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Abstract: - Active steering system of railway vehicles has proven its ability to bridge the gap between stability and 
curve friendliness. Generally scaled railway vehicles were developed to reproduce the fundamental dynamic 
behavior of the full size railway vehicle in laboratory conditions. This paper describes the design of the 
braking/traction control systems as a part of a 1/5 scaled railway vehicle for active steering testbed which is to 
alleviate wheel/rail contact forces and to decrease wheel/rail wear. This system consists of two steering actuators, 
a steering controller, and various sensor systems to detect lateral displacement, vibration, track curvature, and so 
on. The control strategy of the braking/traction is founded on the velocity difference of two axle speed of the 
driving bogie. Running test results of 1/5 scaled active steering vehicle on the curved track show that the proposed 
braking/traction control systems has good performance. 
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1   Introduction 
In urban transit systems, rail passenger vehicles are 
often required to negotiate tight curves. During curve 
negotiation, the wheelsets of conventional vehicles 
generally misalign radically with the track increasing 
wheel/rail contact forces and resulting in increased 
wheel and rail wear, outbreak of squeal noise, fuel 
consumption, and risk of derailment. 

Braking/traction system of railway vehicles has a 
crucial role for the safety as well as riding quality of 
passengers. Its core technology for successful 
development of the brake/traction system is to design 
of ECU (Electric Control Unit) containing anti-skid 
control, brake blending control, load compensating 
control, adhesion control, and so on. For the design of 
the ECU system, we first consider the requirement of 
control system according to the purpose and mission 
of the brake system of railway vehicle. 

Rail vehicles originally have self-steering ability on 
curved tracks, and this function is originated from the 
wheel conicity and rigid connection of two wheelsets 
by an axle. But this mechanism has two problems. One 
is a hunting phenomenon by a self-excited vibration of 
the wheelsets and the other is a curving ability by 
self-steering mechanism. To solve this problem and 

compromise between stability and curving 
performance, there are number of studies and 
developments such as passive, semi-active control, 
active control, independently-rotating wheelsets 
(IRW), and so on. To alleviate these problems, 
modified suspension system designs, application for 
alternate wheel profiles, active and semi-active 
steering techniques have been proposed. Active 
steering system has proven its ability to bridge the gap 
between stability and curve friendliness. In this paper, 
we design an experimental testbed with a vehicle and a 
track of 1/5 scale model and perform the curving 
performance verification of the proposed active 
steering control system[1]~[7]. 

Generally scaled railway vehicles were developed to 
reproduce the fundamental dynamic behavior of the 
full size railway vehicle in laboratory conditions using 
the model similarity method.  

This paper contains the construction of the 
braking/traction control systems of railway vehicles 
for the performance analysis of adhesion force for 
anti-skid control using dSPACE. In this paper, 1/5 
scaled railway vehicle composed of one driving bogie 
and one steering bogie is carried out for the 
development and testing of prototype bogie, and the 
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investigation of fundamental railway vehicle running 
behavior [26]-[31]. 

 
This paper is organized as the followings. Section 2 

describes an active steering control system for 1/5 
scale model. Section 3 explains the construction of 
test-bed and section 4 contains the experiment results. 
The main conclusions are then summarized in section 
4. 
 
2 Testbed for the Active Steering 
Control Systems 
Fig.1 shows a block diagram of the active steering 
control system using MATLAB/SIMULINK for the 
research vehicle. 
 

 
Fig.1 Block diagram of active steering control system 
 

 
 

 
 

Fig.2 Schematic diagram and its parameter values of a 
railway vehicle for active steering testbed 
 

This strategy is founded on the coupling of the 
lateral and yawing motions of the wheelsets by using 
the laser sensor signals represented in the wheel/rail 
displacement. The relative movement between the 
wheels and the rail measured by laser sensors is 
considered as the system output. These laser sensors 
are installed at the both ends of the wheelset for 
sensing the distance of the laser sensor from axle box 
to rail head. And this measured value is compared with 
the reference input. The steering bogie of F-link type 
which consists of two steering actuators and several 
links is depicted in Fig.3. 
 
2.1 Steering Bogie Module 
The steering bogie of F-link type which consists of 
two steering actuators and several links is depicted in 
Fig.3. The basic concept of steering control strategy is 
to apply a controlled torque to the wheelset in the yaw 
direction. This can be achieved through longitudinal 
actuators as shown in Fig.3. 
 

   
(a) Schematic views 

 

 
(b) Actual object 

 

Fig.3 Schematic views and its actual object of active 
steering bogie  
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The actuator force is proportional to the input 
voltage values. That is, the actuator force increases 
from 0 [N] to 200 [N] approximately proportionally to 
the actuator command voltage (0 [V] to 4 [V]). 

 
conact VF 50=                           (1) 

 
where  means a actuator force[N] and   
represents a voltage command [V]. 

actF conV

 
2.2 Driving Bogie Module 
Driving bogie module consists of a BLDC motor of 
DC48V 39.1A, a 5:1 reduction gear, a driving motor 
driver, a braking system and connection panels.  The 
rated output power of BLDC motor is 1.5KW and it 
rotates with 2000 [rpm] maximally.  
 

 
(a) BLDC motor and motor driver in the bogie 

 

 
(b) Constitution of the driving bogie 

 

Fig.4 Driving bogie and its constitution 
 
The motor driver is including the motor ON/OFF 

terminal, the velocity control terminal with 0V~5V 
and the direction selective terminal (0V and 5V). 
 

Two encoder sensors which is mounted an end side 
of the two axles is used for calculating the vehicle 
speed, see Fig. 5. 

 

 
(a) Encoder position of front wheelset 

 

 
(b) Encoder position of trailing wheelset 

 

Fig.5 An encoder sensor of the driving bogie  
 
2.3 Brake System Module 
Fig. 6 shows the free-body diagram of the wheel, in 
which W denote the weight acting by the axles,   
denotes the outside force acting by the axles,   
denotes adhesive force between the wheel and the rail,  
N denotes vertical reaction force of the rail, and 

extF

fF

extτ  is 
a braking total torque acting on wheel.  
 

 
Fig.6 Free-body diagram of a rolling wheel on the rail  
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From Fig. 6, we may write the equations of motions 
as follows: 

            
                               (2) 

                                                                     

                                                                         
fextw FFxm +=&&

        
                                 (3) fextw rFI += τθ&&

 
where r is radius of wheel.  
 
Multiplying equation (2) by r and using , 

we get following equation of motions without sliding. 
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where sμ  is a friction coefficient as a function of 
vehicle speed. 
 

 
(a) Brake system position of front wheelset 

 
(b) Brake system module 

Fig.7 Brake system module for the anti-skid control 
 

The experimental facility for the anti-skid control 
on the front bogie of the driving bogie is made of the 
linear motor (Fig. 8) and braking pad with the 
polyurethane materials as shown in Fig.7. 

 

 
Fig.8 Figure and its specification linear motor for 
brake operation  
 

The system identifies the wheel speed and vehicle 
speed as the number of turns by using encoder, and it 
identifies the braking force using a linear motor 
applied to the wheel as the input variable. The wheel 
rotates with an initial angular speed that corresponds 
to the vehicle speed before the brakes are applied. We 
used separate integrators to compute wheel angular 
speed and vehicle speed. We use two speeds to 
calculate slip  
 
2.4 Curved Track Module 
For running test, 30.11 [m] and R=20 curved track is 
used. This track has not a cant, and consists of the 
straight track (6.41m), curve track (14.30m) and 
straight line track (9.41m).  
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Fig.9 Drawings of the curved track of testbed for 
running test for active steering control system  

 

 
Fig.10 The curved track of testbed   
 
2.5 Active Steering Controller 
For running test, 30.11 [m] and R=20 curved track is 
used. This track has not a cant, and consists of the 
straight track (6.41m), curve track (14.30m) and 
straight line track (9.41m).  
 

 
 

Fig.11 The active steering controller (DS1103 PPC 
Controller Board and desktop PC)  
 
 

Table 1 Specification of the DS1103 PPC Controller 
Board 

Type PPC 750GX 
CPU Clock 1GHzCache 

Cache 
32KB level 1 

instruction and data 
cache, 1MB level 2 

Processor

Bus 
frequency 133MHz Memory

Local 32MB SDRAM Memory 
Global 96MB SDRAM 

Channels 
16 multiplexed 

channels, 4 parallel 
channels 

Resolution 16-bitOutput range 
Input range ±10 [V] 

ADC 

Over-voltage 
Protection ±15 [V] 

Channels 8 channels 
Resolution 16-bit Output range DAC 

Output range ±10 [V] 

Channels 32bit Parallel I/O Digital 
I/O Voltage 

Range TTL I/O Level 

 
The dSPACE system (DS1103 PPC Controller 

Board) is a powerful controller board for rapid control 
prototyping. This board is mounted in a dSPACE 
expansion box to test the active steering control 
functions in a scaled railway vehicle. 

  

 
Fig.12 Realization of the active steering control 
module with MATLAB/SIMULINK) 
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Table 2 shows the signal list of the embedded system 
for the active steering controller which includes all the 
inputs and outputs that the embedded system has and 
describes their range, resolution, and so on. 
 
Table 2 Signal list for the active steering controller 

Name Range
[v] Physical Input/ 

Output
Veloci 

-ty 0 ~ 5 0 ~ 3.9 
[m/s] Input 

Directi
on 0 , 5 

0: Forward 
5: 

Backward 
Input 

 
Driving 
Bogie 

Module 
 Brak 

-ing 0 , 5 0: 0 [N] 
5: 18 [n] Input 

Steering 
Bogie 

Module 
 

Actuat 
-or -3 ~ 3 

-3: -150[N] 
3: 150[N] 

 
Input 

photoel
ectric 
sensor 

0 , 10 0 , 10  Output

Laser 
displac
ement 
sensor 

-4 ~ 4 10 ± 4[cm] Output

Magnet
-ic 

sensor 
0 , 10 0 , 10 Output

Gyrosc
-ope 

sensor 
0 ~ 5 -100 ~ 100 

[deg/sec] Output

Acceler
-ation 
Sensor 

0 ~ 4 0  ~  4 [g] Output

Data 
Acquisiti

-on 
Module 

Wire 
-less 

Camera 
- 320×240 

[Pixel] Output

 
3 Experiments of Test-bed 
In the running test of the research vehicle, the testbed 
for the active steering control system can be tried and 
validated under real-time condition. 
 
3.1 Experiment Environment 
Fig. 13 shows the testbed for the braking/traction 
control systems as a part of the active steering control 
system. The measuring signals of the rotation signal of 
driving bogie axles are transmitted to the dSPACE 
controller via A/D converter, these signals are process 
based on the control algorithm, and finally the signals 

are retransmitted to the BLDC motor driver through 
D/A converter. 
 

 
 

 
 

Fig.13 The 1/5 scaled testbed for the active steering 
control system 

 
3.2 Experimental Results 

The steering bogie of the vehicle model was driven by 
the driving bogie at 2 [m/s] speeds.   
 

 
Fig.14 The experimental results: the relative 
displacement between wheel and rail, longitudinal and 
lateral movement of the first suspension 
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Fig. 14 and Fig. 15 show the relative displacement 
between wheel and rail, longitudinal and lateral 
movement of the first suspension, the experimental 
results of the moving distance, and the brake 
command signals, respectively. 
 

 
 

Fig.15 The experimental results: the moving distance, 
the vehicle speed, and the brake command signals 
 

The experimental results of the moving distance of 
the driving axle and braking axle are shown in Fig. 16, 
respectively. The moving distance of the driving axle 
is longer than that of braking axle because of slip 
phenomenon of the force of traction. 
 

 
Fig.16 The experimental results: the moving distance 
of the driving axle and braking axle 
 

Fig. 17 shows experimental results of the 
braking/traction control systems through comparison 

of the moving velocity of the driving axle and braking 
axle, and enlargement to analyze the performance of 
the anti-skid control unit when it applied the brake 
command to the wheel-disk. The measuring signals of 
the rotation signal of driving bogie axles are 
transmitted to the dSPACE controller via A/D 
converter, these signals are process based on the 
control algorithm, and finally the signals are 
retransmitted to the BLDC motor driver through D/A 
converter. 
 

 
Fig.17 The experimental results: the moving velocity 
of the driving axle and braking axle, and enlargement 
to analyze the performance of the anti-skid control 
unit 
 

 
Fig.18 The experimental results: the brake command 
signals [v] and the driving motor command signals [v]  
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The experimental results of the brake command 

signals and the driving motor command signals are 
shown in Fig. 18, respectively. Especially, the brake 
command signals is changed 5 [v] into 0[v] for a 
moment as detecting the difference between vehicle 
speed and rotational speed of braking axle. It is 
confirmed that the proposed braking/traction control 
method can be realized in the scaled testbed resulting 
in the effective anti-skid control.  
 
 
4 Conclusion 
Braking/traction system of railway vehicles has a 
crucial role for the safety as well as riding quality of 
passengers. Its core technology for successful 
development of the brake/traction system is to design 
of ECU (Electric Control Unit) containing anti-skid 
control, brake blending control, load compensating 
control, adhesion control, and so on.  

Generally scaled railway vehicles were developed 
to reproduce the fundamental dynamic behavior of the 
full size railway vehicle in laboratory conditions. In 
this paper, 1/5 scaled railway vehicle is carried out for 
the development and testing of prototype bogie, and 
the investigation of fundamental railway vehicle 
running behavior.  

In this paper, we present the design of the 
braking/traction control systems as a part of a 1/5 
scaled railway vehicle. Control strategy to the 
adhesion/anti-skid control system based on two 
encoder sensor signals which is mounted an end side 
of the two axles. The dSPACE system is used for 
implementing the braking/traction control systems. 
The proposed testbed for the braking/traction control 
systems is tested in the 1/5 scale research vehicle and 
R=20 curved track, and we could verify the 
effectiveness and performance of the proposed 
system. 
 
 
References: 
[1] Simon Iwnicki, Handbook of Railway Vehicle 

Dynamics (Eds), Taylor&Francis, 2006. 
[2] V. K. Garg, R. V. Dukkipati, Dynamics of Railway 

Vehicle Systems, Academic Press, 1984  
[3] A. Matsumoto, Y. Sato, Multibody Dynamics 

Simulation and Experimental Evaluation for 
Active-Bogie-Steering Bogie, Int. Symposium on 
Speed-Up and Service Technology for Railway and 
Maglev Systems, 2006 

[4] J. Pèrez, R. M. Goodall, Control Strategies for 
Active Steering of Bogie-based Railway Vehicles, 
Control Engineering Practice, 2002. 

[5] J. T. Pearson, R. M. Goodall, An Active Stability 
System for a High Speed Railway Vehicle, 
Electronic Systems and Control Division Research, 
2003 

[6] Katsuya Tanifuji, Active Steering of a Rail Vehicle 
with Two-Axle Bogies based on Wheelset Motion, 
Vehicle System Dynamics, 2003. 

[7] M. Athans, The Role and Use of the Stochastic 
Linear-Quadratic-Gaussian Problem in Control 
System Design, IEEE Trans. on AC, 16(3), 1971  

[8] T.X. Mei, T.M. Goodall, Recent Development in 
Active Steering of Railway Vehicles, Vehicle 
System Dynamics, 2003. 

[9] Yoshihiro Suda, Takefumi Miyamoto, Active 
Controlled Rail Vehicles for Improved Curving 
Performance and Response to Track Irregularity, 
Vehicle System Dynamics Supplement, 2001. 

[10] S.Y. Lee and Y. C. Cheng, Nonlinear 
Analysis Hunting Stability for High-Speed 
Railway Vehicle Trucks on Curved Tracks, 
Vehicle System Dynamics Supplement, Vol.127, 
2005 

[11] S. Shen, T. X. Mei, Active Steering of 
Railway Vehicles: A Feedforward Strategy, 
European Control Conference, 2003 

[12] A. D. Monk-Steel, An Investigation into the 
Influence of Longitudinal Creepage on Railway 
Squeal Noise due to Lateral Creepage, Journal of 
Sound and Vibration, 2006 

[13] H. Scheffel, R. D. Frohling, and P. S. Heyns, 
Curving and Stability Analysis of Self-Steering 
Bogies Having A Variable Yaw Constraint, 
Vehicle System Dynamics Proc. of 13th IAVSD 
Symp. on the Dynamics of vehicles on  Roads and 
on Tracks, Vol. 23(Suppl.), 1993, pp. 425-436 

[14] A. H. Wickens, Static and Dynamic Stability 
o f Unsymmetric Two-Axle Railway Vehicles 
Possessing perfect  Steering, Vehicle System 
Dynamics, Vol. 11, 1982, pp. 89-106 

[15] A. H. Wickens, Railway Vehicles with 
Generic Bogie Capable of Perfect Steering. 
Vehicle System Dynamics, Vol. 25, 1996, pp. 
389-412 

[16] Y. Suda, T. Fujioka, and M. Iguchi, Dynamic 
Stability and Curving Performance of Railway 
Vehicles, 130Bull. JSME, 29(256), 1986, pp. 
3538-3544 

[17] C. E. Bell, and D. Horak, Forced Steering of 
Rail Vehicles: Stability and Curving Mechanics, 

WSEAS TRANSACTIONS on SYSTEMS and CONTROL Min-Soo Kim, Hyun-Moo Hur

ISSN: 1991-8763 303 Issue 7, Volume 4, July 2009



Vehicle System Dynamics, Vol. 10, 1981, pp. 
357-386 

[18] Y. Suda, High Speed Stability and Curving 
Performance of Longitudinally Unsymmetric 
Trucks With Semi-Active Control, Vehicle System 
Dynamics, Vol. 23, 1994, pp. 29-51 

[19] T. Fujioka, Y. Suda, and M. Iguchi, 
Representation of Railway Suspensions of Rail 
vehicles and Performance of Radical Trucks, Bull. 
JSME 27, 1984, pp.2249-2257 

[20] S. Narayana, R. V. Dukkipati, and M. O. M. 
Osman, A Comparative Study on Lateral Stability 
and Steady State Curving Behavior of 
Unconventional Rail Truck Models, Proc. Inst. 
Mech. Eng., F J. Rail Rapid ransit 208, 1994, pp. 
1-13 

[21] S. S. Marayana, R. V. Dukkipati, and M. O. M. 
Osman, Analysis of modified Railway Passenger 
Truck Designs to Improve Lateral 
Stability/Curving Behavior Compatibility, Proc. 
Inst. Mech. Eng., F J. Rail Rapid Transit 209, 1995, 
pp.49-59 

[22] S. S. Marayana and R. V. Dukkipati, Lateral 
Stability and Steady State Curving Behavior 
Performance of Unconventional Rail Trucks, 
Mech. Mach. Theory 36, 2001, pp. 577-587 

[23] R. V. Dukkipati, and S. S. Marayana, 
Non-Linear Steady-State Curving Analysis of 
Some Unconventional Rail Trucks, Mech. Mach. 
Theory, 2001, pp. 507-521 

[24] R. V. Dukkipati, and S. S. Marayana, and M. 
O. M. Osman, Curing Analysis of Modified 
Designs of Passenger Railway Vehicle Trucks, 
JSME int. J., Ser. C 25(1), 2002, pp. 159-167 

[25] G. Lorant, and G. Stepan,  The Role of 
Nonlinearities in the Dynamics of a single Railway 
Wheelset, Machine Vibration 5, 1996, pp. 18-26 

[26] T. Matsudaira, Shimmy of Axle with Pair of 
Wheels, Journal of Railway Engineering Research, 
1952, pp. 16-26  

[27] T. Matsudaira, N. N. Matsui, W, Arai, and K. 
Yokos, Problems on Hunting of Railway Vehicle 
on Test Stand. Trans, A.S.M.E Journal of 
Engineering In industry, Vol. 91, Ser. B, no. 3 , 
1969, pp. 879-885  

[28] L. M. Sweet, J. A. Sivak, and W. F. Putman, 
Non-linear Wheelset Forces in Flange Contact, 
Part I: Steady State Analysis and Numerical 
Results, Part 2: Measurement using Dynamically 
Scaled Models, Journal of Dynamic Systems, 
measurement and Control, Vol. 101, 1979, pp. 
238-255 

[29] L. M. Sweet, A. Karmel, and S.R. Fairley, 
Derailment Mechanics and safety Criteria for 
Complete Railway Vehicle Trucks, In: Wickens, A. 
(ed.): The Dynamics of Vehicles on Roads and 
Tracks. PROC. 7TH  IAVSD Symposium, 
Cambridge, UK, 1981 

[30] A. Jaschinski, On the Application of 
Similarity Laws to a Scaled Railway Bogie Model, 
Dissertation, TU-Delft, 1990  

[31] M. Gretzschel and A. Jaschinski, Design of an 
Active Wheelset on a Scaled Roller Rig, Vehicle 
System Dynamics, Vol. 41 No.5, 2004, pp. 
365-381 

[32] dSPACE, Solution for Control, 2007.  
[33] M. S. Kim, Y. S. Byun, Y. H. Lee and K. S. 

Lee, Gain Scheduling Control of Levitation 
System in Electromagnetic Suspension Vehicle, 
WSEAS Transactions on Circuits and Systems, 
Vol.5, pp.1706-1712, 2006. 

[34] M. S. Kim, Y. S. Byun, Y. H. Lee and K. S. 
Lee, The Levitation Controller Design of an 
Electromagnetic Suspension  Vehicle using Gain 
Scheduled Control, 5th WSEAS Int. Conf. on 
Circuits Systems, Electrics, Control & Signal 
Processing,  2006.  

[35] M. S. Kim, Y. S. Byun and H. M. Hur, Design 
of the Active Steering Controller of Scaled 
Railway Vehicle  Improving Curving Performance, 
The 7th WSEAS Int. Conf. on Circuits Systems, 
Electrics, Control & Signal Processing, 2008  

[36] M. S. Kim, J. H. Park, and W. H. You, 
Construction of Active Steering Control System 
for the Curving Performance Analysis of the 
Scaled Railway Vehicle, The 7th WSEAS Int. Conf. 
on Circuits Systems, Electrics, Control & Signal 
Processing, 2008 

 [37] Min-Soo Kim, Yeun-Sub Byun, Hyun-Moo Hur, 
Design of Active Steering Controller of the Scaled 
Railway Vehicle, INTERNATIONAL JOURNAL 
OF CIRCUITS, SYSTEMS and SIGNAL 
PROCESSING, Vol.2 No.3,  2008. 

[38] Min-Soo Kim, Joon-Hyuk Park, Won-Hee You, 
Construction of Active Steering System of the 
Scaled Railway Vehicle, INTERNATIONAL 
JOURNAL OF SYSTEMS APPLICATIONS, 
ENGINEERING & DEVELOPMENT, Vol.2, No.4, 
2008.  

[39] Min-Soo Kim, Joon-Hyuk Park, Byeong-Choon 
Goo, Development of Brake System of Railway 
Vehicles for Real-Time HILS, The 2007 
International Conference on Mechatronics and 

WSEAS TRANSACTIONS on SYSTEMS and CONTROL Min-Soo Kim, Hyun-Moo Hur

ISSN: 1991-8763 304 Issue 7, Volume 4, July 2009



Information Technologys(ICMIT 2007), Gifu, 
Japan, 5-6 December, 2007. 

[40] Min-Soo Kim, Hyun-Moo Hur, Braking/Traction 
Control Systems of a Scaled Railway Vehicle for 
the Active Steering Testbed, The 9th WSEAS 
International Conference on ROBOTICS, 
CONTROL and MANUFACTURING 
TECHNOLOGY (ROCOM '09), Hangzhou, China, 
May 20-22, 2009. 

 
  

WSEAS TRANSACTIONS on SYSTEMS and CONTROL Min-Soo Kim, Hyun-Moo Hur

ISSN: 1991-8763 305 Issue 7, Volume 4, July 2009




