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Abstract. The contribution solves the effect of the congton; operation and excitation
asymmetry of the simple spatial model. The modellmaused for simulation of the vibration
of the vehicles (road and rail). The solution wasfgrmed by experiments and numerical
methods. The mathematical model was developeditbie describe the experimental simple
spatial model. The model was verified by experirakrgsults.

Introduction

A vibration of the machines is not requested phestan which can leads to failure or
breakdown. The main attention is paid to elimimataf the problem, but it has not been
completely solved yet. The problems are caused ljnBinasymmetry vibrations, where the
analytical solution is difficult to obtain. The nenical solution has satisfied particular results,
but the complex solution still missing. The pileate models (half scale or quarter scale) are
used for experimental investigati¢th-4]. These models are not appropriate for geometry,
loading and excitation asymmetry. It is necessaryrderstand the vibration problems to
analyze the state and operation behavior of mash@€)].

When analyzing the effect of asymmetry on vertmsdillation of mechanical systems we
need to distinguish three basic cases of asymnmettiie relation to geometric symmetry
axes. These are two mutually perpendicular axeymimetry intersecting at the geometrical
center of the mechanical system

- asymmetry of vehicle mass distribution regardingtie geometric symmetry axes,
mass center position, directions of the main cémeatial axes,

- asymmetry of distribution geometry of elastic armhdb dissipative elements, of the
individual bodies of the system and their mechdnmaperties, spring stiffness,
viscous dumping intensity (assuming linear bondaticular quantities and small
displacements and rotations of the system parts),

- asymmetry of kinematic excitation, i.e. for exampdeighness of the road surface or
rail track in road and track vehicles which defikégematic excitation of the system in
the contact point of the wheel — road or wheelkrac

These types of asymmetry may exist separatelygmther. For real objects (such as road
or track vehicles) the third case usually (almbstgs) occurs [5].

Model System

The experimental model (Fig. 1) was manufacturethfsteel thin plate supported on the four
coil springs. The two additional weights distrilmution the steel plate allows investigating



various cases of geometrical asymmetry. The posdfdhe center of gravity was changed by
this way. The five option of the geometrical weigthstribution was investigated, one
symmetric and four asymmetric. The coil springs wasinected with lock pivots. The
kinetics excitation was performed by particulansgjump by pivot pulling out.

The experimental and numerical solutions of vektichrations of a mechanical system
was chosen one symmetrical arrangement of a mgddm (a variant of storage | - variant is
created by placing additional weight on the motbard) and four different variants
unbalanced, labeled with Roman numerals (ll, Mand V) . This was achieved by shifting
the center of gravity model system from the geome&enter ofe, ande, or rotation of the
plate ¢, and ¢.

Kinematic excitation the system model is implemdrig unit step (Heaviside functioh)
(in our caseh = 5 mm. Investigation the system was carried ousix jumps variant (variant
AtoF - see Table 1).

Fig. 1. Scheme of a mechanical system - a symmétarcangement of extra weights.

Legend: C — geometric center, T — gravity systemZZ extra weights, k — stiffness of the springsdamping coefficients,

€. § — displacements of gravity system, h — unit stgp; shift the center of gravity (verticaly,, ¢, — angle of rotation
according to the individual axes (y, x)



Table 1. Variants of storage and excitation of na@ital system.

variant of storage variant of excitation
marking scheme marking falling springs
A 3
B 2,4
‘ C 3,4
| D |23
E 2,3,4
F 1,2,3,4
A 3
B 2,4
" C 3,4
D 2,3
E 2,3, 4
F 1,2,3,4
A 3
B 2,4
o C 3,4
" Qf\ D 2,3
E 2,3, 4
F 1,2,3,4
A 3
B 2,4
C 3,4
v D 2,3
E 2,3, 4
F 1,2,3, 4
A 3
B 2,4
C 3,4
v D 2,3
E 2,3, 4
F 1,2,3,4

Experimental Solutions

Were monitored vertical displacement at the mowgnpoint of springs (points 1, 2 and 3 in
Fig. 1). For experimental solutions were used itiglacsensors, processing was done in the
LabVIEW and MS Excel programs. In Figs. from 3 toafe shown some results of
experimental investigation. In Figs. 4 and 5 aretlom bottom to see a detailed shapes of
oscillations in one second of time.
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Fig. 3. Variant of loadings | — falling spring 1,2 4.
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Fig. 4. Variant of loadings IIl — falling spring 2, 3, 4.
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Fig. 5. Variant of loadings IV — falling spring 3.

Numerical Solution

Numerical solutions of vertical vibrations of a rhanical system was done in ADAMS
program. This simulation program allows you to perf static, kinematic and dynamic
analysis of the proposed models, it also enablegptomize and verify their mathematical
models and is commercially used.

The assembled model in ADAMS program can be sedngn6. It was designed so that
the most reliable conveyed the laboratory modetirgeboundary conditions was carried out
using the results of experimental solutions whilslo gerve to verify the data.
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Fig. 6. Model of mechanical system in ADAMS program

In the pictures below you can see some resultsiofemical solution (Fig. 7 and 8). Were
measured vertical displacements at points of getcaetenter of the springs.
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Fig. 7.Variant of loadings Il — falling spring 3, 4.
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Fig. 7. Variant of loadings IV — falling spring 3.

Conclusions

The comparison of the experimental and numericallte shows the satisfactory agreement
(up to 10 %). The small differences were causeditbgrent material constant of the damping
and stiffness of the spring. The arrangement ofoinendary condition of the model allows
increasing the accuracy of the numerical model.



displacement [mm]

displacement [mm]

]

i
(%]

-10

| I

time [s]
—— experiment - sensor A

15 20 experiment - sensor B
experiment - sensor C

—— ADAMS - sensor A

R —— ) — ADAMS - sensor B

- === ADAMS - sensor C
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Fig. 10. Variant of loadings | — falling springs2,,3, 4 (ADAMS and experiment).

The ADAMS software is suitable for simulation oktmvestigated system and the results
of simulation agree with experimental data withhi@igaccuracy. The result of the work is the
verification of the numerical model by experimehtis model can be applied to describe the
prediction of the behavior of the machines undbration.
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