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Abstract: With the evolution of technology, the construction and
geometry of the piston, together with the materials from which it is made,
as well as the related manufacturing technologies, have been continuously
improved. Thus, modern engines have become less polluting, working at
higher temperatures and pressures. Body aerodynamics have been
improved, leading to lower resistance forces from the air. Also, the
internal losses of the engines, generated by friction, as well as those at the
level of the tire-road interface were diminished. All these improvements
to motor vehicles have led to a proportional decrease in native braking
capacity. Moreover, this decrease is evident in tonnage vehicles, which are
disadvantaged in terms of the small contact area of the friction elements in
conventional braking systems. For these reasons as well as due to the
attempts to coordinate the platoon of cars, the decrease of the fuel
consumption, the increase of the safe speed of movement resulted in the
necessity of the development of new auxiliary braking systems, or the
improvement of the already existing ones.
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The braking systems of the cars are in permanent
evolution, looking for the improvement of the safety and
of the best compromise between performances, comfort,
costs and mass on the vehicle. The main characteristics
pursued by the manufacturers are:

Introduction

Appearing in the second half of the 19th century, the
automobile revolutionized transportation and concentrated
the most significant scientific and engineering efforts to
continually improve its performance.

More and more mechatronic systems (for engine
management, ABS, ESP, active suspension, etc.,) have
earned their place in the construction of modern cars, so
that, in the end, the whole car can become one of the most
representative mechatronic systems (by interconnecting
subsystems with appropriate buses - for example, CAN-
Bus, navigation systems, X-by Wire, telematics, etc.,).

Much of the effort of vehicle designers and

e  Comfort, or driving pleasure: Perceived effectiveness:
Progressiveness: Stroke and accuracy of the brake
control: The absence of noise and vibration

e Performances, real efficiency: Stopping distance:
Thermal endurance: Stability and ability to maintain
the trajectory during braking the vehicle;

e Costs (viewed through the vehicle manufacturer's
perspective): System cost per vehicle (on delivery):

manufacturers are directed towards increasing passenger
safety and comfort and involves sophisticated
mechatronic subsystems.

The intelligent systems used to ensure a higher
degree of safety for the vehicle and especially the driver
can be active or passive and have several very important
roles: Effective collision avoidance; minimizing the
effects of collisions and avoiding trauma, both for the
vehicle's passengers and for the pedestrians involved in
the accident. Active safety systems serve to prevent
collisions and minimize their effects.
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Maintenance (leased vehicle fleets)

e Mass of the braking system and its gauge on the
vehicle: Decrease the fuel consumption of the
vehicle by reducing the mass of the system (40 kg,
0.1 1/100 km): permanent control of the residual
braking force (15N residual force, 0.1 1/100 km);
finding the largest volume of the system location
and the minimum occupancy of the vehicle, by
reducing and densifying the technical volumes

e  Ever-increasing security and regulatory requirements
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Lately, car manufacturers have placed a special
emphasis on active safety systems and the results that
vehicles obtain in impact tests. They pursue a very
aggressive marketing policy in order to increase the
number of units sold in a certain market, especially the
poor ones and give up active safety systems, taking
advantage of the low level of car culture in that market.

On surfaces with high grip, dry or wet, most cars
equipped with ABS achieve better braking distances
(shorter) than those without ABS, a driver with average
skills on a car without ABS could by a cadence
braking, reach the performance of a novice driver on an
ABS car. However, for a significant number of drivers,
the ABS improves braking distances in various
conditions. The recommended technique for drivers in
an ABS-equipped car in an emergency is to depress the
brake pedal to the bottom and bypass any obstacles. In
such situations, the ABS will significantly reduce the
chances of skidding and loss of control. especially for
heavy machinery.

On snow and macadam, ABS increases braking
distances. On these surfaces, the locked wheels would
deepen and stop the vehicle faster, but ABS prevents
this. Some ABS models reduce this effect by
increasing the cycling time, thus allowing the wheels
to lock repeatedly for short periods of time. The
advantage of ABS on these surfaces is improved car
control and not braking, although a loss of control on
these surfaces is still possible.

Once activated, the ABS will cause the pedal to
pulsate. Some drivers, feeling this effect, reduce the
pressure on the pedal and thus increase the braking
distance. This helps to increase the number of accidents.
For this reason, some manufacturers have implemented
braking assistance systems that maintain the braking
force in emergency situations.

The European Parliament has validated the European
Commission's proposal to equip all cars, starting with
2009, with a Brake Assist System (ABS).

Therefore, since 2010, all new cars are equipped
"from production” with ABS. According to statistics, if
all the cars in the European car park had been equipped
with this system, about 1,100 of the pedestrians involved
in road accidents each year would have had their lives
saved. This is given that, in October 2006, only 41% of
new vehicles were equipped with ABS. The next step, in
a vast European road safety improvement program, aims
to introduce the standard Electronic Stability control
system (ESP), starting in 2012.

The start of series production of the ESP electronic
stability program in Europe ten years ago was a
milestone in the development of brake control systems.
Bosch was a major player in the leading development of
this active safety system and in 1995, became the world's
first supplier to ESP.
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Since the start of series production, Bosch has
continuously expanded the potential of ESP, which
now allows the integration of new safety and
convenience features.

The technical name of the system is ESP, meaning
Electronic Stability Program, a name that suggests its
usefulness quite well. However, the fact that most such
systems installed on cars are manufactured by Bosch has
led to its popularization under the name ESP, which the
car electronics manufacturer has established since 1987
when it began developing it with Mercedes-Benz.

Road accident studies show that at least 40% of all
fatalities are caused by skidding and, moreover, about
80% of all such accidents could have been prevented by
using the ESP system.

Specialists cannot say for sure when the car was
invented, because the car has undergone many changes
over time and has been continuously improved.
However, in order to have a more precise temporary
reference, the date of January 29, 1886 was set as the
moment when the car was invented. This is actually the
date when engineer Carl Benz from Mannenheim
obtained the patent for the first vehicle powered by an
internal combustion engine.

Carl Benz could not know that this document would
later be considered the birth certificate of the car, nor
could he suspect that his patent would become the
cornerstone for the construction of millions of cars
around the world.

What did the "patented car" designed by Carl Benz
look like? It didn't look like a car today, it was more like
an open horse-drawn carriage. On the rear axle were two
thin wheels, close to the height of a man, with hard
rubber tires and wire spokes. In front of the footboard
was a small spoke wheel, with which the vehicle could
be driven by a system of levers. If anyone were to
encounter such a tricycle on the street today, it would be
hard for them to believe that it was a car and yet it was
the first motor vehicle - that is, self-propelled!

Behind the bench was a sensational drive mechanism
for that era: A 0.88 hp internal combustion engine with a
cylinder and water-cooled. It moved the rear axle and
wheels by means of belts, chains and shafts. The largest
and most visible piece was a horizontal cast iron flywheel.

In his test trips, Benz had to start the engine with the
steering wheel first. Then he quickly jumped forward, on
the bench, engaged in the only speed and left, banging
hard. Anyway, with 16 km/h! This bold ancestor of the
car, created by Carl Benz, can still be seen today at the
German Museum in Munich.

More and more mechatronic systems (for engine
management, ABS, ESP, active suspension, etc.) have
earned their place in the construction of modern cars, so
that, in the end, the whole car can become one of the most
representative mechatronic systems (by interconnecting
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subsystems with appropriate buses - for example, CAN-
Bus, navigation systems, X-by Wire, telematics, etc.).

Lately, car manufacturers have placed a special
emphasis on active safety systems and the results that
vehicles obtain in impact tests. They pursue a very
aggressive marketing policy to increase the number of
units sold in a given market, especially the poor ones and
give up active safety systems, taking advantage of the
low level of car culture in that market.

Today's car is a complex of mechatronic
subassemblies designed to maximize the engine's
operating parameters, increase traffic safety, protect the
environment and increase passenger comfort.

This is possible with the help of hundreds of sensors,
actuators and computers that control every subassembly
of the vehicle. Even the lighting of a common light bulb
is done with the help of a microcontroller (microchip
with integrated software) to turn on the light gradually
and not suddenly. The simple act of parking the car is
assisted by parking sensors, video cameras, or more
recently is performed automatically by the wvehicle
(Skoda Superb 2009).

Regarding traffic safety, there are numerous
protection systems, among which we mention:; Airbags
(front, side, curtain, knee); ABS, which is an anti-lock
wheel system for emergency braking, with the role of
reducing the braking distance and keeping the car in the
desired direction; ESP is a program that together with
ABS ensures the stability of the car on slippery surfaces,
etc. All these mechatronic systems require sensors,
computers, software and actuators.

It goes without saying that the diagnosis and repair of
modern cars require increasingly specialized staff, at the
intersection of the three fields: Mechanics, electronics
and computer science, in a word mechatronics.

Basically, from the car of 100 years ago, only the
operating principles of the engines (Otto and Diesel)
remain, but they will also disappear with the
disappearance of oil resources when humanity will
switch to electric cars.

As the density of road traffic and the average
speed of traffic increased, so did the number of road
events, thus increasing the degree of safety became a
priority for carmakers.

This vast and complex field of security can be
divided into three broad categories:

Active (primary) safety, which is the set of systems
aimed at avoiding accidents. A field in which it is found:
Connection with the ground, ergonomics, visibility,
driver information. Examples: ABS, ESP, undercarriage,
height-adjustable steering wheel, glazed surfaces.

Passive (secondary) security is defined as the set of
systems aimed at protecting passengers during collisions.

Tertiary security is the set of systems with a role in
accelerating the interventions of the security means and
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consists of the means of prevention of chain accidents,
means of locating the vehicle and the way of access
inside it. This category includes GSM emergency call
system and GPS location (ODYSLINE), the lighting of
emergency lights, firefighters' intervention model for
adaptive airbags (Aabadi, 2019; Antonescu and Petrescu,
1985; 1989; Antonescu et al., 1985a; 1985b; 1986; 1987;
1988; 1994; 1997; 2000a; 2000b; 2001; Aversa et al.,
2017a; 2017b; 2017c; 2017d; 2017e; 2016a; 2016b;
2016c; 2016d; 2016e; 2016f; 2016g; 2016h; 2016i;
2016j; 2016k; 20161; 2016m; 2016n; 20160; Cao et al.,
2013; Dong et al., 2013; Comanescu et al., 2010;
Franklin, 1930; He et al., 2013; Lee, 2013; Lin et al.,
2013; Liu et al., 2013; Padula and Perdereau, 2013;
Perumaal and Jawahar, 2013; Petrescu, 2011; 2015a;
2015b; Petrescu and Petrescu, 1995a; 1995b; 1997a;
1997b; 1997¢; 2000a; 2000b; 2002a; 2002b; 2003; 20053;
2005b; 2005c; 2005d; 2005e; 2011a; 2011b; 20123;
2012b; 2013a; 2013b; 2013c; 2013d; 2013e; 20164a;
2016b; 2016c; Petrescu et al., 2009; 2016; 2017a; 2017b;
2017c; 2017d; 2017e; 2017f; 2017g; 2017h; 2017i; 2017j;
2017k; 2017I; 2017m; 2017n; 20170; 2017p; 2017q;
2017r; 2017s; 2017t; 2017u; 2017v; 2017w; 2017x;
2017y; 2017z; 2017aa; 2017ab; 2017ac; 2017ad; 2017ae;
2018a; 2018b; 2018c; 2018d; 2018e; 2018f; 2018g;
2018h; 2018i; 2018j; 2018k; 2018I; 2018m; 2018n;
Rulkov et al., 2016; Agarwala, 2016; Babayemi, 2016;
Ben-Faress et al., 2019; Gusti, 2016; Mohamed et al.,
2016; Wessels and Raad, 2016; Maraveas et al., 2015;
Khalil, 2015; Rhode-Barbarigos et al., 2015;
Takeuchi et al., 2015; Li et al., 2015; Vernardos and
Gantes, 2015; Bourahla and Blakeborough, 2015;
Stavridou et al., 2015b; Ong et al., 2015; Dixit and Pal,
2015; Rajput et al., 2016; Rea and Ottaviano, 2016;
Zurfi and Zhang, 2016a-b; Zheng and Li, 2016;
Buonomano et al., 2016a; 2016b; Faizal et al.,
2016; Ascione et al., 2016; Elmeddahi et al., 2016;
Calise et al., 2016; Morse et al., 2016; Abouobaida,
2016; Rohit and Dixit, 2016; Kazakov et al., 2016;
Alwetaishi, 2016; Riccio et al., 2016a; 2016b; Igbal,
2016; Hasan and El-Naas, 2016; Al-Hasan and Al-Ghamdi,
2016; Jiang et al., 2016; Sepulveda, 2016; Martins et al.,
2016; Pisello et al., 2016; Jarahi, 2016; Mondal et al.,
2016; Mansour, 2016; Al Qadi et al., 2016b; Campo et al.,
2016; Samantaray et al., 2016; Malomar et al., 2016;
Rich and Badar, 2016; Hirun, 2016; Bucinell, 2016;
Nabilou, 2016b; Barone et al., 2016; Bedon and Louter,
2016; Santos and Bedon, 2016; Fontanez et al., 2019;
De Ledn et al., 2019; Hypolite et al., 2019; Minghini et al.,
2016; Bedon, 2016; Jafari et al., 2016; Orlando and
Benvenuti, 2016; Wang and Yagi, 2016; Obaiys et al.,
2016; Ahmed et al., 2016; Jauhari et al., 2016;
Syahrullah and Sinaga, 2016; Shanmugam, 2016; Jaber
and Bicker, 2016; Wang et al., 2016; Moubarek and
Gharsallah, 2016; Amani, 2016; Shruti, 2016; Pérez-de
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Leon et al., 2016; Mohseni and Tsavdaridis, 2016; Abu-
Lebdeh et al., 2016; Serebrennikov et al., 2016;
Budak et al., 2016; Augustine et al., 2016; Jarahi and
Seifilaleh, 2016; Nabilou, 2016a; You et al., 2016; AL
Qadi et al., 2016a; Rama et al., 2016; Sallami et al., 2016;
Huang et al., 2016; Ali et al., 2016; Kamble and Kumar,
2016; Saikia and Karak, 2016; Zeferino et al., 2016;
Pravettoni et al., 2016; Bedon and Amadio, 2016;
Mavukkandy et al., 2016; Yeargin et al., 2016; Madani and
Dababneh, 2016; Alhasanat et al., 2016; Elliott et al.,
2016; Suarez et al., 2016; Kuli et al., 2016; Waters et al.,
2016; Montgomery et al., 2016; Lamarre et al., 2016;
Daud et al., 2008; Taher et al., 2008; Zulkifli et al., 2008;
Pourmahmoud, 2008; Pannirselvam et al., 2008; Ng et al.,
2008; El-Tous, 2008; Akhesmeh et al, 2008;
Nachiengtai et al., 2008; Moezi et al., 2008; Boucetta,
2008; Darabi et al., 2008; Semin and Bakar, 2008;
Al-Abbas, 2009; Abdullah et al., 2009; Abu-Ein, 2009;
Opafunso et al., 2009; Semin et al., 2009a; 2009b;
2009c; Zulkifli et al., 2009; Marzuki et al., 2015;
Bier and Mostafavi, 2015; Momta et al., 2015; Farokhi
and Gordini, 2015; Khalifa et al., 2015; Yang and Lin,
2015; Demetriou et al., 2015; Rajupillai et al., 2015;
Sylvester et al., 2015a; Ab-Rahman et al., 2009;
Abdullah and Halim, 2009; Zotos and Costopoulos,
2009; Feraga et al., 2009; Bakar et al., 2009; Cardu et al.,
2009; Bolonkin, 2009a; 2009b; Nandhakumar et al.,
2009; Odeh et al., 2009; Lubis et al., 2009; Fathallah and
Bakar, 2009; Marghany and Hashim, 2009; Kwon et al.,
2010; Aly and Abuelnasr, 2010; Farahani et al., 2010;
Ahmed et al., 2010; Kunanoppadon, 2010; Helmy and
El-Taweel, 2010; Qutbodin, 2010; Pattanasethanon, 2010;
Fen and Yunus, 2011; Thongwan et al., 2011;
Theansuwan and Triratanasirichai, 2011; Al Smadi, 2011;
Tourab et al., 2011; Raptis et al., 2011; Momani et al.,
2011; Ismail et al., 2011; Anizan et al., 2011; Tsolakis and
Raptis, 2011; Abdullah et al., 2011; Kechiche et al., 2011,
Ho et al., 2011; Rajbhandari et al., 2011; Aleksic and
Lovric, 2011; Kaewnai and Wongwises, 2011; Idarwazeh,
2011; Ale Ebrahim et al., 2012; Abdelkrim et al., 2012;
Mohan et al., 2012; Abam et al., 2012; Hassan et al.,
2012; Abd Jalil and Sampe, 2013; Abou Jaoude and
El-Tawil, 2013; Ali and Shumaker, 2013; Zhao, 2013,;
El-Labban et al., 2013; Djalel et al., 2013; Nahas and
Kozaitis, 2013; Petrescu and Petrescu, 2014a; 2014b;
2014c; 2014d; 2014e; 2014f; 2014g; 2014h; 2014i; 2015a;
2015b; 2015c; 2015d; 2015e; 2016a; 2016b; 2016c;
2016d; Fu et al., 2015; Al-Nasra et al., 2015; Amer et al.,
2015; Sylvester et al., 2015b; Kumar et al., 2015;
Gupta et al., 2015; Stavridou et al., 2015b; Casadei,
2015; Ge and Xu, 2015; Moretti, 2015; Wang et al., 2015;
Petrescu et al., 2017af-aj; 20180-v; Petrescu, 2015c;
2018a-b; Petrescu and Petrescu, 2018a-b; Petrescu and
Petrescu, 2014f; 2014g; 2014h; 2014i; Antonescu and
Petrescu, 1985; 1989; Aversa et al.,, 2017c; 2017e;
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2016d; Petrescu and Petrescu, 1995a-b; 1997a-c; 2000a-
b; 2002a-c; 2005a-e; 2011b; 2013a-e; 2014a-d; 2014f-I;
2015c; 2016d; 2018b; Petrescu, 2011; 2015a-c; 2018a;
Petrescu et al., 2016; 2017a-j).

Materials and Methods

The braking system is the main system that
intervenes between two energy states of a moving
vehicle by modifying the parameters of the initial energy
state (kinetic energy Ec and V).

A haymaking system is an element that changes the
energy of the vehicle from the moment it comes into
action, either until it is canceled, in case of stopping, or
until the kinetic energy given by the speed to be kept
constant on a slope or the imposed speed.

The purpose of the braking system is to reduce the
speed of the vehicle in whole or in part, to immobilize
the stationary vehicle or to ensure a constant speed when
descending a slope.

Slowing down or stopping the wheels is achieved by
rubbing between a fixed element, connected in one way
or another with the body or chassis of the vehicle (brake
pads or clogs) and an element integral with the moving
wheels (brake discs, drums).

The braking system must convert kinetic energy
into caloric energy and dissipate this heat as quickly
as possible.

It follows that the elements of the braking system
between which there is friction must have good resistance
to high temperature and good thermal conductivity.

Current braking systems are capable of achieving
decelerations of 6 ... 6.5 m/s? for cars and 6 m/s? for
trucks. The effect is maximum when the wheels are
braked to the locking limit.

The braking system must meet the following conditions:

To ensure safe braking

To ensure the immobilization of the vehicle on a
slope

To be capable of certainly imposed decelerations
Braking to be progressive, without shocks

Not to require too much effort on the part of the
leader

The effort applied to the actuation mechanism of the
braking system is proportional to the deceleration, in
order to allow the driver to obtain the desired
braking intensity

The braking force to act in both directions of
movement of the car

Braking should be done only at the intervention of
the driver

To ensure the evacuation of the heat that arises
during braking

To adjust easily or even automatically
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e To have a simple and easy to maintain construction

The braking system serves to:

Reducing the speed of the car to the desired value or
even to its stop

Immobilization of the car when stationary, on a
horizontal road or on a slope

Maintaining the constant speed of the car in case of
descending long slopes

The efficiency of the braking system ensures the
enhancement of the car's speed performance.

In practice, the efficiency of the brakes is assessed by
the distance a car stops at a certain speed.

The braking system allows a maximum deceleration
of 6-6.5 m/s? for cars and 6 m/s? for trucks and buses.

In order to achieve the shortest possible braking
distances, all the wheels of the car must be fitted with
brakes (full braking).

The braking effect is maximum when the wheels are
braked to the locking limit.

Classification of Braking Systems
According to the role, it plays:

The main braking system, or main or service
brake or foot brake (used to reduce travel speed or
to stop the car)

Stationary braking system or parking brake, or
parking brake, or parking brake, or auxiliary brake
(keep the car stationary on a slope indefinitely in
the absence of the driver, or replace the main
system in the event of its failure. The parking
brake must have its own actuating mechanism,
independent of that of the main brake. The
recommended deceleration for the parking brake
must be equal to at least 30% of the deceleration of
the main brake. In general, the parking brake also
takes on the role of the safety brake

the additional braking system or deceleration device,
(has the role of maintaining a constant speed of the
car, when descending long slopes, without the use of
other braking systems contributing to reducing the
wear of the main brake and increasing traffic safety.
It is used for cars with large masses or intended to
work in mountainous regions

By functional role:

a. Main or service brake (foot)

e  Slows down or stops the vehicle in motion
Obtain maximum decelerations of 6-6.5 m/s?

ACTS on all wheels
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b. Safety brake

e Allows the vehicle to stop if the main braking
system fails
Is operated without the driver lifting both hands

from the steering wheel

Parking brake

e Ensures the immobilization of the parked
vehicle, in the absence of the driver, on time
Unlimited

Should have its own control system, separate
from the main brake

e Sometimes it can replace the safety brake
Auxiliary brake

Has the same role as the main brake
Used to increase the effect of the main brake

Idle brake

Reduces the stresses and wear of the main brake
when descending slopes
Long and is used in heavy vehicles

Depending on the shape of the rotating part, the
brakes can be:

With disk
With drum
Both

According to the shape of the fixed parts, which
produce the braking, they can be:

With clogs

With discs (usually disc sectors)
With tape

A combination

Depending on the type of drive, the following can be
distinguished:
e With direct actuation, to which the braking force is
due exclusively to the force exerted by the driver
With mixed drive, to which the braking was due
both to the force exerted by
Conductor as well as the energy of an external agent
(compressed air or oil under pressure)
Servo-operated brakes, at which the braking
moment occurs due to an agent
Outside, the driver having only the role of adjusting
the braking intensity

Depending on the location of the brake, they can be:
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Wheel brakes
Transmission brakes

According to the number of circuits through which
the effort is transmitted to the brakes themselves:

e  Single-circuit brakes
e  Multi-circuit brakes

Braking systems with multiple circuits significantly
increase their reliability and traffic safety, which is why
in some countries there is an obligation to "divide" the
circuits for certain types of cars.

Composition of the braking system can be seen in the
Fig. 1.

The control pressure is generated in an emitting
cylinder starting from the force applied on the brake
pedal. This effort is amplified by a pneumatic stress
amplifier powered by the natural depression of the motor
or by a vacuum pump. There are also hydraulic effort
amplifiers, controlled by a generator or a high pressure
accumulator. The main control cylinder (or transmitter)
of the hydraulic braking circuits is separated by a
plunger which delimits two isolated circuits that each
control a part of the brake receivers. The system is
completed by pressure regulating bodies:

Hydraulic brake corrector, ordered not by the rear
axle, between the emitting cylinder and the rear axle
brakes, in order to constrain the rear wheel slip from
remaining lower than the front wheel slip

Adjusting block and ABS wheel speed sensors,
allowing the limitation of the pressure in the wheel
brakes, where the tendency to lock is noticed

The brake pedal transmits the force exerted by the
driver's foot via the brake amplifier (brake booster) to
the main brake cylinder. It generates and distributes the
brake fluid under pressure through the valve block to the
front and rear brakes, which transforms it with the help
of the receiving cylinders into mechanical effort
(friction) to slow down, stop or immobilize the wheels.

The brake assist or brake booster (brake booster) is
located between the brake pedal and the brake pump in
the engine compartment. The purpose of the brake
amplifier (brake booster) is to increase the force exerted
by the driver on the brake pump. The principle is to
create a pressure difference between two chambers
separated by a grace membrane:

e Depression in the intake manifold in the case of a
petrol engine
With the help of a vacuum pump in the case of a
diesel engine
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Disc brakes are universally used in cars for their
stability as well as for their good heat absorption and
cooling capacity. The cast-iron discs are generally
ventilated on front axle and are dimensioned so as not to
exceed temperatures of 600 to 700°C in the case of some
successive braking sequences, such as:

e Alpine descents, which require the thermal capacity
of the discs and their cooling possibilities

Acceleration-braking chains, which implicitly

require the thermal capacity of the discs. This type
of test is systematically practiced by specialized
magazines in Germany

Fig. 1: Composition of the classic braking system
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This is mainly the Auto Motor und Sport (AMS) test,
which consists of, for example, chaining ten emergency
brakes as quickly as possible, from 100 km/h to a stop, at
a maximum load; the evaluation is made on the
stopping space obtained at the last braking in the chain
from ten. Consideration of this type of test is often
predominant in sizing the brakes proper and their
orders. The friction elements used in automobiles show
significantly lower friction levels starting at about
300°C; it seeks to limit the temperatures reached during
chain braking, especially with regard to increasing the
thermal capacities of the discs. These being directly
related to the geometric dimensions of the rotor, the
current trend is to deal fully. In addition to the thermal
properties, it is intended to develop many qualities in a
brake, which are often contradictory:

e keeping under control the hot and residual
deformations of the brake discs

e homogeneous distribution of pressure and wear of
the friction pads

e reduced wear of the disc and of the friction skates

e high rigidity of the caliper, a small slide/disc play in the
phases outside the braking and a reduced slip of the
skate, in order to limit the hydraulic consumption

e the quality of the skates to neutralize the geometric
defects present at the rotation of the disc

o low residual torque in the non-braking phases

e quiet operation, without vibrations

The progress made in these areas is the result of
optimization and systematic control of the design
parameters of the discs, of the friction elements and of
the calipers. Spectacular developments or major
technological innovations in the field cannot be
highlighted. The last significant proposal is the subject
of reinforced aluminum alloy discs, which have not been
subject to a pre-established industrial application, due to
functional limitations due to severe and costly demands.

Control of noise and vibration remains a major concern
for car manufacturers and system components, suppliers.

These phenomena are not yet sufficiently
predictable by calculation. The methods of
characterization, analysis and treatment remain
essentially the experimental ones; they are difficult to
achieve, require a long analysis time and generally
require test supports on the vehicle, so faithful that they
end up being available in a developing project.

Drum brakes are limited due to their modest thermal
performance, especially in what concerns the increase in
brake absorption that accompanies the hot drum
expansion. They are also of undoubted economic interest
and remain present at the rear axle of small vehicles.

Economical, reliable and  high-performance,
pneumatic effort amplifiers are very widespread in

automobiles. The assisting effort comes from the action
of generating depression from the motor side to a
vacuum pump. The amplification ratio generally varies
from 4 to 6. The performances are limited by the
available depression level and by the size of the
pneumatic piston in play, which conditions the
maximum assistance effort to be reached.

As the current trend is to reduce the depressions
achieved by petrol engines and to increase braking
performance, the volume available on the vehicle for the
location of the amplifier risks becoming a serious
handicap for this technology in the coming years.

Emergency brake assist is a quasi-generalized
function provided by the brake booster. The
development of this function was supported by the
finding that a significant proportion (approximately
50%) of drivers would not have a behavior adapted to an
emergency braking situation (Fig. 2).

One way to alleviate this situation is for the brake
amplifier to detect the emergency condition, depending
on the speed of actuation on the brake pedal, required
to achieve the ABS intervention level and to maintain
the high-pressure level until the actuation of the brake
pedal is stopped. such a system allows the avoidance of
20% of collisions at intersections, according to an
accidental analysis.

German car manufacturers have been equipping
models with this function since the end of 1997. The
other European manufacturers have started to
systematically equip the proposed vehicles, since 2004.
The current systems, based on electronics, remain
expensive. Brake amplifier suppliers currently operate
on mechanical systems, directly adapted to
conventional pneumatic brake amplifiers. Anti-Lock
Braking System (ABS) systems are wheel speed control
and pressure limitation systems in the hydraulic
braking system. For all European manufacturers, the
application of these systems has become widespread,
since 2008 being a regulatory condition for new models
and since February 2011 they are applied to all models
in production (Fig. 3).
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Fig. 2: Distribution of types of drivers braking in emergencies:
A - good; B - hesitant; C - not adapted
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Fig. 3: ABS system

It works on the principle of threshold braking and
cadence braking. Cadence braking and threshold
braking is a technique by which a driver applies the
brakes and releases it before the wheel locks, then
applies to the brakes and releases it again before
locking. This process of applying and releasing the
brakes on the wheel is done in the form of pulses to
prevent the vehicle from locking and stopping. The
driver practices this technique to gain better control
over the vehicle during instant braking and to stop the
vehicle from skidding. The ABS system automatically
applies this cadence braking to prevent the wheel from
locking and slipping when the brakes are applied.

Understanding this in a better way allows us to
take an incident. When you drive a car on a highway
and suddenly an obstacle comes in front of you and
apply the brake with maximum power. This will block
the wheels of your car and your car will start to slip
on the road and also during skidding, you have lost
control of your direction and you cannot move the car
in the desired direction. Eventually, you hit that
obstacle and had an accident.

Let's take another situation, now drive a car that is
equipped with an anti-lock braking system. When you
encounter an obstacle on the road and suddenly apply the
brakes. But this time your car's ABS system prevents the
wheel from locking and prevents skidding. At this point
you can control your direction and stop hitting the car in
the obstacle. Thus, the abs system prevents the vehicle
from slipping and ensures greater control over it and
prevents accidents.

The Main Components of the ABS System

It has four main components:
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Speed sensors
Valves

Pump
Controller

N S

Speed Sensors

It is used to calculate the acceleration and
deceleration of the wheel. It consists of a pinion and an
electromagnetic coil or a magnet and a Hall Effect
sensor to generate a signal. When the wheel or vehicle
differences rotate, it induces a magnetic field around
the sensor. The fluctuation of this magnetic field
generates a voltage in the sensor. This generated
voltage sends signals to the controller. With the help of
the voltage, the regulator reads the acceleration and
deceleration of the wheel.

Valves

Each ABS-controlled brake line has a valve. In some
systems, the valve operates in three positions.

In position one, the valve remains open; and the
pressure in the main cylinder passed through it to the brake.

In the second position, the valve locks the line and
separates the brake from the main cylinder and this
prevents the brake pressure from rising further. The
valve operates in the second position when the driver
applies the brake harder.

In the third position, part of the brake pressure is
released from the valve.

Valve clogging is the major problem in ABS. When
the valve is clogged, it becomes difficult to open, close, or
change position. When the valve is running, it prevents the
valve modulation module and brake pressure control.
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Pump

The pump is used to restore pressure to the hydraulic
brakes after the valve releases the pressure. When the
controller detects wheel slip, it sends signals to release
the valve. After the valve releases the supplied pressure
from the driver, it restores the desired pressure to the
brake system. The regulator modulates (adjusts) the
condition of the pump so as to ensure the desired
pressure and reduce wheel slip.

Controller

The controller used in the ABS system is of the ECU
type. Its main function is to receive information from
each individual speed sensor of the wheel and if a wheel
loses traction with the ground, a signal is sent to the
controller, the controller than limits the Braking force
(EBD) and activates the ABS modulator. The ABS
modulator is activated and stops the brake valves and
varies the brake pressure.

The trajectory control (ESP = Electronic Stability
Program) allows the correction of the vehicle's
trajectory, by selective braking of the wheels and the
reduction of the engine torque.

For this, the dynamic behavior of the vehicle (wheel
speed, vehicle speed engaged on the path and transverse
acceleration) is measured and compared with a
calculated reference behavior having as input data the
steering wheel angle and speed. The system intervenes
when differences are identified between the actual
behavior of the wvehicle and the reference behavior.
Although the cost of the system is still significant, it is
mandatory in Europe, being applied to new vehicles
since November 2011, this system.

The use of radar for traffic surveillance, installed
in the front of the vehicle, allows the target vehicle to
be stopped and the distance to it to be adjusted
(automatic acceleration and braking). This type of
system has been launched relatively recently; The
price of the sensors still limits its development to
certain vehicle segments only. A vehicle that does not
have a right-of-way would be avoided.

The New Technologies
Brake by Wire

This principle consists in the complete decoupling of
the brake pedal from the action applied to the brake. The
first stage corresponds to Electro Hydraulic Brake (EHB),
in the case of a system in a wedge, which keeps identical a
hydraulic connection between the brake and the pedal.

This technology is widely used on all hybrid and
battery-powered electric vehicles, including the Toyota
Prius. The wired brake is also common in the form of the
electric parking brake, which is now widely used on
main vehicles.
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The technology replaces traditional components such
as pumps, hoses, liquids, vacuum and servo-belts and
main cylinders with sensors and electronic actuators.
Drive-by-wire technology in the automotive industry
replaces traditional mechanical and hydraulic control
systems with electronic control systems using
electromechanical  actuators and  human-machine
interfaces, such as pedal and steering emulators.

Some Xx-by-wire technologies have already been
installed on commercial vehicles, such as steer-by-
wire and accelerator-by-wire. Wired braking
technology has been widely marketed with the
introduction of battery-powered electric and hybrid
vehicles, Toyota's most widely used high-volume
application has been preceded by GM EV1, Rav4 EV
and other EVs where technology is needed. For
regenerative braking. Ford, General Motors and most
other manufacturers use the same overall design, except
for Honda, which has designed a very different design.

Brake-by-wire is used for all conventional hybrid and
electric vehicles produced since 1998, including all
Toyota, Ford and General Motors Electric and hybrid
models. Toyota Synergy Drive and Rav4 EV use a
system in which a modified ABS servomotor (anti-lock
braking system) is coupled with a special hydraulic
brake master cylinder to create a hydraulic system,
coupled to the brake control unit (computer). The Ford
system is almost identical to the Toyota system and the
General Motors system uses different nomenclature for
components, while the operation is virtually identical.

The hydraulic force generated by depressing the
brake pedal is only used as a sensor input to the
computer, unless a catastrophic failure occurs, including
a 12-volt power loss. The brake actuator has an electric
pump that provides hydraulic pressure to the system and
valves to pressurize each wheel caliper to apply the
friction brake when required by the system.

The system includes the full complexity of a Vehicle
Stability Control system (VSC), an Anti-lock Braking
System (ABS) and the requirement to use regenerative
braking as the main mode of deceleration of the vehicle,
excluding the battery pack). The state of charge is too
high to accept additional energy or a panic stop or an
ABS situation is detected.

Sensors monitored as inputs for the braking system
include wheel speed sensors, traction battery charge
status, fabric sensor, brake pedal, stroke sensor, steering
wheel angle, hydraulic actuator pressure, hydraulic
pressures of each caliper circuit and accelerator position.
Other information and entries are also monitored.

The standard or typical operation is as follows:

e The vehicle operator depresses the brake pedal
The main cylinder converts the movement of the
brake pedal into hydraulic pressure



Relly Victoria Virgil Petrescu / Journal of Mechatronics and Robotics 2020, Volume 4: 156.190

DOI: 10.3844/jmrsp.2020.156.190

The stroke sensor measures the movement of the
pedal to identify a "panic stop" state

The pressure transducer provides the desired
brake force

The brake control unit (computer) detects the inputs
and then checks the wheel speed sensors to determine the
vehicle speed and to determine if a wheel lock requires
the ABS algorithm.

The brake control system then checks the rim sensor,
steering wheel angle and traction battery charge status.

If the vehicle speed is higher than 7 MPH, the
vehicle's traction generator is used as a generator to
convert the kinetic energy into electricity and to store the
energy in the battery. This slows down the vehicle.

If the operator (driver) presses the brake pedal harder,
the system will apply hydraulic friction brakes to
increase the brake force.

Once the vehicle speed drops below about 7 MPH,
the hydraulic braking system will take over
completely because regenerative braking does not
work efficiently.

If the yaw sensor detects vehicle agitation, the
system will initiate Vehicle Stability algorithms and
processes (VSCs).

If the wheel speed sensors detect the wheel lock, the
system will initiate an Anti-lock algorithm (ABS).

Normally, communication between the main emitting
cylinder and the system is interrupted, the pedal
movement and the pressure generated by the main
emitting cylinder are measured and the brake pressure is
generated by analog solenoid valves starting from the
main control and other sensors that equip the vehicle.
The sensors are the same as those of the ESP system.
The generated pressure is distributed by a motor-pump
group equipped with high Pressure (IP) accumulator
with nitrogen that ensures very active and very effective
braking. Due to the volume available in the battery, the
system is no longer sensitive to heating and absorption
of the brakes due to the change of position of the pedal
(pedal stroke). As an advantage, the pedal pulsations are
no longer felt in the operation of the ABS. Solenoid
valve flows are available immediately, which allows
optimization of response times. The stability limits of
conventional braking systems can also be forced and
brakes can be equipped with different types of friction
linings, with a relatively low coefficient of friction at
first but constant variations. temperature, which allows a
noticeable increase in the life of the gaskets.

Compared to current, already high-performance
solutions, this system offers a number of new
possibilities (of course within the limits of technological
possibilities), but their cost remains significant. The
optimization of the architecture, in the sense of its
optimization, will continue in the following years.
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Electro-Mechanical Braking (EMB)

It is a system without hydraulics, which is still
under study. The operation of Electro Mechanical
Brake (EMB-Fig. 4) is based on a brushless electric
motor, which uses an epicycloidal train and a cubic
screw that drives the brake caliper. The system is
installed on each brake to directly actuate the tightening
of the pads. This system involves the installation of a
large number of connectors and the use of electrical
cables of the important sections, requiring
generalization of the 42V standard on the vehicle. On
the other hand, the use of EMB involves an overload of
2 kg at the level of each brake. The interest for such a
solution, in terms of cost/benefit ratio, is quite poorly
perceived at present. This technology can possibly be
considered in the medium/long term (around 2020), while
EHB is already present in some car manufacturers.
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Fig. 4: Electro-Mechanical Braking (EMB)
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Electromagnetic brakes (also called electromechanical
brakes or EM brakes) slow down or stop the movement
using electromagnetic force to apply mechanical resistance
(friction). The original name was "electromechanical
brakes", but over the years, the name was changed to
"electromagnetic brakes", referring to the method of
operating them. Since it became popular in the middle of
the 20th century, especially in trains and trams, the
variety of applications and braking models has increased
dramatically, but the basic operation remains the same.

Both electromagnetic brakes and rotary brakes use
electromagnetic force, but electromagnetic brakes
ultimately depend on friction and current brakes will use
magnetic force directly.

Automotive  braking systems have evolved
significantly in recent years. These developments will
continue and even accelerate in the coming years. The
optimization of wheel brakes will continue in the field
of noise and vibration, residual torque and wear.
Increasing performance and reducing costs in the field
of electronics already allow the widespread use of ESP
systems or the "brake by wire" system, associated,
more advanced functions will follow. Is it possible that
the braking will become fully electric tomorrow? A
fault-tolerant electronic architecture would seem
feasible today. It remains to develop these systems as
well as the associated brakes themselves, with electric
drive. We will talk more about this, probably at the end
of the current decade.

For heavy vehicles, intended for urban transport, with
frequent stops, or for traffic on mountain roads - where
long slopes have to descend - it is necessary to provide
additional brakes (deceleration devices), which will
allow reducing the degree of brake demand on duty.

According to the principle of operation, they can be
the motor, electrodynamic and hydrodynamic. Being
simpler from a constructive point of view, the engine
brake is used more.

ESP Abbreviation is taken from English for
Electronic Stability Program - Program for electronic
control of the stability of a wvehicle, working in
collaboration with other electronic management
programs for wheel skating (ABS, ASR, EDC, etc.).
This program allows you to correct the trajectory of the
vehicle by acting in a controlled manner on the braking
system and on the fuel injection of the engine.

ESP is an active safety system provided onboard a
machine, which allows its control and stability during
critical maneuvers and corrects possible oversteer and
understeer. ESP uses sensors to delineate the route the
driver wants and update the route the vehicle travels.
The electronic stability program ESP is the ultimate
equipment. Equipment that interacts with all other
equipment of the machine at the time of running. If
you have ESP, the other technical systems related to
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active safety do not matter, because you certainly
have them all.

It processes information from all sensors and makes
decisions about the operating mode of the engine or
other equipment, such as ABS. For example, in the case
of curves taken too fast, the ESP extends the ABS
function (reduces the risk of skidding) and punctual
intervention on the engine management prevents a
possible skidding of the vehicle. The ESP operates in the
entire speed range and engages automatically each time
the engine is started. This system can be switched on and
off if necessary by pressing the ESP key.

The role of the ESP is to control the vehicle in
difficult situations. ESP brings complementary support
to ABS and anti-skid cornering systems, where the risk
of accidents is higher. It allows all users to have "good
reflexes" in critical situations because many users do not
know how to react in case of loss of grip by the vehicle.

When driving the car, the driver has, in principle,
three actuating elements (steering wheel, accelerator
pedal and brake pedal) which constitute the human-
machine interface. As a result of the action of these three
elements, the car acquires a certain trajectory considered
by the driver closest to the desired one. From the
interaction between the vehicle and the road made
through the tires, depending on external conditions, the
driver's experience or the occurrence of unforeseen
situations, the trajectory followed by the vehicle may
differ from the estimated one.

Like any control system operating in the feedback
loop, driving the car involves a driven element, the car,
or a reaction element, in this case the driver, whose
direct intervention occurs in response to the instability of
the driving system.

Intelligent active safety systems are also designed to
operate in closed-loop systems that maintain the human
as a reaction element, but correct and improve the
reaction time through an additional loop provided by
sensors and digital computing devices.

Electronic Control Unit (ECU) receives
information such as machine speed, lateral
accelerations, a moment of inertia (degree of rotation
of the machine around the vertical axis, which alters
its position in the direction of travel).

Steering wheel rotation sensor - analyzes the
received information and calculates the trajectory
imposed by the driver.

ESP hydraulic control unit - includes a computer. It
receives information from various sensors and sends
instructions to the braking system, accurately dosing the
braking pressure. It also adjusts torque if necessary.

Electronic  Stability Control (ESC), also called
Electronic Stability Program (ESP) or Dynamic Stability
Control (DSC), is a computer technology that improves
vehicle stability by detecting and reducing traction losses
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(skidding). When the ESC detects a loss of steering
control, it automatically applies the brakes to help "steer"
the vehicle where the driver intends to go. Braking is
automatically applied to individual wheels, such as the
outer front wheel to control overload or the inner rear
wheel to counteract. Some ESC systems also reduce
engine power until control is regained. ESC does not
improve the cornering performance of the vehicle;
instead, it helps reduce the loss of control.

According to the US National Road Safety
Administration and the Insurance Institute for Road Safety
since 2004 and one-third of fatal accidents, respectively,
could be prevented by using technology. ESC has been
mandatory in new cars in Canada, the USA and the
European Union since 2011, 2012 and 2014, respectively.

ESC systems - due to their complete control over the
stability, traction and braking of the vehicle - often
perform tasks to improve off-road traction (in addition to
tolls) on passenger and commercial vehicles. The
efficiency of traction control systems can vary
significantly from one brand to another, due to the
significant number of external and internal factors
involved at a given time, as well as the extent of the
manufacturer's programming and development. The brand
with prominent legacies, such as Land Rover, Jeep and
Toyota (among others), places a significant emphasis on
the off-road capabilities of their vehicles and, as such, on
the performance of the towing aid and stability.

At a rudimentary level, off-road traction varies from
the typical operating characteristics of road traction,
depending on the terrain encountered. In an open
differential configuration, the power transfer has the
lowest resistance path. In slippery conditions, this means
that when a wheel loses traction, the power of that axle
will be counterproductive instead of the one with a larger
grip. CES focuses on brake wheels that rotate at a
drastically different speed from the opposite axis. While
the on-road application often complements fast
intermittent braking, with a reduction in traction losses,
off-road use will usually require a constant (or even
increased) supply of energy to maintain the vehicle's
momentum. while the vehicle's braking system is applied
intermittently. Longer braking force to the sliding wheel
until excessive wheel rotation is no longer detected

During off-road use, it is essential for safety that the
vehicle's ESC disables Anti-lock Braking (ABS)
systems. Although initially, it sounds counter-intuitive,
extremely slippery, low traction situations encountered
off-road can lead to a vehicle accident when climbing or
descending on steep terrain. If the vehicle loses traction
on steep terrain and brakes are applied, the inertia of the
vehicle continues to move the vehicle while some wheels
lock. The ABS system interprets this behavior as locking
the wheels during "normal™ braking and quickly releases
and reloads the brake on the locking wheels. This leads
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to a very low braking efficiency, as the vehicle tries to
avoid locking the wheels and instead rotates them
constantly towards each other. If the reduced braking
force is not enough to stop the vehicle (as is the case on
even fairly steep terrain with low traction), the vehicle
will continue to rapidly increase the momentum on the
hill without slowing down. Such situations often lead to
serious overturning accidents when the vehicle descends
in a perfectly straight descent.

In intermediate level ESC systems, ABS will be
disabled, or the computer will actively lock the wheels
when brakes are applied. In these systems or in vehicles
without ABS, the performance of emergency braking in
slippery conditions is much improved, because the grip
can change extremely quickly and unpredictably off-
road when coupled with inertia. When the brakes are
applied and the wheels are locked, the tires must not
experience rolling of the wheels (which do not provide
braking force) and braking repeatedly. The handle
provided by the tires is constant and, as such, can use
full traction wherever available. This effect is enhanced
when more aggressive tread patterns are present, as the
large tread pockets dig up imperfections on the surface
or substrate and pull the dirt in front of the tire to
increase it even more.

Electronic Stability Control (ESC) is the generic term
recognized by the European Automobile Manufacturers
Association (ACEA), the North American Society of
Automotive Engineers (SAE), the Japan Automobile
Manufacturers ~ Association and other worldwide
authorities. However, vehicle manufacturers may use a
variety of different trade names for ESC.

What is the Electronic Stability Program or
Electronic Stability Control (ESP/ESC)?

Imagine that you are driving a car at high speed
and you will suddenly find an obstacle. In such a
scenario, you will be forced to make a sudden turn or
apply brakes to avoid a possible collision. As you do
this, you may lose control and slip on the road. Thus,
it can lead to an untrue incident, such as an accident.
Also, the car you are driving can turn upside down.
Thus, in order to avoid this situation, manufacturers
use the Electronic Stability Program or the electronic
stability control system. It is one of the active safety
systems in a modern car.

The term ESP means the Electronic Stability
Program, while the ESC means electronic stability
control. It is an intelligent safety system that can predict
driving intentions. First of all, ESP helps the driver to
maintain the trajectory of the wheel. It does this by
applying the brakes on the individual wheels. Second, it
can also adjust engine performance in critical
maneuvers. However, the ultimate goal of ESP is to
increase vehicle stability. Thus, ESP improves stability
by avoiding skidding.
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The electronic stability program consists of the
following components which are (Fig. 5):

Hydraulic unit

Wheel speed sensors

Steering angle sensor

Side speed and acceleration sensor
Engine control unit

The wheel speed sensors detect the speed of each
wheel. Furthermore, they send this data to ECU
continuously. The steering angle sensor determines the
position of the steering wheel by measuring the actual
steering angle. Additionally, the Yaw rate and lateral
acceleration sensors determine the exact location of the
vehicle with reference to the driver's input. Afterward,
the ECU processes this input data. However, if the
sensor data varies suddenly, the ESP detects that the
vehicle is facing a difficult driving condition. Thus, the
system can detect that if there is an obstacle in the path
or a very sharp turn. In such cases, the system applies the
desired braking force only on the wheels in need and
thus, it restores the driver control over the vehicle.

This system has more advantages compared to the
ABS and TCS systems. This is because it can actually
predict the driving behavior of the vehicle. When the
Electronic Stability Program comes into action, it gives
an indication in the form of a glowing indicator in the
instrument cluster. In most of the cases, the driver does
not feel any difference in the wvehicle except the
enhanced control when the ESP starts working (Fig. 6).

While referring to the Electronic Stability Program or
Electronic Stability Control, the majority of vehicle
manufacturers use term ESP. However, some
manufacturers use the following custom acronyms.

ESP combines the ABS anti-lock braking system
with ESP (skid acceleration control) as a whole. 25 times
per second, ESP monitors and compares the actual
movement of the vehicle with the driver's maneuvers and
at the first signs of instability, when the driver turns too
much or too little behind the wheel, ESP sensors detect
this movement in a fraction of a second and help when
restoring the vehicle position by selectively applying the
braking pressure to one or more wheels and by
intervening on the engine system.

Electronic Stability Control is actually a fairly
intelligent system, but it works integrated with
computerized electronic devices that control a car.

Respecting the laws of cybernetics, ESP uses as
sources of information a series of sensors located on
different dynamic components of a vehicle. In this way,
the rotational speed of each wheel, the printed direction of
the steering wheel and the extent to which the car body
follows exactly this direction are known at all times.
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Fig. 5: Electronic stability program components
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Fig. 6: Critical manoeuvre with and without EPS

For the traction component there are also simpler
systems that only prevent one or more wheels from
slipping. An integrated ESP will check not only the
differences between the angular speed of the wheels but
also the lateral movement of the machine. The response
time is usually of the order of milliseconds so that the
intervention can be considered quite prompt. For traction
only, the action is limited to preventing the wheel/wheels
from slipping, so that steering control is possible, similar to
what an ABS does when braking. In the case of ESP, the
moment the car skids, the system processes the information
and acts where it should: The brakes intervene on one or
more wheels, individually, to correct the trajectory and the
engine is prevented from generating more torque,
eliminating thus the forces that generated the displacement.

For example, if the front wheels begin to skid during
cornering, producing what we call understeer (moving
out of the curve), ESP brakes the rear wheel from the
inside, so that the trajectory is corrected. If the rear
wheels skid, i.e., the car overturns (starts to turn inwards
on the curve), ESP brakes the front wheel from the
outside, adjusting the trajectory.

Each time the acceleration is automatically reduced
until the goal is reached. Simultaneously, the
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corresponding ESP lamp flashes on the vehicle, which
warns the driver that the system is in full operation.
Almost any vehicle equipped with ESP allows it to be
disengaged from a button, the warning light being on in
this case permanently. ESP decoupling is useful, for
example, in the case of 4x4 vehicles that have to
overcome a difficult obstacle, as the operation of the
system is likely to reduce engine power and impede
movement. The surfaces on which the intervention of the
stability control system can be easily observed are wet
asphalt and snow/ice.

In the automotive industry, wired brake technology is
the ability to control the brakes by electric means. It can
be designed to regularly supplement the service brakes
or it can be a stand-alone braking system.

This technology is widely used on all hybrid and
battery-powered electric vehicles, including the
Toyota Prius. The wired brake is also common in the
form of the electric parking brake, which is now
widely used on main vehicles.

The technology replaces traditional components such
as pumps, hoses, fluids, seat belts and servos and main
cylinders with sensors and electronic actuators. Drive-
by-wire technology in the automotive industry replaces
traditional mechanical and hydraulic control systems
with  electronic  control  systems  that  use
electromechanical  actuators and  human-machine
interfaces, such as steering emulators.

Some x-by-wire technologies have already been
installed on commercial vehicles, such as steer-by-
wire and accelerator-by-wire.  Wire  braking
technology has been widely marketed with the
introduction of electric vehicles and battery-powered
batteries. Toyota's most used high-volume application
was preceded by GM EV1, Rav4 EV and other EVs
where technology is needed for regenerative braking.
Ford, General Motors and most other manufacturers
use the same overall design, except for Honda, which
designed a very different design.

Brake-by-wire is used for all regular hybrid and
electric vehicles produced since 1998, including all
Toyota, Ford and General Motors Electric and hybrid
models. Toyota Synergy Drive and Rav4 EV use a
system in which a modified ABS (anti-lock) servomotor
is coupled to a special hydraulic brake cylinder to create
a hydraulic system, coupled to the brake control unit
(computer). The Ford system is almost identical to the
Toyota system and the General Motors system uses
different nomenclature for components, while the
operation is virtually identical.

The hydraulic force generated by depressing the
brake pedal is used only as a sensor input to the
computer, unless a catastrophic failure occurs, including
a 12-volt power loss. The brake actuator has an electric
pump that provides hydraulic pressure to the system and
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valves to pressurize each wheel caliper to apply the
friction brake when the system is needed.

The system includes the full complexity of a Vehicle
Stability Control (VSC) system, an Anti-lock Braking
System (ABS) and the requirement to use regenerative
braking as the main vehicle deceleration mode, except
for the traction battery (high voltage) the state of charge
is too high to accept the extra energy or a panic arrest or
ABS situation is detected.

Sensors monitored as inputs for the braking system
include wheel speed sensors, traction battery charge
status, fabric sensor, brake pedal, stroke sensor, steering
wheel angle, hydraulic actuator pressure, hydraulic
pressures of each caliper circuit and accelerator position.
Other information and entries are also monitored.

The wire brake is available on heavy commercial
vehicles under the name Electronic Braking System
(EBS). This system ensures the electronic activation of
all components of the braking system, including the
retarder and the engine brake. EBS also accepts trailers
and communicates between the towing vehicle and the
trailer using the ISO 11992 protocol. Communication
between the trailer and the towing vehicle will be via a
dedicated ABS/EBS connector, according to 1SO 7638-1
for 24V or ISO 7638 systems. -2 for 12V systems.

EBS still relies on compressed air for braking and
controls air only through valves, which means it does not
depend on higher voltages used by electromechanical or
electro-hydraulic braking systems, where electricity is
also used to apply brake pressure.

EBS improves braking accuracy compared to
conventional braking, which reduces braking distance.
The failure of an EBS system in the event of a
malfunction is the use of the usual air brake control
pressure so that even in the event of a malfunction of the
electronics, the vehicle will be able to stop safely.

Results and Discussion
Bus Braking Study

Braking the bus is the process of reducing its speed to
a certain value or to a stop.

The safer, more intense, faster and more controlled
the braking, the safer the bus can travel at higher speeds.
The possibility of increasing the average speed of the
bus also depends on the braking capacity and the safety
of the bus and its passengers also depends on it.

Every bus is constructively provided with a braking
system that acts on each wheel separately, giving rise to
braking moments on each wheel, moments that seek to
immobilize each wheel separately.

The braking torque Mf (Fig. 7) occurs by rubbing a
drum or disc 1 (solid with the wheel marked with 2) with
some braking shoes integral with the fixed part of the axle
(crankcase). The braking moment opposes the rotational
movement of the wheel and seeks to immobilize it.
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Fig. 7: The forces and moments acting on a braked wheel

During braking, the bus moves only under the action
of inertial forces, consuming the kinetic energy produced
and accumulated during acceleration.

Under the action of the braking moment M; in the
contact area of the wheel with the road, the reaction of
the ground F+ directed in the opposite direction to the
movement of the bus arises.

When braking the bus, in addition to the braking force, it
contributes to the reduction of speed and endurance.

According to the principle of dynamic equilibrium in
the case of bus braking, the relation (1) can be written,
where F; is the inertial force of the bus:
F=F +R *R +R, (1)

By replacing F; and all the resistances with advance
with their already known expressions, the expression (2)
is obtained:

K-A-V?
13

g.g.af =F +G,-f-cosa+G,-p+
g

)

Given that both rolling and air resistance when
moving the bus at speeds less than 100 [km/h] are low
compared to the braking force, both can be neglected so
that relation (2) will get the simplified aspect (3):

g‘5'af:':fJ—rGt'p 3)
9

The braking capacity of a bus (as in any other vehicle) is
characterized by the following parameters: Deceleration,
braking space and braking time (possibly stopping).

Determination of Deceleration When Braking

The expression of deceleration results from relation (4):
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a; = '(FfiGt'p) 4

5-G,

If it is considered that the braking is done with the
engine disengaged from the transmission, the coefficient
of influence of the rotating masses can be taken &= 1.
For a road with a certain slope p, the obtained
deceleration will be maximum when the braking force
will have the maximum value (5):

(af)max:Gg'(FfmaxiGz'p) (5)

The maximum value of the braking force is limited by
the grip (6), where Gagr is the braking weight of the bus:

Ff max — Gadf 2 (6)
In the case of a bus (trolleybus) which has all the
wheels braked when traveling on a slope, the relation (6)

is written in the form (7):

F ()

tmax =Gt - @ - COSx

Replacing the expression (7) in relation (5) we obtain
the relation (8) which defines the expression of the braking
deceleration of the bus on a certain road, on a slope:
(ar),, =9-(p-cosazp) (8)

However, if the bus travels on a straight road at the
time of braking, the expression of the deceleration when
braking changes accordingly, simplifying to form (9), it
being proportional to the gravitational acceleration g and
to the rolling resistance coefficient:

(@), =9¢ 9)

Determination of Braking Distance

During braking, according to the Kkinetic energy
theorem, the variation of the kinetic energy is equal to
the mechanical work (of the braking forces)
corresponding to the braking space.

Considering that the braking takes place with the
transmission engine disengaged, according to the Kinetic
energy theorem we can write the relation (10), where m
is the mass of the bus, v! is the speed at the beginning of
braking in m/s, v2 is the speed at the end of braking in
m/s and sf represents the braking space in m:

m-(v; —v3)

> =(F +R R, +R,)-s,

(10)
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If the bus runs at speeds slower than 100 km/h when
braking, the influences of rolling resistance R, and air
resistance Ra can be neglected so that the relation (10)
acquires the simplified form (11-12), where the mass of
the bus was substituted with Gi¢/g and all elements are
measured in Sl:

m-(v; —v3)

; =(F £R,)-s, (11)
_ Ge(w-v)
S; —m (12)

However, if we want to enter the two speeds in km/h,
the relation (12) takes the form (13), where V! and V? are
entered in km/h:

G, '(V12 _sz)

26-9-(F, =R,) (13)

P =

The minimum braking distance (14), corresponding
to a certain slope, is obtained when the braking force has
the maximum value:

G- (W -V)
+R))

e lr—oR] e (14)

Sfmin =

For a bus that has all the wheels braked, replacing
Frmax from relation (7) and R, = p.Gy is obtained for the
minimum braking space relation (15), or when braking
to a stop (when V2 = 0) the expression (16):

(W' -v7)
Sfmin = (15)
26-g-(p-cosa* p)
2
Sfmin = Vl (16)

26-g-(p-cosatp)

If the bus travels on a straight road, the expression
(15) takes the form (17) and the relation (16) takes the
simplified form (18), where (17) is the minimum braking
space on a straight road and (18) represents the space
minimum stop on a straight bus road:

v 17)
f min 26 i g @
2
sf min V1 (18)
26-9-¢
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Determination of Braking Time

If it is considered that the bus has a uniformly slow
motion during the braking period and if its deceleration
is equal to (af) max, then the minimum braking time will
be given by the relation (19), where all elements are
given in the international system (vi and v. being
introduced in m/s), so time will also result in s:

ViV,

In the case of braking to a stop (vo = 0), the minimum
braking time will be given by the simplified relation (20):

Vl_vz
g-(¢-cosa+p)

t (19)

t — vl — Vl

- (a )max ~g-(p-cosa £ p)

(20)

In reality, however, both the minimum braking
distance and the minimum braking time have higher
values than those calculated with the theoretically
indicated relationships previously, because in the total
braking time the time necessary for the bus driver's
reaction and the time required to enter the action of the
bus braking system.

Observation

The formulas previously determined have all been
deduced from the assumption that all brakes instantly
come into action with their full braking force.

Figure 8 shows the variation of the deceleration as a
function of time, as well as the time intervals of the
braking process.

The time t; is the reaction time of the driver and is
equal to the time elapsed from the moment of noticing
the need for braking to the moment of the actual start of
braking. This time is between 0.4 s and 1 s, depending
on both the physiological state of the driver and his skill
and experience.
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Fig. 8: Deceleration variation over time
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The t; brake delay time depends on the actuation time
of the pedal brake transmission mechanism and is due to
the play in the joints, the fluid leakage resistances
through the pipes ..., being between 0.2 and 0.5 s.

Time t is the time elapsed from the moment the
braking force is applied until it reaches its maximum
value. It varies between 0.1 and 1 s, depending on the
type of brake control mechanism.

Time t3 is the actual braking time at normal
parameters, from the bus speed from the beginning of
braking vi to the speed at the end of braking v, (which
can be 0 in the case of braking to a stop).

Time t4 is the time elapsed from the end of the press
on the pedal to the cancellation of the braking force. It is
between 0.2 and 2 s, but does not directly affect the
previous braking space (during the actual braking), but
only indirectly, when the braking has only slowed the
bus and a new deceleration is required immediately (new
braking), or even its stopping, its influence being only on
the next immediate possible braking.

The additional space st traveled by bus due to the
specific braking delays is given by the relation (21), with
the speed v1 given in m/s and is expressed by the relation
(22) if the speed V1 is entered in km/h;

Sto =V (L + AL +t)) (21)
v,

sf0=3116~(t1+At1+t2) (22)

Benefits

Mercedes reduced the accident rate by 42% when
the ESP was introduced. NHTSA studied from 1997 to
2002, data in five states, a study published in
September 2004 and found passenger cars with ESP
(many of them Mercedes) the number of damaged
vehicles decreased by 35%, while the number of fatal
accidents decreased by 30%.

They also studied the SUV which included ML320,
ML430, ML350, ML500, G500 and G55 AMG. IIHS
studied ESP in 2004 and found that all accidents were
reduced by 7% and fatal accidents by 34%. Of course,
accidents were reduced by 41% and fatal accidents by
56%. For IIHS the data were not large enough to allow a
separate comparison between cars and SUVs, as a
calculated risk. In 2006, 1IHS expanded its research to
include study data for an additional year between 2003
and 2004 and more vehicles, this time in 10 states.
Overall, the results are consistent with previous results,
but showed a greater reduction, even by 43% in fatal
accidents. For the SUV vehicle the damages were
reduced by 49% and by 33% for the cars. A single SUV
vehicle was damaged in the proportion of 59% and does
not differ significantly by 53% for the cars.
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Regenerative Braking

Regenerative braking is one of the important steps
towards independence from fossil fuels.

In the century when fossil fuels will run out (most
likely), they are the basis on which we have built
everything around us and in which the concern for
carbon emissions reaches the highest levels, this
efficiency of all products is crucial!

Every time the brake pedal is depressed, energy is
wasted. Physics tells us that energy cannot be destroyed.
So when the car slows down, the kinetic energy that
propelled the vehicle forward must go somewhere. Much
of it simply dissipates as heat and becomes useless. That
energy, which could have been used, is simply wasted.

In this regard, automotive engineers have found the
solution in a braking system that can capture much of the
car's kinetic energy, converting it into electricity, so it
can be used to recharge the battery/batteries. This system
is called regenerative braking.

At present, these braking systems seem to equip almost
all new models that appear on the market, whether they
are electric or hybrid cars (for example BWM 7 Series
Active Hybrid, Lexus RX400h, etc.). However, the
technology was first introduced on trams and was later
used on electric bicycles and even Formula 1 cars.

In a traditional braking system, the brake pads
produce friction with the disc to slow down and stop the
vehicle. In addition, friction occurs between the slow
wheels and the tread. This friction converts the kinetic
energy of the machine into heat.

In the case of regenerative braking, on the other hand,
the system propelling the vehicle performs most of the
braking. When the driver depresses the brake pedal of an
electric or hybrid model, this braking system puts the
electric motor in reverse mode, making it possible to turn
it in the opposite direction, thus slowing down the car's
wheels. As it spins backward, the motor behaves like an
electric generator, producing electricity that often powers
the batteries. These types of braking systems work and
have different efficiencies at different speeds. In fact,
they have maximum efficiency in the case of urban
driving situations, with many stops and starts.

As a backup for situations where regenerative
braking does not provide sufficient stopping power,
hybrids and electric vehicles also have conventional
braking systems. It is important for the mechanic to be
aware that the brake pedal may respond differently to
pressure. The pedal will sometimes have a longer stroke
than normal, but this is normal.

In the following lines we will detail how the
regenerative braking system works and we will argue the
reasons why this braking time is more efficient than the
conventional one.

An important property of the electric motor is that
when it spins in one direction it converts electrical
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energy into mechanical energy that can drive the
wheels and when it spins in the opposite direction, it
becomes a generator, converting mechanical energy
into electrical energy. This electricity can power the
battery charging system.

In the case of the regenerative braking system, the
kinetic energy of the car represents the mechanical
energy that spins the electric motor in the opposite
direction. Sophisticated electronic circuits are needed to
decide when to turn the engine upside down, while
specialization electrical circuits drive the electricity
generated to the batteries. In some cases, the energy
produced by these systems is stored in electric capacitors
for later use. Moreover, since these vehicles also use
conventional braking systems, ECUs must decide which
system to use at a given time, depending on certain
conditions. Because the control of the regenerative
braking system is almost 100% electronic, it is possible
for the driver to select certain settings that will determine
the reaction of the vehicle in different situations. For
example, in some cases the driver may select whether
regenerative braking begins as soon as the foot has been
removed from the accelerator pedal and whether the
system will operate until the car comes to a complete
stop or will let the car idle.

There is a general movement in the automotive
industry towards so-called "brake-by-wire" systems
where many of the functions of normally mechanically
performed braking systems will be controlled by a
computer. Currently, engineers in the automotive
industry use several types of circuits to cope with the
complexity of regenerative braking, but in all cases, the
most important component of these systems is the
braking system ECU.

Regenerative braking is a process of braking a
vehicle by converting its kinetic energy into another
form, energy that can be reused immediately or stored.
The process differs from the conventional braking
method, which dissipates this energy in the environment
in the form of heat by friction in the brakes. In addition
to increasing the energy efficiency of the vehicle by
avoiding wastage of this energy, regenerative braking
saves conventional braking systems.

Energy transformation and transmission are the two
principles of energy recovery that occur when braking
industrial vehicles. If a vehicle is braked, its kinetic
energy is converted to heat brakes. This heat is then
dissipated into the atmosphere. It can only be recovered
if the vehicle is fitted with a regenerative brake. It
converts the reduction of kinetic energy, which occurs
during braking, into electrical energy, with the help of an
electro generator and transmits it for storage to a battery
of capacitors-buffer. This group of capacitors releases
this energy to the electric traction motor of the electric
vehicle or to hybrid drive.
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Typically a regenerative braking system consists of
an electric car that can be an electric motor running in
reversible mode or an electric generator. These are
driven by the wheels of the running gear coupled to
them, producing electricity. During rail transport,
including trams, the electricity produced is reintroduced
into the supply system. In battery-powered electric
vehicles, including hybrid electric vehicles, the
recovered energy is stored in these batteries and in
supercapacitors. In addition to electrical systems, the
recovered energy can also be stored as kinetic energy in
the steering wheels. Hybrid vehicles with hydraulic or
pneumatic drive systems can store the recovered energy
in their fuel systems.

Limitations

Vehicles with regenerative braking systems must also
be equipped with conventional friction brakes because:

The traditional braking system is a backup system in
case of regenerative failure

The braking capacity of the regenerative brakes
decreases with speed, for the complete stopping of
the vehicle another braking system is needed. It is
also zero during parking

Regenerative braking can produce an excess of
energy, for example when descending slopes, an
excess that cannot be taken up by storage systems and
must be dissipated by conventional braking systems
In emergency braking, all wheels must be braked at
the road grip. The kinetic energy of the vehicle must
be dissipated in a much shorter time than usual at
acceleration, which can only be achieved with very
high electrical powers, several times higher than the
propulsion power, leading to impractical systems.
Excess energy must be dissipated by conventional
braking systems

Usually, cars have only one drive axle and electric
regenerative braking can only be applied to axles
driven by electric motors. On the other axles,
braking is done by classical methods

In order to achieve the desired braking effect, a
coordination  system  between regenerative and
conventional braking is needed. General Motors
produced the first car, General Motors EV1, equipped in
this way. In 1997 and 1998 engineers Abraham Farag
and Loren Majersik registered two patents in this regard.

Conversion to Electricity: The Engine as a
Generator

In vehicles powered by electric motors, during
regenerative braking the engines work in generator
mode, the current produced being applied to a consumer,
who thus plays the role of the brake.
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Electric regenerative braking is a three-stage process,
the stage of recovering kinetic energy by generating
electricity, the stage of storing it in accumulators or
supercapacitors and the stage of using energy by
transforming it back into kinetic energy. In all stages
there are energy losses, the transformations being made
with a certain efficiency.

The mechanical work absorbed by the generator is
the difference in the kinetic energy of the vehicle.

Thus, the excess energy created is saved in the
battery. It can then be used to power the electric motor or
other components that run on electricity (such as air
conditioning).

What does a Kinetic Energy Recovery System
(KERS) mean?

This concept of the Kinetic Energy Recovery System
is used by Formula 1 cars, mechanical cars and electric
motors. It works very similar to Toyota Prius engines,
trying to capture the remaining energy in the battery.

This system is mainly used for racing cars, where it
works by generating electricity every time the car brakes.
It is, in fact, a device that comes mounted on the wheels
of a car. It is very popular in racing cars, where it began
to be used in 2009.

Even if it is hard to believe, this system is not only
used for racing cars, but also for engines and even
certain trams. The only negative thing that could be
said about KERS is that it adds a little extra weight to
the vehicle on which it is assembled. In the future, it
is speculated that this system will become more and
more popular and will be common in everyday cars,
not just racing cars.

Thus, it is good to be informed in advance about both
regenerative braking and KERS, because if the future is
as promising as it seems, it is possible that in a few years
we will all have access to them.

Regenerative braking was widely used on the
railway. In the 1930s it was used by the Transcaucasian
Railways on the Baku-Thilisi-Batumi line, especially in
the steep and dangerous Surami Pass. In Scandinavia, on
the Kiruna-Narvik line, iron ore is transported from the
Kiruna mines in northern Sweden down to the
Norwegian port of Narvik. During the lowering of the
loaded wagons, a lot of electricity is produced by
regenerative braking. In Norway, trains from the border
from Riksgrénsen to Narvik use only one-fifth of the
energy thus generated, the rest being enough to bring the
empty train back to Riksgrénsen. The excess is
introduced into the supply network, the railway being a
net supplier of electricity.

In trams, in England the Raworth system of
"regenerative control" was introduced in the early 1900s
because it was advantageous. The system was applied to
Devonport (1903), Rawtenstall, Birmingham, Crystal
Palace-Croydon (1906) and others. Following a serious
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accident at Rawtenstall, in 1911 the system was banned,
but was reintroduced 20 years later.

The main problem of regenerative braking is the
difficulty of generating current at the parameters of the
supply network - voltage in the case of direct current
supply, respectively voltage, frequency and phase when
supplying alternating current. instead of being sent to the
mains is discharged on some electrical resistors that turn
it into heat we are talking about dynamic braking. The
process is found in electric forklifts, diesel-electric
locomotives and trams.

The heat produced can be used to air-condition
wagons or dissipated in the environment. An unusual
application was to the experimental steam turbine
locomotives of General Electric. For preheating the
water supply to the steam boiler.

Mechanical braking energy recovery systems store
the energy recovered in the form of the kinetic energy of
steering wheels. Since there are no transformations
kinetic energy -> electricity -> chemical energy ->
electricity -> kinetic energy, if the reuse of stored energy
is immediate the energy efficiency of these systems is
higher than electricity. Over time, due to losses in the
bearings, the steering wheel speed decreases, as a result
its energy decreases, so the efficiency. To reduce these
losses, the flywheels rotate in vacuum enclosures and the
bearings are with magnetic suspension. Such a
construction stores energy for up to an hour, the system
being very efficient only for braking followed
immediately by acceleration, such as city traffic. or
participation in Formula 1-like circuits.

Such a system is known as a Kinetic Energy
Recovery System (KERS). It was first used in Formula 1
in 2009. In subsequent editions the use of the system was
optional, but since 2013 all teams use KERS.

The first system of this type was built by Flybrid. The
system has a mass of 24 kg and can store the energy of
400 kJ. This energy can be delivered with a power of 60
kKW in 6.67 seconds. The steering wheel has a diameter
of 240 mm, a mass of 5.0 kg and rotates at a speed of up
to 64,500 rpm. The maximum torque is 18 Nm.

The ECU is the deciding factor, based on predefined
parameters influencing the moment of the braking start,
braking stop or brake application speed. In towing
situations, for example, the ECU of the braking system
can provide coordination between the brakes of the
trailer and those of the towing vehicle.

The monitoring mode of the regenerative braking
system is similar to that of the ABS system, the most
important factors in determining the decisions being the
wheel speeds. In addition to this function of monitoring
the speed of the wheels, the ECU of the braking system
also has an important function of calculating how much
torque - the rotational force - is available to generate
electricity. During braking, the ECU directs the
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electricity produced by the motor into batteries or
capacitors. It ensures that an optimal amount of energy is
received by the batteries and at the same time that the
energy received is not too much, or more than the
batteries can handle.

The most important function of the controller is
perhaps the one that decides when the engine is or is not
able to provide enough force to stop the car. If it is not, the
ECU also activates the conventional brake, preventing
possible unpleasant incidents. Without this ECU,
regenerative braking would simply not be possible.

How is a hybrid vehicle different from a fully electric
one? Well, hybrid electric vehicles use both an electric
and an internal combustion engine.

These types of vehicles combine the autonomy of
the internal combustion engine with the efficiency and
zero emissions of the electric motor. In order to be as
efficient and environmentally friendly as possible, the
battery of the hybrid vehicle must remain charged as
long as possible.

Without battery power, only the internal combustion
engine would propel the vehicle. At this time, the vehicle
is no longer an active hybrid but just another
conventional vehicle.

Automotive engineers have come up with several
solutions to streamline energy consumption, such as
aerodynamic shapes, lightweight materials, but one of
the most important is regenerative braking. The
internal combustion engine of course does not benefit
at all from this system, energy produced during
braking is transmitted to the batteries and from there
to the electric motor.

Hydraulic Regenerative Braking

An alternative to the electronic braking system is the
hydraulic regenerative braking system. There are
currently two such systems, one developed by Ford
Motor Company and Eaton Corporation and the other
developed by Bosch Rexroth AG.

Ford's system is called Hydraulic Power Assist or
HPA for short. In the case of HPA, when the driver
depresses the brake pedal, the kinetic energy of the
vehicle is used to drive a reversible pump, which sends
hydraulic fluid from a low-pressure accumulator (a kind
of tank) to a high pressure one.

This pressure is created by the nitrogen in the
accumulator, which is compressed as the liquid is pushed
into the space occupied by the gas.

The fluid remains under pressure in the battery until
the driver depresses the accelerator pedal again, at which
point the pump is reversed and the pressurized fluid is
used to accelerate the vehicle, efficiently converting the
car's kinetic energy before braking into mechanical
energy that helps vehicle acceleration.

Some sources [www.HybridCars.com] claim that
such a system can store up to 80% of the time lost by the
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vehicle during deceleration and can use it to accelerate
the vehicle again. This percentage is impressive for such
a system. Like electronic regenerative braking, this type
of HPA braking is more for urban driving style, with
frequent stops and starts.

Bosch's system, called HRB Hydrostatic
Regenerative Braking, works on the same principle, the
constructive elements being similar.

Currently, these systems are used on heavy vehicles,
but once they are improved, they will certainly be used
on light vehicles.

The energy efficiency of a conventional vehicle is
about 20%, the remaining 80% being converted to heat
by friction. The miracle of regenerative braking is that
it could capture up to half of the wasted energy. This
would mean a 10 to 25% reduction in fuel
consumption. Hydraulic regenerative braking would
provide even more impressive gains, reducing
consumption by 25 to 45%.

In the century when fossil fuels will run out (most
likely), they are the basis on which we have built
everything around us and in which the concern for
carbon emissions reaches the highest levels, this
efficiency of all products is very important.

The beginning of the 21st century could be the end of
the internal combustion engine. Already, vehicle
manufacturers are allocating increasing resources for the
development of alternative solutions, such as high-
performance batteries, hydrogen cells and even
compressed air.

Regenerative braking is a small but very important
step towards independence from fossil fuels. These types
of brakes allow batteries to be used longer without the
need to charge from an external source. They also
increase autonomy. Thanks to this technology we now
have cars like Tesla Roadster, electric cars with more
than decent performance.

In a regenerative braking car, so many things are
electronically controlled that even the driver has the
ability to select certain settings that determine how the
vehicle will react in certain situations.

For example, in some cars the driver may select the
regenerative braking to start as soon as he takes his foot
off the accelerator pedal.

The driver can then decide whether the regenerative
braking will slow down the car to zero kilometers per
hour or let the car run at low speed. In the automotive
industry there has been a general trend towards braking
systems called brake-by-wire in which a large part of the
braking functions that have been mechanically actuated
will be actuated electronically.

Volo Rent a Car believes that electric and hybrid
cars will be the first users of this electronic brake-by-
wire system.


file:///C:/Users/WindowS%2010/Downloads/www.HybridCars.com

Relly Victoria Virgil Petrescu / Journal of Mechatronics and Robotics 2020, Volume 4: 156.190

DOI: 10.3844/jmrsp.2020.156.190

The Braking Energy Recovery System

Along with the Start/Stop system it is an extra step in
the direction of hybridizing vehicles. Practically in case of
a deceleration of the vehicle its kinetic energy is converted
into electricity by a generator (or by the electric
propulsion system in the case of hybrid vehicles). In this
way, some of the energy that is normally lost through heat
dissipation in the braking process is recovered as
electricity, stored in batteries and then used.

Engine Braking Simulation

In the case of highly hybrid cars *, in order to recover
the braking energy, the internal combustion engine is
disengaged and the engine braking is replaced by an
equivalent torque generator of the electric motor (engine
braking simulation). The energy thus released is stored.

If the internal combustion engine cannot be
disengaged (in the case of moderately hybrid vehicles),
alternatively a lower torque generator may be fitted to
the drive chain, in addition to braking the internal
combustion engine (increasing engine braking).

Braking Energy Recovery

As mentioned above, during braking the electric
propulsion can accommodate an additional torque
generator as if simulating braking with the engine thus
increasing the braking force. With the brake pedal in the
same position, the vehicle will have a higher deceleration
compared to a similar conventional vehicle. However,
considering the performance, no significant decelerations
can be implemented.

However, the regenerative braking torque must be
adjusted according to the degree of charge of the battery
and the thermal state of the electrical system. If, for
example, the battery temperature rises significantly after
several successive braking, it is necessary for certain
circumstances to recover regenerative energy system.

The powerful hybrid vehicle, unlike the moderate
hybrid vehicle, can operate for short distances using only
electric propulsion. During 100% electric propulsion, the
internal combustion engine is stopped.

Braking Energy Recovery Systems

The Kkinetic energy recovery systems lost during
braking are mechano-electrical systems that allow the
recovery of energy lost when the vehicle starts to brake.
The recovery of kinetic energy dissipated during braking
is practically obtained from the transformation of
mechanical energy into electrical energy made by these
systems and stored by a group of batteries and
capacitors. The most used form of energy recovery is
represented by electric motors that are used as electric
generators together with battery systems. These systems
have been developed and ramped up in addition to the
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reason for protecting the environment, declining fossil
fuel resources and due to the fact that mainly from the
energy content of fuel burned in the engine, in the case
of an urban route only about 13% reaches wheels and
braking wastes almost half (6%) of this tiny percentage.

Types of Hybrid Vehicle Configurations

Parallel-hybrid systems include the conventional
internal combustion engine and an electric motor
connected to a transmission. The electric motor is
located in parallel with the conventional motor, the
electric one taking over the role of both alternator and
starter (the transmission is between the two). Series-
hybrid series systems are structurally similar to battery-
only vehicles. In this case the internal combustion engine
acts as a generator, which in turn acts to charge the
batteries and supply electricity to the electric motor.
Series-parallel hybrid systems - are hybrid vehicles with
"distributed" power or have elements that are found on
both parallel hybrids and series hybrids.

They have components that transmit power from
either the mechanical or electrical motor. The dual-mode
hybrid system includes two power transmission paths
along with a gearbox that allows running in parallel
hybrid modes. This system is used in parallel series
hybrids. It has the following characteristics:

It is provided with a secondary set of planetary gears
varies the percentage of power transmitted
mechanically or electrically depending on road
conditions or the desire of the driver

Conclusion

Obviously, braking with the help of the engine brake
is achieved in a much shorter time and achieves
increased braking safety, when necessary, it being all the
more efficient as the experience, skill and physiological
condition of the bus driver. They are better. Gradually or
directly shifting from the upper gears to the lower gears
of the gearbox helps to brake effectively with the engine
brake, usually shifting into third gear (from a higher
gear) and possibly then into the same gear. two, if
necessary. On slopes, especially when descending, at
high starting speeds for braking and when the road is
slippery, the use of the engine brake is also imperative.

Car braking systems have evolved significantly in
recent years. These developments will continue and even
accelerate in the years to come. Wheel brake
optimization will continue in the field of noise and
vibration, residual torque and wear. Increasing
performance and reducing costs in the field of
electronics already allow the widespread of ESP systems
or the "brake by wire" system; associated, more evolved
functions will follow. Is it possible for the brakes to
become fully electric tomorrow?
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