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Abstract: Correct boundary conditions determination as acbpsesumption for
experiment performance in conformity with real \@iservice conditions and valid
standards requirements for vehicle dimensioningosButive tested vehicle body
support during the test. Analysis of real vehicledp loads and methods of
substitution of real loads by test loads. Means témt load forces applying and
methods of introduction and distribution of loadiiegces into vehicle body. Methods
for determination of test sample dead weight steegkits effect on the overall stress
of vehicle body. Verification of computational médyy comparing calculation and
test results.
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1. About VUKV a. s. Company

The company deals with development and testingibfay vehicles, their parts and
other components from the area of transport engimgeThe company also offers
advisory and consultancy services in these areas.

These activities are performed by a team of highlglified and experienced
in-house experts applying the most up-to-date nesthprocedures and equipment.

The major customers of the company include domestici foreign
manufacturers of railway rolling stock and transgptachnology, repair plants,
infrastructure administrators and operators.

One of the important activities of the testing fab railway rolling stock is
also the static strength tests of the car bodgstras.

2. Introduction

The static strength test is currently a commoniglameasure carried out during

approval process of new railway vehicle type. Bisacquisition of real image about
the state of stress of vehicle body structure aeduirom experiment made on real
test sample in 1:1 scale. Stress and deformatibiesabtained in that way and the
general response of vehicle structure to the ¢est re consequently compared with
the strength calculation outputs.

Because of the extensive range of static strerggts tthe attention will be
paid entirely to passenger vehicles in followingtteThe great circumspection
during determination of boundary conditions is rsseey especially at this kind of
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vehicles because much more variables are usualigygabere compared to e. g.
freight wagons.

The whole strength test procedure can be geneatadiged into three following
steps:

2.1. Preparation

Preparation of the test represents processing agatled information about vehicle
body structure under test. It means classificatibiine vehicle to relevant passenger
rolling stock group (P1 till P5 according to relavastandard EN 12663-1) and
thence following vehicle body structure strengtiquieements, definition of test
loads, correct determination of all boundary cdods etc.

2.2. Realization

The most difficult part of the test realizationusually test sample preparation and
it's adjusting into the testing bench. The testparation can be divided from point
of view of contents into preparation of all sensansl measuring equipment (stress,
deformation and force measuring) and test benchpgpation. Test bench
preparation consists of preparation of both mechand hydraulic part. The load
forces are generated by hydraulic part.

2.3. Evaluation

The evaluation of results means especially theiticat analysis following by
comparison with results obtained from calculation heans of finite elements
method.

3. Boundary condition analysis in terms of test prepaation

Correct boundary condition analysis is a key prgstion of correct static strength
test performance. It consists of determinatioresf toads to which the vehicle body
structure is intended to withstand, general vehietéght analysis, considerations
about influence of particular loads to state ofsdrin vehicle body structure,
detailed analyses of a vehicle body design spopoitant for force transmission,
analyses of degrees of freedom (DOF) etc. Thevatlg documents are needed for
the mentioned analysis:

3.1. Valid technical standards

Basic requirements to vehicle body structure stierage fixed in valid standards.
For passenger vehicles, European Standards EN 12@®8 EN 15227 are valid.
The required kinds of load for the mentioned vehigpe, test loading force values,
test performance conditions etc. are stated hdre.standards prescribe minimum
requirements which can be enlarged on the basestdmer requirements.

3.2. Type drawing

Type drawing is a basic information source foristédst performance. Except of
directly mentioned values the expected generakfeftort of vehicle body structure
parts respectively design spots can be presumedlaogbotential critical points can
be estimated. If it is a type drawing of a wholeltiple unit the force efforts on the



particular cars of the unit can be analyzed inlthsic way and the maximal loaded
vehicle body structure can be chosen for the test.

3.3. Weight analysis of the vehicle

The first step is to assess the size of partici@ads. During this assessment, the
important single loads which are simulated as sinfgces during the test are
chosen. All remaining loads are substituted durthg test by surface loads

uniformly distributed in particular length segmenfsvehicle body structure. This

necessary simplification enables the practicalgestormance.

3.4. Detail drawings of particular design spots important from point of view of force
load transmission

Correct introduction of particular loads as sigrafit single forces requires the
knowledge not only about the values and applicatioimts of particular forces but
also about load conditions — the sizes and formshefloaded contact surfaces,
stiffness of the real equipment which are inteneldle substituted by test jigs etc.

4. Practical test performance

The attention was paid for the analytical test prafion hitherto. Now follows the

part which deals with very realization of the te8k the first step a general
inspection of vehicle body structure under test apdssible production

imperfections — e. g. inequalities, non-symmettacps, weld failures etc. — have to
be marked to obtain information about the initiahdition before the test. Important
part of vehicle body structure preparation is addog of strain gauges, rosettes,
setting of all deformation sensors etc. Adjustnafntehicle body structure into the
test bench consists of preparation of all parttoatling device (mechanical parts,
hydraulic circuits,...) responding to the analysisriea out in previous step. The
correct performance of this step is important m$hme way as the correct analysis.

4.1. Substitutive test load in vertical direction
Substitutive test load has to satisfy the followampditions:
4.1.1.Bending moment

Particular test forces must have such sizes and gamts of application in order
that resulting bending moment acting in particidesss sections of vehicle body
structure corresponds to bending moment invokeckhlservice load.

4.1.2.Reaction forces in the supports

Particular substitutive test forces must have simds and such points of application
in order that the reaction forces measured in tigparts have the same size as the
reaction forces of vehicle body structures loadgdeal service load.

4.1.3.Position of mass center

Particular substitutive test forces must have simds and such points of application
in order that the resulting mass center of thealeHbaded by test loads and mass



center of the vehicle loaded by service load hasage of projection to horizontal
plane approximately the same position.

4.2. Practical performance of boundary conditions
Practical realization of boundary conditions cardlwded into following areas:
4.2.1.Practical realization of supports — see Fig. 1

Vehicle body structure is supported by substitutiest bogies during the test. The
bogies are universal from point of view of theimstruction; substitution jigs for

simulation of a real bogie—body interface can beated on them. This interface
must correspond to parameters of a real car boplyostion the bogies. The contact
surfaces position and size must be kept and theeds@f freedom of real system
must be respected. This interface also includesattoe transducers for verification
measurement of reaction forces from the introduegtical load.

Fig. 1. Practical realization of supports - substitutiesttbogie

4.2.2.Practical realization of the vertical load

All vertical loads will be divided into two groups surface loads and single force
load — due to further description lucidity. Thiwiding is carried out on the base of
ratio between loading force and size of area stéjeloy relevant force. This ratio is
signally smaller in case of surface loads theraseoof single force load.

4.2.2.1.Equable (surface) load — see Fig. 2

The load simulating passenger weight or dead wai§ehicle body structure can
be stated as a typical example. Two pairs of woogdsnks are located
symmetrically in the direction of longitudinal velé axis on explicit length vehicle
body segment. Their mutual distance and positiomirst) sidewall is set
geometrically. The longitudinal planks are consedyeconnected by short cross
planks. Respective loading force acts to thesesgotasks by means of special steel



frames. The loading force reaction is capturedetstinng hall body by means of
transversely oriented girders and poles.

Fig. 2. Practical realization of equable (surface) load

4.2.2.2.Single forces — see Fig. 3

The loading by single forces do not vary by a waygapturing the reaction forces
from the uniform load. The main difference is ie ttact that the loading forces are
introduced into excessive smaller vehicle body areag. pads, aggregate consoles,
bogie hangings etc. Special jigs as devices fat loroducing are usually produced
as substitution for real devices. If availableoalke original parts (e. g. carrying
frame for motor-generator) can be used. The paemetf the jigs (size, form of
contact surfaces, stiffness,...) must be of such kinorder to the loads introduced
by means of them correspond to the loads invokedhbyreal devices. For the
realization of this condition is necessary that plesitions of mass centers of real
devices and substitution loads are the same dymiofgction to horizontal plane.
Also number of degrees of freedom of real and switisih systems must be the
same.



Fig. 3. Practical realization of single forces

4.2.3.Practical realization of longitudinal loads

The valid standards prescribe specific longitudloats for relevant vehicle type to
which the vehicle body has to withstand. Thesetla@eexceptional — extreme loads
in all cases which can happen during the servivesé loads simulate the collision
with other vehicles or with various subjects). Tietwhy most of such loads are
verified not only with numeric calculation but alaith the static test. These are the
following loads:

+ Compression force to buffers (if the vehicle isipged by buffers)

¢ Compression and tension forces in mounting areaitifmatic coupler or
joint

¢ Compression force to lower window ring bar of drisecab

¢+ Compression force to obstacle deflector — plougtefates symmetrical
and asymmetrical)

¢ Compression force to upper ring bar of wagon frmart (in gangway
ared

Similar principles as in case of the loading bytical single forces are valid in case
of loading by longitudinal forces. The test forcancbe introduced respectively
caught by substitution jigs or original parts to tested. The same rules are valid
using substitutive jigs as in case of introduciimgke forces in vertical direction:

¢ Identical size of contact surface
¢ Identical stiffness
¢+ Keeping of degrees of freedom number



Typical example for such jig is automatic couplebstitution — see Fig. 4. To keep
the same technologic process as in case of regdragat — except of requirements
for relevant jig — is necessary — e. g. tighteniorgue of the screws.

Fig. 4. Automatic coupler substitution

An example for using of original part can be jotannecting two vehicle bodies.
The joint can be partially modified — e. g. rublneetal chuck can be substituted by
a steel one.

Another example is testing load of obstacle defle@plough). For such case special
jigs from plywood with a “negative form” of the ndté and transversal part of a
plough are prepared. In case of both symmetricamythmetric loads the required
distance and parallelism of acting force with tdpail plane are checked. To keep
the constant geometry during loading the ploughckhabsorbers are usually
substituted by stiff rods.

5. Comparison of test and calculation results

All obtained values from static strength teststarbe substantial analyzed in very
critical way. First phase is a basic estimatiomefasured values from point of view
of size and polarity; next phase is a comparisovatfies with values from other
loads, comparison with allowed values etc. Someoiaynt effects follow the whole

process:

5.1. Linearity of measured values

It is checked that the measured values of stresk @aformations increase
proportionally with increasing load. Eventual sfiggant divergence from this
presumption shows change of load flow. This chacmeld be caused by plastic
deformations of certain part of vehicle body.



5.2. Verification of residual values

Downward tendency of state of stress and deformstio zero after loads subside is
checked. Possible measured residual stresses dmanddons show local plastic
vehicle body transformation. Then not only theieggnce and immediate size but
also the tendency of their further developmentnipartant. Residual stress and
deformation values in case of sizable welded fartg. vehicle bodies) are common
after the first loading cycle but they should falllimit way to zero after repeated
loading cycles.

5.3. Verification of symmetric points

The same measured values at symmetrically locattsoss (strain gauges,
potentiometers for deformation measurements) areckdd. Potential great
differences could be caused by vehicle body nonmsgtry when production
technology was violated, loads did not introducgohimetrically or a mistake has
occurred in measuring chain; both last reasons twle removed immediately.

5.4. Comparison with allowed values

Obtained stress and deformation values are compétkdillowed values which are
defined in relevant standards. Eventually overriallowed values is to review not
only from point of view of size but also from poiof view of strain gauge position
on vehicle body (design spots) and kind of loadiseyvice, exceptional) in which
the overrun has occurred.

5.5. General behavior of tested vehicle body

A part of evaluation of static strength test ioadgneral inspection of vehicle body
similar as before the test aimed especially to reostangered parts. It is observed
whether any permanent deformations occur that cdiddcaused e. g. when
construction stability was lost.

Quick preliminary analysis according to above diesct five steps during particular
test loads is carried out in the praxis. Substhatialysis of all measured values is
carried out at the end of the test.

6. Conclusion

On assumption that in case of elected kinds of Itve®l measured stresses and
deformation comply with allowed values and suffitieconformity between
calculation and experiment was achieved in the s@me it can be supposed that
the strength calculation is correct also for loades which were not experimentally
verified. The general sufficient strength and ttasise of vehicle body against both
service and exceptional loads has been validatethigyverification of strength
calculation and by suitable measured values. Tlyeaitdm the main goal of the static
strength test is fulfilled.



