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ABSTRACT

With increasing innovations in the field of Automotive Electronics, X — by wire, is becoming popular across the
world. It is a system, which gets input from the driver as communication signal or electrical signal rather than
the mechanical input. Mechanical linkages are not used which improves the life of the system. Brake by wire
uses sensor signals from the driver to brake the vehicle. It uses sensors like Brake pedal sensor, VVehicle speed
sensor. The input from the sensor is given to the ECU, which processors, the information understanding the
situation and gives the output to the brakes. The brake force depends on the Speed of the vehicle, Pedal travel,
Speed of pedal travel, brake pad wear. The scope of this RESEARCH includes, design and fabrication of Brake
Assist System using Brake by wire technology. The Microcontroller controls the actions of the brake on the
vehicle. X — by wire is a general term used to denote controlling of vehicle by wire method (Brake by wire,
Drive by wire, Steer by wire.

KEYWORDS: Automotive electronics, Microprocessor, Brake assist system, Micro-controller.

l. INTRODUCTION

Motor vehicles braking systems have changed dramatically over the years. The first commonly used brake was
the drum brake which used a self-energizing action to obtain a mechanical advantage and therefore generate the
high necessary forces with a reasonable pedal effort. The drum brake suffered badly from brake fade, where the
braking performance diminished as they heated, and also suffered from a non-linear response to pedal force.
These two factors combined made the brakes very difficult to control. As the weight and speeds of vehicles
increased, the braking forces also increased, and it was realized that a new braking method was necessary to
ensure safe braking. This is when the disk brake was conceived. Disk brakes use hydraulics to obtain a
mechanical advantage, but also require vacuum assist to create the ever-increasing braking forces.

As technology has advanced, active braking systems have been developed to assist drivers in emergency
situations to improve safety. We are now experiencing the birth of the next level in active braking; Brake by
Wire (BBW) where the braking signal is passed electronically to the brakes. These systems have the advantage
of allowing more advanced active braking schemes, hence improving vehicle safety. There has also been a
major push towards the use of electric vehicles over the last few years, with some major car manufactures
commercially producing electric vehicles. Unlike combustion engines, electric vehicles don’t have a natural
vacuum so the brake assist must be created externally, resulting in the need for either an additional vacuum
pump or hydraulic pumps, increasing the weight and cost of the braking system. This was the driving force,
which leads to the idea of Electronic Brake-by-Wire (EBBW). This concept uses an electro-mechanical actuator
to generate the braking forces.

1. NEED OF BRAKE BY WIRE
Standard braking systems use a proportioning valve to divide the braking pressure between the front and rear
wheels, resulting in less than optimal braking performance. For any point above the ideal brake distribution line
in Figure, the rear wheels will lock before the front wheels, causing the car to become unstable Thus for safety
reasons; the proportioning valve must ensure the front wheels lock first. At moderate braking levels (0.2-0.5g’s)
on low friction surfaces, the front brakes will lock prematurely, reducing the maximum deceleration of the car.

The situation is even worse when the car is on two surfaces with different coefficients of friction (i.e. one wheel
hits a patch of ice) as the wheel with the lowest traction will lock first, possibly causing the car to become
unstable. ABS overcomes this problem by reducing the braking pressure to skidding wheels, but is a reactive
system, not a response one. More advanced predictive braking schemes are possible, but in order to be
implemented correctly, the system must be able to actuate each brake fully independently. Brake by Wire



systems provides us with the opportunity to implement these and other advanced braking schemes by removing
the mechanical link between the driver and the brakes.

Research goal

This RESEARCH aims in designing a Brake by Wire system with Brake Assistance suitable for trailer vehicles.
As weight and speed increases, the braking system needs to be more effective which provide shorter stopping
distance. As trailer vehicles need to be engaged and disengaged frequently conventional braking system is not
suitable for trailers. So, electromechanical brakes need to be used. This braking system can also be used for
electric vehicles. The existing technology is inadequate for an electric vehicle with wheel motors; a new concept
has been developed to solve the needs. The ultimate aim of this RESEARCH is to develop a demo model of
the brake controller needed for the trailers with Brake Assistance

Research structure
After a brief introduction, chapter 2 provides information about the literature survey needed for this
RESEARCH. The various works done on this technology are precisely described in this chapter.

Chapter 3 reviews information about BBW, BAS and its necessity. It also describes the working of BAS and
electro-mechanical brakes. It also provides information about the electromagnetic brakes.

Chapter 4 describes the work done on this RESEARCH. It reviews about the block diagram and explains the
circuit for this RESEARCH.

Chapter 5 describes about the components used in this RESEARCH. And finally the last chapter concludes the
RESEARCH and gives information about the future scope of the RESEARCH.

Need for the research

With increase in weight and speed of vehicles, safety has become a major issue. Much development is being
taken place in passenger cars, but the development of commercial vehicles is comparatively lesser. This
RESEARCH emphasizes, the safely of commercial vehicles and development of brakes in electric vehicles.

This RESEARCH describes the electro-mechanical braking (EMB) system and the design basics of its control
based on 8051 microcontroller. Electro-mechanical braking systems also referred to as brake by-wire, replace
conventional hydraulic braking systems with a completely dry electrical component system. This occurs by
replacing conventional actuators with electromagnets or electric motor-driven units. This move to electronic
control eliminates many of the manufacturing, maintenance, and environmental concerns associated with
hydraulic systems. As in electro-hydraulic braking (EHB), EMB can be designed to improve connectivity with
other vehicle systems, thus enabling simpler integration of higher-level functions, such as traction control and
vehicle stability control. This integration may vary from embedding the function within the EMB system, as
with ABS, to interfacing to these additional systems via communication links.

Another advantage of EMB systems is the elimination of the large vacuum booster found in conventional
systems. An increase in flexibility for the placement of components is also provided by EMB systems,
compared to those of EHB, with the total elimination of the hydraulic system.

1. BRAKE BY WIRE AND BAS

Standard braking systems use a proportioning valve to divide the braking pressure between the front and rear
wheels, resulting in less than optimal braking performance. For any point above the ideal brake distribution, the
rear wheels will lock before the front wheels, causing the car to become unstable. Thus for safety reasons, the
proportioning valve must ensure the front wheels lock first. At moderate braking levels (0.2-0.5g’s) on low
friction surfaces, the front brakes will lock prematurely, reducing the maximum deceleration of the car.

The situation is even worse when the car is on two surfaces with different coefficients of friction (i.e. one wheel
hits a patch of ice), as the wheel with the lowest traction will lock first, possibly causing the car to become
unstable. ABS overcomes this problem by reducing the braking pressure to skidding wheels, but is a reactive
system, not a response one. More advanced predictive braking schemes are possible, but in order to be
implemented correctly, the system must be able to actuate each brake fully independently. Brake by Wire
systems provides us with the opportunity to implement these and other advanced braking schemes by removing
the mechanical link between the driver and the brakes



Brake by wire

With the Electro Mechanical Brake we are getting involved in pure brake-by-wire technology, which eliminates
brake fluids and hydraulic lines entirely. The braking force is generated directly at each wheel by high
performance electric motors or electromagnet. They are controlled by an Electronic Control Unit (ECU) and
actuated by signals from an electronic pedal module.

Brake-by-wire systems use an electrically controlled actuator to provide a braking force. These actuators are
usually either electro-hydraulic systems or electromechanical systems. The electro-hydraulic systems work like
a conventional brake in the sense that they use a hydraulic force to drive a piston onto the braking surface, but
the force is generated electrically, usually through hydraulic pumps and servo valves. These systems often
incorporate mechanical backup to ensure braking is still possible even if the electrical system fails.

Electro-mechanical systems use an electric actuator to generate the braking force, with the designs usually
providing no possibility for a mechanical link between the driver and the brakes. The electro-mechanical
systems have the potential to be much lighter then the electro-hydraulic systems, and are often more efficient as
they don’t require a pump to be running all the time, but the lack of mechanical backup is usually undesired. An
additional mechanical backup is usually added to ensure braking is possible in the event of complete failure of
the power supply. Electromechanical systems have the potential to be more reliable the electro-hydraulic
systems as the systems can involve less moving parts, with the reliability ultimately determined by the reliability
of the electrical system.

Brake assist system

Ermargancy
braking zone

Braka forca

Modarate
braking zone

Brake padal force
Figure 3.1 — Brake Pedal Force Vs Brake Force

A brake assist system monitors the driver’s use of the brake pedal, automatically sensing an attempt to stop the
car as a result of panic. It then generates very high braking power, even when the driver is only pressing lightly
on the brake pedal. This illustration is shown in Figure 3.1. When this is used together with anti-lock braking
systems, it results in faster and safer braking. Depending on the driver, statistics for emergency stops in cars
using this technology range from a 20% - 45% reduction in stopping distances, a potentially significant
difference in critical situations.

Some road tests show that a driver needs up to 240 feet (73 meters) to stop a car going approximately 60 mph
(100 km/h). In the same scenario, cars with brake assist were able to come to a complete stop in as little as 130
feet (40 meters). Since it only takes one-fifth of a second to travel a car length at highway speeds, the superior
speed with which the brakes assist is able to react also accounts for its improved safety results over traditional
braking systems.

Working of bas
A car equipped with a brake assist system has electronic components that monitor the speed with which the
brake is applied. A small computer keeps track of how the driver typically apply the brake as the driver drives
the car, both how quickly and how firmly, and learns what the particular pattern is. As it builds up the
information, it is able to recognize when the driver has applied the brakes much faster than usual, and interprets
that this is a result of a critical situation and automatically triggers the brake assist system. When the system is
triggered, it immediately factors in brake wear and current speed to determine the amount of force that is needed
to stop the car.

1. The driver does not press the brake forcefully enough in case of an emergency. Therefore, not enough

braking force is generated.
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2. Usually, the driver decreased his/her pressure on the brake pedal after "slamming" it initially, causing a
further reduction of braking force.
3. When the driver presses the brake pedal more rapidly then normal, brake assist automatically
recognizes the situation as Emergency braking and increases the braking force.
After the emergency brake situation, when the driver releases the brake pedal, the brake assist system reduces
the amount of force simultaneously.

Braking systems overview
The need for better fuel economy, simplified system assembly, more environmentally friendly systems, ease of
vehicle maneuverability, and improved safety systems has resulted in new types of braking systems.

The centerpiece of the current braking systems is a hydraulic assembly under the hood of the vehicle that brings
together the electronic control unit, wheel pressure modulators, pressure reservoir, and electric pump. The
interaction of mechanics and electronics is key to the success of the braking system. The microcomputer,
software, sensors, valves, and electric pump work together to form the basis of the system.

Electro-Hydraulic brakes

Compared to the operation of conventional braking systems, by depressing the brake pedal with the Electro-
Hydraulic Braking System (EHB), the appropriate command is transmitted electronically to the electronic
controller of the hydraulic unit. This determines the optimum braking pressure and actuates the brake calipers
hydraulically
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—— Hydraulic connections
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Figure 3.2 — Electro Hydraulic Brakes

Electro-Mechanical brake

The Electro-Mechanical Braking Systems represents a complete change in requirements from the previous
hydraulic braking systems. The EMB involves in pure brake-by-wire technology, which dispenses with brake
fluids and hydraulic lines entirely. The braking force is generated directly at each wheel by electromagnets or
high-performance electric motors, controlled by an ECU, and executed by signals from an electronic pedal
module. With EBM all brake and stability functions can be easily incorporated, such as the Anti-lock Braking
System (ABS), Electronic Brake Distribution (EBD), Traction Control System (TCS), Electronic Stability
Program (ESP), Brake Assist System (BAS), and Adaptive Cruise Control (ACC). It is virtually noiseless, even
in ABS mode.
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Figure 3.3 — Electro Mechanical Brakes
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Advantages of the EMB
e  Shorter stopping distances and optimized stability
More comfort and safety due to adjustable pedals
No pedal vibration in ABS mode
Virtually silent
Environmentally friendly with no brake fluid
Saves space and uses fewer parts
Simple assembly
Capable of realizing all the required braking and stability functions, such as ABS, EBD, TCS, ESP,
BA, ACC, etc.
e Can easily be networked with future traffic management systems

Elements of an electronic braking system

An advanced braking system, such as a brake wheel node, generally contains the following elements:
a. Sensors
b. Electronic control module (ECM)
c. Electric motor actuator (or) Electromagnet
d. Gear-reduction mechanism (not used if actuator is an electromagnet)

The ECM controller is partitioned into several blocks, including:
Sensor input processing

Microcontroller

Power electronics and input relay

System-basis chip

Communication

®Poo0 o

EMB actuation

The characteristics of each EMB system are determined by both hardware and software. The software plays a
greater role in defining the character and brand of the new brake systems in vehicles, and the vehicle
manufacturer, as system integrator, must define the behavior of the vehicle in terms of function, performance,
comfort, endurance, safety, etc., Advanced braking functions such as anti-lock braking, traction control, vehicle
stability, and chassis control allow optimization of vehicle braking and stability, but are not required for basic
deceleration performance.

Electromagnetic brake

The electromagnetic brakes main parts are
Magnet

Actuating arm

Adjuster

Adjuster spring

Reactor spring

Hold down spring

Shoe and lining

NogaprwdE

REACTOR SPRING

ACTUATING ARM
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ADJUSTER MAGNET

ADJUSTER SPRING

Figure 3.4 — Electromagnetic brake assembly
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When current is supplied to the electromagnet, it attracts the actuating arm and rotates the cam as in
conventional drum brake and the reactor spring holds the shoes in position. As the current increases, the force
produced by the electromagnet increases and correspondingly, the actuating arm and shoe. The adjuster is used
to adjust the position of the brake shoe.

Electromagnetic brakes could also be used in disc brakes. Here, repulsive force is used for braking. The
repulsive force repels the brake shoe in the disc brake and hence the braking action.

In brake by wire technology, the actuation of the brake shoe need not be by an electromagnet. A motor can
actuate the cam. The torque developed by the motor may not be sufficient to stop the vehicle, so a reduction
gear is used to develop more torque. The same principle can be used for disc brake also. However the response
of the system with a motor is lesser than an electromagnetic brake as the response of the motor is slow.
Rotational motion of the motor needs to be converted into linear motion in case of disc brake to actuate the
brake pad.

IV. ELECTRONIC CONTROL SYSTEM

Block Diagram of the System

The system has a pedal position sensor on the brake pedal. The position sensor senses the pedal’s position at any
time as depressed by the driver. Since, the position of pedal varies depending on the situation, the output from
the position sensor also varies. The entire system works on the supply of 12V battery. The system also has a
speed sensor, which informs about the speed of the vehicle. The speed sensor mounted on the wheels gives
pulses. The brake controller counts the number of pulses per second and determines the speed. The output from
the position sensor and the speed sensor is given to the brake controller, which controls the entire system. The
brake controller is an 8051 Microcontroller capable of being programmed by the programmer. The output to the
system is given to the electromagnetic brakes. The electromagnetic brakes operate on a 12V supply. This
electromagnetic brake, brakes the vehicle. The architecture of the system is shown in Figure 4.1.
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Figure 4.1 — Block Diagram of the System

The force generated at the electromagnet to brake the vehicle is proportional to the current output from the brake
controller. As the current output from the brake controller increases the braking force also increases. The
position of the brake pedal is a critical value for determining the brake force required on the wheels.

Block Diagram Of The Controller

The outputs from the sensors are in the form of analog signals. For the computer to process these signals the
analog signals need to be converted into digital signal, as the computer is a digital processor. These analog
signals are converted into digital signals using an Analog to Digital Converter (ADC). The ECU (or) the
Microcontroller processes the data using the input signals and gives the output in digital form. The output in the
digital form is converted into analog signals using a Digital to Analog Converter (DAC). The converted analog
signals are amplified using a driver circuit for the electromagnetic brakes to operate. The devices used for signal
processing are ADC, DAC and the Driver Circuit. They are illustrated in Figure 4.2.
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Figure 4.2 — Block Diagram of the Controller

Formula for calculation

The braking force required for stopping the vehicle and correspondingly the current has been calculated and is
shown in Table 4.1 to Table 4.4. The mass of the vehicle is assumed to be 10,000kg. This electromagnetic
braking is used for electric vehicles and trailer vehicles. These vehicles do not move at a speed greater than
16.67ms™ (60kmph). So, the brake force is computed for speed range between 1.39ms™ (5kmph) and 16.67ms™*
(60kmph). The brake pedal travel is proportional to the stopping time. The braking time varies from 5.65
seconds to 2.43 seconds. More the pedal is depressed the stopping time also reduces. The brake pedal has an
internal potentiometer to sense the pedal position. It has a variable resistance of 2kQ. For sensing the vehicle
speed, an optical pickup sensor is used. The brake force required is calculated using the formula

F=m.a a=V/t
Where, F — Force required
m — Mass of the vehicle
a — Deceleration of the vehicle.
V — Velocity of the vehicle during braking
t — Time required to stop the vehicle
The current required to produce the braking force is calculated from the formula 4.3.1 Formula To Calculate
Current Required

F=[uN2I2A/2L2)?2
Where, F — Force (Newton)
U—4mx 107
N — Number of turns
I — Current (Ampere)
A — Area of the magnet face (m?)
L — Length of the magnet (m)

From Catalogue

N = 15000 turns

A =706 x 10 m? (Dia = 30mm)
L =50mm =50 x 10°m
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Table 4.1 — Normal Force (kN)

Velocity [139 278 [417 [556 [6.94 [833 Jo.72 [u1.a1 1250 [13.89 1528 16.67
[Pedal

Travel %4

5.00 246 |92 [738 o83 [1220 [1475 1721 [19.67 [22.13 2458 [27.04 [29.50
10.00 253 [o7 [fe0 (1014 1267 [1521 |17.74 [po2g [22.81 2535 [27.88 [30.41
15.00 262 [5.23 [7.85 [1046 [13.08 1560 [1831 [p092 [23.54 [26.15 [28.77 [31.39
20.00 270 [f40 [g11 [10.81 [13.51 [16.21 [18.91 [21.61 [2432 [27.02 [29.72 3242
25.00 279 [559 [g38 [11.18 1397 [16.76 1956 [22.35 [25.15 2794 [30.73 [33.53
30.00 280 [579 [ges (1157 [1446 [1736 025 [23.14 2603 [2893 [31.82 [34.71
35.00 300 [600 [poo [1199 [1499 [1799 099 2399 2699 [2999 [3298 [35.98
40.00 311 623 [p34 [1245 1556 [1868 179 490 o1 [31.13 [424 735
45.00 324 [647 lo71 [1294 [16.18 [19.41 265 [25.88 [29.12 [3236 [35.59 [38.83
50.00 337 [6.74 [10.11 1347 [1684 021 358 2695 [3032 [33.69 [37.05 {042
55.00 351 [7.03 [1054 1405 1757 2108 p4aso pe11 [3162 [35.13 [38.64 [42.16
[60.00 367 [7.34 [11.01 1468 [1835 2202 2569 [2936 [33.04 [36.71 {038 [44.05
[65.00 384 [769 [1153 [1537 [1921 [23.06 2690 [30.74 [3459 [38.43 [4227 [6.11
70.00 103 [s06 [12.10 [16.13 2016 [24.19 2822 [32.26 [3629 [1032 [4435 J4838
75.00 124 [s48 [12.72 1696 2120 [25.45 po6o [3393 [38.17 [42.41 4665 [50.89
180.00 147 [894 (1342 1780 2236 [26.83 131 [35.78 [025 4472 [020 [53.67
[85.00 173 lo46 [14.19 [1892 2365 [2839 [33.12 [37.85 [1258 [4731 [52.04 [56.77
[00.00 502 [10.04 [1506 [oos 5.10 0.13 B5.15 Bo17 Bs5.19 [f021 [55.23 [s025
[05.00 535 (1070 [16.05 140 [26.74 [32.00 3744 [1270 [42.14 [5340 [5234 [s4.190
100.00 572 [1145 [1717 2289 2861 3434 [10.06 P5.78 [5150 [57.23 [62.95 [68.67

Table 4.2 — Emergency Force (kN)

Welocity [1.39 [2.78 [417 [556 Js.04 [8.33 o722 [uia1 Jiz.s0 3se 1528 [16.67
[Pedal

Travel %o

15.00 150 [p00 [1349 [1799 [2249 [2699 [3149 [3598 4048 [1498 [4048 [5397
40.00 167 [034 [1401 [1868 [2334 [28.01 3268 [3735 4202 [669 [5136 [56.03
45.00 1285 [0.71 [1456 [19.41 [2427 [29.12 3397 [3883 J4368 [48s53 [5339 [5824
50.00 5.05 [10.11 [15.16 o221 [2526 3032 3537 [4042 B548 [5053 [55.58 |p0.64
55.00 527 [1054 [1581 [2108 2635 [31.62 [36.89 [42.16 [4743 [52.70 [5797 [63.24
[60.00 551 [11.01 [1652 202 2753 [33.04 [38.54 4405 {4955 [55.06 [60.56 [66.07
[65.00 576 [11.53 [1729 [23.06 [28.82 [34.59 [1035 [46.11 [51.88 [5764 [63.41 [69.17
70.00 65.05 [12.10 [18.14 [p4.19 o024 [36.29 (4234 [4838 [5443 |s048 [66.53 [72.58
75.00 536 [12.72 [19.08 2545 [3181 [3217 |4453 5089 [5725 |s361 [6997 [7634
180.00 571 (1342 [20.13 [26.83 [33.354 {025 4696 [53.67 |6038 |57.09 [73.80 (8050
185.00 710 [14.19 [p129 [2839 [3548 [2.58 [o67 [56.77 [63.87 [7096 [78.06 [25.16
[90.00 753 [15.06 [22.59 013 3766 Ws.19 [52.72 [so2s [67.78 [7531 [82.84 [on3s
[95.00 802 [16.05 [p407 209 [40.12 e14 [f6.16 [s4.19 [7221 [R023 [88.26 [06.28
(100.00 858 [17.17 [25.75 3434 [4292 [51.50 [60.09 [68.67 [7726 [85.84 [p4.42 [103.01

Research Design




Table 4.3 — Normal Current (A)

Velocity [1.39 |78 [417 [s56 [6.04 [833 Jo.72 [1111 [12.50 [13so 1528 [16.67
[Pedal
Travel %0
500 1.11 1.33 147 [1538 (1e7 (174 [1.E1 187 (1953 198 (203 207
10.00 112 (134 148 (139 1&g (176 |1.83 180 (194 200 (204 209
15.00 1.13 133 (149 |1e0 169 177 (184 (190 196 201 Qo6 [2.11
20.00 1.14 (136 |15 161 1.71 1.79 186 (19 198 203 208 [2.12
25.00 115 (137 Q151 (163 172 180 [187 (193 190 1205 (210 214
130,00 116 138 133 |1led4 174 (182 180 |1O95 Q01 P2oe 211 [2.16
35.00 117 (139 134 (166 J3 |1E&3 190 (197 203 [Z08 213 [2.18
40,00 118 [1.41 136 |le67 (177 (185 (192 199 (205 210 (215 |2.20
45.00 119 (142 157 (e 178 (&7 194 (201 207 (212 (217 222
50,00 121 143 156 170 (180 185 196 Q203 Q205 214 (220 (224
5500 122 (145 Q1e0d (172 |18 (191 |19% (205 211 (217 (222 227
[60.00 1.23 l46 (162 |1.74 184 193 200 (207 (213 (219 224 229
l65.00 123 (148 J1led (176 |18 (195 203 (210 216 222 (227 232
70.00 126 (130 |lee (178 |18 (197 203 (212 218 224 (230 235
75.00 128 (132 168 (181 191 [o0 2o0E (215 221 1227 (233 238
(80.00 129 (134 Q170 (1.83 194 203 210 218 224 [230 236 [2Z41
|35.'I]'I] 1.31 13 (175 |18 (196 205 213 (221 227 (233 239 (244
|9'I].'I]'I] 1.33 138 (175 |1.8%8 159 208 (217 (224 231 (237 243 (248
l05.00 133 (161 178 |191 [0z (212 (220 228 (234 241 (246 232
L00.00 138 [1ed4d 181 (195 (206 (215 224 231 238 245 231 256
Hardware Design
The hardware design is divided into four parts
1. Power Supply
2. Input
3. Processor
4. OQutput
The circuit is designed using Or CAD software Release 9.
Power supply

ca c
WM T G1MF
>a2v

u

Figure 4.3 — Power Sup;Iy Circuit Diagram

The circuit shown in Figure 4.3 converts the AC voltage into DC voltage and supplies the power required for the
system. The real application works on DC supply from the battery. The digital circuits work on 5VDC and the
analog circuits work on 12VDC. For demonstration purpose, instead of a battery, power from AC socket is used.
This AC is converted into DC and regulated using the regulators 7805, 7812 and 7912. 7805, 7812 and 7912 are
+5VDC, +12VDC and —-12VDC regulators respectively. Power from the power circuit is utilized as necessary
using connector pins. Capacitors in the circuit act as filters. During rectification process, some AC components
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are left out. Capacitors are used to filter these AC components preventing from entering the circuit. Before the
AC is rectified, the AC needs to be step down to the required voltage. In our application, it is step down to
12VAC using a transformer.

Input
The input sensors are two in number. They are the vehicle speed sensor and pedal position sensor. For the
vehicle speed sensor, an optical pickup sensor is used. The circuit of the optical pickup sensor is shown in 4.4
below.

R
AR

OPTICAL PICK-UP

Figure 4.4 — Vehicle speed sensor Circuit

The optical pickup observes a once-per-turn event marker on the shaft. It generates a voltage pulse that becomes
the timing and phase reference signal for speed, phase angle and frequency measurements. However in this
RESEARCH, only speed measurements. This measurement enables us to correlate the instantaneous velocity of
the shaft. The optical sensor is isolated with an opto-isolator.

In electronics, an opto-isolator is a device that uses a short optical transmission path to transfer a signal between
elements of a circuit, typically a transmitter and a receiver, while keeping them electrically isolated. The signal
goes from an electrical signal to an optical signal back to an electrical signal; electrical contact along the path is
broken.

The other input, pedal position sensor is received as voltage signal, which is in analog form. Since, the
microcontroller understands only digital signals, the input from the pedal position sensor is connected to the
ADC. The ADC converts the analog input from the position sensor into digital signal.

In addition to these two inputs, sensors like brake pad wear, weight transfer, yaw, roll and pitch can be sensed
using appropriate sensors for future development RESEARCH.
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Figure 4.5 Motor driver Circuit

The Figure 4.5 shows the motor driver circuit. To sense the speed of the vehicle, a setup is made with variable
speed motor. The rotation of the motor is assumed to be the rotation of the wheel. This circuit helps in varying
the speed of the motor for a virtual demonstration. The speed is varied with a potentiometer and a non-inverting
amplifier. The transistor TIP122 is a constant voltage source transistor. The base current is varied and hence to
voltage at the emitter. A feedback is established by a closed loop with the op-amp. This feedback ensures that
the voltage is as required to maintain the speed of the motor.
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Processor
The ECU works on an 8051 microcontroller. The peripheral circuits needed for the interface are also designed.
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Figure 4.6 — Microcontroller and its peripherals

This Figure 4.6 shows the circuit of the 8051 microcontroller. It is connected to a crystal of 11.059MHz. A
decoupling capacitor is used in all the IC’s. A Decoupling capacitor is a capacitor used to decouple one part of
an electrical network (circuit) from another. That means it makes one part of a circuit unaffected by things going
on in another part of the circuit.

One common kind of decoupling is of a powered circuit from signals in the power supply. Sometimes for
various reasons a power supply supplies an AC signal superimposed on the DC power line. Such a signal is
often undesirable in the powered circuit. A decoupling capacitor can prevent the powered circuit from seeing
that signal, thus decoupling it from that aspect of the power supply circuit.

The microcontroller has a reset (RST) on power on. The ADC (Analog to Digital Converter) requires a clock
pulse for its operation. This clock pulse is generated in the software. The ADC requires a start command
(STRT) to start the conversion process and on completion of the conversion process, it sends a End of
Conversion (EOC) to the microcontroller. Ports are used for these signals to be sent and be received.

Port 0 is used as data bit for the ADC. Port 0 has a low pull up. So pull up resistors are used to increase the
same. A resistor pack is used for the pull up resistors. Edge triggered flip flops are used to separate the address
and the data from the port 0.

Port 1 is used to address the ADC. This address bit is used to select the input analog channel of the ADC. This
ADC has 8 input channels. In our application we use only one channel. We have selected channel 0 for the pedal
position. So, all the address lines are kept low always.

Port 2 is used for the decoder select circuit. The decoder selects the device to which the data is to be sent.
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Figure 4.7 — Decoder Circuit

This circuit in Figure 4.7 shows the decoder circuit. It is used to select the IC to which the data is to be sent.
Address lines A8, A9 and A10 are used to select the outputs. A14 and A15 are used as enable lines. The DAC
and the display select chip are high enable. ADC is a low enable chip. So, a NAND gate is used to invert the
signal. The DAC uses it as clock pulse for its operation. ADC uses to enable the output.
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Figure 4.8 — Analog to Digital Converter

The figure 4.8 shows the ADC circuit. It has an eight channel multiplexer with address logic. The input from the
pedal position sensor is given at analog channel 0. It receives the clock pulse from the microcontroller. The
clock pulse in internally programmed for its frequency. When the ADC receives the start command from the
microcontroller, it starts the conversion process. When the output enable is enabled, the output is sent to the
microcontroller through the data lines. On completion of the conversion process, the ADC sends an End of
Conversion (EOC) signal to the microcontroller.
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Figure 4.9 — Digital to Analog Converter
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The Figure 4.9 shows the Digital to Analog Converter circuit. The data lines are sent to the DAC through an 8-
bit register. 8-bit register is used to enable the DAC to receive only the data necessary to it. Since the DAC does
not have an enable line, 8-bit register is used as a lock to the DAC. The DAC receives the data, and converts the
digital signals into analog signal. A non-inverting amplifier amplifies this analog signal. The amplified analog
signal is given to the driver circuit to drive the electromagnetic brake.
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Figure 4.10 — Decoder for Display unit

The decoder used for the display circuit is show in Figure 4.10. It selects the display to which the data is to be
sent. CS1 signal from the other decoder and A3 are used as enable signals. Signals A0..A3 is used to select the
output channel. The output channel selects the 8-bit register corresponding to the display.

This circuit in Figure 4.11 helps in displaying the amount of current output from the driver circuit. The 8-bit
registers are connected to the respective 7-segment display. The data is received from the microcontroller
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through the data bus. Though this data is sent to all IC’s, it will be received only by the display because of the
decoder. The decoder helps in sending the data to the appropriate chip.

Figure 4.11 — Display select register and 7-segment display- 1

Figure 4.11 — Display select register and 7-segment display-2
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Figure 4.12 Electromagnet Driver Circuit

The Figure 4.12 shows the driver circuit for the braking system. It receives signal from the DAC. This signal
received is an analog signal. It is got at the output as a constant current source. The transistors CL100 and
2N3055 give a constant current output. These two transistors make a darling ton pair. Darling ton pair is used
when the amplification by the transistor is not sufficient. In this application, the amplification required is as high
up to 3Amperes. This constant current source is controlled by an op-amp. This op-amp is a non-inverting
amplifier. It has a feedback from the output of the system, thus maintaining the constant current. The
electromagnetic brake is connected at the connector 2. The current at this connector does not exceed the output
value of the DAC. However a variable resistor could control the current provided at the input side of the op-
amp.

Software Design

The software is the programming done on the microcontroller. For programming the 8051, op-codes and
mnemonics are used which are machine lever language. Another easier method of programming is by embedded
programming. This programming is similar to low lever language like C. For programming the 8051
microcontroller Cross’C’ Compilers are used. This compiler can be used for 51 series programming. The
complier used for this RESEARCH is Avocet ‘C’ Compiler. The program is typed on a notepad and saved with
an extension of dot C. Header files required for the program is also created in the same procedure and saved
with the extension of dot H. On successful compilation of the program the program is saved with an extension
of dot HEX. This HEX file is downloaded into the microcontroller through the COM port of the computer.

The software cannot be tested on the computer. It needs to be downloaded to the microcontroller and then
tested.

V. DESCRIPTION OF COMPONENTS
The major components used in this RESEARCH are
89C51 Microcontroller
ADCO0809 Analog to Digital converter
DACO0800 Digital to Analog Converter
LM741 Opamp
74L.S138 Decoder

arwdPE

89C51 microcontroller

Feature of 89C51
e Compatible with MCS-510 Products
4 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz
Three-Level Program Memory Lock
128 x 8-Bit Internal RAM
32 Programmable 1/O Lines
Two 16-Bit Timer/Counters
Six Interrupt Sources
Programmable Serial Channel
Low Power Idle and Power Down Modes
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Figure 5.1 Architecture Of 89c51

The 89C51 is a type of 8051 microcontroller manufactured by Atmel. The AT89C51 is a low-power, high-
performance CMOS 8-bit microcomputer with 4Kbytes of Flash Programmable and Erasable Read Only
Memory (PEROM). The device is manufactured using Atmel’s high-density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The on-chip Flash allows the
program memory to be reprogrammed in-system or by a conventional nonvolatile memory programmer. By
combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C51 is a powerful
microcomputer, which provides a highly flexible and cost effective solution to many embedded control
applications. The AT89C51 provides the following standard features:

4Kbytes of Flash, 128 bytes of RAM, 32 1/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, and on-chip oscillator and clock circuitry.

In addition, the AT89C51 is designed with static logic for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode stops the CPU while allowing the RAM,
timer/counters, serial port and interrupt system to continue functioning. The Power Down Mode saves the RAM
contents but freezes the oscillator disabling all other chip functions until the next hardware reset.



PIN Configuration

P1.0 ] 1 ~ 40 (O vcce
P1.1 ] 2 39 1 P0O.O (ADO)
P1.2 ] 3 38 [0 PO.1 (AD1)
P1.3 ] 4 37 b Po.2 (AD2)
P1.4]5 36 [0 P0.3 (AD3)
P1.5 6 35 0 P0O.4 (AD4)
P1.6 ] 7 34 [ P0O.5 (ADS5)
P1.7 ] 8 33 |1 P0O.6 (ADS6)
RST ] 9 5 32pFBP0.7 (ADT)
(RXD) P3.0C] 10 @ 31 |0 EA/VPP
(TXD) P3.1 {11 = 30 0 ALE/PROG
(TNTOo) P3.2C] 12 29 0 PSEN
(TNTT1) P3.3 ] 13 28 [ P2.7 (A15)
(TO) P3.4] 14 27 b P2.6 (A14)
(T1) P3.5] 15 26 O P2.5 (A13)
(WR) P3.6 16 25 1 P2.4 (A12)
(RD) P3.7 0] 17 24 O P2.3 (A11)
XTAL2 ] 18 23 0 P2.2 (A10)
XTAL1 ] 19 22 1 P2.1 (A9)
GND ] 20 21 | P2.0 (A8)

Figure 5.2 — Pin Configuration of 89C51

VCC - Supply voltage
GND - Ground

Port 0

Port 0 is an 8-bit open drain bi-directional 1/0 port. As an output port each pin can sink eight TTL inputs. When
1s are written to port O pins, the pins can be used as high-impedance inputs. Port 0 may also be configured to be
the multiplexed loworder address/data bus during accesses to external program and data memory. In this mode
PO has internal pullups. Port O also receives the code bytes during Flash programming, and outputs the code
bytes during program verification. External pullups are required during program verification.

Port 1

Port 1 is an 8-bit bidirectional 1/O port with internal pullups. The Port 1 output buffers can sink/source four TTL
inputs. When 1s are written to Port 1 pins they are pulled high by the internal pullups and can be used as inputs.
As inputs, Port 1 pins that are externally being pulled low will source current (I1IL) because of the internal
pullups. Port 1 also receives the low-order address bytes during Flash programming and program verification.

Port 2

Port 2 is an 8-bit bidirectional 1/O port with internal pullups. The Port 2 output buffers can sink/source four TTL
inputs. When 1s are written to Port 2 pins they are pulled high by the internal pullups and can be used as inputs.
As inputs, Port 2 pins that are externally being pulled low will source current (I1L) because of the internal
pullups. Port 2 emits the high-order address byte during fetches from external program memory and during
accesses to external data memory that uses 16-bit addresses (MOVX@ DPTR). In this application it uses strong
internal pull-ups when emitting 1s. During accesses to external data memory that use 8-bit addresses (MOVX @
RI), Port 2 emits the contents of the P2 Special Function Register. Port 2 also receives the high-order address
bits and some control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional 1/0 port with internal pull-ups. The Port 3 output buffers can sink/source four
TTL inputs. When 1s are written to Port 3 pins they are pulled high by the internal pull-ups and can be used as
inputs. As inputs, Port 3 pins that are externally being pulled low will source current (IIL) because of the
pullups. Port 3 also serves the functions of various special features of the AT89C51 as listed below:

Port Pin and its Alternate Functions
P3.0 - RXD (serial input port)

P3.1 - TXD (serial output port)
P3.2 - INTO (external interrupt 0)
P3.3 - INT1 (external interrupt 1)
P3.4 - TO (timer O external input)
P3.5- T1 (timer 1 external input)



P3.6 - WR (external data memory write strobe)
P3.7 - RD (external data memory read strobe)
Port 3 also receives some control signals for Flash programming and programming verification.

RST
Reset input. A high on this pin for two machine cycles while the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte of the address during accesses to external memory.
This pin is also the program pulse input (PROG) during Flash programming. In normal operation ALE is
emitted at a constant rate of 1/6 the oscillator frequency, and may be used for external timing or clocking
purposes. Note, however, that one ALE pulse is skipped during each access to external Data Memory. If desired,
ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set, ALE is active only during
a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external program memory. When the AT89C51 is executing code
from external program memory, PSEN is activated twice each machine cycle, except that two PSEN activations
are skipped during each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in order to enable the device to fetch code from external
program memory locations starting at 0000H up to FFFFH. Note, however, that if lock bit 1 is programmed, EA
will be internally latched on reset. EA should be strapped to VCC for internal program executions. This pin also
receives the 12-volt programming enable voltage (VPP) during Flash programming, for parts that require12-volt
VPP.

XTAL1
Input to the inverting oscillator amplifier and input to the internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Analog To Digital Convertor

ADCO0809 is 8-Bit Microprocessor Compatible A/D Converters with 8-Channel Multiplexer. The ADC0809 data
acquisition component is a monolithic CMOS device with an 8-bit analog-to-digital converter, 8-channel
multiplexer and microprocessor compatible control logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter features a high impedance chopper stabilized
comparator, a 256R voltage divider with analog switch tree and a successive approximation register. The 8-
channel multiplexer can directly access any of 8-single-ended analog signals. The device eliminates the need for
external zero and full-scale adjustments. Easy interfacing to microprocessors is provided by the latched and
decoded multiplexer address inputs and latched TTL tri-state outputs.
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Figure 5.3 — Pin Configuration of ADC0809

Features of ADC0809
e Easy interface to all microprocessors
e  Operates with 5 VDC or analog span adjusted voltage reference
e No zero or full-scale adjust required
e  8-channel multiplexer with address logic
e 0V to 5V input range with single 5V power supply
e Outputs meet TTL voltage level specifications

Multiplexer

The device contains an 8-channel single-ended analog signal multiplexer. A particular input channel is selected
by using the address decoder. The address is latched into the decoder on the low-to-high transition of the address
latch enable signal.

The A/D converter's successive approximation register (SAR) is reset on the positive edge of the start
conversion (SC) pulse. The conversion is begun on the falling edge of the start conversion pulse. A conversion
in process will be interrupted by receipt of a new start conversion pulse. Continuous conversion may be
accomplished by tying the end of- conversion (EOC) output to the SC input. If used in this mode, an external
start conversion pulse should be applied after power up. End-of-conversion will go low between 0 and 8 clock
pulses after the rising edge of start conversion. The most important section of the A/D converter is the
comparator. It is this section, which is responsible for the ultimate accuracy of the entire converter. It is also the
comparator drift, which has the greatest influence on the repeatability of the device. A chopper-stabilized
comparator provides the most effective method of satisfying all the converter requirements.

Digital to Analog Converter

The DACO0800 series are monolithic 8-bit high-speed current-output digital-to-analog converters (DAC)
featuring typical settling times of 100ns. When used as a multiplying DAC, monotonic performance over a 40 to
1 reference current range is possible. The DAC0800 series also features high compliance complementary current
outputs to allow differential output voltages of 20 Vp-p with simple resistor. The reference-to-full-scale current
matching of better than +1 LSB eliminates the need for full-scale trims in most applications while the non-
linearities of better than +£0.1% over temperature minimizes system error accumulations. The noise immune
inputs of the DACO0800 series will accept TTL levels with the logic threshold pin, VLC, grounded. Changing the
VLC potential will allow direct interface to other logic families. The performance and characteristics of the
device are essentially unchanged over the full +4.5V to +18V power supply range; power dissipation is only 33
mW with £5V supplies and is independent of the logic input states.
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Figure 5.4 — Pin Configuration of DAC0800

Features of DAC0800

e  Fast settling output current — 100ns

e Full-scale error — 1 LSB

e Non-linearity over temperature — £0.1%
Full scale current drift — £10ppm/°C
High output compliance — -10V to +18V
Complementary current outputs
Interface directly with TTL, CMOS, PMOS and others
2 quadrant wide range multiplying capability
Wide power supply range — £4.5V to +18V
Low power consumption 33 mW at +5V
Low cost

Electromagnetic principles
Electromagnetic circuits can be thought of in a similar way to electrical circuits where the magneto motive force
(MMF), flux and reluctance of a magnetic circuit are equivalent to the voltage, current and resistance
respectively. Hence ohm’s law for magnetic circuits is:

MMF =® . R Ampere turns

Where @ is the flux and R is the reluctance.
The reluctance of the object is related to the permeability of the material by:

I
R=——
Hotte A
Where | and A are the length and cross sectional area of the material and po and p; are the permeability of air,

and the relative permeability of the material. The energy density within a magnetic field is related to the
reluctance through:

w=[HdB m*
B

Where H is the magnetic field intensity. The magnetic characteristics of a magnetic material are often displayed
on a graph of B vs H. Here the reluctance is the slope of the B-H curve. It can be seen that the permeability
decreases as the flux density increases and the magnetic material becomes saturated. The flux level where the B-
H curve is flat shown in Figure 5.5 is known as saturation and operation in this region should be avoided.

Figure 5.5 - B-H CURVE
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There are only a few materials that exhibit good magnetic properties. Steel and ferrous irons are among the few
known materials to have a relative permeability of greater then unity. Common values of relative permeability in
steels are between 100and 1000.

Solenoids
Solenoids are electro-mechanical actuators, which use a magnetic field to generate a force.

moveable plunger (core) soft-iron frame
coil
{current coming
towards us)
i’%’%’&'&'&‘&‘&'&'&ﬁ.’oﬂ
PSS AR
O i
O {current gaing
' away from uz)
_" ,‘_
airgap- g

Figure 5.6 — Structure of a Solenoid
They consist of a coil of current carrying wire housed in a metal shell which, when

Energized, creates a magnetic force in a plunger. The force produced by the magnetic field is given by:
1 _,dR
F=-Zo@°—
2 dx
Here the minus sign shows that the force acts to reduce the reluctance of the magnetic circuit. Assuming the

permeability of the shell and plunger are much higher then that of the fluid in the gap, then the reluctance of the
circuit is:

wu 2mah o pop 2max  pop 2ma\h o x

So,
dr _9(_ 1)
dx 2maupu \ X
And
= MMF _ IME 2Rt X
R g Xx+h
Finally, the magnetic force in Newton is
MMF 2h? ( 1 )2
F =may,p,
g X+h

Where,

g: the gap between the shell and the core

h: Length of the shell limb (max travel of the piston)
@: flux path, or path of least reluctance

a: plunger radius

x: position of the plunger relative to h

VI.  CONCLUSION AND FUTURE SCOPE OF THE RESEARCH

Conclusion

Brake by wire is a technology to be used in many cars in the future courses. This technology will help integrate
with other systems. This technology can be interfaced with other systems with communication channels using
proper protocols. This system provides shorter stopping distances. Brake by wire is a technology easy to
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interface with automated highways. The electronics could be incorporated in a single chip to reduce the size of
the ECU.

The electric vehicles are getting popular day by day and its speed also increases. Advanced braking system can
be easily used in electric vehicles using this technology.

Future Scope

The Brake Assist System (BAS) need to have Antilock Braking System (ABS). As the brake force increases
readily, the wheels tend to lock on slippery surfaces. To avoid this and provide shorter braking distance even on
surfaces with low coefficient of friction, ABS needs to be used in conjunction with BAS.

The future scope also includes Electronic Stability Program (ESP). Braking of wheels can be controlled
individually and the stability of the vehicle can be increased better. The roll, yaw and pitch of the vehicle need
to be sensed with suitable sensors and ESP can be incorporated.

The system can also be incorporated with electric motor. High torque motors can be used for individual wheels
with reduction gear and braking can be controlled. The position of the motor is sensed with a feedback from the
encoder. This system proves to be a litter costlier than the electromagnetic brake system.
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