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Abstract

A voice controlled wheelchair system iz a project which aims to provide the paralysis people
wilh wheelchair that can be controlled easily Joystick or any mechanical controlling system.

The requirement led to understand the traditional wheelchair and replace the mechanical
controller with specific controllers that can translate the voice signal to motor contrelling signals,

This project includes the idea of sending the voice signals by microphone through a DSB kit
1o be processed and transformed into a pulse signals, then it will passes o PIC microcontroller,
which it suppose to turn it to special movement.
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Chapter One

Thesis Overview

1.1 Introduction

With increased mobility impairments and discases that causes paralvsis these days o new
technologies iz needed to help those who have difficulties with moving and transfernng from one
place w another. from here came the idea of desigming & wheelchair that controlled by voice
commands in order to give these peaple some help,

1.2 Project Objectives

1) Designing a wol that helps the paralyzed people in their movement |
2} Duild a speaker dependent system that receives several voice sipmals and translate them
wheelchair control signals.

1.3 Project Importance

Thiz praject will help a lot of paralyzed people in moving freely and make their lives easier,
which can also help them communicate with the cuter world without any help from others,

1.4 Literature review

The electric-powered wheelchair was invented by George Klein who worked for the National
Rescarch Couneil of Canada, 1o assist injured veterans during World War 11,

George Klein wheelchair were developed lhrough vears i dilferenl ways o accommaocale
different types of disabilitics, Those with partial paralysis will be able to move more than those with
total pamalysis and wheelchair companies have created products to accommodate these differences.
This enables more individoals to have a little more feedom than they would nommally have, Suall,
users with different conditions have o leam to control their chairs in different ways.

These techniques wnclude joy stick controller for those who can move their hands, head
switches contraller for those who can't move their hands so they move their head instead, sip-and-
puff controllers, worked by blowing inlo a sensor lor those with Wotal paralysis and there s studics m
moving wheelchairs by eye movements . While in this praject the contral mcthod used 15 by voice
commmands.

Il




1.5 Economical Studies

The following table represents the costs of the main componeants

The mtal cost for this project is 461 5, these divided on:

Tahle 1.1 Cost Tahle

Cost Components
788 Car Batteries
83§ Two Sensors
300 § Circuit Parts
|
'.6 Time Schedule I

! The time plan, represents the main stages of the establishing the project, is divided into the two |
semesters as shown in the following tables

Table 1.2 Time Scheduled Table tor the First Semeaater

Tl Projeetl Definilion 1 Week
T2 Collecting data 11 Wecks
] Analysis 7 Weeks
Ta Theoretical caleulation 4 Weeks
Th Documentation 10 Weeks
T Prepare for presentation 7 Weeks

12




The time of the inttoduction o project is scheduled over 16 weeks, able 2 shows how the
work was scheduled over this time:

Tahle 1.3 Time Plan Lable

The following tables defines the main tasks in the project:

Table 1.4 Time Scheduled Table for the Second Semcester

5| Collecting data 3 Weok

12 Dlesign 10 Weeks

T3 Analysis 5 Weeks

14 Building and testing the 8 Weeks
system

TS Documentation 10 Wecks

To Prepare [or presentation 2 Weeks

The time of the introduction to project 15 scheduled over 16 weeks, table 4 shows how the
work was scheduled over this time:




Tablc 1.5 Time Plan Table

Week

Tazk

T1

)

1

2134

10

14

15

16

T4

T5

14




Chapter Two

Physiological
Background

2.1 Introduction.

2.2 Spinal Cord Anatomy,

2.3 Spinal Cord Paralysis.
1.2.1 Causes of Spinal Cord Paralysis
2.3.2 Level and Degree of Injury
2.3.2.1 Complete Injury

2,3.2.2 Incomplete lnjury
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Chapter Two

Physiological Background

2.1 Introduction

Befare starting the design of the voice controlled wheelehair, and understanding of
what i the main causes of paralysis is necessary. This requires some hackground knowledge
about the physiology of the spinal cord and 115 injuries.

This chapter gives a rough idea about the anatomy of the spinal cord, spinal cord paralysis,
causes of these paralvsis and the level and degree of mjury.

1.2 Spinal Cord Anatomy

The spinal cord is the largest nerve in the body, and it 15 compnised of the nerves
which act as the communication system for the body. The nerve fibers within the spinal cord
carry messages to-and from the brain to other parts of the body. Thus, the spinal cord can be
compnred to a telephone cable which cormects the central office (brain) to the individual
homes. Because of 1ts important role in the nervous systern, the spmal cord is surrounded by
protective bone scgments, called the vertebral column, The vertebral column is comprised of
eight cervical venchrae, twelve thoracic vertebras, 5 lumbar vertebrae and five sacral
vertebrae as shown m Fig [2.1]. As the body grows, the verebral column grows more in
length than the spinal cond, causmg a discrepancy between the location of the spinal cord
segments and the vertebral column segments, particularly in the lower part of the spinal
systemn, ['or this reasomn. there iz often a discrepancy between the level of verigbral fracture
and the level of spinal cord injury,

The term spinal cord injury refers to any mjury of the neural elements within the
spinal canal. Spinal cord injury can occur from either trauma or disease to the vertebral
colomn or the spinal cord itsell, Most spinal cord injuries are the result of trauma to the
vertebral column causing a fracture of the bone, or tearng of the ligaments with
displacement of the bony column producing a pinching of the spinal cord. The majority of
broken necks and broken backs, or vertebral fractures, do not cause any spinal cord damage;
however, in 10-14% of the cascs where a vertebral trauma has occurred, the damage 1s of
such severity it results in damage to the spinal ceord.




. I\. I .'|II }
i ‘\\. ! 'I :_?

Cowmeial pbrt Corriesl pagment |15]
Cormingl wod digmmeg et

Cend v al marcas (C1.00)

Theusaie hghai !T'I-'HEI<

% Suceal part Bacrdl seaments 151 = 5
= :'. = Ii- /

L narywn il W il
Hiorm tairmimpbe. Tarmem g | Sigm
Canda wquing

"

L ranatomy

Bamral nwnws gnd opooygesl rans (51

Wusiralion - A Mcheau - MO i

Figure 2.1 Spinal Cord ™

2.2 Spinal Cord Paralysis

Spinal cord paralysls ca be defined as the damage of the spinal cord that causes a partial or
tatal loss of muscle and sensory functions. The spinal cord does not need to be severed for paralysis
to occur, The location of the spinal cord injury dictates what muscle and sensory functions are

affected and the degree of injury [complete or incompleta) dictates haw much (if any) function
Temains.

2.3.1 Causes of Spinal Cord Paralysis

As discussed in the previous sections. the spinal eord is made up of a bundle of nerves
that carry information 10 and from the museles, organs and tissues of the body to the brain. [t
is protected by 33 vertebrag, and by soft hissue. Injury 1w the spinal cord or surrounding
lissucs can result in spinal cord paralysis. The mechanisms of spinal cord injury are:

17




1) Blunt trauma from car aceidents, sports imuries and falls that fracture, dislocate,
crush or compress vertebrae or cause surrounding sofi lissues 1o damape | thereby
cauging impingement syndrome (entrapment of the spinal cord, which can cause
paralysis) .

3) Penemating injuries such as gunshots or stab wounds that penctrate or ¢ut the spinal
cord .

3) Secondary swelling, bleeding, inflammation gnd (luid accumulation in and around
the spinal cord.

4) Non-traumatic injuries from infection, disense or inflanunatory processes such as
muliiple sclerpsis, ransverse mellitus, and spmal cord rumors.

23.2 Level and Degree of Injury

The spinal cord and its brunches are comprised of upper and lower motor nourons.

The upper motor neurons camy messages back and forth um the brain to the spinal nerves
along the spinal tract (also known as the central nervous svstem) and the lower motor
neurons branch out to the limbs. mink organs and the rest of the body (the peripheral nervous
system). The destruction of nerve fibers that carry motor signals causes muscle paralysis and
destruction of sensory nerve fibers. which in furn leads to loss of sensations like touch,
temperatury and pressure, When the spindl cord is injured, the line of communication is
hraken with the norves below the level of injury,

23.2.1 Complete Injury

Complete cervical spine (C-C;) injunies cause yuadnplegia. which is total paralysis of

the upper and lower extremitics.

1)

2}

3)

4)

5)

C,-Cy patients can speak. swallow and control head movement but their amms and
legs are completely paralyzed and they require 2 mechanical ventilator to breathe.
(4 patients may be able to move their neck and shoulders and have difficully breathing
that may or may not require a ventilator, but their arms and legs are completely
paralyzed,
C: patients ¢ammot move their trank o legs and may bave difficulty breathing but have
some movement of the arms and can bend their elbows and move their shoulders.
C; patients cannot move their trunk or leg: and may have difficulty breathing but have
sonte movementl ol the anns and can bend ther ¢lbows and move their shoulders and
extend the wrists,
C5-Cy patients cannot move their trunk or legs and may expenience weakness in breathing
but can bend and straighten their elbows and have some use of their fingers.

Camplete thoracic (T)-Tyz), lumbar (Li-Ls) and sacral ($)-8:) mjurics ¢ause paraplegia,
or ttal paralysis of the lower extremities.

18




1y Ty-Te paticnts are completely paralyzed in the lower boedy and legs. Additionally,
patients may have some difficulty breathing — as well as differing degrees of trunk
mobility, depending on the level of injury.

20 Tg-Ly patients are completely paralyzed in the lower hody and legs but have pood trunk
mavement.

1) L;-8s patients have partial paralysis in the lower extremities and groin with varving
degrees of weakness in the hips. knees. ankles and feet.

1.3.2.1 Incomplete Injury

In an incomplete spinal cord injury there is still some function below the level of injury. The

level of paralysis is dependent upon whether the fromi, back. side, or center of the spinal cord
was damaged.

1)

)

]

41

6]

Central cord syndrome, the most common furm of incomplete spinal cord injury, is
azsociated with frauma to the central portion of the spins, It affects movement in the arms
and hands more than the legs. [n some cases patients suffer from hladder dysfunction and
sensory loss below the level of infury,

Anterior cord syndrome results from imjury to the fromt section of the spine. Of the
incomplete spinal cord injuries. anterior cord syndrome usnally has the worst outeomes,
Mast patients lose movement as well as the ability to fec! pain and temperature below the
level of injury but retain some touch, vibration and position sense.

Posterior cord syndrome is the least common of incomplete spinal cord injuries. Patients
retain some motor function, pain, temperature, and touch but not position semse, Motor
strength, as well a5 pain and temperature sensation. is relatively spared. Patients may require
walking deviees hut otherwise lunction Rirly well.

Brown-Sequard syndrome occurs when there is injury 1o one side of the cord that causes
wesnkness or paralysis on the injured side and loss of pam and temperatiure sensation on the
oppesite side. This syndrome can be caused by penetrating trauma (e.g., a puncture wound to
the neck or hack) or certain diseases such as multiple sclerosis.

Conus medullans syndrome, which is caused by an injury to the sacral region of the spine,
may result in bladder problems, groin numhbness, and weakness in the lower exlremitics.
Cauda equina syndrome occurs when pressure on the nerves at the bottom of the spinal cord
(from herniated disk, hleeding or spinal mmor] causes pain, numbness, weakness and
bladder problems,

13
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Chapter 3
DC Motors Background

1.1 Introduction

At the most hasic level, clecine motors exist to convert electrical energy into mechanical
crergy. This is done by way of two interacting magnetic fields ; one stationary, and another attached
10 & part that can move. A number ol types of electric motors exist. DC motors have the potential for
very high torque eapabilities (although this is generally a function of the physical size of the motar),
are easy o miniaturize, and can be "throttled" wia adjusting their supply voltage, DC molors are also
not only the simplest, but the oldest ¢lectric motors.

The basic principles of electromagnetic induction were discoversd in the early 1800's by
Oersted, Gauss, and Famday. By 1820, Hans Christian Oersted and Andre Marie Ampere had
discovered that an electric current produces a magnetic ficld. The next 15 years saw a flurry of
cross-Atlantic experimentation and immovation, leading finally to a simple de rotary moter. A

namber of men were involved in the work, so proper credit for the first de motor is really a function
of just how broadly vou choose to define the word "motor.”

DC motors are, driven from a de power supply . Unless otherwise specitied |, the input
voltage to a d¢ motor 15 assumed o be constant . because that assumption simplifies the analysis of
mators and the comparisons between different types of motors.

3.2 The equivalent circuit of a DC motor

The armature circuit is represented by an ideal voltage source Ex and a resistor R, This
representation is really the Thevenin eguivalent of the entire rotor structure including rotor coils,
mterpales, and compensating windings, if present. The brush voltage drop is represented by a small
battery Vines opposing the direction of current flow in the machine. The field coils, which produce
the magnetic flux i the generator, are represented by inductor L and resistor Re. The scparate
resistor Ray represcnts an external variable resistor used to control the amount of current in the
figld circuil.

There are a few vanations and simplifications of this basic equivalent circuit. The brush drop
voltage if often only a very tiny fraction of the generated voltage in a machine. Therefore, in cases

21




whre il is not too critical. the brush drop voltage may be left out or approximately included in the
value of Ra. Also, the internal resistance of the feld coils 15 sometimes lumped together with the
variable resistor, and the total is called Ry, A third variation is thal sume generators have mare than
one feld cotl, all of which will appear an the equivalent cireuit,

The intemal generated voltage in this machine 15 given by the equation:

E.=FKow .. Equation(3.1)

Where ;
Ea: Armature vollage k | Constant
@ : Flux m : Speed of rotation

And the induced torque developed by the machine is given by
T = KOL, .. Eguation(3.2)
Where

T jzd : Induced torgue.

L A

Tigure 3.1 The Equivalent Circuit of a DC Motor ',




3.3 The Mugnetization Curve of a DC Machine

E4 s directly proportional to flax and the speed of rotation of the machine. Ey iz therefore
related to the field corrent . field current in 2 dc machine produces a field magneio motive force
given by F' = Nglp. magneto motive foree produces a {lux in the machine in aceordance with its
magnetization curve

L
Wh

¥, - s

Figure 3.2 The Magnetization Curve ol a Ferromagnelic Material ity

Since If is proportional fo magneto motive force and since E4 15 proportiomal to flux,
magnetization curve can represented as a plot of Ea versus field current for a given speed g,

Eﬁ ==
h

AF = Bl
B = py fooviRant

e [-g]

Figure 3 3 The Magnetization Curve of a DC Machine i




34 D Motors Principles of operation

In any electric motor, operation 15 based on simple electromagnetism. A current-carrying
conductor generates a magnetic field ; when this is then placed in an external magnetic field, it will
cxperienee 4 foree proportional o the curment in the conductor, and to the strenagth of the external
magnetic ficld. epposite (Morth and South) polaritics attract, while like polarities (North and North,
South and South) repel. The internal configuration of a de motor 15 designed o harness the magnertic
interaction hetween & current-carrving conductor and an external magnetic field  generate
rotational motion.

Figore 3.4 A Common DC Motor Parts Pt

Every de motor has six basic parts | axle, rotor (ak.a.. armalure), stator, commultator, ffeld
magnet(s), and brushes. In most commoen de motors, the external magnetie field is produced by
high-strength permanent magnets . The stator is the stationary part of the motor | this includes the
moler caging, as well as wo or more penmanent magnel pole picees. The rotor (topether with the
axle and attached commutatar) rotate with respect ta the atator. The rotor consists of windings
(generally on a core). the windings being clectneally connected (o the commutator. Figure 3.4
shows a common motor layvout, with the rotor inside the stator (field) magnets.

The geomelry of the brushes, comumutator contacts, and rotor windings are such that when
power 15 applied, the polarities of the energized winding and the stator magnet(s) are mizaligned.
and the rotor will rotate until it is almost aligned with the stator's field magmets. As the rotor reaches
alignment, the brushes move W0 e next commutator contacts, and energize the next winding,

In real life, though. dc metors will always haye more than twe poles (three is a very common
number). 1n particular, this aveids "dead spots” in the commutator,
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3.5 Types of DC motors

There are five types of de motors Separately excited and shunt de motors |, motor |
compounded de motor, series de motor and permanent — magnet de.

3.5.1 Permanent magnet DC motor

This subsection will intreduce the penuanent magnet motor with some details.

3.5.1.1 PM Brushed Motors

A simple brushed motor can be seen in Figure 3.5, The electricity from the batterv enters the
motor through two leads and charges the brushes. These brushes make contact with the commutator
ring. The current then runs through the wire coiled around the armamre, this electric coil creates a
magnetic field around the armature,

The armature then rotates to align with the field magnet’s magnetic field. At a cerfain point
in the rotation the commutator switches the polarity of the armature. This switch eontinues the
rotation and the cyele continues. The armature 15 attached to the axle of the motor which s the same
axzle thal protrudes from the motor.
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Figure3.5 Simple Electric Motor '

Advantages of brushed motors are that they are relatively low cost compared to ather types
of electric motors, Brushed motors also make it very easy to control the speed and have @ lincar
torque to speed curve. Disadvantages of the brushed motor are that the brushes arc constantly
scralching the commutator, creating frichion and wear. This increases the maintenance of the motar
and reduces the efficiency o levels of 75 wo B0 Y.

Electric wheelchair motors are most commanly DC brushed motars and ron off of 4 24V
battery. They are available for purchase, however they are specialty motars and are very expensive.
This is duc to the unique requirements demanded by an electric wheelchuir. Electrc wheelchair
motors must provide sufficient power, minimanm maintenance, and long life, The motor is atiached
10 a gear box that transmits the power of the motor to the wheel. If possible, a wheelchair motor and
gearbox would be a desirable component of a- new design: however, due to cost an electric
wheelchair motor would need (w be donaled 1o the group 1 used.




3.5.1.2 PM Brushless Motors

A brushless motor operates on the same principles of ¢leclromagnetism that the brushed
motor does. However the intemal design of the motor is different [n & brushless molor the
clectromagnetic coils are stationary and the field magnet 15 replaced by many permanent magnets
attached to the rotor. The coils are positioned and pet charged in sequence such that the permanent
magnets are forced to rotate.

A brushless motor controller is required to control the charging of the coils. Brushless
motors are highly advantageous because they do not have the [nclion or wear created by the brushes
in a8 brushed motar. This makes them 85 to 90% efficient and requires much less maintenance than
brushed molors. Brushless motors are more expensive than brushed motors hut can he cost effective
over the long nuim due to their efficiencies. The first generation prototype will be made based on cost
effectiveness, but longer lasting, more efficient moors would be recommended for fumre
venerations.

3.6 DC motar efficiency calculations
To csumate the efficiency of a de motor, the [ollowing losses must be determined:

1) Copper lossas,

2} Brush drop losscs.
3) Mechamical lnsses.
4) Core losses.

3) Siray losses,

To find the copper losses. we need to know the currents in the motor and two resistances. In
practice, the armature resistance can be found by blocking the rotor and a small DC voltage to the
armamre terminals , such that the armature current will equal to its rated value. The ratio of the
applied voltage to the armature carrent is approximately Ra.

The Geld resistance 1z determaned by supplying the Tull-rated Geld voltage (10 the field circoit
and measuring the resulting field current. The field voltage to field current ratio equals to the field
resistance.

Brush drop losses are frequently lumped together with copper losses. If treated separately,
brush drop losses are a product of the brush voltage drop Van and the armature current 1.

The core and mechanical losses are usually determined together. If a motor 15 running fraely
at no load and at the rated speed, the current 1y is very small and the armature copper losses are
neghgible. Therefore, if the field copper lnsses are subtracted from the mput power of the motor, the
remainder will be the mechanical and core losses. These two losses are also called the na-load
rotational losses. As long as the motor’s speed remains approximately the same, the no-load
ratational losses are a good cstmate of mechanieal and core losses in the machine under load.
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Chapter Four
Motorized Wheelchair

4.1 Introduction

Muotorized wheelchair shown in Figure 4.1 consists of mechanical system (motors) required
to provide the chair movement al the necessary speed, electrical svstem represented by the
controlling system and the battery required 1o provide chair motor with the required volwage,

..r _,. irput diwice ard |3 cnirotier

View from Up
O ;

E] Yiew f-om baoc

Bmtary
Fower Contralizr
Lelt Mator Right ot Late hlmer Al MEta:

The wheelchairs available today works as when the [ront swilch s pressed, the two motors
moves gynchronously m the same dircetion (clockwise), when the back switch is pressed the two
motors moves synchronously in the same direction (counterclockwise). and when the night switch is
pressed the two motors moves synchronously at the opposite direction, finely the left mavement act
a5 the right movement except that the motors moves at opposite direction,

=

Figure 4.1 Wheelchair Model '

4.2 Main Wheelchair Components

The main wheelchair components are showm in Figure 4.2, each stage is discussed in the
following sections.




Battery

i L
Input Device » Controller | —»  Power Controller
Battery > Motors

Figure 4.2 Wheelchair Block Diagram
4.2.1 Input Devices

There are several types of wheelchair input devices such as Proportional (joystick), non-
proportional (switch inputs, sip and puff) and scan-control (reduces number of switches). These
followed by its associated controller which fulfills the following tasks:

1) Translating command signal [rom input devies to velocity/direction command for power
controller.

2} Monitoring performance (Many intermal clectronic pamameters).
3) Providing feedback 1o user (status of battery charpe and mode of controller aperation
{onfofT) commonly displaying 1o user)s.

4.2.2 Power Conlroller

Tts function is controlling the electrical cncrpy given to the motor to control the wheelchair
movement, and m the case of dual motor drives, contrals the direction (steering).

4.2.3 Motors

Motors arc the heart of the wheelchair, without motors the chair is not able 1o move, The DC
motors converts the electrical energy provided from the battery to mechanical cnergy,

The Commaon types of motors:
. Permanent magnat (PM) direct current (DC) with brushes,
2. Permanent magnet (PM) brushless DC,

4.2.4 Battery

Battery is the Source of zlectncal energy (dircet current), Electric wheelchairs use - deep evcle,
sealed, lead-acid, and rechargeable- batterics, They are available in different sizes and power or
ampere-hour ratings. They are typically 24V batteries that are available in 30 1o 90 ampere-hour
capacities. and they are verv heavy.
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Chapter Five

System Design and Implementation

5.1 Introduction

This chapter explains in details the voice controlled wheelchair's design, and final schematic
diagram for the system,

5.2 System Block Diagram

As discussed in the proceding chapters, Lhe idea of the project is to replace the input device
svailable in the lradition electrical wheelchair with voice commands, The voice commands are
processed by the communication engineering team, providing us with five analog pulses with
differcnt frequencies. These signals are applied to the PIC microcontroller and processed in a way
that pives a '0' volt or '5' volt output to the H-Bridge.

The following sections describc the main stages of the project deeply.

Vaoice signals
r v
Voice Battery
Fecogmition

Syamem

_l L
_ Frequency A ®  [ire H-Rridge = First DC Motor

Valtage convertor B PIC18F4550 — —
: | Second H-Bridge »  Second DC Maotor

[ ]

Step Down Regulator
of Microcontrodler

E

Battery

Figure5.1 System Block Diagram




5.2.1 Input Signal Classification

As mentioned in the preceding sections, five different signals are required to control chair
movements (right. left, backward, forward, and stop). All These signals are square pulses with
different frequency and with same duty cycles.

When ene of these signmals cntering the PIC input, the PIC will give an output signal that
controls the switches of the T'wo H- Bridges which control the two motors as shown in table 5.1,

Table 5.1 Signal Classification

pri’ ;i”;lc}, Signal Shape Signal Name
IKHZ e A e 05 ms _-] sTOP
IKHZ --nzs ms 025 ms i_____J FORWARD
4KHZ 0167 | 90 J BACKWARD
ra cv b \E _—LJ LEFT
wr [TULU LU L L LI sem

5.2.2 Frequency to Yoltage Convertor (KA331)

A converter that provides an analog output voltage which is proportional to the frequency or
repetitivn rate of the input signal. KA331 1C will be used in this project, The basic F-to-V converter
uscs KA331 shown in Figured.5.

The classification of KA331 is appropriate with projest requirements, and the features of
KA33] are:

1. Operates on single 12V supply.
2. Pulse cutput compatihle with all logic forms.
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. Low power consumption: 500 mill wat typical at 12V,

. Wide dynamic range. 100 dB min a1 10 kHz full scale frequency.
. Wide range ot full scale frequency: 1 Hz to 10( kI1=z

. Low cost,

The need of using this IC is making an analog signal (voltage) from a pulse tmin (sound)

before entering to the microcontroller to make a digital output. KA331 has many circuits for canvert
frequency-to-valtage; one of them is the basic converior as shown in Figure 5.3.

“Yg = +15¥

Figure 5.2 KLA331 Circuit Diagram

The output voltage of KA331 1s:

Vout = fin»2.09 » - = (ReCt) ... Fquation (5.1)!"’




Table 5.2 KA351 Calculated Voltage Outputs Due to Frequeney Inputs

Input (Frequencies) Varr
IKHZ  (Stop) 0.150 V
KHZ (Forward) 0274V
4KHZ (Backward) D491V
SKHZ  (Lef) 0.503 V
6KI1Z  (Right) 0.752V

5.2.3 Regulator (DC to DC Convertor)

DC to DU convertats are electronic devices used whenever we want to change DC ¢lecinical
power efficiently from one voltage level to another.

[n this project the DC-DC convertor is used to step down the battery veltage from 12 vio 5 v
since the FIC microcontroller works oa 5 v supply.

The DC-DC convertor used in this project i3 the 7805 regulator for the following reasons:

1) Gives the specific wanted voltage,
2} Cheap,
3) Available m thie market,

5.2.4 The PIC18F4550 Controller

A Microcontroller (also microeomputer, MCU or pC) is & small camputer on a single integrated
cireuit consisting intemnally of a relatively simple CPUL clock, timer, I/O ports, and memory,
Microcontrollers are designed for small or dedicaled applications. Thus. in contrast to the
microprocessors used in personal computers and other high- performance or goneml purpose
applications. simplicity is emphasized.

Some microconirollers may use four-bit words and operate at clock rate frequencies as low as 4
KHz, as this is adequate for many typical applications, ensbling low power consumption (mill
wails ],

Choosing this type of mucroprocessor tor the following reasons:




1) 32768 —bytes—program memory. This represents enough memory to perform the project.
2) 13 inpur channels, 10 bit analog — ta — digital module that convert analog signal to digital.
1) Availability of PIC programming in the Universily.

4) Cheup.

A 20MI11z erystal is connected to the OSC1 & (SC2 pins w0 establish oscillation as shown in
figure 5.4, Capacitor values required 1o produce aceeptable oscillator, but alsa increases the start-up
tume, The PICIBF4550 deviee includes an internal oscillator which penerates two different clock
signals; either can be used as the microcontroller’s clock source.
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Figure 5.3 PIC18F4550 with Oscillator and Reset

The micracontroller input voltage for all direetions and the PIC outpuls in every direction
shown 1n Table 5.2.




Table 5.3 PIC1EF4350 Input Voltage and Outpnt Terminals

Input Voltage Output Terminals
Ral) RDO RD1 RD1 RD3
0.150 v 0 0 0 0
(.274 V 1 0 1 0
0491 V U 1 0 1
. 0593V 1 0 0 1
| 0752V 0 1 1 0
£.2.5 H-Bridges

1he H-Bridge is principally a configuration of 4 switches, which are swilched in a specific
manner ta control the direction of the current through the DC mator. (For DC motors, the direclion
“f rotation of the armature of the motor is changed by changing the direction of the current flowing
shrough it),

A simplified diagram showmg the operation of H-bridge configuration is shown in Fignre 5.6,

Figure 5.4 H-Bridge Principle of Operation!' !
There are two possible paths [or the current:

1) The red path, where the current is directed to the motor through the switches 53 and 52,
causing the motor (o turn clockwise.

2) The green path, where the current is direcied to the motor through the switches 51 and 54,
causing the motor o lum aoti-clockwise.
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In this project the four switches are replaced with four transistors as. in order o
electronically control the flow of current in the motor, hence, allowing us to control the
direction of the moter from the PIC microcontroller, as shown im Figure 5.7.

o fRpRREsl B3Eaecd
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Figure 5.5 PIC18F4550 with 11-Bridge

According to the transistors state, the motor direction will be determined as shown in table 5.2,

Tahle 5.4 States of Transistors and Motor Behavior

T2 3 T4 Motor Direction
ON OFF OnN Clockwize
Orr N OFF Counterclockwisc
OFF OTF OFF Stop

Er)




When both metors are clockwise the wheelchair moves forward, and when the motors are
counterclockwise the wheelchair moves backwand. The case is different for right and left directions,
as for left direction, the rght motor moves clockwise and the left motor moves counterclockwise,
and for the right direction, the right motor moves connterclockwise and the left one moves
clackwise. And this 1s shown in Tahle 5.3.

Tahle 5.5 Motors State and Movement Type

| Mators State Movement Type
I Two Motors are Clockwise. Forward
Two Moters are Counterclockwise. Backward
The right moetor is clockwise and the left motor is counterclockwise, Right
The right moetor is counterclockwise and the left motor is clockwise, Left
Two motors are Deactivated. No Moving (Stop)

Because the max current for the DC motor equals 9A, it must choosing an appropriate
transistor that matches the motor speeifications, for that {BD245) NPN and (BD250) PNP are the
mast appropriate ones for this application, because it's maximum current equals 25A.

5.2.6 C Motor,

As mentioned in previous chapter the motor coverts the electrical energy to mechanical energy
that moves the wheel of the wheelchair.

In this project PM brushed DC motor 18 used.
5.2,7 Battery.

The battery is the power source that provides all of the system component energy, the voltage of
the project battery is 12 volt harttery,

5.3 Final System Schematic.

Final system schematic contains all parameters drawn by ORCAD program and shows all
values already will be used. And this 1s shown m [igure 5.5.
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Chapter Six

Results and Conclusion

6.1 Introduction.

In the preceding chapters. the complete construction and principle of operation for each part
in the wheelchatr were briefly discussed, this will help to achieve the main poal of this project that is
o design a vaice controlled wheelehair,

This chapter talks about the simulation results, practical results, conclusion and future work.

6.2 Simulation results.,

This sectioms shows the simulation resulls for the motor in both directions ( Farward and
Backwand ) states, and the Stop state.

In the Forward state, the transistors T2 T4 are on. and T1,T3 are off, in the two H-Bridges ,in this
case the motor will move clockwise as shawn in Figure 6.1.
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Figure 6.1 Forward State Simulation
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In the Dackward state, the ransistors T1 T3 are on, and T2,T4 arc off, in the two H-Bridges ,in
this case the motor will maove counterclockwise as shown in Figure 6.2,

4" =y :
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Figure 6.2 Backward State Simulation

As for the Right state, the transistors T1 T3 are on, and T2.T4 are off for the left motor, and
the transistors T2 T4 are on, and T1,T3 are off for the Right motor, this cause the Right motar 1o
maove counterelockwise and the [.eft motar to mave clockwise as shown in Figures 6.3 and 6.4,
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Figure 6.3 Right Statc Simulation ( At the Lefr Motor )
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Figure 6.4 Right State Simulation ( At the Right Motor )

Finally, for the Left state, the transistors T2 ,T4 are on, and T1,T3 are oft for the Right motor,
and the transistors T1 T3 are an, and T2,T4 are off for the Left motor, this cause the Right motor to
move clockwise and the Lefl motor to move counterclockwise as shown in Figures 6.5 and 6.6
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Figure 6.5 Left State Simulation ( At the Left Motor )
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Figure 6.6 [.eft State Simulation ( At the Right Motor )

0.3 Practical resnlts.

This section shows the resulls from the Frequency w Voltape Convertor, and this results are
close 1o the Caleulated results shown in Table 5.2,

t.3.1 Results From the Frequency to Veltage Convertor Circuit

Fxpenments results are shown in the next pietures for cach value of voltages,

Figure 6.7 Output Voltage at 1IKH




Figure 6.8 Output Voltage at 2KIT

Figure 6.9 Output Yoltage at 4KH
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Figure 6.10 Output Voltage at SKII

Figure 6.11 Output Voltage at 6KH.




6.3.2 Results From the H-Bridge Circuit

After implementing the H-Bridge circuit and resting it, the wanted results occurred,
and though it worked and derived the motoss, figure 6.6 shows the H-bridge circuit.,

Figure 6.12 H-Bridge with Motor

6.4 Conclasions.

After huilding the svstem and testing it, the (ollowing resulls have ovcurred:

1) The chair moeves forward when applying a pulse waveform of frequency 2 KHz,

2} The chair moves backward when applving a pulse waveform of frequency 4 Klle,
1) The chair moves to the lefi when applying a pulse waveform of frequency 5 KIIZ.
4) The chair moves to the right when applying & pulse waveform of frequency 6 KHZ.

S) The chair stops when applving a pulse waveform of frequency | KHz.




0.5 Challenges

While designing the system. there are many challenges were faced such as:

1) The difficulty of providing a wheelchair with specific features.

2) The high cost of the wheelchair.

3) Some of the parts for the project were not available in the market.

4) The difficulty of programming lhe PIC. since there is not enough background of
programming the PIC.

H.6 Recommendations

Alter completing the design, and fulfilling the ohjectives of the project, The following points can
be implemented in the future o give further development to the system:

1) Providing the wheelchair wilh a GPS system.

2) Increasing the number of vocgbulary that the system deal with,

3) Adding a speed eantrol with different speweds (o the chair.

4) Adding aceessories to the wheelchair, like & hand that helps the patient to open the door or
turn light switches on or off.
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APPENDIX




System Software.

# include <p18f4550 h>

# include "xled.h"

# include <Ade.h>

# pragma config WDT=0FF
it pragma config LVP=0FF

ft pragma config FOSC=INTOSC_HS

void XLCDDelay15ms (void) {/ insert this section from LCD library to be active to use
d

int i;

for(i=0;i<10000;i-+)

{

Nop(}:

}
*The user i3 require o wnite this 4 milli second delay in his routine this delay */
15 royuired as it 15 used i XLCDInit() which is used to initialize the T.CT) module®’

void XLCDDelaydms (void)
{

inty;

for(i=0;1<2500;i++)
(




Nop():

f
*The user is require to write this 300 nano second in his routine this delay */

*is required as it 15 used in all read and write commands in the X1.CD routines*/

void XLCD DelaySOMns{void)
{

Nop(k

Nop();

Nop():
|
/*The user is require to write this XL.CDDelay() in his routine,this is required to write it™*/
/*the mode selected is by delay | it is used in all XLCT read and write commands of this routine */
void XT.CDDelay(void)

i

e i;

forli=0;i<1000;i+=)
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/! For Left and Right motion

vond molors steering (char dir)

;
if (dir='"R") /1 if the direction is right; RDO RD1 RD2 RD3=101 1.
{
PORTDbils.RDO=1,
PORTDhbits.RD1=0,

PORTDhits.RD2=1;
PORTDbits.RT33=1;

t
else if (dir="L") i if the direction is left: RDO RD| RD2 RD3=0111.

i
PORTDbits. RDO=0;

PORTDhit.RDI=1;
PORTDhits.RD2-1;

PORTDbits. RD3=1;
t

else if (dir="8") {{ if the dir. is stop: RDO RD1 RD2 RD3=0000 or 0101,
1

PORTDbits.RDO=0;

PORTDbits RDI=0 | 1;

PORTDbits RD2=0;

PORTDbits RD3=0 | 1;




1
/f The motors. moviny [unction For backward and forward motions
void motors_moving(char dir)

{
if (dir—"F") /¢ if the direction is forward; RD0O RD1 RD2 RD3=0101,
3
PORTDhits RDO=(:
PORTDbils RDI=1;
PORTDbits RD2=0;
PORTDbits.RD3I=1;
}
else if (di—'B") i if the direction is backward; RDO RD1 RD2 RD3=1111.
i
PORTDhits.RDO=1;
PORTDbits.RDI=1;
PORTDbits. RD2=1;
PORTDbits. RD3=1:
. }
else if (dir='S") #1iF the dir. is stop; RDO RD1 RD2 RD3=0000 or 0101,
i
PORTDbits RDO-0;

PORTDbits RD1=0 | 1,
PORTDbits. RD2=0:

PORTDhits.RD3=0 | I;




'

// The main function is the power function in this code, all calling sentences in the main function and
contains main variable declarations.

void main()

i
int i:
char dir;
PORTD—; /f clear PORT D
TRISD=0; /f PORT D is an oulpul port
PORTA=0; [t clear PORT A
TRISA=255; / PORT & is an input porl
PORTAbits RAO=();

TRISAbits. TRISAO=255;

PORTDbits.RDO=0;
PORTDbits.RDI=0;
PORTDbits. RI2=0;

PORTDbits. RD3=0);

TRISDhits TRISDO=0:
TRISDhits. TRISD 1=();

TRISDbits. TRISDZ2=0;

TRISDbits TRISD3=0:




if (PORTAbits. RAO—0b00000001){
dir='S;

motors_steering(dir);
motors_moving(dir);

}

else if (PORTAbits R AT==0b00000010) {
dir=F;
motors_moving(dir);

}

else if (PORTAbits RAO=0b00000011}{
dir=R"
motars_moving{dir);

}

elze if (PORT Abits RAN=0b00000100)
dir="."

motors_steering(dir):

)

else iff PORTAbits, RAO==0b00000101){
dir—"R' ,

melors_steering(dir):
1

/i if the input voltage at RAO= 1V
f the dir. is stop,
/i calling to the motors_steering n by stop dir,

/¢ calling to the motors_moving {*n by stop dir.

/1 if the input voltage at RAD=2V
ff the direction i3 forward

{f and the function will be calling is moving

/l if the mput voltage at RAD= 3V
!/ the direction is backward

/i and the function will be calling is moving

I/ if the input voliage at RAO= 4V
{f the direclion is lefl

/) and the funcion will be calling is steering

M if the input voltage at RAO= 5V
/ the dirsction is right
// and the function will be calling is steering




i This section about (LCD), pul string “right” if the direction equal right. put string “left™ if the
direction equal lefi, pul string “forward™ if the direction cqual forward, and so on.

ifidi—"R")

XLCDInit();
ALCDPutRamString("RIGHT");

while(l):

ifidir="L)

XLCDInit();
XLCDPutRamString("LEFT");

while(1);

if{dir=—"T"|
XLCDInit);
XLCDPutRamString("TORWARD™);
while(1);
b
ifi dir=="H")

XLCDIniif);

XLCDPulRamString{"BACKWARD";
while(1);




ifidir—='5")
i
KLCDIni():
XLCDPutRamString{"STOP");
while( 1)
i
/10 use an ADC on PIC18F4550 should he msert this code,
PORTD=0;
TRISD={};
PORTA=U;
TRISA=2535;

OpenADC(ADC_FOSC_4&ADC_RIGHT JUST&ADC_4_TAD,
ADC_CHIQADC_INT_OFF&ADC VREFPLUS_VDD, ADC_2ANA);

while(1)

Convert ADC()
while (BusyADC());
i=Read ADC();

PORTD=i=>2;
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V-F Converter

Features

Guasenteed linsanty: 0.0 % max.

Law ot dlissipation: 153m%W st 5V

Woils (enee af tull sealz frequency: 1H2 1o 100KHz
« Pulse output compslible with all lagic forms

= Wide dyoamic range: 1G0dB min at [0k Hz full scale
frégienty

Internal Block Diagram
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Absolute Maximum Ratings (TA = 25°C)

Parameter Symhbol Value Unit
Supply Vollags VEo 40 Vv
input Voltage Vi | -bz~+veo v
Operaling Tamparature Range ToPR ey | w
Fower Dissinaticn FD 500 mh
Electrical Characteristics
Parametar Symbol Conditions Min.| Typ. | Max. Unit |
WFC Mon-Linearity WECHL 4 5=voop= 20V = #0003 £201 % Full-Sszls)
Canversian Accurasy Seale Factor| ACCUR Vi=-10V, Rs=14K02| 0,201 1.00 1,10 KH2N
| E'Fnang O Gain With Voo VooaGiloco | 48V sVer s 10V - 301 61 W
10V = Vg =40V - 10008 008
Rated Full - 2cale Freguancy f W) =-10V 100 - - KHz
~ INPUT COMPARATOR
Cittset Voltage Vo 0°C = Ta < +70°C - +3 +10 my
Bigs Gurrent IE145 - - -3t -200 A
Ofzet Currant _ i - - +8 = T2 N
Comman-Mada Ranhgs | Vo DG =Ta s+ G 02 - Vo210 )
TIMER (PIN 5}
Timer Thresheld Valtage NTH | = 083 0667 | 0701 AGS
Imput Bizs Current BIAS | {}’:;?E":L-.II-CE‘;.QU = 10 +100 rA
V=10V - | 200 | 1000 nA
Saturaticn Voltage Vgar | 1=E&ma = [a e 0.5 W
CURRENT SOURGCE (PIN 1)
| Output Currst: o Rs=14K0 V1=0V | 6| 135 | 158 1A
Change with Voltege AhodaN oV = Vs 10V = 0.2 1.0 A
| Cumrsnt Source Off Leekage ILKG - - | D02 10.0 L
REFERENCE VOLTAGE (PIN 2)
Refersres Valiage VBEF : 170 182 z I;IE- Vpe
Stability ve Temperaturs STT . 160 : ppmiG
Stability s Time, 1000HoUs 57T & - | =01 | z %,
 LOGIC QUTPUT (Pin 3)
Saturation Volta _ Vear i g | i) 192 v %
& 3e &4 | =32mA . | o0 | £a40
Off Leakage ILEG - - | £0.05 1.8 b
SUPPLY CURRENT
_ NVec=8¢ &| 20 | 80
Suoply Currenl ol Vor = 40V T 2.0 mA
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Mechanical Dimensions

Package
Dimensions in millimeters

8-DIP

1 L] b
0252 =g los = o -_,‘ = 2 F
= = ol 2
pin gt S0
1 el Al
i . T st 98
i =) 7_I_J— = i

—

.
-

110 -
L1
D
p.27p MAX
920 =2
(1362 -+
|
I
W

[ [ J#s e _;li:

1 ' =1 =
=S
W=
] .:
5.04 3.3ﬂ I
030G MAX 0430 001z
Fez e '
0300 340020 033
0,134 003 0.213 MIN

L e HOE
| 0,25 <005
- P
2.010 "T5us

| |
o -




7805w THREE-TERMINAL POSITIVE
FEATITRES -

OUTFUT CURRENT IN EXCEES QF 1AR:

NO EXTERENAL COMPONENTS REDUIRED;

¢ INTERNAL SHORT CIRCUIT CURRENT LIMITING;
INIERNAL THERMAL OVERLOAD FROTECTICHN;

- OUTPUT VOLTAGE OFFERED IN 4% TOLERANCE.

ABSOLUTE MAXIMUM RATINGS (Ta= 25 C)

SUTEFUT TRANSISTOR SAFE-AREA COMPENSATION;

VOLTAGE REGULATCR

haracteristic Symbal  |Norm | Unit
nut Voltage Vin V 35
Laximum Dissipated Ptot(max) |W 15
swer(with heat sink)
aximum Dissipated Plot(max) |W 5
ywer(without heat sink)
zrmal Resislance 0jC "C/W |50
ction to Case
sermal Resistance, OjA “C/W |65
ction to Air
ction Temperature T 150 C

Te—45++70°C
LECTRICAL CHARACTERISTICS

g i

TO-220

11

1. Input
2. GND
3. Output

in=10V Jo=0.5A.Ci=0.33mkF.Co=0.1mkF,Tj=0+125°C, unless otherwise noted.)

Characteristic Svmbo Norm Unit
|
Min |TYP |Max
utput Voltage(Tj=25°C) Vo 4.8 2 IV
utput Voltage (5.0mA<lo<1.0A,Pog15W) Vo
IVEVIn20V 4.75 5.25 |V
ne Regulation(Tj=+235°C) AVv mVY
OV=Vins2s v 100
0 VEVing12 V 50
sad Regulation(Tj=+25°C) AV mV
ImA<Io<].SA 100
25A<100.75A 30
uiescent Current(1j=-25°C) Ib 8.0 |[mA
sescent Current Change7.0 VVing25 V Alb 1.3 |mA
ImA<lo<1.0 A 0.5
opout Voltage(lo=1.0A. Ti=+25°C) Vi-Vo 2.0 Y
ort Circuil Current Limit(Ta=+25°C),Vin=35V Isc 0.4 A
Qutput Current(Tj=+25C) Imax = A
veraee Temperature Coefficient of Qutput Vollage |TCVo (.3 mV/°C
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PIC18F2455/2550/4455/4550
Data Sheet
28/40/44-Pin, High-Performance,

Enhanced Flash, USB Microcontroilers
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PIC18F2455/2550/4455/4550
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SN54LST?, BN74LEGT, SRYALETT

HEX BUFFERSDRIVERE

GPEN-COLLECTOR AiGH-VOLTAGE QUTPUTS
e T S

SEI Jads — WY =00 - POETTEPERRLATY S0

Ths SWS4LBOT and BMPELELT =12
gh=olels =nd are no iencsr suspies.

WITH

Canvert TTL Veltags Levals ts MOS Levais _ ENSOLENT. o JEATRERE
% High Sink-Current Capasility RSN ST o T e v S ARiOeR

input Clamping Diodes Simplity System
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X[ a4
descriptionfordering information iafl s 5Y
3[f 2 4
f
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circulis of for driving High-cument lcads They are
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33Y, anc the SN74LS1T bas 2 ratad outpul voliage of 18V, The magimur sink eurrant ks 30 mA foi the
SH54LE0T and 40 ma for he SNTALSOT and SNT4LS17.
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[RANSYS BD241, BD241A, BD241B, BD241C
ELECTROMICS NPN SILICON POWER TRANSISTORS

LEIMITED

TO-220 PACRAGE
& Designed for Complementary Use with the (TOP NIEW]
BD242 Series

® 40 W at 25°C Case Temperature S ‘
] e — 2
® 2 A Contlnuous Collectar Currenl
Ex 3
® 5 A Pesk Collector Current
® Cuslomer-Specified Selectionz Avallable Fin 2 In In alectical condac) wilh e mourisg base.

absolute maximum ratings  at 25°C cese temperature (unless otherwise noted)

RATING SYMBOL VALUE | uniT
BOZ41 o 1
Cobacior-amitiar voltage (Age = 1004) :Dui::l: Veen ::: W
BRRALC 115
BDEd1 45
RO241A &l I
Gollgctor-gmeier votzae (g = 30 mA) ™ Maen an v
BCR41C 100
Efrpllsr basa vollage VEmn 5 v
Continuous coliector oument lg a A
Poak collector ourrant [ses Nots 1) lom 5 #
Coninuous bese curran Ig 1 A
Contiiaus davice disspabon al (or below) 25 C caze tempemtrs (zee Holy 2) P an W
Continyaut dovice dissipation =i (or balow] 25°C free alr fom peraiuns (sas Mo ) Piog 2 W
Unclampad inducive loud oreigy (see Nols £) I lie” a2 mJ
| Diperating Junelisn wemperalira rEnge T 5 b0 +150 %
| Siorege faperitiis range Ty 5 0 +150 o
| | fad Eernparaiune 3.2 mm from case for 10 seconds T 250 "5

MOTES: 1. Thisvalua applias o |, < 0.3 ma, duty oycis < 100
3. [arata fneary 10 150°C case lemperaiung at the rats of 0.32 WOG.
5, Dorate lnsary 1o 150°C s gir tompersture at the rale of 16 mW©C.
& Thie rating 2 baged on Ihe capebilily of the Transistor Io onarata salely in @ growtol; L=23 mH, lyan = 04 A&, By = 1004,
IUIE_[.:.FI :I'J.HS =0 'lﬂ, "l":-n =0 W,




BD241, BD241A, BD241B, BD241C

NPN SILICON POWER TRANSISTORS

electrical characteristics at 25°C case temperature

FARAMETER TEST CONDITIONS MIMN ™R MAX LINIT
= BO241 Az
v Colecioramitfier I Sl ik | - BO2ai A ol v
= ;i =
BMCED o hedeven voltegs ,:M '«lc.!gls A BOS4E an
1 | 1
; B241C 100
Ve = 55V Vaz- 0 EDz4] 82 |
ColiactorFaminer Wppm 1OV Yor=10 BOZA1A e il
lozs cutoff current Wep= BOW Yar=10 BOZ41E a2
"l"g:,Eﬂ'l'IE"l' luIEF.’r'I BRE41C 1.2
| Collwswos cul-plf Yep= 30N lg=D BDZ412414 0.3 =
22 gument Vo= B0V lp=0 RNZ41RL4C 8.4
Emiter cul-ci
- o= 1 T
ko oo . Wik BN lp=1 A
Forward curant [ 1y ] 14 T =0
e GE i | {Een Meles § o &) #
Transter raEt Wpz = &V in= 3A 13
Gt Eoinr-pamither | i
W ; lg= GEA& o= 3A {800 Notas & and &) 1.2 Y
CERE oo puration vollegs = £ ’
Bere-armiter
Y Vee= 4% = 3'h (eER Motas B and 6 {8 W
He wokage CE C k ]
Small sigrel foresrd y
Wer = 10V lp=hs5 A =1 khz 20
e ciirrerl ransfar ratio cE 9 B
Emal sigrel lorward
: . =044 £=1 3
Pl cment vansterratio | Y687 10V N s
NOTES: 5. These parameiers musl be meagured using pulse bechniques, L, = 300 ps, duly oyole = 2%
B These pargrsiers musl by meeasirad wsing vallage-sesing comacty. separase from the current carrylng contacis.
thermal characlteristics
FARAMETER MIN [ TYP | MAK | UNIT
Fg:r  Juncton io cese thermeal regstance i1z GW
i[:u, Junction io irse ar thermal reelrtance E2.3 TN
resistive-load-switching characteristics at 25°C case temperature
PARAMETER TEET CONDITIONS T MiH THP | MAX | LNIT
(= Turm g e Ic=1A IErl_ﬂn]=ﬂ1" IE-;I:"'ﬁ="‘""1" a3 : i | |.|5 i
T Torm-of ime Vo = 2.7 By =000 1, = 20 ps, do < 2% 1 | o=

t Yolage and cunrent valuas shown-ang nomina, ssact valuss wary shighlly vl 'aasskon peramabers.




BD241, BD241A, BD241B, BD241C
NPN SILICON POWER TRANSISTORS
P e e s—)

TYPICAL CHARACTERISTICS

TYPICAL DE CURRENT GAIN COLLECTOR-EMITTER SATURATION VOLTAGE
Ve L]
COLLECTOR CUBRENT BASE CURRENT
pieleh T { LY T i
Moy =tV .L|.F.|.|.,_g_| ] b Ta=25'C = — i
fl, = 300 ps, duly cydle < 2%, : Jf [=8#0'C ] i
L) g‘ B min
Ve 2
S /. / 2 aig | — =
= /’ E =k t
: L : =N
E‘: 100 r a5 ] E ! Y
ﬂl P . : IE. ‘ P'. 1 LA
# N g Nl L
= 11!. 'E LIS . — =]
.‘:'l S " L= 100 A —= -
| HILL g [emmz
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Figura 1. Figure 2.
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I = CHllectar Current - A

Figure 3.




BD241, BD241A, BD241B, BD241C
NPN SILICON POWER TRANSISTORS

MAXIMUM SAFE OPERATING REGIONS

MAXIMUM FORWARD-BIAS
SAFE OPERATING AREA

100 : " —
: ,;-'1F =30y, d=01=10% ]
rl 'II'HE,..Ij'lﬂ'I-'II:I:.".':.
r/ “;,-‘L’ 10 me d=101="10%
A "
5 iy _,f“;-"" (8 U;.:-aral!c-n .
< A T i
— 1 T 1
& 2 R
] B |
£ 10 Ll )
L5 -
= X
o i |
= | !
W BDEsY =
— T EBZ41A :
. BEz21B |
L BDZ8IC :
00t L LA |
1-0 10 100 1000

Vg - Gollectar-Emier Vailaza -V

Figlirg 4.

THERAMAL INFORMATION

MAXIMUM POWER DISSIPATION

Vs
CASE TEMPERATURE
il I
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B
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]
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o a5 L] T8 100 125 150
T - Cana Tawperalurs - G

Figura 5.




BD241, BD241A, BD241B, BD241C
NPN SILICON POWER TRANSISTORS

MECHANICAL DATA

TO-220

2-pin plastic Nange-mount package
This single-in-line package corssls of a croull mounted on a lead frame and encapsulated within a plastic
compeund. The cempaund will withstand scldering temperatura with no delormation, and cirouit performance

characlenstics will remnain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing whan used In soldered assembly.

TO220

10,4

198 122, =

5o Wwe " 208 23
[

see Mole B —. I

1] t p Y
—— N
T 80
¥ 15,50 E
14,55
soe Note © E1
G [ 38
F 1 : T
.
1
1.70 12,7
0,97 1.07
ag T |" J
1'3:@@:: _ W H
2,74 0,84
_I'_ - 1
M am ! 0,41
5,28 2,80 .
IR L4 l—
4,88

VERSMN 1 VERFON &

ALL LIMEAR RINMERFIONSG IN MILLIMETERS

MOTES: A, Thie cenlr pin i in iectnoal cuamtset wilh the mounling 180,
8. Madnling 1ab-come: profila ascording o peelans version.
G, Typica! lixieg hale canlbrestang off Reight according fo Dackags version
Vargian 1. TR0 mm Version =, 17 B mim
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BD249, BD249A, BD2498, BD249C
- s NPN SILICON POWER TRANSISTORS

& Designad l_n:.-.r Complementary Use with the SOT-83 PACKAGE
BD250 Series (TOP VIEW)
® 125 W at 25"C Case Temperature B 7 e
| S—
& 25 A Continuous Collector Current
Ct————= 1o ()
® 40 A Peak Collector Current =———— L
® Customer-Specilied Selactionz Available = —,
B T |
Fin 2 i in slactrical conmeal with the maunting base,
MDTRARN
absolute maximum ratings at 25°C case temperature (unless otherwise noted)
AATING B SYMBEOL VALUE UNIT
Bo245 55 S
~ 2 . Boados
Collector-emitier voliags (Rge = 100LL) T Vorn an L1
BD2DC 115
BDIéa 45
BOZLi94A G0
Cellastor-ambtt ltane (e =30 mA W W
elactor-amliter valtage |- mA) BOZ4SE cEQ =
BOE4EC 100
[ Emitter-besy voltage Veeo 5 v
: Continucus collector Guerenst I 25 A
[ Paak coleckar curmen (see Mole 1) | i an 3
Continuous Dase current I £ A
Continuaus devica digsipaton a1 (or below) 26°C caze tempersture (sse Nala 2) Prat 12k W
| Comtinuous device dissipalicn al jor below) 2572 free air lempamlure (see Note 3) Pem 3 W
Unclamped inducive load snergy [sce Nolz 3) beli* oo md
Ciparating Junclion temperalure ranogs [ T 55 b0 4150 5
Elorage lemperatura range [ T=,,,__I -85 o +180 L&
Lesad team poratiure 3.2 mn Iroomy aesc Tor 10 seconds [ Te 230 ©

NOTES: 1. This value appfies for by = 0.3 ms, duly cycia < 10%.

Derate linsarly 0 160" case emparaiuns al the rate of 1 WS

Dormate lineary to 180°C free-air tom perature @l the rate of 22 mWEC,

This raling fa based an the capaliity of the angistor 1o operate safely in a circuil of: L= 20 i, lgpn =02 A Fge = 100 4L
Vapem = 0, Be = 0.4 €1 Wep = 20V

Jeopt h

PRODUCT INFORMATION

JUKE 1873 - REVISED SEFTEMBER 2002
Spevifications are sulject lv ghange withowl rolice




BD249, BD249A, BD249B, BD243C

NPN SILICON POWER TRANSISTORS = 5
OURINS

#

electrical characteristics at 25°C case temperature

I PARAMETER TEST CONDITIONS miM | TYP | max | umiT |
BOZE0 45 |
Colactor-amitles BOZ4mA 80
A e I~ = 30 ma ey w0 Yy
Ve | gdownvobage | © 5 e BD2A9R 80
lgee Nold B
BOE430 100
Veg= 55V Vo= ED223 o7
cillector-emillo Viga TOW Ve =0 BD223h 0.y £
GER cueoff current Vor= 90V Vag = BO2438 07
Vep =115V Ve =0 Bh24sC 0.7
; Cobector cut-ofl Veg = A0V Iz=1 BOZ4B/240A 1 e
U purrent Vep = GOV Ig=0 ADP4ER/A4EC 1
Emitler cul-al
L Ve EY |- - 1 A
=0 e s ik =
R B Veg= AV ==1EA 7=
or - : -
| hee e Vo= 2V o= 16 & |gee Noles § and B) 10

Veg= 4V o= 254 5




BD249, BD249A, BD249B, BD249C
NPN SILICON POWER TRANSISTORS

BOURNS®
TYPICAL CHARACTERISTICS
TYPICAL DC CURRENT GAIN COLLECTOR-EMITTER SATURATION VOLTAGE
vs vs
COLLECTOR CURRENT SCBEMAD 0 BASE CURRENT —
R SR = ci mini= s M = 111 ifi gt
T, =25'C o H T g i i .
t, = 300 ps, duty eycle < 2% E ! L 'l‘ LR ﬂ
R i ;[ e
R —= e £ 1o REis o o ’
: i : e il
E I = ol 1l
bt = ! e — L
5 -\\ H N LY
J;E 10 A g a1 i i
= it
o y
; .=a00ma’ AL
! j o= 1Afj’l |
| . = 3A 7| |i |
1 @01 —t
' ] 10 10 1 0001 -0 (1% ] 1.0
| = Collector Current - & Iy - Baas Currenl - A
Figure 1. Figure 2.
BASE-EMITTER VOLTAGE
Ve
COLLECTOR CURRENT e
20
Veg =4V | | | ]
To=25°C | | ||
16 1 1 | ! |
> T ,( | |
§ 15 | | | |
§ I ‘ i [ ‘__
E
I-Ii 1.2 | | | | | |
S 11 I)(' T
1. 140 | | | LA Ll k3 | |
LA
oa r? ‘ |
O 0 R 1
0-1 140 10 100

I = Gotleetor Current - &

Figure 3.

PRODUCT INFORMATION

JUKE 1873 - AEVISED SEFTEMEER 2002 %
Socoifications ars suhjeet to change wilhiclr notice
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BD249, BD249A, BD249B, BD243C
NPN SILICON POWER TRANSISTORS

BOURNS"

MAXIMUM SAFE OPERATING REGIONS

MAXIMUM FORWARD-BIAS

SAFE OPERATING AREA
EASEISAR

=E= 1, =300 ps, ¢ = 0.1 = 10%

-1, = 10 ms, d = b1 = 10%

= j === 1ms d=01=10%

= DG Operation

= : o
g SR
=
pe I
3 10 , A '
£ — BRIL
8
l»
A e
BD248 =
BOZ19A i om B
 BD2498 ,
——HD248C
i L1l Il
1.0 10 100 1000
Vo - Collecior-Emittsr Voltags -V
Figure 4.
THERMAL INFORMATION
MAXIMUM POWER DISSIPATION
Vs
CASE TEMPERATURE
140 TIEGI5AS
% 120
=
=
£100
E
(=]
£ 80 -
: \.
(=%
E &0
£ N
= 40
3
20
o |

o5 54 75 100 125 150
Tc - Cage Temperaturs - *C

Figure 5.

PRODUCT INFORMATION

JUKE 1673 - REVISED SEFTEMEER 2002
Spuifications ane subjoo 0 change withoun notice




BD249, BD249A, BD249B, BD249C
NPN SILICON POWER TRANSISTORS

BOURNS®

#

MECHANICAL DATA

S0T-923
3-pin plastic flange-mount package

This single-indine package consists of a elrouil mounted on & lead frame and encapsulated within a plastic
eampound. Tha compound will withstand soldering temperature with no deformation, anc circuit perlormance
characterigtics will remain stable when operated in high humidity onditions. Leads require no additional

cleaning or processing when used in soldered assembly

S0T-83

&
16,2 MAX,
12,2 MAX. /_‘K
| ) 0 i"|
r ! ¥ 31,0 TYP.
|1 [ ]
180 TYP. —

=

ﬁ““ @7 @7 |

1,30 | 0,78

s i 1 = ] i

1,10 0,50

2,50 TYR, —® L—
ALL LINEAR DIMENSIONS IM MILLIMETERS

I =
NGTE & The centre pin ks In elegincal contart wilh the miunling a3 MORCRAW

PRODUCT INFORMATION

JUME 1873 - REVISED SEFTEMEER 2002
Spaciioationg are sutiecl Lo giangs withoul potics.




BD250, BD250A, BD250B, BD250C
PNP SILICON POWER TRANSISTORS

Copyrighl & 1997, Power Innovelions Limisd, L JUME 1873 - REVIZED MARCH 1987

® [Designed for Complementary Use with the

BD249 Series SOT-43 PACKAGE
[TQF VIEW)
& 125W at 25°C Case Temperature i
B 4
—
@ 25 A Continuous Collector Currant
@ 40 A Peak Collector Current ek 1Y O
e S
@ Customer-Specified Selections Available
- (_—"'_
i 3 |
Pin £ 15 in alecincal contast with the rounting Baso.
MOTRAN
absolute maximum ratings at 25°C case temperature (unless otherwise noted)
RATING SYMBOL VALUE LINIT
BD250 55
ARZSOA =Ta
Coliecter.amittar valt Lk ) ;
erler-amittar valfape (Rgg (i F BO2s0E Vikr a9 L
B250C -115
B0Z50 35
BDZo0A £
Colet itter valtspe (|- = =30 m&) Ves W
ik RDZ508 o 50
BOZSOC =100
Emitier-hars wnlags Veao L] W
Conlinvous colkector curranl o 25 8
Feeh collector curren| (see Note 1) ] =0 A
Coanfinurus Sase curren [ -5 A
Conlinuous cevice dssipaiion sl jor below| 25°C case lemperaiune (sas Mola 2| P 128 W
Continucus cevice dissipaiian &l (or below) 25°C free air temperature [ses Male 31 [ ] W
Unctamped industive inad anargy feas MNats 4 Wllgt o0 M«
Oiperaling umeton emperature renge TJ -E5 im #1500 "
Slarage famaersture rangs ; C . T -E5 jo +150 NG
Lear mmparaiura 3.2 mm from cass for 10 esconds T ZE0 =

1. Thie value appbes for 4, 5 0.8 ms, cuty cycle 5 10%,

2. Dernie linzarly bo 1850°C cese lemperslurs atthe rale ol 1 WT.

1. Derate lingarly to 150°C fres alr lemparaturs at the rate of 24 MG

4. This rating s bagac on tha capability of tha transietor i aparale safely In a circultol L =230 mH, lg =04 A Rge =100 43,
Vacom = 0. Rs = 0.144 Vo = 20V

Infarmaten is curment as af pubisaton date; Foduds conform 10 Spasificeions n scooidantg INNOVATIONS
wiilh Lnde s 2l Howar Innovalions standsrd wermanty Precuction procesaing goes nof
recassarly Include testing of all parampgrs.
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electrical characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS | MIN | TYP | MAX | UNIT
BR250 ‘ a5 '
; Coliacior-omittor BDZS0A -EQ
ety — T | A =
VIRRICED. peuakaown vniliage :‘ Mn?;} i ED2508 -8 i
S, BO250C 08
Vee = S5V Vae =0 BOZS0 o7
: Collector-cmitics Vee® =10V Ve =D BOZ504 0.7 X
“ES culoff current Vig = 90V Vag = 0 RDZG0B ' ar| ™
Vep=-116Y Ve =0 BOZ500 =0.7
i Collector cul-off Yep= DY lg=0 BOZ50/2508 pe o
“ED currant Vog = <50\ ia=10 BO2506/250C -1
L Emiller cut-of v 2 ysa r
es) current el 2 L5 i i |
= W p=-15" 35
. Farward gumenl :CE_ : | |D_ 12: £ Nal i
FE SaTes satis CE= y i {=eo Noles & end 6) Q
Veen 4V = 254 5
Collecior-amitar la= -15A o= -15 4 ]
Ve (nas MNaba: \
SRS onretion volegs 5= SA =5 254 el 4 i
Beaser-aimhties Veg= AN ic= -1GA | ] =
W) M
5 yotags Vee= AV l-= 254 S P b ol 4 ¥
: i forward
By e L ey R fo 1 kHz 25
ciment ransier ratio
Srrall mignal forward
- . ke =1& = 3
e cument rangler rato Ves o k- s
NOTES: 5. These peremelers musl ba measured using pulse lechnigues, L = 300 us, duly eycls < 2%
8. These parsmelars must be measured Using vollagesansing contacts, srparata from he current carmying contacts
thermal characteristica
PARAMETER MIN TYP | MAX | UNIT
Fajz  Junclion to casa themal resistanco i i TN |
Faw  Jdunclion o free &ir tharmal rasistance ) I 43 oA |
resistive-load-switching characteristics at 25°C case temperature
| PARAMETER TEST CONDITIONS | mn | TYe | max | unr |
[T tay  Tumeoniime =54 giom = D5 A Tty = OB A 02 =
e Tarn-oh fime | Vapgpn =5V RL=54i t, =30 s de < 2% [T =

1 Uﬂ.&ﬁ\:‘ and eurrent valuee shawn Are ﬂﬂﬂ'l:l'lﬂl, oxact \-Ejj.ﬂg very g!-ig‘ﬂb' wolth trérmsistor F-_a[a]'r,a-lerﬁ
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b - DC Current Gain

TYPICAL CHARACTERISTICS
TYPICAL DC CURRENT GAIN COLLECTOR-EMITTER SATURATION VOLTAGE
Vs ve
COLLECTOR CURRENT BASE CURRENT
sa50 ToEEREAD - __ Toheas
:Vce=4“i_ — - T > B W i f i i
 7om25tc 1 & —— i
[ 1, =300 ps, duly cycle < 2% | % Il i HER
| | ] - I. 1 111"'-
T E \ 1Y
fo0 mman 5 10 ¢ E ) VI
S - IR ER S |
S E N il A\ 1l
10 1l N E -1 \u T \l l"\i |
= R H— 1 Jlr'.l' 1 Tl { T
= ! 78 N A1V I BRI
! o :II"“-"':? - AW =-254
' 3 I. = 300 mA ;f Wi =-204
F = oaa lp=-13 A
| | L= 3a 7 lo=-10 A
1 -0-01 '
-0 -1-0 -10 -100 -0-004 -0 -4 =10 40 -100
| = Golkeclor Cumrent - A i, - Base Current - A
Figure 1. Figure 2.
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MAXIMUM SAFE OPERATING REGIONS

MAXIMUM FORWARD-BIAS
SAFE OPERATING AREA

-100 ¢
—= %, =300 ps, d = 0.1 = 10%]
_'_,_,tp- 1me d=0.1=10%
l,,= 10 ms, d = 0.1 =10%
- - Ju; u_pl:zrmon:
E e s : :
=
£ 40
2 :
3 1111
” [H ] |
= i -
-5 T BD250
T BOZ50A
BO250B
BDZ50C i |
001 LI11] .
10 40 100 1000
¥p: - Collectar-Emitter Yohtage - ¥
Figure 4,
B e e R e e = ]
THERMAL INFORMATION
WMAXIMUM POWER DISSIPATION
Vs
CASE TEMPFERATURE
440 TESI5AN
= 120
&
_E.mo
i
=
s \
-8
E BO
H N
. \\
o a0 N -
0
o 2= 1) 5 100 128 150

Te = Casa Temperature - "C

Figure 5.
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MECHANICAL DATA

S0TS3

3-pin plastic flange-mount package
This single-in-line package consists of a circut mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance

characteristics will remain stable when operated In high humidity condition=s. Leads reguire no additional
cleaning or progessing when used in soldered assembly,

SOT-83
ﬁ — —
4,70
152 L —
-% = 187 395 w o o
! -"\ - A
N N ]
bR ’
L/ i i
T 16,2 MAX,
12.2 MAX.
l |B ¢« 1
30 TYP. —
I i | r |
180 TYP.

0,78
LR 0,50
2H0TYP. — HW—
ALL LIMNEAR CHMENSIONS W SLLIMETERS
HCTE A The cantre oir is in electrioal contael with the modnting tah MOXAW

INHOVATIONS
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IMPORTANT NOTICE

Fower Innovations Limited (Pl) reserves the right to make changes fo s products or to discontinue any
samiconductor product o service without natice, and advises Its customers to verify, before placing orders, that the
Information belng refled on IS currant

Pl warranls performance of ils semiconductor products lo the specifications applicable at the time of sale in
accordance with Pl's standard warranty. Testing and other quality control techrigues are utilized to the extent Pl
ceams nacessary to support thiz warranty, Specific testing of all parameters of sach davics i nol nacassarily
performed, except as mandated by gevernment regquirements.

Pl accapts no lahility for applications assistance, customer product design, software performance, or Infringomant
of patents or services described herein. Mor is any license, either express or implied, granted under any patent
right, copyright, design nght, or other intellectual property rght of Pl covering or relating te any cambingtion,
machine, or procass in which such semiconductor products or services might be or are used

FISEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE
SUITABLE FCR LSE IN LIFE-SUFFCRT APFLICATIONS, DEVICES CR SYSTEMS.

Copyrght @ 1807, Power Innovations Limited
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