Mechanical Systems and Signal Processing § (REEE) REE-EER

Contents lists available at ScienceDirect f

Mechanical Systems and Signal Processing =

journal homepage: www.elsevier.com/locate/ymssp T

Assessment of railway wagon suspension characteristics

Josef Soukup ¢, Jan Skocilas ®*, Blanka Skocilasova ?

2 UJEP in Usti nad Labem, Czech Republic, Faculty of Production Technology and Management, Department of Machines and Mechanics, Na
Okraji 1001/7, Usti nad Labem 400 11, Czech Republic

b Czech Technical University in Prague, Faculty of Mechanical Engineering, Department of Process Engineering, Technicka 4, 166 07 Prague
6, Czech Republic

ARTICLE INFO ABSTRACT
Article history: The article deals with assessment of railway wagon suspension characteristics. The es-
Received 15 April 2016 sential characteristics of a suspension are represented by the stiffness constants of the

Received in revised form
4 August 2016
Accepted 16 August 2016

equivalent springs and the eigen frequencies of the oscillating movements in reference to
the main central inertia axes of a vehicle. The premise of the experimental determination
of these characteristic is the knowledge of the gravity center position and the knowledge
of the main central inertia moments of the vehicle frame. The vehicle frame performs the
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generally arises from Euler's equations which are commonly used for the description of
the spherical movement. This solution is difficult and it can be simplified by applying the
specific assumptions. The eigen frequencies solutions and solutions of the suspension

stiffness are presented in the article. The solutions are applied on the railway and road
vehicles with the simplifying conditions. A new method which assessed the character-
istics is described in the article.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The dynamic analysis of the rail vehicle is an assumption not only for the quality drive assessment. It is necessary to
measure or to verify the basic characteristics of the suspension for this analysis. The basic characteristics are the stiffness
constant of substitutive equivalent springs and the eigen frequencies of oscillation movements referenced to main central
inertia axes of the vehicle [1]. These movements are the rotational movement around longitudinal axis x — roll oscillation
w1, around transversal axis y - swinging w,r and the translational movement in the direction of vertical axis z - wobbling
wp,r=fp,1.27. Also the determination of the damping constants which characterize the energy dissipation is important (e.g.
determination of logarithmic decrement, damping coefficient, etc.).

The old method called “Assessment of the characteristics of the eigen oscillation of the suspension from system” has
been developed more than 40 years ago. This method is usually used for determination of the frequencies and damping of
basic kind of eigen oscillation of the rail vehicle suspension. It assumes the rigidity of the frame, bogie and wheel set, and
also assumes symmetrical lay out of the primary and secondary suspension. Moreover, it assumes the symmetric vehicles
and therefore their oscillations are not bounded with each other or any other kind of frame oscillation, or bogies etc.

The aim of the methodology is to determine frequencies of the translational or rotational movements with respect to
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Nomenclature @ angle or rotation [rad]
n coefficient of system tuning [dimensionless]
f frequency [Hz] 0] eigen angular frequency [Hz]
h vertical position of gravity center [m] 39 logarithmic decrement [dimensionless]
J inertia moment [kg m?] Y normalized amplitude [dimensionless]
k spring characteristic [N m~'] T period [s]
l distance of the frame edge from axis [m] Q resonance frequency [Hz]
L length of frame [m]
m weight [kg] Index
0 axis of symmetry [dimensionless]
w displacement [m] 0 origin
X coordinate [m] 1,2,3,4 number of spring
y coordinate [m] 12 axis 12
z coordinate [m] 34 axis 34
D dumping coefficient [dimensionless] 78 axis 78 m - maximum
F force [N] T gravity center
Q total gravity force of frame [N] X,¥,z coordinate system
Y amplitude [m]
Greek symbols

coordinate system with origin in the frame center of gravity. Frequency and damping are obtained from free oscillation of
the system mounted into the special stand or by method so called “running over wedges”.

The spring-loaded part is deflected from its equilibrium position in the measuring stand. The time course of the frame
deflection towards to bogies or fixed point of the stand is measured. The harmonic analysis is applied on the measured time
courses to determine the oscillation. Then the frequency and damping are assessed.

The wedges are placed on the straight railroad when the method “running over the wedges” is applied [2]. The length of
the railroad is twice of wagon length minimally. The high of the wedge is 30-35 mm and it is placed on the surface of rail.
The vehicle is running over the wedges. By this method the measuring of the eigen frequencies and damping is performed.
The spatial oscillation of the frame and bogie arises from various lay-out of the wedges placed under particular wheels. The
separation of the swinging and rolling oscillations from wobbling oscillation is done by connection of the deflectometers
into the special schemes of connection.

The dynamic model of the interaction between railway wheel and rail irregularities is given in [3]. The results of the
mathematical model predicting dynamics of the wagon system is presented by time curves of dynamic forces excited by
wheel contact with rail and they are compared with experiments. The work [4] brings a nice and detailed review of con-
struction development of railway wagon together with wide range of applied simulation and modeling of the wagon dy-
namics from pioneer's day to present. Also only single wheel model can applied to discover the railway vehicle parameter
effects on the features of Hopf bifurcation [5]. Last three references represent the contemporary research in the field of
railway wagon vibration.

The number of tests repetition has to be determined with respect to preliminary analysis of the results and in depen-
dence on the value variance. If the difference between tests is less than 10%, the optimal number of measurement is three.

The principle of the method is briefly discussed above. The methodology does not content the theoretical motivation of
the procedure. The technique is presented in the following text [6].

Proposed method allows determining the basic characteristics of suspension by assessment of the eigen frequencies of
elastically suspended frame. These eigen frequencies are calculated regarding relationship for eigen frequencies particular
basic movement of the frame to parallel axes. The proposed method is simple (meeting the prescribed assumptions) and
leads to easy and quick determination of suspension characteristic by computational and experimental methods and sub-
stitute e.g. the method running over wedges. The application of basic assumptions leads to simple formulation of the
mathematical method for solution of the eigen frequencies. Presented method has limitations arise from basic assumption
of rigid part of the wagon and linear characteristics of springs.

2. Solution assumptions and frequency determination

Let we assume biaxial vehicle to show the method application, see Fig. 1.

It is important to know the position of the center of gravity and main central moments of inertia of vehicle frame to
assess the demanded characteristics [7].

To solve this complicated problem several assumptions, have to be given: vehicle frame, bogies, and wheel sets are rigid
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