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Abstract: Fatal road accidents are increasing day by day. The life of people while driving on roads is becoming
dangerous. Researchers have come to know that accidents occur due human error but majorly due to mechanical f
ault. This research paper primarily focuses on development of such a mechanical system which can control vehicl
e automatically and save human lives. Therefore development of such a system is depicted in this research paper.
Initially the system model is developed using Simulink in Mat lab and results are obtained in last. The modeling

is such that the individual components of model are formed from the equations which are shown and discussed se
parately. The components of model include (tire model, quarter car model, brake actuator and Pl controller). Furt
hermore the model shows robustness of controller where it is implemented in continuous time. In continuous time
it behaves robustly to control vehicle when excessive slip occurs. The results obtained in this research work are v
alidated with published work. However, the system can be adopted rudimentary for Anti-lock braking system (AB
S) and anti-slip regulatory system (ASR). Sometimes driving the vehicle on slippery or icy surfaces causes it to

get out of control. Therefore major focus of this research is to get vehicle under control when slip occurs.
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I. INTRODUCTION

Deadly accidents occurs on roads frequently now-a-days.
Research in vehicle dynamics and control engineering is
getting advancement day by day. Different techniques
and ways are being discovered. Among such anti-Lock
Braking System (ABS) is one. It is an active system
which is used to control vehicle dynamics under braking.
It does it by regulating wheel longitudinal slip at
optimum slip value. By doing this it gains maximum
braking force. Thus it controls not only vehicle while
slipping but also reduces stopping distance. It ensures
directional stability and avoid vehicle to skid. Vehicles
which are not equipped with ABS face locking condition
when applied excessive braking. In which a tire gets
locked. When tire gets locked then friction coefficient
falls below sliding value. Thus the ability of vehicle to
sustain side force is reduced to null. Therefore, stopping
distance increases and directional vehicle while turning
losses its grip. So the vehicle gets out of control and
derails which cause fatal accidents [1-7]

Primary purpose of ABS is to prevent the vehicle from
becoming locked during excessive braking. It does it by
controlling the braking torque by varying brake pressure.
The model uncertainties and non-linearity make it
difficult to develop a control law for ABS. Model un
certainties and nonlinearity contain variation in road
conditions and vehicle parameters. It can be summarized
from above discussion that there is a need to design a
controller which can control vehicle when excessive slip
occurs. Such a controller which can deal with
non-linearity. Therefore a wheel slip controller must be
designed with increased robustness. Moreover that
controller can be designed by nonlinear control law. In
this regard slide mode controller has been applied to deal
with nonlinearities for ABS system [1, 8-17] but there is

a drawback using slide mode controller for ABS that it
generates chattering phenomenon. Different methods
have been adopted to reduce chattering such as in [10, 16,
18]. Scientists and researchers have done a noteworthy
work in the design of ABS system. The following are
most important methods which are used for designing
ABS system. [10] worked on ABS system and designed
a slide mode controller. Again the chattering
phenomenon was observed. Thus he used integrated
switching surface method in place of sign function to
reduce chattering. Combine effect of slide mode and
fuzzy logic controller is observed in [13]. In [16] slide
mode controller was used to obtain slip at its optimum
value. Furthermore, Pl controller was used with
switching surface method in place of sign function to
minimize the chattering. Another work was performed
using slide mode controller and friction force observer.
The observer was introduced to find the optimal value of
longitudinal slip [9]. Researchers in [19] used Fuzzy
controller to track the optimal value of slip. Moreover,
the required value of slip was obtained from Pacejka
formula. The four cases were generated which showed
vehicle behavior by varying torque.

In this research paper a novel method has been
incorporated. The introduced method in this research
paper contains system modelling and dynamics of vehicle
body. Furthermore tire model, actuator model and
imposed simple Pi controller allowed us to control slip
when excessive slip occurs. Moreover three cases
generated in this research work are when driving the
vehicle on three types of surfaces such as concrete/dry
asphalt, snowy and ice surface. Another novelty of this
research is that we have used here standard Paceijka
magic tire formula. By doing this our system has behaved
comprehensively and results confirm the status of our



research.

Il. THE QUARTER CAR MODEL

Figure 1. One Wheel Free Body Diagram [20]

Quarter Car model can give a better understanding of
ABS control system. The model free body diagram of
one wheel is shown in figure 1. It is assumed that wheel
of model is attached to a mass m. Wheel moves due to
inertia of the mass (m). The velocity of the wheel is
linear due to inertia. Fx is the tire reaction force. It is
generated because of interaction of tire surface with the
road surface. As shown by figure 1 (o) is the rolling
motion of the wheel or it is termed as angular velocity.
Normally angular velocity is by product of Torque. The
torque is the generated by the reaction force of tire [21,
22].

Mathematical Equations:

and road

o Slip angle of the wheel

mv = —Fx (1)
Jow =rFx —Tb sign (w) @)
Where
it Longitudinal speed at which the car travels
0 Angular speed of the wheel
Vertical force
Fz
Tire frictional force
Fx
Braking torque
Th
F Wheel radius
J Wheel inertia

Further more
Fx = Fz.u(A, pH, a) @A)

Moreover
41=(1?—CUT')/1? (4)

Where -t defines the difference between horizontal
velocity (¥) and wheel parameter (wr),

If 4 =0 then there will be no frictional force (£%).
And body will execute free motion. If 4 = 1 then the
wheel is said to be locked. And the body will be affected

by frictional force (F ). Eventually the vehicle executes
no motion or it will be stand still. Thus frictional

co-efficient 7 and the shape of friction curve H*
can vary a wide range. The variations in curve depend
upon the road conditions (dry or wet). The other factors
which also affect the curve are the surfaces on which
vehicle operates such as (icy, snowy, gravel, asphalt etc.),
slip angle of wheel which can change according to the
steering of the vehicle and type of tire. In this research
paper dynamics of the system are analyzed by changing
the parameters of equations (1) and (2). And also angular

speed @ of the wheel which is replaced by the slip ().
It is also assumed here that
w =0, v =20and—1=4=1

The Quarter car model equation is given in [23] as:
px = a(1— e 2 — cd) ©)
I1l. THE TIRE MODEL

The novelty of this research is that we have used
Paceijka Magic Formula. The Pacejka Magic formula is
the standard formula to tire modeling [10, 16, 18]. The
standard Pacejka magic formula normally gives the
longitudinal frictional co-efficient

pux = afl1— e 2 — cl) ©6)

Where A is the wheel slip. The coefficients (a, b, c) in
this equation change according to the road surface. The
parameters are defined in [20]. The parameters are also
given in table form. On the basis of these parameters the
behavior of the system is analyzed. In this research paper
three surfaces are taken such as dry asphalt/concrete,
snow and ice.

Table 2 Tire-Road Friction Parameters.

Where ¥ is the friction co-efficient which is nonlinear Surface Cc1l c2 C3 C4
function of the slip. Conditions

Dry Asphalt 1.029 17.16 0.523 0.03

. Concrete 1.197 25.168 0.5373 0.03

A Slip of tyre Snow 0.1946 94.129 0.0646 0.03

pH | Interaction / frictional coefficient between tyre Ice 0.05 306.39 0 0.03




Where

C1 = Maximum value of friction curve.

C2 = Friction Curve Shape.

C3 = Friction curve difference between the maximum
value and valueat =1,

C4 = wetness character value.

IV. OVERVIEW OF THE COMPLETE
MODEL

The control loop used in this research paper has been dep
icted in Figure 2. The loop consists of (Controller, actuat
or and quarter car model). Furthermore, system model
is in feed forward path. The input of the control system

is slip. The calculated wheel slip from Paceijka Magic

formula (after controlled mechanism) is fed back and
compared to desired value of slip. The desired slip obtain
ed here is the error which is fed into the controller.
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Fig .2 Simulink Model of Quarter Car Wheel Slip
Control Loop.

V. SIMULATION RESULTS

Case: 1 when a vehicle drives on a concrete/ dry asphalt
surface.

Figure 3 (i) shows two lines. Yellow line shows vehicles
longitudinal velocity and blue line shows vehicles linear
velocity. The linear velocity can be obtained by
multiplying radius of the tyre with the rotational motion.
longitudinal and linear velocities are same for some
distance. But after some distance vehicle observes a slip
of 10 %. The Unusual behavior of vehicle when slip
occurs is shown in fig 3 (ii). Then ABS becomes active
and did not allow vehicle to lock. Thus, it controls the
vehicle until it comes to rest.

Figure 3 (i) when vehicle runs on concrete/ dry asphalt.

Figure 3 (ii) shows slip vs. desired slip graph

Case: 2 when a vehicle drives on a snowy surface.

Figure 4 (i) shows two lines. Yellow line shows vehicles
longitudinal velocity and blue line shows vehicles linear
velocity. Considering wheels motion the longitudinal
velocity remains same throughout the motion. But the
linear velocity which is shown by blue in figure 4(i)
shown drastic changes. But our employed ABS system
has performed and it has not allowed the vehicle to lock.
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Figure 4 (i) Relationship between linear velocity and longitudinal
velocity when vehicle runs on snowy surface.



Figure 4 (ii) shows two lines. Yellow line shows slip.
The obtained slip is unusual. This unusual slip gives the
idea of surface. Because this time the vehicle is driven
on snowy surface thus graph obtained is unusual. It is
due to the employed ABS system vehicles did not lock
and comes to rest after a period of 1.5 seconds.

Figure 4 (ii) shows wheel slip angle when vehicle runs on snowy
surface.

Case: 3 when a vehicle drives on a icy surface.

i
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Figure 5 (i) shows longitudinal velocity and linear velocity.
When vehicle runs on icy surface. The employed ABS
system has worked comprehensively to control vehicle.

Figure 5 (ii) shows two lines. In this case the vehicle is
driven on icy surface. As shown by figure 5 (ii) the
yellow line shows slip. The obtained slip is irregular.
This irregular slip gives the idea of surface which is
highly nonlinear. Due to ABS vehicle comes to rest after
a period of 1.5 seconds.

Figure 5 (ii) shows wheel slip angle when vehicle runs on icy surface.
VI CONCLUSION

The crux of the matter is that the problem area as slip
was defined. It is due to the slip the wheels gets derailed.
As noted earlier that about 90 percent accidents are
occurring due to mechanical fault. Which allowed
researchers to work for such a system which can control
vehicle automatically. Thus this research paper depicts a
novel approach for the design of such a system.it was
shown that by incorporating Anti-lock braking in
vehicles can prevent locking mode and avoid slip. In this
regard the system model was designed on which basis
mathematical equations were driven then those equations
were incorporated on Simulink. Furthermore the system
model is run and results are simulated in three different
cases. The three cases generated in this research work
are when driving the vehicle n three types of surfaces
such as concrete/dry asphalt, snowy and ice surface.
Another novelty of this research is we have used here
standard Pacejka magic formula. By doing this our
system has behaved comprehensively and results
confirms the status of our designed ABS system.
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