with the measured value
(data on its location) and their differences sdtelewn separate channel to all users of DGPS.
The DGPS receivers calculate deviations to appéy ¢brrection to the correction of the
measurements.

IMU
IMU (Inertial Measurement Unit) is a major compohef inertial guidance systems
used in aviation, space shuttle, ships and misdi#d senses movement, including the type
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of course and direction of movement with the aasist of the accelerometers and gyroscope.
IMU detects current speed, acceleration as wetbtetion and swing out. This data is then
computer processed to calculate the current speedasition of the input values of speed
and position. IMU system is error prone, so it @od to be combined with the already
mentioned GPS.

The presence and alignment of elements of GPS Bhdl ik given their function
in the mobile scanning system is important. Additibelements of the system are software
combine geometric scanning profiles obtained wtik position and orientation data and
digital camera, which extends the visualization.

4. Conclusion

The aim of the article is to highlight how it isgsible to increase the efficiency of the
digitization process using autonomous mobile 3Det&canning System. The article named
the key problem, which is associated with autoncsnmiobile 3D laser scanning system, and
also means that the problem can be solved.
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Abstract. The objective of this paper is to evaluate thaiaudative effective plastic strain and effective
stress induced by equal channel angular pressiB&RE in the aluminium workpiece. Another analyzed
quantity is the pressing force acting on the waekpiafter five passes in route C at room temperatur
using the finite element method (FEM). For thisgmge two-dimensional model was developed using a
plane strain condition. Created model was assumeidadisermal with frictionless condition during
constant pressing speed. In one variant was alsdy sthe influence of friction condition. The
deformation behaviour was studied using the comiadiinite element software ADINA.

Keywords: equal channel angular pressing, finite elemenhaotktaccumulative effective plastic strain,
effective stress, pressing force.

1. Introduction

In recent years, bulk nanostructured materials (Nphdcessed by methods of severe
plastic deformation (SPD) have attracted the grgwinterest of specialists in material
science. This interest is conditioned not only loyque physical and mechanical properties
inherent to various nanostructured materials, prgcessed by gas condensation or high
energy ball milling (HEBM) with subsequent consalidn but also by several advantages of
SPD materials as compared to other NSM.

Segal and co-workers developed the method of E@&gimg realizing deformation of
massive billets via pure shear in the beginnin§Qs. Its goal was to introduce intense plastic
strain into materials without changing the crossiee area of billets. Due to that, their repeat
deformation is possible. In the early 90s the maitivas further developed and applied as an
(SPD) method for processing of structures with sebon and nanometric grain sizes.

2. Fundamental parametersin ECAP

2.1. StylesSlip systemsfor the different processing routes

During ECA pressing a billet is multiple pressedotigh a special die using an ECA
facility in which the angle of intersection of tvahannels is usually 90If necessary, in the
case of a hard-to-deform material, ECAP is condlateslevated temperatures.

Since the cross-sectional area remains unchanpedsame sample may be pressed
repetitively to attain exceptionally high strainorFexample, the use of repetitive pressings
provides an opportunity to invoke different slipsms on each consecutive pass by simply
rotating the samples in different ways betweenvdréous passes.
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In practice, many of the investigations of ECAPdlve the use of bars with square
cross-sections and dies having square channelsh&se samples, it is convenient to develop
processing routes in which the billets are rotdigdncrements of J0between each separate
pass. The same processing routes are also eapliggawhen the samples are in the form of
rods with the circular cross-sections. During EQAP direction and number of billet passes
through the channels are very important for mictastire refinement. In papers and books
the following routes of billets were considerede(§ég. 1.) [1-4]:

= route A where the sample is pressed repetitivetiiauit any rotation,

» route By, where the sample is rotated by’ @0 alternate directions between consecutive

passes,
» route B where the sample is rotated in the same sens8dye®ween each pass,
= route C where the sample is rotated by°I8fiween passes.
The given routes are distinguished in their sli#@ctions at repeat passes of a billet

through intersecting channels. Due to that, duBE@AP a change in a spherical cell within a
billet body occurs.

o0 C 180°

F
L\,

Fig. 1. The four fundamental processing routes in ECAP.

2.2. Analytical solution of the effective plastic strain

Since the same strain is accumulated in each passegugh the die, the effective strain
afterN passesy may be expressed in a general form by the relshipn

Ey = \%{2@{? l'gjﬂ/lcosec(;o ‘gﬂ (1)

Thus, the strain may be estimated from equatiorfdflany pressing condition provided
the anglesg (value of the angle within the die between the paaots of the channel) ang
(value of the angle at the outer arc of curvatunens the channels intersect.) are known.

3. FEM simulation

Nowadays finite element method is used for simotatof technological processes
increasingly. FEM simulations are helpful to estim@ome correct parameters of ECAP
device and pressing process such as geometry paramehe pressing speed of the ram,
pressing temperature or load displacement curve [4]
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3.1. General assumptionsin simulation

The FEM is used because it can provide us diréatrimation on the evolution of plastic
deformation during the ECAP and enable us to sitauthe deformation of materials
subjected to single or multi-pass ECAP.

In the simulation, the following assumptions arade [4]:

= First, the material is isotropic and homogeneous.

= Second, the material is elastoplastic with strardening exponent being zero in order
to consider the effect of elastic deformation oe tmorphological change of the
extruded billet.

= Third, the system is isothermal.

= Fourth, the von Mises flow rule is used to condtihe constitutive relation for the
simulation.

= Fifth, there is no friction between the surfacehef material and the die wall due to the
use of lubricant in the ECAP.

4. Used FE model and simulation parameters

FEM simulation was carried out with the same geoynet workpiece. This fact led to
creation of the same mesh of points that were amdljand compared with each other. These
points were chosen with respect to given workpigeemetry. Each workpiece contained 24
points with the same co-ordinates as shown inZEi¢Jloreover, all points were organized into
the four cutting planes and six levels togetheesehcutting planes and levels can be also seen
in Fig. 2 [4].

Cut 4 Cut 3 Cut2 Cut 1
u—’|l9 u_.|13 u_>|7 u—>|

Levell —>
Level2 —> °
Level3 —> o
Level4 —> °
Level 5 —> o
Level 6 —>

20 14 8
21 15 9
22 16 10
23 17 11
24 18 12

CutT,l CUF’I CutT>| CutT>|

Fig. 2. Analyzed points, cut planes and levels in the wimge
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Fig. 3. Course of accumulative effective plastic straiarges in points belong to cutting plane 3
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Fig. 4. Course of effective stress changes in points lgeforcutting plane 3.
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Fig. 5. Pressing forces acting on the workpiece.

6. Conclusion

The precision of obtained results can be influenmedontact and its weak formulation.
Another fact that can influence the results maythgediscretization of solution on the finite
elements. Obtained results are in good agreeméhtwé experimental data.
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Abstract. The article deals with emissions from the incitiera of fast-growing sallow. Home is
devoted to the burning wood, the fast-growing traesdiscussed generally and specifically threedyp

of sallow. Article describes the boiler for whichet measurement is effected, as well as an accurate
measurement procedure. At the end of the evalugitire form of graphs.
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1. Introduction

Burning is a chemical process of rapid oxidatiomjcl releases the chemical energy
bound in the combustion of fuel for thermal energhemically bound energy in the fuel is
transformed into heat and the combustion additipnatiucts (combustion gas and ash). This
is concerned the simplest method for the thermalewsion of organic fuels for thermal
energy. Takes place in when there is a particutémtgn time present fuel, oxidizing agent
(oxygen) and flash point. The fuel and combustianvéll get heat, by which parallel
combustion takes place without the energy supply thie tied environment.
Combustion of wood is accompanied by the productidnundesirable accompanying
substances, emissions, consisting of:

* carbon monoxide
« nitrogen oxides (NOx, NO, NO2)
e particular matter (fly ash and soot)
e organic matter
Fuel quality depends on fuel moisture.

2. Sallow

Sallows are one of the fast-growing plants that gmewn specifically for biomass
production. The period between planting and harigebetween 2 to 5 years. They are very
specific in a great variability of shapes and gfgwitom small shrubs through the bushes up
to massive trees. These are plants with decidweages, very numerous species. In Slovakia
there are about 20 known species of the world totaehber of species from this genus is
estimated about 300 to 600

For these purposes have been used three varié¢edaws and ULV, ORM, and Rapp,
which were bred at the Research Institute for Adtize in the Swale in Sweden.
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Characteristic of varieties:

RAPP — it has got specific red-brown colour of barle year old branches and green-
brown two-year old and older branches. Wood hagreser structure with good flexibility.
The bark is smooth and glossy. Osiers of this hgeegot good elasticity.

ORM - is a smaller increase and is characterizel@édnyer shape. One year old branches
are beige or even orange, two-year old and oldandires are yellow-green. The bark is
smooth. It is suitable for the manufacture of wickeoducts.

ULV - the colour of the bark in one year old braeslis dark red to russet, two-year old
and older branches are coloured in sage-greeteliop part is more branching. In contrast
the previous species, it is less flexible - it @ suitable for the production of wicker products.

3. Measurement

The measurement was made on the boiler EKOS 1@-8)a warm-water gasification
boiler for combustion of dry wood from sawdust, Wdariquettes and across chips to logs.
Internal boiler room consists of filling tank, wieethe fuel is dried and gasificated. Wooden
gas then passes through nozzle into the combustiamber, where it burns by the aid of
secondary air. Combustion gases pass in to theelxehtinger. The measuring device consists
of a boiler and cooling circuits, which are sepeddby heat exchanger.

3.1. Measurement Procedure

We made measurements at various settings of priraady secondary air regulator.
Primary air was flowing into the gasification ar&econdary air is fed into the combustion
chamber through the internal cross section jokis, gvhere the air is pre-heated. A very small
proportion of secondary air is fed into the gasificn area. Setting of primary and secondary
air can be in the range 0 - 15mm. The measurem@uiegure for individual settings, the
supply of primary and secondary air was as follows:

Creation of the basic layer of fuel

Setting the supply of primary and secondary air

Recording the weight before loading the fuel boiler

Weighting the timber,

Loading the weighted fuel.

During the measurement interval of 60 seconds we hacorded: time, chimney
flow, relative humidity, ambient temperature, staekiperature, the temperature in
the combustion chamber, the temperature underxtigaager, reverse temperature,
inlet temperature, mass flow of heating water, inggbower, the weight of the boiler
with the loading of fuel emissions.

Completion of the measurement was made at the mtowtemn the weight of the boiler
with heating up fuel stabilizes the initial weigirior to loading.

oakrwnpE

3.2. Measurement results

We have evaluated several sallow samples, at etwr evith different settings of
primary and secondary air. Moisture content of waoeals determined in the device for
measuring the moisture content of fuel type WPSX0

Sample No. 1 contains 14,3 kg of bleached treetom@i4.9,87%. Primary and secondary
air was open to a maximum which is 15 mm. Resuitshis table are averages of the 37
minute measurement period.
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Sample No. 2 contains 14,2 kg tree bleached witf87P8 moisture. Primary air was
open for 10 mm and the secondary to the maximumnih®). Results in this table are
averages of the 67 minute measurement period.

Sample No. 3 contains 14,5 kg of tree bark, thengry air was set to a maximum (15
mm), and secondary air supply was opened to 10 Results in this table are average values
for the 82 minute measurement period.

Furthermore, we have evaluated 4 samples of diffesallow species, while settings of
the primary and secondary air were the same icaaks: the primary air has been open for 10
mm, secondary to the maximum - which is 15 mm. Weif the samples was 13,93,3
10,5 11,5 kg and moisture was 6,76%30% 37,69% 39,59%.

[room [ stack [ stack power | status status || status | status

chimn. temp move boiler meter meter meter meter

| to |t | P | Q 1 CO  [NOx [CHx [

[ra | ra | [Pa] | kW] | [%] | [ppm] | [ppm] | [%]
[ 1.sample [ 193 | 1858 | 12,1 |[ 144 [ 95 | 1158 | 34 | 10,6
|2.sample| 19,8 | 228,3 | 11,7 | 19,1 | 8,7 | 70,9| 1,7 | 11,6
|3.samp|e| 20,2 | 186,6 | 12,0 | 13,0 | 6,3 | 54,2| 1,2 | 14,2
|4.sample| 20,3 | 231,4 | 12,3 | 18,7 | 7,6 | 97,2| 1,7 | 12,7
|5.samp|e| 19,3 | 212,9 | 12,2 | 16,0 | 51 | 57,4| 0,9 | 15,5
|6.sample| 18,8 | 226,1 | 12,3 | 15,5 | 45 | 56,1| 0,7 | 16,1
|7.samp|e| 18,8 | 160,5 | 12,1 | 11,9 | 2,7 | 35,3| 0,8 | 18,0

Tab. 1. Measurement results

[
Ln

power boiler [kW]

number of sample

m power boiler Q [kW]

Fig. 1. Power boiler
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Fig. 3. Production of emissions NOx, CHx

4. Conclusion

Moisture content of wood is of great importancehia burning wood. By burning of wet
wood combustion temperature decreases, what leagigdrs in oxidation of all combustible
components, there is a smokiness, choking smoke mEguction of the of the boiler life.
Moisture in wood is released to the boiler and fe txpense of heating. By proper
combustion, and with proper moisture wood burntugity smoke-free, is easily ignited, does
not smudge during handling.
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Abstract. This contribution deals with the experiences wlith measurement of the stator reaction of the
dynamometer. Stator reaction was measured usitrgia-gauge load cell on the known moment arm of
the force within framework of research. Two variotypes of load cells were applied. During
a calibration, a hysteresis in voltage output @ Hoth applied load cells was observed. The maximal
value of the hysteresis was about 0.5 % of the aredsange. Moreover, a certain (pseudo)plastadity
the both load cells was occurred.
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1. Introduction

A precise measurement of the torque of the endi@E)(is very important in research
especially in case of the low load. An older tygeekectric dynamometer [1] is applied in
author’s laboratory. Originally, torque of the emgi(stator reaction) was measured using an
old balance mechanism.

SideB Side A

Calibration
Arm-Left

Stator of the
Dynamometer

Power Suppl Calibration

Arm-Right

Measuring
Amplifier

Voltmetel

| Force Stop

™~ Load Cell

Logger (DAQ)

Fig. 1. Scheme of the measurement of the stator reacsiog the load cell.
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Because an increase of the measurement accuracseqisised, the balance mechanism
was replaced by a commercial strain-gauge load sed Fig. 1. A measuring amplifier [2]
was used both as source for Wheatstone bridgeaércit voltage and for output signal
conditioning. Load cell output signal was convergdthe measuring amplifier to the unified
voltage output signal (¥10V). This voltage outpepdnds on the load (measured torque) and
can be evaluated by the voltmeter or by the appatgpinputs of the Data AcQuisition System
(DAQ).

To protect the applied load cell against the edgesgalues of load, a protection (Force
Stop) was designed [3] and installed near the tadigias it is visible in Fig. 1.

2. Performed Measurements

Within the framework of research and developmetiviéies in the author’s laboratory,
the measurement of the torque (Mt) of an engin8 ENG (max. value of Mt = 90 Nm) was
performed. To solve this task, the load cell withde parameters was applied: (Max. loading:
490 N; K-factor: 1.8553 mV/V; Input impedance: 4@5 Material: Anodized aluminum; 6-
wire technique with two sensor lines), [4].

The properties of the applied load cells were fowud during the calibration. The
calibration of the load cell applied for the measnent of the torque of the engine S 781 NG,
was performed for the both sides A and B, see EigMeasured plots are presented in Fig. 2
and Fig. 3. Used marking in Figurdgitcalibration is calibration torqueMt is measured
torque using the load cell.

Over that, the measurement of the torque of anahgine using other type of the load
cell was performed. However, due to constraintd aiticle length only the plots of the load
cell described above will be given.

2.1. Calibration onthe Side B

The calibration began on the side B. The load wek under no loading a few hours
before the calibration process.
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-0.1 : — From zero up to max. loading

Mtcalibration [Nm]
Fig. 2. Measured plots during the calibration of the agiplbad cell on the side B.
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The calibration was performed from zero loadingtaghe maximal loading (tension)
and back to the zero loading. This calibration pescwas repeated three times, see Fig. 2. As
it is visible in Fig. 2, a hysteresis was occurtedween the both increasing and decreasing
loading. Its maximal value is about 0.5 % of theameed range during the calibration.
Moreover, certain (pseudo)plasticity was occurrasl,it is visible in Fig. 2. This plasticity
caused a certain offset in measuring amplifieragdtoutput at zero loading of the load cell.

2.2. Calibration on the Side A

After calibration on the side B, the calibration ¢ime side A (compression) was
performed. Measured plots are presented in FigAs3in previous case, three calibration
measurements were performed consecutively. Thetggs and the certain (pseudo)plasticity
were occurred as well. Moreover, the plasticitynirthe calibration on the side B was not
eliminated, but it was changed to the directiotoafl, see Fig. 3.

Nevertheless, it was observed that the mentionedtipity (on the side A and B)
disappeared by itself after a few hours of no Ingdif the load cell.

-

i Start hfter side B! ]
e B T b RIS L

1™ measurement

HECCLETTLY] 2" measurement

Delta Mtcalibration-Mt [Nm]

Mtcalibration [Nm]

Fig. 3. Measured plots during the calibration of the aggplbad cell on the side A.

2.3. Activation of theload cell protection

Design of the load cell protection (force stop) emkpossible the adjustment of its
activation, see Fig. 4. When the loading of thesieam-compression load cell is less than the
preset value, the force stop is not active. Howewien the loading of the load cell is larger
than the preset value, the force stop is activeceChe force stop is activating, the load is
splitted into both the load cell and the force sfbipis splitting causes the change in measured
plot of loading of applied load cell.

The change in measured plot of the applied loadl@atling before and after force stop
activating is presented in Fig. 4. It is visibléeafthe force stop activating, the loading of the
load cell increases only slightly compared to thading increasing without the force stop.
Note, the maximum safe static overload of this tgpéoad cell is about 150 % of the rated
loading (490 N). The force stop should be activateldtest on the rated loading.
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Fig. 4. Measured plots of the load cell loading before aftelr force stop activating.

3. Conclusion

Properties of the applied load cell (Max. loaditg0 N, Material: anodized aluminum,
6-wire technique with two sensor lines) was obsgharing the calibration in both directions
of stress — tensile stress (side B) and compresdiess (side A). During the calibration, the
hysteresis in voltage output signal was observdmba 0.5 % of the measured range).
Moreover, certain (pseudo)plasticity of the loatl @bout 0.17 % of the measured range) was
occurred. This plasticity caused the small offaetutput voltage especially in zero loading.

Upon the author’s opinion, these observed propertie applied load cell have no
significant effect on the required accuracy of nbeasients compared to the measured range.

Over that, the other load cell (Max. loading: 1962 Material: stainless steel, 6-wire
technique with two sensor lines) was calibrateddfioother engine torque measurement. The
similar properties of this load cell to the preddaad cell were observed.
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Abstract. Article describes principle of operation wick hegies and processes heat transmission by the
different working temperatures. Deal operating ifmdn basic used types of wick water heat pipes.
Calculations various wick heat pipes with water agogking fluid are illustrated in graphic dependenc
limiting performances on the working temperatutasconclusion are reviews influence working limits
on cooling power of the heat pipes.
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1. Introduction

The heat pipe is a vapor-liquid phase-change dethe¢ transfers heat from a hot
reservoir to a cold reservoir using capillary fargenerated by a wicér porous material and
a working fluid. Figure Ishows a schematic of a heat pipe aligned at angédayive to the
vertical axis (gravity vector). The heat pipe isnpwsed of a container lined with a wick that
is filled with liquid near its saturation tempenauThe vapor-liquid interface, usually found
near the inner edge of the wick, separates thélliguthe wick from an open vapor core. Heat
flowing into the evaporator is transferred throubk container to the liquid-filled wicking
material, causing the liquid to evaporate and vapditow into the open core portion of the
evaporator. The capillary forces generated by traperating interface increase the pressure
difference between the vapor and liquid. The vaporthe open core flows out of the
evaporator through the adiabatic region and int dbndenser. The vapor then condenses,
generating capillary forces similar, although muess in magnitude, to those in the
evaporator. The heat released in the condenseep#s®mugh the wet wicking material and
container out into the cold reservoir. The conddnsguid is then pumped, by the liquid
pressure difference due to the net capillary fdre®veen the evaporator and condenser, out of
the condenser back into the evaporator. Propectsmieand design of the pipe container,
working fluid, and wick structure are essentiathe successful operation of a heat pipe. The
heat transfer limitations, effective thermal contiltity, and axial temperature difference
define the operational characteristics of the pgz.
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2. Heat Pipe container

The material and geometry of the heat pipe conta@go must have a high burst
strength, low weight, high thermal conductivity,datow porosity. The most commonly
constructional materials of heat pipes are steelsper and glass.

2.1. Working Fluid

Using the proper working fluid for a given applicet is another critical element of
proper heat pipe operation. The working fluid miogve good thermal stability properties at
the specified operational temperature and pres3ime.operational temperature range of the
working fluid has to lie between its triple poimdhits critical point for liquid to exist in the
wicking material. The wettabilitgf the working fluid contributes to its capillarymping and
priming capability. High-surface-tension fluids a@mmonly used in heat pipes because they
provide the capillary pumping and wetting chardst@s necessary for proper operation.
Other desirable thermo-physical properties incladkigh liquid thermal conductivity, high
latent heat of vaporization, low liquid viscosiind a low vapor viscosity .

2.2. Wick Structures

The wick structure and working fluid generate ttapillary forces required to pump
liquid from the condenser to the evaporator angKkipiid evenly distributed in the wicking
material. Heat pipe wicks can be classified aseittomogeneous wicks or composite wicks.
Homogeneous wicks are composed of a single matanglconfiguration. The most common
types of homogeneous wicks include wrapped screietgred metal, axial groove, annular,
crescent, and arterial. Composite wicks are contposke two or more materials and
configurations. The most common types of composiieks include variable screen mesh,
screen-covered groove, screen slab with grooveksareen tunnel with grooves. Regardless
of the wick configuration, the desired material pedies and structural characteristics of heat
pipe wick structures are a high thermal condugtjvliigh wick porosity, small capillary
radius, and high wick permeability.
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Temper | Latent Liquid | Vapor | Liquid Liquid Vapor Vapor | Vapor Liquid
ature Heat Density | Density | Thermal | Viscosit | Viscosit | Pressu | Specific | Surface
(°C) (kJ/kg) | (ka/n?) | (kg/nT) | Conduc- |y y re Heat Tension
tivity (cP) (cP,X (bars) | (kd/kg® | (N'mX
(W/m°C) 109 C) 10)
Water
20 2448 998.0 0.02 0.603 1.00 0.96 0.02 181 7.28|
40 2402 992.1 0.05 0.630 0.65 1.04 0.07 1.89 7.00
60 2359 983.3 0.13 0.649 0.47 112 0.20 191 6.66)
80 2309 972.0 0.29 0.668 0.36 1.19 047 1.95 6.26|
100 2258 958.0 0.60 0.680 0.28 1.27 101 201 5.89
120 2200 945.0 1.12 0.682 0.23 1.34 2.02 2.09 5.50
140 2139 928.0 1.99 0.683 0.20 141 3.90 221 5.06
160 2074 909.0 3.27 0.679 0.17 1.49 6.44 2.38 4.66
180 2003 888.0 5.16 0.669 0.15 1.57 10.04 2.62 4.29
200 1967 865.0 7.87 0.659 0.14 1.65 16.19 291 3.89

Tab. 1. Thermo-physical properties of water for wide opi@gtemperature range.

3. Heat Transfer Limitations

Heat pipes undergo various heat transfer limitatidepending on the working fluid, the
wick structure, the dimensions of the heat pipé, thie heat pipe operational temperature. The
next episodes qualitative description of the vagiteat transfer limitations, which include
vapor-pressure, sonic, entrainment, capillary, bailing limitations. Graphic dependencies
show that as the operational temperature incretfsesnaximum heat transfer rate of the heat
pipe is limited by different physical phenomena.l8sg as the operational heat transfer rate
falls within the shaded region, the heat pipe fuifiction properly.

3.1. Vapor-pressurelimitation

The vapor-pressure limitation (or viscous limitadian heat pipes develops when the
pressure drop in the vapor core reaches the satie® of magnitude as the vapor pressure in
the evaporator. Under these conditions, the presstop due to flow through the vapor core
creates an extremely low vapor pressure in the exsel preventing vapor from flowing in
the condenser. A general expression for the vapsspre limitation is (Dunn and Reay,
1982)

Q - ZT'rv4'hfg 'pv,e'Pv,e (1)
® 124, )y

3.2. Sonic limitation

The sonic limitation also can occur in heat pipesrd) start-up at low temperatures. The
low temperature produces a low vapor density, themeducing the speed of sound in the
vapor core. Thus, a sufficiently high mass flowerat the vapor core can cause sonic flow
conditions and generate a shock wave that cholkedldatv and restricts the pipes ability to
transfer heat to the condenser. Dunn and Reay 1882 an expression for the sonic
limitation that agrees very well with experimerdaka,

Q, =0474A, h, (o,.P,)%. 2)
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3.3. Entrainment limitation

The entrainment limitation in heat pipes developemwthe vapor mass flow rate is large
enough to shear droplets of liquid off the wickfaae causing dry-out in the evaporator. A
conservative estimate of the maximum heat transter due to entrainment of liquid droplets
has been given by Dunn and Reay (1982) as,

05

IOV'JI
2r

c,ave

Q. =Ahy. ©)

3.4. Capillary limitation

The capillary limitation in heat pipes occurs whte net capillary forces generated by
the vapor-liquid interfaces in the evaporator anddenser are not large enough to overcome
the frictional pressure losses due to fluid motidhis causes the heat pipe evaporator to dry
out and shuts down the transfer of heat from treperator to the condenser. For most heat
pipes, the maximum heat transfer rate due to thélagy limitation can be expressed as (Chi,
1976).

zal.,o,.hfg KA [ 2 p.gl.cos¥
IUI lef rc,e JI

Q. (4)

3.5. Boiling limitation

The boiling limitation in heat pipes occurs whee ttiegree of liquid superheat in the
evaporator is large enough to cause the nucleafieapor bubbles on the surface of the wick
or the container. Boiling is usually undesirablehheat pipes because local hot spots can
develop in the wick, obstructing the flow of liquid the evaporator. An expression for the
boiling limitation is (Chi, 1976)

. Amlg Ay T,0, (1 1
Q = e

(%)

4. Experiment

Experiment was developed at 3 types of wick stmectMater heat pipes to transport of
waste heat from an electronics component. Solutigesating limits of heat pipes are solved
in excel by expression in previous paragraph. Gcaghpendencies operating performances
from working temperatures some chosen wick strestarf heat pipes are design by excel too.
Parameters of heat pipe and wick structure arext tables.

evaporator length el 0.1 [m]
adiabatic length ol 0.1 [m]
condenser length | 0.1 [m]
total length d 0.3 [m]
effective length & 0.2 [m]
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inner radius ir 0.0075 [m]
Cross - sectional area A 0.000176 Im
axial angle v 90 [°]
thermal conductivity Am 393 [W.mLK7
cross - sectional area df

wick structure A 0.00000439 [
vapor core radius Mi 0.0065 [m]

Tab. 2. Heat pipe parameters.

groove high h 0.0004 [m]
groove width b 0.0004 [m]
groove pitch e 0.0004 [m]
grooves wick permeability K 0.0000000114 [m3
structure effective radius
wick structure Fef 0.0004 [m]
effective  thermal
conductivity et 2.066 [W.m™.K"]
wire diameter d 0.0001 [m]
wire width a 0.00015 [m]
porosity e 0.67 [m]
Screen wick permeability K 0.000000000226 [m?]
structure effective radius
wick structure Fef 0.000125 [m]
effective  thermal
conductivity Det 1.287 [W.m™KY]
sphere diameter d 0.0005 [m]
porosity e 0.5 [m]
Sintered wick permeability K 0.000000000833 [m?]
structure ef_fective radius
wick structure Fef 0.64375 [m]
effective  thermal
conductivity et 2.589 [W.mK7

Tab. 3. Wick structure parameters.

Groove wick structure
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Fig. 2. Heat pipe with groove wick structure heat tran8feitations
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Screen mash wick structure Sintred wick structure
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Fig. 3. Heat pipe with screen mash wick structure trarsfetation; heat pipe with sintered wick structure

5. Conclusion

Graphic dependencies expressly define, who limitpegformance influencing total
cooling performance of heat pipe. Generaly limiues depend to heat pipes parameters, wick
structure parameters and thermophysical propesfiegorking fluid. The most highly values
reach viscous limitation and sonic limitation. Tédsnitations reach so high values, that are
not important for influence total heat pipe perfamoe, because is not possible to get so high
total cooling performance by heat pipe. Criticalues influencing to heat pipe performance
are values entrainment limitation and capillaryitation. While thermophysical properties of
working fluid influencing entrainment limitation, i@k structure influencing capillary
limitation, therefore wick structures and dimensia@i heat pipes are design so that factgr N
was maximum. B factor involves all main diameters and parametérseat pipes and wick
structure. However we have to be careful becauseease permeability and increase pores
dimensions decrease capillary pressure, which dgdsit influencing for circulation of the
working fluid. Generally, the capillary limit is ¢hprimary maximum heat transport limitation
of heat pipe.

References

[1] Chi, S.W.:Heat Pipe Theory and Practice, Hemisphere Publishing, Washington, D.C., 1976.
[2] Dunn, P.D. and Reay, D.Aeat Pipes, 3rd ed., Pergamon Press, Oxford, U.K., 1982.

[3] Gaugler, R.S.Heat Transfer Device. U.S. Patent No. 2350348, 1944.

[4] Grover, G.M.:Evaporation-Condensation Heat Transfer Device. U.S Patent No. 3229759, 1963.

[5] Peterson, G.PAn Introduction to Heat Pipes Modeling, Testing, and Applications, John Wiley & Sons, New
York, 1994.

[6] Swanson L. W.Heat pipe, Heat and Mass Transfer, Mechanical Engineering Handbook, Ed. Frank Kreith
Boca Raton: CRC Press LLT999.

108



Transcom 2009, 22-24 June 2009
University of Zilina, Zilina, Slovak Republic

Railway Vehicle Computational Model Dynamic Analysis

"Zuzana Ondrova,Juraj Gerlici, Tomas$ Lack
“University of Zilina, Faculty of Mechanical Engineey, Department of Transport and Handling
Technology, Univerzitna 1, 01026 Zilina, SlovaKiauzana.Ondrova, Juraj.Gerlici,
Tomas.Lack}@fstroj.uniza.sk

Abstract. The paper is aimed at the dynamic simulation efrdil vehicle running on an actual track.
The practical computations performance, contaatefer derailment indexes assessment under various
rail head profiles and rails inclinations compudatil conditions were executed with the help of
MSC.ADAMS /Rail programme package. The vehicle patamsecorrespond to the four-axle two -
bogies coach wagon that is known as ERRI Wagon. Bilway wheel tread profile data are of

a theoretic ground. The dynamic analysis of vehjmleperties was executed with the help of the
programme MSC.ADAMS. The track model as the inpuapeters was set on the ground of actual
railway stock section in Slovakia.

Keywords: railway vehicle model, multibody system analysiafety against derailment, simulation
programme package, real track definition.

1. Introduction

The article focuses on dynamic simulations of vahicle running on an actual track.
This topic binds the solution of rail vehicles peofes evaluation and special-purpose
utilization of computational technology and speeid programmes in order to reach desired
results — the prediction of dynamic phenomena witichtrol the vehicle behaviour on an
actual track. The purpose of simulation computatiisnto acquire values, or possibly time or
track dependences of physical quantities whicheradt modification, enter mathematical
relations in order to compute proportional quaesitivhich might be considered as directive
and it is possible to compare them mutually in oreeeacquire the information about the
advantages or disadvantages of their utilizatiothéngiven running mode on a track.

2. Computational model

The computational model consists of a vehicle moddirack model and a wheel/rail
contact module model. The dynamic vehicle modelukhde as simple as possible but it
should grasp dynamic properties of real mechartiicle system in a sufficient amount.

2.1. Wheel / rail interaction

The contact couple wheel/rail has an importanugiice on kinematical and dynamical
vehicle behaviour on a track. The couple is represkby a running wheel profile and a ralil
head profile. The geometrical relation of the whketland the rail is characterised by
geometrical characteristics which are primarilyiced in [8].
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2.2. Rail vehicle mode

From the point of view of a model system type apdc§ication of its parameters, we
deal with a double bogie coach wagon which is knowder the name “ERRI Wagon” for the
purpose of the evaluation of dynamic analysis tesahd for the evaluation of computational
systems in order to analyse dynamics of materistiesys.

PVD

Fig. 1. The scheme of a bogie design — PVD is a primargioa@rdamper, SYD is a secondary longitudinal dampe
SVD is a secondary lateral damper and BS stands iomp stop.

The carriage model is equipped with springs andpgaswith non-linear characteristics.
Geometrical, weight parameters and flexible joiperameters are identical with vehicle
parameters which are accessible in the verificatimdel MSC.ADAMS/Rail. The coach
wagon has a primary damper as well as secondaryTdrewheelset wheels have the wheel
tread surface profile S1002.

FRONT BOGIE (1) REAR BOGIE (1)

— — — — — — — r——————

(W1r_front) (W1r_rear) I I (W2r_front) (W2r_rear)
11 21 11 12

DIRECTION | I | | | |

(W1l_front) (W1l_rear) I I (W2lL_front) W2I_rear
12 22 21 22

Lﬁ————d _—————J

Fig. 2. Distribution of positions in a vehicle.

In Fig. 2 there are markings of separate placethercarriage bogies in accordance with the
marking of output signals which one can acquire mwikepicting output data after the

execution of simulation computations. The ride cign in marked mainly from the reason of

transparency when setting arcs orientations ansesjutent results evaluation.

2.3. Track model

The rail profile is UIC60, the standard rail slapel:40. For the purpose of analyses, the
rail profile was supplemented by S49 which is om lase of records used when building the
track Surany-Wany nad Zitavou (See Fig. 3). The tracking of tiaek was used as a real rail
when analyzing safety against derailment. All asitds data which concern arcs radii,
installed rail cant and track levelling were putoirthe computational system. The maximum
speed is 60 km/h on the track. All the calculatians executed at this speed. Safety against
derailment (BPV) was analysed for the rail pro6iliC60/1:40, S49/1:40 a S49/1:20.
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Comparing calculations were realized for the insthrails slope 1:20 which represent
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Fig. 3. The scheme

of track shape.

the least favourable case from the point of view
of profiles and slopes combinations. The results
given in Fig. 4 represent force courses in the
wheel/rail contact.

3. Safety against derailment

Safety against derailment is defined as the
guiding and wheel force ratio. The results given
in Fig. 4 represent the force courses in the
wheel/rail contact. For the simplicity of
orientation in the pictures we can specify the
following. The track geometry is depicted in the
lower graph.

 The vertical axis branded on the left side
gives the overturned value of arcs radii; the
vertical axis on the right side gives the outer
rail cant.

e The upper half and positive radii values are
valid for right arcs, the lower part and
negative values of arcs coordinate are valid
for left arcs.

* The vertical distance is numbered from the
bottom in ascending order from zero.

* In the upper graph, there is a safety against
derailment (BPV) coefficient course which
represents a dimensionless quantity [-].

4. Conclusion

It is clear from Fig. 4 that the leading wheel of
the first wheelset of the first bogie is the most
loaded wheel when traversing an arc curve. The
formation and transmission of the biggest right
guiding force in the horizontal level appears at
this place. The second wheel of the leading
wheelset shows the wheel force as well as
guiding force loss. At the straight track the wheel
forces stabilized on their nominal values and the
guiding forces approach zero. The forces course
proved that the vehicle moves stably and the
model communicate comprehensibly with the
track via their mutual force action. In accordance

with the track courses (shape), it is possibledio grientation in sizes and directions of acting
forces relatively quickly. The results of sizes audirses of wheel, guiding forces, as well as
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safety against derailment, are within the allowatits, the most favourable ratio safety
against derailment (BPV) on this section is fosthdntact couple configuration at about 0.5
what is less than 1.12 allowed for the ride prafitsd02.

- 0.2 4 : L ' :
R — i
¢ I 7 7
DI A R
s[km] o0 2 3

= I
: | [ f
o 2 | | s
z | ]
a 25000 \ , \ i /
i " Lal] |
- \VT 6\ f /

ok ]

Fig. 4. The horizontal track geometry and safety agaiastitinent index evaluation along the track.
The created model allows us to realize furtherys®as when changing separate vehicle

parameters (flexible joint characteristics), itoals to analyze the acceleration size acting on
the vehicle (passengers, load) and on the bask tuf evaluate passengers comfort and its

change as a consequence of different vehicle paeasne
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Abstract. The numerical computations carried out have edaplarticular phases of forming torus
pieces to be analyzed. The performed thermomedchlasiraulation of the process of extruding the torus
piece has allowed the determination of valuesdhatacterize the state of strain, stress and tehper

Keywords: Extrusion, torus, analysis of the state of stress.

1. Introduction

The distribution of stresses during the processextfuding the hollow torus is
complex in character. During the extrusion procélss,copper charge is deformed and is
subject to the ram pressure force, friction foraad forces associated with die and sizing
bar reactions. Part of these forces deforms thegehand the other part attempt to block
the movement of metal particle relative to eacheotand in relation to the die and bar
surfaces. Under the effect of the above-mentior®tv@ and reaction forces, the material
remains in a state of stress. In the analyzed sidnuprocess, triaxial compression occurs
in the plastic deformation region, owing to whittetmetal has the best plasticity in these
conditions. A stress pattern exists here, whiclthis most advantageous in terms of
plasticity, and which includes one tensile straimd awo compressive strains. Conditions
occur here, in which the copper under compressiresses flows in the direction of the
highest stress gradient from the surface of contdcthe ram face with the metal, on
which the average stresses reach the highest nuagnito the ring-shaped die hole, where
on the surface of flowing-out copper the normagésses attain a zero value.
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Fig. 1. The distribution of average stresses
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1.1. Analysisof the state of stress

The distribution of average stresses is illustratedrig. 1. During the extrusion of a
copper ring through the die ring-shaped hole cosgive stresses occurs in the entire volume
of the material being deformed, which vary in thxéresion direction in a continuous manner
from about -450 MPa to 30 MPa. The value of 30 MBa be explained by the effect of a
large diameter reduction during extrusion, the omnce of a dead zone, a particular effect of
metal friction forces in the sizing gap, and, tenaall extent, by an additional displacement of
metal particles in the transverse direction; thaatigation of particle movement velocities
may give rise to tensile stresses. The averagssstme the external surface amounts to approx.
-400 MPa and is higher compared with the stressiftg in the zone of contact of copper with
the sizing bar, which is demonstrated in Fig. 2.

20 15 -0 5 g 5 10 15 20 ‘workpiece

tean stress

-50

=100

-150

=200

=250

-300

=350

Max  [BEE7
= Min  [3EE7

Fig. 2. The average stress on the external surface

1.2. Analysisof temperaturedistribution

The simulated extrusion process progressed relgtigdbowly, with good heat
exchange with the environment. The charge temperatemained constant during the
process, only slightly increasing by %i@ the initial phase of extrusion. In this case w
can regard the process as isothermal.

The presented distribution of stresses can alsordlated to the changes of
temperature within the die. In the deformation cegiwithin the die around the ram,
where a slight increase in temperature is visitiie,deformation resistance decreases and
the average stress ranges from -100 to -200 MPa&redls in the areas near the die
surface, where practically no areas of temperatingease exist, the deformation
resistance is higher and, at the same time, tlss@mounts to approx. -440 MPa. In the
free flow area the average stress takes on a nmegatiue, which is advantageous in view
of a possibility of closing possible material dagec
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Maintaining the zero value of the average stredslig sufficient for attaining plastic
flow stability.

In the considered cases, as shown in the sectibimesnal stress map in Fig. 3, it is
important to know the stresses in the finished eded piece in order to assess its
suitability for proper use. Based on the resultextrusion process simulation using the
QForm 3D program, high usefulness of the obtainextipcts can be found. A uniform
stress distribution occurs within the extruded pia@lls, which is close to zero.

okgiece i 2, 9 i I3 ®, i otece
Mean shess |

MMMMMMMM

Fig. 3. Internal stress map 1mm, 3mm, 5mm, 7mm

The stability of plastic flow of copper during tfiermation of a hollow torus extruded
piece is only possible in the case of using prdpet shapes providing the possibility of
forming in the presence of all-side compressivesst#s. It has been found based on the
analysis of eccentric extrusion simulation restiftat these conditions are satisfied by the
eccentric die which forces the metal flow with adbution of sufficiently high average
compressive stress. Based on the simulation reisuitss been determined that the course of
metal deformation is controlled by the die wallar bnd the ram.
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1.3. Extrusion force

The variations of extrusion forces necessary fdrueling toruses during the extrusion
process, as determined by numerical computatigespiesented in the diagram in Fig. 5.12

below.
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Fig. 4. Extrusion forces

2. Conclusion

Distance [rmrm]

The obtained results confirm the correctness ofltbendary conditions taken, and
the obtained distributions of numerically computearameters should be regarded as
close to reality. In view of the above it can batet that the computations carried out for
copper are correct and will allow the technology difect extrusion in dies with

eccentrically shifted sizing holes to be furtheeatnlined.
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Abstract. This article describes alternative feasibilityvediste heat or sun energy utilization in cooling
systems. Waste heat is product of power systenmiadustry, which is usually utilized in winter for
heating systems of householders. The same proBlerithi energy from sun. Tri-generation is an answer
how to use this heat in summer time and here iscepldor sorption cooling systems.
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1. Introduction

Advantage of sorption cooling systems is utilizatwf thermal energy abundance from
the sun collectors in the summer months or wasat fnem energetic systems. Consumption
of energy on heating in the summer time is mininbaf still more often we meet houses,
which are air-conditioned. And here is the consuompbf energy not so negligible. Energy
from sun is still for free or why not utilize wadteat.

2. Working principle of the sorption device

The basic process of cold generation is the commfmesof a refrigerant fluid, which
causes evaporation of the liquid at low temperataed pressures and condensation of the
vapour at higher temperatures and pressures. thsiEanechanical compression like in
electrical air-conditioners, thermal driven chilarse thermal energy for the compression of
the fluid. The basic principle of the thermal coegsion is the ab- or adsorption of the
refrigerant in a liquid or solid material. Whereassorption chillers use the liquid lithium-
bromide in adsorption chillers solid adsorbents lgilica gel or zeolites are used. Both
machine has to be operated at very low pressur@sacuum tight containment [4].

Absorption systems are working with two liquids eotant and absorbing agent. These
devices are usually working continually. They hdiwe basic parts: evaporator, absorber,
generator (desorber), condenser. Thermal energgnerator is delivered from sun collectors
or is utilized waste heat. Between evaporator absorber is low pressure and between
generator and condenser is high pressure. Low ymesand high pressure zone divide
between condenser and evaporator throttle and batabsorber and generator is inserted
pump. Cool from the evaporator is delivered to @nditioning system. Consumption of
electricity for pump is cca 5% of cumulative enemgeded for this system. Coefficient of
performance (COP) at this devices is between @3 —
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Fig.1. Absorption cooling system with working pair LiBr/tea

Adsorption cooling device are simple constructioystems. It is assembled from
evaporator-condenser and absorber-generator. Bec#us adsorption device is not
continually working, in 1st phase absorber (adsatrligecharged by water vapour) absorb the
vapour from the evaporator is cooling and the eemlcan sample to air conditioning system.
In the 2nd phase we need the adsorbent dischardbisl case absorber become to generator
and evaporator become to condenser. Dischargad$@rbent is possible by the heat and in
our case by the solar thermal energy from collectoby the waste heat. By heating of
generator is the adsorbent agent discharged aret wapour is condensed in condenser. If
we need continual working adsorption cooling systesa have to use two adsorber/ desorber.
The first one is charging — heating the adsorbadtdesorbing the coolant and second one is
discharging — adsorbing the vapours of coolant aodling. When is the second one
discharged, is necessary change their functionnThe first one is discharged — adsorbing
and the second one charging by heat- de sorbing.

ﬁ Condenser Generator
cooled space

vapour
vapour
coolant
coolant Absorbent
Heater
Evaporator -

Absorber

Fig.2. Adsorption cooling system

3. Typesof sorption cooling systems

Typical cooling absorption systems are working wihir coolant/ absorbing agent
H,O/LiBr or NHa/H,O. In system BD/LiBr is H,O coolant and LiBr is absorbing agent. In
systems NHH,0 is H,O absorbing agent and Nl$ coolant.

One of the most known pairs are zeolits used litsoebent and some liquid coolant
H,0, methanol, ethanol). Advantage of this pair is@pand accessibility. We know the zeolit
like a rock occurred in nature. Cleanness of thilizis around 70 %. But 100% zeolit is not
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problem to buy, because is made synthetically. I8ttt zeolit is not only one type [3], zeolits
are used like molecular sieves. Is possible toigpeghich one is the best for particular job.
Big advantage of zeolit is using in innumerablelegand his structure is still the same. Only
for desorption is not good use the temperaturdsehnithan 300°C. [1]

Desorption temperatures are between 160 — 200°(S.t&imperature is problem at using
in solar cooling systems with conventional solaHextor. We have to use concentric or
vacuum collectors. COP at this system is betwe&n@3.

Pair active carbon/methanol is known as well. VEitetem utilizing this pair are used for
ice making, because achieve temperature underigerot problem. Active carbon is made
synthetically and is not too expensive. Desorptiemperatures are between 90°C — 100°C,
what is advantage of this pair, because is notgsarg to use some special sun collector, the
usual flat collector is good for this system. ELOP of this system is not too high, only
around 0,1.

In this time the most popular adsorbent is sili¢ageusing with water like coolant.
Silicagel has good properties for the adsorptiooling systems. Desorption temperatures are
around 100°C. Silicagel is neutral to environmenrd & easy to use it. We no need any special
sun collector and COP is between 0,4 — 0,7.

4. Conclusion

Efficiency of sorption cooling systems is not comgide with compressor cooling
systems, but advantage of sorption systems izaiiilin of waste heat or sun heat, what can be
used in tri-generation systems.

We know lot of other pairs adsorbent/ coolant, these are best for the using in cooling
systems. In present time we are still looking fmms new and the better pair.
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Abstract. The paper presents basic roles of emission lifoit$?C and PDV vehicles with Cl engine.
Furthermore, catalytic converter supports and belsécacteristic parameters have been shown. Propose
methods of catalytic converter monitoring methodsehbeen described. In the main part of the paper
a new concept of catalytic converter monitoring baen presented and results of tested engine with
experimental catalyticall converter with 200 cpgpgort.
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1. Introduction

The OBD system (On Board Diagnostic system; knawthé United States as the OBD
Il system and in Europe as the EOBD one) is a beliagnostic tests and calculation and
decisive procedures which are performed in a riea¢ tand are intended as a measure for
evaluation of the emission efficiency and the éficy of elements responsible for the passive
and active safety of a vehicle.

2. Analysesof tested catalytic converter with 200 cpsi

In order to determine the effectiveness of theiadptatalytic converter for the reduction
of the NQ emission according to the obligatory official dération test ESC some
preliminary examinations of its efficiency underetlengine test bend conditions were
performed. Taking the operation nature (charadtég consideration the NOemission in
each phase of the test was analysed [1].

To determine the reduction in the N&mission the emission measurements were taken
after each catalytic block. The presented resubisreferred to the NQOconcentration values
before the catalytic converter

Due to the diversified parameters characterisiegcttalytic converters, which are being
built with the use of the catalytic carriers witliferent cell densities, the examinations were
performed for the catalytic blocks based on theiea with a cell density typical for the
compression-ignition engines of 200 cpsi. The aapilbn of the catalytic carriers with higher
cell densities was considered inadvisable becalaéimgh resistance of flow of exhaust gases
intensified by the PM emission.

The operation performance of the catalytic convestigh the 200 cpsi carrier is similar
in each phase of the test (fig. 1).

In phases II-Xlll the catalytic converter was clweaized by an effectiveness of the
reduction in the NQemission of 15%. The analysis of the measuringtpahows that from
the point c¢3 on the reduction in the N@mission level was constant. That means that the
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catalytic reactor volume is sufficient with refecento the assumed amount of the active layer
deposited on each catalytic block. The ratio of ttdume to the engine displacement volume
was 0.76. The analysis of the bibliographic daashthat this ratio values are in the 0.75 -
1.3.range.
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Fig. 1. Value of NQ concentration during ESC test of catalyticallywemer with 200 cpsi [1].

The emission measurements in points c6-c8 are demesl close to the emission
measured in the poieb. For the discussed points the difference in thg Bifdcentration was
at the indication error level of the measuring extayas analyser.

The performed analysis shows that the catalyticvedar with the 200 cpsi carrier
allows to obtain a satisfactory difference in theltage signals basing on the NO
concentration after the third catalytic block. Haeg it should be noted that the obtained
effectiveness of the catalytic converter for the,N€duction is unsatisfactory. The average
percentage effectiveness of the discussed catalgtiverter in the measuring point ¢c5 was
14%.

The obtained values of the voltages signals (figp@sent the levels of nitric oxides
concentrations for the individual test phaseshmwhole test the differences in signals from
the examined sensors were found after the thiralytat block at the points U3, U4, U5.

At those points, which were considered as the nmewgspoints after the catalytic
converter, the level of voltage signals was consté&ssuming that the preset working
temperature of the sensors is being maintainedrtf@ans that the obtained differences in
pressure at the discussed measuring points do igoificantly affect the possibility of
obtaining the voltage signals.

It was found that the voltage differences at thingsoU3-U5 of the discussed catalytic
system with a 200 cpsi carrier are of negligiblgp@gmance. In the following analysis the
average voltage values for each phase of thettélsdse points are assumed.

The values of the generated voltage signals indbid system were in the range from
0.76 to 2.72 mV. The maximum value was found inggh& and the minimum one in phase
VII. The signal values above 2 mV were obtainedenabtained for those test phases which
were characterized by loads from the range of 7300% of the maximum torque. Those
values were obtained from the sensor placed béfereatalytic converter for phases I, 1V,
VIIl, X, and XIII and they were of 2.06, 2.27, 2.i02.72, 2.06, and 2.09 respectively. It
means that in case of a large volume of the gagamets in the measuring probe, and thereby
at a higher probability of collisions of particles) ability of de-pumping the oxygen from the
areas 1 and 2 is high and it results in a higlciefficy of initialising the electro-catalytic
decomposition on a rhodium electrode. It can belemied that for such engine parameters the
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system sensitivity is highest. It can be confirnigdthe difference in the voltage signals
generated under such same working conditions oétigine (fig. 3).
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Fig. 2. Distribution of voltage signals during ESC teshirasurement points U0-U5 in exhaust pipe with
catalytically converter with 200 cpsi support [1].
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Fig. 3. Difference of voltage signals and N©oncentration during ESC test in measurement pdidtand U5 in
exhaust pipe with catalytically converter with 26§si support [1].

A proper selection of the working parameters of thsted engine is an important
analytical element in the aspect of the diagnastimitor realisation in the onboard diagnosis
system OBD. Phases Il and X are most favourable ftbe point of view of the exact
representation of the concentration values by gelasignals, however, they refer to the
engine working parameters (n = 2400 rpm and n 03 at 100% load) which could not
occur during a typical operation of the vehiclemBar conclusions can be referred to the
phase VIII. In case of phases Xl and XlII thegarof loads is smaller and it is 75 and 50%
of the maximum torque.

However, the crankshaft rotational speed is clogaeé maximum one. Taking the above
analysis into account the most favourable parammétethe aspect of the realisation of the
diagnostic monitor for the discussed system with2B80 cpsicarrier are those of the phase IV
(fig. 4).

The working parameters of this phase reach thesggbossible to be obtained during the
operation of the vehicle in urban drive. This isfiianed by the ETC test which represents the
operation of the vehicle under different conditiofbe operating parameters for the phase 1V
occur in that part of the test which representsratpey the vehicle in urban drive. At this
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stage of the ETC test the working parameters of 05%e maximum crankshaft rotational
speed and the maximum load are reached for 15 tiinesase of phases Il and X such
parameters in urban drive (in turn;,,M 100%, n = 58%; M= 100%, n = 89%) are reached
only twice.
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Fig. 4. Part of ETC test realization on test bad with enés using vehicle in urban driving; red line cloteaze
parameters of runnig engine in part IV of ESC &kt

In this connection it can be stated that the phésén the aspect of the voltage signals
generation and the possibility of starting the iszdion of the diagnostic monitor, is most
convenient for the described catalytic system &edengine which is subject to the test.

3. Conclusion

On the basis of the performed examinations andirddatest results the following

conclusions can be drawn:

1. The analysis of the NCOroncentrations in exhaust gas from the compresgiution
engine can be based on the indications of the geljarobes with the modified
electrodes of the oxygen pump;

2. The application of the reduction conditions in tlatage probes using the nitrogen
oxides reduction by the electro-catalytic way dejseon the exhaust gas parameters,
the values of which change depending on the retatiorankshaft speed and engine
load. For this reason obtaining the diagnostic aidgor the whole engine operation
range is impossible. The control of the correctrigshe catalyst operation regarding
the nitrogen oxides reduction can be realisedHerdefined operating parameters of
the tested engine.
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Abstract. A visual inspection of outside defects on brakecsliis one of many activities made during
overhaul of rail cars in accordance to technical aperational documentation. On this inspection
outside defects on the disc caused by, among othiting by break stones are checked as well as
thermal cracks on the friction surface and foraimatters in the ventilation canals [2].

The purpose of this article is to present the tesafl stationary tests with the disc brake withseld vane
area by stimulating the presence of foreign mattetise ventilation canal.

Keywords: disc brake, ventilation canals, disc temperatinietjon coefficient.

1. Introduction

Because of higher and higher speed, in most ofwetiicles disc brake is the prime
operating brake. As distinguished from a traditldrlack brake, a disc brake thanks to better
discharge of braking heat into the environment &satealization of stronger single pressures
on the brake disc and obtaining bigger braking uphe condition of quick exchange of
braking energy into heat is strictly contingent mpmpurities in inner ventilation canals and
presence of break stones or other foreign mattevaime space of the disc. The concentration
of heat energy on the brake disc has an effecteteridration of braking process, what in
extreme cases may lead to loss of braking powetinBwverhauls of braking systems in cars
in accordance with technical and operation docuat&mt, particular attention is paid to
impurities and presence of foreign matters in Vatibin canals of the disc.

The purpose of stationary tests was to determitectesl characteristics of braking
process on the brake disc with closed vane spaséiylating presence of foreign matters in
ventilation canals.

2. Methodology and object of research

The tests were carried at an inertial station ésting rail vehicles brakes. A brake disc
type 610x110 with ventilation vans and a set ofamatl brake linings type 200 FR20H.2 35
mm thick were the object of the test. ResearchnarmogC (fast drive) was applied for the tests,
according to [1] brakings were performed at spekd2®, 160 and 200 km/h, with lining
pressure of 44 kN to the disc and braking mass%f @er disc. Disc temperature in the whole
range of braking time was registered by six therooptes; three of them were mounted on
two sides of the disc and placed every 120° orethags. The presence of foreign matters in
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the area between the vanes was simulated by placband clamp on ventilation vanes. The
way how the ventilation areas were covered is prteskin Fig. 1.

Fig. 1. Placing a band clamp on brake disc type 610x1t0ake disc, 2- right and left part of the bandrgia

Before main tests were carried out a series oftifigation tests had been made on the
disc with open ventilation canals, thanks to whichisturbed flow of cooling was provided.
For each speed at the beginning of braking eigigtigons of braking were performed.

3. Analysisof testsresults

During tests the following parameters were measudist temperature at stoppage
Fig. 2, average friction coefficient Fig. 3 and ¢imf disc cooling to 60 °C Fig. 4. Disc cooling
was realized by simulating a car run at 100 km/h.
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Brakings of a disc with covered ventilation vanesid lead to a change in the structure
of the material as a result of strong thermal lo@uh the friction surface of the disc
overheating occurred in a form of two rings in #rea of inner and outer diameter of the disc.
Discoloration of the friction area was observedafegr six brakings (Fig. 5).

Fig. 5.

a form of two rings of various diameters
During brakings on the disc with covered vane amma,one of the thermocouples

overflow of temporary disc temperature over 400 w@s registered and reached scope
between 403417 °C. According to [1] brake discs of rail veleidn brakings should not reach

View of the disc after series of brakings with emd ventilation vanes with visible surface ovetimggin
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temporary temperature over 400 °C, because thsesadisc deformation and loss of required
resistance and flexibility.

4. Conclusion

After stationary tests it was found that coverihg vane area simulating the presence of
foreign matters between vanes has no substantikiente on temperature measured at
stoppage and the value of friction coefficient iomparison to a disc with undisturbed
ventilation. The changes in temperature and frictimefficient are contained in statistical
error. The change in disc temperature with opendoskd vane area has not been noticed,
which may stem from long period of breaking heacharge into the environment against
time of singular braking, what was described in Bpwever, covering vane has significant
influence on cooling time of the disc after brakikgdisc ventilated during car run with a
simulated speed of 100 km/h cools by-28 % faster then a covered disc depending on speed
at the beginning of braking.

Further usage of a disc with closed vane area Isecafulonger cooling times may be the
reason of faster disc wear as a result of strorsg load. On the friction surface of the disc
discolors occur in a form of rings of various didete In further tests an analysis of disc
material structure caused by overheating of fricoea of the disc is planned.
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Abstract. This article describes the status of actual nseiction methods in freight railway traffic. It
shows the policies of different organizations whéak relevant in railway business and also reptesen
the measures taken to reduce noise of freightredfic across the EU.
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1. Introduction

Freight trains are a strong source of noise emissiSince the development of railway
networks in Europe, the number of trains runningtttem constantly grew as a result to the
industry and population growth.

The main sources of noise are currently used bgakémponents on rolling stock (cast
iron brake blocks, in the following as Cl-blocksjdarolling noise (especially in sharp curves,
where also the “squeezing” noise appears).

2. EU noise precautions

[60 - 65 dB(A)]

Fig. 1. Noise emissions from major railway lines in Germanyight.
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Thus the figure presents Germany; the situaticsinglar in every EU-country. The EU
had to find a way how to reduce noise emissionsiffieight trains without jeopardising the
competitiveness of rail transport. To do so, the W&$ considering the measurement, which
had the highest cost-effectiveness and health liemafio. The policy keeps following these
major theses:

= Priority of rolling noise as the most predominaye of noise

= Freight wagons as most important source

= “Smooth wheels on smooth tracks”

= Noise emission limits for new vehicles

= Additional measures for the existing fleet

= Need for contributions of all relevant stakehold&rsa common European strategy to
reduce rail noise

= Need for development of affordable technologieetiuce noise at its source

Keeping these theses in mind, the measures abthieesof the noise (rolling stock based
measures) were identified more expensive thandtrfrature based measures (such as noise
barriers and insulating windows) as the retrofiftaosts are estimated between 180 million to
1.8 billion Euros. The stakeholders do not havdigaht incentives, resources or direct
influence to implement such cost-effective rettafg programmes.

Yet, the EU released the Directive 2002/49/EC (Eminental Noise Directive, END).
Also the Technical Specification of Interoperalil{fTSl) adopted in 2002 is setting noise
emission limits for rolling stock. These are agapening the problem of retrofitting since the
older rolling stock also has to fulfil the requirents of the directives mentioned above and is
also a major contributor to noise emissions (Figné Fig. 3).
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Fig. 2. Mileage of wagons and their contribution to therallenoise emission.
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Fig. 3. Age distribution of European freight wagons
130




The EU estimates, that there are about 360.000 ngago be retrofitted in the 27 EU
states, Switzerland and Norway.
Considering all the aspects the EU has made fatigwéonclusions to the noise
reduction:
= European legal framework completed since Decemb@5s 2
= Adoption of Communication of the European CommissioMarch 2008
= Additional measures at the source required: Rétiradi of freight wagons with low-
noise brake blocks
= Keep ongoing study on impacts of policy options
= Need for clarification of the availability of affdable technical solutions and
homologation procedures [1].

3. UIC measures

The UIC has started its own action programme inpeoation with the EU. The UIC
action programme is divided into three work paclkage
= Technology
» Funding and financing
= Communication and consensus finding
Technology

According to the UIC, the freight railway operatibas to meet two basic requirements:

= Increase of railway traffic
= Reduce environmental impacts

The frameworks of action are the new legal aspiéiasthe above mentioned TSI and
END, but also the national legislations, like noisduction action plans worked out by the
local authorities, legislations based on noiseptoe limit values for new and upgraded lines
in all European states and legislations suggesyere&idents challenging rail freight traffic
along highly frequented corridors.

The UIC is also doing researches and came to thelusion, that the railway noise is
basically caused by rough wheels rolling on rougleks, which corresponds with the theses
mentioned in Chapter 2. The wheel roughness ofjtiteivagons comes from Cl-blocks
rubbing the bearing surface of the wheel (Fig.().the other hand, composite brake blocks
keep the bearing surface of the wheel smooth amglahe reducing noise emissions (Fig. 4).

Fig. 4. Wheel using a composite block Fig. 5. Wheel using a Cl-block

Measurements are showing, that the noise reduofiancomposite brake shoe “K”-type
is 8-10 dB(A) — at this level the perceived noiseven halved. The noise reduction of “LL"-
type is approximately of the same level.
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As mentioned in Chapter 2 retrofitting is one of timost expensive measures in noise
reduction, yet unequally to infrastructure measubggetrofitting the whole net benefits from
“low-noise” freight trains. At least in Belgium, ithe Netherlands and in Germany the
transport on rail to and from the harbours thropgpulated areas will increase considerably
until 2015. Without silent trains the necessary rioyements of the capacity of the corridors
will not be realized. Also, by that time almost 2@¥the wagons will be newly purchased and
more than 50% of the existing wagons should befitgd.

The conclusion of this package is that the tectmylof composite brake blocks is
available and allows a significant reduction of fildight noise emissions at the source.

Funding and financing

Although retrofitting may be more expensive thafrastructure based measures, the
cost-effectiveness to health benefits ratio is \&&aijsfying and — as mentioned above — silent
rolling stock is a benefit for the whole infrasttuie. Fig. 6 presents an UIC study to the costs
of various measures in relation to people livinglem60 dB(A) noise caused by freight rail
traffic.
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Fig. 6. Cost-Benefit-Analyses study results.

= On European level:

o New Financial Instrument for the Environment, irc® since June 2007
(LIFE+), which could finance pilot projects to radys via environmental
agencies.

o Cohesion funds, which could finance retrofittingragions designated for
development.

= On national level:

0 Redirecting financial streams from noise screerstantion to retrofitting

rolling stock.
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The diagram on Fig. 7 shows possible savings imelgimg retrofitting into the action
plans made due the END (Chapter 2).

The conclusion of this package is that the EU ademtspend a lot of money for
infrastructure based measures. Instead, retrgfitinuld be more efficient at the same effect.
Incentives for retrofitting have to be set.

Communication and consensus finding

The EU-Commission is about to propose instrumenteduce noise emissions of rolling
stock, especially using retrofitting. European faglight companies have reached consensus
that retrofitting with composite brake blocks istbest option available to reduce noise
emissions and a dialog between rail companies agbwowners has been established. UIC
members also have started national activities.

The conclusion of this package is that the railvemynpanies and politicians have
reached a consensus on the need to act. Now ansmsshas to be found how to start the
retrofitting process as soon as possible [2].

4. Noisereduction activitiesin Europe

EU-countries have started the noise reduction amogres on their own. While most of
the countries like Norway, Sweden, Denmark, Unikédgdom, France, Belgium, Austria,
Poland and Slovakia are building noise barriersjesoountries are doing combined measures.
These countries are Netherlands, where track absodre being installed and also rolling
stock is being retrofitted, Germany, where rettiofi, noise barriers and insulated house
windows are being installed and Switzerland is atsmbining retrofitting with noise barriers.

The reasons why countries tend to use infrastraatugasures (noise barriers) are listed
below:

= Organizational obstacles: Separation of infrastngcand operation vs. noise is emitted
from the whole system — operators and wagon owiera complex system —
infrastructure is simpler.

= Political obstacles: Local vs. global solutionsaliticians are elected locally — return
of investment for global solution is unclear.

= Legislative obstacles: Do EU-states aid rules dpplyretrofitting ? — national
legislation: e.g. Italy.
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= Philosophical obstacles: Symptoms vs. cause — iohagi¥ comfort in short run vs.
better solutions for everybody in long run.

= Incentives mainly for noise barriers: Local poktie included in budget of projects —
“state of the art” — retrofitting may increase cokbperation.

= Lobbying support for noise barriers: Constructindustry lobbies for noise barriers —
road lobby against direct subsidies of railway apans.

The conclusions are, that current funding has toeb@ected, because the savings from
retrofitting are bigger if retrofitting starts sam Also EU or government support is needed

3].

5. Conclusion

The article draws the actual problems in noise simisnear. It presented some solutions
and conclusions what has to be done if the cumeise levels and invested funds have to be
reduced.
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Abstract. This paper contains the stress analysis of spesinfer new multiaxial fatigue testing
machine, which is prepared to make the combinedingaby bending and torsion. Results of this
analysis make possible to choose the testing mod@ext final evaluation of this process.
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1. Introduction

The fatigue crack of materials is one of the maestfidient reasons of termination of
mechanical parts and machines. The consequencéi®ffdct is rising importance of
monitoring of fatigue process, while fatigue beloasiof materials are the most considering
factor in the design procedure to assure the safety reliability of mechanical parts and
constructions.

It is possible to say that prediction methods [[1foR the fatigue life of mechanical parts
are subject of broad research and they have beklisiped in many publications, but the
results of these methods have not be found fortiped@pplications and they are not regarded
as universal yet. For this reason it is necessalkeep up the progress of these methods but
also methods of fatigue testing of materials to endkitial conditions for numerical
computation of fatigue life by the prediction medko

However, one factor of fatigue process must beidensd. Many publications deal with
researching of fatigue behaviors, but the moshefrt deal only with uniaxial fatigue testing.
The problem of properly performing the fatigue asseent is further complicated by the fact
that such failures are, in general, caused by axidti loadings. While the methods suitable
for assessing components under uniaxial fatigudimmahave already been investigated in
deeply over the last century, the multiaxial faéguiteria have not reached a satisfactory level
yet, especially when variable amplitude loadingsiavolved [3].

2. Multiaxial fatigue testing

The fatigue loading system for testing specimensdiypbined bending-torsion loading,
which is the subject of this paper, has been dootedeand published [4]. Generation of
combined cyclic loading can be showed on Fig. 1s hecessary to suggest that bending and
torsion loading is independent from one anotherasd their measuring and control units are
separate.

If we approximate loading by constant force whicjuas to the amplitude of loading force,
then we can draw the concept of bending loadintesydy schema at Fig. 2. As a result on
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that, computed stress approximately equals to thglitude of stress in the case of bending
and also torsion.

Fig. 1. Multiaxial fatigue cyclic loading system.
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Fig. 2. Scheme of the cyclic bending loading system.
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Fig. 3. Simplified schema of the cyclic bending loadingteyn with the design of specimen.

Fig. 4. Design of the specimens contraction

136



ra
T

o m 2 P © % 5 7 @ X (mm)
Fig. 5. Distribution of the bending moment
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Fig. 6. Distribution of the normal stress from bending >
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Fig. 7. Distribution of the shear stress from torsion >
The simplified schema on Fig. 3 is the case of dtaic undetermined bend and its

solution is a bit complicated because the crossoseof the specimen has a contraction in the
middle of the length as it is shown at Fig. 4.dtdution is shown at Fig. 5 and Fig. 6. The
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torsion loading system is simpler because theiligton of torque is constant for the whole
length of specimen and only the shear stress ientkpon the cross section of the specimen
(Fig. 7). The distribution of the equivalent vondds stress from the combined bending and
torsion loading is shown at Fig. 8 if the singladings are in the phase.

0 1 20 e m 5 5 70 0w X (mm)
Fig. 8. Distribution of the equivalent von Mises stress S

3. Conclusion

The stress distribution at the multiaxial cycli@ading has been analyzed for both cases
separately as well as the combined loading if singhdings are in the phase. But we must
remember that it is only a linear solution of thisblem and it serves the purpose of design of
specimen's geometry. The exact analysis requisitg the final element method.
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