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Design of increasing controllability of braking vehicle

Talkachou Dzianis

(School of Automation and Electrical Engineering , Lanzhou Jiaotong University, Lanzhou 730030, China)

Abstract: The operating principle of an antilock braking system (ABS) is it compares current value of angular acceleration with
the threshold value. The advantage of such system is that enough it has only the angular velocity sensors. The disadvantage is
successive overshoot, 1. e. successive transition from wheels locking mode to wheels rolling mode. So braking mechanism can’
t realize the maximum possible torque in the current road conditions. The idea of increasing the braking effectiveness is the in-
tensity of rising pressure depends on the road conditions. The problem is the torque produced by braking mechanism, current
road conditions and the value of traction coefficient is unknown. For evaluation of these parameters built and training three neu-

ral networks. A simulator of random road condition’s variation was built to test adequacy of the control unit’s operation in

close to real conditions.
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0 Introduction

Road safety depends on the reliability and efficien-
cy of braking systems. Therefore, improving the
braking system is an important factor in reducing the
number and severity of road accidents. The function
of antilock braking system (ABS) is to prevent the
full block of wheels, thus increasing controllability of
the vehicle and reducing braking distance. If the
wheel is locked, the vehicle will brake in the skid
mode. In this case, energy is expended not in the
braking mechanism, but in the wheel-road contact
patch. In this mode, the wheel tire suffers heavy
wear, the efficiency of braking decreases, however
the most important issue is that the driver has loses
control of the vehicle. If the road surface is slippery,
for example ice, even if using the maximum realizable
braking torque, the braking distance will be very
long. Therefore, the measures for increasing traction
coefficient should be accepted. Thus, under winter

conditions, when road has a slippery surface, special
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winter spiked tires should be used.

The analysis of articles reveals some imperfections
in the mathematical models of much research, shown
by the graphs. For example, the model spended a-
bout 15 s for braking from the velocity of 50 km/h
till stop in Refs. [1-2]. The braking distance excee-
ded 120 m in Ref. [3]. In some models, angular ve-
locity began to rise after braking started and exceeded
the velocity of vehicle body'". It can be seen that
some authors devoted little attention to building an
adequate model of vehicle braking. Since mathemati-
cal models are the base of all simulation, the creation
of adequate models is the most important part of re-
search. Therefore, much time of research was devot-

ed to building a mathematical model.

1 Mathematical description of automo-
bile braking

Fig. 1 shows a scheme of forces influencing the

wheel during movement on a horizontal surface.
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Fig. 1 Scheme of forces influencing wheel

where V, is linear velocity of vehicle’ s center of
mass, m/s; w, 1s angular velocity of wheel, rad/s;
rw 1s wheel radius, m; T\, is braking torque produced
by mechanism, N+ m; G is weight of vehicle on
wheel, N; F,, is aerodynamic force, N; N is normal
reaction of surface, N; F/ is {riction force of wheels
rolling, N; F% is friction force during skidding, Nj;
F, is friction force in braking mechanism, N; and r,
is middle radius of friction in braking mechanism, m.

The mathematical description of automobile which
is moving on the horizontal support surface during

braking (equal energy balance) is given by

1 skid —
Ek 7Wbr7Wair 7Wf? 7W[rl =0 ’
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E.= 5 i—iz ,
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W =F¢'Ly,
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where FE| is kinetic energy stored by vehicle, J; m, is
mass of automobile, kg; I, is inertia of wheels and
transmission, kg/m?; W), is work of braking force,
J; t is time of braking, s; W, is work of aerodynamic
force, J; L is distance, m; W' is work of friction
force at wheels rolling, J; 7 is energy conversion effi-

ciency in transmission; and Wik

is work of friction
force during skid, J.
The maximum braking torque in current road con-

dition is described by
Toax=Nrog, (2)

where ¢ is traction coefficient.

The braking torque produced by baking is

Tl)r:Ffrrfr- (3)

The friction force in braking mechanism is
Ffr:Fbrfmech7 (4)

where Fy, is press force in braking mechanism, Nj;
and fea 1s coefficient of slip friction in friction pair
of braking mechanism.

The coefficient of longitudinal slip is calculated by

V.= wwrw

S, = V.

(5

To accurately measure the linear speed of auto mo-
bile, the methodology based on the use of on-board

radar is encouraged-’,

2 Development of control unit with in-
creased work efficiency

As a result of analysis of literature, the following
relationships were discovered. Maximum realizable
braking torque depends on traction coefficient, which
depends on road conditions as well as velocity of ve-
hiclel®™. The coefficient of friction in the braking
mechanism depends on the vehicle’s velocity and the

8101 These relationships

temperature of friction pair
were approximated using MathCAD. The values of
data arrays were calculated by using obtained polyno-
mials.

The developed system involves installation of tem-
perature sensors on friction pads in the braking
mechanisms. For chosen material of brake pad, the
dependence of friction coefficient vs. velocity and

temperature is presented in Fig. 2.
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Fig.2 Graph of dependence coefficient of friction in bra-

king mechanism vs. velocity and temperature
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To measure the temperature of the friction pad,
the use of fast response surface temperature sensor is
encouraged''!”,

Fig. 3 shows the dependence of the traction coeffi-
cient vs. velocity for different road conditions. Differ-
ent road conditions presented on the graph is in the
axel of the road surface surf. For example, dry as-
phalt is 1, wet asphalt is 0. 8, unpacked snow is 0. 4,

ice is 0. 3, and other types of surfaces in interim.
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Fig. 3 Graph of traction coefficient vs, velocity in different

road conditions

The idea of increasing braking effectiveness is the
intensity of rising pressure that depends on the road
conditions. For example, the system under discuss
will operate like initial system in poor road condi-
tions, but during improvement of road conditions,
the intensity of rising pressure will be reduced.
Thereby in good road conditions, the wheel will
slowly lock and brakes will have the largest work of
friction in an equal time interval, which improves the
efficiency of braking. This dependence can be de-
scribed by

intF=ay sur f* +a,sur f* +assur f* +a,sur f*,

where a,, as, as and ay are picked coefficients.

Fig. 4 shows the dependence of the intensity of ac-
tuator’s pressure rising (intF) vs. type of road sur-
face. If the quality of the road’s surface exceeds 0. 3,
the intensity of rising pressure will begin to decline

and will lower about ten times in good road condi-

tions.
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Fig. 4 Dependence of intensity of actuator’s pressure rising

vs. current road conditions

The control unit calculates quantity of holding”’s

interval according to Eq. (6), namely

Niow=10—10intF. (6)

According to Fig. 4 and Eq. (6), if the road condi-
tion is close to 1 (dry asphalt), the control unit will
transmit a signal to terminate the increase of pressure
in the operating cylinder and hold it at current level
(signal “HOLD”).

If pressure rising starts, the control unit will begin
to reduce the intensity of rising pressure and it will
slowly proceed or even stop rising in good road condi-
tions. Therefore, the control unit needs the thresh-
old of activation to eliminate this effect. Supposing
the threshold is a constant, if the threshold value is
low, the process of rising braking torque will quickly
stop. Especially in good road conditions, braking will
be ineffective. If the threshold value is high, de-
crease of intensity will be weak in bad road condi-
tions. As a result, the control unit will be ineffec-
tive. Therefore, the dynamic threshold is added in
the model depending on current road conditions.

Two-layer networks have been built for the estima-
tion of unknown parameters. Networks type indudes
feed forward and back propagation. Transfer func-
tions are hyperbolic tangent sigmoid in the first layer
and linear in the second layer.

The first neural network estimates type of road

condition, the second neural network estimates the
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current value of traction coefficient, and the third
neural network estimates the value of friction coeffi-
cient in the braking mechanism.,

The relationships in Figs. 2 and 3 are approximated
using MathCAD. The values of arrays of input data
and target data for training neural network are calcu-
lated by using obtained polynomials by MathCAD.

Fig. 5 shows the variation of activation threshold

act by the current road condition.
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Fig. 5 Variation of activation threshold by current road

condition

The mathematical model contains the block which
calculates the current value of traction coefficient at
the begining of locking process, that is, at the mo-
ment of blocking. The first neural network estimates
the type of road condition using linear velocity sen-
sor’s data and value of traction coefficient at the be-
ginning of blocking. If road conditions do not change
but velocity changes, the second neural network will
estimate the current value of traction coefficient ac-
cording to the value of velocity and the type of road
surface. The third neural network estimates the val-
ue of friction coefficient in the braking mechanism u-
sing the value of velocity and the value of braking
pad’ s temperature. Then, using data estimated by
the second neural network, the control unit calcu-
lates the maximum realizable braking torque in cur-

rent road condition, namely
T =Nrug. (7

Using data estimated by the third neural network,
the control unit calculates the value of current bra-

king torque in braking mechanism, namely

Tbr = Fl)r Vi fr’ncch . ( 8 )

The control period has been divided into 10 inter-
vals, thus the frequency of comparing acceleration
with threshold logical unit is ten times longer than
the frequency of comparing acceleration with the fol-
lowing units. Therefore, one cycle of comparing ac-
celeration with threshold is fit for ten cycles of set-
ting the control signal. For example, the value of an-
gular acceleration is less than —200 rad/s?, which
means the blocking process begins. The control unit
calculates current value of traction coefficient accord-
ing to Eq. (8), namely
_ Ty
Prlock = (5.

w

€

The control unit under discuss operates according

to the algorithm presented in Fig. 6.

Start

Input data
(e, v, Th,x, Tr;mx, Nin, Nhoia, act)

Output (%, Nin)

End

Fig. 6 Algorithm flow chart of control unit

Neural networks evaluate current values of the var-

iables, then the control unit compares the ratio be-
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tween calculated current braking torque T, and cal-
culated maximum braking torque T, with activation
threshold acz. If this ratio exceeds the threshold, the
control unit will compare quantity of holding’s inter-
val Nja with current index number of interval N, If
the current index number of interval does not exceed
quantity of the holding’s interval, the control unit
will transmit the signal “increase pressure” (“ON”),
or else it will transmit signal “hold pressure”
(“HOLD™).

Fig. 7 shows a block diagram of the control unit

under discuss.
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Fig. 7 Block diagram of control unit

If road conditions deteriorate, the wheel will begin
to block, and then the control system will detect the
exceeded threshold according to the value of angular
acceleration of the wheel. Based on this, it sends the
signal to decrease pressure, the operation will be re-
peated circularly.

In good road conditions, change of the traction co-
efficient will be within a few percent and wheel will
not begin locking. Thus, the braking system will op-
erate closer to realization of the maximum possible
braking torque in current road conditions.

Some researchers simulate braking only in constant
road conditions, which is incorrect because in real

conditions the maximum value of the traction coeffi-

cient greatly varies with which type of road surface
and the cleanliness of the road surface. Therefore, to
check effectiveness of the model in almost real condi-
tions, the simulator of variable of road surface quali-
ty is built in Simulink. Fig. 8 shows the graph of the

varied maximum value of traction coefficient.
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Fig. 8 Graph of varied road conditions

This block changes the value of the maximum trac-
tion coefficient by the type of road surface, which

synchronizes a random number generator.

3 Simulation

Comparison of the simulation results of the braking
system by the initial control unit and the control unit
under discuss in variable road conditions is shown in
Figs. 9—12. The graphs of varied linear velocity of
the vehicle during braking in variable road conditions

are shown in Fig. 9.
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Fig. 9 Graphs of linear velocity

As seen from the comparison of changing linear ve-
locity graphs, braking time has been reduced by u-
sing the control unit under discuss. As a result, bra-
king distance has also been reduced. This shows a

very important index of increasing braking system’s
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effectiveness and road safety. Fig. 10 shows the
graphs of braking distance during braking in variable

road conditions.
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Fig. 10 Graphs of braking distance

Fig. 11 shows the graphs of changing angular ve-

locity during braking in variable road conditions.
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Fig. 11 Graphs of changing angular velocity

As seen from comparison of graphs of angular ve-
locity during braking by the initial control unit and
the researched control unit, the second braking sys-
tem is better in preventing wheel locking in variable
road condition. On the final stage, the fall of angular
velocity to zero results in switch to permanent bra-
king mode (velocity is less then 12 km/h).

Fig. 12 shows the graphs of changing coefficient of

longitudinal slipping during braking by the variable

road conditions.
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Fig. 12 Graphs of changing coefficient of longitudinal slip-

ping

Comparison of changing values of longitudinal slip-
ping during braking of initial control unit and the
control unit under discuss shows that the time of
wheels locking is reduced and wheels are not once
locked till the control unit is switched to permanent
braking mode.

As a result, the problem of increasing vehicle con-

trollability during braking is solved.

4 Conclusion

The mathematical description of automobile bra-
king is created along with the mathematical model in
Simulink. The initial control unit built in Simulink
compares current value with the threshold value of
angular acceleration. If it exceeds the threshold val-
ue, the control unit will transmit a signal to the hy-
draulic modulator. On the basis of simulation re-
sults, conclusion about the shortcomings of the con-
trol unit can be drawn. Next, the method of impro-

ving the working efficiency of the control unit is de-
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veloped by using additional information about the
current state of the object. The control unit with in-
creased effectiveness is built. For checking accuracy
of the model, a simulator of variable road surface’s
quality close to real conditions is built. As seen from
the graphs of the simulation results, braking distance
is reduced and the coefficient longitudinal slipping
has dropped. Accordingly, the task of improving the

car’s handling during braking is executed.
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