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Static and Dynamic Tests Performed on a Flat Wagon

Nicolae SANDU!, Nicusor Laurentiu ZAHARIA?

Summary

Today, a wide range of freight wagons is used by railway operators. During the last cen-
tury, the gondola wagon was the back bone of each freight railway operator due the ver-
satility of such type of wagon. But in the last years because of intermodal necessity a flat
wagons are more often used because a 20', 30' or 40' container with goods can be used on
ships between continents, on flat wagons from the seaport to a railway station (on main
land) and from the railway station to a hypermarket (or end user) with the help of truck.
This paper present some of the tests performed at a four axle flat wagon. Based on testing
report the wagon was certified (homologated) and putted in service on Romanian Railways.
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1. Introduction

Before putting in service a railway vehicle, static and dynamic tests are per-
formed for the prototype of the series, according to a testing program. The tests
are made in accordance with standards from technical specification of the product.
This paper presents only the static and dynamic experimental stress analysis with
strain gauges at four axle flat wagon for 20', 30' and 40' container transportation
performed at wagon’s body, because the bogies of the wagon were Y25 type. The Y25
bogie is standardized bogie, so it wasn’t necessary to make tests for bogie’s homolo-
gation. During homologation procedure other type of tests were also performed
(braking tests, vehicle dynamic tests etc.).

Previously the tests, numerical studies with finite element method were per-
formed by the designers of wagon. Those studies were the starting point of some
of strain gages locations. The finite element analysis software used by the design-
ers was Ansys. At this moment, the finite element method is widely used all over
the world by the designers, but is far to be perfect; because of its limits it is neces-
sary that virtual experiments to be confirmed by real experiments. But still, finite
element method is one of the most powerful tools used in design stage or when
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the necessity to modify the body of the prototype vehicle when some uncon-
formities appear due the testing or because some last moments client require-
ments. During the years, our observations proved that none of the testing methods
(virtual or real) it is not a panacea (a combinations of the methods is recom-
mended), at that moment the real tests are the key (or decision element) to prove
the conformity or not of a product with reference documents (standards, technical
specifications etc.).

Experimental stress analysis with strain gages for this wagon was performed
by Rolling Stock Laboratory of Romanian Railway Notified Body which is one
of the four independent from Romanian Railway Authority — AFER according
with [1, 2, 3, 7]. The tests were performed as follows:

o Static tests on AFER’s static test bench from Bucharest;
e Dynamic ramming (collision) at AFER’s Railway Testing Center from

Faurei;

Running tests at AFER’s Railway Testing Center from Faurei.

2. The Tests

2.1. Measuring Points and Data Acquisition Systems

A flat wagon had only chassis without end walls, lateral walls or roof. Some
flat wagons have wood floor in purpose to transport not only goods in containers
but also metal plates, vehicles, or anything railway regulations allow. Other flat
wagons are manufactured only for containers transport. In figure 1 is presented
the chassis of a flat wagon for container transport.
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Fig. 1. The chassis of a flat wagon

As data acquisition systems we used HBM Centipede 100 for static tests and
HBM MGCplus and HBM Spider8 for dynamic (ramming and running) tests. For
this project we used only 30 channels for strain gauges of the HBM Centipede
100 amplifier; the maximum number of our static data acquisition system is 180
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(strain gauges, load cells etc., fig. 2). For other projects, at dynamic tests a large
number of channels of MGCplus and Spider8 were used (maximum 54). The data
acquisition interface was made by AFER in HBM Catman 4.5 software. The
number of measuring points for a project depends of the complexity of the vehi-
cle’s body, if the body has symmetry planes etc. The strain gauges and accesso-
ries (bonding material, protective coating) were also from HBM [4]. For freight
wagons in some documents [3] there are indications regarding the type of strain
gauge (120 Q electrical resistance and 10 mm measuring base). In purpose to
measure deflections and deformations at static tests, high and deformation roll
gauges were mounted (fig. 3) for horizontal deformations (a-a', b-b', c-c') and
vertical deflections (1-1', 2-2', 3-3").
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ig. 2. Measuring points (strain gauges) position
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Fig. 3. Deformation roll gauges positions

2.2. Static Tests

Static tests with strain gauges at the wagon’s body were performed on AFER’s
static test bench from Bucharest. In figure 4 is presented AFER’s static test bench
for railway vehicles from Bucharest.
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Fig. 4. AFER’s static test bench: 1) railways (1435 mm gauge), 2) fixed frame, 3) hy-
draulic cylinders beam, 4) mobile frame, 5) resting beam, 6) central hydraulic cylinder,
7) hydraulic cylinder, 8) hydraulic cylinder

In purpose to test many types of railway vehicles (freight wagons, passenger
cars or locomotives) the bench test can be adapted according with each vehicle
geometry. For example, from the point of view of the length of the vehicle the
mobile frame (5) can be translated parallel with the railways. Depending of the
buffers height measured from the upper face of the railways, the beam with hy-
draulic cylinders and the resting beam can be moved up or down. In purpose to
create compressive forces on buffers, the hydraulic cylinders (7) and (8) are used.
For tensile or compressive force at coupler level, central hydraulic cylinder (6) is
used. Due the action of the hydraulic cylinders on the wagon’s body is necessary
the resting beam in purpose to create the reactions.
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Fig. 5. The flat wagon positioned on AFER’s static test bench

For a freight wagon as it is the flat wagon (fig. 5), next static tests must be
made according with [1, 2, 3, 7]:
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Horizontal forces:

tensile test at couple level with 1500 kN,

compressive test at couple level with 2000 kN,

compressive test on buffer’s axe with 2 x 1000 kN,

compressive test on buffers at 50 mm below bufers’s axe level with 2 x 750 kN,
diagonal compresive test with 400 kN;

Vertical loads:

vertical load test (V1) which simulate three 20' length containers and with
mases of 18 t, 34 tand 18 t,

vertical load test (V2) which simulate three 20' length containers and with
mases of 34 t, 2 tand 34 t,

vertical load test (V3) which simulate three 20' length containers and with
mases of 23,3 t, 23,3 t and 23,3 t,

vertical load test (V4) which simulate two 20' length containers and with
mases of 35 tand 35 t,

vertical load test (V5) which simulate two 20' length containers and with
mases of 36 t and 30,31 t,

vertical load test (V6) which simulate one 40' length container and mass of 3 t;
vertical load test (V7) which simulate two 30' length containers and with
mases of 34 t and 34 t,

vertical load test (V8) which simulate two containers, 30' length first and
20" length the other and masses of 34 t and 34 t,

vertical load test (V9) which simulate two containers, 40' length first and
20' length the other and masses of 34 t and 27,2 t,

vertical load test (V10) which simulate two containers, 40' length first and
20' length the other and masses of 11,62 t and 34 t;

Combined loads:

tensile test at couple level combined with vertical load V1,

compresive test at couple level combined with vertical load V1,
compresion buffer’s axe test combined with vertical load V1,
compressive test on buffers at 50 mm below bufers’s axe combined with
vertical load V1.

The above vertical loads are presented also in figure 6. The vertical loads were
created using vertical hydraulic cylinders. On wagon’s floor there are many con-
tainer corner lockers in purpose to allow different configurations of containers
(see fig. 6). The vertical cylinders were positioned so that all the loads from figure
6 to be created. For example for V1, V2 and V3 loads, 6 pairs of vertical cylinders
were used. The position of each cylinder was above the corner locker.
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Fig. 6. Different types of containers that can be transported with this type of flat wagon

Tests objectives for static tests was to calculate stress in each measuring point
based on strain measured by strain gauge. For stress calculus, Hooke’s law is used
[5, 6]:

c=FE¢ (1)
where ¢ is the stress, £ is Young modulus and ¢ is measured strain.

The stress in each measuring point must be smaller than the permissible stress
according with [3] or with EN 12663-2:2010.

2.3. Dynamic Ramming Tests

Ramming (collision) tests simulate shock due sorting in marshaling yard.
Shocks with empty wagon and loaded wagon were performed. This paper present
only loaded wagon ramming. The tests were performed at Faurei Railway Testing
Center (fig. 7) on collision line (fig. 8). Faurei Railway Testing Center it is owned
by AFER and provide proper railway infrastructure to perform vehicle dynamics
tests (on large ring, small ring and twisted track), braking performance test (on
large ring) and strength structure dynamic tests (on collision line) or strength
structure running tests (on large ring). Due Center’s facilities, the necessary prepa-
ration operations of the vehicles can be done also in Faurei Railway Testing
Center.
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Fig. 7. Faurei Railway Testing Center
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Fig. 8. Ramming of the loaded wagon

Collision objective’s tests were measuring of strains during all the tests and
observation of cumulate residual strain’s trend.

The tests were performed as follows:

The flat wagon was loaded at maximum axle load 22,5 t,

The tested wagon, was placed on a straight and level line was rammed by

a ramming wagon fitted according with ERRI B12/RP17 report, chapter 3.1

(fig. 8),

40 impacts were done at medium speed V' = 7,00 km/h; during impacts maxi-

mum and residual strains were measured. With the help of Microsoft Excel,

the trend of cumulated residual strains &, was observed,

Status of wagon’s body during and after the impacts was continuosly observed.

Cumultated residual strains ¢, after 40 impacts must be smaller than 2%e..

re

During tests no visible deformations of wagon’s components were observed.

2.4. Running Tests

Running test for Sgns wagon was performed according with B12/RP17 report,
chapter 3.2 [3]. The Sgns wagon is the version of Sgs wagon which a common
wagon all over Europe; the letter ,,n” means that axle load is 22,5 t. The test was
done with maximum circulation speed for loaded wagon (100 km/h) and maximum
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load, on railways between Caracal and Craiova stations because in that period the

large ring of Faurei Railway Testing Center was in a refurbishment process.

Test objective was stress measuring in the chassis and comparing of recorded
values with the allowable limits from ERRI B12/RP 17 report [3]. The steps for
the test were:

1) Measuring of static component o, of the stress during wagon’s loading;

2) Recording of stress variations (dynamic components) Ao, and Ac_ from
wagon’s body during circulation with 100 km/h. The measuring devices were
putted in one of the locomotive’s cabin so that the running speed monitoring
was easy to do;

3) Maximum and minimum stress values calculations based on expressions [1, 5]:

O-max = GSt + AO-+ (2)

O,..=0,tAc_ 3)
4) Medium stress calculation:

4

)

For that test, during static component &, of the stress’s measuring Centipede
100 measuring device was used and during running test MGCplus measuring
device was used in purpose to measure dynamic components Ao, and Ac_.
Numerical processing of data was made after the test with Microsoft Excel.

Stress amplitudes o, were compared with those from Goodman — Smith dia-
grams from annex F.3 of ERRI B12/RP17 report [3]. The admissibility condition is:

Gv :S Gvadm (6)
The above steps are showed in figure 9.
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Fig. 9. Graphic representation of running test
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3. Results

. The stress measured for static tests were smaller than permissible stress for all
measuring points.

. For dynamic tests (impact tests) in figure 10 are presented the recorded shock
for collision number 40 recorded by TF1 strain gauge and TF101 strain gauge.

. The sample rate of the measuring devices was 200 Hz without filters. The
measuring device MGCplus can record with a maximum sample rate of
19 000 Hz, but for railways applications during time, it was concluded that
a 200 Hz sample rate it is enough. The diagrams from figures 9 are made in
Catman 4.5 data acquisition software.
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Fig. 10. Strain diagram for TF1 and TF101 strain gauge for shock number 40

In figure 11 is presented a sample from the signal recorded during running test
for TF1 strain gauge.
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Fig. 11. Sample from recorded signal, TF1 strain gauge
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4. Conclusions

For static tests no permissible stress exceeding or visible residual deforma-
tions were observed.

After the dynamic tests (ramming and circulation) it was concluded that the
wagon is in accordance with the conditions from reference documents.

After the tests, based on testing reports the wagon’s homologation (certifica-
tion) was made. This type of wagon is putted in service and carry containers on
Romanian Railways.

Experimental stress analysis with strain gauges offer accurate measured re-
sults of an existing stress from a wagon’s body when external forces are applied.
Because is non destructive measuring method, the test can be repeated. The ac-
curacy of measuring devices is extremely high and it is validated by calibration
with special calibrator devices or precision resistors. The experimental results
can be also used in purpose to validate finite element analysis results or as feed-
back for numerical model.
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Statyczne i dynamiczne badania
wagonu — platformy

Streszczenie

Operatorzy kolejowi korzystaja z wagonow towarowych rdéznego typu. W ostatnim stule-
ciu podstawowym typem taboru kolejowego kazdego operatora przewozow towarowych
byt wagon odkryty, cechujacy si¢ wszechstronnos$cia zastosowan. W ostatnich latach,
coraz szerszym uzyciu sa wagony — platformy, ktore spelniaja wymagania transportu in-
termodalnego. Na takich wagonach w morskim transporcie migdzykontynentalnym prze-
wozi si¢ dwudziesto, trzydziesto i czterdziesto stopowe kontenery towarowe, ktore po
wytadowaniu w porcie sa dostarczane do stacji kolejowych na ladzie i samochodami
cigzarowymi do placéwek handlowych lub innych odbiorcéw koncowych. W artykule
przedstawiono wyniki badan czteroosiowego wagonu platformy. Na podstawie wynikow
tych badan wagon byt certyfikowany (homologowany) i przekazany do eksploatacji na
Koleje Rumunskie.

Stowa kluczowe: koleje, wagon-platforma, badania, tabor kolejowy, czujnik tensome-
tryczny

Craruvyeckue U JMHAMHYECKHE UCIIBITAHUS
KeJIe3HOAOPOKHBIX BATOHOB-ILIAT(HOPM

Pesrome

B Hacrosiee BpeMs KeIe3HOAOPOXKHBIE MEPEBO3YUKH UCIONB3YIOT MIMPOKUN CIIEKTP
TPy30BbIX BaroHOB. BaroH-roH07a, B CBS3M CO CBOMM YHUBEPCAIBHBIM XapaKTepoM,
ObUT B TEYEHHUE MTOCIIETHETO CTOJIETHS OCHOBHBIM THUIIOM BaroHa JJISl KayKIOTO JKEJIe3HO-
JIOPOXKHOTO TEpeBO3uUMKa Ipy30B. Ho B mocnenHue ronsl B CBA3U ¢ HHTEPMOJAIBbHBIMU
NIepeBO3KaMH BCE yallle NPUMEHSIOTCSl BaroHbI-u1aTdopmsel, Tak kak 20°, 30° u 40’ xoH-
TEeIfHEPBI C TPy30M MOXKHO IIEPEBO3HUTH HA Cy[aX MEXIy KOHTHHEHTaMH, Ha KEIEe3HO0-
POXXKHBIX BaroHax-IuiaropMax OT IOpTa JI0 JKEJIE3HOJOPOXKHOM CTaHIMH (Ha MaTepHKe)
1 OT 7KE€JIE3HOAOPOKHOTO BOK3aJla IO TUIIEpMapKeTa (MJIM KOHEYHOTO T0JIb30BaTEN) IPU
MIOMOIIY TPY30BHKA.

KuroueBble cJIoBa: Keje3Hast I0pOra, JKEJIe3HOMOPOKHEIN BaroH-1miar¢opma, UCCIIeo-
BaHUS, )KEJIE3HONOPOXKHBIN MOIBUKHOM COCTaB, TEH30METPUUECKHUM TaTUNK




