Tests of the railway components
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Abstract: The standards for the railway components are dditb three mounting types which
include the vibration and shock tests. The levélgiloration and shock amplitudes depend on the
mounting type. The highest levels are defined ffigr axle mounting components like brakes. The
claims for the test conditions are mandatory fer tésting platform development and the mounting
design of the tested component which simulatesdahklocations. There is necessary to check the
modal analysis of the mounting design cause ofHigen modes of the fixed railway component
inside the standardized vibration spectrum.

Keywords: railway, vibration, shock.

1 Introduction

The levels of the test loading are divided accardmthe mounting location like axle, chassis aablit.
The highest levels are defined for the axle mogntiumere the acceleration RMS of the white noiseadig
are close to the 150 rA/svith peaks like Normal distribution according t8RBAS. Shock amplitude is
defined as half of the sinus period with amplitd®®0 m/3 with 6ms duration [1,2]. The testing component
is the brake system made by DAKO-CZ. We cooperitie BAKO-CZ since last year in term of durability
testing and mechanical design. The mass of theebcaknponent is 50kg. The mounting design must
correspond with the real conditions and the ma®é Ibof the whole tested system (testing brake with
mounting) is 100 kg. These limitations are defimadise of the used hydraulic system with maximum oil
flow of the oil unit. The optimization of the moumg system is necessary and virtual modal analysised.

2 Durability tests description

The vibration test signal is the pseudo stochastioal like white noise. The prescribed spectrum is
defined as the frequency spectrum of the Powert&petensity from 20 to 100 Hz and with 6dB decesas
till 500 Hz which corresponds with mass of the lerakhe vibration durability test takes 5 hours acle
global axis (total 15 hours). Before the durabitiégt was made the additional measurement to andiyz
floating caliper modes of the brake system. Theslacation sensor is mounted to the piston of thatex
and represents the input mechanical vibration ¢otésting component. The testing measurement with t
additional accelerometer sensor mounted to theagibrake is described on Figure 1.

The vibration control is based on the frequency a@omteration methodology described in [3]. The
displacement feedback is used with acceleratiotralsignal. The disadvantage is that is when thmter
system increases its temperature and frictiongtil, behavior occur the different response. Theatlowed
to stop the test cause of the high exciter temperdty the standard [1, 2]. The frequency analgkithe
additional acceleration is used for the compariaih virtual modal analysis. There is mandatoryt tte
modes are outside of the testing vibration spectttithere is not possible to fulfil this conditidhe control
system needs to suppress the modes of the testimgonent with the mounting construction.

The shock test represents the prescribed accelersitinal for the piston of the exciter. The shtedts
by using hydraulic system are difficult to contoaluse of the oil injection delay which is arounds2ifihe
acceleration peak is effective to perform with thisplacement reversing of the piston. The serveeval
opening is necessary to check during the test aafube stability during 100% servo opening.
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Fig. 1 a) Brake DAKO-CZ with acc. sensor b) Frequency modes of the additional acc. sensor

3 Optimization

The mounting design for the vertical tests needbeooptimized for the transverse and longitudinal
direction tests. The hydraulic system does notthisevibration table and the testing component isimted
to the rotated piston flange in the tested directibhe vertical test mounting design is used fer tiodal
analysis of the floating caliper of the brake systdhe Eigen modes of the mounting system haveeto b
outside the Eigen modes of the floating caliper {50 Hz described on Fig. 2). The first two EBige
modes of the vertical mounting design analyzedhleyirtual modal analysis are 187 Hz (real mode Hg8D
and 369 Hz (real mode 343 Hz) and fulfil this cdiadi (Figure 3a and 3b).
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Fig. 3 a) First Eigen mode - 187 Hz b) Second Eigen mode - 369 Hz



The universal mounting design was developed anidh@&d by using the virtual modal analysis (Fig. 4
and Tab. 1). The initial conditions are the masdtlilOOkg and Eigen modes higher than 150Hz. The
optimization of the components thickness and msflielps to predict the real behavior. The brakéesy
was simplified in the model to rigid body with pcebed mass and inertia moments. The floating ealip
was not included into the model.

Modal analysis
Mode f [Hz] v 1 230.199295 : 12

NODE : Displacement NORM
Min = 9.18756e-013 at Node 442479
230 Max = 0.0305773 at Node 3000810
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Tab. 1 a) Result and prescribe vibration limits Fig. 4 Modal analysis of the optimized design

4 Durability testsresults

The status of the durability test is if the intégand functionality of the brake system is fuéfdl without
any failure. The prescribed vibration and shock &s on Figure 5a and 5b. The vibration testingt$ are
3dB up and down the prescribed acceleration defasethe Power Spectrum Density of the acceleratibe.
acceleration results are in acceptable standardinéd.

There is not needed the additional acceleratiamsame mounted to the brake system. The input
acceleration is analyzed by the sensor mountetidaexciter's piston. This sensor is used for thsulte
spectrum check during iteration method to contnel target vibration spectrum. It is mandatory tentify
the complete exciter system with the testing spenirar mechanism. It is possible to suppress natural
frequencies of the hydraulic exciter and also mgs8pecimen or mechanisms. It is recommended to use
wider frequency range than prescribed spectrum. cidmemon frequency response function (FRF) of the
hydraulic exciter is used for identification. Thext step is the original estimate of the input aldior the
first step of iteration (the input signal respo$d¢he inverse FRF). The iteration methodology usmsple
of steps to fulfil the prescribed spectrum by ojigation of the inverse FRF function for the inpigral of
the hydraulic valve. The disadvantage of this metie the impossibility to control in real time. i
mandatory to check the result spectrum after eliety cause of the oil temperature dependency. @ste t
breaks are allowed by the standards and are neg@ésdarm of high temperature of the exciter syste

The best results for the hydraulic system as tloelslexciter is described on Figure b. The hydraulic
system behavior during the maximum peak is on @mgrol stability limit cause of the 100% valve open
but still might be acceptable in term of fulfillindpe acceleration lower limit in extremely shortrakion
close to the 6ms.
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Fig. 5 a) Vibration durability test - PSD spectrum b) Shock durability test acceleration peak

4 Conclusion

The frequency analysis is mandatory for the mogngiystem development with the floating caliperiaf t
brake. The Eigen modes of the mounting system havee outside the floating caliper modes. The mass
limits were fulfilled — the mounting system for alirections is after optimization 49kg. The optigtz
design is possible to use for vertical, longitutliswad transversal tests without disassembly thkebsgstem
and fulfils both conditions — the first Eigen made230Hz (floating caliper modes till 150Hz) aneé timass
of the whole test component mounted to the expiton is 99kg (mass limit of the hydraulic unitLi@0kg).

There is necessary to use frequency domain iteradiocontrol the hydraulic exciter system. The test
results for the worst acceleration level are desdion Figure 5 a). The result spectrum is accepiab
prescribed limits. The shock results are at thegaretime on the stability limits of the used hydi@system
(Fig. 5b).
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