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Abstract

This project aims to design electrical elevator done by solar energy. this ie p
new idea far using subsistent energy in electromechanically system, by conversion the
solar energy into electrical en ergy and then to motion to provide mechanical
objective.

Space elevator consider os one model for movement car consist from solor
boards and metor found in above of elevator, used to motion the car cbove and
below through mechanical transport (rallers) ,the motor is feed to the engine power
from the solar cells instolled on a vehicle lift.

The project consists of following:

& Transmission system.
* System converts solar energy to electricity.
* Control system help to ensure the quality of movement.
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Chapter 1

Introduction.

Industrial Automation Fngineering & Mechatronies is the most impreved sector

i the field of electrical & mechanical engineering dug Lo wide spread application of the

most systems in the world industry.

There are three fields covered in this project:

7 Electrical.

+ Mechanieal.

* control

1.1 Project aim:
This project aim to:

|_ 1se the solar energy i aur industrial application.

2~ Employment solar encrgy to give power 1o elevater withoul use electric.

3. Use the new control technology (P1C) to contral the clevator.

4~ To leam to use modern rechnology and to developit




LI Literature view:

It is only a question of time when steam and hydraulic glevators will be a thing of
e past, for the reacon that it is desirable 1o have but one kind of power in 4 building,
= that clecrricity (All that is necessary for the passing of the other types of elevatars, it
= o produce an clectric elevator as safe, as speedy. as reliable, as efficient, and as
sconomical as the best type of hydraulic elevatar .

A space elevator is a proposed structure designed to transport material from a
celestial body's surface mio space Many variants have been proposed, all of which
mvolve traveling along a fixed structure instead of using rocket powered space launch .
The concept most often refers to a structure that reaches Irom the surlace of the Earth on
or near the Fquator to peostationary orbit {(:5()) and a counter-mass heyond.

The coneept of a space clevator dates back to 1895 when Konstantin Tsiolkovsky
proposed a free-standing "Tsiolkovsky "tower reaching from the surface of Earth to
seostationary orbil Most recent discussions focus on tensile structures (specifically,
tethers) reaching [rom geostationary orbit to the ground [This structure would be held in
wemsion hetween [arth and the counterweight in space like a guitar string held taut .
Space elevators have also sometimes been referred to as beanstalks, space bridges, space
s, space ladders, skyhoaks, orbital towers, or orbital elevators.

Current technology is not capable of manufacturing practical engineering
materials that arc sufficiently strong and lght to build an Farth-based space elevator .

The pnmary 1ssuc 15 that the total mass of conventional materials needed to construct

such a structure would be fur o great to be economic .




1.3 Block Diagram:

The fig (1.1) is the block diagram of the elevator which consists of:
* PV panel ; this unit use to converl solar power o electrical power
o (Charger: This unit is used to convert the variable voltage to constant voltage
and control the battery charpe.
e Ballery: Used to store energy and be a sccondary source of power.
¢ DC motor: Used to run the elevator.
e Cantroller; Used to control the mechanism of the elevator,

s [levator : this unit use to lift up or down the Stull

= S cantral -
- ng o sysiam » Elevator
PV sencyaior 1 DL mecbon
T |V
_l_
)
l
Battery tak

Figl.1: block dizgram of project




1.4 Project Cost / (Visible Study):

Table 1.1: Project cost

Equipment’s
Motors
PV Panels
Charger Battery

Microcontroller

Sensors
Elevatar bady
Drvers
T otal cost

1.5 Schedule time:

Tahle 1.2 :Schedule time

| week 3laf5]6]7]8 |9
| Choosing project

Collection data

Data analysis

Elacirical deeign

mechanical design

Writiig project text
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L6 Suggestions:

The sugpestions are:

# Make the regencrative when the elevator goes down.

= Using the project in practical application.

# Build a control system to control the direction of PV panels to take maximum
solar energy,




Chapter Two

Electrical Elements

Introductivn:

In this chapter we illustrate and explain the main electrical parts that should be
used in the project.

T'he content parts are:

* Photovoltaic Panels.
» battery
¢ Charger battery.

= Elecirical motor.

Nkl il i ik i kil Bl b i i b bk L i i B bk e Rl



1.1 Photovoltaic Panels.

2.1.1 History of Photovoltaic:

I'he first conventional photovoltaic cells were produced in the Jate of 19505, and
toughout the 1960s were principally used 1o provide electrical power for earth-orbiting
watellites. In the 1970s, improvements in manufacturing, performance and quahty of PV
modules helped on reduce costs and opened up a number of appurtunities for powering
remate lerrestrial applications, including hattery charging for navigational aids, signals,
selecommunications cquipment and other critical, low power needs.

In the 19808, phatovoltaic become a popular source for consumer electronic
devices, including caleulators, watches, radios, lantems and other small battery charging
spplications. Following the energy criscs of the 1970s, siznificant efforts also began to
develop PV power systems for residential and commercial uses both for sland-alone,
remole power as well as [or utility-connected applications. During the same period,
ntermational applications for PV systems (o power tural health clinics., refrigeration,
waler pumping, telecommunications, and off-grid households incressed dramatically,
and remain @ major portion of the present world market for PV products. Today, the
mdustry's production of PV modules is growing at approximately 25 percent annually,
snd major programs in the US. Japan and burope are rapidly accelerating the
implementation of PV systems on buildings and intereonnection to utility networks.

2.1.2 PV Cells, Modules, and Arrays, Description
2.1.2.1 PV Description

Photovoltaic (PV) means solar electricity from sunhght. Photovoltaic systems
use sunlight to power ordinary eloctrical equipment, for example, household appliances,
computers and lighting. The photovoltaic (PV) process converls free solar energy-the
most abundant energy source on the planet-directly into electrivity. Note that this is not
the familiar "passive” or solar thermal technology uscd for space heating and hot water

production.

A PV cells consists of two or more thin layers of semi-conducling material, most
commonly silicon. When the silicon is exposed 1o light, eleetrical charges arc genernted
and this can be conducted away by metal contacts as direct current (DC). The electrical

oo oocooonon o b e i B bk Red ke o ok i A0 0E i ki A Lk




output from a signal cell is small, so multiple vells are connected together and
sncapsulated (usually behind glass) to form a module (sometimes refers 10 as a "panel”).
The PV module is the principle building block of a PV system and any number of
modules can be connected together 1o give the desired electrical output.

'V equipment has no moving parts and as a result requires minimal maintenance.
It generates clectricity without producing emissions of greenhouse or any other gases,
and it operation is virtually silent.

2.1.2.2 PY Cells. Modules, and Arrays

Photovoltaic cells are connected electrically m scries andior parallel cirouits to
sroduce higher voltages, currents and power levels. Pholovoltaic modules consist of PV
cell circuits sealed in an environmentally protective laminale, and are the fundamental
suilding, block of PV systems. Photovoltaic panels include one or more PV modules
sssembled as o pre-wired, field installable unit. A photovoltaic array 13 the complete
power-generating unit, consisting of any number of PV modules and pancls,

The performance of PV modules and arrays are generally rated according to their
maximum DC power output (watts) under Standard Test Conditions (STC). Standard
Test Conditions are defined by a module (cell) operating temperature of 25 degrecs C
(77 degrees F), and incident solar irradiance leyel of 1000 W'm2 and under Air Mass 1.5
spectral distribution. Since these conditions are not always typical of how PV muodules
and arravs operate in the field, aciual performance is usually 85 to 90 percent of the STC
rating.

Today's photovoltaic modules arc exmremely sale and reliable products, with
minimal failure rates and projected scrvice lifetimes of 20 to 30 ycars. Most major
manulaclures offer warranties of twenly or more years for mantaining & high percentage
of initial rated power output, When sclecting FV modules, look for the product listing
(UL). gqualification testing and warranty information in the module manufactore's
specifications.

2.1.3 FEquivalent Circuil of a selar cell.

During darkness, the solar cell is not an active device; it works as a diade, i.c. a
o1 junction. It produces neither a current nor a valtage. However, if it is con-
nected to an external supply (large voltage) it generates a current 1D, called di-




et current or dark current.

A solar cell is usually repregented by an electrical equivalent one-diode model
‘Lorenza, 1994), as shown in Figure 2.1.

R,
> O
Y.
E +
F l:"\
() N/ v
O

Fig 2.1: The Eguivalent Circint of o solar cell

2.1.4 The Electrical Characteristics of Solar Cells
2.1.4.1 Tntroduction

As we know that the network supply voltage for one phase that feeding the home
= approximately 220V the frequency egual to 50Hz on other hand the solar cells
gemerator depends on many factors can be summarized as follow:

1. 'The size and the number ol the used solar cells, so the merease m solar cells

number will cause an increase in the generated energy.

2. 'The light intensity where the current intensity that penerated from the solar

cells will increase proportionally with the sun light intensity.

2. The temperature of the solar cells when the temperature of the solar cell

increases the operating point will be decrease and so the generated power

will decrease too,
4. The clectrical loads that arc used where the electrical loads that used must be
in relation with the magnitude of the generated electrical power.




2.1.4.2 Voltage \ Current Characteristics

The Fig 2.2will explain the voltage-current relationship curve for the solar cells.

Beus FY Sol Bt

L4 Caront o 1 =nA)

L g

ik

Untt (wmpdh

o LB Lk Bt né ae

Tl Velsga Yk
Fig, 2.2 Volage-Current Relation Ship Corve for Solar Cell.
This graph shows the characteristics of a PV cell. It is called an I-'V curve, This
LN curve ig for the tvpe of a PV cell used in the solar modules. So that comparisons can
®e made of the electrical characteristics of different PV cells these measurements are
made ar standard test conditions (3TC) defined as alight intensity of 1000 W/mzand a
semperature of 25 °C. The graph also shows the maximum power point of the PV cell.

2.1.4.3 Voltage - Power and Current Characteristics:

The Fig 2.2 will explain the voltage-power and relationship curve for the solar
cell we can note from the Fig 2.1 that the electrical puwer the be resulled from the solar
cell increase when the output voltage ol the cell increase where the electncal power can
% reach to its maximum value at specific output voltage then the elecrrical power

s=sulted from the solar ccll will be decrease strongly umrtil reaching zero.
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Sasic Solar Tall Cument oo Powar O
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Fig. 2.3: explam the voltage-power relatonship curve for the solar cell.

=.1.4.4 Effect of Sunlight intensity:

The Fig 2.4 deseribes the effect of the sunlight intensity on the solar cell voltage-
carment cell relationship curve. We can note from (he increasing of the resulted current
wensity rom the cell when the sunlight increase for every 1 $q meter and we can note '
#50 the chunge of operating point for the cell following the change in magnitude of the

sanlight power.
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Fiz. 2.4: describes the effect of the sunlight intunsity on the solar cell voltage-current cel relationship ‘



2145 Temperature Effect on Current-Voltage Characteristic:

The Figl.5 describe the effect of he coll temperalure on curmment-vollage
s=anonship curve for the solar cell, as we van nole from the curve thal when the el
s=mperature increase the operating point will be move in direction w ward low voltage
% the value of Ioads thar used will he decrease m cell circuil.

i

08

os

l—l--_-u.n—-_-___-“ n

04 N
L—mnu WimZ, =250 | 4

ety @oen

02| — —s50wWin, =25°C
= = = 1000 Wm3, =50
gt
f 0z od 0e o.E 1
redFinee woltans
Fig 15 describe the effect of the cell temperature on current-voltage relatienship Curve for solar cell.

L1.4.6 Sun Angle:

It has been seen that the PV panel’s oulpul current is proportional to the solar
=adistion that strikes it. It is impartant (o understand that this radistion level is reduced i
e panel is not pointing directly at the sun. Like other parts of this problem, the amount
that it is reduced can be calculated. The cell’s output must be multiplied by the cosine of
@ anple of incidence of the incoming light. When designing a Solar Sprint car, a
possible design feature would be the ability 1o adjust the angle of the PV cell. show the
fig? 6.
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Fig. 2.6: Effect Sun Angle.

Note that small variations in angle do not reduce putput very much. Fven a 60
Segree angle of incidence only makes the output decline by one half.

2.2 Battery

211 Introduction:

A battery charger is a device used to put encrgy into a ccll or (rechargeable)
Satiery by forcing an electric cumrent through it. Lead-acid batiery chargers typically
Save two tasks to accomplish. The first is to restore capacity, oflen as quickly as
prechical. The second is to maintain capacity by compensating for sclf discharge. In hoth
mstances optimum opcration requires accuratc scnsing of battery voltage.

When a typical lead-acid cell is charged, lead sulphate is converted to lead on the
sarery's negalive plate and lead dioxide on the positive plate. Over-charge reactions
segn when the majorily of lead sulphate has been converted, typically resulting in the
esncration of hydrogen and oxygen gas. At moderate charge rates, most of the hydmgen
i oxygen will recombine in sealed batteries. In unsealed batterics however,
Sshwdralion will ocour.




1.2.2 Battery size

The sizc of the battery bank required depends on the storage capacity required,
the maximum discharge rate, the maximum charge rate, and the minimum temperature at
which the batteries will be used. When designing a power system. all of these factors are
looked at, and the one requiring the largest capacity will dictate battery size. Our system
sizing work forms take many of these factors into account,

When caleulate solar battery bank sizing the first decision you have to make is
Bow much storage you would like your battery bank to provide. Often this is expressed
=s days of autonamy because it is based on the number of days you expcet your system
0 provide pawer without receiving an mput charge from the solar panels. In addition to
the days of antonomy, you should also consider your usage paltern and the critical nature
of your application.

Alternatively, if you are adding a solar panel artay as a supplement to a gencrator
based system, your battery bank can be slightly undersized since the generator can he
operated in necded for recharging. Onee you have determinad your sloruge capacity

2.2.3 Charging process of hatteries

Charging a lead acid hattery is a matter of replenishing the depleted supply of
cnergy that the battery had lost during use. This replenishing  process can be
sccomplished with several different charger implementations: constant vollage charger,
constant current charger or a multistage constani voltage/current charger, Each of these
#pproaches has its advantages and disadvantages that need 1o be compared and weighed
1o see which one would be the most practical and realistic to L with our requirements.

Solar ¢ells are one of our main portable power sources. Inherently, they provide &
comstant current which is dependent on light intensity and other uncontrollable
variability in the envitonment. This charucteristic fits well with a constant voltage
charge design, which does not depend on the current provided by the input source.
which in tum eliminates the dependence of the charger on extemnal variations like the
time of day, weather conditions ar temperature, The effects of the changing voltage are
also minimized since the voltage is being regulated,

14

T TR R R T R [Ie (1 T TN T AT e,




223 1Charging Circuit:

The full charger feedback control circuit can be seen in Fig2.18. This circuit
smpiements a three stage charger algorithm: constant current state, constant vollage full
“harge state, and constanl voltage float charges state.

The comparator is used to provide feedback of the current that the hatery is
Sawng from the circuit: as the battery charges, the current drawn decreases. The
“usrent sensing resistor is used to convert that current into volluge, which can be used to
sommpare lo a relerence within the circuit.

ut
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Fig. 1.7: Charging Circuit Equivalent.
2.1.3.2 Battery Indicator

We came up with a very simple design for a voltage monitor. Fig2.19  depicts a
quad-voltage comparator (LM324) that used to control a simple bar graph meter to
mmdicate the charge condition of the 12-volt lead acid battery. A 5.4-voll reference
vafage (D1) is connecled lo each of the non-inverting inputs of the four comparators
=nd the inverling inputs are connected to successive points along a voltage divider,

The LED illuminate as the volage at the inverting terminals excceds the
reference vollage. LED 1tums on at 11 volts, LED 2 turns on at 13 volts, TED 3 tums on




2t 14 volts, and LED 4 tums on at 14.3 volts,
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Fig. 2.8: Churpme Circpie Module,

2.3 Electrical Motors:

2.3.1 Introduction:

Electrical Motors are used to efficiently convert electrical energy into
mechunical energy. Magnetism 1s the basis ol therr principles of operation. They use
permanent magnets, electromagnets, and exploit the magnelic properties of malerials
m order to create these amazing machines.

There are several types of electric motors available today, The following
sutline mives an overview of several popular ones. There are two main classes of
motors: AC and DC. AC motors reguire an alternating current or voltage source to
make them work. DC motors require a direct current or voltage source to make them




work. Universal motors can work on either type of power, Not only is the construction
of the motors dillerent, but the means used to control the speed and torque created by

wach of these motors also varics, although the principles of power conversion arg
wommon to both.

Fig. 2.%: Electrical Metors,

132 DC Motors:

DC Motors are fairly simple to understand. They are also simple to make and
only require a battery or de supply to make them run.

1.3.2.1 C Motors Construction:

Rl ihidohahnd il ool i b bl kil

Fig. 2.10: General Arangemoent of 2 DC Mators,
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P'he stator of the dc motor has poles, which are excited by de current to

produce magnetc helds,

In the neutral zong, in the middle between the poles, commutating poles are

placed to reduce sparking of the commentator.

The commutating poles are supplicd by de current.
Compensating windings are mounted on the main poles, These short-circuited

windings damp rotor oscillabions.
The poles are mounted on an irvn core that provides a closed magnelic Gircuil.

The motor houging supports the fron core, the brushes and the hearings.

The rotor has a ring-shaped laminated iron care with slats,

bser e

= . ArgEmE

"-._h_ ¥ inEniriaraT
Cuil fmsiidutinn  PARDT NEMENY

Flg. 2.12: The rotor of a2 DC Motors.

Coils with several tums are placed in the slots, ‘The distance between the two

legs of the coil is about 180 electric deprees.
The cailz are cormected in series through the commentator sepments.




= The ends of each coil are connected to a commentator SEEmCnt.
The commentator consists of insulated copper segments mounted on an
insulated tube.

= l'wo brushes are pressed to the commentator W permit current flow.

- The hrushes are placed in the neutral xone. where the magnetic field is close w
2o, to reduce arcing.

- The commentalor switches the current lrom one rotor coil to the adjacent coil.

- The switching reguires the interruption of the coil current.

= The sudden interruption of an inductive corrent gencrates high voltages.

- The high voltage produces Mashover and arcing between the commentator
scgment und the brush.

23.2.2 De Motor Operation:
“here are five different methods for supplying the de current to the motar
I~ Separate excitation.
2- Shunt connection.
3= Serics connection.
4 Compound.
3= Permanent magnet (Wiper Motor).

2.3.2.3 Advantages and Disudvantages of DC Motors:
Advantages of dc motors:
Lasy to understand design.

- Fasy to control speed.
Simple, cheap drive design.

Desadvantages of de motors:
- Expensive to produce.




Physically larger.

High maintenance.
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Chapter Three

Design and Analysis

Introduction:

This chapter contains the mechanical component of the system and equation
secded to build the svstem..

The content part is:

*  General struciure.

* Elevator cart,

*  Pulley.
*  Wheels.
*  Wheels path.

& Gearhoxes,

* System calculation,
- Motor caleulation,
= Sizing PY System.

- [Rattery sizing,
Mat lap Simulink




2.1 General structure:

When talking about mechanical design an impottant thing must be mentioned
st is the stress and strain calculations, hut in this project these caleulations not
sssumed since the project is simply doesn’t have high loads and no high stress or high
strain at this onc,

Another important thing should he talked about is movements correspond to cach
part, [riction, and normal forces on that part. In the follawing section all parts going o
8¢ described,

Fig 3.1- The General strucmre

The third important thing is shaping of the project, that meuns the construction of
the project must by good looking, but in the contrary, the shaping and the construction of
the project must keep the parts to move, ratate, and tramslate freely without any
obstacles, so the best shape design has chosen and it appear in the threc dimensions (3D)

views ol all the pans in fig 3.1,
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32 Elevator cart

The elevator car is the cage that is left up and down on the secondary of the

motor, and goes in and oul the persons. The Op (3.3) has shown the elevator car.

Fig. 3.2: Elevator car

This car has a length 40cm | width 40cm , height 40cm .and the structure

consists of aluminum 1o be lighter weight..

The elevator car is o be controlled its position, the displacement, and the
selocity. It is have an air gap that difference of the permanent magnet and a coil that
makes the magnetic field. In this project will install solar cells with a car elevator to

=ove with the car,

23 pulleys

Pulleys are used to change direction ol movement ar to link parts of a

mechanism together. The amount of increase in the force depends on haw many times




e rope wraps round the pulleys By wrapping the rope several times around the pulleys
% 15 easily possible w lift your own weight off the ground.,

Torque

Fig. 33: The pulley firm

In this project uses simple pulley .As the rope is pulled down the weighl moves
up by the same distance.

e e

Flaggrnm

Fig. 3.4:1ift sample weigh




34 Wheels

A wheel is a circular device thal is capable of rotating on an axle through its
senire, facilitating movement or transportation while supporting a load (mass), or
performing labour in machines, Commeon examples are found in transport applications,
= wheel. together with an axle overcomes friction by [acilitating motion by ralling. In
swsder for wheels to rotate, a movement needs to be applied w0 the wheel about its axis,

=sher by way of gravity, or by application of another extemal foree.

Fig 3.5:the wheel form.

In this project use four wheels fastened to the elevator caras . Fig 3.5 represents a
Sorm of wheel. the radius of the wheel equal 1.25 em |, and the width equal 2

2.5 Wheels path

Wheels path is the path that the wheels are moving it vertically up and down, fig
3.6 represents a form of wheel path.

Lt
b

PRTTY R R a—_— T ——_—e—
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Figd.6:wheel path.

256 Gearboxes [2)

Gear head motors begins simply with a standand DC motor. The next major
component is the spur gearbox. This consists ol a series of small gears that mesh with

targer gears. and placed in a rigid frame. The gears are greased to minimize Iriction and

then secured in a gearbox cover to avoid debris from entering and disrupting the gears.
Finally, a pair of screws fastens the pearbox on top of the DC Motor.




= this projeet gear use o convert Lhe speed by Timit ratio, that is

N,
Where: Ni: the number toath of first pulley.

Na: the number tooth of second pulley.

The mass of first pulley is X gm.
The mass of sccond pulley is ¥ kg,

The moment ol inertia of the first pulley is:

I =02 X 10T RGN oo (3.2)

The moment of inertia of the second pulley:
R e R

Ihe gear ratio is 1:75

3.7 calenlations and analysis .[2]

By mechanical equation we calculate the speed, torque and power of the motor,
%o choosc the appropriate motor (o move the elevator,
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Fiz. 3.8: Equivalent circuit of efectric drve.

Speed of'elevatar equal 0 2m/s and the radivs of the pulley is 0.05m,

e a=0.013

B e te s S I s s L e (3.4)
¥ 0251
L il === =5.024 = B 3.5
ST 005 Sl
Nz
RSB R (3.6)
2 2(3.14
. mmzﬂ_ﬂu = 3768757 A3}
a Hol13
i 48
» g =36Mrpm ool e e e e i B
*=% 0003 S £
Where;
i gear ratio,

v:Speed ol elevatar.
r: Radius pulley.
w: angular velocity.

n,.: Muolor speed.

1o caleulate equivalent moment of inertia of the drive referred to motor shaft:

e 2 2 2
e =S +d +T g vmr'a i,
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. =0.001+0.001+0.5(0.013 +5{0.05F (0.013) = 0.002kg "
Where:

4. : Equivalent moment of ineria.
J_ :Motor inertia.
J_ :Gear inertia.

m: Weight 10 be [illed.

1o caleulate the cquivalent motor torgue:

T_=?}_+T_i+(ﬁ‘: Ji .................................... (3.10)
s (S S L

A7 f 013
r =lh’m+5NmEﬂj+{5'ﬂjﬂ.H][aﬂ—usI U—]= 1.2 Nm
0.8 ’ 08 A 08

Wherc:

7. Mutor torque.

.- Friction torque at motor shall.
=, - Friction torque at pulley shaft,
7, - Gear efficiency.

. Force resulting from the weight.

Output power of the motar:

IR Ee e by s A e R e (3.11)
£ —(5.025)3.08) =15.47 way




Spul power of the motor:

T

IR e e e e R
7

5.4
T g
0.870.8

Where: 1) Efficiency of motor.

3.7.1 Motor calculation [3)

Hasic equations applicable to all de motor are:

Fa Rz
I ¥ . f—t1
E. oty DCMoto
w O £ ()

—x

Flg. 3.9: Steady Statc Equivalen Circuil of Armslone

Series equalions [4].

E=Cigwear == eesdeieiniiiiniisiaions (3.13)
Va=E+(HRa+ Hse }:‘:Iﬂ' .............................................. (3.14)
O O (3.15)

Where: ¢ : Flux per pole.

A : Armature Current, Ampere.
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Ve Amature Voliage, volt.
Rﬂ: Resistance of the amature circuit, £,
Rse : Resistance of the feld circuit, £

®r: Speed of armature, Rad/sec.

T :torque developed by motor, N.m,

€4 Motor constant.
#rum Nquation (4.13 — 4.15) the mechanical angular [requency could be represented as:
Fa B {Ra + Rse) da

= : Elect ical characteristic ................... A6).

) . Cé ectro mechanical characteristic (3.16)
= Vﬂ——ﬁﬂ+mf]'r:_ﬂr'lechaniml characteristic ....cooouvee . (317D,

Co  (Ch
P =V,i (3.18)
2, =241 8wt
¢, = 24volr

“
! = 218 0074

24

Sy equation 3.15 we can caleulaic Ch

BO—71. == =119
1.007

5y equation 3.13 we can calculate E

E, =Cda, =(1.19)(5.025) = 5.98valt

The speed-torque and torque- current characteristics of a PM de motor for rated
terminal voltage are shown in Figure (4.11), The speed-torque curve is a straight line.
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Spead decreases as torque increases and speed repulation depends on the armature

carcuit resistance,
The used drop in speed from no load to lull load. in case a medium size motor is
of the order of 5%. Depending on the Maotor calculation we select the molor has a

siandard specification followinp:

4 i oy R
F F i | l ]
-r_ * = -
= E _‘-;:!-l'r
£ gE al=omo '{(}"
= L = —
T 2 L 2600
» i e
5 o E ) ICHE /‘r-“‘ e
o a of —h ®—1 wam
TDHCUE
f a8E 01 035 02 Nem
Fig. 4.10: Performances ol do maotors.
2.7.2 Sizing PV System:

To calculate the number of solar cells needed o operate the load follow the
Sollowing steps
e E=F xT——> (1) Where: E: Energy (Watl)
P, inpul Power of Motor (Watt)
T: Time (Hour)
Pin=24.18 Watt, and T = 6 Hours/days.
E = 24.18%6 = 14508 whidays.

» Divide the energy by the elTiciency of chopper and battery:
n. =08 , where ye: efficiency of chopper and battery.
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I =145.08/0.8=181.35wh/days

¢ DCmmput voliage, usually 12, 24, or48 voltage ,

select v = 24 volt

* Average amp hour= E, /v
Average amp hour — 181.35/24= 7 56amp.h/day.
* Multiply Total average amp hours per dav by 1.2 to compensate for loss from
battery charge/discharge.
Average amp hour — 7.56*1.2=9.07 amp.h/day

* Average sun hours per day in Palestine is 10 hour.

* Total solar array amps required = (average amp hour! Average sun hours per day
in Palestine).
lToral solar array amps required = 9.07/10-0.907 amp.
*  Module specification:
Maximum power = 40 w,
Maximum power voltage = 17.4 v.
Maximum power current — 2,29 amp.
Open circuil voltage =21.7 v,
Short circuit current — 33| amp,
* loml number of solar modules in parallel required:
# module — (Total solar array amps required/ Maximum power current)
& module = (0.907/2.29) = 0.4 = lmodule.
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1.7.2 Battery sizing

To caleulate the number battery needed to operate the lead when cut the source
follow the following steps:

s Average amp hour = 9.07 amp.h/day.

* Maximum number of continuous cloudy days expected in Palestine 1s (3)

s  Amount of Amp hour storage needed = (Average amp hour * cloudy days )
Amount of Amp hour storage needed — 9.07 * 3 = 27.21 amp.h.

* Discharge limit for the batlenies is((L.8)
+ Divide Amount of Amp hour storage needed by Discharge limit for the batterics
Amount of Amp hour storage needed —27.21/.8 =34.01 amp.h

+ The Amp hour raling for your hatteries is 24 amp.h

« Number of hatterivs wired in parallel needed = (Amount of Amp hour storage
needed! Amp hour rating for your batleries)
# batteries = (34.01.24)= | 42=12

So we needed tow batleries each one has the fllowing specification:
24 V DC, 24 Amp. Hour, 0.8 deep cycle, sun rise model,




Chapter Four

Control system of elevator

Introduction.

Mechatronics part.

Block dingram.

Microcontroller,

Introduction to Microcontroller,
Choosing & chip.

Programming microcontroller.
Pulse Width Medulation (PWM).
The Regulator,

LED (Liquid Crystal Display).
Push Button Switches,

Photo coupler.

Coutrol System Implementation.




4.1 lntroduction

In this project, we need to build a prototype so that we need to use modern
wchnology to control the elevator and to make something difTerent form the general
comitrol whew published in this day in industrial manufactlure called programmable logic
somirol (P1.C) so we need to use microcontreller (PIC) as a major contreller o control
e elevator.

42 Mechatronics part

The controlling of a elevator speed, vibration, voltage, position, acceleration
wang a clevator system represents the integration of four basic subsystems, which are,
e mechanical, electrical. control and computer, which arc the four basic disciplines that
make up mechatronics, as shown i lgure (4.1).

Cantro
Systems

Electranic
SysleTns

Mse buarsicen

Cal

If'ig 4.1 Mechatronics basic disciphnes
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! | Diver
Microcontroller I

Feedback

Fig 4.2 block diagram of control system

Microcontroller: it's the brain in the control system and all the loops control,
commands build inside the microcontroller.

Driver: the microcontroller can't supply the motor with required voltage and

current so that the driver amplifies the required values.
Actuator : dc motor

Sensor! cncoder




L4 Microcontroller
Microcontroller assumed the brain of this system, smce the Controller

smammed in i, also the rest of the electrical and digital components ore connecled
W 1. and so it will be deseribed in detail.

4.5 Introductivn to Microcontraller

A microcontroller is a computer-on-a-chip, or a single-chip computer. Micro
segests that lhe device is small, and controller (ells vou that the deviee might be used 1o
w0l objects. processes, or events. Microcontrollers can be found in all kinds of things
Bese days. Any dovice thar measurcs, stores, controls, calculates, or displavs
isemation 15 a candidate for putting a microcontroller inside. The largest single use for

merocoatrollers s in automohiles; just about every car manufactured today includes at
‘=== one microcontroller for engine control, and oflen more to control additional
wstems o othe car. In deskiop computers, you can find microcontrollers inside
“esboards, modems, printers, and other peripherals. In test equipment, microcontrollers
ke it easy (v add features such as the ability to store measurements, to create and store
e montines, and to display messages and waveforms, Consumer products that use
sesocontrollers include cameras, video recorders, compact-disk players, and ovens [1].
Microcontrollers have long been a convenicnt interface for the embedded
sws=ms, they represent the core of the vontrol systcm for the electronic devices in
“=fcated applications. Thus, in contrast the microprocessors that are used in seneral
wesose  applications  like  personal  computers  (hat  need high-performance.
Mcmocontrollers contain data and program memory, serial and paraflel 'O, timers, and




* and mternal interrupts [2], and many more peripherals, made them a strong
== when implementing control systems.

T4 ga E]]_i'p

All microcontrollers contain 8 CPU, within each device family, usually a
s of family members are found, vach with different combinations of oplions. For
the B052-BASIC is a member of the 8051 family of microcontrollers, which
s== chips with program memory in ROM ar EPROM, and with varying amounts of
and other feamres. The version that best suits the system’s requirements must be
sad. Microcontrollers are also characterized by how many bits of data they process
=, with a higher number of bits generally indicating a faster or more powerful chip.
5il chips are popular for simpler designs, but 4-bit, 16-bit, and 32-bit architectures
#50 available. The PIC 18F4550 is an 8-bit chip. [1]

Power consumption is another consideration, cspecially for battery-powered
W=, Chips manufactured with CMOS  processes usually have lower power
Sssmmption than those mamifaciured with NMOS proccsses. Many CMOS devices
e special standhy or “sleep” modes that Timit current consumption to as low as a few
wemamperes when the circuils are inactive. Using these modes, g data logeer can
JESs 1is power consumption between samples, and power up only when iC's time to

ke data,

The PIC microcontroller (PIC 18F4550) from Microchip has chosen in this
Froject since its found easily, has a lot of ports (port A, B. C, D and E), can he
srogrammed simply and it give all characteristics thal the project nceds. A PICISE4550
port is shown in figure (4.5).
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Fig 4.3 PIC18F4550

4.7 Programming microcontrollers

Programming PIC microcontrollers is a simple three steps process, write the
code, compile the code, and upload the code into a microcontroller. [3] Writing the code
<an be developed in many Integrated Development Environments (TDE’s) for example,
MPLAP IDE, which is software, developed for the Microchip appliances like the FIC
mcracontrollers. Compiling the code can be done by the compiler of the MPLAP IDE.
There are different compilers associated to work with PIC chips, C compiler, or
assembler for assembly language codes, and fmany more, the decision of which compiler
10 use, is a developer choice, depending on the application which the PIC is a part of.
the final step of programming the PIC chip s uploading the code into the
microcontroller, This can be done also in MPLAP IDE or in different programs that are
sennected 1o the PIC kit (figure 4.4), The uploading process can be done through a USB
«able or other connecting technique depending on the kit that contains the PIC chip.
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Fig 4.4 PICDEM™ FS.SR Fvaluation Kit for PIC 18F4550)

The PIC microcontraller architccture makes interfacin

& most peripherals with the
#C 3 far from hard task. the

V(>Y's are oreanized as ports. PORTA, PORTB, etc. each

W Can be treated ag a unit or as single /0 pins, 8-bit, S-bit or other organigation. Lach

W was initially configured to do a specific operation, serial
Shstal conversion, and many more, but it’s not always necessary 1o stick with the initial
Swmfiguration, each port or single /O pin can be configured to
e what initially configured.

data aperations, Analo E-to-

dv different aperation

&8 Pulse Width Modulation (PWM)

Is a very cflicient way of providing intermediate amounts of electrical power

S=tween fully on and fully off. A simple power

switch with a typical pPOWwWer souree
ades full power only, when switched on. PW

M is & comparativelv-recent technique,
e practical by modern electronic power switches,
PWM is an importunt property in the microcontroller which used her w control

We voltage that drives the motor; the PWM mode produces s PWM outpul at 8 bit
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ssolution. A PWM output is basically a squarc waveform with a specilied period and
Suty eycle as shown in figure {4.5).

Period
e PP »
f_—
|
W secrrnannasfn
Duty Cycle
Fig 4.5 PWM Shape,

PIC has the feature of gencrating pulsc with different duty cycles using the PWM
Pulse Width Modulation) pins built in one of its O potis. as shown in fig (4.6) the duty
=¥ie of a pulse can be modulated 10 he within (0 to 100 %), il tor example it is 20 %

e the pulse is on or logic one for a time forms 20 percent of the total period or pulse
S, the idea then is that the average outpul is the same as duty ¢ycle, more about rwmM
% FIC is shown in sppendix (E).

Fig 4.6 PWM and dutv evcle




Talking about the PWM without taking about H-bridge circuit is useless, the H-
iz is the cirenit needed to translate this modulated pulse into analog signal the

| sesssiors onderstand.

The H Bridge is a logic circuit that is used to control the direction of a motor as
Se=n in fig (4.7).

I

E-Eridgs

Fig 4,7 H-Bridge simple diagram

The motion needs o close and open swilches in order for the motor to rotate in
e direction, as shown in lig (4.8) Lo rotate the motor clockwise, S1 and 84 must be
=4 while S2 and S3 must be kepl open.




fea Ir

g

I

H-Rridur Metor Oodnad e Rotedon

Fig 4.8 motor rotation with I1-bridge

While the opposite is applicd to tum the motor to counter clock wise as shown in
+.9).

T

H-Esielze Vater And-clacinidie Borardae

Fig 4.% motor upposite rotation with H-bridge

1.29% shown in fig (4.10) is a high current up to 4 Ampere, high voltage up to 46
S OC dual full-bridge driver designed to accept TTL (square wave of logic 1 {3VDCH
o levels and drive inductive loads such as relays, solenoids, DC and stepping motors,
werc details are described in appendix (F).




Fig 4.10 1,298 dual full H-bridge

Fig (4.11) shows the internal block diagram of 1.298, as shown it has 4 ontpuls
s 1.2) and (pins 3.4) each pair is connected o a motor, in addition each output pair is
semsrolled by three logic pins In 1, In 2 and En A for the first motor (the first pair of
Wsspats) and pins Tn 3,In 4 and En B for the second mator, so for any motor if the En
et s enabled and one of the (In)s is on and the other is off the motor will rotate in a
‘Smction while if the (In)s logic is inverted it will rotate in the upposite dircction,

¥ e Ty
I.‘III'H.

‘-—':';
1S
" E=p
= 0
2 l_ g]:;;u:aﬁ-

Fig 4.11 intemal circuit disgram ol H-brides
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The complete truth table for any motor pins is shown in fig (4.12), where the

Seades are used to protect the motor from any short cireuit could oceur.

pd

£ -
1|:| :
:ﬂ_ ‘ i Fungtien
: Torevand
Reverss Il
Fast Motor Stop

Fros Ruminy
Mol Siep

= Uont cars

B T Do WA FAST NEDOVERY DOGE (L, % K0l
-y

Fig 4.12 truth table of input pores of H-bridge

lising H-bridge is not only important (o receive PWM output from the PIC. but
w50 because it is fit o the motion process required for the system, PIC has only two
FWM pins cach can be modulated internally, controlling two motors each for twa
Sesction and each direction with different duty cycle (analog output and so voltage
=) needs some kind of logie circuit that is capable of controlling which motor to use,
whuch direction to turn and what level of vollage needed each time. here PWM pins will
¢ comnected to both inputs logic in the H-bridge and the control of which motor to turn
o= at a time 18 done by enabling the En port using the software written inside the PIC,

Else we used fan or sink because H-bridge when working the temperature
merease so that we use coolers. '




4.9 The Regulator

Sometimes a regulator is important when converting the voltage level or when a
specified voltage must be entered to 3 device or an IC in exact level, here the regulator
wsed 10 convert the voltage level from 12V to 9V to be used for the motor, anather
sgulator used to cater an cxact voltage of 5V to the microcontroller input voltage, the
regulator input could ke any voltage but the output is specified ag fig {4.15) shows,
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=) oltage | - T 3 jis] ac

Ground

Fig 4.15 Regulator

And we used the regulator because we need to supply all the system from the
so that we need to rogulute the output voltage from the battery because the

wontroller working at low voltage and all enable pins working at low voltage.

LCD (Liyuid Crystal Display)

LCD is used here to monitor the system’s parameters; LOD technology is hased
= 5e properties of polarized light. T'wo thin, polarized panels sundwich a thin liguid-
syl gel that is divided into individual pixels. An X/Y grid of wires allows each pixel

@ the armay 1o be activated mdividually. The pixel darkens in praportion lo the valtage

soplied to it for a bright detail, a low voltage is applied to the pixel: for a durk shadow

w2, a higher voltage is applied [5]. Pins of the LCD which used herc are shown in fig
1) & (4.17).




LCD
LMO2oL

888 22, szsmxuss
rIt‘qu, w' | | f_lmlmlr _'_]_H

Fig 4.16 LCD pins

Figd.17 1.CD display

“.11 Push Button Switches

W¢show in the fig 4.18 the push button switches are used:

2l 4

Fig 4.18 push button switches
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When we push the switch to specify any level the Microcontroller talk the signal
2nd hold it until the elevator reach to required level else all switches with lamp work at
&V de the lamp work when the signal hold by the Microcontroller and tum ofT afier the
slevator reach to reguired level,

Note: we used Photo-coupler between the microcontroller and swilches because
e lamps light need current higher then microcontroller so that we used Photocoupler to
srolection the micracontrofler from over laad.

411 Photo-coupler

Fig 4.19 I'hoto-coupler

Microcontroller JM. N =
output i

~N
A

|
1

ik

Fig 4.20 Intemnal circuit of Photo-coupler




“.13 Control System Implementation

LD

Ln' 81. ssomiaes

==l
' I'_sj WJ
G

Fig 4.21 control system connection

1

We show the fig(4.21) display the commection of LCD with microcontroller to

Sspiay number of level where the elevator reach and we see three push button switch’s

S this switch’s we can demand the elevator else we see the regulator 1o converl the
“age coming from baltery to law voltage to

Smnoncnis.

supply the microcontroller and other
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et R

i

Fig 4.22 contrul system connection
While fig (4.22) shows the intemal implcmentation of the conirol system, where

B FIC 1s connected (o the H-bridge after which the motors to be controlled is connected
w8 connect the motor in the vutput of H-bridge.
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Chapter Five

Analysis and Mathematical model and Simulation

* Introduction

¢  The Movement of Elevator Car

¢ Mathematical model

s Trapezoidal velocity profile

*  Wire Rope & Sheave Design

s  Transfer Function

= Mechanical Analysis and Modelling

s  Nimulatlon
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=1 Introduction

Theury and equations are an important section of the project, since the project is
Swsed on principles and assumptions that generalized to mathematical muodel; this
whematical model has the core of the project which the practical work depends on.
8¢ mathematical model of the project contains inputs, outputs, block diagram which
Siate nputs to output as a transfer function.

52 The Movement of Elevator Car

The elevator car is maving up and down in vertical line, thus there is a motion
=sult from it, a speed and acceleration are resull from i, The equation ol motion is
- &v=n hy the [ollowing cquation

ma=F-mg+F,

WSere m: mass of the cage fke/. g: acceleration of gravity fm/’], Fr: resistance force
w0 the wheels /N7 and that upper direction of the guide way is positive of axis x.

The sign indicates that a plus sign is for falling and a minus sign is for nsing.
% defiection of moving is determined by the magnitude of thrust;

Upwand = mg =Fr;
Downward F<mg- Fr
Sacp myg- Fr<F<mg | Fr;




“8e motion of the elevator is divided into three stages:
* Constant acceleration: at the beginning of the motion from one floor to another.
~ Constant velocity: afler specific period the inertia force overcame and the elevator
Segins 10 move with constant velocity.
= Constant deceleration: when the ¢levator approach its destination.
Waere:
u O<r <y,
a=| 0 1 =<t1<1,~1,
—a I, =1 519,

Which means thal the acceleration response most be maoke fine aceslerition -
e will be constant and finally make fine decelerution. This can be abviously note the
st but in real life the jerk can be ignored because of the constant acceleration so the
' = description can be as in figure S.[.

L 4-"""'_'_- o e T
: e g ]
g' Fositian "_‘% 4 g‘,
= 12 .| &

',f / — \Velnrdy r

\.-A:-: ’,ff
no T

et
P E— —

Tima (s)

Fig 5. | Elevstor position, velocity, snd acceleration
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=3 Mathematicul model

The loading of the elevator is rated between four extreme cases:
* Raismg a full car,

< Lowering a [ull car.
~. Raising an empty car.
. Lowering an empty car.

1. Raising a full Load;
*  During acceleration:

= me)a=F—(my+m) g—4F,

5 AE = (metmy a (my+ my) e

F -4k =(m_+ m) (a+ g)

Where:
my: mass of the load on the cage in Kg.
=.: mass of the cage in Ky,

*  During constant velocity:
W=F—(my +m) g - 4F,
I-'—#Fr={rn|,-*m._}g

* During deceleration:

Cmc i me)a=TF - (my +m,) g —4dF,

4R =—(m +m) 1 Hm +m) g
5 4F=(my +m) (2 -a)




1. Lowering empty car:
=  During acceleration:

m.a=F nm.pg+4F,
FH4F=m a+m, g
FraF=m.(a+g)

=  During constant veloeity:

O=F-m. g+ 4F;
Fr4Fh=mcg

*  Daring deceleration:
~mea=F m.g+ 4%
F+a¥F = m,a+m:g
FdF-m(g a)

3. Raising an emply car:
*  During acceleration:

m 8= F—m. g—4F;
Fedlemealomeg
Fodb.=m.(alg)

= During constant velocity:

9=F -m, g —4F,
FodFr-me g

* During deceleration:
~m.d=F -m, g—4F;
F-4F=-matm. g
£ —4F = me (g a)
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Lewering a full car:
*  During acceleration:
sm)a=F—(m+m)yg | 4F,
£F =gt me)a + (mg+m) e
B A= me) (8 + )
* During constant velocity:
=F— (m; +m.) =+ 4F,

S AR = (mtm) g
* During deceleration:
)3 =F - (m+m) g+ 45,
S F = (m+m)a+ (my+n) g
P AE = () (a i3]

Trapezoidal velocity profile:

specifying the g5 g 1 and the admissible velocity g. for elevator car, Where:
4+ The initial car position,
gz The final ear position.
Iy The final time for elevator car to reach the desired position.

=i+ g/ 2 —go/ (te— 1)
Also:

Ge=gi tqite = 0.5q" 1.
9e=q'i +q"L

Q=g

Q" =q./t;

=qi+t05q¢t




L=(q aqrt+g'e) !y
Constant speed in selecting the maximum speed q we know that 0 <= <1/ 2
9e =2(qi— g0/

(G- ad/u<qes 20q - qd /1

-

q,—l—% ¢ o Bi=r,

q(f] =<4 +q, —g] » LSSt~

1
f +§ _:F 2 {i.- _El,_. 5: gr:ll

s

The elevator is designed to travel at q; =0. q:=1.5m in 15 sccond at each floor
with a consisting of veloeity q =0.m/s, the number of floors is 3. then to calculate the
& position and acceleration.

5.5 Wire Rope & Sheave Design

Main specification for elevator:
- Carweight = 4kg
- Passenger weight = 2kg
= Length of wire rope (L)=135m
No. af ropes= |
Speed of clevator= 02m/s




'2n equation:

Tpc i wocar 4 w passenger + Equivalent being load + Inertia load —

‘ d'rope * }f—ﬁ—— A*sigma=f=w‘| r Sigma= Su/lo.s
~ % tope = 0,026 drope * (length of wire rope)

119 drope N
Dw car + W passenger = (442)%0.8 = SE & N

Fropes = —j—ﬁ.ﬁ= 588N

1
M Eguivalent bending load = F.B.L

= Modulus of elasticity = 80 GPA
= Arca of wire rope

: 3 0.063 drope _
SEBL = ~4g0r1p° ¢« 202 =/ gt
% e : /_; d*rope

=33d’ rope N

L1 = mass * acceleratian

-r _ wmpe+wcar+wpaaseﬂgéﬁ_*d
' 9.8




§= aly],

W) = 2at)
A= 0,02 mfst
=11 = E:WM‘HW_M
9.8
= 000243 d° rope+ 0
Sssume matenial sieel
= su=T730 Mpa
Assume {.0.5=8
.= 1.19.d* rope | S8.8 <33 &% rope + 0,00243 & rope = 0.12
2
- 3.2 d° rope + 58.92 = 71.66 ¢ rupe
D sope = 1.57 mm
= Doy =71 mm
e Do, = 85 mm
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5.6 Transfer function (G(s))

The analysis ol'the internal de motar where its mode! in s-domain is shown in
e (52)

angular speed

I
angular acceleration @ MOMOr angular displacerent
r
e of motor of mator

Bmor  vas) s Tis) alfas) Wws) ___ theta(s)

oL M1Ra Y hKm Ml Y £ < p

7 —_—

output

KifRa*

Fig 52 motor block diagram

T =K,l, 5.1
Where T is the torque at motor shaft, K;, is the motor torque constant and I, is
e armalure current.




5 Laplace transform of this equation is:

T(s) = Kyl (5) 5.2

L =

Fig 8.3 electrical analysis of motor

“w=m the electrical circuit shown in fig (5.3)
Vo=1,+R, + .r'.a*f-u-l'f_'-'g. 5.3

Where I is the armature voltage, R, is the armature resistance, L, is
S armature inductance and By is the induced voltage.

The Laplace transfarm of this equation is:
Vals) = L,(s)(R, + sL,) + Eg(s) 5.4

The induced voltage in matar is related to its angular velocity ag
ollows

E,=Kixw 5.5
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Where w is the angular velocity of the motor and K, is the back electromotive
foree constant.

The Laplace transform of this equation is:
Fy(s) = K; = s8(s)
I'rom eq (5.4) and ¢q (5.6) it can be shown that:

Fg {_SJ i Kr x 53{5}

R.+sl, R,+sL, i

lo(s) =

I it is assumed that the armature inductance L, is small comnpared to R, then
=g 3.7 becomes

Va(s) Kp#s58(s)

R,  BRa

Liz) =

To find K; the induced vollage must be found, for the previous motor
“peed lhe armature voltage V, = 24 V. the motor intemnal resistance R, = 6,10}

and the armature current 1, = 0.3 A, for these valucs

E,= V,— IR,
E,=24—-03+61
B, =2217V

Then the electromagnetic constant of the actualor K, is caleulated according Lo ey5.5
Eﬂ' -— Kr_ E ]
Ey

s ==

fi)

_ 2217
T B026

=441V.5/rad




In order to find torque/current constant the torque produced for the

WE0us  armature voltage was found where the efficiency of the actuator js T
=035 then

£
Fm=-ﬂﬁ
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]
SeSssituting for Py and P, vields
 Tw
Valy = 3

T+ 5026
0.85

T=121767 N.m
Bk 10 e 5.1 the electromechanical constant i, 18 caleulated thro
RO

12« 0.15 =

ugh the following

T
Hm = E
- 1.217672

k —— =4 :
s 33 406 N.m/4




=7 Mechanical Analysis and Modelling

% mechanieal analysis of the basic structure

Fig 5.4 block diagram of mechanical structure

Where we need to find ], is the equivalent mass moment of inertia at
metor shaft to find the transfer function.

W¢ can found Kinvmatic encrgy reflected at mator shafl from the fig 5.4

o : liy == : R 1
:f:-z-;maz,,,+§,rlﬂzm+ifzﬂﬂ,+E,l,,ﬂzp+§mj-’

S | Sl
E,—Hzﬂm o M No




2.12

g,=n
y=16 5.13

By sub. All cquations in 5.10 we found KT
1 18 = 1 i 1 . 1 =
sE = Ejm ﬂzm + 5 It Eam + E Iz nzﬂam + E IP HEHE"“ ¥ E " :rl'JIZ nzﬂz’” 514

1 _
¥E= i[jm + o+ + Jpnt +me?at {8 5.16

Enow we can found the equivalent inertia from equ. 5.10:

Ju=lln+ I +n¥( [y + Ip +?‘I‘1szj] 517
= 0.002 [rom the previous calculations

Naw the block diagram of motor can be found then, this block diagram will be

sviended 1o include the motion that convert the motor rotation into translation motion.

The block diagram of the [irst motor is shown in fig (5.5)

arouar accekEbon

QUTPLT

of mofor
Vol g} Ks) Tis) i als) Wiy  theta(s)
- ey = =
rpur r .1 b geane > 1/0.002 1 _,F]
| 4.-:’}—&‘? e =

Fig 5.5 motor block diagram
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After reduction and simplification this diagram can be as shown in fig (3.6)
Transfer function of

mput voltage motor output deplacemant
1 = == of motor

i

Fig 5.6 motor reduced block diagram

S5 Simulation

From the previous analysis we can show the simulate response to achieve the

=guired response & we use Matlab program to show the input signal and oulput signal.

Input Voltage




Ouvtput signal of speed Output signal of position

. — e —
- [

|
|




Chaptert

Conclusions & Recommendations

! Conclusionx

The implementation of the project has finished successtully, the elevator has the

=ty to work as an embedded system such that, the microcontroller controls the
Sevator cart motien, up and down.

However the operation of the System is nol perfect, it has encountered some

=blems, due o some errors in applying mechanical model on req] gratnd,

While the performance of the system does need more work, the performance of
selar system is much hetter, The solar pancl

% e overcharge controller, the battery can han
Seroximately no losses of its capacity,

is able 1o charae the batlery controlied
dle the mation of the system with

5.2 Obstacles

As any first time project many problem and vhsracles wese encounter, technical,

“wmomical and un controlled barriers made it very hard, but not impossible mission 1o
Swush the project goal.

A major problem that oppased the project progress is the delay of the financial
seport which in retumn retards the working on the project because of lack of (he tools
wnd parts required.



Because the speed the clevator fow, we have ficed difficulty in finding the

Setor with gearbox Appropriate,

The most difficult problems we have encountered i5 in the mechanical design of

B clevator model in terms of des ign and accuracy in work.

%2 Recommendations

L

b

 Rencwable energy researches must he supported and financed for its importance

next years. Palestine has very promising future in the arcu of wolar energy
systems and it does have a huge amount ol unused source of power.

Build generative svstem 1o store the energy in the batiery when the elevator
moves downward.

Add observer system to get full control system,

Solar energy supplicrs and companies have to take place in the economical ficld
of Palestine, they will gain benefits by time, and by time installing solar Systems
would be cheaper, faster, easier and more popular.

More rescarches must be applied in the economical feasibility of using solar

energy and building solar stations in Palesting.
Some courses that deal with cncrgy types and its caleulations must be laught at

the university o help students in their energy related rescarches, especially in the
lield ofthe renewable energy studies as il gains a larger global attention by time.
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% Also courses that are related to microcontroller specially the PIC microcontrofjer
should be worked with and taught, they arc very important for embedded systeins
and industrial spplications.

% The most important fecommendation is that the university must prepare large
lab for graduation projects to help students 1o work in, since the sraduation lah
that is running now is not sufficient to all students, and other labs arc not always

opened to students 1o work ; , as a result you might lose your day if the lab
teacher ix out of his work or in Vaation,

the graduation projects; they are the completions of its student and the apparc|
part ofits academic skills and efforts.

“ Renewable energy and scientific research department in the URIVErsity must
increase ils support for the graduation project in this field; it must embrace such
concepts and turn them into beneficial and economical plans in future.

< The Umversity must Strengthen it's relation with scientific institutions and
colleges outside Hebron, it shauld market the students! uraduation projects. he
proud of them and let uthers know about, an annual Journal includes such
thoughts and informatio would be great idea that could help improve the
university picture and Teputation and might give ii's student more opportuniries
i compete with other umiversities and improve their experience,
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Appendix (B)

Sol sum 6.6 Charging Controller




22 Solsum 6.6C
Charge Controller
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Appendix (C)

Battery CP12240 24Ah




=2k proof and uzable in any positon.

Sanery Constrcton

CP12240 12v 24an020nn)

"he rechargeable batteries are lesd-lead doxids systems. The dilute sulfuric acid
==cirolyte is shsorbed by separstors and plates and thue immebilized, Should the
=="ery be accidentally overcharged produsing hvdrogen and sxyvgen, special apa.
*=y valves allow the gases 1o escape thus avaiding excessive prassure build-up.

TSerwise, the battary (& completely =raled and s,

thersfare, maintenance fres,

« Mantenancefree operation
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3% of capacity declined per month =t 209 (average)
Operating Temperature Range

Drscharge. vocovvvin i, -~ 20-60°C

Charge .- , - 7 A D-BooT

T T Y T C-204E0e0
Mex. Dischargs Current 779F (25095 voovveri 3004 5%)
Short Circuit Current <« ooo o EeLLRINEES b=t i1

Charge Methode: Constant Vekage Charge Trar(25eg)

Cycle usa. .., 14.5-14.9Y
Maximum charging current . - BLEA
Temperature compansaticn - .. =30m\ies

Standby use ... . coene - 136138
Temperature compensation ... ... - 2OmVEC

Discharge Copstant Current {Amparas at TraF25§0C)

',f,"‘“"'::; Smin 10min(15min30minl 1k | 3 | 5h | 100 2th
160V 105D 540 | 480 | 285 160|674 447 2352 (134
LBV 801|605 459274 | 154 (653 | 436 | 247 1.23
170V | 848 578 (537 | 262 | 148|630 334 | 243 1=

[ TTEV [ Y87 545 (411 | 245 143 605 430257 112D

[ T80V a3 &8 [ 381 3¢ 135 [ STE (395 2 (138

Discharge Constant Power (Viratts ar 770F250C)

F;_"nndhm smin [10min 15min30miggsminl 1h | 2n | sh | o |
_ TEOV [ 785 | 927 | 500 | ZE0 4oo 317|186 134

| 185V 773 | 144 [ 857 (523 382|303 150 131|838
170V | 181 | 107 | 807 454 | 363|780 123|155 e
|17V 151 {997 (752 | 466|343 275 178120 | aoa
L0V | 138 (927 [T03 457 [323 | 560 | i8S 114 763 |

{Mete ) Tliz above charadenstice data sre Bvaragpe vialues oblzincd within
theee charge/discharge cydas nat the pemamun valucs,

s vision-baticom
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Appendix(D)

DME44 Motor




A 12V 9w 1314
B 20V 92W 06sA
___ BB 24V 14.8W 0944
@ DIMENSIONS Uriit mm(ingh)
UMEMEA. DMELIEK OMERA, DME4nE
i e —
i ! —h L i,
ol - Bl ;ﬂ“{ﬂ_ e,
';;?i}""-* l_ f: i E il 2N ‘E g LFE T
ké'%‘") I e = fiol 5% — i

"

%% ;§ yé‘-._ a,.-- !_,_ _]{ = .r 1—'-
| IJ o ]
B B

.

Y

® CURAENT, SPEED-TORQUE CURVE SCOMNNECTION
DNE448A, DMEASSH

PO A

e ] AR

e == (]

'g' & & ]

T = s

o

. m"]. af ru.'-;:nr 15 2 hghor

g eas UT__G8  dF e

SSTANDARD SPECIFICATIONS il D 5
[P0 = — T -

Modl | Oupu[Vormge] Curer S0 | Cirret Speed | e gnt
M 8 B s = g o i o 3
DMESSA) B2 | 12 | 3¢ | 347 13 | 3600 [ 03t 430 | g 222 300 | oss
OMEaSE| 3 | o4 2 | 34y 065 | 300 ais 4300 | 156 =22 ] 300 oBg
_Iﬁ_n!_m 48| 24 | ® [555 | 064 | 3o ] msim 250|361 400 | ose
®HEVOLUTION SENSOR MAGNET TYPE SCONNECTION OF REVOLUTION SENSOR
OMEASSHMA, OiEssSmB DIMELSSA, DWESSAN, IMELIBNE

WEE T 1. b
SEPECIRICATION OF REVOLUTION SENSCH aRE SHOWN ON PAGE 4.
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®with 50G TYPE GEARBOX
Gearrato | 18 17 43 [ oa |72 |
Ratea speed  rimin A0 | 133 | 100 | e85 52,3[

048
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Appendix (E):

General Purpose Type
Photo coupler




HON

General Purpose Type
Photocoupler

LTV-4N25 Series/LTV-4N26 Series
LTV-4N2T7 Series/LTV-4N28 Series
4N25 Series/4N26 Series/AN27 Series/4N28 Series

= S==ponse Time
= YR pesat V=10V, k=2mA, Fu=10011)

» W spprovad (Mo, E113658)

= TUV approved (No RSES3630)
SSA wpproved (Mo, GABT233-1)
SO approved (Mo, 195422)

- REMED approved { Mo, POS103013)

© DEMRD appraved [No. 303985)

- SEMKO appraved (Mo, BERABOATI1-30)

 WOE approved (Mo, 004724 )

- Dpfans availabie
~LEsaE with 047010 16mm spacing (M Tyee)
—=ads bends [or surface mounting{s Type)
Tape and Heal ol I'ype | for SMD{ADd"TASuffix)
ape and Boel of Type Iy SMD8GE- TATSUfiz)
“WIE D8R4 approvals (Add®-V Safxg

Aoplications

© 0 inlerfaces tar eompitars.

. Sestem appllances, measunng instuments.

- Sgral ransmissiun balwesn creuits of diferent paten
=8 ard impodanoces.

Package Dimensions

Mahe:

1.¥ear dals oods.

2. 2 digit Woik weesk

A Factory code shall e marked (Z @ Taiwan, Y : Thallznd)

4. Model No, | LTVANZS | LTWANZE - LTWANZT ; | | VNI
ANZE - AN2G ; AN2T ; 4N2E,

5. All dimensions are In millmeters (inchos).

. Tolernee is 4 U.%hmm { 0107 unkess afersise noted.

T. Specificalions arc suljec! le changes withoul nofice.




22ring Information
Application oart
Part Number Packags Safely Standard Approval Aitsaber |
SN | AN2E B LR v UL approved
ANTEM / Ah2EM E=pin {leads whh 1147 spaning) » TUY appmoyed
hE | AN2ES fi-pin (lesd bends tor sarface moant) V CEA appravad LTV . anp=
E55-Th 1 AN20E-TA €-pin (tapa and recl puckaging of bpe ) [« FIMKG appresmd
SNZRE-TAL ANISSTAY | € pin (laps snd reel packaglng of bps 1]+ MEMKO approved L |
26 428 ir FIIE © FEMKLD -approved {
THANZEN [ ANZTM g-gin Tleads with i 4" epacing) + DEMIKD' appiy e
B | AT fpin lead bends lor surfnce mount) LTV M
S ARZEE-TA | AMPEE TA E-gin {hage and reeld packaging of tppa )
T ANZRE-TAT [ 4MZE5-TA1 | Hpin (laps and reelpacks all =
S AN2T | 4Nz Gopin OIF
W ANETM P ANETM B-pin (leeds with 0.4" spazing)
TW-ANITS | gNITS E-pin {lesd Lemnds lor sarface maount) LT -y
LU AMITE-TA | AM2TS-TA E-pirs {taps and el paokaging of tyg |
SW-AMITE-TAY | AHITE-TA1 |6 pin [aps shd res] paskaging of type 1)
TW-EM23 1 4026 Bain DIP
ERI0M | ANER fpin Jeads with 0.4 spacing)
e L PR Gpin (lead bands for surfos moeont) LTV -Spom
W EHIES TA § SNZBSTA A-pin (lapo and reef packaging of fype 1)
| WANFESTAT D ANZER TA1 | Bepin (tana and reel packagag of lypa [}
ETERMIE ¢ aNRSY Bpin DIF « YDE spprovead
ETEEMN2IM-Y [ ANIGN Y B-gin (lazds wilh 1 4° spacing)
ETWINIGE -V T ANISES & pin (lasd bende for surfaoc mounl) [TV 4hES
SURNCGERT AN [ AMZEETAY | A-pin tape 2ned el packaging of typa )
S TRANZETTALY P AMIESTAT-V] d-pin fape and resl packaging ul bype 1)
ETWANIG U T ANaEY d-pin DIP
S TNIEMAA §ANEGM W G-pin [faade with 0.4° spooiom
ATRENIBE- | gNTGS-Y fi-pin ﬂ{:ﬂ-ﬁ bands far surface maunil L1V anog
RTRENIGSTAN | AMISETAN | G-plr (taps and real pockoging of typs [}
ETNNCEE ALY T ANIEET A1V 8 pin (lepe and resl rackaging of fype 1)
EUVANZT-Y (N2 G-pin [P
L TVENZTM- P AN2TMEY &-pin gqaiia whih 0 4" =npacing)
ETVANETS-N | 42ie-y Gpln Nand bends forsufaes mounty UV amgr

LTWAMRTET AN [ANITETA W
LTVANITSTAL-Y [ 4MZTST AL

E-pin (Lape and real packaning ol Iype 0 |
(B-pin Unpe and real packasing of oe )|

TUAMZA-Y | AnE-y
IVANZEM-Y | dM2 BTy
TWANZES-Y | an2E5E-Y
TVANZEGTAN | $NJASTA-Y

|6 pm TIF
Bpin (laads with 0.4™ spaeing)
B .pin {lesd bands for surface moant)
[ Fpin {lape and resl packs ging of typs |}

TVANZESTAI-V | 4N2ASTA1-Y| Gin {laps and rwol peckaging of beps 1)

PHOTOCOUPLER




Absolute Maximum Ratings

(Ta=257)
Parameder Symbal Rating Uni '
| Farwand Curmam | [E 1 # mi
L LH Heverea Volluge Wi = & v ]
i Powesr Dimsipation P =i 180 1 mw B
| Lol tor— mitter Voltoge Vo | W
Culb:eor-fass Yidsge Vies o '
Clitput Emiftrer- Cotlactor Voltuge VEOO i v
Colkeior Cumrert I et A
| Cobincton |'owar Nsssipation Pe 150 mw j
_IEIHPI‘M':H' {Hﬂ.ﬂnﬂaun B <] mii
| E 1 Fe] 2,300
"Llenlerdon Veltage ——ﬁﬁ — Wian —_ Lol Vomm
= — 4T L tﬁm_
. AN2E 51
| ﬂr.-n!hg Tenpamiug e 55100 5
Frorugs Tamosmsium Tay L5150 T
_'F_Su-lcl-ﬁ-._:_l lamparbge Tea PHO ;o
AL Tor 1 mine, JTH. - A0 - G0
Ivolation velage shail e messirsd e Tolkewring mvdhod.
(115 hail betwman-or e and calliada on the primany sl and batussen callactor, smillsr and bass on The: SRCanCan sidn
(T isolsfion volags ledar with e, o038 il shal ba sed .
[3The wivefnim of applied wniltacke shall le: 8 3iNg waw:
2 Fer 1 suoonds,
Slectrical/Optical Characteristics {Ta=2s5)
Parametar | Symhaol l Mir. Typ. M. Linit Conditions
_ | Ponead Vohage vz 12 | 15 v | =tma
= | Hovars Cumr I - - 10 A | Vel
- Tmri'dcﬂ.'»aﬂ{an;_n_ BTl Sy I = 4] fe— nF VoAl =t s
Gallastar AMaswET : - - 51 B
Dark Py I = = oG nd Wa=iw
"'H_: % ) E —
s &m H‘;ﬁnr - %0 5 = =l Ama
= | EmtarCaiacior = = iy &
- Mo akdciwn -‘ar!.gg BVECG T ML
Collecior-Rnsa Vet s} - W k=0t mh,
| Breakdown Vohags BV :
Ceilactor NP8 R . = ma | BtOwA
o | Cumsnt 4NzTzA 1 - — Vaioy ]
E f etneoio S [P 2 = o [ A e
= ‘_Immfﬁr Featia | ANDIFio 10 - - WiE=IY
2 M Colima ' T
E é“a;;:{};‘fh;u Virinat = 0.1 a5 V| bommh eaas
} | !wlslion Remstance (= 5x 10' | 1% 101 - ] CGE00Y, 0609 R H,
i Flating Capscitroe 1 1.0 = || . pF V=l =1z il
= | Hesponia Time (Rimy) T = 3 T - T R,
Preaspones Time {Fall} | L} — 3 = i R=100 [T, lo S i

= om= k100




Typical Electrical/O
257 Ambient Tem

Fig.1 Forward Gurrent vs. Ambisnt
Temperatyre
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Fig.7 Collecior-amitiar Saturation Vieltage va. Fig.B Collector Dark Current va.
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Appendix (F):

DUAL FULL-BRIDGE DRIVER 1.298




572

L298

DUAL FULL-BRIDGE DRIVER

s OPERATING SUPPLY VOLTAGE UP TO 46 V

« TOTALDC CURRENTUP TO 4 A

« LOW SATURATION VOLTAGE

s« OVERTEMPERATURE PROTECTION

s LOGICAL "0" INPUT VOLTAGE UP TO 158 V
[HIGH NOQISE IMMUNITY)

SESCRIPTION

“7= L2698 Is an integrated monolithic crewit in a 15-
==d Multiwat! and PowerSO20 packages. It is a
701 voltage, high cumrent dual full-bridge driver de-
sgned o accepl standard TTL logic levels and drive
meucliva loads such as relays, solenoids, DC and
==00ing motors. Two enable inputs are provided to
smahle of disabia the davice indapandanthy ofthe in-
St sigrals. The emitters of the lowar lransistors of
#=ch bridge are connected together end the come-
sonding extarnal lerminal can be used far the con-

SLOCK DIAGRAM

=

Multiwatt1s PowerS020

ORDERING NUMBERS : LZ8EN (Mulbwat! vart.)
LZA8HN (Multiwatt Honz )
L298P (FowerS0O20)

neclion of an external sensing resistor. Anadditonal
supply input is provided so that the logic works at a

lrwar vollage.

of




L298

ABSOLUTE MAXIMUM RATINGS

Symbal Farametar Value Unit
W Pawer Supply 50 W
—“ss  |Logic Supply Voitage 7 v
1. Ven Input and Erahle Violtsge =13t 7T W
lg Poak Output Cumenl (aach Chanmel)
— Nan Repetitiva (t = 100us) 3 A
—Rapaliive (B0% on —208, off; kon = 10ms) 2h A
—DC Dparation 2 A
View | Sensing Villags ~11023 v
P Total Power Dissipation [T = I5°C) 25 W
Top dunction Operating Tempe ratune —25 0 140 o
Tap. T, | Storage and Junchion Tampe reture —40 to 150 ‘C
FIN CONNECTIONS {top view)
/ l‘ T — CUMRENT SENSING O
[ e——— T
% 7 DUTPLIT 3
e E————n muT
R =
WE— ——— 3 |Wpisi g
$ Tﬂl-rfﬂ‘ﬂ'alﬂﬁ : T ;alzh_ SUMELY UOLTAGE Wy,
i b | NPT 2
-8l e— T
A — 2 INFUT |
| — R DY
$ A== QUTRLT 2
b EE——
& i CLRRENT BEMSING A
TRE DOHMESTRONTG A8 (I
GG i:r e =T
Bormp s [ 2 19 [ EBensa i
HE, [T—1 3 )y T o
a1 C_ 14 17 ] eula
w2 45 PowerSO20 5 — 44
o e % T inouwd
) —1 7 B Eeablef
EmtlsA ] & L= —
hgutd 1 g @1 ves
CHD [ g A e
O
—
THERMAL DATA
_ Symbol Paramoter Power8020 Multiwattis Unlt
_ Faiesse | Themial Raslstance Junclion case M. - 3 “TiW
| Raviars | Thonmal Reslstance Junetion-amibisnt Maix. 13 35 .

a1

——

T Sbeoriad 21 alumingm =ihsirate




L29g
N FUNCTIONS {rofer to the block diagram)
L MW.15 | Powerso Mem:s Finction
115 #18 Sonse A Senze B |Botwean this gin At ground Is connacted ha sonse resistor 1o
- cunirad the climent of fhe nad,
Z3 45 Ot 1; Our 2 Outputs of tha Bridge A the cumant that fiows thrmiogh the loss
connectad batwoen thass hwo pins s monitared at i
4 f W3 Supply Violtage for Ihe Prower Ouitaut Stnges,
A rem-inductive 100NF capacitor miust Be connected between i
L pin and ground
57 0 Input 1) Input 2 TTL Compathle |npits of the Bridge A
T b E;14 Enable & EnableB [TTL Comprtbls Enabie Input the | state dizables the bridge A
E icnalle A) andior tha bridae B (shable B)
E & 1,10.11.20 CND o
L 12 VEE Supply Vollapa for the Lagle Blacks. Ad00nF Capacitor must be
connected helwsen s pin ang ground
R MR 13145 Inpul 3 Input £ TTL Compatible Inpuks of the Bridge B
o 1817 QUL 3; Ot 4 Ot of the EHﬂgaE.mmmIMﬂmMum:&nm
F connected Dotwsan thosa e Pins is monitomd ot pin 15,
L - 318 N.C, Not Cannoctsd
SECTRICAL CHARACTERISTICS (Ve =42V Vge = 5y Tj = 25°C; unless olherwisa spaciied)
_Symbal Parametar Tesl Conditions Min._ | Typ. | Max, | unit
- Supply Voltage (oin 4) Ciperative CondiBon ViH 128 4 i
e LEE:: Supp{z‘ Vellage {pin ) 4.5 5 T W
I3 Qudsrent Supply Currant Ppind] Ve, =H =0 WisL 12 22 m#
Wi=H &l 70 ma
. W, = Vi=x 4 s
== |Quicseant Curment from Veu (pin®) [V, =H, =0 Wi=1 24 ] e
Wi=H 7 12 mif
V=L V=X & mA
¥i [Input Low Valtage -0.3 18 v
- [pins 5, 7 10, 12)
Vi Ingut High Voltaga 23 V53 W
ipine 5, 7,10, 12)
le Lew Voliags Input Curmnt Wi=L -10 uh
(e, 7,10, 12)
b+ High Veltage it © umant VisH < Vge DEW 3 100 LA
(pins 5 7, 10, 12}
| Yu=L JEnable Low Violtage (pins £ 11) =03 1.5 v
~r==H |Fnable tagh Voltage (pins &, 11) 2.3 Ves v
e = Low Voltage Enable Curren Mg = L =10 jLf
lpins €, 11)
| = =H [High Voltags Eranie Current Ve =H 2 Vs 08y 30 100 A
P {ping & 11)
fCEemiH [SoURCe Sahuraton Voltage =14 0.5 135 1.7 v
| =24 2 27 W
Yooymgy |Sink Saturaton Violtags h=1A {5 ras 1.2 16 '}
b =24 (5) 1.7 23 v
Veew | Total Drop IL=14 (5) 1.580 3z W
| k=24 (5 4.9 W
__ e |Sersing Voltage [pins 1, 15) -1 {1} 2 W
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Symbal Parameier Test Conditions Min. | Typ. | Max. Uit
T (Vi) |Soures Cument Turmof Delay DEVI OB 2y 4 15 (b5
T2V  |Source Cumant Fall Time CEL loO1)h ) i4) 0.2 RS

rj Vi) |Sowse Cument Tum-sn Datay DEVil Ol 2y (4] b us
T2 (Vil_|Saurce Current Rise Tine 011 o8k (2 4) w7z us
s (V) |Sink Cument Tume-off Delay 05Vl 091 (3% 07 S
_ Ta (Vi) |Sink Cument Fall Time 090 o1, @y .25 s
T+ (Vi) |Sink Curent Tum-on Datay 05Vikmegl (g 45 1.6 us
Ta Vil |Sink Cument Rise Tima Q10 003 (33 04) nz s |
fe (V) Commutation Froguancy g =24, 25 40 kiliz
"1 (V! |Source Curront Tum.off Dslay DS Vanlo U802y 4y 3 s
T2 {Ven) | Soircs Curront Fall Tima O8I, w011, &y 14} 1 e
TalVer) | Sounce Gument Tum-an Delay DE Ve o] | (2], (4) 0.3 s
TaiVen) |Souree Curent Hize Time B0 08l (d) 04 jE
7= Van)_| Sink Cusrent Tum-off Delay 05Ven 081 (a) ) 22 g |
£ (Vaa) | Sink Currsnt Fan Time 080 o1y (2] 4y 035 Hs
T Ver) |Sirk Currert Turm-on Dy AS5Vato 8 (3) (4 o025 Us
"0 Van) |Sink Cumart Riss Time U1k 008, [3) 4 01 ps |

11 1 Beiming valtege can b

7 Sea fig.
¥ San g4,

) Thee [osa e be & plire - rosistar

1 W for 12 80 pane; #mBCy G108 Vs min = — A5y

Figure 1 : Typical Saluration Violtage ws. Output Figure 2 : Switching Times Test Circuits:
Cument,
y —
W u- R —r
i - Vo5 Wgahdy
w5 "
g Ineur
Lg 0 ]
10 ] aut
— ot E 8
_,.-"":-""r = s
12 o’ Rysion
a8
i S-588n
L .
O 0% 08 o6 20 24 Iom Note: For INPUT Suiteing, astEN = 1

Fir EMABLF Swilching, st 1M = 1
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Figure 5 : Sink Current Delay Times ve. Input 0 V Ensble Switching.
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L2098
L2308
Sgure 7 : For hignsar Blifrents, out

Puls £3n he paraliaisd. Take caro o paraliel channed 1 with channe] 4
and channe| 2 with thannel 3.

Ll TinF ‘:IHI'IF

! o™, : 1 N
o]

| ) 5 2]
ol s |

L PFOWER DUTF'UTSTAGE Ezeh inpul myst be connactad 1o the source of tha
=L298 infegralas WO power ouigyt stages (A B), anving signals by meane of 2 very short patn.
= nower OUtpUL SIBGE IS 3 bride: canfiguralion Tum-0n ang Tum-Off ; Baforg to Tum-On the Sup-
0 #s outpule can drive an inductive load in pom- Ply Vieitage ang before to Tum it OFF, the Enabig in-
o0 or differenzia) mode, dapendi gonthesialoof gyt must be driven to the Low Etala.

Be npuls. The Current that flows through the lnag

=mes aul fom the bridge at fhe sense oulput ;an 3. APPLICATIONS

tﬁmnfl‘eﬂktﬂrl:ﬁsnl,‘ﬁsg.] allows to detect the - Fig 8 shaws & bigir
Ensity of this curment.

matic Diagram for which Only one bridge 5 neadead
"2 INPUT STAGE +io ks

by
four fast recovery elements {irr < 200 neec) that
==ch bridgs is driver, Uy maans of four galas the in-

=t of which are In1 . In2; EnA and In3 i In4 . EnB. wors! case of the (ogd curanl,
%Jninpulssarrhabﬁdga stale when The En input Tha senss oulput can be used lo cantrol fhe 3
L 2" 2 low state afthe En "putinhibitsthe bridge, eurrent amplilude by chopping the inputs. o 1 pro- '
Al tha mputs are TTL campalisle, vida oVErGUmRAL protection by Ek'u'ﬂ'[ﬂﬂil'l'g low Iha an-

2 SUGGESTIONS

able inpu,
A nen inductive eApacilor, usually of 100 nF, must  The brake fLII"I[:E!‘DHI (Fast molar stop) requires thay
2 feraseen botweer both Vs and Vs, 1o ground,  he Absolite Maximum Rating of 2 Amps must
=5 Near as possible tn GND pin. Whan the large g, NEver be overcome.

#acitor of the pawer supply is toa far from the IC a When the repeatitive peak =ument nesded from the
“acond smaller one myst be foreseen near fhe load is higher than 2
L29g, i

Amps, a paraliejod configura-
tion can be chosen {See Fig.7).
The sense esistor. not of 3 wire wound lvee. must

An axlamal bridge of diodes gre required whan in-
e grounded naar the NBgslva pole of Vs that myst duetive loads are drjven and when the inputs of the
o2 near the GND pin of he .C,

IC are chapped + Shottky diodes would be preferrad.
b7

13

—
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"% soiution can drive until 3 Amps In DC operation Fig 10 shows 2 second two phase bipalar

e untl 3.5 Amps of 5 repstilive peak currant motor control circuit where the current s controlied
" Foditisshown hedriving of a two phasa bipolar BY the LC. LES08

==aper molor - the needed signals fo drive the n.

2= of the L2098 ars genaraled, in this 2xample,
Somthe IC L297.

g 8 shows an example of P.C B. designed for the
soication of Fig 8.

Sgure B Two Phasa Bipolar Stapper Motor Cireuit.

== circuit drives Dipalar stapper motors with winding currents up to 2 A, The dindes are fast 2 a lypas
—

Sa = Res =065

Ves12V@Il=24
S110 D8 = 2 A Fast diodes { i

|4




F‘q.ma 9 : Suggested Printsd Circuit Baard Layout for the Clreuil of fig. 8 (1:1 scale).
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mm Inch
MIN. | TYP. | max. | min. | TYR | max OQUTLINE AND
2 = 0.197 MECHANICAL DATA
= 265 0104
B | L6 0.063 T
2 1 [siwcisd
= | p4g 025 |ooto 0022
# |oss 0.75 | D026 0030
S | 102 | 127 | 152 | coo [ 0050 | o060
St Jirss 1778 1603 | 0600 | aroo | o710
st | g 0772
= 20.2 0.705

~ | 219 | 222 | 225 |os62 | 0.874 | 088
21 | 217 | 221 | 225 | 0884 | om0 | o888
L £2 11765 181 | ngos 0713
3 1728 ) 175 | 1775 | 0.578 | 0688 | g.608
24 [ 103 | 107 | 0.9 | 0406 | 0421 | Daze
L7 | 285 29 |o.104 0.114
M | 425 | 455 | 485 |n167 |0.178 [ a1o
_ Mt 1463 | 508 | 553 | 0182 | 0200 oz
s

1.9 ZE | 0.075 0.102
51 | 19 26 |oors 0Nz Multiwatt1s v
D=t | 385 385 | 0144 0.152

-

& I /—J _ \ijli

s _ i i - |
s . C:I ﬁk
,r::_.J';?‘ -*: I e -
ﬂ_’[ B : | p—

= =l s Ny

L1

3]
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o mm insh
miN, | Tve, [ max | win. | TYe. | max, OUTLINE AND
A = 0T MECHANICAL DATA
B 265 0104
C 16 0063
E | 040 055 | 0018 0072
F | oass 076 | 0026 0.030
G | 114 | 127 | 14 |00 |oos0|ooss
=1 1757 | 17/ | 17684 | o2 | ool 0 TO5
| 186 0.772
o 702 0.785
2057 0810
L1 18.03 uFin
L2 254 0.70n
La | 1725) 175 | 1775 | 06ro | osas | oras
L1 | 103 | 107 | 108 | 0406 | 0421 | naze
5.28 0.208
L6 238 0.0
t7 | 285 29 |04 0114
s | 19 26 |0ors 0102
s1 | 18 76 |oors 102 Multiwatt15 H
Diar | es 385 | o144 0.162

1113




M T Inch
MiN. | TYP. | Max. | min. | TYF. | Max. OUTLINE AND
A 25 0.1z MECHANICAL DATA
al o5 0.2 | o004 0032
a2 33 0.130
ai 4] 01 | npoh 0.004
b 2.4 0.63 | .08 n.021
£ 023 032 | D008 (.03
D1 | 15.8 16 | 0622 0, 530
o Ga an D370 0,385
E 13,9 145 | D547 0570
a 27 0.050
=3 | 1143 0.450
E1{1}| 108 1.1 | 428 D43T
| E2 23 0114
| E3 | 58 6.2 | 0223 0.244
! G L] 0.1 0000 2004
§ H 155 158 | 0610 L5626
i h 11 0043 JEDEC MO-166
i L 0.8 1.1 ] 0031 0,043 |
] 107 (max,)
g | 8 (max.)
T 10 n.as4
T end F'duﬂ-nlh:hdn!nﬁh:hlrrmu!ﬁri_ I Pmrsazu
LI:M Razh o pradtugians Sall not adeoed LIS mm [0.008°),
mcaEl dimensiong T, "G ena By

R
=
i [
L : -] | L
LETAr ' s
LY =
mad DETAIL &
e
8 N sl
DE1aL B
1 E
Lo Marss _E ]
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Appendix (G):

Semiconductor technical datz




SEMICONDUCTOR
TECHNICAL DATA

KEC

ELECTRCNICS co LTh

KIA7805AP/API~
KIA7824AP/API

BIHAR LINEAK INTEGRATED CIRCLTT

E TERMINAL POSITIVE VOLTAGE REGULATORS
B, BV, 8V, WV, 10V, 12V, 15V, 1Y, 20V, v

Suitatve for C-MOS, TTL  the (the
Shmital TC's Power Signly

Breenal Themrn) (vesinan Pratestlon
ey Shot Ot Cuevent Lt
Shtput- Current i Expess ol L
Satisfies 150 -5 Soecifcation,
Sstenationn]) Eleetronies’ Cammission |,

AXIMUN RATINGS [Ta=251)

CHARACTERISTIC SYMBOL | RATING | UNIT
KIATHGAP/ AT~ | "
RIATESAR 83 "’
. Visdage  + f — Y
* KA AR~ ™ G k
KIAT=2 AP AP
Pisspalion (Te=257 | o 208 W
. Disstpation | KIATRIGAPT~ | | o i
“Wethour Hestsink! | KIATRLART ol | |
Siting Jumrtion Tompe atiae T =i €
Srae Temgeraiune I T =i5=150 | T

0 [ I e
e 4+ J
r
E

TO=E2m3




z

: TS317
ok 3-Terminal Adjustable Output Positive Voite
T2

ge Regulator
TO-263 To.za 50T 223
- .
a ﬂ @ Output Voltage Range From
- o3 2 3 _ 1.25V to 37v
% t23 Output Current up to 1.5
Pin assignment. '
1. Adp=tabie
Et i
{Heatzink surface conreoted s pin 2)

ST B afjusianis I termming
e=Tange ol 135V 37 v This voltage regulator =2
== T outpi voisge. Further, ji
hesmrﬂmﬁmpmﬂ

TS317 s offered in 3-pin To.22n T0-283, TO-252 ang SOT.223 packags

Standa-:l Appﬂﬂﬂﬂﬂn
Dutpat curren; ug 1o 154

' TO-220T0-283 for 1 54 Input 5
' TO-25/50T-223 for 500ma

2 Output
Quput Adustabig betwsen 1.25 v ang TV

Mems Th-lrmaﬂvm-had Protection +
Hlemal &m&m Curmran Limibing Constant wiih
T . 0.1uF

Suput Transisior Fafe-Arga Compensation fant
"oatng Operation for High Voltage Appiications
&Hhmﬂhukirrﬂumyﬁreﬁ‘uﬂmqu Vout =1 25 V'{‘:*HZFEIJ*Iﬂ'HE
Omnmwlt&nenﬁmdmﬂmlmma

_ﬂﬂl ation —mmmedm&:hml-s

— Sutput volages. The
Fart No. BparaEg_Temp. Package 2.0V abowe the olitput
7Cz

ro-220 on the Input rippie vol
'-thwmdimguﬂufi:hﬂmanamaci;mn
=317CM TO-783
=t |

tistarss from Fower supply firter
IS317CP W~+180°C  [Tooes F

" = Coisnal Mesded for stabifty: howses A
Mo Sl
=7cw S0T-223 THPTOVS transient response.
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GDM1602K

SAtures
Sxf dots with cuisor
Sanki-in contoller (KSOOG6L or equivalent)
Easy inicrface with 4-bil or 3-bit MPLT
"3V power supply (also available for =3 0V)
L6 duty cycle
NV, optional
SEL 1o be drven by pinl, pin2. or pinl 5. pinlor A K

dine dimeminm

Sl —y—

SPECIFICATIONS OF

LCD MODULE

> = . Biaaing 13.5¢max
u':.':[ 2 3 TR -_“u\ 46 _ ’__I» &
l o1 L e ‘ET | b i| |
I : =] B
I LT i V.
27| || Q0000000000000 | & 58 | (N I
33| || OOOCOIIOONT | 9 £ i L
= /% | -
G o Iy 7
I -— 64,5202 — J e e o
e o LEDSR
f ey ; without BKL [, 300 _ o
o
TEERHH
E_—"—-_l___—:_:=.:n L i
S— i
17 B
- O0oog O
Display Pattem
ile maximum ratings
ol iz Vop- Vs 0 = 7.0 v
e VIN V53 - VDD
'2 temperglure range vop 4] - +50 i
=mperatuwre range VST -20 - +60 -
SEmpeniture ane: is availshle

= Homze temperstnre as =20+ 70/-3-~480'0




MM1602K
-k diagrum

!
e ool LCD PANEL
1 LCD

RS —— CONTROLLER ]
S SEG LCD

W0-DE"
Tyl DRIVER

v 1 LED BKL

riace pin description

e ; External Frtncts
B connection '
P Sipnal ground for LM (GND)
Vor | Power supply Fower supply for logic +3V) for LCM
Vo o Contrast adjust
[ MPLUI Register select simal ]
R MPL Readfwrite seleg! signal
E MPU Operation {data teadwrite ) cuuble signal
Four low order bidirectianal three-state dita bus Hines,
DB0-DH3 hELS Used for data mansfer between tle MPH and the LW
These four are not used during 4-hit vpenition,
- Four high order bi-directional three-sigic daia bus limes.
B8] Ll Used for data transfer between the MPLI
LED+ LED BKL power Power supply for BKL “A" (+4.2)
LID- supply Power supply for BKL "K" (GND) —
ast adjust

-

LCM wa VH
o L]

“ LCD Daving voltage
Wk--20k

2001412005
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e —

tical characteristics

o7 display module (13247 VDD=5.0V)

Item Symbol Condition Ui
& tage Cra 4
ast ratio R ]
=onse hme (nise) = |
Eonse e (fall) - -
= tvpe displav module (Ta=250. v 5.0V)
Item Symbol Condition lom
e . G2 dex
:1-_\
as! @mno C. -
monse tme (nse) T -
ponse time (fall) T = s
wtrical characteristics
Saracteristics
Parameter Symbel Comlitions Uit
B voltyee for LCD Vo=V, Ta=25% v
vnlage Vo
oy current len 18=25T, Von=5.0V mAi
kskage curem J nd
=l input voltage Vi
el input voltage Vie Twice imtial value or lesg
el ontput volips Wi LOH=-00,25m 4 T
evel output voltage Vi LOH=1 6maA
el supply voltage | Wy ]
cycle (Ta=2510, VDD=5 av)
Parameter Symbol Test pin Unit |
cyele tme te
= pulse width bw E
o nse/Gall tune &t
W setup (ime tu ES: Ry ns
W address hold time o RS: B/wW
ata ovtput delay ta
atn hold tme La RHI
e eycle (1a=2500, VDD-5 0V
Parameter Symbal Test pin Unit
sble cvele time o ]
Ol pulse width tw E
Dk risFall tine kL
= BW setup time Tl RS Rw s
= AW address hold time th RS R/W
< data oulput delay L :
ety Pl o i DB-DET
A 39 200141 XS




OMI602K

e mode timing diagram

RS VIR J
VILL
_tewt

bw ot LLtht
o VLY, i
L -
E ja”’ S T Eore
tr tha
DB0-DBY ni  VALD Dara e
Lo i

W jhlain pdmy ikl a4 16

=il mode timing diagram

29 vl
| VIL{
e TET

R/‘w )-‘m VIL1
2 tar _th ‘ s

Lf
. VIHIL
in) Vi1
ol ;"I/ 'P][£1r VILE '...l.‘ A VI
L td
VIHL (!
DBO—DB7 ;| vy VALD DATA =
to

truction description

vercome the speed differcnce between the intermil clock of KS00661) and the MPU clock, KSOUG6L performs
==l operations by stoting control in formations o IR ar DR. 'The intcmal operation is determined socording 1o the
al from MPU, composed of readfnvriic and data bus (Refer o TableT).
uctions can bhe divided largely into four groups:

1) KS0066U function sgl mstractions {set display methods, set dnta length arg.)

2} Address sel instructions (o iniemal RAM

1) Data irmsfer instructions with intemal RAM

4} Others

address of the internal RAM is automatcally increased or decreased by L.

- during intemal opertion, busy flag (DB7) iz read "High",

A 44

0011205




WM 1602K

Busy

ction Tahle

flag check niust be preceded by the next instruction

LI

s

Riw

bR

& | DR | DB | DR

Decetia

it

Write “20H" tn DDEA and sed
DDRAM address 1o “0017 Irom
Al

0 0

0

der DDEAM addrezs 1o o
From AC and refam CUTEar o
It driinal position iF slafiod I.55ma
The contents of DDRAM are L
Chumspeed

e 0

AR LUTRM Moy mg Airecin

D And blmking of entira dizplay

SH it

St diapiluy (T30, cuzsor ({11, and
Rhinking of exrsar (7] oa/elf
Clomira] hit,

ol urser moving and display
Skalt coatrol bit. and the
Dhreciion withoul chimging of
DDRAM ik

Ay

0

L] ) |

Sef interlace duts (ength (10 70
Bitd-birk, numbers of g sy
Line (34; =2-lines Tditse) and.
Display foul ype (F. 5y 1:5%%)

N Ay

ALCSH

ACH

Set CORAM addroes in nildress

AC3 | AC2| ACI| ACH| cors 30

0 0

ACS

ACH

Sel DR AM addresy i adibrosy

AL | AC2| ACT| ACO Ciennmper, ke

ACS

ACY

Whelher durins tniemal
Ciperatiun or el cun he o "
By reading BF The: contenis afl

Adidress oniinber csn also he read,

AC3JACZ | ACT| ACH

D5

D4

Writo datn into mmiemal LA M

D3 (DDREAMCGRA M),

D21 D1 43ux

DT | D6 | D5

m]

Kend duta from inlemal RAM
(DDRAMAGRAN),

D3 D1 LETTE

)

N

S o *T.ow",

for exccuti

When an MP1I Program with checking the busy flag (DB7) is made, it must be necessary 1/2fose 15
ng the nexi mstruction by the falling edge of the “F~ symal afier the

busy flag (DB7)

ilents
Y Clear display
. RS RW | DB7 | DB6 | DB | Dia DB | DB2 [ DBI | Do |
R 0 0 0 0 ] 0 0 0 () 1
Clear all the display data by wrting “20H™ (space code) 1o all DDRAM address. and set DDRAM

= o “00H”

Return

o AC (address counter)
cursor to the onginal stans. namely,

bring the cursor to the lefi edge on the [ist line of the

e (UD="HEigh™)

50 2E01/12135




OMI1602K

21 Return home

RS BAY Di7 DBé DB5 D84 DB3 DR2 DE1 DBO
0 0 0 0 0 0 0 0 1

Retum home is cursor returm home instruction.

Set DDRAM address to “00H" into the address counter

Retum cursor fo its original site and retum display to its original stans, if shiftad
Contents of DDRAM does not change.

31 Entry mode set

RS B'W 87 DB6 DB5 DB4 B3 DB2 DBl 1380
4 0 0 1] 0 4 0 0 1D St

S moving direction of cursor and display.

ID; increment / decrement of DDRAM address {cursor or blink)

= I/D="high”, cursor/blink moves 1o right and DDRAM address is increased by 1

= UD—"Low”, cursur/blink moves 1o left and DDRAM address is increased by 1.
- HAM operates the same way as DDRAM, when reading from or witmg to CGRAM

Sii: shift of entire display
= DDRAM read (CGRAM read/write) operation ar SH-"Low”, shifting of entire display 1s not
srmed. Tf SH ="igh” and DDRAM write operation, shift of entire thisplay is performed according to
“ e (VD-"hugh™, shift lefl, F'D="Low”. Shift right)

41 Display ONOFF contrel

RS BYW DB7 DB6 DB3 DB4 D3 DB2 DHEL DBO
0 1] 0 0 0 0 | D L8 B

=ol display/cursor/blink ON/OFF | bit register,

D: Display ON/OFF control bit
= D="Tligh", entire display is tumed on
= D="Tow", display is tumed off, but display data remains in DDRAM,

C: cursor ON/OFF cuntral bit

#en D="High", cursor is tumed on

o D—"Low”", cursor is disappeared in current display, but D register preserves its data
B: Cursor blink ON/OFF control hit

= B="High”, cursor hlink is on, which performs altemately between all the “High'" data and display
wcters at the cursor positon

= B~TLow”, blink 1s off

51 Cursor or display shift

RS R/W DR7 DB& DBRs D84 D83 DRz DB1 R
0 0 0 0 0 | S/C R, - %

o/9 2001732405




DMI602K

“ang of rightlefi cursor positon or display without witing or reading of display data.
instruction 15 used fo comrect or search display data.

g 2-line mode display, cursor moves 1o the 2nd ling after the 40th digit of the 1st line

= that display shift 1s performed simultaneowsly in all the lings

en display data 15 shified repeatedly. each hne 15 shifted individually.

s=n display shift 1s performed, the contents of the address counter are nol changed.

#1 patterns according to S/C and R/L hits

SIC R/L Operation

0 Shiff cursor (o the left, AC is decreasad by |

1 Shuft cursor 10 the nght, AC 15 increased by 1

0 Shift all the display to the left. cursor moves according to the display
I Shuft all the display to the right, cursor moves according i the display

el e == ===

5] Function set

RS R'W Do7 DB6 DBS DB4 DB3 DA2 DHI DBO
0 0 0 0 1 DI N F - -

DL: Interface data kength control bit
“en DL—"High", 1t means 8-bit bus mode with MPU.
‘e DL~"Low”, il means 4-bit bus node with MPLU. Hence, DL is a signal to select 8-bit or 4-bit bus

“en 4-but bus mode, it needs to wansfer 4-bit data twice

N: Display line number control bit
ven N="Low”, |-Loe displav mods is set
sen N="Hgh", 2-line display mxxde 15 set

F: Display line number control bit
2 F="Low”, 5x8 dots format display mode is set.
e F="High”, 5x11 dots format display mode.

71 Set CGRAM address

RS RW DB7 DBo DBES DB4 DB3 DB2 Dili DBD
0 { 0 1 ACS A4 AC3 AC2 ACI ACD

L
CGRAM addrsss w AC
setruction makes CGRAM data available from MPLL

iy - wew

%) Set DDRAM address

B RS Riw DB7 DB6 DB5 DB4 DB3 Dnz DRI DBO
J { 1 ALS ACS AC4 AC3 AC2 AC] ACO

DDRAM addrass to AC

mstruction makes DDRAM dats available form MPU

 1-line display mode (N=LOW), IDRAM address 15 form “00H™ fo “4F11" In 2-line display mode
igh), DDRAM address in the 1st line form “00H™ to “27H”, and DDRAM address in the 2nd line is
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%) Read busy flag & adiress

RS R'W DB7 D6 DB5 DB4 DB3 DB2 DB] DB
0 1 BF ACH ACS AC4A AC3 AC2 AC1 ACO

5 nstructon shows whether KS00661 is in inlemal operation or not

e resultant BF 15 “High”', internal operation 1s 1 progress and should wail BF is to he LOW, which by
= the nest instruction can be performed. In this instruction you can also read the value of the address

1)) Write data to RAM

E RS RW DR7 Di36 DBS D4 DB3 DR2 DR DBO
l 0 D7 D6 D5 D4 03 D2 3] DO

sz hinary 8-bit data to DDRAM/CGRAM.
selecion of RAM from DDRAM, and CGRAM. s set by the previous address set instruction
JRAM address set, CGRAM address ser).
M set mstruction can also determine the AC direction to RAM.
“er wrnite operation. The address is automatically increascd/decreased by 1, according o the entry

1) Read data from RAM

RS RW | DB7 | DB6 | DBS | DB4 | DB} | DBz | DBl | DBo
| 1 D7 D6 DS D4 D3 D2 DI D

4 binary 8-bit data from DDRAM/CGRAM

The selection of RAM is set by the previous address set instruction If the address set instruction of
M is not performed before this instruction, the data thal has been read first is invalid, as the direction
AC is not yet determined. 1f RAM data is read several times without RAM address instructons set
we, read operation, the correct RAM data can be obtained from the second. But the first datas would be
srect, as there is no time margin to (ransfir RAM dats,
In case of DDRAM read operation, cursor shift instruction plays the same role as DDRAM address
Bstruction, it also ransters RAM data to output data register.

After read opershon, address counter is automatically increased/decreased by 1 according 1o the
‘e,

Aller CGRAM read operation, display shift may not be executed comecily.

IE: In case of RAM write operation, AC is incremsed/decrensad by 1 as in read operation

At this time, AC indicates next address position, but only the previous data can be read by the read
chion

play character address code:

'__EEIP.AM addess | 00 | 01 | 02 | 03

05 [oe o708 | v | oAl UB] oC| D PE! OF
SORAM address | 40 | 41 | 42 | 43

43146 147 | 48 [ 49 | 4A] 4B| 4€] 4D| 4E[ aF

ElE

By 200151205
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Appendix (T):

PIC18I4550 Microcontroller




MicrocHIP PIC18F2455/2550/4455/4550
e,

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

Univarsal Serial Bus Features:

« LISB V2.0 Compliant

* Low Spsed (1.5 Migs) amd Tull Speed (12 M)

= Supports Control, Infemagl, Isochrongus snd Bulk
Tramnsliers

- Supports up to 32 Endpaints | 16 brlirecional)

1-Kint= Pual Access RAM Tor USE

On-Chip LSS Transcener with On-Chip Yollage

Reikator

Imerface for ON-Chip LISB Transceher

Skreaming Faralel Por (SPP) for LS5 streaming

transfers (S0Md-pin govices wily)

FPower-Managed Modes:

= Run. GPU on peripherais on

= ldie CPU off, penpharsls on

- Sleep CPU off, periphensls off

= IdiE mode runents doeen fo 58 ub typleal

= Sleap mode cuments down o 0.1 A typic
» Timerl Osdllayvsr 11 pA bypical, 32 kHg, 2V
+ Watchdog Timer 2.1 wh wpicat

v Iweo-Soeed Oscillfator San-up

Flaxible Oscillator Structure:
+ Four Cre=sal modes, Including High Precision PLL
for USB
« Two Exlemal Clook modes. un 10 45 MH
= Intemal Osciaier Biock:
- # user-sEleriatle frequencies, fom 31 kHz
o & MHz
- Deer-unable o compensate for frequenty dom
Sacondary Osoilabor ieang Timer! @ 20 kHz
Cual Cacillalor options allow mucracontolier and
LiSE module to run &t diferent dock spoets
Fail= Sl Cinck Mondor,
- Aliows Tor safe shulaown i any clock stops

W

v

E——

Peripheral Highlights:

= Fhigh-Cument SinkiSource: 25 maAT5E mA

+ [hwes External intsrmoptis

+ Four Timer modues (TImero 1o Timers)

« Lip to 2 Caplure/ CompaneP i (C0F) madules

Caplure 15 16-5it, max. resolilion 5.2 ns (Tev/ih)
- Compare = 15-bit, max. rescition §3-3 s [Tov)
P sutpub PV resolution i= 1 to 10-5it

+ Ennanced CaphraComparsPWil (ECCH) morile
= Mulipie calpul rmodes
- ESelectabie potany
- Prograniretde dead tma
- Auto shutgown and alfo-restart

+ Enhanced LISART moduse:
- LIN bus suppord

= Master Synchionous Serial Porl (MSSM) modise
SUCDOTNG 3-wire SPI G4 modes) and FCTV
Master ann Skive modes

= 100t up o 13-channet Analog-io-Digied Converter
mocue (AL wih Programmabis Acguisiion Time

= Dual Analog Comparalors with Inpul Mulliplesng

Special Microcontroller Features:

= C Compller Opfimized Architeciurs with cptional
Exicnded Instruchon Ses

« 102,000 Crase/Write Cyde Enhancet Flash

Frogram Memon tpical

1,000,000 EreaweWile Cycle Data EEPROM

Hf.-mﬂ'y bepiiezal

Flasniliam EEPRON Retention: » 40 years

Zoi-Programmable under Soitware Cantrod

Frionty Levess Tof [ifenupts

£ % 8 Singee-Cyie Hardware Mulliplicr

Exlended Walchdog Timear (WOT):

- Programmable perod from £1 me o 12318

+ Programmable Gooe Frofecos

= Bingle-Supgly 5V In-Chouft Serial
Programming ™ (IC3P™) via two pins

= In-Cireult Debug (ICD) vatwi pins

= Opfional decicsed ICTUICSP poft (44-pin devices only)

= Wide Cimialing Worage Ranage (7 (% o 5.5

Bon o8 W

Prugrmm emory Trita Memany MsEp E g

1lEit |CCPECOD | B | timars

Dewvice | riash | & Singie-Word | SRAM |EEPROM| VO | ps ol oy | SPP gpy [Muster | 2 | & | pyny
(ovtes)| Mstructions | (bytes) | ytss) P~ | 3 | §

- [PEieme] o | Tom [mm| 2% [ A 0 2 | m | v [ ¥ [1|z] =
PIC1§F2550 | 2k 123 248 | 255 | 4] W a0 ho | ¥ | ¥ |1 ]2] w
PIC13P428E | 24K 12238 | 248 =6 & 13 i TS s Y 1 [ L]
PICIAF455D | Jow 15384 204 | 2% | =] 13 17 ves [ ¥ | ¥ | 1|3] w3 |

= 2007 Wccochip Tocanohogy Int Preliminary D auErD-pags




D
MELRNVITMRES — |:l 1 A 40| = — BE7KBI3PCD
RAD/ANG =—e[7 2 38 [] == RBE/KBIZPGC
RATIANY w— = 35| | =—= RBSKEH/PGM
RAZANIVREF-ICVYREE »—» ¢ 3 [T= —= RB&GAN11LED/CSSDD
RAZANSNREF+ - 20 [ =— = pEangcerziiveg
RAAITOCKICIOUTIRCY -—= 35 ] =—e REZIANSINTZVMO
RASANS/SSHLYDIN/C2OUT <—a 34 | | =—= RELANIOINT: /SCKSCL
REQ/ANS/CK1SPP -—» 29 35 L1 =— = RENANIZINTIFLTOSDISDA
REVANSICKZSPP = & Te 320=-— voo
RE2ZANTIOESPF - e 31 ] =———ss
WY —— E E 30 [l =—= ROT/SPPFP1D
Vit Lo 28 ] +—= RD&/SEPE/PIC
OSCIUCLK| — Lo 28 | ] =— RD5/SPPEIP1B
DSCHTLKORAS -— 27 |7 = = ROWSPP4
RCATIOBO/MICK] =—=] 15 26 ] =—= RCTRMIDTISDO
RCUTIOSPCCP2MUDE =— = | 16 25 ] =—= HCHTXICK
RCACCPiPIA —=T] 17 24 [ =— RCED+P
WusE = —= 7 48 23| 1= = RC4/DIVI
RDOBPPO - &[] g 220 =— = ROVSPP]
RO1SFPT =—e[120 21 [] —a RO2/sPP2

TABLE 13:  PIC1BF4455/4550 PINOUT 110 DESCRIPTIONS
I | |

Pln Number Pin | Buffer
Pin Description
i FDIF | OFN | TOFP | Tvpe | Type
MCLRvVEpRES 1 i 16 Marster Clear (inputh or progrnming veitace onput) |
] | -l | Hﬂﬂwﬂlnﬂ'fﬁéﬁel}um.Thhnermm [cavw
Reswl [0 the device.
Vrp r Mrogramming volage input
'_EES | aT Digitml impant.
SEC1CL K 13 b 30 Cisilator cryatal or extaimiel ciock Irspiat
s I Anaing|  Oscillator oysial inout o estemal thack soinca il
CLKE I [Amalog| =xieenal ceck source inpol Adwoye assocmled with
prtunchion OSCY. (See DSC2CLKD pun )
CRCHCL KO ol I = B Qiscillator crysial or tlock outout
O5CF 1 - Clacilator crystal outpal. Connects s erystal o
resanalor in Crysial Ovchistor moda
CLED O — In RC mods, OSC2 pin cutpets CLRE withch hrs 14
the frequency of ST 1 and denatos the instroetiag
cytie rals,
FAR | | 1 | 1L | Gensral purpose v0 oin |
Legend: TT1 = TTL compatitle 14 CMOG = CMOS eompatitie mpul oF ot
ST =Schmit Tngger Input with CHOS lovats | = Inpu
2 —Uhilpul 24 = Pawer

Mote 1: Atemare ASSIME Nt for CUFE whan CORMIX Corfigurabion Bit s cladred
2 Dalaull assignoeel for CCEP when COCPEMK Comigurstion bl is sat

3t Thess pins are Mo Connoct Uniess the ICPRT Configurabion bil ts set. Far MCACPORTS, the pin s Ng
Cnnnect unless IPRT = 28t and the CERUG Conhguration s cleated




TABLE 1-3:  PIC18F4455/4550 PINOUT 'O DESCRIFTIONS (CONTINUED)
Fin Number Pin | Buffer
Fin Name Deseription
FOIF | OFN | TaFP | Tvpe | Type
= PORTA 15 a bidireciionat 10 port
RANANG 2 1 3]
=y Fe | T Diggatad 140y,
AN | |Anakogl | Analog inpol 0
Ra1ANY J £0 B
A1 W | TIL Bngsal Q.
AN I [Analag | Analog ingat 1,
RAMANINRER- 4 21 i
(CWHEF
RAZ PO | TTL | Digtal v0)
A2 I [Anslea|  Anslog mpur 2
VRer I |Analog| A/ referenca wiallege fiow ) et
LCAREF 2 |Gl AlHing comparmior rafarsnes alp
HAZANAVRER + 5 |2 |
HA3 ol T Digital 10,
ANz I |Brakg|  Anslog mput 3
VRERS | JAmglog WD referenca valtade (igh) Inpar
RALTOCK I 1 oUTY t 23 23
HEV
Rdd W | 51 Diigyital 12
TOCKI I -1 Timend exlernal clock it
ciouT O — Crmpasstor | satput.
R | TIiL Exteimat 1156 Irenscalvar ROV gl
RAS/ANGSE/ 7| 2| o
HVDINC2IT
&5 0 I ¢ Digital Q1.
And I [Anatizg Analog input 4.
&8 I TH 5P slave seiect input
HEVDIN | |Anmizg|  Higha oh-Veltags Dietect Input.
CHWIT 0 = Compansor 2 oulpil
[RAL — | - = | = | Seete OSCNCLKORAS pin.
Legend: TIL - T7TL compatihia I CMOS = CMOS rompatibis irput oF ffp
AT = Schimitl Triggor inpul with CMOS Tnveis | = Inpagt
0 = COupd '~‘ =Power

Nofe 1: Altemate acspniment for CLPE whon CCPIMX Conlionration bi & teancd
2 Dafuull assignment for CCT when COF2ME Configuration bl e sat
aa

These ping are No Connect unkess the [CERT Configuration il is st Far RCICPORTS the pin is Mo
Cionnectunless ICPRT = setfand the DEBLS Configuraton it s Cleaned.




TABLE 1-3: PIC18F4455/4550 PINOUT 1O DESCRIFTIONS jEDHT[HUEDL
Pin Name }

=

Deecription

Fin Number Pin |Buffer
FDIF | OFN | Taep | Typs | Type

= ’F'URT’Biﬁ_uhi:lrmw VO port. PORTE cart bo soflwnn
Praiammcd urm“rmmmhum'mammm.

REG/ANTZINT O/ 3| e g
FLTOVEDNS DA
R b | T | Digwal i
AN12 | Analog|  Analog input 12
IMNTD I &7 Exiama Interypt A
ELT( I 0 ST | Enhancsd PN Eaul MpUT (ECCE migeule)
SO I T 5Pl itaka in.
SDA WO | ST | PC™ data 10

BRUANIBINIISCKR: | a4 10 B
=L

AR1 ik il s 3 Drigtsal 113,
AMNT0 I |Analg Analog input 10
INT1 | 5T Cxtarmal intermupt 1
SUK L3 = Synchronons sl CheCk inputioutpt for SR rroete
Sci I 5T Synthmonous ssrial clyck INpurioutput for 120 mode
ROZANSAINTZWWMG | 35 | 11 | 19
SE2 WO L | tagitel bo
ANS I |Ainadog | Anslog it e,
INT2 || ST | Fxtomal ntamug 2.
W g | = Extemal USE transceiver YMo ot
REMANDCCPovVP 38 12 "
RE2 e i Cigieal {0,
AU | lAnaiog|  Anstog inpul o,
cepal W3 | 5T Capiure 2 npul'Compee 2 aolpui Py 2 oulput
VPO L) — Extaral LSE lransceiver VMO autpur
REANT KRG RSOR| 37 14 14
RH4 i | TT1 Digital v
ANTY | lAnalog  Analog input 11
HERIC) | TTL Imarfupt—nn-l:hunuo pin
EEsEp o = SFP chip seled control adput
RESHCANPGM 3B/ 15| 15
RES o T Bignal 1o
KB I T Intemupt-on-chan g pin
M Iy 2T Lo \Vokngs IS~ Frogemming enabis pi
RESKBI2TEG 1] i 15
RBe ey TR Duoitai 10
KHIZ I L Inbarrupt ar-Change pin,
PE0 NG ST In-Circuk Debugasr and josP PO TG ook pin
RHAKBIZPGOD H 17 7
RR7 I | TTL Digital 150
HBiR I L Imtemupt on-changs pin
| PGD J g ‘ BT In-Circuit Debugge: and ICSP Bragramemng data pim,
Legend: Tr =TT_ comgatilds gt CMOS = CMOS compatitie INPLUT ar St
S1 = Schmitt Trigaat ingut with CMOS fevaly | = Inoe
O = Oubpul P =Fowar

Note 1:  Allcomie assignmont for COP2 when COPIMK Soniguration bit is cleared

2 Defaull sssignment for CC P2 when COP2AMX, Confiuraiion bt s ser

3. These pins are Mo Connes unless tha (CPET Configursiiar, Bt 15 =0, For MCACEORTS the pin is Mo
Connect unless ICPRT is et and the DFBLG Configuration bitis clsared



TABLE 1-3:  PIC{#P4455/4550 FINCUT I/O DESCRIPTIONS (CONTINUED|
FinNumber | pin | Bufter
Pin Name - == Description
PCIP | QFN | TaFp |TYPe | Type g

i [ PORTC 1= a bidwectional 113 parl,
RCOT 108K T 130K 15 a4 2

RGO P & Drigaal 1.

T1080 ] — Timer] vecillanar Tl

TI3CKE | ar Titree 1 Timany exgernal clocs inplr
RCITIOSUCCP! 16 | 35 | 35
LUCE

B 0 | 8T | Dig o

T1oS I 'CMO=  Timart esillator g,

cop I | st Caciurm I inpulCompars 2 ualput W 2 o

UOE Q — Lxternal UsSE transceivar DF oulpr
RCZCCP1FTIA 7 A5 3R

HC2 va | ST Lxgitat 1103

LRI o - | Capiure 1 inpotCompane 1 CULUTFVN | outpus.

B1a B | TIL Enhancan CCFA PWM simpint. channal A
RC4/0- /M 22 | 42| g

B4 || TTL | Digital ingut

- 1 N USE difarsntial minus e (inpubmipug

Vi | TIL Extarmal LISE transooivar VM wput,
RCEDsnp 4 43 43

RCEH I m™m Drigital mpar,

D [ _— USB difercorial plus fina fnputoupr)

VP j T Extermal LISB Wanscafver VP nput
RCETHCK 25 | 44 | 44

REL& o a7 Diigatal 173,

I L - ELISART asynchronous transmil

CK | [j3#] &7 EUSART syretironous ciock (see RXIDT L
RECHRXDT/ S o8 | 1

RET o [ '5sT Dilgniad poy.

i I T EUSAR asynchionals reisive.

br i8] | FUSART synchionaus data foe TRCK)

500 ! @ | — | SPidosout
Legend: TIL = TTL compalide mpt CMOS = CMOS compatihie gt ar auipt

ST = Schmitt Trigger inoul with CMOS |ermnls | = Ingmst
2 —Ohstput F = Perwer
Note 1: Alemais assimment for CUEZ when CCR20MX Comtgurabion i is chkansd
¢ Dafault assignment for COP2 whon COFIMX Canfiuration bif is st
3 Thete pins ana Nu Connedt unless the |CPRT Cenfiuration bil is et For NCACPORTS, the pnis Na

Connoct wiess ICPET & sat and

L

DEBUG Conliguration hit is elosinsd,




TABLE 1-3:  PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

PinNumber | pin | Bufrer 1
Fin Nama Description
PDIP | GFN | TOFP | TvPE | Type
— — = — —
PORTL is a bidirectionel 1D pon or a Streaming
Paraliel Morl (3PP Thooe pives lave TTL inaut Buflens
whien the SEE meduls is enaldesd
RSP 19 2. | 1
R I =18 Drigital 160
SPPO g | T Sirsanming Paralke! Porl deta
R EPP 20 b 2] 30
RENT 170 B - Cligitrd 110
$PR ra- | T Streaming Parallsl Fort daip,
Rixdspea 'y 44 " ih|
RO2 o | 8T (gl 1.
SR | e | T Sroaming Maradiet Fort data,
STASPRP3 22 41 41
RO o | 8 Digital /0.
SHEG M | TTE Sireaming Paralet Por dota
ROM/SPPs 27 Z2 2 |
{04 Ly =7 Ciggatsl 110y,
SFHE | go o) CTTL Slrwaming Faralel Poid dala,
ROSISMPSPID S I
/OS5 | VO | ST | Uigial VO,
SFPG B | TIL Slrcaneng Parsis For data
Fi5 £ —_ Crnanced COP1 PWM outour, chamed B
ROGSFRFERIC 24 4 4
RiA | 57 CHsiee (/03
SPPE M3 | Tk Slmaming Faralel Porl data
PiC O — Enhanced CCHY WM outpd, chamne! ©
ROTISPEHRID 3 L7 5
RO7 Vo | ST | Dugital 10,
HEPT ¥l THL S=mming Paralel Dol dats,
FiD ] j O} — Enhanced CCP1 PWM outour, chinnat D
Legend: T = TTL tompmtible mpuat CMOS = CMOS vompatitie ignd ar output
ST = Sclwveie Triggar inpat with CMOS lavele | = Iyl
2 = Oulpit P = Fows

Noie 1:  Allemate assmnment for COP? wlmn GOPIMX Confpurmnon bt is chead
2= Default azsignmsnt for COPZ when COPPMK Configuration bit & zat

3: These pins arc Ma Cannecl unlass the ICPRT Confrmation bif s sst For NCACPORIS fhe pin = Mo
Connect uniess ICPRT i3 sat and the DEDUT Configurabion bit is cieared




TABLE 1-3:  PIC1BF4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

I Fin Number
Pin |Euffer
Pln Neme —— = Description
POIF | aFy [TaFp | Tvpe | Type
= PORTL 15 a bidivectional 10y non B
REWVANGC KIS B | 25 =8
RLCO in | sT Ehghtal 10
ArE | |Anaiog)  Alaiog inml s
CKISFP O — SHP clock 1 ourpt
REUANGCHZISPP | o | 28 | = _
HE1 18] a7 Ligital (43
ANC I |Analog,  Analon mput &,
CKZSPR 5 Sl SPF clack 2 output
REXANFIOESTR e | 27 | =@ :
REZ 1w L5} Digital 143,
ANT | [Analon|  Analog nput 7
LESFR La] — SHP oulpur anatie aulnit
REJ —f — 1 — | — | — |SseMCiRVARES pin _
Was- RAGu g2 p | — Sround isisrsnce lir lagic and 10 pins
3 ]
oo .32 1.8 |78 | P | — [Fosivesmppl for ingic and UE) pins.
71, 25
\Visn | 6 1 3T | 3t | © | = [ivemal UsA 1-3Y volinge rogufator output wl
NCAC CKACPGCH) = =] No Conmet or dedicated [CL/ICSP ™ puil chack,
ICCK | g | sT n-Cirouit Dohugger clock
CPED [ ST 1E5P programmineg ofoek,
NCACOTIICPEEM =N =5 No Connect or dedicatsd ICD/CSP port clock.
I B} ] 5T l-Cireult Dabugger dirs
ICPGH W | ST IEST pesgramming data,
NCITRSTIC VAR — | = | 22 No Connact or dedicated ICDACSP port Resst
ICRST i - Master Clen) {Feset) ingrl
| IEVep F — | Frogmmming sollugs input
NCacPonRTsH — | ¥ | P | — |NoCouneet or 25 device srdation
ICPORTS Enable 28-pn dovice amuladon whan o et
] 1aves
NC — i B = |- [ = InoComen. ]
Legend: TTL =1L compaitiy input CMOS = CMOS tompatitde inpat o oelpur
3T = Scheitt Trogar inpul with CMOS jovals | = It
0 =G| P — Howar

Note 1: Abamalc Ssskniment for COPE whan COPIMY Confquration bt = cloagrad
2 Default sssignmant lor CCP2 when CCOP2MX Corfiguraton bit i< 541,
3 These pirs sae Mo Cotinsct uribess the ICPR | Conliguration bit is st Hor NCICPORTS, the oinis Mo
Comectuniess IGP9T s =6l anid the DERLIG ¢ LAt bit is claarsd




FIGURE 1-2:

PIC1BF4455/4550 [40/44-PIN) ELOCK DIAGRAM
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Mota 1:  RE3 i mulmieens wih BICLT and in anky svaindia whes e BCLR Retss aos digabied

2 OECVCLK and GSCHELAS are only avaliahis I SeICCT osesla T rmoces and whee hass NG AM e Deldng usel a@s dictsl Thtar
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Appendix (J):

Control PIC Code Developed In ¢ Programming Language




itmclude<p 1 84550 b=

#include<delavs b=

#include-tade b

finclude=P WML b=
#include<timers.h>

kinclude "gameled v3 h"

wpragma config FOSC =INTOSC HS
rpragma conlig WDT — OFF

#pragma config PBADEN =QOFF
void main (void)

unsigned char state=() .
unsigned ml x=0a,v;
TRISA=0BOOO 10000
TRISC=0;
PORTC=14);

TRISB=Ub0OO011 11,

led mitf):

OpenTimer®{ TIMER_INT OFF &
TO_16BIT &

TO_SOURCE_EXT &

TOPS 1.1

led_gotoyx(1,0).

ked putrs("Elevator ON"),




ﬂmeimrzmMER_mT'_oFF &T2 PS5 1 4& 712 POY TI11&

T3_SOURCE_CCPj;

OpenPWMI(v9):

OpenPWMZ2(9v),
SetDCPWMI (1),

# Use of CCP1 as PWM module
# Use of CCP2 s PWM module

SelDCPWM0);
WriteTimer(0),

while(1)

|
switch(stalz)
i
case (.

led sotova(z.0):

led_putes* floor one ),
g=];

y=ReadTimer0();
W'rii‘c’l‘imaﬂ{ﬁj;

whila(a)

i

x=ReadTimer0 ();

X=yxi/ eounding downward




SetDCPWMI();
SelDCPWM2(200); /frevers
ifx==0)

{

SetDCPWMI(0),
'S-HDETWMI{EIJ; {ibrake

Selgiel

e s

WriteTimer0(0);

a=l;

while(a)

!

iflPORTBbis RB2=1)
¢

stale=1;

a=0;

}

L{PORTBbits RB3==0)
{




case | :

led potovx(2.0):

led putrs(*  foor two g -
y=Read Timer)():
liy==750)

1

WriteTimer({n);

a=l;

while(a)

x=Read Timer?) (),

X=y=x// comnding downward
SetDCPWM (D),
SetDUPWM2( 200). Hrevers

ifix==730)

SetDCPWMI(0):
SetDOPWM2(¢ 1), //brake
a—ir

|

i

tHy=750




while(a)

«=Read Timer() (),//upward counting
SelDCPWMI(200):
SetDCPWM2(0); //forward
if(x—=750)

|

1]

SetDCPWMIID):

SetDCPWM2(0): //brake

a=(

g=1;
whilel(a)

iffPORTBbits RB1=—1)
i

slale={:

i

!

H(PORTHbi= RR3—()

]
L

state=2:

a={)




i

f

break:

case 2

led_gotoyx(2.0),

fed putrs("  [loor three ).
Y=Read Timer({);
Hix=1500)
a=1:
while(a)

|

5~ ReadTimer) ():/fupward counting
SetDCPWMI(200):
SeDCPWM(0); Hforward
U{x==13500)

|
SetDCPWMI(0),
SetDCPWM2(D), /fhrake

!

a=:

whila(a)




R ———————

f(PORTBlis RB1—0)
{

Stale={r

i=0;

H

H(PORTBhits RB2—0)

II
k!

state=|:

a=il:
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