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1. Introduction 

The information of adhesion force through wheel-rail contact 

is of first priority in railway traction systems. Generally, 

adhesion force is nonlinear and is related to the creep value 

and is severely affected by wheel-rail contact conditions 

such as dry, wet, dust and leaves. When the mechanical 

torque transmitted to the wheel is higher than the maximum 

adhesion torque that is acquired from wheel--rail contact, the 

wheel will lose its adhesion, and slip will occur. Slip is 

damaging in traction operations. Due to slip in wheel 

mechanical deformation increases in wheel and rail and 

which in turn severely affect the stability of system and also 

lead to poor traction performance. So, in order to make 

system stable a  re-adhesion mechanism is required to reduce 

risk of slip. Many techniques have been presented to enhance 

the performance of railway vehicles under harsh weather 

conditions which are almost reactive in nature that means 

react only when the wheel-slip is detected [1-3].  

Those methods depend on the information of the slip ratio 

which is the difference between vehicle and wheel’s speed 

and rotational speed respectively react only if the slip ratio 

become more than certain limit value [4-5] controllers have 

been designed but they need exact information of slip ratio 

and but are inconvenient to provide  an better performance 

[6]. As, it is not easy to measure level of adhesion directly, a 

number of ideas have been presented for the detection of the 

running condition of the wheel rail interface indirectly that 

use vehicle installed economical inertial sensors and 

scientific processing such as an inverse modelling technique 

for the creep forces estimation [7] and a model based  

estimation [8-9]. This paper presents the designing of Sliding 

mode control for railway traction system which is the 

versatile technique for non-linear system and this sliding 

mode controller designed as comparing the velocity of 

vehicle and velocity of wheel and setting the maximum value 

as velocity of wheel 20% higher than velocity of vehicle and 

converting the velocity of vehicle into acceleration of vehicle 

and velocity of wheel into acceleration of wheel and 

reducing the acceleration in steps reach up to 5 % and hence 

by tractive effort is improved and the re-adhesion in railway 

system is established and railway system work with 

improved traction stability.  

2. Methodology 

Following is the General Block Diagram of Re-adhesion 

Control of Railway Traction System Using Sliding Mode 

Control. 

 

Figure 1.General Block Diagram of Sliding Mode Controller to 

achieve Re-adhesion in Train 
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Abstract: Slip is a damaging phenomenon in railway system. It causes the mechanical deformation of the traction system 

and wheel-rail contact surface. Moreover, it may affect the stability of the whole system and it is due to when the tractive 

or braking effort exceed the available adhesion at the wheel-rail contact. Which typically happen in poor conditions of 

weather and also because of contaminations on track surface. It is a serious matter in railway, not because it compromises 

railway system and passenger safety, but also it causes operational problems and increase the cost of recovery for 

damaged or flat wheels. This paper presents the designing of sliding mode control for re-adhesion control of railway 

traction system. The results show that this re-adhesion control scheme based on sliding mode control improves traction 

stability and prevents wheel slip. 
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In rail wheel dynamics the torque is applied from the motor 

to wheel and for the controlling the acceleration in wheel at 

the same time braking torque is applied. To move train 

wheels creepage force is needed. This creepage force may be 

more and create slippage in the wheels.  Sliding in wheels 

occur due to the slippage in wheels. 

3. Modeling of System 

3.1 Traction Force 

The creep force depends on the adhesion coefficient between 

rail and wheel and the normal force. 

𝐹 = µ. 𝑁                             (1) 

The normal force, N is the product of mass and the 
gravitation force, g  

𝑁 = 𝑚. 𝑔   (2)    

The applied torque in wheels is the product of force in wheels 
and the radius of wheels  

𝑇 = 𝐹. 𝑟                                    (3) 

𝑇 = 𝑚. 𝑔. µ. 𝑟                           (4) 

3.2 Torque in Wheel 

Torque is applied in the wheel by the motor, which remains 
attached to the wheel. To produce angular acceleration in 
wheels torque is controlled through a controlling system. The 
applied torque in wheels produces acceleration depending on 
the moment of inertia of the wheel. The moment inertia of 
wheel depends on the mass and radius of the wheel. 

𝑇 = 𝐼. 𝛼                                      (5) 

And 

𝐼 = 𝑚. 𝑟2                                    (6) 

3.3 Force and Acceleration in Train 

The acceleration in train is produced due to the acceleration 

in the train wheels. The train wheels move and the train 

moves. So, the force to move the train box part is as  

𝐹 = 𝑚. 𝑎                                   (7) 

Or in terms of the torque equation (7) becomes as 

𝑇𝑇𝑟𝑎𝑖𝑛 = 𝑚. 𝑎. 𝑟    (8) 

3.4 Force Need to move Train and Wheel 

The motion in the train vehicle (wheel plus train box is) is 
due to the torque force in wheels and the force in the train 
box. So, the required torque in the wheels to move train 
vehicle is the sum of the torque required to accelerate the 
wheels and the train box. 

𝑇𝑇𝑜𝑡𝑎𝑙 = 𝑇𝑊ℎ𝑒𝑒𝑙 + 𝑇𝑇𝑟𝑎𝑖𝑛 𝐵𝑜𝑥   (9) 

Hence, 

𝑇𝑇𝑜𝑡𝑎𝑙 = 𝑚. 𝑎. 𝑟 + 𝐼. 𝛼  (10) 

So, this equation is applicable to apply the torque for the 

required acceleration in train vehicle. 

 

 
Figure 2. Mechanism of Sliding Mode Controller for Re-adhesion 

Table1. Parameter Description 

3.5 Designing of Sliding Mode Controller for Re-Adhesion 

SMC is the versatile technique for designing of nonlinear 

systems. SMC suggest such model of surface where the error 

asymptotically tends to zero, together this formulate such 

dynamics that assure approximation of this surface. SMC is 

consist of two parts, one part is sliding surface and other part 

is off-surface dynamics. So for designing of this SMC, first 

step is to write equation of error. After deciding equation of 

error next step is to write equation of off- surface dynamics. 

Parameter Description 

F Creep Force 

µ Creep Coefficient 

N Normal Force 

T Torque 

r Radius 

g gravity 

I Inertia 

α Acceleration 

m Mass 
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This off-surface dynamics equation will be function of our 

control input. After this, control input will be applied to 

system. The algorithm of sliding mode control is shown in 

figure 2. 

Part 1- Development of Wheel velocity with slip 

𝑥1 = 𝑓(𝑥1) = 𝑉𝑣    (11) 

𝑥2 = 𝑓(𝑥2) = 𝑉𝜔  (12) 

𝑥2 = 𝑓(𝑥2) = 𝑉𝜔 = 𝑓(𝑥1) + 𝑓(𝑥2). µ(𝜆) (13)    

𝑥2 = 𝑓(𝑥2) = 𝑉𝜔 = 𝑉𝑣 + 𝑉𝑣 . µ(𝜆)  (14) 

Part 2- To control the error caused by slip in wheel velocity. 
Step 1- Finding the sliding surface deviation (Switching 
surface position(S)) 

𝑆 = 𝑒 + 
𝑑𝑒

𝑑𝑡
                                       (15) 

𝑆 = 𝑒 + (
𝑒2+𝑒1

𝑒2+𝑒1
)      (16) 

Alternately,  

𝑚 =
𝑑𝑉𝜔

𝑑𝑡
=  

𝑉𝜔2+𝑉𝜔1

𝑡2+𝑡1
  (17)  

This equation will give rate of increasing velocity (Slope of 
velocity). 
Condition for Threshold Value, 

𝑆 ≤ 20%                                          (18) 

Criteria for Sliding surface return 
𝑑𝑒

𝑑𝑡
= 0 (19) 

Sliding   S > 0 +1 Reduction Torque  / force needed 
Sliding   S > 0 +1 Still reduction in Torque / force 
Skid S < 0 -1 No reduction in force 

Step 2- Identifying the slip at 20%, by using following creep 
formula. 

𝜆(µ) =  
𝑉𝜔−𝑉𝑣

𝑉𝑣
    (20) 

Step 3- Taking constant acceleration in Train Box for the 
next time intervals find the predicted velocity of train wheel 
with Creepage of 16 %, 12 %, 8 % and 4 % 

Step 4- Taking the Train Box is moving with the constant 
acceleration; find the expected acceleration for the wheel 

As; 

   
𝐸𝑥𝑐𝑒𝑠𝑠𝑖𝑣𝑒 𝐴𝜔 =  𝐴𝜔𝑒

+ 𝐴𝜔𝑟
                              (21) 

Step 5- Conversion into acceleration                      

𝛼 =
𝐴𝜔

𝑟
   (22) 

Finding the excessive Torque that is to be reduced by 
following equation 

𝑇 = 𝐼. 𝛼                                    (23) 

Step 6- Reduce the Excessive Torque. 
 
Considering following as the values until Creep reaches 20. 
 
 

Table 2. Creepage Values up to 20% 

Time 

(seconds) 

VWHEEL 

(meter/seconds) 

VTRAIN 

(meter/seconds) 

Creep 

(%) 

11 26.52 25.5 4 

12 29.7 27.5 8 

13 33.04 29.5 12 

14 36.54 31.5 16 

15 40.2 33.5 20 

Now based on the values of creepage, taking the constant 

acceleration of 2 m/sec2 and finding the velocity of Train Box 

for the next four seconds (based on the considered return 

period). Based on the velocities of wheel and train box, 

finding the acceleration in the wheel that is to be reduced. 

After finding reduced acceleration, convert of acceleration 

into a angular acceleration, Finally, finding the Torque that is 

to be reduced. 

Part 3. To stabilize the system by applying the controller as 

the wheel velocity do not deviate from the designed slip, 

𝑇(𝑡) = 𝑇𝑒𝑞(𝑡) +  𝑇𝑐(𝑡)  (24) 

Where. 𝑇(𝑡) is controlling torque, 𝑇𝑐(𝑡) is the corrective  

torque, 𝑇𝑒𝑞(𝑡)  equivalent torque. 

Criteria,  

 

𝑇𝑒𝑞(𝑡) =
𝑑𝑒

𝑑𝑡
= 0                    (25)                               

and, 

 𝑇𝑐(𝑡) =  𝑉𝜔 ≥ 𝑉𝑣     (26) 

or 

𝑇𝑐(𝑡) =  (1.04 − 1.2)𝑉𝜔   (27) 

Where,  

(1.04 − 1.2)𝑉𝑤 = Wheel velocity with slip 

 

𝑇𝑒𝑞(𝑡) = 𝑇𝑊ℎ𝑒𝑒𝑙 + 𝑇𝑇𝑟𝑎𝑖𝑛 𝐵𝑜𝑥  (28) 

𝑇𝑊ℎ𝑒𝑒𝑙 = 𝐹𝑊ℎ𝑒𝑒𝑙. 𝑟 = µ. 𝑚. 𝑔. 𝑟   (29) 

Now, the Corrective        

𝑇𝐶(𝑡) = 𝑇𝑒𝑞(𝑡) − 𝑇𝐸𝑥𝑐𝑒𝑠𝑖𝑣𝑒(𝑡)                                 (30) 

Where, 𝑇𝐶(𝑡) is the corrective torque, 𝑇𝑒𝑞(𝑡) is the 

equivalent torque, 𝑇𝐸𝑥𝑐𝑒𝑠𝑖𝑣𝑒(𝑡) is the excessive torque 

And,𝑇𝐸𝑥𝑐𝑒𝑠𝑖𝑣𝑒(𝑡)is Excessive Torque that produce slip 

(Excessive)  
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𝑇𝐸𝑥𝑐𝑒𝑠𝑠𝑖𝑣𝑒 = µ(𝜆). 𝑇𝑊ℎ𝑒𝑒𝑙                                            (31) 

 

𝑇𝑡 = 𝑇𝑊ℎ𝑒𝑒𝑙 + 𝑇𝑇𝑟𝑎𝑖𝑛 𝐵𝑜𝑥 − µ(𝜆). 𝑇𝑊ℎ𝑒𝑒𝑙   (32) 

By adding the minimum slip as 4%  

 
(µ(𝜆) = µ. (𝜆) − 𝑂. 𝑂4) 

𝑇(𝑡) = 𝑇𝑊ℎ𝑒𝑒𝑙 + 𝑇𝑇𝑎𝑖𝑎𝑛 𝐵𝑜𝑥 − [µ(𝜆) − 0.04]. 𝑇𝑊ℎ𝑒𝑒𝑙  

 (33) 

Table 3. Creep Values 

4. Results and Discussion  

Following figure shows Sliding mode control based 

velocities of wheel and train and from figure it clearly shown 

that from 10 to seconds slip occurs in system and after 

application of Siding Mode Control system is again 

established in re-adhesion mechanism . 

Table 4. System Parameter Specifications. 

Parameter Symbol Specification 

m mass 1250 Kg 

g gravity 9.8 m/s2 

F Force Calculated 

T Torque Calculated 

I Inertia 312.5 kg.m2 

V Velocity Calculated 

N Normal Force Calculated 

α Acceleration 2 m/s2 

r Radius 0.25 m 

 

 

Figure 3. Re-adhesion of Railway traction system 

Figure 3. shows re-adhesion of railway traction system, it is 

clearly shown in graph that up to 10 seconds system is 

working properly and after 10 seconds wheel start to deviate 

from pure rolling and it is considered as a slip in wheel but 

By application of Sliding Mode Control, system again start 

to work properly and re-adhesion in railway traction system 

is established . 

 

Figure 4. Torque in Train and wheel using SMC. 

Figure 4. shows torque values of Train and wheel using 

sliding mode control. These are the required corrective 

torque values on which railway traction system work in 

proper way after occurring of slip. In simple these are the 

torque values on which re-adhesion in railway traction 

system established. 

 

μ Λ 

005 0.00125 

0.1 0.0025 

0.2 0.005 

0.3 0.0075 

0.4 0.01 

0.5 0.2 
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Table 4. Parameter Description  of Controller 

Parameter Description 

E Error 

𝜆(µ) Creep 

𝑉𝜔 Velocity of Wheel 

𝑉𝑣 Velocity of Vehicle 

𝐴𝜔 Angular Acceleration 

µ(𝜆) Creep coefficient with 
respect to creep 

S Sliding Surface 

Below figure 5. shows total torque values using sliding mode 

control to move both train and wheel collectively. 

 

Figure 5. Total torque using SMC 

5. Conclusion 

Re-adhesion is possible to achieve in railway systems by 

using the advanced technique such as SMC. Through SMC 

technique it was observed that slippage can be found in the 

wheels based on the development of creep in wheels. SMC is 

helpful to return the sliding wheels in their desired velocities 

and bringing the system in a stable condition. Using SMC it 

is possible to maintain the slip in wheels within a designed 

range. SMC is used in current study, when the threshold 

value of slip for higher range reaches to 20 %. It is also 

possible to set a different threshold value such as a lower 

value of 10 %.  

6. Future Work 

Comparative study of various controllers in Railway systems 

may be conducted. Performance of SMC in terms of time 

may be analyzed with other controller systems such as PID 

Controller. SMC may be used in different vehicle system. 

References 

[1]  Davies, R. D. (1939) Some Experiments On The   Lateral 

Oscillation of Railway Vehicles. Journal Of  The Ice, 11, 224-

261.  

 

[2]  Knudsen, C., Slivsgaard, E., Rose, M., True, H. and Feldberg, 

R. (1994) Dynamics of A Model Of A Railway Wheelset. 

Nonlinear Dynamics, 6, 215-236.  

 

[3]  Ohishi, K., Kadowaki, S., Smizu, Y., Sano, T., Yasukawa, S. & 

Koseki, T. (2006) Anti-Slip Readhesion Control of Electric 

Commuter Train  Based On Disturbance Observer Considering 

Bogie Dynamics. In: Ieee Industrial Electronics, Iecon 2006- 

32nd Annual Conference On, 6-10 Nov. 2006 5270-5275. 

 

[4]  Arias-Cuevas, O. and Li, Z. Low Adhesion In The Contact 

Between Wheel And Rail.  

 

[5]  Yu, J. H., Mei, T. X. Wilson, D. A. Re-Adhesion  Control 

Based On Wheelset Dynamics In Railway Traction System.  

 

[6]  Iwnicki, S. (2006) Handbook Of Railway Vehicle  Dynamics, 

Crc Press.  

 

[7]  Xia, F., Cole, C. and Wolfs, P. (2007) An Inverse  Railway 

Wagon Model and its Applications. Vehicle System Dynamics, 

45, 583-605.  

 

[8]  Charles, G. R. Goodall, and R. Dixon, 2008) Model-Based 

Condition Monitoring At The Wheel-Rail Interface. Vehicle 

System Dynamics, 46, 415-430. 

 

[9]  Ward, C. P. W., E. Stewart, H. Li, R. Goodall, C. Roberts, T. 

X. Mei, G. Charles and R. Dixon Condition Monitoring 

Opportunities Using Vehicle Based Sensors Imeche 

Proceedings, Part F: Rail And  Rapid Transit, V. 225, 

No.2/2011, 202-218.  

 

[10] I.Hussain, Anti-Slip Traction Control of Railway Vehicle 

Based on Estimated Wheel-Rail Contact Condition, Sindh 

Univ. Res. Jour. (Sci. Ser.) Vol. 45 (2) 373-378 (2013). 

 

 

 

94


