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Introduction
The dynamic analysis concerned to the vertical railroad wheel 

contact usually rises on increase of railway train velocity. In scarce 
conditions, the relevant distance of railway wheels excitants by the 
broadly band and discrete disturbances available on the moving 
contacts of wheelset and railroad can tend to extra contacting forces. 
In the work done by,1 the influence of railway wheelset rotation 
was conceived by modeling rail-wheel implied to a rotating force 
surrounding its perimeter at constant angular speed. Thus inertial 
forces are ignored. The procedure provided by2 is used to set up the 
motion equations for the rotating of rail wheelset. This paves path 
for structuring to small elastic deformations for huge translations and 
rotations concerned railway dynamics.

It can be conceived that there is angular speed as contacting point 
between the rail profiles and wheelset. By watching the wheel profile, 
this point discriminates the undulating radii of wheels. In the central 
position, the rolling radii for the left and right wheels are equal due 
to the symmetry of the rail wheelset system.3 A lateral distance due 
to the wheelset motion creates dissimilarity between the rolling radii 
of wheels running on a straight track ends in a timely motion of the 
railway wheelset, as stated theoretically by Klingel known as the 
Klingel movement of wheels.

A more dependable method of checking the dynamics of railway 
vehicles comprises of examining the actual vehicles circulating 
attitude on the railway track.4 The railway vehicle wheels and track 
are correlated in the rail-wheel contact zone. Here, almost the forces 
that assure the stability of vehicle along with the railroad track are 
applied.5,6 In such situation, no any transversal forces are implied on 
the railway wheels with a perfect symmetry between the left and right 
wheels and railroad profiles.

The hybrid re-adhesion methods based on the relative velocity 
measurement are described.7,8 These controllers having precise 
measurement of the railway vehicle and wheelset rotational velocities 
make it complicated to get the preferable efficiency. Another 
methodology concerned to disturbance estimators are proposed to 
detect the slipping conditions for trains.9,10

Kalman filter is a beneficial tool to filter the parameters of a 
linear stochastic process for the railway wheelset with required track 

disturbance, by known processing outputs and the model parameters. 
The system has linearized the nonlinear creepages at specific point 
on the creeping curves. This research uses a newer technique to 
recognize the rail-wheel contacting conditions by checking the 
alterations in the dynamic virtues of the rail wheelset as the vehicle 
travels through the rail track. The proposed scheme indirectly uses the 
contacting conditions with minimal measure requiring system. The 
results described show the satisfactory performing efficiency.11

In this paper, the angular velocity of rail wheelset is discussed in 
second section and kalman filter is designed in third section while in 
4th section simulation results are presented.

Wheelset dynamics

In following Figure 1, Railway wheelset contains of two left 
and right wheels joined rigidly by solid axle in such a way that the 
two wheels rotate with some velocity. The wheelset are joined to 
bogie through suspension parts of railway train. The purpose of the 
suspension parts is to apart the passenger car from the vertical distance 
produced by disturbances in railroad. Along with riding comfort, the 
suspension works to ameliorate the stability of the railway wheels.12

Figure 1 Right wheel co-efficient of creep at 107.
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Abstract

The rotational speed of the railway wheelset connected by solid axle is crucial problem 
for proper running of vehicle due to unbalanced ratio of adhesion and creep level 
owing to contaminated conditions to cause fatal damage. In this paper, the angular 
velocity of rail road wheels is modeled by its concerned dynamics. This dynamics is 
altered to kalman filter folded by relative formulations to estimate the noise caused 
through measurements by actual signals. Thus error percentage is determined by these 
two wheels separately to detect the adhesion based upon creep coefficient to control 
slippage of wheelset.
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The railway wheelset having two wheels rigidly fastened by axle 
are the frustums of a cone with sloping roll on rail surfaces being an 
arc of a circle with radius. This restoring force from the flanges on the 
wheels is fixed by a bold linearly spring with a dead band and no any 
damping factor with bogies.13

When wheelset is dislocated sideways then creep for both sides 
wheel is shown as under, where longitudinal creep ‘λ’ is correlated 
with wheel velocities.14
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Here Vw is linear velocity as
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The left and right wheel speeds are as under
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Here ty =noise, γ = conicity 11xR xRF f λ=  (6) and 11xL xLF f λ=  (7) 
here FX =creep forces and f11 = creep coefficient.

Kalman filter design
The Kalman filter is used for estimation of linearly systems and 

the extended Kalman filter is used for nonlinearly stochastic systems 
for estimation of dynamic systems.15 Usually kalman filter uses as an 
observer for fault detection during disturbances. The Kalman estimator 
is one of the most famous methods applied for states and parameter 
estimation during noise. It uses concerned measurements that are 
correlated linearly to the state and error covariance matrices to create 
a gain concerned to Kalman Gain in its phenomenon. This gain is used 
to the prior state estimation producing a posterior estimation. The 
estimation process occurs in a predictor-corrector way by maintaining 
a statistically minimal state error covariance matrix in kalman filter 
analysis. Equation (8) is practical to design the Kalman filter in this 
paper. Basic linear rail wheelset equations based on linearly creeping 
forces relationships in equations (1) to (7) on straight railroad with 
tracking input noise yt are given below in state variable form.
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Where, n = 0, 1, 2, ... ;

The errors of this estimating model, and inducted errors of yaw 
pace and other dynamic terms are considered as the process noise. 
This noise is given by yt as denoted in equation (4, 5). This caused 
disturbance is filtered by kalman filter.16,17
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In equation (12), yt is the noise measurement. Hence state space 
model is used to estimate angular velocity is given by
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 are state vectors at steps n and n+1 and H=[l 

0] is the matrix of wheel speed measurement. Wn and yt are used as 
white noise of zero average, so the noise covariance is assumed as 
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 The noise covariance R and its determination of is 

the longitudinal speed estimated technique based on kalman filter.18‒20 
The steady-state Kalman filter gain K, is calculated by applying the 
equations (10) and (11), therefore the relevant equation of Kalman 
filter is agreed by

1 [ ]n f n f nX K H X K y+ = Φ − +                                                         (14)

Simulation results
The angular velocity of wheelset is replicated to determine three 

different creep co-efficient attitudes. The Kalman filter techniques 
are applied to estimate actual parameters by their measurements as 
described as under.

Right wheel angular velocity of at various co-efficient 
of creep

The right wheel angular velocity of the wheelset is shown in above 
Figure 1. Whereas right wheel angular velocity is checked by creep 
co-efficient at 107 to stare at the recital of the right side wheel.17,18

In Figure 1, the initial angular velocity of right wheel 92.38 rad/
sec varies to 92.48 rad/sec with stepped rate of 0.04 rad/s with respect 
to time laps from 0.5 sec to 5 sec with increase of 0.5 seconds. The 
actual signal is shown by ‘blue colour’ rides with the estimated signals 
displayed by ‘green colour’ in bedlam way denote commotion in main 
waives and trim in middle.

The Figure 2 shows that right wheel angular speed alters from 
45.5 rad/sec as estimated limitation and 62.3 rad/s for the actual sign 
with flooring in time 0.5 sec to 5 seconds when creep co-efficient is 
planned as 106.. The estimated and actual standards change apart from 
each other. This means both curves become apart from each other on 
reducing the co-efficient of creep charge.

https://doi.org/10.15406/iratj.2019.05.00175


Analysis for angular velocity of railway wheelset measurement and creep error estimation 65
Copyright:

©2019 Soomro

Citation: Soomro ZA. Analysis for angular velocity of railway wheelset measurement and creep error estimation. Int Rob Auto J. 2019;5(2):63‒67. 
DOI: 10.15406/iratj.2019.05.00175

Figure 2 Right wheel creep co-efficient of 106.

In Figure 3, On assuming the creep co-efficient as 105 then right 
wheel angular velocity changes from somewhat closer to 70.5 rad/sec 
as for the estimated restriction and earlier to 62.2 rad/sec for the actual 
indication with flooring within time 0.5 sec to 5 sec. The estimated 
and actual signals are at distant from each other. The creep coefficient 
values vary according to the material properties and environment 
conditions.

Figure 3 Right wheel creep co-efficient of 105.

The results obtained from both Figure 2 and Figure 4, vary 
inversely with each except the image of the Figure 1, reflects that 
when the co-efficient of creep is superior then estimated and actual 
signals partly cover each other, and estimated and actual signals 
are detached from each other when creep co-efficient is decreased. 
Whereas in Figure 3 both estimated curve and actual parameter travel 
also a partly but differently to as in Figure 2.

Left wheel angular velocity of at various co-efficient 
of creep

The left wheel angular velocity of wheelset is displayed in the 
Figure 4 to Figure 6, where left wheel angular velocity is checked by 
three diverse creep co-efficient to observe its performance. The creep 
coefficient is the variable parameter, which depends upon the ratio 
and level of adhesion applications affected by contamination.17

Figure 4 Left wheel creep co-efficient of 107.

Figure 5 Left wheel creep co-efficient at 106.

Figure 6 Left wheel creep co-efficient at105.

In Figure 4, when co-efficient of the creep is taken at 107 for left 
wheel. We observe that left wheel moves with its angular velocity 
of 92.38 rad/sec to 92.48 rad/sec for estimated curve denoted by 
‘red colour’ within time limits 0.5 sec to 5 sec with augmentation 
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of 0.5 sec. While actual signal denoted by ‘blue colour’ travels with 
estimated signals in anarchy way viewing certain riot in big waive and 
thin in the centre with identical time. The Figure 5, left wheel angular 
velocity for estimated signal runs on 46.5 rad/sec by creep co-efficient 
value of 106 and 93.2 rad/sec for the actual signal with time from 0.5 
sec to 5 sec. These both values differ by more distant from one other.

In Figure 6, left wheel angular velocity for estimated signal runs on 
varies from 69 rad/sec slightly below 70 rad/sec by creep co-efficient 
value of 105 and 94.5 rad/sec for the actual signal with time variation 
of 0.5 sec to 5 sec. both estimated and actual signals also contrast and 
run at so much away from each other.

Error estimation for angular speeds
Below is representation of right and left rail wheels

Estimation of error for angular speed of right wheel

 The error is estimated for angular speed of right wheel through 
blue line and green line for elevated (107) and subordinate (105) 
coefficient of creep.

The error estimation ratio for right wheel based upon higher and 
lower coefficient of creep is denoted in Figure 8. The higher co-
efficient of creep displayed in ‘blue line’ runs on straight path of 
zero error scale. This conceives that there is maximum adhesion to 
resist slip. While lower co-efficient of creep displayed in ‘green line’ 
ranging from 13 to 23 on vertical scale zigzag pattern to end at 17.3 of 
error % in slim means that adhesion is imperfect.

The Figure 7 shows ‘e1’ as error estimation for higher coefficient 
of creep and ‘e2’ as for error estimation for higher coefficient of creep 
depending upon their sizes.

Figure 7 Error estimation for right-wheel speed.

Figure 8 Error estimation for left wheel speed.

Estimation of error for angular speed of left wheel

The error estimation for angular speed for left wheel is classified by 
higher coefficient of creep as 107 through blue line and green line for 
lower coefficient of creep as 105. The Figure-8 shows error estimation 
by ‘e1’ for higher creep coefficient and ‘e2’ error estimation for lower 
coefficient of the creep. Whereas when moderate error is encountered 
then that will show marginal irregularity.17,18

The quoted high and low coefficient of creep sizes are used to 
guess the error ratio for left wheel of the railway in fig-8 as below. 
The blue line denotes higher coefficient of creep travels on zero scale 
vertically. This shows no error in adhesion to face slip. Whereas lower 
creep coefficient displayed by green line passes through 46 on vertical 
scale of error denotes the defect of adhesion to cause slip.

Conclusion
In this paper, the dynamics for angular speeds of left and right 

railway wheelset is modeling is discussed. The kalman filter (KF) is 
designed by mathematical model through formulations. This kalman 
filter is used to estimate the noise through measurements by actual 
parameters. From simulation results, it can be analyzed that the left 
wheel angular speed is also better than that of the speed of right wheel 
during estimation by kalman filter through application of different 
co-efficient of creep. Here both rail wheels signals behave in same 
nature of direction with different values. Similarly the error value is 
detected for both railway wheels, where in both wheels slip becomes 
zero indicating proper ratio of adhesion on higher creep of co-
efficient. Whereas both left and right rail road vehicle wheels behave 
with different values in same nature on lowering creep coefficient 
ratio. Thus it can be concluded that on enhancing the value of creep 
coefficient, both estimated and actual parameters for both values 
run collectively and consequently error ratio becomes zero to avoid 
chance of slip. While on reducing creep coefficient value the travel 
separately with noise in error ratio then it is balanced after some span 
of time.
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