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ABSTRACT (English,

This project aims to design and Automation diabetes testing device o help the elder and
the blind People who suffering from diabetes disease to measure the rate of glucose in the blood
easily and safely

Tha design and construction of this device includes several stapes, starting from the
mechanical design of the project and identify the mechanisms and steps of measuring the test
there are thrae mechanisms in the projact, the first mechanism 15 to moves the needle forward
and reveres 1o take a sample of blood from the finger. the second 15 to inserted in and out from
the glucose tester, the third one is a lifing arm mechanism using for lifting up the movable arm
when the person put histher finger inside the machine. We use CATIA propram to identfy the
dimensions of the machanical parts.

The Second-stape 1= the slectneal design melude the motors and electneal components |
there are three motors in the project one to rotate the mwller o inserted in and out the cells from
the slucose tester and the second motor using for hifting arm and the third one s to move the
nesdle forward and reveres .

The third stage is 1o control the project using PIC microcontroller connected with Limil
swilches 1o enable the project and to control the direction of motors. The last stage of the project
i5 1o building the mechanical and electncal structure to gets the final product,
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Chapter One

Introduction

1.1 Overview

Tn these days there are many blind and elder patients in the world suffenng from
diabetes disease. and they nced to measure the glucose level continuously at home,

Diabetes is the condition that refers to the body's mability to produce enough
insulin or the body's loss of capacity to respond to msulin (nsulin resistance). Insulin 18
the hormone produced by the pancreatic islet beta-cells and prompts the fat cclls
(adipocytes) to store glucose from circulation reducing its blood level concenlration.

The danger in the absence of sufficient insulin or insubin resistance reaching a
high blood glucose levels termed hyperglveemia. Hyperglycenua leads to a chemical
reaction producing gluco-toxin, which mn tum leads to vargus physiological
complications. According to the year 2000 miemational health organization statistics, the
prevalence of thie disease was at 37-45 patients for each thousand. This means mm a
country such as Palestine with an approximate population of four million the number of
patients would be more than a hundred and sixty thousand diabetic The latest statnstics
shows that there are almost 171 milhon patients worldwide

Diabetes generally can be classified in many ways. For instance medically 1t 1s
classified into: Type I diabetes (juvenile diabetes), and Type I diabetes. The difference
between the two types is that type 1 patients either have a reduction in insulin production
or complete absence of the hormone. Patients diagnosed with type Il have normal, other
times elevated levels of insulin, yet their bodies fail to respond to it
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The one responsiveness to insulin 15 associated with mulnple factors, some are the
environmental such as life style and type of food, while another factor 13 genehic based
that predispose part of the population more than the rest. Recent scientific studies
revolutionized the defimtion of type 1 diabeles as it used to only refer to those born with
insufficient insulin production, while nowadays it also include those who develop this
msufficiency due to another disease such as autoimmune disorder even if it happen later
in hte

1.2 Project Goal

The main purpose of this project is to design and manufacture a novel automated
glucose tester, to help the blind and elder people who suffers from diabetes diseases to
measure the glucose level continuously and without any help from others, since these
people might not be able to visit hospitals frequently or it would be difficult for them to
usc the traditional machine because of its complexity to measure the test alone.

1.3 Project Importance

To understand the importance behind our project it 13 important for the reader to
understand the complexity and disastrous health consequences behind diseases such as
diabetes.

The novelty of our project provides three main objectives. The First one is the
automation of measuring glucose lovel, and then the design that will provide the
culturally relevant and patient friendly than those i the markel. Finally, it will provide a
prototype for a device that can also be a part of biomedical testing labs, hospitals, and
doctor's pnivate clinies.




1.4 Methodology

Smce this project 15 a mgcchatronics system, which is mmtepration between multi-
disciplinary sciences, it can be represented by figurs (1.1), which shows the synermstic
integration of three engineenng fields. This ntegration make our project 15 very useful 1 our
society

fiechanical

sustem

Electrical

ystem

Figure (1.1) Synergistic Integration

=  Mechanical System:

Designing and building the mechanical structure of the project chooming the
appropnate dimensions and shape m order to fit in all the intemal component of the
maching then designing the first machamsm to move the naedle forward and raverse and
the second mechanism s to insert in or insert out the test cells from the glucose tester.

» Electrical System (Control System):

Implementing the motors for the movement of components, also designing the control
circuit of the machme which consists of hmit switches and a dnve ciromt to st the
application. and then implementing the transformer that supplics the motors with power




*  Computer System:

Tmplementing the micro-controller (PIC), program it wath C language. to execute
the test in sequential procedure.

The limit The arm is lifted The cell is Push
switch is up to insert the inserted in hutton
prassed by finger glucose is

finger tester pressed

The needle The arm is The roller gets The

pricks the lifted down the cell out of the result

Tinger glucose tester

Figure 1.2 Gperation of project

As shown above, figure | 2 explains the operation of the project that will be discussed m
chapter two.

1.5 Motivation

1. Ta help blind and elder people to measure glucose level continuously at home.

2. Taimprove the health life in our community.




3. Reducimg the errors in measuring glucose level m blood

4. To convoy the development of technology in the world

1.6 Literature Review

In 1962, Clark and Tyons at the Cincinnatt Children's Hospital developed the first
glucose enzyme electrode. It relied on a thin layer of glucose oxidase on an axygen electrode.
The sensor worked by measunng the amount of oxygen consumed by the enzyme.

Another early glucosc meter was the Ames Reflectance Mcter by Anton H. Clemens. It
was used in Amercan hospitals in the 1970s. It was about 10 mnches long It needed conneetion
to an electrical outlet for power. A moving needle indicated the blood glucose after about a
minute.

Home glucose monitoring was demonsirated 1o improve glycemic control of type |
diabetes in the late 19705, and the first meters were marketed for home use around 1980, The
two models initially dominant in North Amenca in the 1980s were the Glucometer whose
trademark is owned by Bayer and the Accu-chek meter (by Roche) Consequently, these hrand
names have become synonvmous with the genenc product to many health care professionals. In
Britain, a health care professional or a patient may refér to "taking a BM". "Mrs X's BM 15 57,
otc. BM stands for Boehringer Mannheim, now called Roche, who produced test stnps called
BM-test

Several methods exist for measuring hemoglobin, most of which are dong currenily by
automated machines designed to perform several different fests on blood. Within the machine,
tha red blood cells are hroken down to get the hemoglobin into a solution. The free hemoglobm
is exposed 1o a chemical containing cyanide which binds tightly with the hemoglobin molecule
to form cyanmethemoglobin, By shining a light through the solution and measuring how much
light is absorbed (specifically at a wavelength of 540 nanometers), the amount of hemoglobmn
can be determined.

At least in North America, hospitals resisted adoption of meter plucose measurements for
inpatient diabetes care for over a decade. Managers of laboralories argued that the superior
accuracy of @ laboralory glucose measurement outweighed the advantage of immadiate
availahility and made meter glicose measurements unacceplable for inpatient diabetes
management Patients with diabetes and their endocnnologists eventually persuaded acceptance.




Some health care policymakers sull resist the idea that the society would be well advised to pay
the consumables (reagents, lancets, efc.) noedad.

Hoine glucose testing was adopted for type 2 diabetes more slowly than for type 1, and a
larpe proportion of peopls wath type 2 diabetes have never been mnstructed in home glucose
tesung. This has mamnly come about because health authonties are reluctant to hear the cost of
the test stnips and lancets,

Measure tissue sugar in body tissues and not the blood sugar in blood flmd. To
determine blood glucose, the measunng beam of infrared light. for example, has to penctrate the
tssue for measurement of blond glucose

It is speculated that within the next decade. meters may be replaced with continuous
glucose sensors tor many people with diabetes. This will hikely decrease complications found in
people with diabetes by limitng problems associated with hyperglycemia and hypoglycemia

There is currently an effort to develop an integrated treatment system wilh a glucose
meter, insulin pump, and wnstop controller, as well as an eflon to integrate the plucoss meter
and a cell phone These glucose meter/cellular phone combinations are under testine and
currently cost $149 USD retail. Testing strips are proprietary and available only through the
marrufacturer (no insurance avalability),

These "Glugophones” are currently offered in three forms: as a dongle for the 1Phone, an
add-on pack for LG model UX5000, VX5200, and [.X350 cell phones, as well as an add-on pack
for the Motorola Razr cell phone. This limits providers to A'T&1 for the iPhone and Venzon for
the others. Similar svstems have been tested for a longer time in Finland.

1.7 Estimated Cost

The following table shows estimated hardware costs.




" : |
Item ftcm Price
number
1 Mechanical Structure 300 |
2 - Motor (00
3 PIC Micmocontroller 50
4 Transformer 20
| 3 Boards & Integrated Cirouits 300
‘ Total (NIS) B30

Table 1.1 - Operating hardware costs




' 1.8 Project schedule

¢ First semester

Table 1.2 — project ime —schedule

Week
Process

123456?3")1(‘:”]1;13141516

Selected the
project

Collection the '
needed data for
the project

Electromechanical |
maodeling

Writing
documentation




= Second semester

Table 1.3 — project time —schedule

Week
Process

12|34 (|5 6|78 9 |1olt1[12]13]14]15]16|

Imple mentation
mechanical
structure

Implementation
elecirical
component

P'roject
programiming

Writing
documentation




L8 Report Content

In report contain four chapter, which they are: introducton, mechanical part, electrical
and computer system and results and recommendation,

Chapter one: introduction of the disbetes discases and project goal, project importance,
methodology, lHerature review, time tables, and the cost of project.

Chapter two. mechanical part, as 1n its name, it include the mechanical part of the project and
discuss the motion of the project

Chapter three: clectrical and computer system, it contain the alactrical part of the project, and
dnive circuit for the moor

Chapter four: result and recommendation, it include the prnciple of working of the
project. And also including some conclusion and recommendation




Figure 1.2 — Final product
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Chapter Two

Mechanical Design and Parts

1.1 Introduetion

1.2 Mechanical Part

1.3  Mechanisms




CHAPTER TWO

Mechanical Design and Parts

2.1 Imtroduction

In this project we designed an automated device for checking the glucose level in the
hlood. In order to understand the principle of the project, and to obtain the general idea about the
motion we need first to understand the mechanisms. In this chapter we designed and explained
the motion of each mechanism.

To obtain the needed motion, we wsed two mechanisms: the first one was used to move
the needle to take a sample from the blood, the seeond one was used to wnsert the cell in and oul
the test device. Both ol the two mechanisms will be discussed in the next sections.




2.2 Mechanical Parts

In this section we show and discuss the design of the main parts and mechanisms
dccording lo their functions, And these parts are:

2.2.1 Fixed Linlk

It is a stainless steel link, it is fixed vertically on the base, and it is connected to the
movable link by a hin, and the tigure below shows the fixed link. (The dimensions in mm )

i

—
|

Figure 2.3 — Fixed Link

2.2.2 Movable link

[t is & stainless steel link, and it's connected with the fixad link, Il can be moved
curcularly and it’s connected to the molor by a wire which lifts it, Figure (2.4) shows the movable
link.
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Figure 2.4 - Movahle Link
2.2.3 Raller

[tis the third part of the arm as shown in figure (2.5), [U's fixed ar the end of'a movahle
link and connected to a motor 1o Totate it, and this roller is vsed to move the cell in and oul the

test device.
JRam
G\ = 1=
i a
@ﬁ?_) 138 2
o
u i

Fizure 2.5- Roller




224 Fixed base

This base is made of stainless, and it carries the arm mechanism and the sliding base.,
Shown in figure (2.6),

20

22

d4

Figure 2.6- Fixcd Base

2.2,5 Slide base

It is 2 movable base and it carries the needle arm, When i slides, the needle moves
toward the finger,

|
II'E" ' B @s.07
MERFE

Figure 2.8 - Slidc Base




2.2.6 Needle Arm

It is a stainless steel bar. and it is used to carry the necdle, as shown in the fioure
helow,

Figure 2,9 — Needle Arm

2.2.7 Pulley

There are two pulleys: the first one 18 connected to the motar, snd the second one is
connected with the end of hase. Between the two pulleys there is a helt that is connected Lo the
slide base. When the motor runs, the base starts moving. The pulley 1s shown in the following

figure.

Figure 2.10- Pulley




2.3 Mechanisms

A mechanism is 4 combination of resistant bodjes. and they are interconnected that by
applying force or motion to one or more of those bodias, some of themn cause to perform desired
work accompanied by desired motions,

2.3.1 Translation Mechanism

Itis the first mechanism in the project; it consists of three parts: First part is 4 tived base,
which is made of stainless, this basc carries the arm mechanism and the sliding hasc. The second
part of this mechanism is slid base, which is a movablc base that curries the necdle arm. When it
slides, the needle moves toward the fmger, The last part of this mechanism is a pulley. There are
two pulleys: the lirst one is connecred to the motar, the second one is connecled with the end of
the hase, Between the twa pulleys there is a bell that is connected {o the slide base, and as we
have mentioned ahove when the motor runs, the base starts moving, Figure (2.11) shows the
translation mechanism and its parts,

Meedle arm

Needle

slid base

Motor

Fixed basa

Figure 2,11 - Translation Mechanism




2.3.1.1 Principle of Operation

ln addition to the mechanical part of this mechanism there arc three limit switches: the
lirst limit switch is for moving the needle forward to prick the finger. When the user inserts
his‘hers finger inside the machine, he/she must press on the frst limit switch (L81), which will
send a command to micrecontroller. and as a result the PWM will be opened to opcrate the motor
that 15 connacted with slid base which causes the needle to move and take a sample of the bload
and measure the test, The needle can't prick the finger withoul pressing an the lirst limir switch.
I'he figure shows the slide mechanism operation.

Meedle

Ls1
Finger —™ )L

-

&

L=3

Ls2

= |

Figure 2.12 - Slide Mechanism Operation

Where:

LS1, LS2, L83: limil switches

The other two limit switches are used 1o contrnl of the dircetion of the motor and they arc
used for the safely of the operation o reverse the direction of motar directly when the needle
pricks the finger with 2mm inside the finger, so that when the neadle moves to the finger, the
second limil switch(1.52) reverses the direction of the motor directly; since the needle enters the
finger with 2mm.

The third Timit switch (LS3) is used to stop the motor and the operation of the needle.




23.1.2 Theoretical Analysis

Figure 2.13 - Schematic Motor

i
i kb T

Where

kb is the constant proportinality

dg
S the angular velority of the motor

By writing the loop equation:

Halat v =Efe) .. o e Ay hea st
The tarque developed by the maror is -

e R e

(1)

-- (2]

73]

Kq:t5 the moror torque conseant which depend on the mator and magnitic

feild characteristics




To find the transfer function of the motor we substitute equation (1) and (4} into (2), vielding

(R.)T,
*"'r

de
+ kb == Al e e e rmiopee )

New we musl lind T, in the term of w,.. , the figure below shows the Lypical equivalent
miechanical loading in the motor |

he ( C S
F

Dulley

Figure 2.14 — Slide Mechanism View

R e S R Iy R TBRI 3
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Where:

leg: the equevelent mertia af the svstem
M : mass of the slid base and needle arm and needle
r i the radiusof the pulley 1

I 15 the equivalent inertia at the armeture

Iy * the inartia of the pulley




(R,))eob a0
T— + kb E = Eﬂ{!"} e e e s e ke e i oL )

Hy taking Laplace transform, the equation becomes:

R
[—;:—E"'LH kb]mfﬂ =E (<) ... S R oo D)
_r.u(s] B 1

e s i i e e oo s (1)
s+ kh)

En(ﬂ B (Ea}iq
. 'EE

Quantity

3228456 kg2

0.0274Nm/Amp

20 gm

Table 2.1 Quantity of the Slide Mechanism

By applied the above value in equation (7) we get

feg =50 X 107(05 x 10-%)* 4 32284 x 10~ - FEIUID™,. .. e sil(AD)




By applied Newton's law to find the acceleration of the slide base

R v TR i T L e e e e e A T e 4 i oy e LX)

Where:

V' : the initial speed of the slide base
Vs: the final speed of slide basc

a: the acceleration of the slide base

x : the distance that the slide base moves

R e 3 SBRRIEA o alia B e B e e e Tl e D
e T e o s e S S o i s e b )
where r the radiuis of the pulley

B = = B0 EEE i e e e s e s e ot st o sen e e ene e (16)

T = 20X 323 X 107" = GOAD 5 10 NI e vien ven vorenbrm eaios0 v o wie K5 i amn 13 (17)




2.2.2 Arm Mechanism

The arm is the second mechanism. [ consists of twa links that are connected together: the
first one s fixed vertically on the hase, and it is connected to the movable link by a bin. The
second link is a movable link that is connscted with the fixed link, and it can be moved
circularly. it's also connected to the motor by a wire, Beside these two links there is a roller, [1s
fixed at the end of the movable link and connected to a motor which rotates i, this roller is used
10 move the cell in and out the test device. The figure below shows the arm mechanism and its
components.

Roller

Movable link Bin

Spring Fixed link

Figure 2.15 — Arm Mechanism




2.2.2.1 Principle of Operation

There are two motors connected to this mechanism: the first one is used to move the link
up and down, and the sccond enc is used to rotate the roller. At the beginning, the roller link
presses on the cell through the spring that is connected to the movable arm (the dimensions of
the cell 15 shown in figure 2.17). then when the motor receives a commend from the
microcontroller, the motor staris to rotate the roller so that the cell moves into the test device,
The second motor 1s connected 1o the link by a wire. When the cell enters the device, the second
motor runs and lifts up the link. Then when the test is finished, the two springs which are
connected between the two links force the link down, and the motor reverses its direction and
drives the cell out of test device.

As we have shown in the fipure2. 17, when the motor operates, it draws the link up, and when the
slage ol pricking the finger is finished, the mator stops and the spring draws the link down. The
figure below shows the dimensions of the cell, where w egquals 3.6 em and L equals 0.6 cm.

e

. ’l-.i
&

W
Figure 2.17 — Cell Dimensicn
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2.2.2.2 Theoretical Analysis

Figure 2.18 - Free Body Diagram of the Arm
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Quantity Value
M :the mass of the Hnk 100 gm
K : stiffness of the springs 90 Nfm
L 55¢m
Ls 3em
D 24cm

Table 2.2 - Arm Mechanism Quantity

F= Jd+mgly,sing+2kxlsing
lcos8+dsing

FRF ERR Bl ENE ENE RE] ARE VAR BEe seE awE RwE {zﬂ]

But we want to find the force in the term of Ty, the figure below shows the force applied
on the motor,

F

Figure 2.19 — Free Body Diagram of the Motor
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But the inertia of the motor is very small sa

_ 1(J® + mgly,sing + 2kxl,sinf)

T
= lcos8 + dsinf

+ e on oo (28)
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Chapter Three

Electrical and Computer System

3.1 Introduction

As a mechatronics system and as provided in the title of this praject, the
system is powered assisted, and according to that . there will e electrical part;
either provides input signal or receive outpul signal from the conirol svstem

Elecrrenic

P\ Bystems
1

\

Figure 3.1 —Inlegration between many systems that resulted in automotive
mechatranics connection

“This chapter will discuss the process ol designing the needed clecirical parts to
operate the system. These parls include eleetrical motars, drive circuit of the project,
we will discuss the control of the project by nsing PIC microcontroller and how the
PIC microcontroller connected fo clectrical part using the drive circuil, and we will
discuss the component of the drive circuit,

3l




The system includes three electrical motors to provide the nesdad motions. the
first motor is o provide rotational motion to insart in and pat out the cells from the
glucose tester second one is to provide the translational motion to move the needle
[orward and reverse to take a sample of blood from the finger aund measure the test.
the third one is 1o lifling the arm up and down . These motions are constwrained by a
group of limil switches to control the motors.

The selection of the motors will be discussed, where the torques needed to rotate,
translate will be determined to select the required motors specifications.

3.2 Selection of motors

As mentioned previously, the syslem requires three motors, for rotation and
translanon. These motors will be selected according o the nesded torques and speeds,

3.2.1 Translational motion motor

The translational motor used to move the necdle forward and reverse throughout
twa slide base connected with two pulleys, these pulleys arc connected with belt to
move the needle, the needle carried by tix arm. and the weights of the needle arm and
the needle are distribuled among these two shides equally. The value of these weights
15 302 for needle arm and 10g for the needle.

Tt e W o oS o e e e At W b e o

Ay caleulation in chapter two the needed torque for transzlation molor is
T = 20%x 3.23%x 107" = 6046 % 107°N.m ..., , e

A suitable de motor fora roller is used to provide the needed torque jand its rated
imput voliage 1s [0V . See fipure (3.2).

Figure 3.2- Translation Molor




The motars needs volmge source, and is fed from the drive eireunt which will be
discussed later in this chapter.

3.3 Drive Circuit

[l consists of multiple components for mul Lask aperation thal has been

discussed in the previous section. These components arc will be discussed in
the coming sections.

T By (A
T

"

f
:

W

t

[

e
i

FFeRHHEE ks

PIC 1874350

Figure 3.2 Drive Circuit of Microcontroller




Where:

M= Needle motor

M2= Arm lifting motor
M3=Roller motor

1.1, L2, L3 = limit switches

The above figure explains how rthe PIC microcentraller cunnected to the logic pates
and to the eleetrical motors .we will discuss the drive circuit and the component of it
in the coming sectian,

3.3.1 Mierocontroller

A microcontroller is a computer-on-u-chip, or 4 single-chip computer. Micro
suggests that the device is small, and controller tells you that the device might
be used to control objects, processes, or events, Microcontrollers can be found
in all kinds of things these days.

Any device that measurcs, stores, controls, caleulates, or displays
mformation is a candidate for putting a microcontroller inside, The largest
single use lor microcontrollers is in automobiles; just about every car
manufactured today includes at least one microcontroller for engine control,
and often more to contro] additional systems in the car.

In desktop computers, you ean find microcontrollers inside keyboards,
modems, printers, and other peripherals. Tn test cquipment, microcontrollers
make it casy to add fearures such as the ability to store measurements, to create
and store user routines, and to display messages and wuveforms. Consumer
products that use microcontrollers include cameras, video recorders, compact-
disk players, and ovens.

Microcontrollers have long been a convenient interface for the embedded
systems; they represent the core of the control system for the electronic devices
in dedicated applications.

Thus. in contrast the microprocessors thal are used in gencral purpise
applications  like personal computers that need high-performance.
Microcontrollers contain data and program memory, serial and parallel /D),




timers. and external and internal interrupts, and many more peripherals. made
them a strong choice when implementing control systems.

PWM 15 an impertant property in the microcontroller which used ker to control
the voltage that drives the motor; the PWM mode produces a PWM oulput at 10 bit
resolution. A PWM output is basically a squarc waveferm with a specified period and
duty eycle.

as shown in figure 3.4 Duty eyele descnbes the proportion of on time to the
regular interval or period of ime,  a low duty cyele corresponds o low power,
hecause the power 1s ofl for most of the time. Duty cyele is expressed in percent.
100% being fully on.

Period
- >
i §F
IR e 42l
Duty Cycle
Figure 3.4- PWM shape

PWM period formula:
Period = ((1/Frequency)/4 x (1/F ) x Timer2 Prescaler) -1
Period = ((1/20 x 103)/4 x (1/8 x 106} x 1}-1

Period = 99 geg,

(More information about PIC 18F4550 microcontroller in appendix A)




In our project The PIC mierocontroller (PIC 18F4530) from Microchip
is found easily, and has a lot of ports (port A, B, C, D and E), can be
programmed simply and it gives all characteristics that the project needs, the
PIC 1874550 and all of the ports shown in the drive circuit in figure 3.2

Figure 3.3- PIC Microcontrollers.

As shown in the figure 3.2 we usad two ports in the PIC microcontroller the first
port 15 port B that was conneeted Lo the logic gates (AND and mverter gates), these
gales are used for the selection of motors and their direction that connected to H
bridge 1o control the direction of the motors (H hridge discussed in the coming
section ).

T'he second port is port A that was connected fo the Limit swilches and to the push
button . In PIC 18F4550 there are two PWM (pulse with madulation) to operate the
mators : the first PWD connected to the two motors (the motor of the needle and the
arm lifing motor), and the seennd PWM eonnecied to the motor of roller.

3.3.1.1 PIC programming

Programming PIC microcontrollers is done in three steps process: wrilimg
the code, compiling the code, and uploading the code inle a microcantroller,

We programmed the operation of project in MPLAB LDE pragram, using C
language (The program code ol the projec in the appendix A).




The First step of the propram is 1o write the code of the raller to insert the cell
in glucose tester, then the code of the arm mechanism that lified up and down,
finally we wrote the code of the needle mechanism.

The flowchart of the code that was written is shown in figure 3.3




|

Figure 3.5- Flowchart of PIC Microcontroller Code




3.3.2 DC Motor Driving Circuit

3.3.2.1 H -bridge (L 298)

1298 H-hridge is dual clectronic circuit which enables & vollage w be applied
across a load in either direction. These circuits are often used in robotics and other
gpphications w allow DC motors to run forwards and backwards. H-hridges are
available as integrated circuilts ar can be built trom diserete components.

In thus project the Il Brndge is the main part ol the dnve circuit where it
controls the direchon of the maotors in bath directions, and it also controls the rate of
voltage that passes to motors, In order to operate the overall system at the same time,
we will need Two H Bridge: one to contrul the direction of two motors (motars for
litting the arm and the needle mechanisms), and the other H Bndge o conuol the
motar of the raller mechanism.

And to be able to control the direction of each motor separately (cw or
cew ) and rate of veltape tansmitted 1o cach motor, LM298 H-bridpe is used. see
figure (3.6}, it consists of four switches connected in the topology of H. Where all
switches are opened and closed =0 a5 1o put a voltage of ane polarity across the maotor
for current w Oow throwgh it in one direction, or a voltage of the opposite direction,
causing current to flow through the motar in oppesite direction for reverse rotation,
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.g_._.... i J_ --E:‘omu T
g 3

Figure 3.6 - Connection Diagram of H —Bridge
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The H-bridge is supphed with two voltages, one is Sv used to run the H-bridge and
the other 1519 v used to supply voltage for the motors, and alse it has an enable signal
thar enables or disables it.

3.3.3 Voltage Regulator:

A voltage regulator is an electrical componenl designed to automatically maintain a
vonstant veliage level.

It may be used m electromechanical mechanism, or passive and setive electronic
components. Depending on the design, il may be used to regulate DC voltages.

L1
780s

Input Voltage I"-"' g ;ﬂulpul'i.fultagl

Grownd

Figure 3,7- Voltage regulator

In our praject the PIC microcontroller and the lopic gates need 3V, and to enahle
the H Bridee we need 3V from the power supply sa that the voltage regulator necded
to provide 5V {rom the supply vollage.

We have three DC motors with veriable voltmpes: the motors of the needle. the
arm nzeds 9V and the motor of the cells nead 5V,

Since the supply voltage provides 19V and the motors need 9V and 3V so that
the regulator is required to reduce the voltage. There arc two tvpes of regulator, the
first 15 constant (5Y) and the other is vanable. We chose (E7805CV) regulator with
constant 3V, whereas the voltage of the other motors is controlied by the
microcontroller.

g1




Features:

# Output currentup o 1.5 A
# Cutpul voltages of 5, 6; 8: B.5:9; 12; 15; 1824 V
# Shert circuit protection

(More information about regulator in appendix B)

3.3.4 Limit Switches:

Switches are commonly cmployed as inpul devices to indicate the presence or

abzence of a particular condition in a system o1 process thal is being monitored and/or
comtrolled.

In motorized electromechanical systems, limit switches provide the function of
makmy or breaking electrical contacts and consequently electrical circuits. A limil
switch 12 configured 10 deleel when a system's element has moved to a certain
pasition.

A system aperation 18 triggered when a limit switch is tripped. Limil switches are
widely used in various industnal applications, and rhey can detect a limit of
movement of an article and passage ol an article by displacement of an actuating part
such as a pivotally supported arm or a linear plunger. The limit switches are designed
to control the movement of a mechanical part. Limit switches are tvpically utibzed m
industrial contral applications to automatically monitor and indicate whether the
travel limits ol a particular device have been exceeded.

In our project as we discussed n chapter two there are three limit switches to
contral the machine: one 1w engble the motor of the neadle and the second Timit switah
to reverse the direction of the motor when the needle pricks  the finger to take a

sample of blopd to measure the test. The Third one is to stop the molor.
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Figure 3.8 - Limat Switch

3.3.5 Power supply (19V)

A device or system that supplies electrical or ather types ol energy to an
output load or group of loads is called a power supply unit or PSU. The tean is most
commonly applied 1o electrical energy supplies, less ofien 10 mechanical ones, and
rarely to others.

Figure 3.9- Supply voltage

3.3.6 Logic gates:

We used two logic gales lo comnnecl the circuit to the PIC microcontroller these
logic pates consist of two 1C's, the first one is 7408 AND gate and the second is 7404
INVERTER gale, where the AND gate reccives the PWM and direction signals from
the PIC and passes them (o the H-bridge.




The AND gate 15 an electroni¢ circuil that gives a high output (1 only 1l all its inputs

are high.,

A T
) i

AND

Figure 3.10 - AND gate

Figurce 3.11- Inverter gate

(Tnformation about AND gate and inverter gate in appendix C)




3.4 project safety

As mentioned in chapter one, the project purpose 15 to help the elder and blind
people to measure the glucnse level in a blood, so that the project is medical project
that interact with human so that the salety is 4n important field m the project. In this
section we discuss many sides of salely for the users i the project.

After the user presses on the push bullon, the needle can't prick the fnger before
the user press on the limit switely, and the finger placed on the suitable place. When
the needle pricks the finger, the other limit switch reverses the dircetion of the needle
motor directly when the needle is 2mm mside the finger, the directly of reversing the
direction of motar 15 one of example of salety on the mechanism of needle. The other
side of salely 1= 10 overcome the inertia of needle motor by placing the limit switch cn
distance of 2mm from the finger, this distance is enough to prevent the effect of
inertia on the finger. As we see n figure 3.12.

, Ls1 -
Finger = i
Ls2 L53
BT .,7
-—p

Figure 3.12- Needle mechanism

Where:

L%1. 182, L83 = limil swiiches




As shown in the abuve Ggure, the distance between the finger and the lunit
switch (I.82) is 2mm, so thal we make sure that there 1s no effect from the inertia of
motor on the finger. This is another side of safety in the project and il is considersd
the most important part that we have covered.
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Chapter Four

Results and Recommendations

4.1 Introduction

This chapter contains the results that are obtained from making experiment for a
person that uses the machine to measure the glucose level, this experiment was done
to verify the designs and implementation of mochanival, electrical, and control design.

A group of recommendations are provided to cnhance the performance of (he project.
Also the prablems thal faced the working team will be discussed.

4.2 Practical resulis

4.1,1 Practical mechanical structure

As discussed in chapter two the mechanical parts that are designed to be used in
building the system are completely formed and used as it's designed. The [ollowing
figures show pracitical pictures for mechanical parts, which are used in the
mechanisms of the projeot.

The roller and lifting arm mntors shown in figure (4. 1) where the roller connected
to the movable arm uses to insert the vell inside the glucose tester, when the operarion
completed the roller uses to draw the cell out side the plicose tester.




Figure 4.1 — Roller and Movable Arm

As shown in figure (4. 1) the arm lifling up afier the cell inseried in the glhicose tester
Lntil the person put his finger inside the machine as shown in figure (4.2)

Figure 4.2 — Newdle Pricks the Finger

The needle mechanism shown in Ggure (4.2) when the person pul his finger. the
needle move with high speed and pricks the finger to take a sample of blood on the
cell and measure the glucose level, As said above the roller draw the cell afier
completed the rost.




4.1.2 Practical eleetrical stucture

After finishing the assemblv of mechanical parts, the electrizal parts are provide the
satety factor to the system and Lo operate and control the motors.

As discussed in chapter three, there arc three motors to move and rotate the
mechanisms, motor of lifling arm, needle mator, and the motor for the mller. The
three motors shawn in the figures in section 3.2,

There are three Iimit switches to control the svstem, as shown in the fi gurg 4.2

As we discussed in chapter two the first limit switch using tor moving the needle
mechanism and the others limit swilches use to contro] the direction of the
motor,

4.1 3 Electronic circuit implementation

The ligure (4.2) shown the PIC microcontroller connected to the drive cireuit |
As discussed in chapter three and shown in figure (4.5) the PIC microcontroller
connected with logic gates . H-bridge, regulators, and power supply. These
components were discussed in chapter three.

Fipure 4.3 — Electncal Circuoit




4.3 problems and recommendations

During the practical working, a lot of problems faced the working team
throughaut all the project stages. The [frst problem was in building the
structure and designing the mechanical components because of the dimensions
of the mechanical parts were very small such as the cells contamer.

The second problem was uncontrolling the cells when they were nserted
in the glucose tester using the lopic comtral (limit switch)} because of the
complexity of the internal structure of the glucose tester, and there was no full
information about the glucose tester.

We recommend developing the system to be fully controlled and using
position control to control the needle when it moves to pricks the finger since
this control is used to improve the salely in the project. And we recommend
using the machine in hospilals not just at home.
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Appendix A

PIC18F4550 Microcontroller

Datasheet & C Code




PIC18F4550 Datasheet Snapshols

MICFIUCHIF' PIC18F2455/2550/4455/4550

28/40/44-Pin, High-Performance, Enhanced Flash,
USB Microcontrollers with nanoWatt Technology

Universal Serlal Bus Features:

+ USE V2.0 Compliant

- Low Spesd (1.5 Mbks) and Full Speed | 12 Mhs)

+ Supparts Conirol. Interrunl, Isochronious Bnd Guik
Trangfers

+ SUpports up to 32 Endpcinis (16 bidirecional)

i-Kbyis Oual Aiess RAN ior LESE

Cn-Chip LISE Transcahier with On-Chip voltage

Regulator

¢ IETace for OChlp LISE Transceiver

« Sreaming Parallel For (SPF] for USE streaming
branstears (S04 pl devices only)

Power-Managed Modes:

« Run, CPU on; peripherals on

+ |diel CPU off, penpharals on

Slesp. CPU off, peripherals of

I mode currents dosen 1o 5B us hymeal
Sloop mode carrents down 1o 0.1 A tvpical
Tines ] Cscidalos 1.1 ph '!,rpu:,a} A7 kHz, 2
Walchdog Timer, 2 1 pA tyoical

lwo-Spaed Ceuillalor Start-ip

" & @ 4

Flexibie Osgcillator Structurs:
= Fodr Crystal mddes, Ineliding High Pracision PLL
for LiSB
Two Exterral Clack mades, up to 48 MKz
Internal Oscliiator Bipck:
- et asieciabie frequencles, from 31 kB4

ta 8 MHz
- Userdunable o compensate for freguency drin
Secondary Cecilstor using Timart £ 30 kHz
Dual Ssclilator options allow microcontrelier and
LISE module torun at diferent clock speeds
+ Foil-2afe Clock Monitor

- AllD4ws 100 Sare stutdown If Ay Clack stops

Peripharal Highlights:

= High=Cument SmkSource: 25 mAazs ma
Three Extemal Interrupls
Four Timer mozuies (Tirmerd I Timss3)

« Up 1o 2 Captare/Compare WM (57 ) modules

- Caplure i 16-bit, max resoiution b 2 ns [TV 16)
- Compang |5 16161, max. resalulion B3 3 ns (Tor)
- Pyend autput PYWIA resolution s 1 to 10-Bt
Enhancen Captura ComparsPwWi [ECCR) madule
- huitipte oipul modes
- Selectabe polarity

Frogrammable dead lime

Audn-shitdewn and aulo-restan
Ernhanced USART mooule;

LIM bus support

= Mister Synchronous Sanal Port (IMESP) moduts

supporing S-wire S5 (all £ mades) and Fo™
Kaster and Skve modes

= 0B up o 15-channet Analog-to-Digital Comverer

il {A/DY weth Programimeaiii &sguistion Time
Dual Amalod Comparators with Input MuRipiexing

Special Microcontroller Features:
= Compier Optimized Architecture with aptiona

B W W W

Exlended instructon Set

102 000 Eraseviiie Cycle Ennanced Fiasn

Fragram hMemaony typical

1,000,000 Erasefvhiie Cyce Dala EEFRON

Kemony tpical

FiezhData EEFRDM Relenlion: > 40 yesars

Seif-Frogrammanie under Sofware Control

Frionty Levels Tor rket gy

£ r 4 Single-Cyoie Handware Multioher

Exlended Walchgog Times (WDT)
Frogrammiabie penod Fom 41 ms 1o 15815

Proprammiatile Code Prolecton

Single-SUppdy &Y N-Circist Serai

Frogramming™ (ICSP™) via two pins

In-Clreut Debun (1268) viatws pins

Opdenal dedicaied ICEVICSE por (44-pin Devices oy

Whde Operaling Voltage Ranage (2.0V to 5.5v)

Program Memory Dt Msmary | (EETY E E
: 0B | CCRECCH Bl
Dewite | Flosh |9 Single-Word | SRAM |EEPROM | VO | gt oy | SPP | oo |Master| 2 ortigal

[bytas)| Instruclions | [bytesi | (oyies) [ E . |
PICIEF3258 T 30K 12is M98 | o6 | A | 0 BT Mo | ¥ | ¥ [ 12| w3
PICIEFISs0 | XN e 48 [ 356 |24 ] 10 FT1] e | ¥ | ¥ [ v [z]
FICIEr4e% | 2K 12388 o8 | P (] B 1 ves | ¥ | v [1]2] w3
FIC18F4550 | KK 1344 maa [ 256 [:E] L ves | ¥ [ ¥ [ 1] z] i3

£H) i

& 207 Microchip TRENoOQy Inc.
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TABLE 1.3:  PIC1BF4455/4550 PINQUT 1O DESCRIPTIONS

' Mumber B
Fin Nama 2 | L fosetes Description
POIP | QFN (ToFp TvP® Type
MCLRVFRRES ! e | 18 Master Clanr {input} or programming voltage (input)
L fel B2] I &T Wazter Clear (Resst) inpul This pin s an acive-Jdow
i ' Reset 1o the device
WD P Programming valage inpul
RE3 [ | | 8T | Dipginput
OSCHCLK {3 | 32 | 30 Oscililor cryslst or extemal dlock input
e ) | I |Analog|  Cecillator crystal inpud or axtemal choek soires Input
ChRi | \Anslog|  Exernal clock soures inpul Always sssocaied with
pirt funciion O8C1 . (Ses OSCHCLKG pin.)
OSCHCLKOEAG 14 33 LA sl crvslal or clock outpa
0 o - Csrliator crystal ulput Connects 1o crystalor
resonatar in Crystal Osellintor mods
ClLED b | In RC made, OSC2 pin oinputs CLKCG which has 14
the frequenicy ol D501 and dencles the instruction
cyche rats.
RAD U [ TIL =aneral purmese 10 pin
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
51 = Schmitt Trigger inpul with CMOS levets | = Inpul
0 = Dutpo P = Prwer

Mote 1:  Allemaiz assigrment for CCRZ when CCPZWX Configuration Uit is cleared
2. Defuull assignment for CCPZ when CCP2MX Canfiguralion bit is el

1 Thesa pins are No Connect unless the ICPET Conliguration bit is et For NCACPORTS. tha pin s No
Connect unless ICPRT & sel and the DEBUG Conhouration bt i= deated

MCLRVPFIREZ —» [
RAC/AND =—e[]

RA&TANT a&—
RAZANZ/VREF-ICVREE =+—]
RASANIVEFF+ ==—]

o

1 40 [] «— RET/KBIZ/PGD

2 1¢ || «—» RBAKBIZIPGC

3 38 ] -— RESKBI1PGM

4 37 || =— RB4/ANTIKBIOICSSPP
g 36 | | =— rB3ANSICCP2WRD

RA4/TOCKICIOUTIRCY «—=[] & 35 || =—= REZANSINTZVMO
RASIANAISSIHLVDINIC2OUT =—=T17 34 [ +—= RE1/AN10INTI/SCKISCL
REO/ANS/CK1SPP =—=[]8 we 33— REDANIZINTOFLTO/SDISDA
RE1ANS/CKISPP =—=]¢ g B 32[0=—"voo
REZANTIOESPP «—=[J10 § ¥ 31 [ «—Vis
Vop —=[J11 @&  30[]<—s RD7SPP7PID
= =
Vss—» 712 0O 28 [] «=— ROBISPPEPIC
OSCI/CLKl — =~ 15 @@  28[]<— RD5SPPSPIE
OSC2CLKOMRAS =—— 1 14 27 [0 «—= RD4/SPP4
RCOTIOSOTIACK <= 15 28 []«—» RCTRXDTISO0
rReimiosiccruos *—n% 16 25 [1 =—= RCHTXICK
RCHCCP1PIA =—= | | {7 24 [] —= RCSD4HVP
Vs <+—] 18 23[] +—» RCAD-AM
RDO/SPP0 =[] 1a 22 [1«—= RO3/SPP3
RD1/SPPY .._..EJ 20 21 [0 == RO2ISPP2

=1




TABLE 1.3:

PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Fin Numbar Pin |Buffer
Pin Name Description
POIP | QFN | TOFP | TYPe | Tvpe
' PORTA is a bidirectional L0 pori
RACHAND 2 19 | 149
RAD [0 | TTL | Dighall'0
4NO | |Anslog| Analog inpul 0.
RAVAN] 3 |d | B
RAI U | TIL | Digtall'o
AN1 | |Analog|  Analog input 1
RAZIAND\REF-! i 21 M
CViRer
Ra2 I3 | TIL | Drgtal LD
ANZ | |Analog|  Analog nput 2.
REF- | |Analog| AD refererice voltags (low) input.
CVREF O |Aralog| Analog comparator reference output
RAJANIVREF+ 5 | B |2
RA? WO | TIL | Digital 110
AN3 | {Analog| Analog input 3.
VREF+ | {Analog| ADrelerence voltage (high) input
RATOCKIC10UT) - O
RCY
RAL W0 | ST | Pigilal g
TOCK) I &1 | Timerd external cock input
c1euT B == Comparator | oulput
RCV | | TIL | External USE fransceiver ROV nplt
RAG/AN4/SS! T |2 | N
HLVDING2OUT
R&S IO | TIL | Digital 10
A4 | |Anaiog| Anakg input 4
35 || TTL | SPlsiave select input
HLVLIN | |Analog| High'Low-Vollage Datact input
C2OUT 0| = | Comparstor 2 output.
RAG — | = | = | = | = | SestheQSCUCLKO/RAG pin.
Legend: TTL = TTL compatible inpul CMOS = CMOS competible input of culput
ST = Schmill Trigger mput with CMOS |evals | = npul
0 = Cutput P =Powsr

Note 1:

Allemala assignment for CCP2 whan CCPZMX Configuralion bit is cheanad

2: Default assignment for CCP2 whan CCPIMX Confiauration bil is set,

3 These pins are No Connect undess ths ICPRT Configuration bitis sef For NCACPORTS. tha pin is Mo
Cannect unless ICPRT s set and the DERUG Configuration bit is clesred




TABLE 1-3;  PIC18P4455/4550 PINQUT /O DESCRIPTIONS (CONTINUED)

Pln Nurnbear Pin | Buffer
Pin Hame I
POIP QFN | TGEP | TYPe | Type Dscripticn
] | el |
FORTE s abidicectonal 11O part, PORTE i ba software
programmed for mtermal weak put-ugs on all inpus
RANAN | 2/NT 33 & B
FLTO/SDISDA
Rail ey | TTI [riggital [y
ANTZ | [Anakg| Analog g 12
[NTE | ST Extermal intzrrupt 0
FL1O | ST Enhanced PWH Faultinput (ECCF module)
| | 57 SP| datain
<MA va | ST | AC™ gate o
REVANTWINT USCK: | 10 B
SCL
Ra1 W | TTL Digital 171G
AN | |Analag| Analag gt 10
T I ST Extarnal infarmupt 1
ROk W | 8T Synehranous senal Cock mputoulput for 57 mods
=i . | ST Synchrarous seral clock inputioutout for I'C mode
REZANSINT 2V 35 11 i
RE? WO | TTL |  Diigial 'O
AME | |Anakg|  Anelog mnpat 8
INT2 I ST Exterrial iferiinl 2
WV o Extamal USE transcener VRO ourpat
REBLAMLCCRFEAROD 36 12 1
HH WG | TIL Crigial 110
ANG I |Analog|  Analoginpuat 9
cepait) Lo | ST Capture 2 input'Compare 2 autputPWM 2 cutput
WP i — Externnl LISR transcaiver VRO outpul
HRLANITKBIICSSRR| 97 | 14 4 -
RB4 Ko | TTL [rigal 170
AN | |Anoleg| Anatedinput 11
=8I0 [ TIL Irvtéarrupt-on-change @in,
CSSER 0 — SPF chip salest rantral cutpul.
RESKBN/PiaM 38 15 15
HBS ] TTL Diggaal 17Ch
KABI | TT Itarript on changs pin
PG La &7 Low-Voltage IC5P™ Programming anabie pin
REGRBIZPGET 6] 16 If
RBG G | TTL Difcgitall [0
wBi2 | L imerrupt-on-change plin
PGa vQ | ST In-Circuit Debugaer-and ICSP programiming <ok pin
RETHBIAPGED 40 17 17
RET Vo[ TTL | Cigital 1O
KBiI3 | TTL Irerrugl-on-change pr.
Ban LS | ‘8T n Circutt Debugoer andd 1CSP programming data pin
Legend: TTL = TTL compatibla inpul CMOS = EMOS compabible mput o oatpal
ST = Schmitt Trgger inpul with CMOS levels | = Ipplrt
O = COutput P = Prwer

Nobe 1: Alzmate assignment for CCP2 when CCP2EX Configiration Bitis clesmed
2:  Defaull eezgnment tor CCO2 wivan COPAME Configuabon Ll 15 ssl
3:  Thesze pine sra He Conrect unlzss the ICPRT Configuration bitis set. For MOACFORTS, the pir s Mo
Conngct undess ICPRT i 2ot and the DEBILNG Configuration bif i clsarad




TABLE13;  PIC18F4455/4550 PINOUT /O DESCRIPTIONS (CONTINUED)

i N Pin Number Pin Buffer
in Name _ Description i
POIP | OFN |TOFP | Type | Type
FORTD is & bidiractional [0 part o 8 Streaming A
Farallel Forl (SPF}. These pins have TTL input buffers
' when the SPF moduls |5 enabled.
ROQSPPO 19 | 3 | 28
ROG U0 | ST | Digial MO
SFFO UQ | TTL | Streaming Paralisl Part data
ROW/SPP 20 | 3 | 30
RO V0 | ST | DigialliC
SFP1 VO | TTL | Streaming Parslel Fort data
RD2SPP2 | 2| € | 40
ROZ l - VO | ST | [Digial 'O
SFPZ Vo | TTL | Strzaming Paraliel Port data
ROYSPP3 218 | i
RO3 WO | ST | Digetal KO
SFP3 WO | TTL | Strzaming Paraliel Port data,
RE4/SPPY 3 I ) S
RO4 WO | ST | Digtal O
SPP4 I | TTL | Streaming Farallel Port dala.
ROSSPPSPIB | 2 3
RD& 0 | ST | Digital 1D
SPFS P TIL | Streaming Parallel Port dala
FIB 0 | — |+ Enhanced CCP1 PWM outpud, channel B
ROG/SPPEPIC &l 4] 4
RDG o | ST | Digital 1T |
SPFé PO TTL | Strezaming Paraliel Port cala
BC 0 | — | Erhanced CCP1PWIM oufpul. channel C |
ROT/SPPTFID B8535
ROT WO | 5T | Digital I'D
SPET PO | TIL | Streaming Paraliel Port gala.
AD 0 | — | Enhancad CCP? PWM output, channel D
Legend: TTL = TTL compatible mput CMOS = CMOS compatitle input or output s
ST = Schmitt Tngoer input with CMOS levals | = Input
0 =Output P =Power

Note 1: Altemale assigrmant for CCP2 when CCPIMX Configuration bif is clearad
2. Default assignment for CCPZ when CCPMX Configuration bit is set.
3. These pins are No Connect unjess the ICPRT Configuration bif 1= set. For NCIICPORTS, te pin is No
Connect unless ICPRT is setand the DEBUG Canfiguration bit is clearsd.




FIGURE 1.2:

PIC1E8F4455/4550 (40/44-PIN) ELOCK DIAGRAM

-

Data Bos<fz

POATA

Talin anm:-.::ﬂ

ELETL

e

AR
Prograr Coumbe
[ Tiewites |
| Address Laith
| Proaram Mermary STRATR
L2ATEF Kines}
DEm Lalch

Instructian Bus <1

4

v

Ciotm Lateh

Dt Wamory
(2 W lryhiis ]

Addrasz Lazh

ImsLruslion

[y Staiw Maching
Diacade & W ' 2
Gontol VRIS
|
wan, Yes Ei—lv e
I A ¥
- Dsalarar Fowarp
En E_.' - Timer
e E—I‘ SIAC -}nala_lnl |
= E--P it P 2arnin Teni.
Fawer-n
e EMH:z
oD E_* QsiFulD S
Waltheioy
iceaet (e [angesumny Bl
e i T Wikl Sep ok
-Gl i
emonTs W | Ceougger L m-;.;:r:
= ook Wondorn Band Gad
T L o e Finferencs
weEn [ LER vilace
Fagulatar
Wi '
_ = 1
Isl_:-:r EE:EJM { Timam Timsr Timesd T}

r __t -3

t

f

i

I ¥
1

\ , I

Cmﬂpara‘t:tj ‘:ccr-‘ |-:-‘.r-:-

v

=

i

EUEART

Ly

AL
106l

h

FEg

Mata 1!

RE3 & mulbaihed with WELR ana is only svailatis whan ine IATTR Jatet 22 dieatied

e [ 3] RAZIANZS

RARANGD

RAHANT

L VEEE
RAMANIA =
RAAMOCHIC 1 CUTIRGY
AR RS VIRICEOL T
ORI EDRAE

oA MNTEELIOS0EDA
ABIANITINT IS 0K L
SEMANSANTZAMD
REMANST RV
ABaANTIKEIDDS35F
REEHEN PR
REEHEILP I
ABTIKEIZRED

REUTICSNTIICR]
RETosCorztUDE

RC4D-N
RoWDvYF
ROGTXICK
RCTRWETSDO

ROO/EPP RUA/SFPL
IREMEPPHPIE
[ RGATRRANE TG
ELTEPETEID

¢ REDIAMNSTR I EFFE

REIMANBIGRSPE
REIANTIDESTE
R S

i Q6 ICLED and COCITLRD arv only avabable i 3elet osclllator modes and when hess pors ane nat being wed e Sgital 1D Refn
1 Saction 2.0 " Qscillatar Contigurntions” B 2adsien sl nfamation
Y. Thess pine are only avalshle on-dd-pin TOFP packagis vidor coftaln comcllions Fofer o Section 28.9 "Spocinl ICPCRT Feoluies
{Desipnped Mackages Cnly)” for aassional ivtsrmation
R igthe gtemaie pin for CCP2 rutislexing,

38




280 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings'

Ambient temperature BT BIZS ... ... e e e A0 G 10 #85°C
DRI ORI Lo i B i s e i s ) R AR
Voltage on any pin with respect 1o Vs {except Voo, MCIR and RA) ..o OV VDD #0.2V)
Voilage on YOO WINTBSPRCHIO VES ... o e s s ssismsimessssmsssisosasasioncnss 0V ¥T5Y
\Votage on MCLR with respaci o Vss (N0 2).. oo (VD3
Total power dssipaton (Note 1) ... oo R o eis i = i 100
WRSBTIUM CUTENT OUE OF VS DM ..o i e e A A 300 mA
WA CUMRIIEIOND VD DM st rmmsstmmt ettt s D) TR
inptnt ciamp CUten, Ik (V1 € D07 V12 VD), oo s cnem s sssssascssasarsssnmssenamon £20 A
Output clamp cuiment, 1oy (VO <0107 W02 WD) iccsiimiciiitiiiiiinisinmmmintesmsmeomset tomreee e EOD THA
h%ﬂmmmm-:umsu-rﬁ!:r;myu'f:lp:-n B e L s o B R e S e S TR
Maimum ouut cument SOURT BY 8 O BIN uvvee i e, 2B A
Madmum cument sunk Dy Al ports e, 0D A
R et Sourca b B OM e 200 mé

Note 1: Power dissipation I calculated & folows,
Pdis = V00 1 {Ioo - I ok} + I {(Vop = Vor) 1 Jos} + VoL x ko)

2: Voliage spikes bekow V53 af the MCLRNVe=RE3 oin, inducing cuments greater than 50 mA, may cause
faten-up. Thus, a series resistor of 50-100£2 should be used when apoiying a flow” level to the MCLRNVes)
RE3 pin, rainer than puding this pin directly o Vas

T NOTICE: Stresses above thoss fsted under “Absouts Maximum Ratings” may cause permanent damage to the
davioa. This fz a straze rating only and funclional eperation of e device at those or any other candtions above those
inoicated in the oparation Isings of this specificaton i3 notimpled. Exposure 1o masimum ratng sondiions for
edtendsd periods may affect device refiability.




Control PIC Code Developed In C Programming Language

include<pl 84330 h=
trimclude<timers h>
finclude<delays.h=
rinclude<pwm. b=

volid mainivoid)

{

unsigned char state=0;

TRISBhits. TRISBO—0;// enable 1o arm H brdpe

PORTDBbis. RBO=1;

TRISBbis TRISB1=1;//2tart push huiton

IRISBbits TRISB2-0; // direction selection of arm motor{PWAL2)

TRISBhits. TRISB3-0; /! motor selection of atm motor (RBS—0)PWM2)

PORTBbis. RE3={;

'R1SBbits TRISB4=0.// motor direction selection of neadle motor{ PWM2)

TRISBbits, TRISBS=0;// motor selection of needle motor(RB3=0)(PWM2)

PORTBbite RB5=0;

TRISBbits, TRISBA=(;// direction selection of wheel motor (PWM1)

TRI15Abits TRISAU=1.;// L8] {(fnger hmit switch )

TRIGAbits. TRISAL=1./ L52

TRISAbits. TRISAZ=1;// 1.53

OpenTimer2( TIMER. INT OFF &

T2PS 1 1&

T2 POST 1. 1);

CrpenPWh | (99}

OpenPWM2(59);

SerRCPWM 1{0):

SetDCPWM2(0h;// all motors are in brake

while(1)

{

switchi state) :
i |
wase O

PORTBhits. RBO=] ; I
SetDCPWM 1(0):

SafDCPWM2(0); f
while(PORTBbits.RBI=11;

while(PORTBbits.RB 1=0;

stote=1 ;

break;

case 1:

SetDCPWM1(200);: al SHAREHA motor

SetDCPWM2(0) the other two motors 18 in brake

PORTBbis. RAG=] //forward

Delay | OKTCY x(200);\delay 1sec

state=2; i
breal::

3%

B



case 2:

PORTEbits.RBO=1;//enable the arm H bridge
SetDCPW M),

SertlRDCPWMZ(Z00); arm motor forward
PORTRhis.ERI=1:

FORTBbit=.RR5=;

PORTBBi: REB2=1;

Delay lOKTCYx(200)://delay one second
state=3;

break;

CASE 3

SetDCPWML(L);

SetDCPWM2(0):/ all motors are in brake
while{ PORTADbiLs RAD=1); //wail untll the uscr eniers his'her linger
SctDCPWM2(200); //needle mator forward
PORTBbits. RB3=10);

PORTBhits RR5=1;

PORTBbitz. RB4=1;

while(PORT Abits RA1=—1);

PORTBhRits RB4=00/ revers needle
while(PORT Abits. RA2—1);

state =4;

brealk:

case 4:

SetDCPWM (0},

SetDCPWMZ(0),/ all motors are in braks
PORTRbits, RBO=).// disahle the arm motor 11 bridge
Delay LOKTCY x(200);//delay one second
SetDCPWKM (20077 al SHAREHA muolor
SoDCPWM2{0):/ the other twis motors s in hrake
PORTBhite, RB&=)//revers

Delay | 0KTCYx(200): delay Isec

state=0i,

bresk:

i

}

|

el




Appendix B

H — Bridge L298

Regulator KA7805
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L298

ABSOLUTE MAXIMUM RATINGS
Symbaol Faramefier Vzlue Unit
s Frower Supply 50 v
Vo Lngc SUEply Vohsse T L'
WL en nput and Enable Vigliaps =F3w7¥ Vv
] Feak Outcl Cummenl (each Channed)
~ Mon Repstiive it = 100us) 2 A
~Rapatithie (80% on 20% off & = T0ms) . A
= Cperation Z A
e ZenEng \Voiags =10 2.3 W
Pt Total Power Dissipation (T = 75 ) 28 {1
Tee Junzion Operating Temparatin =251 130 "
Tag T, Sevags and Jurdlion Tempeiaiis 40w 150 =
PIN CONNECTIONS (top view)
/ |. i N — CURRENT DENZ MG E
o —- 7T
‘$’ i3 § - DUFEUT &
i — T
nE—2 EMABLE §
Wi PuT)
N LOGSE LY UOLTAE Vg
Multiwatti® ——— 3
¥ NEUT
| | e— LYY )
£ E==———u WEUT
s 3 sUPkly coiTagy vy
‘$’ i o
-S| e—. 7T
“\ f = N} SURRENT TENIMD &
z FaE COMRECTED T P # rama
’
(1= o o —
Eercrs [ 2 LN — Y
MG ] 2 [ — T
oull ] & It [ outse
ouiz —] & PowsrSO20 & I ouid
W, L1 & 18 ] s
ped ! 17 1 1 BrabieE
Eatie s 18 1] et
mputz 1 & =1 vsE
gD [ w0 N w2
B L S
THERMAL DATA
Symbaol Parsmatar Powsr5020 Multiwattis Unik
R ese | Therral Resiziance Junction-caze bl - 3 CAN
Repere | Thermal Resistarse Junciion-ambsent Bl o 130"} 3 R
4 Mounted on alummur subsirate
213 &7

il




L298

PIN FUNCTIONS (refer o the block diagram)

MW.15 PowerSQ Hame Funciion
- e Serme A Sense B |Beowesn Mis pinand grouns i@ connected the senge fesistor e
cantrol the curmem of the bad
23 45 Out 1Ot 2 Outputs of the Bridge A the current that flows through the load
| connetled between thess wo pins is monfored &t pin
4 2 V3 Supply Votage for the Power Dutpus Stages
& nar-inductive 100nF capacitor must be connecied between this
pin &red groung
= 7% Itpad 1 Inpes 2 TTL Compatinle |nputs of the Bndge A
=8 914 Enabie L. Erable B |TTL Cofmpatible Enable Input e L sfate disables the bridge A
{Enabls A) andior the bridgs B (enable B)
g 1.13,11.20 ST Engund
g 4 V33 Supcly Violtsge %r the Logic Biooks 8 100nF capactsr must be
conmected batween this pin and ground
16 12 138 Inpua 3: Input 4 TTL Compstible Inputs of the Brdge §
13 i4 1817 Cun 3 Out 4 Laputy of e Bridge B, The sument that Aows through the ioad
conneoted belwsen thess two pine iz moniored at sin 15
- 318 M Not Connected

ELECTRICAL CHARACTERISTICS (Vz = 42V, Ve = 8V T =25'C. uniess ctherwsse specifiad)

Symbol Paramster Test Conditions Wiin Typ. | Max. | Unit
Vg Supoly Vohage ipin 4} Operative Condition Ve =25 48 v
Vzz  |Logo Supply Voliage (pin 0) = 5 = ¥
5 Qulesoem Supply Current (pin 4] |V =K =30 V=L 12 22 il
Womy &0 Fi A
e = L Vi= X 4 ma
lzz Qusesosrt Current from Vs (pin 61 |V =H I =0 W= 24 am ma
Vi=H T 12 mdy
Wae =L Vis X 6 s
Wi Irpuat Low Waltage 032 15 v
{pins E. 7, 10, 12
Viu Ireplst High Voitage = Ves |
{piné 5. 7, 10, 13)
e Low \Voltsgs (mpLs Curant Vel =T o 1
(ping £. 7, 10, 121
bt High Vollsge Inpw Cumem Wi= s e =00V 20 +00 -5
(pie 5. 7, 10, 12
Ve =L |Enable Low \Voltage {pins 8. 11 1.3 1.5 L)
W= E |Enabhe High Vokape (pins & 11) 2.3 Voo il
==L [Low\oliage Erable Curent Ve =L =10 A
iping €, 11)
Ww=H  |High Viollage Enabis Cumest Ve =H =\ 0 BY 30 o0 -y
(s &, 11}
Yigsmq |Sourns Sawuration Vohags =14 GEs 1.35 1.7 W
=28 s &r W
Vegem o |Simk Saturstion Vollage k=14 (E) 1§ 1.2 1.9 W
k=28 (8 o 23 W
Vess | Total Dmop =18 (5 - i 22 W
=28 (&) 4% W
Vees | Semsing Voltage (pins 1, 18) =1 {1} 2 W
I - -
IT' 313
a2




L298
ELECTRICAL CHARACTERISTICS (continued)

Symbaol Farameter Test Conditions Min. | Typ. | Max. | Unit
TolV) |Source Curest Turmeoff Delay 05VimdFL (24 15 pe
Ta (V) [Sourns Current Fali Time 00l w01l {5 D2 ps
Ty (V) |Source Cursrt Turm-on Delay DIVimS1 (2R £ s
TilV) |Sowce Curert Risz Time Dt w0Bh (1% 07 ps
Te Vi) | Sink Cyrent Tum-off Dalay 0EVimlok (@Bked) 0.7 113
Te V) | Sink Curent Fail Time OBl 001k (3){5) 0.zE s
T V) [Sink Qurrent Tum-on Dalay DEVie oL (3x54) 18 e
Ts Vi)  |Sink Curent Rise Trma D1l w=mlElL {3k{4) 82 pE
fe (V) [Commutabon Freguency =28 L] an KHz
Ty iVl |Souwse Cusrent Turm-off Delay DONm®w@OS L 2k 3 s
Tz [Ven) |Sounce Currerd Fall Time DEL bt (k3 1 jis
Tz (Ven) |Soucs Curert Turn-on Delay DS Vemwelb i L (Fxid o3 is
Ty Vgl |[Soumos Currers Rice Time DYl wDBl  [2his) o4 pe

T (Wen) | Sink Current Turm-off Delay DEVe DL (34 22 jis
Te {Van) |Simk Currest Fall Tinee DRI wlll EBhiE 0.3E 11
Tr (Van) |Sirk Current Tum-on C=lay D5V OBy (3)504) ol it5
Ty Vael | Sink Currest Rise Tims D1l @Bl (L% | s

1] 1i5ensing voitage can be ~1 V9or1 ¢ 50 pees in Steady stale V.., rin & =05 Y
Ziseefo 2

J=ehgd

&) Tha |ead rmust be 3 purs resisior

Figure 1: Emmﬁi Saturation Voltage vs. Output Figure 2 : Swiiching Times Tas! Circuiis.
urrent.

vamr .
i L O

] ]

=

Note - For INFUT Switching, sstEN = H
0 4 QB 12 L8 D 2& [elM) HB#ELEE'an'-;miNm

a2 &1




L2398

Figure 3 : Source Curremt Datay Timas vs. Inpit or Enable Switching
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Figure 4 : Swiching Times Test Clrouits
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L298

Figure 5 | Sink Currenl Defay Times vs_ Input 0 V Enable Switching
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KEE SEMICONDUCTOR
TECHNICAL DATA

KIATSMOST ~
KIATSMIST

BIPOLAR LINEAR INTEGRATED CIRCUIT

THEEE TERMINAL POSITIVE VOLTAGE REGULATORS
SV BV 1IV IV

RIATEM » » Sengs of thres-termunal possirs voltage regnlatons
emmplay beilt-n et hnutme theomal shotdown. and safe-operahing
area protechon winch makes thew vimually mmuee to damege from
sutput averloads. With adequate heatonbing thew csn debiver m sveass
of 0 5A ottpat cuevent

FEATURES
Oyt ctrpemt in-excens 0£0.54
» Ho siemal compenens
Trteoral fharmaal Svedoad pratection
Tibernial shact corcuat oureyt lmeting

: z T
- Qe trumiear sais-aea Tompensation Y
M
+Avatiable m T0-126 package
M-126
MANIMVUM RATENGS [(Ta=257T)
CHARBACTERISTIC EWRIROL BATDIG NIT
Input Vohage Vi 35 v
Power Dissipation {Te=257" ) Po 15 w
l"n.wee Dhswipation Py 1.5 a
W ithout Heatzink)
Operating Jusciion Temperaire T} -4 =150
Trarags Temiperamie T =55 — 140 - I
Soldening Tempemmures Y\ o ‘m " =
(1D seconda)

&




ELECTRICAL CHARACTERISTICS
RIATRMST
(rmabess othermise specified V=IOV, |=3¥md Co=l33F, Co=dl 15

CHARACTERISTIC WMROL TEST CONDITION M | TV | MAX ':.:1T| '

=200 if

=
.

Cirtri Vol Vis |
' ’ A Slgr s Hmd

PSP sy s X

WSSV, Ip=m : _ i

Line Regulaticn Feg Line v

TV SVpc BV, [yl - - 10

Loed Regulstion Pesload | fmAslesilimd . . L EY

Cmeient Copep ) T . 4 i mA

Cmewcent D! Chagge B

Outpat Moz Veltape Vg | EliR-INGE : i : ki

AREL

o fel 2, BV SVm IV ; }
e Repetion -2 ) £ . dB
A Lp==a il

Drepos Volupe Vr yy=="0mma

Short ot Cament Iy (T : i mi
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Appendix ¢

Logic gates

AND Gatc (7405)

Inverter gate (7404)
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Hex Inverter
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MCH4T4HC4A

MMM RATINGS®
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