Electronic Throttle Control

Mohd Hafizi Bin Mohamad

A project dissertation submitted in partial fulfilment of
the requirements for the Degree
Bachelor of Engineering (Hons)

(Electrical and Electronic Engineering)

UNIVERSITI TEKNOLOGI PETRONAS
TRONOH, PERAK
MAY 2011



CERTIFICATION OF APPROVAL

Electronic Throttle Control

by
Mohd Hafizi Bin Mohamad

A project dissertation submitted to the
Electrical and Electronic Engineering Programme
Universiti Teknologi PETRONAS
in partial fulfilment of the requirement for the
BACHELOR OF ENGINEERING (Hons)

(ELECTRICAL AND ELECTRONIC ENGINEERING)

pproved by@/

soc. Prof. Dr Mohd Noh Bin Karsiti)

(

Project Supervisor

UNIVERSITI TEKNOLOGI PETRONAS
TRONOH, PERAK

MAY 2011



CERTIFICATION OF ORIGINALITY

This is to certify that I am responsible for the work submitted in this project, that
the original work is my own except as specified in the references and
acknowledgements, and that the original work contained herein have not been

undertaken or done by unspecified sources or persons.

g 4

MOHD HAFIZI BIN MOHAMAD




ABSTRACT

Electronic Throttle Control (ETC) has been widely used in most of the
automobiles around the world. ETC is also known as Drive-By-Wire (DBW).
Since most of us demand for a car which is fuel efficient and meets gas emission,
car manufacturer had been finding ways to built them. The invention of Electronic
Throttle Conirol was a good way towards reducing the fuel consumption and
exhaust emission. The objective of this project is to build a functional ETC system
and study its control element in the process. The main focus of this project is to
control the opening of the “butterfly” valve. To accomplish this target, a remote
control servomotor will be attached to the Electronic Throttle Body (ETB). The
servomotor then will be control remotely by using PIC microcontroller, Gearing
set and spring is use to help the servomotor achieve high torque and low speed
condition and to maintain the position of the butterfly valve opening. At the end
of the project, the working ETC prototype will be built. A lot of time, energy and

money have been contributed to make sure this project is achievable.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Electronic Throttle Control (ETC) is an automobile technology which
serve the mechanical link between the accelerator pedal and the throttle. ETC
is also called as Drive-By-Wire (DBW) system. An ETC-equipped vehicle
operate with an ETC inside rather than the mechanical linkage cable. An ETC
is consisting with Electronic Throttle Body (ETB), butterfly valve and Throttle
Positioning Sensor (TPS). ETC is a technology that replaces the conventional
cable connection between a vehicle's accelerator pedal and the engine’s throttle
body [12].

In a Drive-By-Wire car, a microcontroller determines the correct throttle
plate position. If the driver needs sudden acceleration and steps on the
accelerator pedal, the sensor on the pedal transmits the driver’s pressure on the
pedal to the microcontroller, which calculates and relays the correct throttle
position to the motor, which moves the butierfly opening accordingly.
Electronic control of the butterfly opening offers improved fuel economy and
emissions by maintaining optimal throttle condition at all times, which

sometimes human driver cannot.



One of the parts of ETC is TPS. Most automobiles that already use ETC
is equip with Throttle Positioning Sensor (TPS) to provide input to traction
control, antilock brakes, fuel injection, and other systems, but use a Bowden
cable to directly connect the pedal with the throttle. Instead, the signal sent
from the TPS will be use by the Electronic Control Unit (ECU) to determines
the required throttle position by calculations from data measured by other
sensors such as an accelerator pedal position sensor, engine speed sensor,
vehicle speed sensor and then positions the throttle via an actuator driven by a
small, high-torque direct current (DC) motor. The electric motor within ETC is
then driven to the required position via a closed-loop control algorithm within
the ECU [13].

Since this project deals with throttle bodies, it is important to know about
throttle bodies and how they work. The idea of this project is to contro] a
throttle electronically; therefore it is important to know about engine and
motors and how they actually work. RC servo was chosen due to its close-loop
control system where feedback from the output can be used for error detection.
Programmed to a programming integrated circuit (PIC), the servomotor should
control the “butterfly” opening of the throttle precisely.



1.2 Problem statement

For the current technology, the ETC have make easier to integrate
features such as cruise control, stability control, traction control and other that
require torque management to the vehicle, since the throttle can be moved
irrespective of the position of the driver’s accelerator pedal [6]. There is an
idea that has been suggested that ETC or DBW system might allow a car to
become completely separate from its control [6]. From the idea, it is mean that
future car might theoretically be controlled by any number of different control

system such as joystick, steering wheels, push button or even voice command

[6].

One of the most technologies that use ETC is Hybrid car [6]. This is the
best example of DBW system that has ETC, brake control and transmission
control. Further application of the DBW concept,
in Europe and Japan automatic parking assist is also available; the car can

control the steering to guide itself backwards into a parking space [6].

Since most of us demand for a car which is fuel efficient and meets gas
emission, car manufacturer had been finding ways to built them. The invention
of Electronic Throttle Control was a good way towards reducing the fuel
consumption and exhaust emission. A car could waste more energy depending
on the driver’s lifestyle. Since it is difficult to change a driver’s habit in
driving, Electronic Throttle Control is one of the best ways to reduce the fuel
consumption and also the exhaust emission. By controlling the opening of the
throttle or the “butterfly™, this can maximize the percentage of the combustion
in the engine. Since the throttle communicates with the Electronic Control
Unit, the angle of the “butterfly” opening is the important thing that needs to be

taken for better efficiency and response.



1.3 Objectives

The main objective of this project is to build a functional ETC system
and study its control element in the process. To accomplish this objective, a

working prototype of ETC must be built.

1.4 Scope of study

The scope of the project study is limited to the study of identifying and
combining the servomotor to the Electronic Throttle Body by using the cheaper
and commercial available servomotor. The electronic circuit also needs to be
built to control the servomotor. The suitable instrument, ETC and gearing set
also needs to be find. This project also needs to study about the TPS. At the
end of this project a working prototype that showcases its abilities is expected.



CHAPTER 2

LITERATURE REVIEW

2.1 Theory

Getting started with a project, it is important to do a lot of research to
understand about the project for. This project started by researching on the
weakness of the mechanical driven throttie and what have been done to solve
this problem. Knowing the objectives of this project, the throttle body of the
engine was studied carefully.

Since ETC has been around, research was also done on it including the
DC servomotor chosen. Due to this, understanding how the servomotor works
and how to control them is important. This is important to determine type
motor that need to be used for this project. For controlling the servomotor, a
control board will be design to control the motor which control the opening of
the “butterfly” valve.

Many researches have been done by the previous individual or group
about the ETC. From mathematical approach until the actual design of ETC.
One of the researches by using mathematical approach is done by Paul G.
Griffiths [7]. His research is about controlling the ETC by using Embedded
Software Control Design.



Nowadays, ETC is not only used for cars but also used for motorcycles.
One of the exampie of motorcycle that use ETC or DBW system is YAMAHA
R1 [8]. This feature is called YCC-T (Yamaha Chip-Controlled Throitle). The
YCC-T is using to controls the throttle-valve opening for instantly responsive

and smooth power.

2.2 Electronic Throttle Body

Butterfly valve

Servomotor

Gear
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Figure 1 : Electronic Throttle Body

Electronic Throttle Body (ETB) is one of the parts of the Electronic
Throttle Control (ETC). Basically, the butterfly valve opening is similar to the
mechanically driven throttle body. The difference is the butterfly valve openirig
is control by a servomotor connecting by a set of gear and for the mechanically
driven throttle; the butterfly valve opening is being control by the Bowden
cable [1]. The ETC is connected to the ECU module that is control the butterﬂy
opening angle depending on the driver control pressure at the throttle pedal.



When the driver presses the throttle pedal, the TPS will send a signal to
the ETC module. The ETC module will correct the opening angle of the
butterfly opening depending on the amount of pressure on the throttle pedal.
The TPS will provide a feedback to the ETC module.

2.3 RC Servomotor

Remote Control (RC) servomotor is designed to receive a position
command and move its motor shaft to the desired angle [2]. The servomotor
are made from DC motor with potentiometer and servo coniroller chip built to
them to determine the angle of its motor shaft and received commanded

position and drive the commanded position in a feedback loop.

Motor

Pulse width fo voliage converter |
——— —< Control Pulse

Figure 2 : RC Servo Motor Circuit Diagram

An RC servomotor has limited motion, where it can only rotate between -
90 to +90 degree. To protect it from over rotating, it has mechanical stc%p

device to ensure the motion is restricted.



There are three inputs for RC servomotor which is 5 Volt power supply,
grounding and control signal cable. Usually, a 1.5ms pulse width would
indicate 0 degree position of the motor shaft. A pulse width of 1ms indicates
-90 degree and pulse width of 2ms would indicate +90 degree [3].
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Figure 3 : RC Servo Motor Signal



2.4 Throttle Positioning Sensor

Potentiometer

Y

Figure 4 : Set of Throttle Positioning Sensor (TPS)

A throttle position sensor (TPS) is asensor used to monitor the
position/angle of the butterfly valve opening in the Electronic Throttle Body.
The sensor is usually located on the butterfly shaft so that it can directly
monitor the position of the butterfly valve opening [4].

The sensor is usually apotentiometer, and therefore provides a
variable resistance dependent upon the position of the butterfly valve opening
and hence throttle position.



Figure 5 : Potentiometer in TPS Casing

The sensor signal from TPS is used by the electronic control unit (ECU)
as an input to its control system. The fuel injection timing and ignition timing
are corrected depending upon the butterfly valve opening angle, and also
depending on the rate of change of that position.

Some ECU also can control the butterfly valve angle position by utilized

the position sensor in a feedback loop to enable control.

TPS are accelerator pedal sensors, which often include a wide open
throttle (WOT) sensor. The accelerator pedal sensors are used in "drive by
wire" systems, and the most common use of a wide open throttle sensor is for

the kick-down function on automatic transmissions.
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The TPS is attached on the throttle body and converts the butterfly valve
angle into an electrical signal. As the butterfly valve opens, the signal voltage
increases. The ECU uses butterfly valve position information to know:

1) Engine state whether engine is idle, half open or fully open.

2) Switch off AC and emission control at wide open throttle (WOT).
3) Air to fuel ratio correction.

4) Power increase correction.

5) Fuel cut control.

The basic TPS required 3 wires. 5 volts are supplied to the TPS from the
VC terminal of the ECU. The TPS voltage signal is supplied to the VTA
terminal. A ground wire from the TPS to the E2 terminal of the ECU completes

the circuit.
ECU
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-— Vee ?
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Figure 6 : TPS Circuit Diagram
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At idle, voltage is approximately 0.6 — 0.9 volts on the signal wire. Form
this voltage, the ECU knows that the throttle plate is closed. At wide open
throttle, signal voltage is approximately 3.5 — 4.7 volts.

5V  Resistance

oV . | |
Close -«——Valve Opening - » Open

Figure 7 : Graph of Relation Between Resistance and Valve Opening

Inside the TPS is a resistor and a wiper arm. The arms are always
contacting the resistor. At the point of contact, the available voltage is the
signal voltage and this indicates throttle valve position. At idle, the resistance
between the Vcc terminal and Vdd terminal is high, therefore, the available
voltage is approximately 0.6 — 0.9 volts. As the contact arm moves closer the
VC terminal (the 5 volts power voltage), resistance decrease and the voltage

signal increases.
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Figure 8 : Wiper Arm

2.5 Analogue to Digital Converter (ADC)

Figure 9 : ADC Circuit
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An analogue-to-digital converter (ADC) is a device which converts
a continuous quantity to a discrete time-digital representation. An ADC may
also provide an isolated measurement. Typically, an ADC is
an electronic device that converts an input analogue voltage or current to a
digital number proportional to the magnitude of the voltage or current [5].

N ADC outrl— JJU

Figure 10 : ADC Signal Representation
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2.6 Spring

Figure 11 : Spring

Spring is an elastic object used to store mechanical energy [9). Basically
spring is made from hardened steel. The spring in figure 24 is come together
with ETC unit. The function of the spring is spring provides a torque to close
the throttle when the motor is off and to maintain the position of the throttle

opening.

2.7 Gear
Gear is a rotating machine part that has cut teeth, or cogs, which mesh

with another toothed part in order to transmit torque [10]. The gear will provide
the torque for the servomotor to open and closed the butterfly valve.

15



CHAPTER 3

METHODOLOGY

3.1 Procedure Identification

Do research on the topic

|

Doing site visit

:

Get necessary tools and
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Combining hardware

Is it working?
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\ 4 Final report
Improve the system r Y

l Check the
Impiement software  j#— software Document activities

r Y
F Y
i ing?
ls it working? No Finalized project

! !
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Figure 12 : Flowchart of the project phases
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3.2 Project Activities

During this two semester, many research was conduct on what is ETC was
all about. Knowing the purpose and problem faced, research was done especially
which type of DC servomotor that is suitable for this project, what is TPS and
what gearing set that can be used for this project. By the end of this semester, a
complete ETC with servomotor attach to the ETB must be produce.

This system is developing in three steps which is understand the concept of
ETC, designing the new prototype of ETC and testing the prototype after it has
been complete. In understanding of the ETC, many researches have been done.
By doing research, a lot of information can be gain. In designing the new
prototype of ETC, the servomotor and the gearing set must be combining to the
ETB. Research about TPS also needs to be done. Many challenges come when
combining the servomotor and the gearing set to the ETB, and what is inside the
TPS.

3.2.1 Choose the Right ETC

Because there is a lot of ETC used in the vehicle right now, it is hard to
choose the ETC. To solve this problem, the ETC from the Perodua Viva is
chosen. This is because it is already available at the University Technology of
PETRONAS mechanical lab.

3.2.2 Choose the Right Servomotor

There are a lot of problem in finding the suitable servomotor. The final
choice is to use the small size servomotor that has low torque and high speed
condition. To solve this problem, gear is use to achieve high torque and low speed

servomotor.
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3.2.3 Attaching Servomotor and Gear to the ETC

Because there is no enough space at the ETB, attaching servomotor and gear
to the ETB is quite complicated. Servomotor need to be fitted with the ETB
otherwise the gearing set will not be functioning properly. At the end, the
servomotor and the gear is properly attach to the ETB.

3.2.4 Dissemble the TPS

Because the TPS is small in size and also sensitive, it is hard to dissemble.
The TPS need to be dissembling for further research and for that purpose; the TPS
need to be broken. By doing that, all the part inside the TPS can be identified. To
replace the broken TPS, another set of TPS has been bought.

3.2.5 Stepper motor

There is a potential to replace the servomotor with stepper motor in this
project. This is because by using servomotor, the PWM will keep sending and
receiving signal to/from servomotor to adjust its position. This action will make
the servomotor unstable because it will keep adjusting. In addition, present of
noise will make this scenario worst. To solve this problem, stepper motor can be
used instead of using servomotor. This is because stepper motor rotation is direct
relationship with the input supply and its work one way only. It will not keep
adjusting the position because the rotation of the stepper motor is by referring to
the input signal that is supply.

3.2.6 Microcontroller

Microcontroller is use to control the servomotor. Because the servomotor
has PWM input signal, PIC 16F684 has been chosen because this microcontroller
have ADC module so that it can control the servomotor rotation by sending PWM
signal.

18
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Tools and Equipment Used
3.3.1 Hardware Use for ETC
1.  Electronic Throttle Control (ETC)

ETC contains Electronic Control Body, the “buiterfly” and Throtile
Positioning Sensor (TPS). The servomotor will be attached to the Electronic
Control Body. The servomotor will control the opening of the “butterfly” by
using gear. The Throttle Positioning Sensor will provide a feedback to the
ETC module for error correction on the position of the “butterfly” opening.

2.  Microcontroller

The microcontrolier is basically a small computer in the form of an
integrated chip that can be mounted on electronic boards. The
microcontroller acts as the central control module for controfling the

servomotor to opening the “butterfly”.

3.  Servomotor

A servomotor is an electromechanical device in which an electrical

input determines the position of the armature of a motor. Servomotor is a
Direct Current (DC) motor. The servomotor that this project needs to be use
must have high torque and low speed features.

4.  Gearing Set

The purpose of the gearing set is to help the servomotor to achieve
high torque and low speed condition as well as to maintain the position of

the servomotor while the servomotor controlling the “butterfly” valve.

19



3.3.2 Sofiware Use for ETC

1.

MPLAB IDE (C, assembly), PCWH (alternative).

This software is used to program the microcontroller PIC.

PICKit2, WinPICProg(Alternative).

This software is used to download the compiled program made in
MPLAB into the PIC.

Microsoft Visual Studio 2009 Express Edition IDE (C).

This software will create programs for the PC side of the project.
Programming will be in C.

20



CHAPTER 4

RESULTS AND DISCUSSION

4.1 Electronic Throttle Control Design

Below is the result that is obtained from this project. The result will consist
of four findings which is ETC, servomotor, gearing set, and Analogue to Digital
Converter (ADC).

4.1.1 Electronic Throttle Control (ETC)

In this project, the ETC that been used is taken from Perodua Viva. The
ETC taken contains Electronic Throttle Body (ETB), Throttle Positioning Sensor
(TPS) and “butterfly” valve. The servomotor will be attached to the ETB and it
will control the “butterfly” valve. The servomotor then will be control by the

microcontroller.

Figure 13 : Electronic Throttle Body with the “butterfly” valve
21



4.1.2 Servomotor

The servomotor needs to meet a few requirements for this project which
is needed to have high torque, low speed and small which is fit with the ETB
size. There are a lot of servomotor that have high torque and low speed for
example power window motor and wiper motor. This two motor cannot be
used in this project because of their big size. For small size motor, the torque is
very low and the speed is very high. It is also not suitable with this project. It

takes some time to do some research in finding the best servomotor.

For this project, the servomotor that has been chosen is SANWA SX-01.

After taken a few considerations, this is the best servomotor chosen.

Figure 14 : Sanwa SX-01 servomotor

22



Figure 15 : Sanwa SX-01 servomotor

Table 1 : Sanwa SX-01 servomotor specification

Weight 45gram
Size 39x20x36mm
manipulating speed 0.13sec/40degree/6V
manipulating energy 3.5kg/cm 6V

23




4.1.3 Gearing Set

Because many of the small size servomotors have low torque and high
speed, gear can help the servomotor to achieve high torque and low speed
condition. Another purpose of the gear is to help the servomotor to maintain
the position of the “butterfly” valve. For this project, gearing set from DVD
writer is used to build the ETC prototype. This is because this gearing set is

easier to get and meet the criteria needed for this project.

Figure 16 : Gearing Set

4.1.3.1 Gear Ratio
For this project, two spur gears are used. The larger gear (74 teeth) is
attached to the butterfly valve opening shaft while the smaller gear (36 teeth) is
attached to the servomotor. Therefore,
Gear Ratio = 36 : 74

=1:2.06

24



The desired maximum opening for butterfly valve is 90 degree.
Therefore, the range to drive the throttle gear is:

90/360 = X/74
X =18.5 teeth

The servomotor then will be operated to work with below calculated range:
18.5/36 = X/360

X = 185 degree

Therefore, the servomotor should be operating at 0 degree << X << 185
degree. Because the servomotor rotation is limited to 180 degree only, the
servomotor then will be operate at 0 degree <<X<<180 degree only.

25



4.1.4 Analogue to Digital Converter (ADC)

Figure 17 : ADC Circuit

—
82

Figure 18 : ADC Circuit Diagram
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For this project, PIC 16F684 is used for Analogue to Digital Converter.
The ADC will read the value from the variable resistor which represented in
analogue signal and convert the signal to digital signal. The converted signal
then will be used to move the RC Servo Motor. Below is the program code for
the ADC.

27



#include <16F684.h>
#fuses HS, XT, NOWDT, NOPROTECT,NOBROWNOUT, PUT,

#use delay (clock = 4000000}

int8 C0 = 0;
nt8 C1 =0;

mi8 C2 =0;

void setup (void)

{
setup_adc ports (0);
setup_adc (ADC CLOCK DIV _8);
setup_adc channel(0);
setup_ccpl_(ccp_pwm),
setup_timer 2(T 2 DIV _BY 16,225, 1);
output low(PIN_Al);
output_low(PIN_A4);
output_low(PIN_A5);

H

void main()

{

int32 sum;

int16 value, pwm;

int no_acqgs, t2 value;

set_tris C(0x111);

Table 2.1 : ADC Source Code
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setup();

while (TRUE)
{
value = Read ADC();
sum = sum + value;
no_acqs ++;

if (no_acqs > 127)

{
pwm = sum / 128;
set_pwml _duty (pwm + 256);
sum = 0;
no_acqs =0;
}

Table 2.2 : ADC Source Code

29




4.1.5 Spring

Spring act as a safety mechanism in this prototype. The spring provides a
torque to close the throttle when the motor is off [7]. The equilibrium position
of the spring in some electronic throttle bodies is set to a small positive angle
and the throttle is used to control idle speed [7]. Another function of spring is
to maintain the position of the throttle opening and act as a mechanical

correction to reduce the noise comes from the servomotor.

Figure 19 : Spring
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4.2 Electronic Throttle Control Prototype

Figure 20 shown is the prototype of the ETC. It is consist of :

1) ETB; the main part of the ETC,

2) Servomotor; to control the butterfly valve opening,

3) Gearing set; to help servomotor achieve low speed and high torque
and to maintain the position of the butterfly valve opening,

4) ADC circuit; to control the rotation of the servomotor,

5) Spring; to provide a torque to close the throttle when the motor is off,
maintain the position of the throttle opening and act as a mechanical
correction to reduce the noise comes from the servomotor.

Figure 20 : ETC prototype
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4.3 Discussion

There is some disturbance that will be encounter by the servomotor
which is the vacuum effect when the surrounding air flows into the engine via
the ETB. The maximum load that can be handling by the servomotor is
3.5kg/cm at 6.0v.

In terms of response, the very important part in this project is the
response time of the motor. In order to achieve a fast response, higher duty
cycle frequency must be supply to the servomotor. For servomotor, the
maximum duty cycle that can be supply is 60 hertz [11]. If more than that, the

servomotor will experience humping movement when rotating.
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CHAPTER 5

CONCLUSIONS & RECOMMENDATIONS

5.1 Conclusions

There are a lot of thing that need to be consider in designing the ETC.
One of the most important things is to choose the best servomotor. The
servomotor must meet the criterion which is needed to have low speed and
high torque. Another important criterion for the servomotor is able to handle
high load. Because the servomotor is not meet the criterion needed, gear is use
when designing the ETC so that the servomotor can achieve high torque and
low speed condition.

Another important thing that needs to be considered is the response of the
servomotor. The servomotor must have fast response so that it can open and
close the butterfly valve precisely. To achieve fast response, the
microcontroller must be design carefully.

Overall, the prototype of ETC is successfully built. This prototype
consist ETB, servomotor, ADC circuit and spring. Although much research has
been done in preparation of this project, it is still apparent that there are many
things that remain unclear; from devices that still need to be understood fully,
to problems that crop up with every milestone achieved. In the end, this project

is achievable.
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While designing the ETC prototype, there are some limitations to this
project. One of the limitation is the ETB does not have larger free space to
attached the servomotor. The best way to solve this problem is by using smaller
size of servomotor. Another limitation is the noise come from the

potentiometer. This noise will make the servomotor rotation unstable.

5.2 Recommendations

For future recommendation, the TPS system needs to be research deeper.
The ECU also need to research so that the TPS can work together with the
ECU. After all this thing are done, the ETC prototype then will be assemble
back to the Perodua Viva and test run need to be conducted to see the result of
the ETC prototype that have been made.
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