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Ahstract

ARS system has become a very important svstem in the control of vehicle motion,
especially under severe braking conditions. ARS has gained much of its importance
during the last decade from two aspects; with the aid of ¢lectronie seience, which lay
the toundation of the modern type of ABS. and with the increasinglv standards of
safetv of vchicles.

In this projeel the signal that describe the principle of operation of the ABS system
have been monitored, these signals are speed signal, brake pressure value and the
Electronic Control Linit (TCU) signal to the solenaid valves, the ABS system alrcady
cxists in the automotive workshop that belongs to "Palestine Polytechnic University'.

In the second stage ol project, a simulation program of an ABS system using an
appropriate softwares "MATLAB & LabVIEW" have been buill, all of this in order
lo elarify the various manipulations that oceur inside the ECU, and removing of any
confusion thal remains afler the monitoring stage, all of this in order to provide the
user with an education package that will help him answer any question concerning
the ABS svstem.
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Chapter One

Introduction

1.1 Projeet Idea

Antilock braking system (ABS) is an electronic system thal monitors and controls
wheel slip during vehicle braking. ABS can improve vehicle control during braking,
and reduce stopping distances an slippery road surlaces by limiting wheel slip and
minimizing lockup. Rolling wheels have much more traction than locked wheels,
Reducing wheel slip improves vehiele stability and controllability during braking,

since stabilily increases as wheel slip decreases,

ABS svstem has become a very important system in the contral of vehicle motion,
especially under severe braking conditions. ABS has gained much of ils importance
during the last decade fram twe aspects; with the aid of electronic science, which lay
the foundation of the madern type of ABS. and with the increasingly standards of

safety of vehicles and passengers.

Moving toward oplimizalion of brake action; research centers simulate and monitors
the ARS system in order 1o creale the optimal brake system that will protect the
drivers in nearly all conditions if possible. So this projeet i3 intended al the Grst place
to monitor the ABS system which already exists in the zutomative workshop that
belongs to our university, in order to clarify the various input and output signals, in
addition, o simulate an ABS syslem using af appropriete soffwarcs such as
"MATLAB" and/or LabVIEW, all of this in order 1o contribute in the tendency of
development of safety automative svstems which is the main issue ol the sulomotive

research centers in the last years.
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1.2 Importance of this project

Since the lendency in automotive manufacturing is (o utilize ADS system on modern
speedy vehicles, that is 1o increase safety and enhanea breaking svstem action under
sever operation conditions, a deep look should be taken al this system to know how it

works and o ¢lear up some confusion ohout it

This praject will be implemented and served for students in the lahoratory to give
them a chance W spply whal they have leamned in the coursss, and make a sense
about it. Alsa the project is intended to give students & closer look and 2 clzar vision
about the sysiem signuls and the manipulations that occur on these signals in the
contreller; through meniters attached 1o the sysiem hardware, also the programming
ol simulation packape, with graphical user interface (GUI), all of these-mionitar,
simulation- will give students 4 clear understanding of the ABS behavior and gives

the ability to test the system before going (o verify results through the hardware.

1.3 Literatare review of AHS system

This section illustrates the development of ABS syslem, also it describes some theses
that emphusize the importance of ABRS system, and simulation programs found in the

markets that arc used either to study the ADS system or o test existing ABS svsicms.

Anti-lock braking svstems were first developed for aircraft. An ecarly svstern was
Dunlop's Maxaret svstem, introduced in the 19505 and still in use on some aircraft
models, This was a fully mechanical system. It saw limited automobile use in the
19605 in the Ferguson P99 racing car. the Jensen T and the experimental all wheel
drive Ford Zodiac, but saw no further use; the sysiem proved expensive and in
automaobile use sumewhal unreliable. A purely mechanical svstem developed and

sold by Lucas Girling was factory-fitted to the Ford Ficsla Mk [11. It was called the

Stop Conlrol System




More than two-thirds of all new vehicles worldwide are now fitted with ABS and in
Furape every car from the middle of 2004 was fitted with ABS. The German firm of
Fobent Bosch GmbH had heen developing anti-lock braking teehnology since the
1930s, but the first production cars using Bosch's electronic system hecame available
in 1978 The rest of vehicle companies followed in recognizing the importance ol the

ABS svstem and in the installation of it & years passed, here is some statistics;

o BMW applied ABS to its road cars in 1979, Then motorcveles in 1987,

s Bosch launched the modern computerized ABS in the early 8is. Mercedes and
BMW included it as option of their top of the range.

e In 1985, Ford Granada Scorpio ook it as stundard equipment.

s In the inid-80s, Lucas Girling and AP alse developed their low price ABS for
cars like Ford Facort and Fiar Lino. Hoth served only the front wheels,

= Today, even mini cars nffer ABS as standard.

Now the papers discussing the ABS sysiem advantages combined with other vehicle

syslems are presanted

Nonlincar Control Design of Anti-lock Braking Systems Combined with Active
Suspensions. Wei-Tin Ting and Jung-Shan Lin, Department of Electrical Engincering
National Chi Nan University:

This paper develops the anti-lock braking control system integrated with active
suspensions applied to a quarter- car model by employing the nonlinear back
stepping design schemes. The poal of this paper is lo lake advantage of anti-lock
braking systems comhined with active suspensions 1o further reduce the

vchicle braking time and distance.

The conelusion Irom this paper proves hal ABS system is very imporiant in reducing

the stopping distance and time.




A Simulation Model for Vehicle Braking Systems Fitted with ABS, Terry D, Day
Svdney G. Roberts, Engineering Dynamies Carporation. SAE 2002 world congress,
March 2002:

This paper describes a new ADS model implemented in the Hybrid Vehicle
Electric(HVE]) simulation environment. Twe ABS algorithms were implemented,
These are the Tire Slip algorithm ond the HVE Bosch Version 1 algorithm. These
algorithms, the resulls from these two algorithms indicate that the first alporithm is
simple and fast and more applicable to vehicles than the seceond one, and both show a

decrease in stopping time and distance compared with systems that don’t use ABS.

Many simulation programs for the vehicle electronic systems including ABS system

are found in the market. the following will present lwo ol these programs.
Simulink®, MatLab, © 1994-2006 The MathWaorks, Inc

The world first medeling and simulation program, s a general modular program
that ean provide the user with a variety of toals for modeling and simulating nearly
every physical system, once the user had the model the MalLab provides the blocks
representing the model then it generates the code and gives the solution for the
model, the model can be expanded to include Hard Ware in the Loop(HWL), which
van be used either to verify any design of ABS model or with the approprizte

modeling can be usad to test currently existing ABS systems.
acslXtreme, www.acsiXtreme.com .

Using acslXwreme Block Diagram madeling toul, the components of an ABS svstem
(the controller, hydraulic system, the wheels and the wheel/road interface) were
compuicrized and modeled. The pressure applied 1o the brake is regulated by the

controller as & function of the difference between vehicle velocity and wheel veloeity

subjected o some perlormance and lime constants. These sub-systenis and their time

3




constants can be tuned and Ihe elfects on wheel and vehicle spead, vehicle position,

as well as relative slip itself can be observed and recorded.

Adier building the model in acslXireme, the compiled simulation can be integrated
into existing contraller system for further optimization of the ABS, acsIXtreme open
API allows the easy incorporation of the model inle @ number of other engineering
sollware platiorms for evaluation ond analysis. Fig.1.2 below shows the platform of

this pragram.
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Figure 1.1: gesiXtreme platform of ABS system,
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14 Cosl Estimation

Tahle 1.1: Cost Estimation
[ Part Unit cosl # of units Total cost (NIS)

Prissure sensor 600 i )

PC + Monitor ' 1500 1 1500

PC bench | o | 1 100

DAQ with accessuries 2500 1 2500

Orther expanses 300 300
Taotal cost 50000 |




1.5 Outline of the Research

This research comes in six chapters:

=  Chapter One Introduction.

»  Chapter Twa Ihaoretical Buckpround.

*  Chapler Three Monitoring Stage.

* Chapter Four Manitoring of ABS Systen:,

s Chapler Five Modeling and Simulation,

e  Chapter Six Conclusions and Recommendations,

:
:
:
3
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Chapter Two
Theoretical Background

21 Intraduction

The ohjectives of this project are to monitor and simulate the ABS svstem, the use of
same unknown expressions in this reporl, calls for the necessity of illustration of
some related subjects Lo the project thar will clarify some Lerms used during the
project stages. And so, this chapter will give a theoretical hackground about some

subjects related to the goals of this project.

This chapter is divided into two sections, the first section will briefly present the
dynamics of vehicle tire that will lead 1o the definition of the slip ratio as an
important variable used in the simulation stage, and which is also used by the

Electronic Contral Unit 'ECU' of the ABS system during caleulations.

The second section describes the main components of the ABS system that signals
are going t0 be oblained from during monitoring stage and their relation  the
principle of aperation of the ABS. however, the explanation ol the stages that the
ARS system undergoes during operation is important: because it will help in the
analysis of the signals that arc going o be obtained during monitoring or that going

ta be gencrated during simulation stage.

22 Dwnamics of tire

In order to realize the operation of the ABS. it is essential to understand vehicle tire
dynamics. Tires arc involved with the transfor of acceleraling and decelerating lorces
between the road surface and the vehicle. The grip exerted by tire on the road surface
is measured in terms of coefficient of friction p. The value of § depends on the

nature of two surfaces; for example, it reaches maximum ol about 1.0 on dry tarmac

n




road, falls to 0.7 on wel larmae, but is only about 0.2 on snow-cavered road. Thus the

greater value of p means more braking grip and a shorter stopping distance.

Tire grip alsa depends on the slip ratio; the ratio of the tire speed 1o the rouad specd.
When the car is traveling at steady specd thers is no slippage between the road and
the tire, and so the slip ratio is zera. On the other hand, the application of powerful

braking may cause the wheel to lock and the tire then has slip ratio of one. [4]

The amount of slip determines the braking force and lateral farce. The slip, as a

percentage of car speed, is given by

U -WR

Fa

&=

A 100% 2.1

As can be seen from equation 2-1. a free ralling wheel has slip 5 = 0, and fully
locked wheel has § = 100%, R is the radius of the wheel, W is the angular velocity of
the wheel, and U is the linear velocity of the vehicle, [5]

During gentle braking the tires are slowed 1o slightly less than the vehicle speed and
o some slip occurs. The value of p rises proportionately with this slip, rvaching a
maximum at slip ratio of aboul 0.15-0.30. After that with hcavier braking p falls

sharply and so locking occurs, These characteristics are shown in fig. 2.1, 4]

1]
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Figure 2.1: Bruking characteristics versus tire slip, 5]

2.3 Main components of the ABS system
131 Hydraulic control circuit

The vperation of hydraulic control circuit for a single wheel eylinder is illustrated in
fig.2.2(ab,c). When no energizing current is applicd to solencid valve (nermal
driving) it connccts the hrake wheel cylinder directly with the master cylinder,
allowing conventional brake operations as in fig 2-2(a). Since the driver may readily

ncrease the braking force via the brake pedal this is rermed the pressure INCREAST

position,




Figure 2.2: (u) Pressore INCREASE position.

Where (1): master cvlinder, (2): solenoil valve, (3} brake piston, (43 wheel speed sensor, (5):
ECLU, {6): return pump, and (7, 8 aceumuiator.

If the ECU detects excessive wheel slip during braking, & low-level energizing
current (abour 2A) is applied to the solenvid valve (2) to move it to the pressure
HOLD positien fig 2.2(b). This isolates the wheel cylinder from the master cylinder
and so maintains the fluid pressure in the wheel oy linder (therefore the braking foree)
arits previous value, any increase in braking force due o an increase in the driver's

pedal pressure is thus prevented.

13




Figure 3.2: (I} Pressure HOLD position,

I¥ the wheel slip continues at excessive rate then the FCU must reduce the braking
force o avoid wheel locking. A higher energizing current (ahout SA) is applied 1o the
solenoid valve, moving it to the pressure DECREASE position fig. 2-2(c). 'The wheel
cylinder is still isolated from master cylinder, but now connected 1o the relum pump
circuit. The pump is switched on by the ECU and draws fluid away from the wheel
cylinder, pumping it hack, via the accumulators, 10 the appropriate masler cylinder
circuil. In this way the braking force is reduced and fluid is returned to the masler
cylinder against pedal pressure. The driver feels the pedal risc slightly "Kickback"
beneath his foot.




Figure 2.2: (¢} Pressure REDUCE position.

The function of the accumulator is o momentarily hold the returning high pressure
fluid before it flows into the master cylinder, thereby minimizing kickback and
preventing heating and foaming of fluid.

232 Electronic control circuit

Most ABS ECUs are microcomputer-hased controllers, incorporating ASICs and at
least one microprocessar to ensure fast and reliahle data processing. To illustrate the
sophistication of modem ABS controllers, the Teves MK 20 ECU is taken ac At

example fig. 2.3, The ECLU contains two microprocessars, processor 1 performs the




wheel slip and solenoid control caleulations, while the second processor is dedicated
Lo signal input and wheel speed evaluations.

AYPEAULIC FUMP

o o R A o Sy
S PLECTRO-HYBRAULIC VALYE BLOCK
S R L T e s g

.

1
t
H
5
F

H

FERIAL VALYYE =

CAN; ABLS,
VAN DR 1155

PATA LINE -

| | MICROPRICERRDE 1 MICROFROCESS0R 1

L) H-ET

| sienar comueriom oG

WHESLEPEET HMAKE LIGHT
Sl WU

Figure 2.3; Block diagram of AUS ECU employing two microprovessors,
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Data from the wheel speed sensor amrives at the ECU as sinc-wave signals thal have
frequency and amplitude proportional w wheel speed, The wheel speed sensor
interface circuit filters and amplifies these signals, and then vonverts it into digital
pulses of the fixed amplitude, suitable for 8-bit processor. Since the ABS modulator
solenoids have response times of 10-20 ms. il is essential that the ABS ECU can
predict the onset of locking in shorter time than this. Typically, the ECL! must be
eble ta assess wheel speeds every 5-10 ms (ie. 100-200 times each second) and it is
the 8-hit processor which docs (his. Secondary functions are deteclion of brake
operatiun (via the brake light switch) and monitoring of supply voltape (via the

igmition feed),

Using the calculated wheel speeds, the 16-bit processor then carries out the anti-lock
strate@y according to preprogrammed contral parameters for the particular vehicle. It
computes values for wheel speed. wheel acceleration (or deceleration), contral
reference speed, wheel slip ratio and pressure reduction speed. The control reference
specd is a speed which decreases with time i represents e theoretically eptimum
deceleration for the vehicle. It is indicative of a whiel rotating at the predetermined
target slip ratio where tire grip is greatest. A wheel refating at the pressure reduction

speed is operating at the maximum permissible slip ratio, just short of locking,

If 8 measured wheel speed falls helow the caleulate control reforence speed then the
ADS intervenes w prevent the wheel (rom locking. The processor screls soleneid and
motor contral signals to the respective circuils and relavs. The relatively high
eurrents required by hydroulic modulator valves are produced by the sulenoid valve
drive circuits. Thesc are high power stages, meorporating current regulators so that a
consiant currenl 35 delivered 1o cach valve, Moniloring of ecach salenoid current
enables short or open circuil faults to be detected. Also a communication cireuit far

exchanging information with other electronic controllers may be incorporated. [4]

The antiluck brake svstem lests itself every time the vehicle is staried and every time
Lhe brakes are applied. The system evaluates its own signals. Tf a deleet is detected,

the system then turns oll; leaving normal braking unaffected. |3)

17




Fig. 2.4 shows the signals associated with an antilock control wheel of Lypical ARS
system. When the brukes are first applied, the ECU uses wheel sensor data to
caleulate the actual vehiclo speed, a hypothetical conirol reference speed and a

pressure reduction speed.

As the brake is depressed, the fluid pressure quickly rises, braking foree increases
proportionately and wheel slip increases, If wheel speed falls below the control
reference speed then the slip ratio is likely to become cxcessive and so the ECLI

sends & pressure HOLD signal to solenoid valve to prevent the wheel from locking.
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I wheel continues to decelerate its speed will drop below the pressure reduction
speed and it will lock. The ECL therefore operates the pressure DECREASE valve
and switches on the return pump motor, thereby reducing the brake loree and

allowing the wheel to speed up azain.

When the wheel speed rises above the control reference speed, the solenoid valve is
moved to the pressure INCREASE position and control eycle staris again, In this
manner the wheel speed oscillates either side of the control reference speed and so
the tires are operated at the optimum slip ratio. The vehicle is therefore decelerated

as quickly us the laws of physics allow, with no wheel locking and sleering control.

233 Sensors

Noncontact sensors and measurement devices—thaose that monitor a target without
physical contact—provide several advantages over contacting devices, including (he
ability to provide higher dynamic response to moving targets, higher measurament
resalution, and the ability o measure small fragile parts, Noncontact sensors are also
virtually free of hysteresis, the error that occurs with contacting devices at the point
where the target changes direction. With these non-contzcling sensors there is no risk
of damaging a fragile part because of contact with the measurement probe, and parts
can be measured in highly dynamic processes and cnvironments as they are

manufactured,

Counter-iype velocity transducers operate on the prinziple of counting electrical
pulses for a fixed amount of lime, then converting the count per unit time to velocity,
Counter-type velacity transducers rely on the use of & proximily sensor (pickup) or
an ineremental encoder. Proximily sensurs may be one of the following Lypes:

» Electro-optic

* Variable reluctance

* Hali effect.

= Induclance

« Capacilanes




2.3.3.1 Capacitive Sensors

Capacitive sensors are noncontact devices used for precision measurement of a
conductive targel's position ar a noneenductive material’s thickness or densiny.
When used with conduclive tarpets they are not affected by changes in the larget
material; all copductors look the same to a capacitive sensor. Capacilive sensors
sense the surface of the conductive target, so the thickness of (e material is not an

issuc: even thin plating is a pood Target,

Capacitive displacement sensors are known for nanometer resolutions, frequency
responses of 20 kHz and higher, and temperature stability. They typically have
measurement ranges of 10 pm to 10 mm although in some applications much smaller

or larger ranges can be achioved.

Lapacitive sensors are sensitive to the materdal in the vap between the sensor and the
target, For this reason. capacitive sensors will not function in & dirty environment of

spraying fuid. dust, or metal chips. Gunerzlly the gap material is air.

2.3.3.2 Inductive Sensors

Inductive sensors, also known as eddy current sensars, are noncantact devices used
for precision mensurcment of a conductive target’s position. Unlike capacitive
sensars, inductive sensars are not affected by material in the probeftarget gap so they
are well adapted to hostile environments where uil, coolants, or other liquids may
appear in the gap. Tnduclive sensors arc sensitive to (he tvpc of target material.

Copper, steel, aluminum and others react differently 10 the sensor. so [or optimim

performance the sensor must be calibrated to the correcr target malerial.
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Figore 2.5: Inductive sensors use electromammeric feld.

Inductive sensors are known for nanometer resolutions, frequency responses of 80

kHz and higher, and immunity o conlaminants in the measurement area.

They typically have measurement ranges of 0.3mm to 15mm although in some
applicaticns much smaller and larger ranges can be achieved. Inductive sensors’
telerance of contaminants make them excellent choices far hostile environments or

cven for operating while immersed in liguid.

An inductive sensor’s magnetic ficld ercales clectrical currents within the targer

mterial and therefare the targets have a minimum thickness requirement.

Inductive Technology Fundamentals

While capacitive sensors use an electric field for sensing the surface of the target,
inductive sensors use an electromagnetic ficld thal penetrates into the tarzet fig. 2.5,
Ry passing an alternating current through @ coil in the end of the probe, inductive
sensors generate an alternating electramagnetic fizld around the end of the probe.
When this alternating ficld contacts the target, small clectrical currents are fudueced in
the target marerial (eddy currents). These clectrical currents, then, generate their own

electromagnetic fields. These small fields react with the probe’s field in such a way
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that the driver electronics can measure them, The closer the probe is to the larget, the

more the eddy currents react with the probes ficld and the greater the driver's oulpul,

Inductive sensors are affected by three things: the sizes of the prube coil and 1arget,
the distance hetween them, and the target material, For displacemunl measuremeants
the sensor is calibrated for the target material and the probe size remains constanl,
leaving the tarpet/probe gap as the only variable, Because of its sensilivity to material
changes, eddy current technulogy is also used to detect flaws. cracks. weld seams.

and holes in conductive marerials. [6)

1.3.4 Solenoid -Actuated valves

A very commuon way fo actuate a spool valve is by using a solenoid, illustrated in
Fig.2.6. As shown. when the electric coil (solemaid) is cnergized, it creates a

magmetic force that pulls the armature into the coil, This causes the armature Lo push

on the push rod to move the spool of the valve. [7]

1. WHEN CCiL i3 . ARMATURE |5

EHERGIZED PULLED AGAINST
1\ PUSH BOD
\
ARMATURE l\l
5, PUSH ROD

3. PUSH ROD NMOVES
GPCGL

Figure 2.6: Operation of solencid to shift spoal of valve, |7]
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Chapter Three
Monitoring Stage

3.1 Introductivo

Monitoring system is a combination ol hardware and software companents used Lo
read the real systems information and analyze it. The main parts of a monitaring

System are:

s Sensors,

Interfacing circuils.
o  Dalz acquisition hardware.

Software,

Microprocessor or computer,

Displaying hardware (computer display).

Fig.3.1 shows the relation that exists among the previous companents.

Fhysieal S— : ] i
System ens0rs Signal Analop-Lo-Thgital
: I eonditioning ¥ Cunversion
Display | Micraprocessar
and nr o
Decizion com puter
Muokinge

Figure 3.1: General bleek dinsram.

i
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In the following sections the technical considerations of usc of these components is
guing to be illustrated accarding to the sequence shown in the general block diagram
of moniloring fig.3.1. These considerations are accounted for when practical

implementation 15 done.
3.2 Sensors

Transducers are used to sense the real world, converl the physical phenomena into
signal. and help in gathering information about it. The produced signal can be analog.
digital, or frequency signal.

In this project both analog and digital signals exist and they are:

L. Speed signal: it is an AC type signal delivered by wheel speed sensar as a
voltage that has amplitade and frequency corresponding to the tire specd.

2. Sulenaid signal: it is 2 DC signal delivered by the ECU 1o the salenoid valve,
this signal is 2 voltage signal (hat is converted {v onz of throo values: OA, 24
or SA through relays, corresponding 1o the desired position of the solenoid
valve: increase, hold or decrease position respectively.

Pressure signal: it is an AC-ype sional produced by an electrical pressure

Lk

sensor as a voltage proportional to the hydraulic pressure.
4. Indicator light signal: it is an ON/OTT signal that indicates the system faults,

33  Conditioning circuits

After oblaining the required signals — wheel spoed. actuating signal, pressure signal,
and indicator signal- . these signals must be chanaed 1o 4 measurable form by the

data acquisition card (DAQ), so the following consideration must be taken:

®  The dynamic range of these siznals after conditioning should be within the

dynamic range of the DAQ.




¢ The source impedance of the input signal should be low enough so thar it will
nat affcet the input signal.

*  The frequency of the DAQ must be chosen to be at least {wice of frequency of «
the input signal.

*  The input signal should be isclared. to protect the DAQ from damage, and this
protection can be dune using magnetic or optical isolation.

s Signal filtering in vrder to remove undesired signals or noise.

34 DAQspecificativns and requirements

In this preject the wheel sensor signal, the pressure sensor sienal, and the ECU
output signal to the solenoid valves will be monitored, The wheel sensar the pressurg
sensor, the ECU outputs are analog signals, so [or monitoring these signals a three
analog input channels DAQ is required, for the frequency the ECTE it sell monitors
the wheel sensors abour 5-10ms (ie. 100-200 times cach second). so the DAQ
frequency should be at its minimum double the highest frequency present which is
200Hz: bur any DAQ nowadays has at least more than 1 Klz as its sampling

frequency.

5o for menilering these signals the 6034 NI-DAQ have been used. the National
Instruments 6034 device is high-performance multifunction analog, digital, and
ming 10 device for PCL The NI 6034 features 16 channels (cight differential) of
16-bit analog input (AT), & 68-pin connector, and cight lines of digital 1O (DIO).

Analog input characteristics

Number ofchannels ... vvceevminseens 16 single-gnded or 8 dilTerential
(software-selectable per channel)

Type 0F ADC. ..o, SUCCESSIVE approximation

Rasabiabieom o e eeanerrnants 16 bits, | 1n 63,536

Sampling rale e ety - 200 k5/s guarantzed




Input Signal FANEes. ......coveceisineeeresoresss Bipular only

Digiral VO chavacteristios
Number of channels . ... R inputioutput
Compatibility ..o TTL/CMOS

Talile 3.1: Digital logic levels,

Level Min Max
[nput low vahage | oV 08V |
o Input high volluge 2V i
~ Input low current (Vin = 0V — [ 32opa
Input high current (Vin = 5 V) — 10 pA
Cutput Tow voitage (TOL =24 mA)| — 04V
~ Output high voltage (IODH=10 | 435V —
mA] |

S0 when using this DAQ, three channels from the diffsrential analog input are used
for the wheel sensor and the pressure sensor and for the RCU oulput signal to the
solencid valve, Alsa, one output signal from the digital 1O at high level i.e. 5V, is

used as power signal for the pressure sensor.

Finally [or monitering stuge a Personal Computer PC is needed to mount the DAQ

an it and to run the monitoring program, which is LakView 7.1 or later, [9]

3.5 Software

DAQ hardware without appropriate driving software has no meaning: the imporiance

ol having softwarce comes fron;

*  Acquiring data at specified sumpling rate,

¢ Acquiring data in the background while processing in fore vround.
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*  Stream dats to and from disk.
¢ Intcprate dillerent DA boards in a computer and use various functions ol a
DAQ board from a single user interlzee.

3.6 LubVIEW Software

In fg. 3.2 a complete DA svstem with LabVIEW is shown, The driver softwareis a
lower level driver that interfaces LabVIEW software with the DAQ hoards, As & nser
of LabVIEW one does not have to worry about configuration snd control of
components within DAQ boards. LabVIEW identifies cach beard by a device
number and therefore one can have as many devices as many as the computer can
accept on lheir expansion slots. LabhVIEW can also combine and display inputs from
various sources like inputs from senal and parallel port, data acquisition board(s),

and GPTH boards on a single interface as shown in the figure below.

B0 eiennl g racants

Figure 3.2: LabVIEW sollwire and DAD system.




LabVIEW is programmed with set of icons that represents controls and functions
available in the menu of the software. The user interface which is called virtual
instrument 'VIT' consists of two parts- a front panel and a block diagram. This is
similar to that of an instrument where a fromt panel is used for an input, output
controls, and to display the data whereas the circuit resides on the cirenit board.
Similarly vou can bring the bultons, indicators and praphing and display functions on

the front pancl as shiwn helow:

Eations] Inztments

Figure 3.3 Example of difference front panel vis.

When data acquisition is perfornted, the sollware needs to know the [fullowing

information:

*  Device number,
*  Channel that is being used.

= Sampling Rate.

Often LabVIEW is used to perform system simulations. since it contains many

commonly used filter, digital sipnal processing, and statistical functicns. LabVIEW




compiles almost as fast as C or Mallsh and therefore one can perfurm complete

simulation within a V1.

1he detailed block diagram of the monitoring stage is shown in fig.3.4.

Fignre 3.4: Detailed block diagram.
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Chapter Four
Monitoring ol ABS System

4.1 Introducrion

In this chapter a full description of the monitoring stage will be introduced, including
the signals acquired and their types, steps done to acquire these signals, and the
manipulations on these signals. Where in the first section the speed signal is
described from the aspects of operation of the ABS system with & brief illustration of
propertics of this signal. In the second section; the pressure sipnal is describad,
including a short deseription of the sensor used, the treatment of the signal and the
hardware sollware filtering done on it. In the final section the ECU signal o the
solenoid valve is described along with the characteristics of it and the soltware

manipulalions done on it

4.2  Wheel Spead Sensor Signal

In this section the monitored wheel speed sensor signal will be shown, and then it

will be dissected to obtain all necessary data te illustrate the internal operation of the

ABS system.
Sl
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Figure 4.1: Wheel speed sensor signal.
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The signal acquired from the wheel speed sensor s shown in fig.4.1, as shown the
shape of this signal is sinusoidal signal, has a frequency and amplitude correspond to
the wheel speed, as the speed decrease the frequency and amplitude will decrease.

This signal is very helpfil o understand the principle of operation of the ABS
system. [T we look at fig.4.2 we will notice that there are three diffcrent intervals
(denoted by the numbers written upper the speed signal). and the speed in cach
interval has a value different from the values in the other intervals. In interval 1 the
ECL wall calculate the value of the slip rativ depending on two speed values, the
current speed value obtained from interval | and the previous speed value obtained
from the interval comes before interval one. Then the ECL will send the suitable
arder for the hydraulic modulator. In this situation the CCU detects thar the slip ratio
15 lower than the desired value so the decision taken by the ECU is to decrease the
speed, which can be achieved by changing the position of the solenoid valve from the
current position (pressure hold or decrease pasition depending on the previous staie)

Lo pressure increase position, so the speed will decrense as shown in the interval 2.

WU R
.I.“;E I I|||
Rand '

— L ——— —_— —_— —
VTANT (XS [PEM SResn TN (TEN (TASO0 CLAYED (e L3gah (hum |pmr ArmmE [

TR

Figure 4.2; Speed changing Intervals,

Now the ECU will repeat the caleulation dong in the interval 1, in which the speed
value in interval 2 will be compared with value in imerval 1. then the slip ratio will
bs abtained in order to determine whether the speed in the third interval must he
increased, decreased, or held the same, Hare it is noliced that the speed in the third
nlerval starts to increase which means that the calculated slip ratio is higher than the

desired value, so there is an interesting interaction berween the CCU and the different
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parts ol the ABS system will be done through signals; the ECU says the current slip
ratio is higher than the desired one so the braking force must be decreased. then the
ECU will tell the ‘solenvid valve' you must change your position from pressure
increase lo pressure decrease position, and you ‘return pump’ vou have to work in
order ta return the brake fluid into the master evlinder. Then the ECU will ask over

the "wheel speed sensor' for the speed in urder to decide the level of the next order.,

43 Pressure Sensar Signal

In this section the pressure sensor signal is described, and the characteristics of it are

illustrated, along with the hardware and software filtering done on i1,

The pressurc signal is the signal produced by the pressure sensor when the brake
pedal is pressed, the monitoring of this signal is important from the aspect that it is
used o explain the working eyele of the ABS system, in addition to that it gives an

indication of the start of operation of the whole bruking process.

The pressure sensor used is common rail sensor with data sheet in appendix B, fram

the data sheet the characteristic curve is shown in [ig.4.3
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Figure 4.3: Common rail sensor characteristic,

The pressure sensor used is that with range of pressure (0-1500) bar, il is used W
measure the pressure in the fuel-distributor rail of a gasoline direct-injecrion engine.
As can be seen the change of the output voltage with respect to the range of the
pressure sensor is small, end afier measuring the pressure in our system, the change
in the ourput voliage was from (_5-57) volt, which is so small. indicating that the
prossure in pur syslem is about (26,25 bar), this value is obtained by interpolation as
shown in Eq4. 1 by solving for P
1500-0 4.5-0.3

S00-P  45-057

Where P is the pressure in the hrake line, in which the nominal pressure in the ARS

4.1

syslem must be from (160-200 bar), this ditterence is caused since thal the brake

hooster in our svstem unused.
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From the dala sheet of the sensor it is noticed that the sensor needs power supply ol
(5Vwith (5-9) mA) in order to start working, also sccording to the data sheet the
oulpul current is about (2.5 mA), which is within the dyvnamic range of the DAQ, i.e.
from (0-20mA ), so all what is needed is to amplily the cutput voltage sienal from the
pressure sensor in arder to notice the small variations in the pressure as the rang of
the outpul voltage is small. and this amplification can be achievad by two methods:
first by hardware, the second is by the software.

4.3.1 Hardware Amplifieation of the Pressure Signal

The aim of the amplification is to notice the small variations in pressure value as
mentioned belore, and since there is always a (0.3V) in common 10 all voltages. o
cancel this 0.5V valuc we begin by amplifving the pressure signal by a factor of 1010
make the signal variation more significant. then a 5V value added w the amplified
signal using summer amplilicr, W canvel the elfeet of the half volt .and then all what
is remained is to-amplify the remaining part of the signal as long as we zre within the
dynamic range of the DAQ (-10 to 10)V. the cireuit describing this manipulation is
shown in fig.4.4.

TNIAT SRS MRS
10 10k
——r— ;

: 1k
* i ~
Dresgure signal ik sy 1k outEit
L

Figurc 4.4; Pressure sensor interfacing circnit Schicmatic,
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The drawhacks of this circuit is the grate noise that is present within the signal, also
the difficulty to cancel the effeets of temperature on the IC's used, all of this called
for an altemative approach; that is to use the software amplification as will be
cxplained next.

05<¥V <06

Note: this cireuil works onlv in the range of vperation . and 15 indicated

only for this case of manipulation of pressure signal,

431 Software Amplification of the Pressure Sigonal

In the software manipulation an already built in blocks in LabView are used to shill
down the acquired signal half volt to let the total curve start fram the arigin, then the
signal can be amplilied with the desired value, withoul having the amount of noise
that was present in the hardware manipulation of the preszure siznal.
T'he blocks that are used and their configuration arc shown in fig.4.5.

Figure 4.5: Lab¥1EW blocks used for pressure signal manipulation,

The pressure signal after manipulation and during the working of the ABS system is
shown in fig.4.6.

i WE  mEA WO mr Mes  Johe WS mia BES 10 ZAS | IHA 2ma
T {=]

Figure 4.6: Pressure sensor signal
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It is notieed that the signal period iz so small, =0 a zoom [N is used 1o clarily the
eyelic operation of the AHS svstem.

As shown in fig.4.6 the three stapes of ABS operation (pressure increase, hold, and
decresse) can be clearly noticed,

But what will happen ta the system in the three cases?
During pressure increase and pressure hold case the system speed will decrease, and
as the pressure decreases the system speed will increase,

44  ECU Output Signal to the Svlenvid Vulves

This signal is produced when the ADS indicates that a slip is occurring and the
system has reached a threshold slip or/and acceleration, 4s mentioned in chapter 2,
there arc three states for the solenvid valve; inerease. hold, and decrease positions,
The first position means no signal is coming from the ECLI, the second is
accompanicd with 2A actuating signal. and the third position s achicved with a SA
actuating signal,

As the values of the signals are very hiph compared with the dvnamic range of the
DAQ; the signals need 1o be attenuated and converted to a form measurable by the
DAQ, i.e. voltage form. An allernative approach was [ollowed: the signal originating
frum the ECU it self is in & voltage form; this was abvious from the structure of the
FCU from inside -it is composed fiom [C's and resistors thal can't hold these values
of the current. also the signal after testing it was in the form of a vollage signal: and

so it is used to aetuate relavs Lo connect the required current 1o the solenoid valves,

This means that we can use the voltage oulput of the ECIT to the relayvs instead of

measuring the currents between the relays and the solenoid valves. For doing so we




have followed the electrical map of the ECU related o the type of the ABS and car
used, this map is found in the Auto Data CD and is referenced in appendix C .

The configuration of blocks in Lab¥iew used to measure this signal is shown in
fig.4.7.

TR E

Figure 4.7: LabVILW blocks used for ECU sipnal manipulation,
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Figure 4.8: Zuomed view of the ECU sutput siznal

From fig4.8 us noticed. the output of the ECU takes only two values that
corresponds 1o two stares; cither zero or decrease: this accurs duc o the braking force
in our system, which is sufficient to make the small mertia we have reach a value that
necessitates the operation of the of the hydraulic pump. In other words, the holding
position is passed very quickly as the system has small inertia and the vulue of
pressure causcs it to stop immediately so that a release in pressure is needed also
immediately,
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Naw the three signals that where monitored are plotred all topether in fiz 4.9, it js
noticed from the figure the interval ol operation thal indicate pressure increasc
combinced with a pulse in the ECU sienal combined with velocity decrease signal,
und 1t can be also noticed that as the system has negligible inertia, the ECU signal
passes the hold position very quickly from increase to decrease positions and vise
versa in order 1o keep the slip ratio around the desired value and preventing wheel
locking,
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Figare 4.9: ECU, pressure. aml speed signals,

The following figures shows the components that have been added to the ABS
system model during the monitoring stage implementation in the aulumotive
workshop, its warth noting that this stage ook from working team about 130 hours
of hard warking.
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Figure 4.10: Pressure sensor.

Figure 4.11: ABS svstem ECLU with hvdrautic moduolator esude it




Figure 4.13: ABS system model eombined with monitoring system,
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Chapter Five
Modeling and Simulation

5.1 Tntroduction

This chapter is devoted for the modeling and simulation of the ABS system. the first
scetion illustrates the model of the ABS based on Newton's laws, which will guide us
to the simulation scetion: as each equation in the model is going to be represented by
blocks in the Simulink environmenl, the results are then explained. discussed, and
commented. Seclion three covers the prerequisites neaded for the operation of the
simulation package. and in the final section the [catures and privileges of the

designed software are presented.

52  Modeling of ABS System

The general braking model of quarter car can be shewn as in fig5.1, with the aid of

Mewton's second law, the dynamic equations of this mode] are:

fit

Figure 5.1: Quarter car braking model,
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Note: - The boundaries of integration are [from initial braking time to the final

stopping time and will be dropped for simplicity.

Where:-

B = X

£

0s)

2!

P

L
r

L

: Total mass of quarter car and wheel
! Longitudinal velocity

: Angular velocity

: Braking torgue applied by disk/drum hrake
! Wheel's moment ol inertia

: Friction coefficient betwesn tire and road

! Vertical normal force on the road = Mg

: Radius of wheel

: Aerodynamic coefficient of the wheel

: Friction coetficient of the wheel bearings

: 5lip ratio

: Braking pressure from the braking pedal.
: Time constant.

: Braking gain.
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Agsumptions
I- Bearings' friction is assumed to be negligible compared with main foree
between road and tire.
2- Friclion ceefficient is a function of slip ratio (s) which is defined by

faiRe (A)

.
The relationship belween g and s shown in figS.2 can be approximated by the
following functicn:

88

= (3)

U

p) =24,

Where:
5, : The optimal slip ratio which yield the peak friction value g,

Note; - dillerenl values of g, represent various road surfaces,
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Figure 5.2: Braking characteristics versus tire <lip.




Now equations 5. | & 3.2 reduce

MY = ph(5)F g~ 54
tar= (s )F,, R-1, 55
Dividing cquation 5.3 by (1)

e #{S-}'Lh'a}»a‘ﬂ -, sE

Integrating equation 5.6

o= Jri} 7
This angular velocity is an indication of the wheel's angular veloeity due to brake
torquez, , and the reaction from road w(s)F,, K . and also will be used to evaluate
4(s) in equaticn (A).

Dhividing equation 5.4 by M and integrating yields

v=jiﬁﬁgimi 5.8
I'his the linear velocity of the wheel (vehicle), which also will be used in evaluating
A(s)in equation (A). in addition it we integrate equation 5.7 we can oblain the
stopping distance

SD = v 59

Using the values in equations 5.7, 5.8 we can compute the slip rativ using eguation

(A)
v —Ra
= {'A"}
v
The value ol the slip then is used in equation (B) to evaluate x
sy =2, —2 (B)
548

This value of friction coellicient is then again used to compute @ & v in & loop as

will he shown in simulation seetion.
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The Braking wrque is controlled by the braking pressure, acecording to equation 5.3,

where the hraking pressure is the result of manipulating the system cquaticns.

5.3 Simulation of ABS System

Building the system model under MATLAR Simulink environment, and starting

form equation 5 4, as shawn in fip.5.3

=1 )
Tadipmiio
calculatian

Tl

mu-3ig Vi gt Vehide
nebion cure

Shoppi ng diftAnoe

Figore 53: Simulink mudel of equation 5.4.

The vehicle speed obtained at the end of the loop is used to caleulute slip ratio in
cyuation 5.4, now from equation 5.5 we find the angular velocity which is the second
variable needed Lo calculate the slip ratio: first we form the simulink model of the

braking torgue in equation 3.3, and is shown in fig.5.4

Integrator

Gain

Figure 5.4; Simulink madel of equation 5.3,
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The closed loop can be reduced w obtain more compact form that will benefit us in
the simulation model of the overall system, aceording Lo the equation in [14] the
chosed loop transter function is

F= &
1+ GH
which results in the form shown in fig.5.5.
L 100

COP T et T

In1 it (omiie Cag Out1
contreller

Figure 5.5: Simulink mode! of equation 5.3 ‘compact form'.

The funetion of the bang-bang controller is to provide the three logic states of the
hydraulic solenoid valve, i.e. increase. hold, and decrease, which depends on the
value of the rclative slip, that is: if the relative slip is less than the desired value, the
pressure is needed to be increased, if' the refative slip value is equal 1o the desired
value no action will be taken, and if the value of the relative slip is more than the
desired slip then the vehicle is entering the unstable region and the value of pressure

is needed to be reduced.

Following from equation 5.3 the first term in the right hand side needs to he

computed, so taking benelit from the model of fig 3.3, we need just to mulliply the
[riction force (2 Mg ) with the radius of the whee! Lo form the reaction moment by

the ground.




Then subtracting the term of braking torque and dividing the resulting signal by the
mertia of the wheel, then integraring we ublain the angular velocily of the wheel
which is the second variable in slip ratio equalion i.e. equalion .(A), as mentioned

before, the simulink model s ¢hown in fig.3.6 that illustrates the idea of the previous

paragraph.
—| oo | : [ 1
BB e EJF o XY, "‘:.}_'*;J (1)
' Dl
m Engtarg  Laguic g bale Foree & Vit
coni ol e pEmTE torue =

Figure 5.6: Simulink model to ghtain the angular velocity.

Now as the whale terms needed to compute the slip ratio arc found the overall

system simulink model is buill and is shown in fig.5.7.

Relaxive 31ip

Figure 5.7: Simulink model of the averall syslem,
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The translation of ABS simulink model to LabVIEW environment is done using the
‘translation of simulation model® option, in which the ABS model is imported and

converted to the corresponding blocks in LabVIEW.

The system paramelers used in the simulink model are shown in table 5.1

Tahle 5.1: System paramelers. [12]

Farameler Value
Quarter car mass 440 kg
Wheel mass 40kg
Inertia 16 kg.m*
Wheel radius 0.2m
Braking gain 0.8

Starting from testing the ¢lfecls of changing the coefficient of friction by choasing
ane of the road surfaces in the combo box, these surfaces and there corresponding

=5 curves are shown in figure 5.8. Figure3.9 shows the effects of changing the

surface that the vehicle passes on during driving,

o4f-
ey Radial lirez on dry concrete
bo = A 2 Blas-ply winter fires on wat asphall
<] Radial tires on smow
4 4 Radial tires on wet, slippary ica
o L peod 1 1 ABS control rangos
] o0 a0 &80 B0 L™

Whee! Slip

Figure 5.8: ABS contrul ranges a5 afunction of brake slip during staisht-ahead hraking. |11




The road surfaces and there corresponding coctlicient of Iriction are shown in table
5.2, these values of friction coefficients are obtained in the optimum range of slip

ratio that the ABS forces the system to operate within, These values ol g, and slip

ratio s, arc used 1o obiain the friction coefficient x(5) in eq.(B).

Table 5.2: Road surfaces and there corresponding eoclMicient of friction.

Hoad surface Coefficient of Optimal ranpge of slip
friction ratio
‘Radial tires on dry concrete | 0.3 0.15-0.2
Bias-ply winter tires on wet asphalt 0.8 0.18-0.25
Radial tires on snow 0.2 0.17-0.21
Radial tircs on wet, slippery ice 0.1 L14-0.18
ml Radval fres o wet alijpmeny s e m———
: o
Lk I__-"'"-I' =
E o
g ’
5 J_,-ff Fead|sf tims on snow
£ / ¢ 'i
£ J_.{ L {
B / g
l:o 7
100 f’, Busg-ply winter ires on wet ssphal
] |
y |
au,r ‘i‘f.r = - ' — =
|[ Redial s on dry concrels
L — T ] 10 ® 18 W s T
Tima =8c.

Figure 5.9: The effects of changing the road surfaces ‘enefficients of friction” with constant
glip ratio =1,
As can be shown from the figure 5.9, the stopping distance is incrcasing with
decreasing coellicienl ol [riction as the slip ratio is held constant in the control unit

of ABS system. This effect means that each surface has its own slip ratio tha
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corresponds to an optimum coeflicient of [fiction which will eventually cause

minimum stopping distance for that surface,

Also to explain the effects ol slip ratic on stopping distance it is examined on the first

surface, as can be shown in figure 5,110,

T =
Siip 03, & s Sip 01, 4.5 58
ol ""q,_ e ox ———
“.[ e 7"‘ -
E _.f‘Tr__:.-_-H-'T. s s
g | P -—':-":'-".;f ) b
[ o ’ ;-_ff’ Blip 015, 35880,
§ C‘ / .'-:-_,j._' N
Exl 7 ;}: Siip 025, 335 20
i .,
i |~
w4 TElp O 3 e
I
i
i II||I
5 A i L5 5 5 5 iz 4 i5 5

Figure 5.00: Effects of slip ratio on the stopping distance and stopping time.

It should Be noted from the * g -slip” curve that there is a range of friction coefficient
that the ABS ECl! tries tno hald the vehicle at, so when changing the slip ratio to
values less than the optimal; the simulation may give results approximately like the
ones obtained with desired slip, but if the slip is increased beyond the desired slip
ratio the system is driven into the unstable region of the curve. amnd cause other
cileels w appear; such as locking of wheels, that means lose of controllability of the

vehicle for some instances. This is also shown in fig.5.10.

A close lock to fig. 5.10 shows that the vehicle stops at approximately the same
distance with slip ratios (0.1, 0.3} and (0.15, 0.25), this riscs a guestion: what is
really the difference between these values?
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When & designer programs the ECU at a desired slip ratia. he/she thinks of many
aspects al the same time, first reducing stopping distance, second reducing stopping
tme, the third ic reducing the control effost, all of this while not allowing wheel

leck up and so maintaining controllability of the vehicle,

Fer reducing the stopping distance and stopping time, the desizner iries to have the
minimum ol both taking into consideration the physical laws; that is no zero stopping
time can be achieved, because 7ero stopping time means infinite deceleration which
is impossible, while trying to obtain the minimum of both. = trade off should be
considered with control effort: which means the time response of the hydraulic
components along with actuation forces needed to generate these hydraulic reactions.

and the time needed to compute the required actions within the ECU.

While its possible to obtain faster response from the ECU; through improving the
electronics that compose it, still the design of the overall system is governed by the
slower time response of the hydraulic components, because still in any case there is @
need for time to build up pressure, however, it is nat allowed [or pressure to reach
vlues that may cavse the wheel to lock up. So a pood compramise between (he three

aspects should he adopted.

In order 1o clarify the image more. fig.5.11 shows the slip ratio fluetyations with time
as the desired slip ratio is changed for the same surface, comparing these curves with
the ones in fig.5.10, il is noticed that while slip ratics (0.1& 0.3) may have the same
slpping distance and approximately stopping time, the system with (S=0.3) reaches
high values of slip ratio indicating that the vehicle wheel locks up severs! times,
however, loeking ar the curve of (S=0.1) the control signul and effort may cause a
problem at the real system; because o high vscillations about the desired values=0.1,
Ihe same argument can be made for the pair of slip ratios (0.15& 0.23), indicating
that the choive of the desired slip ratio to be =0.2. is an excellent choice,: because the

three requiremoents have been achieved, alse this is an indication that this point is the
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optimal working paint for this surface and truly the highest friction is obtainad at this

point

Another thing that can be concluded from fig. 5,11, 15 the stability range; as the most
important purpose of ABS 15 to prevent wheels from locking up during braking, any
wheel lock up dunng braking 1z conmdersd as unstable and the behavior of the
system 15 not expected nor explamed, and so, examining fig 5 11 shows that bath
slip ratios (0.25& 0.:3) cause wheel lock up at several occasions for several intervals
of timz, indicating that there is a high changs in the wheel speed in a short time,
which may physically damage the wheel components (axcls, bearings, brake
disk/drum,...etc), also from another powt ol view this acton causes the lose of
controllability of the vehicle. which the driver is indeed in need to bypass the panic
situntion and take the passengers to shore of safety.
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To illustrate the canral cvele, e ARS principle of operation. the hree main signals
indicating the operations of ABS are shown in {ig. 3.12, the dashed lines are used o

Indicate the working phases af (he ABS, i.c. increase, hold, ang decrease,

FFrom the figure it is noticed that in phase '] 3 pressure increase is done from broke
pedal. this js decompunied with 2 wheel speed drop until the S¥stem reaches the

desired slip ratio, then the Pressure enters the hold position indicated by phase ‘2

As the lime passes the wheel speed drops more causing the slip 1o mcrease and the
PTEssure 1o enter phase '3'. in which 4 pressure decrease js performed unri| the system
reaches the desired slip ratic; then phase 1" is performed with pressurc hold and the
wheel starts to accelerare again causing (he ship rativ to drop below the desired valye,
45 8 consequence phase 'S’ is entered, in which anofher control cyele starts with
Pressure increase. and so op until vehicla slop. Fig. 512 clearly proves thar our
suggested and simulated mode works properly, and is reliahie in examining the

Operators that decide the ABS response and operation.
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As mentioned before that the stopping time inereases as the coefficient of friction is
decreased, fig.5.13 shows how the stopping time changes on different road surfaces.
The other thing that can be noted from this figure is the changing in the wheel linear
speed during braking. as sezn the speed increases and decreascs in order io keep the
slip ratio near the optimum value.

Fig.5.14 shows the fina] graphical that is used by the user to change the simulation
parameters (road surface and slip ratio), and 1o view the simulation results (linear
wheel speed. vehicle speed. stopping distance, slip changing, and braking pressure),
there i also an ability to change the initial speed and the mass of the car.

Note: the wheel speed is plotted as lincar speed for casy comparison with vehicle
speed,
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Figure 5.14: Cru;llliuui user inlerface,

5.4  TPrerequisites of ARS simulation program

The model simulation of the ABS system is provided for the user as an” EXE" tvpe
file, which enables [or easv use of this software packape, however, there arc
prerequisites thar must exist for the program to operate efliciently and reliably, the
minimum requirgiments are:

1- P4 1300 GHz , 256 RAM, 2 GB of H.D) available space.

2- Operating svstem windows XP.

3- LabVIEWSR.2 runtime enging.

4- Te have the full preview of the program interface, soreen resulution

1024%768 pixels.
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Features of the ABS simulation program

The simulation software of the ABS provided with this project is considercd as an

reliable choice for the users who want 1o learn more about the ARS system, this

relizhility of the program is achivved through many features that include:

2.

Led

4.

An sasy azcess to the program through the EXE file.
This program covers almost all aspects related to the ABS system, i.c. wheel
speed, vehicle speed. stopping time. stopping distance. pressure signal. and

slip ratio curves.

- For students who want to investigate the cfTecls of changing some parameters

on the behavior of the ABS and on the total response of the vehicle, they are
allowed to change the slip ratio through the sliding bar. and also through
choosing the surface coefficient of friction.

The results obtained are very reliable; because the references are curves
ploted us results of an experimental work in the world first ABS syslem
producer ‘Besch',

This soliware can be used as an educational tool in the training schools,
colleges and wniversitics; through ils user friendly imerfoce and its
presentation of true road surface situations, in other words, the real world is
brought berween the hands of the students.
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f.1

Chapter Six

Conclusions and Recommendations

Introduction

This chapter is devoled [or the conclusions, remarks, problems faced, and future

recommendations. Where in the first seclion, some of the results obtained during

warking on this project are presented, in  the tecond section the problems raised

during simulation and the hardware implementation are mentioned, finally, in section

thres the final recommendations about the system and its use will be introduced.

6.2

Conclusions and Hemarks

During working an this projéct some remarks on the system hardware and simulgtion

arc noticed:-

The ABS system forms a step toward the auto-piloted wehicle which the
automative companics are compeling W produce.

The major parameters that determine the operation of ABS in general are slip
ratio and coeflicient of (riction, however. the control algorithm used has also
an eftect on the overall response of the vehicle.

This project has added (0 the knowledge of the working team. from the
aspecls of applying some concepts and theorics gained through the academic
life, looking fur alternatives and solutions for the problems faced, and
enhancing programming capabilitics through dealing with new sofiwares that
we didn't have any knowledge about.

In crder to insure that students have gained all what is required from the

ABS system; that 15 to be able to indicate the phases of operation ol the ABS
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system, and the parumeters that affects its operation, an cxperiment have
been designed thar will help students and instructor to evaluate all sides of the
ARS system principle of operation. The experiment farm is accompanied in

appendix D

Problems Faced

There are many difficulties that we have deall with and managed to overcume while

working on the project, these are:-

Some noise ocourred in the signals measured, but the sever and dangerous
onc that almost destroyed the sipnal, is the one that occurred on the speed
signal; because we are interested in the hole range of wheel angular speed,
1.¢. from approximately 0.0 Hz to 550 Hz, and the noisc was covering almost
the whale range, and the conventional (low-, high-. and band-pass ) filters
could not solve the problem. also the source of noise was unknown, so
hardware elimination wasn't also possible, and so. a novel approach was
adapled; in which we took advantage of the small amplitude of the noises
compared 1o the original signal, and with another slage of signal averaging
we were able to braught the signal to an acceptable form like it should ha.

The unknewn inertia and coefficient of frictivn of the hardware system in the
aulomotive workshop, has prevenled us from calibrating the system to a
standard surliwe, however. the results obtained by simulation gives results
similar to that from the hardware; indicaling that our simulation software ic
working properly, eventually if a mean [or estimating the inertia and

coefficient of friction is [ound, the system can be calibrated to one of the

standard surfaces and verified by simulation.




6.4

Future Recommendations

The ABS system can be combined and examined with other systems. such as
aclive suspension svstem, and traction control system, this will give maore
interasting resulfs eancerning vehicle dynamics in aceeleration. braking, and ride

ol’the vchiche.

Its worth to note that with little reconligurations this package can be brought 1w

marketing especially for training schools, collages and universities.
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Appendices

Appendix A
Analog/Digital Input Signal Overview

Al Apalog Input Signal Overview

The Connecticn of the analog input signals o the device depends on the tvpe of input
signal source and the confipuration of the analog inpit channels yvou are using, This

section provides an nverview of the different types of signal.

A.l1 Types of Sienal Sourecs

When making signal connections, vou must first determine whether the signal

snurces are floating or ground-referenced.

A.1.1.1 Floating Signal Sourecs

A floating signal source is not connected in any way ta the building graund system
but. rather, has an isolated ground-reference point, Some examples of floating signal
sources are eulputs ol transformers, thermocouples, batterv-powered devices, optical
isolator outputs, and isolation amplifiers, An instrument or device that has an isolated

nutput is a floating signal source.

A.1.1.2 Ground-Referenced Signal Sources

A ground-referenced signal source is connected in some way fo the huilding sysiem

ground and is, therefore, already connected (0 a common ground poinl with respect

1 Lhe data acquisition card, assuming that the computer is plugged into the same




power system. Non-isolated outputs of instruments and devices that plug into the

building power system fall into this category.

The difference in ground potential hetween two instruments connected to the same
building power system is typically between 1 and 100 mV, bul il can be much higher
it power distribution circuits are improperky connected. 1f o prounded signal source is
improperly measured, this difference may dppear 4s @ measurement error. The
connection instructions {or grounded signal sources are designed w climinate this

ground potential difference from the measured signal.

A.1.2 Connecting Analeg Inpuf Signals

The [ollowing discussion deseribes the use of single-ended and  differential
measurements and makes recommendations for measuring both floaring and ground-

referenced signal sources,

Fig A.l summarizes the recommended input configuration for both tyvpes of signal
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A.L.2.1Dillerential Connection Considerations

A differentigl connecticn is one in which the analog input signal has its own
reference sipnal or signal returmn path. These connections are available when the

celected channel is configured in DIFF input mode.

In DIFF input mode, cach signal uses two multiplexer inputs—one for the signal and

nne for s reference signal.

DIFF input connectinns should bhe used for any channel that meets anv of the
fallowing condilions:
»  The input signal is low level (less than 1 V).
s  The leads connecting the signal to the device are greater than 3 m (10 fi).
. a The input signal requires a separate ground-referance point or return signal.

. e signal leads travel through noisy environments.

Difierential signal connections reduce noise pick up and increase common-mode

noise rejection,

A.1.2.2 Single-Ended Connection Considerations

A single-ended connection i one in which the analog input signal of the data
acquisition card is referenced to a common ground that can be shared with ather

input signals.

Single-ended inpur connactions can be used for anv input signal that meets the

following cenditions:

. The input signal is high level (greaterthan 1 V).

L The leads connecling the signal W the device are less than 3 m (10 f1).

. The input signal can share a common reference point with other signals.
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DIFT input connections are recommended for grestes Sema Steesss for any input

signal that dees not mect the preceding conditions,

In single-ended vonligurations. more electrastatic and magmesss mose coupics nlo
the signal connections than in differential configurations. The cospiing &= the result
of differences in the signal path. Magnetic coupling i5 proportionsl o S arcs
hetween Lhe two sipnal conductors. Electrical coupling is a function of how mach the

elactrie fizld differe herwvesn the two conductars.
A2 Connecting Dhpital I'0 Signals

e following figure shows DIO<0.2> configured for digial Input and DIO=4.7>
confizured for digital ouwtput. Digital input applications include receiving T1L
stgnals and sensing external device stales, such as the swilch state shown in the
Figure 4-9, Digita! output applications include sending TTL signals and driving

external devices, such as the LED shown in Fig A2,
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Figure 4.2: Digital 1) connection,
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A3 ADand DA Conventions

A3.1 Sampling

The data is acquired by an ADC using a process called sampling. Sampling an analog
signal involves taking 2 sample of the signal at discrete times. This rate nt which the
signal iz sampled is known as sampling frequency. The process of sampling

generates values of signal at time interval as shown in fig 2.8.

yolis

m J '-;. J
.1( 'I :'_ = Sampling ' [
v il
[ VR

Time T

Figure A J%: sampling process
The sampling frequency determines the guality of the analog signal thal is converisd.
IMigher sampling frequency schieves better eonversion of the analog signals. The
minimum sampling frequency required to represent the signal cshould at least he

twice the maximum freguency of the analog signal undér test,
A32 Resolulion

Precision of the analog inpul signal converted into digital format is dependent upon
the number of bits the ADC uses. The resolution of the converted signal is a [unclion
of the number of bits the ADC uses to represents the digital dats. The higher the

resolution, the higher the number of divisions the veltage range is broken into, and

therefore, the smaller the detectable voltage change




A3.3 Bettling time

On a typical board. the analog signal is first selected by a multiplexer, und then
amplified before it is converted by the ADC. The amplifier used between multiplexer
and ATXC must he ahle to track the output of the multiplexer. otherwise the ADC will
convert the signal that is still in transition [rom the previows channel value to the
current channel value, Poar settling time iz a major problem hecause it changes with

sampling rate and the gain of the DAQ bound

A34 Analog to Digitul Converter (ADC)

Once the signal has been sampled, one needs (o convert the analog samples into a
digital code, This process is called analog to digital conversion. This is shown in

Fig2.0

E‘l-‘i",a‘ [ R T I,F

Thes

Figure A4 Amaloz to Digital Canversion fora 3-hil ADC

A3.5 Digital to Analog Converter (DAC)

The multifuncrion beards also have on-hoard digital 1o anglog converters (DAC). A

DAC can generate an analog oulpul from a digital input. This allows the board to

gengrate analog signals, both do and #c voltages. Like the ADC, the DAC's
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performance is limited by the number of samples it can process and the number of

bits that is used in converting the digital code into an enalog sivnasl.

Using high performance DAL cards and fast computers, and data processing
sofiware like LabVIEW, one can achicve perlormance similar to expensive bench
top instruments. The wvirtual instruments (VIs ) can therefore control an output,

process the input signals and log the data.
A 3.6 Data Transfers to the computer

Typically, DAQ boards are installed in & PC with high speed data bus like PCL
Depending on the spead of the matherboard of the PC, the maximum data transfers
can occur belween microprocessor and memory al 20 MHz to 40 MHz. To improve
the data transicrs, bus mastering (allowing DAQ board (o wansler data dircetly) is
implemented as shown below in fig (2.10 and 2.17).

uPans Inatehimeite

Figure A.5: Data transfer without hus mastering (canventinnal)




Fignre A.b; Data transfer with bus mastering (used in expensive DAQ boarsds)

As vou may now conclude, that sampling frequency and resolution are very
important factors in determining the performance of & DACQ card. But, in addition to

the sampling speed, here are other factors thart can affect the funcrionality of'a DAQ

SWSLEIL.
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Pressure sensors

Pressure sensors
For pressures up to 1800 bar (160 Mpa)
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88 Pressure sensors

“ressure sensors (contd.)
Tor pressures up to 1B00 bar (180 MPa)

Zatmankadng. OFsst are sens tb Only for 0 788 008 309, Cregmogncs “onomom Juning self-test
Eclewrrg swtchor! Oely for
by 0 65 CO5 362
iy Errar b | = Commctowes o = msSmraren wwhies
Bt i - - = Funcoos of S semsor sgnal peih from
& Litwikatian, ‘worsing signal i i i e MU eesmarter o 1Fo
et o et e Ovalsation e
:ﬁf?‘“’l-‘? T X% e -.-"_'___,_..:-l- = Check of S :—ﬂ#ﬁ =
i s e e e Diagearm:
Erpor ciirng "_'_:;-r:_.-':._'_._,_,--".‘-r_._,_,-—" Charucianshc -_-.n' e cafrn T woliags
_._F___,_a-"_'_:d_..r"‘"d_,_r-"" Lrfsel grar Iollowing =wiich-on
e e . - Funiciion of the sonal snd sises naths
e T g ~ Detaction of affest esrors
s :,..--“_F'Fr Errur rue | = Defachan of shorl crcuts » werg
i Etige band | harness
== - Detaction of overvslianes and e
PreasJre o voltane

- It 'an aror 8 detecied dusing e srsor's
saeif-teat, the sigral culput & swiiched o
the vohags range = 83%L5.

Weasurng Gircult, ;
Diagnostic function during nanmal
operation.
| Omiy for 0 205 005303,
‘ ] i — Detechion of offest srross
I
— I
|

Fn.:sa 15FR SEERD .rEI:U

— Detachion ot senacrry arrors (with pres-
furs agplied)

Whing-hamess functon, detectian of
wiring harnoss short circits
Sigraal [L0) — Dietestion of overvolags and under-
z | Yoltage

Wan wrror & detecied guring 1he sensor's
sollfost: the signal ootpod 1= ewitchad to
1he valtage range =36 % L.

Full up resssor

|
[

1
=i

Zange
eassirE FANR Eenair Thread Conmacior Fin Dimare. Fage Fen numoer
= (MPal Tyeo dawing
=0 (14 KVE BDE M 18] comoeet 1.1 Goldplated AF 0261 545 D06
=) (25 - i 1021 PEA = 2 4B 0 25 005 303
8S00-(150) ROBY W13 5 Vinrking Sircurt Silbar-piatad 3 46 0281002238

M 12¢1.5 Cromosci 1.1 Colbplated 4 48 0281 002 405

ROS3 M 1215 WDriing cruol Silarpisted o 4A 0281 002 488

M 12515 Compact 1.1 Geldplated B 48 0281 002 532
fE00 180) ROEZ M1%:1.8 Compast 1.1 Eold-slased 4 48 0 281 002 358

M 1851.8 Compag) 1.1 Gold-plaed ¥ 4 0381002473

RES3 M 1Bx1.5 Compsct 11 Godoleis] B 40 0281 002 534

M 16215 Viorking pirgai Siberclated & 45 o 281 DOJ S04
Lecessorias
=r 0285 005 303 S
=iy housing - Cuantity required; 1 AMFE Mo, 2-867 A47-1 1)
Soriact pins tar 0,75 mmi Cluahtiy reguired'S AME Mo, SE5807-1 )
Saskats far 1.40.0.8mms Cisontity roguired: 3 AMFE Ma. 88T DE7-1 ')

o be ohtaned from AWE Duulsohlond SmoH. Amoerestr, 7—11, DEI70E LEnaRm,
Fel. 081 0377 080, Fax 061 ORI 03 12 23, S-Mail: AMZKnntak/ @ Tycoaiactronics.com




Technical data

Pressure sensors
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Pressure sensors (contd.)
For pressures up to 1800 bar (180 MPa)
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Appendix C

ABS System Wiring Diagram
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Appendix D
ABS System Experiment Proposed Form

Experiment (#)
Antilock Braking System (ABS)

1. Objectives:
It is expected from students to be able to:

= Deal with the monitoring and simulation program, and how to take advantags
from them.

= Acquire the speed, ECLI, and pressure signals theough monitoring program, and
describe the characleristics of each signal.

= Analyze the acquired signals and stale how the ARS systes works depending on
these signals, -

®=  Change the cocflicient of friction. and slip ratic through the simulation program,
and describe their effects on the ABS system vperation.

2. Procedures:
Part A: Monitating

AP REE Y PR TR R P P AR R R RN AR E RN AR AR RS R R P AR AN B Rk bRl b e bR

B e B T AR s ST e R RS B R




Part B: Simulaticn

L e L e e L

3. Disscction & Interpretation:
4.1. From the monitoring program:

* Plot the speed signal obtained from the monitoring program. then answer the

following questions.

1. Whal is the maximum amplitude and (requency of this signal?

g6




2. Indicate the ABS operation on the graph explaining the phases that the speed has
passed.

Hint; increase, decrease, and hold.

-«pin-u--a--u-u---n-------.-'tI--l--.r:-"o--r-.-".---.---u--u---uu--l++r--t-p"1T1..i.-r------'n. ------ SETT]

T T T T ol o b A o 0000 00 00 0 o T 0 B b s e
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* Plot the ECU signal and indicate the phases of the ABS sysicm on the graph. then
explain your results,
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e Plot the pressure signal and indicate the phases of the ADS systens aperation on
the graph. Discuss your resulls.
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» Compare the three signals (speed, ECU, and pressure) on an interval, and show
how your previous results and conclusions match with the three signals legether.

R N R T I e R R R B

(R R N R T T

R o T WA o R R N e

1.2. From the simulation program;

e Simulate the ABS system on two different surfaces (or more), and compare the
cllcets on the stopping time and distance, also on the wheel specd behavior,

TR U RE A b RSO A ot 0 I 1 0T e D M R TR o B A e S B e
R LR L e PR AR R A R A 2T 0 O W e e T B I e o 1w e

L e R R idm g L R L T T o i g
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o Choose one surface then try to notice the effects of chunging the slip ratio on the
various simulaled signals, showing the ABS phases of operation,

R R TR R TR T T T I g e
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* During the simulation try ta change the sucfice and the slip ratin. and explain the

results on the various signals.
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Appendix E

Connection Diagram Report

Task Name: differantial
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