2

‘o

Acta Mechatronica - International Scientific Journal about Mechatronics

2,

‘:? # Volume: 5 2020 Issue: 3 Pages: 35-40 ISSN 2453-7306
«
=
9 M ANALYSIS OF INDUCTIVE SENSOR FIXING CLAMP IN RAILWAY APPLICATIONS
2 & Barbara Schiirger; Michal Kicko; Vojtech Neumann; Peter Frankovsky
oy

doi:10.22306/am.v5i3.66 Received: 30 Jur020
Revised: 25 July 2020
Accepted: 12 Aug. 2020

ANALYSIS OF INDUCTIVE SENSOR FIXING CLAMP IN RAILWA Y
APPLICATIONS

Barbara Schurger
Technical University of KoSice, Faculty of Mechaadi&€ngineering, Institute of Design Machine andcess
Engineering, Department of Applied Mechanics andh&mical Engineering, Letn4 9, 042 00 KoSice, Stdrapublic,
EU, barbara.schurger@tuke.sk
Michal Kicko
Technical University of KoSice, Faculty of Mechaadi&€ngineering, Institute of Design Machine andcess
Engineering, Department of Applied Mechanics andh&mical Engineering, Letn4 9, 042 00 KoSice, Stdrapublic,
EU, michal.kicko@tuke.sk
Vojtech Neumann
Technical University of KoSice, Faculty of Mechaadi&ngineering, Institute of Design Machine andcess
Engineering, Department of Applied Mechanics andh&mical Engineering, Letn4 9, 042 00 KoSice, Stdrapublic,
EU, Vojtech.Neumann@grob.de
Peter Frankovsky
Technical University of KoSice, Faculty of Mechaadi&ngineering, Institute of Design Machine andcess
Engineering, Department of Applied Mechanics andh&mical Engineering, Letn4 9, 042 00 KoSice, Stdrapublic,
EU, peter.frankovsky@tuke.sk (corresponding author)

Keywords: static analysis, dynamic analysis, FEM, fixing glamailway application

Abstract: This paper provides static, modal and dynamicyaimbf the assembly consisting of fixing clampuntive
sensor, two fixing bolts and frame applied on raijwstock. All the necessary tests to perform thialyesis are in
accordance with the standard EN 61373: 2010 oBlineak standard STN EN 61373: 2011. In the next pasimulation
of the tests required for the dynamic analysifiefrhodelled assembly is performed. For each asaly@n Misses stress
is evaluated and then compared to the yield stneafjused material. Finally, this work providesragosal for new
design solutions of the fixing clamp based on thioed results. All analyses were performed in XSSVorkbench
programme using finite element method.

1 Introduction 2 Railway application

The rising standard of living increasing demandghen The sensors (Figure 1) with their fixing clamp agxbl
creation of optimal product design regarding theant of  to rolling stock are subjected to a determinisacntionic
time, money and material used. With the help of poter load during operation as the railway wagon moves on
software, we can combine knowledge from severamooth rails.
scientific disciplines, and thus create methodsabfition
and analysis in order to create the most optimalgtde
solution [1]. Such solutions are particularly imjgot in
the areas of dynamic stress, to which the compsnamt
rolling stock are exposed as a result of their ajpam on
railways. The force effect of dynamic loading varie
both magnitude and direction, and the nature obehe
changes affects how reliably the component willrafee
until the end of its expected life.

The aim of this paper was a dynamic analysis of the
clamp fixing the OsiSense XS inductive proximitynser
from Telemecanique Sensors. This line of sensond s
functional and easy-to-install sensors that helgrizate
much safer operation of the rolling stock.

Figure 1 Types of sensor used in railway appligagio

For this reason, these parts must be subjectebeto t
tests defined in standard EN 61373: 2011. This
International Standard specifies requirements foe t
testing of components for use on railway vehicleg aire
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subsequently exposed to vibration and shock dutheo to withstand, for a reasonable period, tests sitimgahe
operating environment of the railway. operation of the vehicle over its expected serlifed3].

To ensure that the quality of the element is aat#et
it must withstand tests of a reasonably long tirat t
simulate conditions throughout its expected life.

The test simulations were performed according € th
procedures defined in the standard [2], specifidait two
categories that were required in advance for fixdlegnp
analysis:

= Category 1, Class Bequipment mounted on the

body of the rolling stock,

= Category 2: equipment mounted on the bogie of a

rolling stock.

Figure 2 Analysed assembly
Table 1 Engineering data: Material properties
Structural | Aluminium Plagtic In the ANSYS Workbench program, a model of the
Sted Alloy ABS fixing clamp with a sensor OsiSense XS, fixing bolt
13240 6061 M5x40 and a frame was built. Then the model wasrelie

Density b uadratic hexagonal finite elements (Figure 2).
(kg.n3) 7850 2170 1050 D)i/mgnsions of the se?]sor and mounting brackét v;'erm :
Young's by the manufacturer.

Modulus 2,1.16 0,71.16 0,024.16

(MPa 4 Static analysis

Poisson’s 03 0.33 0.4078 After creating the finite element network, a static
Ratio ) analysis was performed on the original structuiels In

Tensile the first step of the static calculation the fixagpport and

Yield 250 164.8 36,13 the bolt pretension was defined by calculating legicces
Strength (1) based on the formula [4]:

(MPa)

Tensile F=2=_2% __2680N (1)

; k.d 0,2.5.1073

Ultimate |46 246,1 38,73
Strength . . . .

(MPa where M ismaximum torque required to tighten the

screw, k is material constant and d is nominal di@mof

Furthermore, it was necessary to define the indalid the bolt thread.

excitation directions, namely: In th t st vsed th .
= Transverse direction:in the direction of the X axis. n the next step, we analyse e maximum

= Longitudinal direction: in the direction of the Y deformations and stresses.
axis.

= Vertical direction: in the direction of the Z axis. e
The aim of the research was to perform numerical & .
simulations of random vibration tests and shocisteta o
fixing clamp made of 3 different materials.
The basic model of fixing clamp is made of struaktu
steel, while 2 other materials were designed during

optimization, namely aluminium alloy 6061 (more
expensive, but lighter than steel) and plastic Aoiyrile-
butadiene-styrene (cheaper and lighter than stdetgrial e
properties of used materials are defined in Table 1

Figure 3 Total deformation of the assembly

&'

Figure 4 Von Misses stresses of the assembly

3 Problem definition I“:;
The aim of the work was to perform numerical = ==
simulations of random vibration tests and impastse
which are defined by the standard EN 61373: 2011 fc
equipment mounted on rail vehicles. In order tessshe
quality of a component, it is necessary for the ponent

~ 36 ~

Copyright © Acta Mechatronica, www.actamechatronica.eu



2

chat,%
»
(<)

&2

é;ov

The largest deformations occur at the outer fadhef
bolts, where they reach a value of 0.0034 mm (Eig@)r
The stress concentration occurs at the outer fatieeo
bolts where they reach a value 157,9 MPa (Figure 4)

Static analysis provided required data for furthedal
analysis [4].

5 Dynamic analysis
5.1 Modal analysis

This analysis is one of the most widely used tyges
dynamic analysis. According to the author [5], wanc
characterize it as a part of dynamics, which defimedal
parameters and dynamic behaviour of structures.

If we assume the linear behaviour of the mateitiein
the basic equation of motion of the dynamic analysl|
be in the form of a system of linear differentiguations
of the second order in the matrix form (2):

[M]{i} + [Cl{u} + [K]{u} = {F} (2)

In the case of modal analysis, we neglect bothreate
load and viscous attenuation, so we can write éaué®)
in the form (3) [6]:

[MI{ii} + [K{u} = 0 ®)

The results of the modal analysis in the form ofils
shapes with the corresponding natural frequencytHer
original structural steel model are in Table 2

three applied materials are shown in Figure 5.

Table 2 Results of modal analysis

o (H2) Mode [0) Mode
shape (Hz) shape
1.| 1701 2. | 3905
3. | 4520,7 4. | 4820,4
5. | 6367 6. | 7606,5
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Figure 5 Natural frequencies of the assembly

The performed modal analysis determined the first s
mode shapes with corresponding natural frequencies.
These first six modes are enough to perform further
analyses as it provides input information for baotie
random vibration testing and the shock testingQy.-2

5.2 Random vibration testing
To simulate the tests, linear dynamic calculationge

o performed in a predefined frequency range [2].

P |
ASD (mis”) Hz
(log scale) Tolerance bands +3 dB

on nominal spectrum

9 dB/octave

Normal
X —6 dBloctave
Lower limit

ZEEEEENS

f 5 20 2

Frequency Hz
(log scale)

Direction
X ¥ z

Functional test
ASD level
(m/s?)%/Hz
Effective value
m/s?
Functional test
ASD level
{m/s?)*/Hz
Effective value
m/s?

0,0060 0,0144 0,0301

Category 1B

0,45 0,70 1,01

0,144 0,0414 0,190

Category 2

4,70 2,50 5,40

Figure 6 Parameters of random vibration testjag

This range was used to obtain vibration responses
caused by random vibration excitation. This exiatatvas
defined by accelerated power spectral density (ASD)
curves with the prescribed frequency range andnzn
square spectrum values given in the standard [2].

All values used in excitation process with the
corresponding course of the graph are shown in the
Figure 6.
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Results
The result of the random vibration tests for Catggo
1B (Table 3) and Category 2 (Table 4) are the RMS v

Mises fields with the specific values given in thbles.

Table 3 Random vibration testing: Results for catgd B

Table 4 Random vibration testing: Results for catg@

Structural | Aluminium Plagtic
Direction Stedl Alloy ABS
13 240 6061

X_norm. 1

(MPa 0.0053682| 0.0052499 | 0.034317
X_incr.

(MPa 0.009758 0.0061394, 0.051746
Y_norm. L

(MPa 0.0095404| 0.0095111 0.025356
Y _incr.

(MPa 0.015117 0.013135 0.080164
Z_norm.

(MPa 0.021856 0.018751 0.1159

Structural

Aluminium

Direction |  Sted Alloy Plasie
13240 6061
X_norm.
MPa | 0-099436 | 5431 | 0.3573
X_incr.
(MPa_ | 0.1009 | 0.06377 | 0.5897
Y_norm.
(MPa | 0.03433 0.03: | 0.09094
Y _incr..
(MPa | 0.05388 | 0.04680 | 0.3147
Z_norm.
(MPa_ | 0.1161 | 0.07330. | 0.6785

The results are given for the X direction, the d¥edtion
and the Z direction. The highest effective exaitatvalue

occurring in the vertical Z direction. This valgthen also

used for the transverse direction X and the lowiyiial
direction Y as an increased excitation level [2].

The comparison of the results of the maximum reduceinot exceeded in any direction of stress for indiaid
stress values for all three materials and for efdction
are shown in Figure 7 for Category 1B and in Figkifer
Category 2, evaluating the state where the value identified in standard [2].
maximum reduced stresses is greater than thestieldgth
of the material used.

Such a condition is considered unsatisfactory teau

undesired deformations are expected.

Random vibration testing
Category 1B

- 0.14
o
s 012
g 0.1
% 0.08
-
e
9 0.06
>
5 0.04
a- -
0
X_norm X_incr. Y_norm. Y_incr. Z_norm

= Structural Steel === Aluminium Alloy ABS

Figure 7 Random vibration testing: Comparison @& thsults
for Category 1B

Random vibration testing
Category 2

0.8
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‘,af"”j\%_ ..e*d’i’@‘_;

==

X_norm X_incr. Y_norm. Y_incr. Z_norm
=#==Structural Steel ==e==Aluminium Alloy ABS

Figure 8 Random vibration testing: Comparison @& thsults
for Category 2

It is clear from the results that the yield stréngias

materials, so we can say that the item under tegbomed
with the performance tests after the vibration ingst

5.3 Shock testing

To simulate the tests, linear dynamic calculationge
performed in a predefined time domain, which wesedu
to obtain vibration responses during shock excitatmhis
excitation was defined by acceleration time coursssg
three positive and three negative pulses and the ti
required for the responses to subside. It wasradsessary
to define the amplitude and width of the pulsegFé 9).
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024 Upper bounds
6 Nominal pulse
-0.2A Lower bounds
250 (2] J
Integration time = 1,50 '
21D Monitoring duration of
shock tester = 2,4 D —
L. Monitoring duration of vibration generator = 6 D
Direction
X Y 4
Peak a(:::‘:/eslf)rat:on 30 50 30
Category 1B Nominal d -
lominal duration 30 30 30
(ms)
Peak a(::/eslze)ratlon 300 300 300
Category 2 Norinald =
lominal duration 18 18 18
(ms)
Figure 9 Parameters of shock testifj
5.3.1 Results

The result of the shock tests for Category 1B (@&

and Category 2 (Table 6) are the RMS von Misesldiel
with the specific values given in the tables.

Table 5 Shock testing: Results for category 1B

Structural | Aluminium Plastic
Direction Steel Alloy ABS
13240 6061

X_norm.

(MPa 0.0005067| 0.0006767 | 0.020885
X_incr.

(MPa 0.0008445, 0.0011279  0.034808
Y_norm.

(MPa 0.0011277, 0.0014311 0.086949
Z_norm.

(MPa 0.0036982 0.003909 0.19823

Z_incr.

(MPa 0.0061636 0.006515 0.33038

Table 6 Shock testing: Results for category 2
Structural | Aluminium Plastic
Direction Stedl Alloy ABS
13240 6061

X_norm.

(MPa 0.0064913, 0.00883 0.68591
Y_norm.

(MPa 0.010594 0.019368 0.4245
Z _norm.

(MPa 0.060216 0.10024 2.6137

The results are given for the X direction, the d¥edtion
and the Z direction, with the highest excitatiofeetive
value occurring in category 1B in the longitudidakction
Y. This value is then also used for the transvensection
X and the vertical direction Z as an increasedtation

level. For category 2, the effective excitationues are the
same in all directions [2].

The results of the maximum reduced stress values fo
all three materials and for each direction are shaw
Figure 10 for Category 1B and in Figure 11 for Qaty
2, evaluating the state where the value of maximum
reduced stresses is greater than the yield stresfgthe
material used. Such a condition is considered
unsatisfactory because undesired plastic deformsagoe
expected.

Shock testing
Category 1B

& 035
o
2 03
¢ 025
5
w02
=
c
S 015
3
5 0.1
o
w005

X_norm. X_incr. Y_norm. Z_norm. Z_incr.
e Structural Steel e Aluminium Alloy ABS
Figure 10 Shock testing: Comparison of the redoit<ategory
1B
Shock testing
Category 2
© 3
o
< 2.5
@
£ 2
"
£ 15
K
2 1
T
w05
0 - M1
X_norm. Y_norm. Z_norm.
e Structural Steel === Aluminium Alloy ABS

Figure 11 Shock testing: Comparison of the redoit<ategory
2

It is clear from the results that the yield stréngias
not exceeded in any direction of stress for indiaid
materials, so we can say that the item under tegbomed
with the performance tests after the vibration ingst
identified in standard [2].
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6 Conclusion [9] SONG, B., WANG, H.: Dynamic simulation and

The topic of this article was the dynamic analgsithe optimization of clamping mechanism of online tensio
sensor OsiSense XS mounting bracket in accordaithe w ~ testing machine for wire ropeEngineering Failure
the standard EN 61373: 2010. Analysis Vol. 95, No. 5, pp. 181-190, 2019.

The aim of the analysis was to assess the sutabfli [10] WANG, Y., LIU, S.: A method of railway system
the bracket design. In developing this issue, tbtéal safety analysis based on cusp catastrophe model,
knowledge about the finite element method and the Accident Analysis & Preventiorv/ol. 151, No. 13,
subsequent use of the optimization process to ineptioe pp. 51-64, 2021. .
final design of the solution were used. [11]Ll, Z., ZHANG, C.. Design and parameter

By evaluating the results of the maximum reduced ©Optimization of contactless vertical inductive angl
stresses obtained in the random vibration testseiss in sensoryacuumVol. 169, No. 23, pp. 141-156, 2019.
the shock tests, it is obvious that neither matehis [12] VO, D., BORKOVIC, A.. Dynamic multi-patch
reached its yield strength. Therefore, all threetemial isogeometric analysis of planar Euler-Bernoulli
designs meet the standard. However, in terms ofiwei beamsComputer Methods in Applied Mechanics and

and economic aspect, the best design is the mguntin  EngineeringVol. 372, No. 3, pp. 41-46, 2020.
bracket model made of ABS Plastic, which, despitéoiv  [13] ZHANG, H., ZHU, X.: Nonlinear dynamic analysis

specific weight, is an extremely durable materiad a method for large-scale single-layer lattice domis w
therefore met all testing parameters [3-20]. uncertain-but-bounded  parameterszngineering

structures\Vol. 203, No. 5, pp. 12-19, 2020.
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