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Abstract

In our final year project, we are looking at a problem that
a small portion of the population faces, this portion
represents the “disabled”. Before choosing the topic of
our project, the whole group members were determined
to make use of our final year project for a good cause.
Noticing that the disabled people in Middle East get very
little attention from authorities, we decided to aim our
project towards them in order to help as much as we can.
Our influence might end up being minimal, but remember
that a ten kilometer walk starts with a small step.
Disabled people rely heavily on their wheelchairs for
transportation. The wheelchair frees them from their
burdens and constraints and provides them with mobility.
It has become a necessity to all, such that they cannot live
without it anymore. For all these reasons, and in order to
start a change, we decided to concentrate our effort on
pinpointing the weaknesses in wheelchairs and improving
them as much as we can

Our project will mainly feature one major idea in
accordance with a few minor ones. The major idea that
we will be trying to implement is to introduce wheelchair
that can climb the stairs.

And also the price of this type is very expensive and is not
manufactured in Middle East
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Chapter 1

Introduction
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1.1 Problem Definition

From about two years one of members is asked from disabled
student who lives in student housing to help him with others to
climb stairs with his wheelchair to the first floor.

Here, my friend ask them and me why is there no electric
wheelchair can climb stairs?

And also if it is found how price? And why do not all disabled
people use electric wheelchair?

Here, we decide that our project will be electric wheelchair that can
climb stairs.

1.2 Management

The problem we are facing and trying to solve is the problem
disabled people face whenever they get on their wheelchairs.

. How can electric wheelchair be available for largest number of
disabled people in Middle East?

. How can make its cost lower as possible?

. How can make it climb stairs? And also make it safety by the
meaning of mechanical and electric solution?

These questions describe this problem, which is best defined as the
limited range that disabled people face when using their
wheelchair. What we aimed for through our Final Year Project is to
solve this problem. By new mechanical design that able to climb
stairs with high safety and lower cost as possible. And use our study
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to tame this design electrically by using our knowledge of power
electronics and machines.

Initially we will use to dc motors and also two batteries and power
electronics components to control system and the wheelchair is
fully controlled by a joystick placed near the left hand rest. Next to
the right hand rest there is a control panel that contains all of the
switches and battery charge level indicator. So in general, we have
achieved our goal of building and implementing our design and as a
result, we lay today our hands wheelchair that can climb stairs
safety and also very cheaper from others in the same manner
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Chapter 2

Literature Review
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2.1 Electric Wheelchair

Electric wheelchairs appeared in the 1950s. Today's models are
better described as electronic chairs rather than electric chairs.
Electronic circuitry allows for a control of speed and a precise

control of direction.

2.2 Basic Styles

Many of today's sophisticated electric wheelchairs conform to two
basic styles.

The first is called the traditional style and consists of a power
source mounted behind or underneath the seat of the wheelchair. As
the name implies, the traditional unit looks very much like a
manual wheelchair. The second design is known as a platform
chair. In this design, the seating area, which can often be raised or

lowered, sits on top of the power source.

2.3 Indoor vs. Outdoor Use

There are several groups of powered wheelchairs, based on the
intended use. Wheelchairs designed strictly for indoor use have a
smaller area between the wheels, allowing them to negotiate the
tighter turns and more confined spaces of the indoor world. Other
designs allow the electric wheelchair to be used both indoors and

outdoors, on sidewalks, driveways, and hard, even surfaces.
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Finally, some electric wheelchairs are able to negotiate more

rugged terrain such as uneven, stony surfaces.

2.4 Methods of Propulsion

Wheelchairs are classified according to the drive wheel location
relative to the system Centre of gravity (chair and user). The
following are the three basic methods of propulsion:

. Rear Wheel Drive Wheelchair

This is the most common method of drive for an electric wheelchair.
The drive wheels are located behind the center of gravity while the
front wheels are casters. This method makes the wheelchair fast, but
can give a poor turning capability when compared to front and mid
wheel drive chairs.

. Center Wheel Drive Wheelchair

This method of drive is the best method of drive for an electric
wheelchair. The drive wheels are directly below the center of gravity
while the front and rear wheels are casters. The wheelchair can be a
little unsteady when starting and stopping but it could not be suitable

for uneven surfaces.
. Front Wheel Drive Wheelchair

This method of drive gives a lower top speed than rear wheel drive
chairs, but offers a good turning capability. The drive wheels are in

front of the center of gravity while the rear wheels are casters.
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Power wheelchairs

KT o e
T 1 o |

PERCENTAGE OF WEIGHT ON DRIVING WHEELS

Figure 2.1: Methods of propulsion
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Chapter 3

Mechanical solution
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-ectric wheelchair climbing stairs-

The first moment we chose making "Electric wheelchair climbing
stairs" as a graduation project we decide to make it in a new design
with new technique not like these in markets. The major reason for
this decision is the price of "Electric wheelchair ". It is very high in
average 80,000 L.E and this high price is due to all electric
wheelchairs use large amount of high power motors (two motors
used for normal motion and other motors used for climbing stairs)
figure 3.1 shows this type of wheelchair.

Figure 3.1: Electric wheelchair climbing stairs
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.lr vision for climbing .

We start with this point how to reduce the power and number of

motors in our electric wheelchair we make a design that let the
wheelchair use the same motors for normal motion and climbing
stairs. The design in figure3. 2.1, 3.2.2 and 3. 2.3

Figure 3.2.1

Figure 3.2.2
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Figure 3.2.3

.Electric wheel de.

The difference we made is that the motors will not changes .the

shape of the wheels will changes from it's normal shape in figure
3.3 to the Tri-Star shape in figure3.4.

Figure 3.3: wheel in normal motion
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Figure 3.4: the Tri-Star shape

And this will give the wheelchair the ability to climb the stairs easily

The wheel turns to this shape by the way that some parts of the
wheel go inside other parts in the same wheel.

We had an electrical vision for this process but there wasn't ability
for making the mechanical parts because it need very advanced
machines likes that used in factories so we decide to make it
manual as a start.

.Electrical vision for wheel

Our electrical vision is very similar to the operation of cd room in
computers we will use two small motors in each part of the three
parts of Tri-Star wheel and these motors will pull the parts in and
out.

.seat level chan'

While ascending or descending the stairs the seat level changes by
angle equal to the inclination angle of stairs that max. Angle is equal
to 28.2.
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There’s two ways to change the level:

First technique is spontaneous. The seat is designed by away that
give it’s level the ability to be changed spontaneous when the
wheelchair start ascending the stairs by the effect of the weight.
This technique is actually used in power wheelchair type. Figure 3.5

Figure 3.5: power wheelchair

Second technique is hydraulic. It is more save and used in all other
types of electric wheelchair.
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l}.ﬁChoosing the DC YNotors l

E.P.E.D.F.U

In order to choose the required DC motors that can do the job, we
conducted a theoretical study that aims to helping us choose the optimal

type and size of DC motors.

MOTOR SIZED

*M =150 kg "total mass" *Vmax=9 km/hr. =2.5m/s

*Agront = 1.45%0.60 = 1 m’ *R=0.17m "wheel radius"

Calculation of rpm at v,

rpmM =V *60/ 27tR = 140.7 rpm

In flat rood

. Faire = air resistance = 0.5 ¢4 Afront P Vmax

2

* cq = resistance coefficient of air " max=1" * p = air pressure = 1.2041

-Faire=.5 *1*% 1% 1.2041*2.5=4N

. Fr=rolling resistance=M g c,
* ¢, -rolling coefficient = 0.1 as max *g=98m/s
-Fr=150*9.8*.1=147N

At equilibrium

ZFX= Ft_FR'Wx=O
Fe= Fr+ Far = 151N
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power of two motors
P=Fxv=151%*25=| 377.5watt

Case 2 |where inclination: a,,.,=30°

Maximum angle of inclination: a,,.x= 30°. According to the international
laws for transportation the maximum slope angle should not exceed 37°

at

* V=05m/s
*assuming there is no acceleration during climbing.

Weight of the Wheelchair
W=M xg=150x9.81=1471.5N "total weight "

Friction force
Fy=¢ * Wcos (30°)=.1*1471.50.866025 =127.44 N

Fr

\

Weight in the direction of the movement

Wy =W sin (30°) =735.75 N

At equilibrium

ZFX= Ft_FR'Wx=O
Fi=Fr+ W,=861N
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Torque at the wheel "Here torque is max."

Toax=Ft X R=861x0.17 =| 150.7 N.m |say 160 N.M

power of two motors
P=Fxv=861%*.5= | 430.5watt

o)
p=1.25%*430.5= | 539 watt 1.25 is a safty factor

and also slide angle at viay. Is about 7.5°
in case of stairs "up"

. Slide angle of stairs in max. Design = 28.2°
this means that the power needed is less than case 2

For one motor

Power 300 watt
Torque 80 N.M
Rpm 150 rpm

Table 3.1: dc motor size
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Chapter 4

Electrical Solution and Implementation
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‘.1 Electric wheelchair Battery l

There are three different battery types used in wheelchair .they
are "wet", "Gel" and "AGM" types. Their properties listed
below:

. Wet batteries

Wet batteries use the chemical reaction between lead and
sulphuric acid to create Electrical energy .these batteries need
to be filled with distilled water, and they do have a higher
maintenance, but are higher than Gel or AGM batteries.

Advantages:
Cheaper
Less vulnerable to overcharging

Great performance with careful maintenance

Lighter per Ah compared to most Gel or AGM’s

Disadvantages:

Require maintenance

Battery acid can leak, causing corrosion and damage to chair
and wiring

Not approved for airline travel

High rate of self-discharge when left sitting (6-7% per month)
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» Gel Batteries

Gel batteries contain a mixture of sulphuric acid, fumed silica,
pure water, and phosphoric acid, which forms a thixotropic
gel. As there is no liquid in the battery, they do not leak or
require maintenance like wet batteries

Advantages:
No maintenance
Cannot leak

Operate better than wet batteries in low temperatures
Less gas released when charging than wet batteries

Approved for air travel

Longer life cycle than wet batteries

Disadvantages:
Expensive
More weight per Ah than wet batteries.

Susceptible to overcharging

« AGM batteries

AGM batteries have an absorbent glass mat sandwiched
between the plates, saturated with acid electrolyte, but with
none free to spill. This type of batteries reduces the chance of
battery damage caused by vibration and jarring.
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Advantages:

No maintenance

Can’t spill or leak

Shock resistant

Minimal gasses released when charging.

Low self-discharge rate (3% per month at 77°F)

Disadvantages:
Highest cost
Susceptible to overcharging

New technology

We will use two 12v lead acid battery (wet) connected in
series to get 24v to the motors.

AOBME 1

P212/180

Figure 4.1: Batteries of the wheelchair
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.2 Battery Charge Level Detect'

We designed a circuit that indicates the charge condition of a
12 volt lead acid battery. We connected the circuit to the
terminals of one battery. It is composed of four LEDs where
each LED represents an approximate 25% change in charge
condition, so that 3 LEDs indicate 75%, 2 LEDs indicate 50%,
etc.

When the yellow and the green LEDs are off, the driver of the

wheelchair needs to turn the internal combustion ON in order

to recharge the batteries.

Figure4.2: Battery charge level indicator

.3 Battery charge and dischar'

We should monitor the amount of charge in the battery
making sure that they never charge over 80% and never
under 20% of their capacity. In this way, the batteries will last
a couple of hundred thousand miles.
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m@ﬂrﬂ- c Wheelchair'DC M

Most power wheelchairs currently utilizes PM motors with iron

magnets, brushes and indirect drive trains. Recent innovations
within the power wheelchair industry include the use of rare
earth magnets; and brushless, gearless, direct drive motors.
Rare earth magnets support much higher magnetic fields than
iron magnets. Motors utilizing rare-earth magnets are smaller
and lighter and more powerful than analogous motors with iron

magnets.

Brushless motors are more efficient than brush motors
(brushes introduce electrical power loss). Brushes are also
subject to wear and require regular inspection and

replacement.

Gearing and belts in the indirect drive train are a source of
mechanical power loss. Highly efficient, gearless, direct drive
motors have recently appeared in the power wheelchair market.
These motors can be mounted in close to the drive wheels and
allow good access to the under seat compartment. However,
these motors tend to be relatively large and expensive.

The following list includes some of the motor technologies that
have been suggested.
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« A brushless, gearless motor entirely contained within the

power wheelchair’s drive wheel.

« Pancake stepping motors efficiently generate high torque, even
at high speeds. These motors are durable and reliable.

Disc-armature DC motors have high power to weight ratio and
efficiency.
Alternating current, three phases, squirrel cage
induction motors (SCIM) are inexpensive, efficient, highly
reliable, and have a torque speed characteristic very

adequate for vehicle propulsion.

So we can choose BLD motor to support high power to
weight ratio.
In prototype we can get or compound dc motor with gear

box and self-braking. As in figure4.3

figure4.3: compound dc motor with gear box and self-braking
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Chapter 5

Control Design and Implementation
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l 5.1 PWM and Speed Control Principle '

The diagram below shows a summary of the electrical and control system of our wheelchair

» PWM D—» oo
&
P Clockwise Jﬁ q@.
[¢]
] P Counter Clockwise 1
Joystick "
N »| Release Brakes |
& — %
bush buttons ] i“-i » PWM
3 ﬁ s
> P Clockwise =)
=3
P Counter Clockwise mi A)_’ K
P Release Brakes ]

Figure 5.1: electric and control system

to control the speed of the DC motors; one needs a variable
voltage DC power source. However if you take a 24v motor and
switch ON the power to it, the motor will start to speed up:
motors do not respond immediately so it will take a small time
to reach full speed. If we switch the power off sometime before
the motor reaches full speed, then the motor will start to slow
down. If one switches the power on and off quickly enough, the
motor will run at some speed that is between zero and full
speed. Therefore, PWM switches the motor on in a series of
pulses. To control the motor speed it varies

(Modulates) the width of the pulses; from here came then
naming: Pulse Width Modulation.

The PWM signal is a square wave that has a duty cycle
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time of highin a period
_ f hig 4 £ 100

time of the period

In essence, as the duty cycle increases the speed of the motor
increases. For example, if the duty cycle is 0%, the motor will
not rotate. If the duty cycle is 50%, the motor would rotate half
its speed. If the duty cycle is 100%, the motor would be rotating
at full speed.

Since the PWM signal is a square wave, then it should have a
frequency. The normal operational frequency for DC motors is
between 2 KHz and 6 KHz. By trial and error, we found that for
our DC motors, the best frequency is 2 KHz.

I 5.2 Control Components ]

. Microcontroller

The microcontroller is the brain of the wheelchair; without it,
the machine won’t be able to move. Its main job is to take as
input some signals from a joystick and generate two PWM
signals: one for each motor. These PWM signals enter the H-
Bridges in order to be able to control the speed of the rotation
of the DC motors. Therefore, the main use of the PIC is for DC
motors speed control. In addition to that, the microcontroller
should also control the steering mechanism of the wheelchair
and should coordinate between the DC motors. Therefore, the
microcontroller should control the speed and direction of
rotation of each motor.
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. Pic 16f877a

The decision fell on PIC16F877A because of its capability of
generating two PWM signals at the same time. And supports
us with sufficient digital and analog inputs. Also, the PIC is a
very efficient and powerful microcontroller with so many pins
that can be easily programmed. Besides, the components are
cheap and do the job perfectly.

SRS

Figure 5.2: PIC16F877A

. Microcontroller 1/0

Input: joystick, four bush buttons and one switch as in fig

Figure 5.2: analog joy

Joystick: The joystick that is used in the project has two
potentiometers
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(Forward/Backward, right/left). The voltage of these
potentiometers ranges between 0-5V. If the joystick is still
(nothing is applied on it), the two voltages would be 2.5V. Also,
the joystick can rotate 360°. These facts give the user the ability
to go in any direction at different speeds according to the
combination to the two voltages across the potentiometers.
Switch; is used as enable for stairs mode .when it is energized
means stairs mode is available.

Four Bush buttons as follow

Lst To increase the speed up by increasing input
voltage by 20% for every bushing (4 rang)

2nd To decrease the speed up by decreasing input
voltage by 20% for every bushing (4 rang)

34 When switch is energized (enable for stairs mode)
wheelchair climbs the stairs up by bush this button

4th When switch is energized (enable for stairs mode)
wheelchair climbs the stairs down by bush this
button button

Table 5.1: input Bush buttons

Outputs: There are two sets of outputs; the first is for the right
motor, while the second is

PWM signal: this is the signal that specifies the speed of
the motor.

Clockwise: if ON, it means that the motor should run
clockwise. If OFF, it means that the motor should NOT run
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clockwise.
If OFF, it means that the motor should NOT run counter
clockwise

Release Brakes: if ON, the brakes of the motor are released.
The brakes are always released whenever the motor should
be rotating

in each set, “Clockwise” and “Counter Clockwise” outputs
can NOT be ON together. If one of which was ON, the
brakes should be released. However, if both were OFF, it
means that the motor is OFF and the brakes should be
applied.

Note that the two DC motors should either be rotating
clockwise together or counter clockwise together, or not
rotating at all. It is impossible for one to be rotating
clockwise while to other is rotating counter clockwise. But it
is possible for one to be rotating in a certain direction while
the other is not rotating at all: in this case the wheelchair
should be steering either to the right or left.

» Control Algorithm

The control starts from the joystick where there the two
potentiometers discussed before.

The joystick is responsible for generating two output voltages:

V1: the voltage across the forward/Backward
potentiometer.
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V2: the voltage across the right/left
potentiometer.

According to the combination of V1 and V2,
the direction of motion is known as follow

V1 V2 Right Motor | Left Motor |Direction

0:1 2:3 Backward Backward Backward

4:5 2:3 forward forward forward

2:3 0:1 Backward forward right

2:3 4:5 forward Backward left

42:4.8 0.2:0.8 |NA forward right

4.2:4.8 4.2:4.8 forward NA left

2:3 2:3 NA NA NA

Table5.2: the direction of motion

* Assigned Pins in the PIC Microcontroller

We need three analog inputs, five digital inputs, one reference voltage,
two PWM signals, and sex digital outputs:

Analog inputs: AnO (A0), An1 (A1) and An2 (A3)
Digital inputs: D4, D5, D6, D7, C7
2 PWM signals: C1 and C2
- 2 Release Brakes: A2 and A5 (we can use self-braking
motor)
2 Clockwise: DO and D2
2 Counter Clockwise: D1 and D3
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l5.3 DC Motor-Driver H-Bridge Circuit'

A very popular circuit for driving DC motors is called an H-
Bridge. It’s called that because it looks like the capital ‘H’ on
classic schematics.

The great ability of an H-Bridge is that the motor can be driven
forward and backward at any speed, optionally using a
completely independent power source.

Its simple conceptual schematic is as follows:

-~ S o L =3

| = T
L =

I

Figure 5.3: Simple conceptual schematic of an H-Bridge

A basic H-Bridge has 4 switches, relays, transistors, or other
means of completing a circuit to drive a motor. In the above
diagram, the switches are labeled A1, A2, B1, and B2. Since
each of the four switches can be either open or closed, there
are 2* = 16 combinations of switch settings. Many are not
useful and in fact, several should be avoided since they short
out the supply current (e.g., A1 and B2 both closed at the
same time). There are four combinations that are useful:
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Table: Four Useful Connections

Al & A2 Forward | Motor spins
forward

Bl & B2 Reverse | Motor spins

backward

Al & Bl Brake Motor acts as
a brake

None Free Motor floats
freely

Table5.3: Useful Connections O/p

The fourth case will be like the third case as we use a self-
braking motor. If power is cut off the motor stops immediately.

'?.1 Operation of the H Bridge .

As we said earlier, an H-bridge is a configuration of four

switching devices that allows you to change the direction of
current flow through a load, in our case through a DC motor.
This is done by selecting which pair of MOSFET is on and which
pair is off.

The H-bridge requires that there be two MOSFETSs located
between the battery and the

DC motor and two MOSFETSs located between the load and
the system ground return. The MOSFETs are turned on in
pairs, either high left and lower right, or lower left and high
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right, but never both MOSFETs are on the same "side" of the
bridge. If both switches on one side of a bridge are turned on,
this creates a short circuit between the battery plus and
battery minus terminals. If the bridge is sufficiently powerful
it will absorb that load and the batteries will simply drain
quickly.

Referring to the circuit in figure 9 below:

f
—® 0
DC MOTOR

I J
RZIID —

Figure 5.4: Conceptual design

H

RZI10 ==

AT TR

Each driver has a high input and a low input as well as a high
output and a low output. So we connect the high input of the
first driver to the low input of the second driver and vice versa.
We also connect the high output and the low output of one
driver to the high MOSFET and the low MOSFET of the same
side respectively.

“A” and “B” are the two logic input to the circuit. One of them
is the PWM signal and the other one is set to zero. When we
activate one of the high side MOSFET and its diagonally
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opposite low side MOSFET we have to make sure that the
remaining MOSFETs are not operating. For this, one PWM
enters in either in “A” or “B”. For example, if “A” is now set to
“1” and “B” is set to “0”, the high input of one driver with the
low input of the second driver are activated thus activating
two diagonally opposite MOSFETs while the others are off.
Once we want this motor to run in the opposite direction we
set the PWM at A to zero then we send the PWM signal
through B. Therefore, at any time we want the motor to
switch direction, a passage by zero is obligatory.

in our prototype we will use IC L298 .this ic contains two H-
bridge , AND gates and can carry current up to 2A so it can be
used for control the speed and direction of small dc motor like
we used in our prototype .

'5.3.2 The Main Components '

In order for the PIC16F877A to operate and provide required
result, certain connections should be made. Some of these
connections are imposed by the datasheets of certain
components while the others are the result of desired circuit
functionality.

‘5.3.2.1 Use of 16 MHz Crystal '

The PIC16F877A needs frequency in order to operate, thus the
crystal will provide the PIC with a frequency equal to 16 MHz
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l5.3.2.2 Use of Regulator l

The PIC16F877A requires a voltage of 5V in order to operate,
but since we only have a 24V DC supply we need a regulator
LM7805 to provide the PIC with the required 5V. However, we
cannot directly connect the 24 V to the regulator because it
cannot handle such a high voltage. Therefore, we connect a
resistor, between the regulator and the 24VDC, for voltage
drop. The value of this resistor is chosen upon testing so that
the input to this regulator is around 12V.

A 330pF capacitor is also connected between one terminal of
the resistor and the ground to prevent a direct application of
voltage to the regulator; instead it provides a soft starting.

l5.3.2.3 AND Gate ]

The DC motors of the wheelchair should be able to operate in
both rotational directions

(Clockwise and counter clockwise). Therefore, we need two
PWM signals for each H Bridge to control the direction. The
following table shows how the inputs of the H-Bridge affect the
direction of rotation of the motors:

H-bridge Input 1 H-bridge Input 2 Direction of Rotation
PWM 0 Clockwise
0 PWM Counter Clockwise

Table5.4: H-Bridge inputs and direction of rotation
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However, the microcontroller that we are using (PIC16F877A)

E.P.E.D.F.U

can only generate two PWM signals (one for each motor).
Therefore, in order to be able to change the direction of

rotation and still use only one PIC16F877A for both motors,
AND gates should be used. For each H-Bridge, two AND gates
are needed: the PWM signal for that H-Bridge

(Motor) enters both AND gates as the first input. The second
input is the “clockwise” and “counter clockwise” bits to AND

gate #1 and #2 respectively. The following figure shows

clearly the diagram of the AND gates: PWM

CIockste—\/i

1 0

PWM

#1 ) Output 1
# >— Output 2

Figure 5.5: AND Gate conceptual operation

0

0 1

0

PWM

Table 5.5: Summary Table of AND Gate

In this way, the PWM enters only one of the inputs of the H-
bridge while the other input is zero. This will cause the motor
to rotate clockwise or counter clockwise depending on the
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relative bits

l5.3.2.4 Types of Capacitors Used l

In this H Bridge, three types of capacitors were used while each
type was performing a different task.

- Back up Capacitors

Each time the DC motor turns ON or OFF, an instantly drop of
voltage power outage may occur in the batteries. The
capacitor, like the battery, can be continuously trickle
charged until power delivery is needed.

Immediately upon power outage, two 10000 pF chemical
capacitors connected in parallel with the battery will deliver the
back-up power to the DC motor. Once operating, the battery
can deliver uninterrupted power to the DC motor and the
capacitors can be idled.

- Ceramic Capacitors

Ceramic capacitors are small in size and value, ranging from a
few Pico Farads to 1 pF.

Not polarized, so either end can go to ground.

ool

Figure 5.6: Ceramic capacitors
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These capacitors are used because the DC Motor generates a
lot of “noise” from the brushes that are used to turn the motor.
There is also a large amount of voltage spikes that are
generated in controlling the motor because when the coils of
the DC motor receive 24 V from the battery, they send high
frequency parasites, and thus a need for ceramic capacitors is a
must since these capacitors are high frequency filters.

Ceramic capacitors are placed in parallel with the back up
capacitors as well as right at the output of the regulator so
that the parasite is not transmitted throughout the circuit.

- Chemical Capacitors

These capacitors are polarized and care should be taken while
placing them in the circuit. If they are connected incorrectly
they can be damaged, and in some extreme cases they can
explode.

Figure 5.7: Chemical capacitors

This type of capacitor is used as a filter to bypass low frequency
signals
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Chapter 6

Programs used in project

Solid\Works

CERTIFIED
PROFESSIONAL

Proteus

Ver : 7.10 SPO
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[ 6.1 Mikroc — program ]

This program is used for programming the pic microcontroller
by ¢ — language. Allow you do any program by the meaning of
c-language. Output program in appendix B.

[ 6.2 Flow code - program ]

It’s used for programming the microcontroller by a relative new
language called flow code (very similar to the flow chart) . flow
code is very easy, fast learning and can make complex
program in short time . Output program in appendix B.

[ 6.3 proteus - program ]

This is a simulation program we used it to simulate our circuit

and make sure that circuit works well and give the required
output.

=F=% ch < 28% up oy

BSY p3. szoopzuzs

e

speed
down

Figure 6.1: proteus simulation
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6.4 Eagle - program ]

We used this program to make the PCB circuit for our project

(<]

80

888886

[

@
=
@
@
@
@
@
e
@
@
@
5 @
@
5 @
@
L
@

S808580600

Figure 6.2: Eagle program diagram
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Figure 6.3: PCB

' Solid work - progr'

This program is used to design the mechanical parts and

matching them.

Figure 6.4.1: solid work program output
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Figure 6.4.2: solid work program practical output
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Appendix A

Components datasheet
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|3IC16F87XA Data Sheet '

e\

MICROCHIP

PIC16F87XA
Data Sheet

28/40/44-Pin Enhanced Flash
Microcontrollers

@ 2003 Microchip Technology Inc. DS35582B
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MICROCHIP PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet: Analog Features:
« PIC16FR73A « PIC16F876A + 10-bit, up to 8-channel Analog-to-Digital
- PIC16FB74A - PIC16F8TTA Converter (A/D)

« Brown-out Reset (BOR)
High-Performance RISC CPU: - Analog Comparator module with:

) _ _ Two analog comparators
* Only 35 single-word instructions to leam Programmable on-chip voltage reference
- All single-cycle instructions except for program (VREF) module

branches, which are two-cycle _ Programmable input multiplexing from device
+ Operating speed: DC — 20 MHz clock input inputs and internal voltage reference

DC 200 ns instruction cycle - Comparator outputs are externally accessible

- Up to 8K x 14 words of Flash Program Memory,

Up to 368 X 8 bytes of Data Memory (RAM),

Up to 256 x & bytes of EEPROM Data Memory

Special Microcontroller Features:

+ Pinout compatible to other 28-pin or 40/44-pin = 100,000 erase/write cycle Enhanced Flash
PIC16CXXX and PIC16FXXX microcontrollers program memory typical
» 1,000,000 erase/write cycle Data EEPROM
Peripheral Features: memory typical

- Data EEPROM Retention > 40 years
» Self-reprogrammable under software control
In-Circuit Serial Programming™ (ICSP™)

- Timer0: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,
can be incremented during Sleep via external

crystalfclock \.rig two pins o . .
- Timer2: 8-bit timer/counter with &-bit period * Single-supply 5V In-Circuit Serial Programming
register, prescaler and postscaler + Watchdog Timer (WDT) with its own on-chip RC

oscillator for reliable operation
« Programmable code protection
Power saving Sleep mode

» Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit = Selectable oscillator options

- Synchronous Serial Port (SSP) with SPI™ » In-Circuit Debug (ICD) via two pins
(Master mode) and 1°C™ (Master/Slave)

- Universal Synchronous Asynchronous Receiver CMOS Technology:
Transmitter (USART/SCI) with 9-bit address - Low-power, high-speed Flash/EEPROM
detection technology

« Parallel Slave Port (PSP) — 8 bits wide with - Fully static design

external RD, WR and CS confrols (40/44-pin only)

» Brown-out detection circuitry for
Brown-out Reset (BOR)

« Wide operating voltage range (2.0V to 5.5V)
- Commercial and Industrial temperature ranges
- Low-power consumption

Program Memory Data MSSP
- EEPROM| 10-bit CCp Timers
Device Bytes # Single Word :SBRtAe':} (Bytes) o AID (ch)| (PWM) | gpy Master USART 8/16.bit Comparators
Instructions | =Y 12c
PIC16F873A | 72K 4096 192 128 22 5 2 Yes| Yes Yes n 2
PIC16FE8T4A | 72K 4096 192 128 33 8 2 |Yes| Yes Yes | 2
PIC16FE8TEA [ 14.3K 8132 368 256 22 5 2 |Yes| Yes Yes | 2
PIC16FETTA [ 14.3K 8142 368 256 33 8 2 |Yes| Yes Yes 2" 2
® 2003 Microchip Technology Inc. DS39582B-page 1
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
R T
MCLR/\rr —= ] 1 “/ 40 -— RBTPGD
RADIAND - =[] 2 39 [] = RBBIPGC
RATANT -—=[]3 38 [] =—= RES
RAMANZMNREFSCVREF =[] 4 37 [] =— RB4
RAMANINREF+ -—=[] 5 36 [] =—= RBEXNPGM
RAMTOCKICIOUT =6 35[] =— RB2
RASIANASSIC20UT -—e[] 7 ;31_ 34 ] =+ RB1
RED/ROJANS =—[] 8 > 330 =— RBOINT
RE1FVRIANG =— T g z 2p=—reo
RE2/CSIANT —=—[] 10 o  31[] «—Vss
VoD — [ 11 5 30 =~ RDTPSPT
vss w12 K& 290« RD&PSPE
OSCACLK —= [ 13 5 280=— RODSPSPS
OSC2ICLKD -—[ 14 & 27 =— RD4PSP4 i
RCOM1OSOITICK] =—=[] 15 26 [] = RCTIRXDT 5
RCUTAOSICCP2 we— [ 16 25 [] =— RCETHICK s
RCZ/CCP1 a—= [ 17 24 [] =+—= RCS/SDO §§ N
RCHSCKISCL =[] 18 23 [ =— RCA/SDISDA 83528 3%
RDOVPSPD +—=[] 19 22 [] =— RD3PSP3 fx<< g g_a.
RD1PSP1 == 20 21 [] == RD2PSP2 23¥z5cob8830
FrrriEZrrre =z
44-Pin PLCC IIIH HH
o
RA4TOCKIICIOUT - o 1, = TO N TIRERS
K/ m 3590 =—= RBIPGM
RASIAN4SSIC20UT ., :E ° 381 == RB2
REWRDIANG - [ g 370 == RB1
RE1WRIANG =—= [ 1g 360 == RBOINT
RE2CSIANT -—= (011 PIC16F8T4A 35%4— oD
Voo — [ 12 34— Vaz
vss —[J43 PIC16F877TA 330 -~ RD7PSPT
OSCACLK — [J 12 320 == RDA&PSPS
QSCACLKD =—0 15 310 -=—= RDSPSP5
RCOMIOSTICKT =— [ 15 30 =—= RD4PSP4
NC 17 0 o s et 100 e 29 == RCTRX/OT
& — v—mEN Nt‘: O T4 0 0
o L 1 o
R EEEREERL
Q0=ooafdog R =R e
ZR2CLLPE8E &g EnBEas52
GEIBA—SSas qudn.u.n.n.-;S'lgﬁ
COOOO00000Y =hoo-anofs
FEREEEEREE 2 EREEIY
Qm;;n:n:n_-'xﬁ o
sentore L] R
Q
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IS YTSEREEEE
RCT/RX/DT =—=CT 1 fcict=n ] NC
RD4/PSP4 =—=[TI1]2 320 =—= RCOMIQSOITICKI
RDSPSPS *= B3 IO —= OSC2ACLKO
RDEPSPE [ 4 30T =—— OSCA/CLKI
ROT/IPSPT =—=[C10 5 PIC16F8T4A %gIEI*— ‘jss
Ve —=CI0g T 1=— %oo _
vos —=Cry  PICI6F8TTA  7h— oo ReaiTsiany
RBOANT =—=CI 8 260 =—= RE1WR/ANG
RB1 =109 25T =——= RENRDVANS
REZ =—= T 10 2407 == RASAN4SSIC20UT
REYPGM =—= T 11 23T =+ RA4TOCKICIOUT
NP IPor-22RAH
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o
@ 2003 Microchip Technology Inc. DS30582B-page 3
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the 40/44-pin
devices.

The conversion of an analog input signal results in a
corresponding 10-bit digital number. The A/D module
has high and low-voltage reference input that is soft-
ware selectable to some combination of VoD, Vss, RAZ
or RA3.

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D clock must be derived from
the A/D's internal RC oscillator.

REGISTER 11-1:

RW-0 R/W-0

The A/D module has four registers. These registers are:

- A/D Result High Register (ADRESH)
« A/D Result Low Register (ADRESL)
- A/D Control Register 0 (ADCONO)

= A/D Control Register 1 (ADCON1)

The ADCONO register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be the voltage
reference) or as digital /0.

Additional information on using the A'D module can be
found in the PICmicro® Mid-Range MCU Family
Reference Manual (DS33023).

ADCONO REGISTER (ADDRESS 1Fh)
RAW-0

R/W-0 R/W-0 R/AW-0 u-a R/W-0

ADCS1

ADCSO | CHS2 | CHs1 | CHsSO |GO/DONE|

| ADON

bit 7

bit 0

bit 7-6  ADCS1:ADCS0: A/D Conversion Clock Select bits (ADCONO bits in bold)

ADCON1
<ADCS2>

ADCONO
<ADCS1:ADCS0>

Clock Conversion

]

Fosci2

01

Fosc/a

10

Fosci3z2

11

Frc (clock derived from the internal A/D RC oscillatar)

]

Foscid

01

FoscH6

10

Fosc/Gd

HiIPF|HIHOo(Oo|O]| O

11

Frc (clock derived from the internal A/D RC oscillator)

bit 5-3
ooo = Channel 0 (AND)
001 = Channel 1 (ANT)
010 = Channel 2 {AN2)
011 = Channel 3 {AN3)
100 = Channel 4 {AN4)
101 = Channel 5 (ANS)
110 = Channel 6 {(ANG)
111 = Channel 7 {ANT)

Note:

CHS2:CHSO0: Analog Channel Select bits

The PIC16F873A/8TGA devices only implement A/D channels 0 through 4; the

unimplemented selections are reserved. Do not select any unimplemented
channels with these devices.

bit 2
When ADON = 1;

GO/DONE: A/D Conversion Status bit

1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)
0 = A/D conversion not in progress

bit 1
bit 0

Unimplemented: Read as ‘0’
ADON: A/D On bit

1 = A/D converter module is powered up
0 = A/D converter module is shut-off and consumes no operating current

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0"
-n =Value at POR 1" = Bit is set ‘0" = Bit is cleared ¥ = Bit is unknown

@ 2003 Microchip Technology Inc.
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PIC16F87XA

REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

RWO  RW-D u-0 u-0 RWO RWOD RWO  RWD
ADFM | apcs2 | — | — | PCFG3 | PCFG2 | PCFG1 | PCFGD
bit 7 bit 0

bit 7 ADFM: A/D Result Format Select bit

1 = Right justified. Six () Most Significant bits of ADRESH are read as ‘0",
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as ‘0.

bit & ADCS2: A/D Conversion Clock Select bit (ADCONT1 bits in shaded area and in bold)

ADCONA1 ADCONO ]
<ADCS2> | <ADCS1:ADCS0> Clock Conversion
0 00 Fosc/2
0 01 Fosc/a
0 10 Fosc/32
0 11 Frc (clock derived from the internal A/D RC oscillator)
1 00 Fosc/a
1 01 Foscl/16
1 10 Fosc/64
1 11 Fre (clock derived from the internal A/D RC oscillator)

bit 54 Unimplemented: Read as ‘o’
bit 3-0 PCFG3:PCFG0: A/D Port Configuration Control bits

zg’:';f AN7 | ANG | AN5 | AN4 | AN3 AN2 | AN1 | ANO | VREF+ | VREF- | C/IR
0000 A A A A A A A A VoD Vss 8/0
0001 A A A A | VREF+ A A A AN3 Vss T
0010 D D D A A A A A VoD Vss 5/0
0011 D D D A | VREF+ A A A AN3 Vas 41
0100 D D D D A D A A Voo Vss 310
0101 D D D D WREF+ D A A AN3 Vss 21
01llx D D D D D D D D — — 0/0
1000 A A A A VREF+ | VREF- A A AN3 AN2 6/2
1001 D D A A A A A A VoD Vss 6/0
1010 D D A A | VREF+ A A A AN3 Vss 51
1011 D D A A | VREF+ | VREF- | A A AN3 | AN2Z | 4/2
1100 D D D A | VREF+ | VREF- | A A AN3 | AN2 32
1101 D D D D | VREF+ | VREF- | A A AN3 | AN2 | 2/2
1110 D D D D D D D A Voo Vss 1/0
1111 D D D D WREF+ | VREF- D A AN3 ANZ 12

A= Analog input D = Digital /O
C/IR=#af analog input channels/# of A/D voltage references

Legend:
R = Readable bit W =Writable bit LI = Unimplemented bit, read as ‘0
-n =Value at POR 1" = Bitis set ‘0" = Bit is cleared X = Bit is unknown

Note:  On any device Reset, the port pins that are multiplexed with analog functions (ANX)
are forced to be an analog input.

D538582B-page 128 @ 2003 Microchip Technology Inc.
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11.1  A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The source
impedance (Rs) and the intemal sampling switch
impedance (Rss) directly affect the time required to
charge the capacitor CHoLD. The sampling switch
(Rss) impedance varies over the device voltage (VDD);
see Figure 11-2. The maximum recommended
impedance for analog sources is 2.5 k(. As the
impedance is decreased, the acquisition time may be

EQUATION 11-1:  ACQUISITION TIME

decreased. After the analog input channel is selected
(changed), this acquisition must be done before the
conversion can be started.

To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

To calculate the minimum acquisition time, Taca, see
the PICmicro® Mid-Range MCU Family Reference
Manual (DS33023).

Tamp + Tc + TCOFF

Tc = CHOLD (Ric + Rss + Rs) In(1/2047)
= - 120 pF (1 & + 7 kQ + 10 kL) In(0 0004885)
= 1647 s

Tacg = 2ps+ 1647 ps+ [(50°C = 25°CH0.05 ps/*C)
= 1972 ps

Tacg = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient

2 us + Tc + [(Temperature — 25°C)0.05 ps~C)]

leakage specification.

Note 1: The reference voltage (VReF) has no effect on the egquation since it cancels itself out.
2: The charge holding capacitor (CHoLD) Is not discharged after each conversion.
3: The maximum recommended impedance for analog sources is 2.5 KL This is required to meet the pin

FIGURE 11-2: ANALOG INPUT MODEL
v
:ED Sampling
o AN VT =06V e ik éséw_'tfh_ ,
| Rs T IC = [ Rzs.
ST A
\ VA '\ CRIN 1 . =
'_%__: 5pF T TVT=U-5V ,'1_':5[1[1 A
Legend: Crin = input capacitance
VT = threshold voliage
ILEskaGE = leakage current at the pin due to VoD
various junctions
Ric = interconnect resistance
S5 = sampling switch _
CHOLD = sample/old capacitance (from DAC) L ETBe101
Sampling Switch
(k£2)

D339582B-page 120
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l5V Regulator Datasheet

]
FAIRCHILD
]

SEMICONDUCTOR®

www.fairchildsemi.com

MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

* QOutput Currentup to 1A

+ Output Voltages of 5. 6. 8. 9, 10, 12, 15, 18, 24V
* Thermal Overload Protection

» Short Circuit Protection

* Output Transistor Safe Operating Area Protection

Internal Block Digram

Description

The MCT7EXX/LMTEX/MCTEXXKA senies of three
terminal positive regulators are available m the
TO-220/D-PAK package and with several fixed output
voltages, making them useful in a wide range of
applications. Each type employs intemal current limiting,
thermal shut dewn and safe operating area protection,
making it essentially indestructible. If adequate heat sinking
1s provided, they can deliver over 1A output current
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable veltages and currents.

TO-220

£

D-PAK

> ild

1
1. Input 2. GND 3. Qutput

INPUT BERIES DUTPUT
L= PASE <
1 ELEMENT H
CURRENT S04 —
GENERATOR FROTECTION <
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPUIFIER
.
<
THEFRBMAL a"
PROTECTION
l aND
(=2 o
2

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation
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l12V Regulator Datasheet

L7800
KYI SERIES

POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT TO 1.5A

OUTPUT VOLTAGES OF 5;5.2; 6; 8; 8.5; 9;
12;15; 18; 24V

s THERMAL OVERLOAD PROTECTION
SHORT CIRCUIT PROTECTION

OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
regulators is_available in TO-220, TO-220FP,
TO-3 and D2PAK packages and several fixed
output voltages, making it useful in a wide range of
applications. These regulators can provide local
on-card regulafion, eliminating the distribution
problems associated with single point regulation.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essenfially indestructible. If adequate
heat sinking is provided, they can deliver over 1A D2PAK

output current. Although designed primarily as T0-3
fixed voltage regulators, these devices can be
used with external components to obtain
adjustable voltage and currents.
SCHEMATIC DIAGRAM
il i A e
! ELEMENT
CURRENT . 508
GENERATOR PROTECTION []
I
STARTING FEFERENCE ERADR
CIRCLET YOLTAGE AMPLIFER
THERMAL
PROTECTION
T oM
vru
February 2003 1/29
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lDriver Datasheet "MOSFET"

International
IR Rectifier

Data Sheet No. PD60147-R

IR2110/IR2113 (S)

HIGH AND LOW SIDE DRIVER

Features

® Floating channel designed for bootstrap operation
Fully operational to +500% or +600V
Tolerant to negative transient voltage
dwv/dt immune
* Gate drive supply range from 10 to 20V
& Undervoltage lockout for both channels
3.3V logic compatible
Separate logic supply range from 3.3V to 20V
Logic and power ground +5% offset
CMOS Schmiti-triggered inputs with pull-down
Cycle by cycle edge-triggered shutdown logic
Matched propagation delay for both channels
Qutputs in phase with inputs

Description

The IR2110/R2113 are high voltage, high speed power
MOSFET and IGBT drivers with independent high and
low side referenced output channels. Proprietary HVIC
and latch immune CMOS technologies enable rugge-
dized monolithic construction. Leogic inputs are com-
patible with standard CMOS or LSTTL cutput, down to
3.3V logic. The output drivers feature a high pulse cur-

Product Summary

VoFFseT (IR2110) 500V max.
(IR2113) 600V max.

lo+/- 2A 1 2A

VouT 10 - 20V
ton/off (typ.) 120 & 94 ns

Delay Matching 10 ns
Packages

R2TIONR2113 IR2 1 TOSIR21 135

rent buffer stage designed for minimum driver cross-conduction. Propagation delays are matched to simplify use
in high frequency applications. The floating channel can be used to drive an N-channel power MOSFET or IGBT
in the high side configuration which cperates up to 500 or 600 volts.

Typical Connection

up to 500V or 600V

B 1

— HO —| r_—lj
VDDGT VDC VE- j_ MV
HIN I~ HIN Ve —& ° 1o
SD SD - & el
LIN © LIN Vee 22
Ve Ve  COM |—& | Ea
Voo — — LO APA,

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Flease refer to our Application Motes and DesignTips for proper circuit board layout.

www irf.com
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF !gggzﬁﬁgl

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
Vg High side floating supply voltage (IR2110) -0.3 525
(IR2113) 0.3 625
Vg High side floating supply offset voltage Vpg-25 Vg + 0.3
VHo High side floating output voltage Vg-0.3 Vg +0.3
Veco Low side fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Ve +0.3 v
Vbp Logic supply voltage -0.3 Vgg + 25
Vss Logic supply offset voltage Vee - 25 Veg + 0.3
ViN Logic input voltage (HIN, LIN & SD) Vgg-0.3 Vpp + 0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6 W
(16 lead SOIC) — 1.25
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 .
(16 lead SOIC) — 100 cw
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vs s offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Ve High side floating supply absolute voltage Vg + 10 Vg + 20

Vs High side floating supply offset voltage (IR2110) Note 1 500

(IR2113) Note 1 800

VHO High side floating output voltage Vs Vg
Ve Low side fixed supply voltage 10 20 \Y;
Vio Low side output voltage 0 vcec

Vbp Logic supply voltage Vgg +3 Vgg + 20

Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vsg Vbp

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for Vs of -4 to +500V. Logic state held for Vg of 4V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vsg offset is limited to -Vpp.

2 www.irf.com
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.JAL FULL-BRIDGE DRIVER"L298" Data She.

J

L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGEUF TO 46 V

= TOTALDC CURRENT UPTO 4 A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

-

Multiwatt15 PowerS020

DESCRIPTION

The L298 is an integrated monaolithic circuit in a 15-
lead Multiwatt and PowerSQ20 packages. It is a
high voltage, high current dual full-bndge driver de-
signedto acceptstandard TTL logiclevels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enableordisable the deviceindependentlyof thein-

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L258HN {Multiwatt Horiz.)
L298P (PowerS020)

put signals. The emitters of the lower transistors of nectionofan externalsensing resistor. Anadditional
each bridge are connected togetherand the corre- supplyinputis provided so that the logic works at a
sponding external terminal can be used for the con- lower voltage.

BLOCK DIAGRAM

+
ouTH ouT2 ¥g oonF | OUT? our(?
2 3 n Q [
+¥ss |
C-L Vret A 8
100nF i
1 2 3 5
n né
o—iqs 1 T )
< (T
‘EE 7 ud :‘t‘)’
ol (3 " oo
1 . 15 <
SENSE AD—¢ _L p——OSENSE B sesuz
L]:“ Rsa
Jenuary 2000 113
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LZ38
ABSOLUTE MAXIMLM RATINGS
Eymibol Faramsbar Walus Linit
Wy FoEr SLDDE ~u] W
Was LLogic Supniy Wolage T W
W Wy et A Enaiode 5ok e D37 W
Lo Poesal Catpll \Turmen e Charmne)
— Hon ReEpetive i = 100us) 3 A
—Fepeitee (S0 on -2 O e = e a5 A
—C Operabion Z [a ]
|- Sersing Soltage —-1ioZE3 W
P Tiokal Power et T = W
T Junction Cperaling Tor s —25 o 130 b~
TH'T Siorape and Junclion Tempemire —& o 150 "
FIN CONNECTIONS [top view)
”'.i'" el 84— Ca R ey s
LT — T
El} N
L — L
i ———— (SRS
| —— T
%) — LR LT WL T AR g
putteatis
T e— T S
) — = Y
L) — LA 1
) —T TR YL
.EB,. s—— amus
% T
“""'..\“ r L Ll —| Lo e S
- TN OO TO e
r
GHO 1 1 El — e
Sarma bk ) = L — T 1]
e, =1 3 # = K
ot ] 4 T — =T T
e s - Poweer3020 sz ™) casa
Wy, —] 8 = [ s
et 1 T = cwm=an
(= e [ 12 [ =2
e ] = 2 I wss
ahD —] W Ll —
SEATE
THERMAL DATA
Eymibol Paramstsr Power 3020 MuBbwattis | Wnid
B e | Thrmal Resistnce Junclion-rase k. - 3 AR
P mrci Trermal Fesisnee Junctior-arbien (L 131" 35 T
1 Nooriss on siursnom subskeebs
213 -:Tj'
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PIM FUNCTIONS (refer io e biock dlagram)

MW.1E | Power:O Harme Furnedlon
11 ot - | Eanse A Senoe B | Between this pin and growrd |s connecied the serss eskinr i
ioonirol T curment of e ood
3 45 Outt 1; Cut 2 Dutpui of e Bridge A; the ourent Tt fiows hrough the ood
oonnecisd bebaeer fese o pins s monboed ai pis .
4 ] Wy Supply Volage for the Power Cutput SSages.
A nominducie H00n- pacion must e comneched bebwes this
pini A groemid
57 7] Input 1 Inpue2 | TTL Compiie: Inputs of the Bricge A
40 ] 14 EnabieA; Enabl=E | TTL Compalibie Enable input the L siabe disahies. the bridge A,
(enabie A sndiar e bridge B [enshie E)
g8 1,10,1120 GHD Ground.
-] 12 VES Supply Volage for the Logic Bindes. A100nF capachor rust be
‘conneied Debween Bispinand ground
| ;12 13,15 Input; input 4 | TTL Compatiie: inputs of the Bricige E.
13; 84 1817 Ot 3 O Chutpuis. of Bhe Bridpe 2. The cument that fiows Smugh the load
ioomneded bebaeen frese wo pins s montoresd at pin 5.
- EAL MN.C. ot Conneciend

ELECTRICAL CHARACTERISTICS Wy = 42V, Ve = 5V, T) = 25°C; uniess othensss specifled)

Eymibal Faramater Tact Conditlone Min. | Tvp. | Max | wnid
Wy Exappty Voliage (pin 4) Cperathe Condilon Wi +2.5 4E W
s | Losghc Suppiyvollage (pin g) L5 5 il W
ks Cubssrent Eupply Cument pind) [V =H, =0 Vml 13 2 ik,

| mH 50 i\ mA

Yoo = L o= B 4 mA

ks Cuesrent Curert fom Vi PN S Ve =H, L=0 Y=L e E mA

Y mH T 12 mA

Na =L =X B mA

Wi Input Low VoRage -1z 15 W
ipirs S, 7, 80, 13

Wi | Input High oitage 23 VBE W
(pins 5, 7, 90,130

ke Loww 'Wolage Inpek Curment Wi=L =10 e
!Erﬁ EI?.‘II:I.12'-

b | High'olage input Cument W H £ Wy LR =0 100 A
(pins S, 7, 90,13}

W, =L |Enabie Low Volage (pins &, 1) =03 15 W

| Wem H | Enabée High \Jolnge (pins €, 11) =3 N W

b =L | Low Wolinge Erbie Curmemnt War =L —i0 i

[pins B, 11)
L, =H | High'Vioiiage Enabie Cument W = Hx Ve —0OLBW n 100 A
{pins 6, 11)

Wik | SourTe Eaturalion Woltape o= 1A 1= 135 17 W

L =24 2 27 W

VWysaary, | SNk Eaturation Voliage k=14 (5] nes 12 15 W

k=24 (5] 17 =3 W

Vigae | Tota Drop =14 (5] 1.20 a2 W

L =34 (5] 435 W

View | Benzing Vofage (pins 1, 15) i B 1 2 il

157 13
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i
ELECTRICAL CHARACTERISTICS |comtinued)

Eymibol Paramabar Tact Conditions Min. .| Max. | wnig
T (W0 || Sourre Curmerl T Detay OSVBo0Ssl, (Zcid 15 ps
Te (W0 || Sourre Curmert Sall Time 09 Womliy ZLis 02 ]
Ta (W) | Sowroe Cusrertl Tiam-on Delay LSVl DL1l (2R Z 1L
Ta (%) | Sacuarre Current Rize Time Ok oS 2L 1 i s
Te (% | Snk Carresnt Tiam-of Diedary 05V o032l (3K 1 i us
Te (0 | Sink Carent Fall Time: 0.9 ol e ] 035 =]
Ty (W0 || Enik Courment Trm-on Dedsy OS5V, mial, {3k 1B it
Ta (W0 || Sk Curment Rise Tme 01 0S| e RN 02 ps
o W) || Commuiaion Frepuency [ F-j 40 EHE
T M) || Sourre Curmerd Tam-oT Defary OS5V DOIaL (ZLid 3 JiL]
T I‘.'.._-\.] Eaowrre Current Sall Time: 0.9 ol [rae ] 1 "E
Ta el | Excarre Currert Tiom—om Deday 05VebOikL (2L 03 ps
T ) | Sacrre Current Rize Time 0L oSl 2Zrid) 04 ps
Te el | SNk Coarent Tiorr—of Diedary 05V O08L (3 22 L]
Ty W, || Eni Cument Sall Time: 0.aL wodil i) O3s JiLd
Ty Men) | SNk Carent Tiarme-on Diedary 05Ve D8 (3L 1l JiLd
T Men) | SNk Carent Fise Thme DAL lods i) 1| s

11 1} Sermng voings canze -1 W for o Sl e im sty oS Y oy, min ; —015
T Gaa b T
) Em Big 4
4] Thes icesd rrossd b @ prurs resision
Flgura 1 : Typical SabuationVioitageve. Output Fliguura 2 : Saftching Times Teast Cinoulis.
Current.
m-r L)
" ] L | 1 Voua  WgedIW
LELY .
14 Ve =54 H e
a0 b | s T
| 1 LIS
e e CHABLE I
L] = a— e

1.7 = - LFEEL]

T =

- i E-Nan

o G4 OB 1T 1S FO 34 LalAl Mol - For NPUT Selctng, st BR = H

For ERSHLE Bwiicrang, met [ = H

&7
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AND Gate Datasheet

H D 74'-808 @CQuadruple 2-input Positive AND Gates

BCIRCUIT SCHEMATIC()3) HWPIN ARRANGEMENT

0 Wee S

(LY IR 4 i“r(

e @%ii

o FLN )

Inputs
A 0—y

1

B

28

2

CAL-10]
=N
(3]
=

= Nkl
a Chp ':l
[Top Viewd
MELECTRICAL CHARACTERISTICS (Tg=--20~475C)
Item Symbol Test Conditions min typ® max Unit
Viw 2.0 o = v
Input voltage
Vie S = 0.8 vV
Vaun Voo =475V, Vip=2V, Jow = — 400uA 2.7 - = v
Output voltage It =BmA - - 0.5
You Vee=4.75V, Vie=0.8V v
InL=4mA = - 0.4
lie Vee=5. 25V, Vi=2.TV i - - 20 A
Input current Iin Vee=5.25V, Vi=0.4V - - —0.4 mA
o Vee =5.258V, W=7V - - 0.1 mA
Short-cireuit putput carrent fos Ver =525V —-20 - —100 mi
Tecu - 2.4 4.8
Supply current Vee=5.25V mA
Iece - 4.4 8.8
Input clamp voltage Vix Vee=4.75V, Ln=—18mA - = - 1.5 SV
* Vee=svY, Ta=25°C
HESWITCHING CHARACTERISTICS (Vcc=5V, Ta=25C)
Item Symbol Test Conditions min typ max Unit
tPLit - 8 15
Propagation delay time Cr=15pF, R.=2kQ ns
tPHL = 10 20

Notel Refer to Test Circuit and Waveform of the Common ltem
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Appendix B

Codes
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Flow code program

BEGIN

i

Il Component Macro
LCDDisplay(0)
Start()
‘ Call Component Macro

LCDDisplay(0)
Cursor(9, 0)

‘ Call Component Macro

LCDDisplay(0)
PrintString(“fayoum ")

NN A Y

‘ Call Component Macro
LCDDisplay(0)
Cursor(0, 1)

Call Component Macro
a LCDDisplay(0) D

PrintString("university 2013 ")

Del

ay

Call Component Macro

a gimnoismay(u) ﬂ
Clear()

Call Component Macro

ADC(0)
vi1=ReadAs\Voltage()

‘ Call Component Macro

ADC(1)
v2=ReadAs\Voltage()

NN e

Decision

Fxl=18&x<47 i
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‘ Calculation

Lx=x+1

W v

E1->
x1

Decision
Fx2=1&x>=17 |

Yes

No
Calculation
x=x-1

v

Input

il
-

Calculation
pwm1=6375%x
pwm2 =63.75* x
Call Component Macro
PWM()
Enable()
Call Component Macro
PWM(1)
Enable()
Call Component Macro

PWM(Q) A
SetDutyCycle(pwm?1)

Call Component Macro
PWM(1)
SetDutyCycle(pwm2)

[ SE—

Decision
If (0<=v1<=2)&(2<v2<3)? @

Yes

No

L[]
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.

‘ Calculation

Kx=x+1

Y]
a

Input

Decision
Fx2=18x>=17 i
Yes
No
Calculation
x=x-1

O]

E2-> [}
x2

|

Calculation

pwm1=6375%x
pwm2 =6375*x

Call Component Macro

‘PWM(O) 1
Enable()

Call Component Macro

PWM(T)
Enable()

Call Component Macro

PWM(©) I
SelDutyCycle(pwm1)

Call Component Macro

PWM(T)
SetDutyCycle(pwm2)

R

No

Dedision
f0<=vi<=2)&2<v2<3)7 U

Yes

[ f]

Output

E.P.E.D.F.U
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Decision
F0<=v2<=2)&(3<v1)? ﬁ

Yes

Output

/&

—0

Decision
<If (v2>3)&(0<=v1<=2)? ﬂ

Yes

Output
= o
>C3

Output

]

Decision
<If (3<v2)&(2<v1<3)? U
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LuIput
0 ol
>D0

Output

i a
>D2

Oulput

/e ]

]

Decision
F 3<v2) & (3<v1)? i

Yes

No

[\
s

Decision
Fup=12 i

Yes

No

G|

Decision
If down=17 i

Yes

Call Macro

Call Macro
upstairs()

No

SR

Call Component Macro
LCDDisplay(0)
Cursor(0, 0)

Call Component Macro

LCDDisplay(0)
PrintStnng("speed ")

Call Component Macro
1 A TrnMenizwim 1
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H Persts ™ || N
Call Component Macro
g

LCDDisplay(0) D

PrintNumber(x)

END
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.Macros
1. Down

Goto Connection Point

.

Call Component Macro

prmm D
SetDutyCycle(127.5)

‘ Call Component Macro

AN NN

PWM(1) D
SetDutyCydle(127.5)

Call Component Macro

LCDDisplay(0)
Cursor(0, 0)

Call Component Macro

LCDDisplay(0)
PrintString(" down stairs ")

AN

Connection Point
(O =~
[

Call Component Macro
Pk LCDDisplaw(0)

\ Clear()
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2.Up

BEGIN

Call Component Macro

LCDDisplay(0)
Ciear()

Goto Connection Point

<A

Call Component Macro

PWM(0)
SetDutyCydle(127.5)

Call Component Macro

PWM(1)
SetDutyCycle(127.5)

‘ Call Component Macro

i
a LCDDisplay(0) ﬂ
i

Cursor(0, 0)

‘ Call Component Macro
LCDDisplay(0) []

PrintString(" climbing stairs ")

-

Connection Point
o=

Call Component Macro
%] Pk~ TCDDisolaw0y 1

) j

END
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.Mikroc program code

1: float vv; hh; bb; // for sample value of joystick
2: unsigned short int x=105, y=105 ; // to control pwm value for both motors
3: unsigned short int 1i; // variable to control lcd
4:

5: // function to display variation of speed on Icd

6:

7: wvoid displav() {

8:

9: if (x==105 || y==105){
10: Led Out (1,1, "sp=1");
11: y
12: if (x==155|] y==155){
13:
14: Led Out (1,1, "sp=2");
15: y
16: if (x==205 || y==205){
17:
18: Led Out (1,1, "sp=3");
19: }
20: if (x==255 || y==2535){
21:
22: Lcd Out (1,1, "sp=4");
23: y
24: }
25:
26: // function to display stairs mode "enable , up and down" on Icd
27:

28: void displayl() {

29: if (bb<980 )

{

30: Led Out(2,1,"™ stairs mode off ");
31: }

32: elsef

33: Led Out (1,5," stairs mode");
34:

35: if (rd5 bit==1){

36:

37: Led Out(1,5," stairs mode");
38: Lcd OQut (2, 2, "up");

39: N

40: }

41: if (rd7 bit==1){

42: B

43: Tcd Out(1l,5," stairs mode");
44 : lcd:out(Z , 2 ,"down") ;
45: }

46: }

47: }

48: //sbit for Icd

49: sbit LCD_RS
50: sbit LCD EN
51: sbit LCD D7
52: sbit LCD D6
53: sbit LCD D5
54: sbit LCD D4

at
at
at
at
at
at

RB4 bit;
RB5 bit;
RB3 bit;
RB2 bit;
RB1 bit;
REO bit;

56: // Pin direction

58: sbit LCD RS Direction at TRISB4 bit;
59: sbit LCD EN Direction at TRISB5 bit;
60: sbit LCD D7 Direction at TRISE3 bit;
6l: sbit LCD Dé Direction at TRISBZ bit;
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116:
117:
118:
119:
120:
121:
122:
123:

sbit LCD D5 Direction at TRISB1 bit;
sbit LCD D4 Direction at TRISBO bit;

S/main function

: void main() {

adconl=0b1000001;
trisc.f7 =1;
trisd = 0b11110000;

S/ to determine which bins ar analog
/7 make bin 7 of port ¢ input
// bins 0123 out & 4567 input

//initialize lcd & both pwm channels

Led Init ():

PWM1 Init (2500);

PWM2 Init(2500);

PWM1 Start():
PWM2_Start () ;

PWM1_Set Duty(x);

PWM2 Set Duty(y);

Lcd Cmd( LCD CURSOR OFF) ;
/7 infinit loop

while (1) {

//counter to control lcd clearness

i=1 +1;
if (i==50){
i=0;
Led Cmd (LCD CLEAR) ;
}

// reading analog values

vv = ADC Read(0);
hh ADC Read(1);
bb ADC Read(2);

if (bb<980 ) {

Led Out(1l,6,"ch < 20%");

h

as sampling

// condition to ensure stairs mode is off

if (rdée_bit==0) {

display () /Y calling function that display speed variation

// conditions to control directions according to joystick volt

o if(vv>341  && vv<430 ) {

if ( hh>171 && hh<256) {
rd0 bit=1;

rd2 bit=1;

rdl_bit=0;

rd3 bit=0;

}

if ( hh>358&& hh<410){
rd0 bit=1;

rd2 bit=0;

rdl bit=0;

rd3 bit=0;

}

if (hh>18 && hh<é8) {
rd0 bit=0;

rd2 bit=0;

rdl_bit=1;

rd3 bit=0;

}

}
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124:
125:
126:
127:
128:
129:
130:
131:
132:
133:
134:
135:
136:
137:
138:
139:
140:
141:
142:
143:
144:
145:
146:
147:
148:
149:
150:
151:
152:
153:
154:
155:
156:
157:
158:
159:
160:
l6l:
162:
163:
le4d:
165:
166:
167:
168:
169:
170:
171:
172:
173:
174:
175:
176:
177:
178:
179:
180:
181:
182:
183:
184:
185:

if (vv>=0 && vv<86 && hh>171 && hh<256) {

rd0 _bit=0;
rd2 bit=0;
rdl bit=1;
rd3 bit=1;
}

if (vv>171
if(hh>341
rd0 _bit=1;
rd2 bit=0;
rdl bit=0;
rd3 bit=l;
}

if( hh>=0
rd0 bit=0;
rd2 bit=1;
rdl bit=1;
rd3 bit=0;
}

}

if (vv>=86
rd0_bit=1;
rd2 bit=1;
rdl bit=1;
rd3 bit=1;
}

&& vv<256) {
&& hh<430)

&& hh<86) {

&& vv<=340&& hh>=86 && hh<=340){

{

// to control pwm with 20% up or down by bush the bush bottoms

if (rc7 _bit==1&& x<255 &&

delay ms(10);
if (rc7 bit==1){
Led Cmd( LCD CLEAR) ;

X =x + 50
y =y + 50

r

r

PWM1_Set Duty (x);
PWMZ Set Duty(y):

display();

while (rc7 bit==1) {}

}
}

if (rd4 bit==1 && x>106 &&

delay_mg(lo);
if (rd4 bit==1){
Led_Cmd (_LCD_CLEAR) ;

X =x - 50
v=y - 950

r

r

PWM1_Set Duty (x);
PWM2_Set Duty(y);:

display() ;

while (rd4 bit==1){}

}
}
}

else{

if (bb>980 ) {

displayl();
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186:
187:
188:
189:
190:
191:
192:
193:
194:
195:
196:
197:
198:
199:
200:
201:
202:
203:
204:
205:
206:
207:
208:
209:
210:
211:
212:
213:
214:
215:
216:
217:
218:
219:
220:
221:
222:
223:
224:
225:
226:
227:
228:
229:
230:
231:
232:
233:
234:
235:
236:
237:
238:
239:
240:
2471 :
242:
243:
244:
245:
246:
247:

// for braking
if (rdS bit==0&&rd7 bit==0 ) {

displayl();
rd0 bit=1;
rd2Z bit=1;
rdl bit=1;
rd3 bit=1;

}
/7 up
if (rdS5 bit==1&&rd7 bit==0 ) {
delay ms(10);
if (rd5 bit==1){
PWM1 Set Duty(155);
PWMZ_ Set Duty (155);

displayl();
rd0 bit=0;
rd2 bit=0;
rdl bit=1;
rd3 bit=1;

}
Led Cmd( LCD CLEAR) ;
1

else {

rdl bit=0;
rd3 bit=0;
}

if (rd5 bit==0&&rd7 bit==1 ) {
delay ms(10);
if (rd7 bit==1 ) {
PWM1 Set Duty (100);
PWMZ Set Duty(100);
displayl();
rd0 bit=1;
rd2 bit=1;
rdl bit=0;
rd3 bit=0;

}
Lc:d_Cmd (_LCD_CLEAR) ;
}

else {
rd0 bit=0;
rd2 bit=0;
}
1
else(
displayl();
rd0 bit=1;
rd2 bit=1;
rdl bit=1;
rd3 bit=1;

}
}
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243: }
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l Reference ,

http://www.markallen.com/teaching/ucsd/147a/lectures/lecture2/last.php

http://www.ksurct.org/howto/hints/h-bridge.pdf

http://www.itdg.org/docs/technical information service/batteries.pdf

http://www.vonwentzel.net/Battery/index.html

http://www.web-ee.com/primers/files/WebEE/AN-9010.pdf

http://www.clearleadinc.com/site/consumer electric wheelchair.html

http://www.sea.siemens.com/step/templates/lesson.mason?components:4:3:2
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