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Abstract

Prednetem nasSich aktivit je vyvoj systgnkteré pomocéleni aktivnihorizeni integrovanych
do mechanizmu vedeni dvojkoli pozigavliviuji jizdni chovani kolejovych vozidel. Vyvijeny
systém je nejprve teoreticky navrzen a naslestovan na modelovém kladkovém stavu
CVUT. Hlavnimi sledovanymi parametry chovani vozjdidouciho v simulované koleji jsou
pricné sily v kontaktu kola s rotujici kolejnici a pareiry picného kmitani podvozku. U
testovaného systémucdak ¢len na zéklad ridiciho signédlu nat& ob¢ dvojkoli kolem jejich
svislé osy. Timto Zpobem Ize on-lingidit jak p7icné kmitani vozidla éhem jizdy v fimé
trati, tak snizovat velikosti vodicich sil v oblouk Prednétem vyzkumu je rovi
aplikovatelnost systému na podvozky vybavené vaéjesine otacnymi koly.
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1. Introduction

The requirements concerning the running behavibuew railway vehicles are continuously
rising. The classic concepts of railway bogies shineir limits as regards the vehicle
dynamics. It is possible to improve the runningrebteristics of the vehicles and thus exceed
these limits by integrating power elements intolibgies and by means of feedback controls
responding to the current state of the vehicle. @@wo the technology development these
systems are more and more available to the raibeayices as regards the price, reliability as
well as the system weight. For this reason, inaminion, it makes sense that attention should
be paid to the development of these systems anteébeway should be sought of how to
improve the vehicle dynamics or how to minimiseatage impacts on the rail by using these
means. Some of the railway vehicle manufactures baen carrying out research into this.

At our institute we have set the goal of both tledoally defining the control system and
testing its functioning by means of experimentst #ais purpose the original CTU model
roller rig is used. [1]

2. Active Control Objectives
Main tasks of the active control system are a®veit
» to stabilize the vehicle dynamics
» to reduce the vehicle resistance of motion

The first point is important especially as regatde high-speed vehicles. Limitation or
elimination of the lateral harmonic motion of a i@ running along the lines contributes
considerably to a higher riding luxury and reducesssiderably stress on the vehicle parts and
the railway superstructure.

The second point involves especially the vehiclenmg round a bend. By introducing
suitable forces or moments into the bogie runniognd a bend it is possible to achieve



reduced angles of attack between wheels and railsrais to reduce the slip forces between
the wheel and the rail. This reduces train rescgand also the wear of wheels and track.

A special case is the application of the contrdtems within the bogies equipped with
independently turning wheels (IRW). These bogitesdily ask for application of the controls
as only through them it is possible to exploittak advantages of these undercarriages and
eliminate their disadvantages.

3. Choice of the Suitable Control Method
Figure 1 shows three control principles which weaken into account in relation to the
system being developed. The basic condition foroshng the method was its applicability
within the conditions of a CTU laboratory.

* tointroduce the torque on the wheelset vertica ax

» to introduce different torques on the right and vefeels — only as regards IRW

» tointroduce a torque tie between the right antviéieels — only as regards IRW
The first method was chosen due to the fact thas ixpected that the system for both
classical wheelset and IRW will be developed.

Figl. Possibility of introducing regulating forcéfects

4. Proposing the Control System Parameters

For the purposes of designing the control systeBDamathematical model of a two-axle
bogie was prepared. It is a linearized model ofiomoequations dealt with in Matlab —
Simulink. Weight parameters correspond to the bogtalled on the CTU model roller rig.
The mathematical model is completed with feedbaajulation branches simulating the
active control. The main task of the model is tsige the control algorithm. At present we
use only the proportional control of the actionneéait with input quantities. On the basis of
this model it is possible to specify the maximummteol forces in the mechanism and the
necessary speed of the control system response.



5. Structural Design
Subsequently, the structural design was made ahewhanism introducing the control torque

into the wheelset. The mechanism consists of a pawé which brings the couple of forces
through the conical gearbox and the rod systernd@xkel box of the wheelset.

Fig2. System controlling both wheelsets by meansi®@icommon action element
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Fig3. System controlling each wheelset with a safgaaction element



Fig4. Control systemmstalled on the roller rig

6. Experiment Preparation

The basic condition of a successful experimertigésassessment of the effect of deviations of
particular parameters of the experimental mecharfrerm nominal values on the general
characteristics. The parameters which appear &isatrirom this point of view must be
thereafter set with increased accuracy. As regérelsailway roller rig the greatest attention
must be paid to the contact between the wheel b@ddiler. Both as regards their mutual
geometry and as regards the required kinematics.fdllowing subchapters contain some of
the measures ensuring sufficient accuracy of tipesment.

6.1. Contact Geometry Verification

The mutual contact of the wheel operating surfawe the roller causes force effects which
determine dynamic characteristics of the vehichkg.cBanging the contact geometry profile
the intensities and directions of contact forces @ranged as well. It is thus clear that the
description of the shape of real driving profilesecessary for the purposes of assessing the
experimental bogie characteristics. For these me&pm@m profile meter was designed and
manufactured with sufficient accuracy.

[ J—
Fig5. Profile meter de3|gn
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Fig6. Profile meter application

Profil IRW

-68

o

[y 73

iy 7/

P 5

i<

o e

-82

Fig7. Measured profile of the pulley

6.2. New Means of Driving Round a Bend Simulation
Simulation of the conditions under which a vehialas round a bend must follow especially
the following twofactors:
» directional curvature of the track
» different length of the trajectory theoreticallyveoed by the inner and outer wheel of
the wheelset.



The first point is implemented by turning one o touples of rollers on the vertical axis into
the radial position with respect to the simulatedd The second point is simulated by setting
different revolutions of the right and left rolleBoth the changes must be implemented with
sufficient accuracy and as far as possible contislyoand in real time. The first point was set
by a motion screw driven by a servomotor. In orieensure the precise difference of the
right and left rollers a planetary gearbox with gear ratio adjustable by the servomotor was
inserted between the shafts of the rollers.

Fig9. Planetary gear controlled by servo motor

6.3. New Method of Measuring Lateral Forces of the Contract between the Whed and

the Roller

The new controlled drives of the tested mechanissulted in the increased number of
frequency converters and therefore also in thetreleagnetic pollution emitted by them.
This had a negative impact on the functioning & theasuring chain. For that reason the
measuring chain was gradually converted into aesysnore resistant to the external noise



absorption. New sensors, new amplifiers and alsewa digitizing card for data collection
were acquired.

One of the important measured quantities is alsydhguiding force between the wheel and
the roller. The original measuring method showdteliresponse and great hysteresis.
Therefore measurement of lateral forces from th#errodeformation was proposed.
Tensometers are attached to the roller disk anthsdare transmitted by means of the wire-
less transmission into the measuring computer.

7. Conclusion

The active control system implemented on the CTlWdeheoller rig has already been put into
operation and a number of experiments have beeredaut. The revealed drawbacks of the
equipment and their removal are described in Clnaptberein. Nevertheless, the control
system functionality has been proved and it is seay to find a suitable control algorithm.
At present the final installation and debuggingietv systems are taking place. It will be put
completely into operation towards the end of Apntl at the beginning of May 2011.
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