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ROLLER RIG TESTING AT THE CZECH TECHNICAL UNIVERSITY

Purpose.Although the advancements in computer simulation technology have paved way to provide very reli-
able simulation results, track tests still play an essential role during the process of development and homologation of
any railway vehicle. On the other hand, track tests depend on weather conditions, are difficult to organize and are
not suitable for testing vehicles in critical situations. On a roller rig, the tested vehicle is longitudinally fixed and
a track is replaced by rotating rollers. Such device offintg of railway vehicle running dynamics in safe and sta-
ble laboratory environment. The purpose of an article is to investigate and describe roller rig testing at the Czech
technical university in Prague (CTUYlethodology. In the paper it is shown the history of development of the
scaled CTU roller rig from the earlier stages until the current projects for which the CTU roller rig is utilized for.
The current design of the experimental bogie, roller rig, sensors instrumentation and types of experiments conducted
at the CTU roller rig are described in more detgihdings. Although the differences in vehicle behaviour on
a track and a scaled model on a roller rig are not negligiblded roller rig experiments are found as a relatively
inexpensive way for verification and demonstration of computer simulations results. They are especially useful for
verification of multibody system simulations (MBS) of entirely new running gear conéapdénality. The CTU
roller rig is currently used for the experiments with active controlled wheelset guidance. According to simulations
results published in many papers such systems offer, in principle, better performance compared to conventional pas-
sive vehicles. However, utilization and testing of actioetmlled wheelset guidance on vehicles is still rare. CTU
roller rig serves as a tool to verify computer simulations and demonstrate benefits of active wheelset guidance.
Practical value. Experiments conducted on the CTU roller rignfion the possibility to significantly influence
railway vehicle running dynamics by actively controlledeelset guidance. Such concept could be regarded as
a possible and likely approach for the design of future railway vehicles running gears.

Keywords roller rig; active control; whesét guidance; mechatronic bogie

Introduction the roller rig a tested vehicle is longitudinally fixed

MBS simulations play an important role in theand has no forward velocity, the creep pondltlons
in the wheel-roller contacts are very similar to the

development of rail vehicles with steadily increas- " . :
reep conditions in wheel-rail contacts on a real

ing significance. Although results of today’s MBSfrack

simulation are very realistic, experimental verifica- The kev advantages of railway vehicles labora-
tion is still unavoidable. Track tests play an eSS roIIerE/i testin s?’:we stable cli¥natic conditions
tial role in the process of new rolling stock apkm))/wled egof the gcurrent state of the track anbl
proval. Nevertheless track tests are also very ex- . 9 ) S

elimination of safety risks and legislative problems

pensive, time consuming and difficult to organize.SSOCiateol with the operation of brototvoes in
Therefore, it is almost impossible to perform therf ublic railwa networpk Moreoverp in c%%trast
under a university environment. Moreover, th& P y o ’

ith track tests, roller rigs offer also the advan-

track tests are not suitable for initial experimenta es of low cost. low spatial demands. a safe and
with completely new concepts of running gears 9 ’ P '

because in that case it liardly possible to fulfill 222g?gi%:ﬁbggzt&;yai%ﬁﬂgnggﬁr?ng eaasrztﬁfsac-
all safety requirements. P 9 app :

Roller rig testing of railway vehicles is basednvg;ie g'zist;[nkg;)mstll:azr?;lfrga%fcae :f;”;reg?nf%rcghrio-
on replacement of a track by rotating rollers witf) 9 P

a rail profile on their circumference. Although on'Ves was in United Kingdom in 1904 [1]. How-
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ever, the most important era of roller rigs utilizathey play an important role in a development of
tion came together with the development of highentirely new concepts of running gears and suspen-
speed vehicles. From the late fifties until the earlgions and in verification of MBS simulations.
eighties last century, rd@t rigs in Japan, UK, Can-

ada, USA, ltaly, Franc&ermany and Russia, later Methodology

in China, were built [2]Once the early stages of The history of roller rig testing at the CTU be-

p'ghhsr(’jeetg Vzhlde %e\f,ebprl?ent_Werehslljcc;es?_fqu%n towards the end of eighties last century, when
INished, the demand for rofler rig venicle testing, o - g single axis roller rig was Dbuilt

significantly dropped. Because full-scale roller rig ig. 1)
are rather costly facilities, most of them are out of =~
the operation now and advanced MBS simulations
often replace their role in the vehicle development
process.
Roller rigs designed for testing scaled models
of railway vehicles are called scaled or model roll-
er rigs. The main advantages of scaled roller rig
compared to the full scale ones are:
i Manufacturing of the scale rig and test vehi-
cle causes rather decreased expenses.
i Handling and maintenance are comparatively
easier.
i A lot of vehicle parameters can be changed
with tolerable effort. Fig. 1. The first scaled roller rig at the CTU
However, there are also inconveniences and The scale of the first CTU roller fig was 1 to

disadvantages connected with scaling and applyings anq it remained unchanged until now. The rig
similarity laws [3, 4]. The design of a scaled modg},a5 pyilt as an initial step of full scale roller rig
always depends on scaling strategy [5] and the argayelopment. Because the project of the full scale
of investigated phenomena. It is not possible tQyer rig has never been started, the first scaled
build a scaled model exactly representing all propgier rig became a basis for all future roller rig
erties of a full scale vehicle. testing at the CTU. The rig has been improved and
updated many times, where the design changes
were specifically performed mainly according to
Due to the above mentioned scaling issuetf)e objectives of the projects in which the rig was
model roller rigs are rarely used for the verificationised. The first major modification came during the
of behaviour of real vehicles. The use of a scaldtst half of the 90’s, when the rig was completely

Purpose

roller rig is usually focused on: rebuilt to a 2-axle type configuration (Fig 2). The
i Verification and validation of simulation experimental two-axle bogie had a wheelbase of
models [6]. 714 mm, track gauge of 410 mm and wheels di-
i Investigation of fundamental railway vehi-ameter 263 mm. This corresponds to a wheelbase
cles running behaviour [9]. of 2500 mm and 920 mm wheel diameter for real
i Development and testing of novel bogie destandard gauged vehicle [11, 12]. In the following
signs [7, 8, 10]. period the rig was not intensively used.

Although MBS simulations give reliable re- The new era of the CTU roller rig development
sults, it is always necessary to identify model pdook place from 2005 together with the beginning
rameters by a comparison with the experiment@f experiments focused on the behaviour of the
data. Scaled roller rig experiments are an advantheelsets with independently rotating wheels
geous way for model parameters identification andRW) and later with the experiments with active
consequent demonstration of simulations results. wheelset guidance.

Typically, scaled roller rigs are not used for as-
sessing the performance of a particular vehicle, but
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components are realized by roller and linear roller
type bearings. The wheelsets can be quickly setup
to conventional or IRW type. Wheel profiles with
different taper grade in range from 1/40 to 1/5 are
available. The wheelsets are designed to accom-
modate individual wheel drives in the future.

Fig. 2. CTU roller rig after redesign
to 2 axle bogie stand

The main design changes were:
i Replacement of DC roller drives by 3-phase
asynchronous motors.
i Possibility to simulate a curved track.
i A system for measurement of wheel roller Fig. 3. CTU roller rig in 2015
contact forces.
i Actuated wheelset steering mechanism.
i Data acquisition system based on Matlab-
Simulink software.
The state of the CTU roller rig in the 2015 after
more than two decades of modifications is depicted
in Fig. 3. The rig is designed to carry out experi-
mentation with a roller revolution range up to
700 min*, corresponding to the full scale vehicle
speed of 230 knh The CTU roller rig is not re-
stricted to perform experiments only for
a straight track, but it is capable also to simulate
negotiation of a curved track, or track consisting of
arbitrary number of straight, transition and con-
stant curvature sections.
The increasing demands on experiments carried
out and also the wear of the currently used test bo- Fig. 4. The new test bogie at the CTU roller rig
gie !nstille_'d motivation_ for the design of a new test e bogie has no primary suspension and the
bogie which was designed, manufactured and pheelsets can move only in the yaw direction to-
into operation in 2015 [14]. o wards the bogie frame. Each wheelset is independ-
Fig. 4 shows the CTU roller rig with the newgnly actuated by an active controlled mechanism
experimental bogie. This bogie does not COMerig 5) The actuator is a permanent magnet syn-
spond to any specific bogie of a real vehicle. Itshronous servomotor M408S (item 1) with rated
design is based upon the goals of experimental igzque 2.5 Nm. It can be controlled to the desired
search. In order to achieve a high geometrical prgsagnitude of yaw torque acting on the wheelset, or
cision, most of the parts are made of aluminium by 5 desired value of yaw angle between the wheel-

CNC machining. In order to eliminate dry frictionget gnd the bogie frame. The actuator torque is
and clearances, connections of mutually movable
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transmitted via the toothed belt (item 2) to a steelations and to test system for wheel roller contact

ing rod (item 3) and finally by two pairs of link- forces measurement, roller rig experiments focused

ages (item 5) to the wheelset. on radial steering of conventional wheelsets were
performed [13].

The simple control law was applied by setting
required yaw angle between wheelset and bogie
frame proportional to the radius of negotiated
curve. Experiments with varying curve radii and
varying yaw angles between wheelsets and bogie
frame were performed. Influence of the wheelset
yaw angle to the quasistatic mean value of lateral
component of the wheel rail force (Y-force) was
studied. Fig. 6 shows an example of Y-force time
development obtained by one test run.

Lateral force Y12 —_—Y

R150 m, active wheelset control % wheelset yaw
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Fig. 5. Actuated whesét steering mechanism

Findings

o N Fig. 6. Curve passing test at the roller rig — measured

tion and research purposes. Regarding education, the bogie frame Y ... lateral component
the CTU roller rig serves not only to demonstrate of wheel roller contact force
fundamentals of railway vehicles running dy”am In accordance with the CTU scaling strategy,
ics and to teach students measurement of varioys . .
: " . the parameters of a virtual bogie were calculated.
physical quantities, but students are also involved . " g )
; . . is virtual bogie is a full scale representation of
in the rig development. Many of its parts and sub- : . :
. - . roller rig test bogie. The MBS software Simpack
systems were designed in lieu with student dj- . ) )
was used to build a computer simulation model of
ploma works.

With regards to research, the CTU roller rig iéhe virtual full s_caje bogie and.perform simulations
of curve negotiation. The radius of the curve vas

utilized for projects focused on running dynamic 0 m and the vehicle speed was set up to 35 km/h.
of both conventional and IRW wheelsets and cou R o .
0 obtain similar conditions as we are able to sim-

be divided to the three main areas:

i Improvement of hiah speed stabilit ulate on the roller rig, the lateral acceleration was
i Improvemento cu?vin pbehaviour Y- fully compensated by rail superelevation and the
Lmp ving o friction coefficient set up to 0.3. Different respec-
i Improvement of guiding properties.

. . . . tive wheelset steering angles were set up and the
First two points relate mainly to the runnin
. . ean value of Y-force on the outer wheel of the
gears with conventional wheelsets, whereas the

third point concerns IRW. As an example twoleadmg axle was observed.

. Fig. 7 compares Simpack simulation results
types of experiments are shown. , : N
) : . with the roller rig measurements. Considering the
Radial steering of conventional wheels€ls.

) . - : differences in a vehicle behaviour on a roller rig
confirm roller rig capability for curved track simu-

doi 10.15802/stp2016/77994 © J. Kalivoda, P. Bauer, 2016



ISSN 2307-3489 (Print)BSN 2307-6666 (Online)

GZmidZzjh]j_kiZgkihjlemkgldyeijhi_Ijh\kvdh]h
gZpehgZewggrlh jkbbZleragbdphdhkihjRol6, < 4 (64)

JMOHFBICDE:3LY=:1H2A>1<

and on a track and scaling issues, the experimenttidh-speed stability. Applying the «Active yaw
and MBS model results show good agreement. Tldeamping» method, high speed stability can be
results confirmed possibility of curved track exachieved without deterioration of curving perform-
periments on CTU roller rig and expectedince by increasing a yaw stiffness of the primary
Y-forces reduction by actuated wheelset steering.suspension. This method is based on introducing
controlled yaw torque acting between a wheelset

e o and a bogie frame. The torque value is proportional
- to the lateral velocity of the wheelset.

1ot The system of active yaw damping was imple-
m"\\\ mented as a functional test of the new experimental
mg\ bogie [15]. Lateral positions of wheelsets were
’ ‘\A.\KA directly measured by contact position transducers,
" e~ the output signal of which is sent to the analogue
- inputs of an 1/O card installed in a standard PC.
o - -~ e - Then the signals were filtered, differentiated, and
Horeeaety g e otoge ore () further processed to obtain wheelsets lateral veloci-

Fig. 7: Dependency of Y force mean values ties. All the signal processing is executed in a real

on yaw angle of wheelsets time using Matlab Simulink software and its real

time toolbox. The controller output is in the form
of two voltage signals proportional to required ac-
tuator torques. Those signals are in a sampling rate
Sof 200 Hz sent via analogue output of the 1/O card
s the analogue inputs of inverters, which control

cal system. Sensors observe the system and AiFeelset steering actuators

vide the information about its current state to the Fig. 8 shows measured lateral positions of both

controller. Based on sensors signals the ContrOHWheelsets during a roller rig test. It can be seen
computes driving commands for the actuator, ' '

. : . that once active yaw damping control is switched
which then influence the system behaviour by B (from 15 to 66 s) both wheelsets run in the cen-
plying corresponding forces or torques. It is 9€N€fte of a track, whereas without active control
ally agreed that by utilization of such system “Q\/heelsets exhik;it heavy hunting
a vehicle suspension superior properties over a '
conventional passive vethé could be achieved.

Most of the experiments conducted at the CTL {
roller rig over the last seval years were focused | E
on utilization of active control in a primary suspen- || “ } ‘H | ‘ I
sion and wheelset guidance. Different contro ‘\‘ “ ‘H“WM\ \

\

Hunting motion stabilization by active con-
trolled wheelset guidancelhe concept of active
control is based on adding sensor

goals, control strategies, controller complexitie: | |
and sensor instrumentations were tested. As LA st s il |
example the implementation of the «Active yaw ’\ | Lfﬁ/‘rNW*W’M’WMNW?‘\NN}i‘
damping» is shown [16]. Bl \ | il I
Wheelset stabilization is commonly achievec w‘ \ k‘J H}\
by linking two wheelsets to the bogie frame vie A e
primary suspension. This stabilizes the wheels:
but also deteriorates the curving performance. Tt
d(_emand .Of higher opera_tlng speeds us_ually reqquﬁg. 8. Time development of wheelsets’ lateral position
stiffer primary suspension, whereas improvement
in the curving performance requires primary sus-
pension softening and vice versa. Thus a design of
a railway vehicle running gear is always based on Active control employed throughout today’s
tuning suspension parameters and the inevitabRilway vehicles are mainly utilized in partial sub-
compromising between curving performance angystems such as, drivergeol, wheel slide protec-

Originality and practical value
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tion, heating and ventilation, etc. The direct impads certainly not finished and CTU indeed plans to
of electronics and control systems on the vehiclgrogress it further, where scaled-roller rig testing
running dynamics is on railway vehicles in regulawill definitely play a vital role.

operation limited to the vehicles with tilting body

and rare usage of semi-active dampers. In contrast

to this, for aircrafts or motorcars, the electronicg
has fundamentally higher impact on basic func-
tional properties. Practically each of today’s mili-
tary or passenger aircraft are equipped with so
called «fly-by-wire» technology that fully controls
flight dynamics. Also motorcars are commonly?.
equipped with advanced drive-assistance electronic
systems. This technological lead can be attributed
to long-term operational life of railway vehicles in
comparison to motorcars or aircrafts. It can be as-
sumed that also on railway vehicles the utilization’
of the electronics and control concepts will in-
crease with time. Further, the utilization of control
concepts that directly influence running dynamicsg,
and interaction between the railway vehicle and the
track can be expected.

Thus, scaled roller rig experiments plays an
important role in the research of active control of-
railway bogies conducted at the CTU.

Conclusions

The CTU roller rig and its experimental bogie
provide the possibility of laboratory tests featurin§
most of the applicable actuation schemes at the
primary suspension and the wheelset guidance lev-
el. Besides standard displacement, acceleration,
torque and force sensors, the bogie is equipped
with measurement of forces between axleboxes
and the bogie frame. Furthermore, Y forces meas-
urement implemented on the rollers allows not on-
ly to study running dynamics of active controlled
railway bogie, but also to test its influence to th8.
magnitude of wheel-rail contact forces and conse-
guent wear of the wheels and rails.

Despite the increasing accuracy and reliability
of computer simulations, vehicle testing is still ung
avoidable part of the process of a vehicle develop-
ment and homologation. Long term experience at
the CTU shows that testing on
a scaled roller rig is an outstanding way to verify

computer simulations results without high costdlO.

Despite of the technical and legislative issues the
utilization of active controlled wheelset guidance is
regarded as a promising design solution for the
railway vehicles in the future. Research in this area
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lyfb\ ih\_~egpZgkihjlghaldhkh§BaZecagbdlyebZfZkrlZ[h\Z§h€ epZdZldh\hkKim g~
FZkrlZz[h\zgrijh[m\Zgg¥ dZIdh\hfh_g”} \erghkgh "hjh]lbfihkh[hfeyi_j_\ejdb
N fhgkljZpefnevidhdfixl _jghlith”® _ex\Zgglygbkh[ebdhjbkgey j \ejdh”~_ex\Zggy
[Z]ZIhfh "mekpbld fFK) Z[khexIgh\bdhgp_ipdc*h\@pEZkIbdhzmdhgZ\bagzhkeet™ _
ghsh\~"ZgbgZkdZIdh\bklc gmQLMbdhjbklh\m¥Pexklyijh[m\Zggdlb\ghlhgljhevh\Zgbf
d_jm\Zgdhweekghgb Ale~rgh_amev!IZFfhfh ex\Zglgiym[eedh\ZgBhERZIvihlo[hlZbdbZd -
kbkl_fipbhihgmxMhijbgphipeevibkhdpm~mdIb\gmkhye\gygage\bqgqZcgbZkb\gbfjzg
kihjlgbfdzkh[zHBgAddhjbklZzdgkim\zZzgdyb\ghdhgljhevh\zZghh e« gde « k ghjd
gdjZgkihjlghokh[4dngerjs"damkljsqz®dlZkdh\bklc g LNtem blydhkdgkljmf_¢ém
i_j_\ejdébhfixl_jgh]hh”*_ex\Zglggy® _fhgkljZpe€ \ZZdIb\ghihijZ\esgdilyeekgZ£b
ljZdlbggdagZgbfekdbijh[m\Zgigly\_~_gZdZIdh\hKm g"@LMis~I\_jr " mxfiv eb\eklv
eklhldheb\ZIpz*bgzfednmmeamZecagbdghdhihjlghlhkhd@hihfh]hzdIb\ghhgljhevh
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\ZghhijZ\e-gidne <k ghi®LZd@hgp_iphy_jhaley Z\pidhkiih eb\hpcfh\«jghidtoh
Amijbjhajh[ph~h\@ZEkIbgdc[mlgede-agbkjgigéihjlgddkh[e\
Dexqheh\@ZIdh\blc gZdIb\gbbgljhewijZ\e«gde kghi®f o0Zljhggbahd
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P_evhlghklb™_ghbyezZklboghehdbbivxl_jgHhH _ebjh\ZigplayheydiemqgRllwkyv
fZzgzZz™ _"gu_amevIiZhd _ebjh\ZglymjgbkiulZgBhkbohj b]ljzZzxlkms_klI\_gghmew
\ijhp_kkZajz[hlwk_jlbnbdZeb[h]h_e_agh”~hjhilghdkihjlgkjh~kI\K~jm]hid hfh
guiml_\ubkiulZzga¥\bkiylih]h*guomkeh\boljm~ghj]ZgbahbaAlylg ih*"oh*yéywkiu
IZgbhZgkihjlgkup "kiNdjblbqgq_kd&bomzZptadzZzidh\kf_g~kiulul\Z_fljZgkihjlgh_
ki_~klvwbdkbjm\likfkrhevghZijz\e_ ,gbb_klh_e_agh”hjhighHlhkihevamXjkyZ-x
sb_kphebdbzdhjbkihkh[e_ 4gd \lhafh ghkjk\_kibbgzZfbq_lkbulZgboh "h\wxZjZd
I_jbkljdevkh\ljggkihjlgkjo "kN\[_ahiZzkgktzZ[bevelZdhjZlhjghc P _ eklZlvbk
ke "h\BhibkZki_g~h\dZldh\bkiulZgb¥dZIdh\kf_gN Q_rkdhHhfogbq_kdpgb\ kb
[_1(QLM\ 1jZ]. F_Ih~rbdZklZlvihdZazddgahjbhya\blb¥krlZ[bjh\ZggZ]ihh\K]lh g~z
QLMgZgbgyggbwml Zim\ "hl_dmsbjdh_dlhVWdhlhjulmkihevamdZkdgh\kt_gQLMh~2
jhighibkZduckl\mxasthgkljmdwbdki_jbf_glZévghcdthZldh\K]lh g”ZZ1qb dhi\j b
[hjh\ZIZd Ibihwdki_jbf_,gililm\h”*bfupzdZldh\kf_gQLM _amevlZibdZaggZhimk
Ibfhklv_g_[j_ _dgHBwpebgbyfb\_~_ghBEgkihjlgkjh~klgZ _e_agh”hjhighith fzZk
riZ[bjm_fhke* _edzdZidh\kf_g rEZkrlZ[bjm_lbkiulZgg¥dZidh\kf_g’y\eyxlkygh
kbl _evgh~hjh]kfhkh[Hfeyijh\_jdb"_fhgkljZpbamevIdhAivxl_jghhr_ebjh\Zgby
Hgbhkh[_gidhte _adweyjh\_jdbh~_ebjh\Zigghyhfh"mewdkd (FFK kh\_jr_gghluo
dhgp_iplbc*h\kZklBZmgogzywbaghdZaZndh gZklhysj fydZldh\kke gQLNkihev
am_lkegywkiulZzgkhZdIb\guwfhgljhebjm nfujiZ\e_gdhezkdgBEfuKh]leZkglamevIZhzf
N _ebjh\Zdbm[ebdh\Zdlggh]bpZ[hlZkzdbkbkl fiy_~ez]ZxXlijbgpb,i[he_ \ukhdmx
ijhba\h”~bl_evighkjlZ\g_ghkRk[uggufizkkb\gulfizgkihjlgukp_~kiI\Zt#b gz dkihevah
\Zgbbl_klbjh\zgllb\ghdhgljhebjm_rmh]jB\e gy zkg&Z¢ugzljZzgkihjlgkup ~kl\Zo
ihij_"g_fm_"dAklj_qZ.IRBYIdh\ukd_g®QLMkem bl dZqg_klhgkljmf_gle&yijh\_jdb
dhfivxl_jghih~_ebjh\z &by fhgkljZpihpbbfms_ kRAdlb\ghihijZz\e_ gblyezkghZju
ljZdibq_kdd#ZgyZgbfhiBwkiulZghyph\_~_gogzdZldh\kif_gQLMh~I\_j"~rZXxhafh ghklv
kms_kI\_babhylgz*bgzZfbdomr"Z_e_agh”hjh’ighykkihjlgljh *"kIWZhfhsvxZdlb\gh]h
dhgljhebjm_rhhjh\e _glthyezkgB¢u LZdAhgp_ipfty _1jZkkfZIjb\Z A NkZq_klhafh"
ghlhb \_jhylghih~roh?idb jZzajzZ[hldh~*h\hgZkIpm~*msboe_agh”hjh’lgagkihjlguo
kj_"~kIN\

Dexq_\kieh\dZIdh\kkc gZdlb\gdtgljhewvijZ\e _ghezkgBpuf _oZljhgyZy "dZ
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