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V miedzynarodowa Konferencija Naukowa Europy Srodkowej i Wschodniej 2002

A. SLADKOWSKI, J. MARGIELEWICZ, T. WOJDYLA
Silesian Technical University, Katowice, Poland

INFLUENCE OF VERTICAL DYNAMIC OF A COACH ON WHEEL
PAIR LOADING

Summary. For opportunities comparison of mathematical modeling of passenger cars
dynamic by means of different software, the vertical dynamic of the coach has been
investigated. The simplified 6 degrees of freedom model has been considered. Fundamental
frequencies and normal modes of oscillations, and also displacements are defined at coach
driving on a rough path.

1. INTRODUCTION

Now on a railway transport of many countries the tendency to a heightening of speeds of
carriages observed. Thus the dynamic of their interaction with track varies. Coaches and
locomotives during motion have different oscillations, each of which influences to some
extent traffic safety of a train. Among these oscillations the maximal contribution to common
dynamic of a train is brought with vertical oscillations or oscillations of carriage in its
longitudinal plane of symmetry. These oscillations to the greatest degree influence loading of
wheel pairs and rails, and also on comfort of passengers.

For research of dynamic of a rolling stock by many researchers (for example, [1, 2, 3])
modern software, which allow modeling both the whole train, and its separate elements -
coaches and locomotives are used. Thus means of computer equipment allow to model
mechanical systems with a many degree (more than 100) of freedoms. A disadvantage of such
approach is that it in the big degree is uncontrollable, i.e. the considered mechanical model
serves as though as a “black box”. Thus possible errors of model or an error of calculation
may result in inadequate results, which difficultly check up.

2. PHENOMENOLOGICAL MODEL OF CARRIAGE

To remove an opportunity of getting of such results it is offered to carry out evaluations in
parallel by means of several software, creating different mechanical models and comparing
results of calculations among themselves. As an example of such approach the analysis of
vertical dynamic of a coach of type 127 Aa (the simplified model) was carried out. Its general
view is shown on fig. 1.
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Fig. 1. A general view of a coach of type 127 Aa

The considered coach is passenger, answers the requirements of card UIC 567-2 for
coaches such as Z2 which are intended for moving with the speed which is not exceeding 160
km / hour. The scheme of a coach is shown on fig. 2.

The body of a coach 1 rests on bogie bolsters 2, which by means of packages of springs 3
rested on frames of carriages 4. In turn frames of carriages through axle springs 5 rested on
axle units (wheel pairs) 6. Thus, double suspension of a body of a coach is realized, that it is
typical of carriages.

Fig. 2. The scheme of vertical suspension of a coach 127 Aa

The following inertial parameters of considered model are accepted: a mass of a body of a
coach mp=28530 kg; a moment of inertia of a body concerning central transversal axis
J,=650000 kg'm?; a mass of the carriage m,=3000 kg; a moment of inertia of the carriage
concerning central transversal axis J,=1540 kg'm’. Rigidities of spring packages are accepted
the following: springs 3 (each of four packages) k »=3,8-10° N/m; springs 5 (each of 8
packages) k' 1=0,9-10° N/m. It is supposed also, that vertical shock absorbers work in parallel
with each package of springs, which force of resistance linearly depends on speed. The
appropriate factors of a viscous resistance of the dampers parallel to springs 3, ¢ ,=2,5-10"
N-s/m; factors of a viscous resistance of the dampers parallel to springs 5, ¢ 1=1,6-10* N-s/m.
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Using reduction of rigidities and viscosities, assuming, that they work at considered
oscillations in parallel, we shall receive the simplified model of a coach (fig. 3). The specified
model has 6 degree of freedoms. The displacements appropriate to them and angles of
rotation are shown in figure.
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Fig. 3. The simplified model of a coach

3. APPLICATION OF GRAPH THEORY TO SIMULATION OF DYNAMIC
OF THE COACH

The graph method was developed H. Paynter in the beginning of 60th years of 20 centuries
for the analysis of electric systems. D.Karnopp and R. Rosenberg have expanded application
of a method for mechanical and hydraulic systems. Expansion of opportunities of a graph
method has appeared from observation, that it is possible to select elements with different
properties on the basis of transfer (transformation) of energy and to assign it conventional
symbolical notations [4, 5, 6]. In the points of view of graph simulation is the most compact
way recording of links between separate elements of dynamic system. Simulation of dynamic
systems with a different engineering construction assumes application of a uniform
terminology for titles of variables in a graph method. The following titles of the variables
used in the graph conventional: effort - e(t) and flow — f(t). As an effort variable e(t) we
understand force, the moment, pressure; while as a flow variable f (t) it is understood, for
example, linear or angular velocity.

B metone rpadoB pebpo (y3en) cBs3el OMUChIBACTCS IBYMS TIEPEMEHHBIMH, B OTJIMYHE OT
JPYTUX TOIOJIOTUYECKUX MeTOA0B. CKaJIpHOE MPOU3BEICHHE MHUTAIONICH M MUTAIOIIEHCS
NEPEMEHHBIX PAaBHO MOIIHOCTU TEpEeHOCUMOM uepe3 pebpo rpada. Hampamnenue moTtoka
MOIIIHOCTH 0003HAYAIOTCS IPH MOMOIITU TTOJIOBUHHBIX CTPENOK (puc. 4).

In a graph method the edge of links is described by two variables, as against other
topological methods. Scalar product effort and flow variable is equal to power transferable
through an edge of a graph. Stream directions of power are meant with the help half arrows
(fig. 4).

e(t)
f(t)
Fig. 4. A designation of an edge of a graph of links
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Half arrow direct so that was to write down the differential equations in an obvious aspect.
For univalent drawing up of mathematical model on the basis of the graph of links should
assign to edges causally - consequence links. These links called also as a causality, describe
ratios between effort and flow variables. The designation of a causality is represented by
means of a line on one of the ends of an edge of a graph (fig. 5).

e(t) e(t)
— - or -
f(t) fit)

Fig. 5. An edge of a graph with a designation of a causality

The position of a line of a causality gives the information concerning variables, namely,
speaks about what from variables is dependent and what independent (fig. 6).
a)

t t
s

f(t) f(t)
b)

t t
A0 e A

fit) f(t)
Fig. 6. Possible designations of a causality of the graph of links

On the basis of the analysis causally - consequence links [5] it is possible to draw an
output, that the effort variable always should be directed to a causal line, and the flow
variable is directed aside opposite to it. Causally - consequence dependences are a formal
basis for a writing of ratios between concrete elements and edges of a graph of links. Further
the differential equations of considered motion of system were obtained with the purpose of
improvement of a technique. In table 1 are reduced different causally - consequence shapes of
elements of graphs. This table helps very much at making the equation of motion immediately
from the graph of links.

All elements used in a graph method are reduced in table 1. Factors of elements of the
graph should not have fixed values necessarily. Very important requirement of a graph
method is that only one edge, joint with zero junction, should be marked by a line (see tab. 1).
In case of one junction there should be on the contrary, i.e. only one edge, joint with junction
may not have a line. On fig. 7 different mechanical elements of kinematics configurations and
the edges of graphs appropriate to them are submitted. Graphic conformity for edges of
graphs is submitted without a designation causally - consequence links. So we act because at
construction of the graph a causality of considered elements is possible to set so that executed
there were causal ratios in zero and one junctions of the graph of links.

Elements with one input (fig. 7 a, b, ¢) are characterized by that there are only one input
and an exit through which there is a transmission of energy. The inertial element (fig. 7a)
models opportunities of an accumulation of a kinetic energy a mass at translation or rotation.
Elements of this type always (in case of mechanical systems) are connected to one junction.
Damping elements (fig. 7b) have dissipative properties, i.e. take away mechanical energy at
system, not returning it further. Elements of this type in mechanical systems may be
connected both with zero, and to one junction. In a case if the mass connected to a support by
means of a vertical shock absorber, in the graph of links it is represented by means of
connection of damping element to a one junction, in other cases damping elements connect to
zero junction.
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Tab. 1.

Causally - consequence dependences of elements of the graph of links

Aspect of a causality Depigi:gﬁf; ofa Aspect of a causality Depecr;iiglcif}s, ofa
Se—™ a (1) Sf—~ £i(2)
— d el(t) — 1
e at)=J— £ a s i =—Je)-d
1 d
el _La e1(t) —C- .
e A =2—e) e e()=C-[ fi(t)dt
. 1
EIN &= @) EIN f0=Le
el(t) e2(t) € &)=m- €, (®) el(t) e2(t) i) =f,@)-m
™ TF ™ —‘| F—p
() -II;F f2(t) f2 (t) =m- _fi (t) f(t) f2(t) ez (l‘) = el (l‘) -m
e, (t)
=272
gy ey | GO0 | HO=
(1) f2(t) e, () =7 £,(t) f1(t e (t)
fr(0) =
e1(t) el e1(t) e3(t)
Mo O eo et)=ex(t)=e (Y o 1o 10 =10 =11
el | f2(t) L= 10+ f,1) e2(t) [ F1(t) ey(t) = e(t)+ey(1)

The elastic element (fig. 7c) models dependence of elastic force on displacement and
accumulates a potential energy of system. The way of connection of the given element in the
graph of links is similar to damping element as describe earlier. The mechanical transformer
(fig. 7d) will transform variables of the graph of links and is an element with two inputs. It is
considered as ideal transmission of mechanical energy. Transmissions of power in such
element it is meant with the help half arrows which direction specifies a stream direction of
energy.

Fig. 7. Conformity of mechanical elements to edges of graphs: a) a inertial element, b)
damping element, ¢) an elastic element, d) an element of type “the mechanical transformer”

In graphs of links mechanical transformers may be joined both to zero, and to one junction.
However usually it happens so, that they join with one input a one junction, and another to a
zero junction. The big advantage of use of a method of graphs is that fact, that during
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simulation the careful output of the equations of motion is not required. It implies that the
graph itself is representation of structure of the motion equations. Simplification of a stage of
a generation of the differential equations of system motion allows to reduce time which is
necessary for preparation of realization of numerical experiment.

On the basis of the created phenomenological model of a coach (fig. 3) was created for it
the graph of links (fig. 8).
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Fig. 8. The graph of links for the carriage 127 Aa

On the presented graph of links (fig. 8) new elements (RC:st;) not introduced in table 1
have added. Constructing the graph of links of considered system for its simplification at what
the number of edges is diminished. The elements modeling parallel connection of an elastic
element (k) and damping element (c) are used.

e, (t)=cf, () +k [ £ (e)at . (1)
The graph of links prepared thus is a basis for carrying out numerical researches. The
equations obtained on its basis are submitted by formulas (2).
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4. THE ANALYSIS OF MOTION OF THE COACH ON THE RUGGED
TRACK

Motion model of a coach on a rugged track was analyzed. For the definition of
characteristics of an irregularity of a track real profile records of a track on piece of line
Katowice - Sosnowiec with a direction Czestochowa were used. As a result of statistical
treatment experimental data the average characteristics are obtained by means of which it was
possible to set a characteristic irregularity of harmonic type. It is supposed, that originally the
coach goes with speed v on ideally track, and then to an instant t=0 its first wheel pair starts
motion on a track which vertical coordinate is described by function

(b = % (cos(p-1)-1), 3)

where p = 2z frequency of an irregularity of a track. Amplitude of an irregularity is

a =0,02 m, its length - 4=10,0 m. Other wheel pairs start motion on a rugged track with a

time delay, which depends on speed of carriage and geometry of a coach.

On fig. 9 the model of a considered coach created by means of application package
ADAMS 11.0 is shown. As are considered only oscillations in a longitudinal plane of
symmetry and the created model is two-dimensional, having 6 degree of freedoms.
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Fig. 9. The model of a coach created with help software ADAMS 11.0

On fig. 10 vertical displacements of a gravity center of a body of the coach calculated with
help ADAMS (fig. 10a) and the appropriate accelerations (fig. 10b) are shown. The amplitude
of displacements does not exceed 0,02 m. Accelerations after transiting an initial track section
(transition) acquire the almost periodic character appropriate to forcing irregularity of a track.
Their magnitudes on exceeds 0,7 m/s”.

For comparison on fig. 11 similar displacements of a body of the coach, graph theories
calculated on the basis of application, and a set of equations (2) are shown was solved by
means software MATLAB. Comparison of magnitude of displacements displays good
conformity of the carried out calculations, so also initial mathematical models.

Similar graphs of displacements for the first (fig. 12) and second (fig. 13) bogies are
reduced in figures two by two. Thus the first graphs are the calculations executed with help
ADAMS, and the second - by means of graph theory. As we see, different initial approaches
lead to similar results.

a b
Fig. 10. Displacements and accelerations of a gravity center of a body of the coach at the
initial stage of motion on the rugged track, defined with help ADAMS
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Fig. 11. Displacements of a gravity center of a body of the coach at the initial stage of
motion on the rugged track, defined by means of graph theory and package MATLAB
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Fig. 12. Comparison of displacements of a gravity center of the first bogie, defined with

help ADAMS (a) and graph theories (b)
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Fig. 13. Comparison of displacements of a gravity center of the second bogie, defined with
help ADAMS (a) and graph theories (b)
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As we see from comparison of presented graphs, small differences take place only in an
initial stage of motion, do not bring the essential contribution and may be explained by
computational errors.

B pesynprare pacderoB ObLIM oOmpenenieHbl 6 COOCTBEHHBIX 4YacTOT KOJIeOaHUU U
COOTBETCTBYIOIIME MM cOOCTBeHHbIE (GopMbl. VX cpaBHEHHE ABYMSI METOJaMHU II0Ka3alio
XOpOIIIee COOTBETCTBHE OMUCAHHBIX BBIIIE METOJIOB PacyeToB. TakoW MOAXO] MO3BOJISET B
najpHEHIeM st 0oJjiee CIO0KHBIX (PEHOMEHOJIOTHYECKUX MOJIENEH MPOBOIUTH CPaBHEHHE
Pe3yJIbTaTOB U ONPENEISATH BO3MOXKHBIE OIIMOKU B IIOCTPOCHUH MOJICIICH.

As a result of calculations 6 fundamental frequencies of oscillations and the own shapes
appropriate to them were defined. Their comparison by two methods has shown good
conformity of methods of calculations described above. Such approach allows further for
more complex phenomenological models to carry out comparison of results and to define
probable errors in construction of models.

LITERATURE

1. Kisilowski J.: Dynamika uktadu mechanicznego pojazd szynowy — tor. PWN Warszawa
1991.

2. Chudzikiewicz A., Drozdziel J., Kisilowski J., Zochowski A.: Modelowanie i analiza
dynamiki uktadu mechanicznego tor — pojazd. PWN Warszawa 1982.

3. Gasowski W.: Wagony kolejowe. Konstrukcja i badania. WKL Warszawa 1988.

4. Karnopp D., Rosenberg R.: System Dynamics: A Unified Approach. John Wiley & Sons,
New York 1975.

5. Margielewicz J.: Modelowanie uktadow napedowych maszyn roboczych metoda grafow
wiazan. Praca doktorska, Gliwice 2001.

6. Wojnarowski J.: Zastosowanie grafow i liczb strukturalnych w modelowaniu drgan
uktadow mechanicznych. PWN Wroctaw-Warszawa 1985.

Abstract

B pabGore mnpoBemeH aHanM3 BEPTUKAIBHBIX KOJEOAHWH IMacCaKUPCKOIO BaroHa,
JBUXKYILIETOCS TI0 HEPOBHOMY IyTH. PaccMOTpeHbl BepTUKANIbHBIE TIEPEMEIIEHUS, YCKOPEHUs
OTJICTBHBIX JJIEMEHTOB MOJICTH BaroHa, ONMpe/eIeHbl COOCTBEHHBIE YaCTOTHl M COOCTBEHHBIE
dbopMbl koebanuii. OnpeneneHbl TUHAMIUYECKHE CHJIBI, JICHCTBYIONINE Ha KOJECHBIC MapEbl.
[IpoBeneHO cpaBHEHHE ABYX METOJIOB PACYETOB, OOIICTIPUHITOT0, OCHOBAHHOTO Ha CO3IaHUHU
MaTeMaTUYeCKO MoJienu BaroHa W ero a”anusa npu nomomwu IIIIII ADAMS, a Ttakxe
teopuu rpados. [TokazaHo xopolee COOTBETCTBUE PACCMOTPEHHBIX METO/IOB.
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