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Abstract

Self Powered Solar Tracking System

By

Ahmad Al.Bakri Hasan Al.Muhtaseb

The main idea of this project is to control a gyroscopic system that
tracks the solar radiation during the day to maximize the output power from the
solar panel which is expected to increase by 20-30% over the power of a fixed
panel [8]. The tracking is done by using smaller photo cells to detect the light
variation, this variation is the error signal used by the controller to drive the

motors to the right position again.

PIC microcontroller is used to control the whole system with a PI
controller, solar panel will charge a battery such that it is used to provide the
actuators with the power needed for the motion, in addition an over charge

controller will control the charging process.
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1.1 Introduction

This project aims to control the motion of a solar module such that it can track the
sun path in order to increase its output power through the day by 20% to 30% over the

regular stand still solar systems; this process is done by controlling actuators by

microcontroller such that the panel faces sun rays all the time.

Sun tracking needs using solar sensors that will detect the variation in sun’s

position and then comparing the change in their output power, the controller then can

drive the actuators to move the panel to the exact position.

In the following chapters the solar system description along with the other

mechanical and electrical components used will be shown and explained in details.

It is hoped that at the end of this thesis the reader can get good and clear idea
about the project basics and purposes.



1.2 System Description

1.2.1 Block Diagram

g%

%‘Iw

Solar panel
Charge ' DC Motars
controller - =

A
A

Battery

Photo Microcontroller

—»  sensors >

Fig 1.1 General block diagram

1.2.2 Principle of operation:

Sun provides the solar energy for the panel, which in tum charges the
battery through an over charge controller, As the path of the sun changes
with time photo sensors provide the microcontroller with the amount of
change that must be performed in the position of the panel such that it faces

the sun again.

Then the Microcontroller gives the signal to the actuators to rotate the
panel around two axes till it reaches the position where it gains the maximum

power and that will be detected by the sensors.



Since the system is self- powered tracker its motors will get the

power they need from its own battery thus there is no need for any extemal
pOWer source.

1.3 Literature Review

The need to increase the efficiency of the solar panels has given the
motive to the researchers to develop these panels and their orentation, this
started in 1983 as in this research “Sun tracking by peak power positioning for
photovoltaic  concentrator arrays” a microcomputer-based solar tracking and
control system (TACS) capable of maintaining the peak power position of a

photovoltaic array by adjusting the load on the array for maximum efficiency

and changing the position of the array relative to the sun.

Then the idea was developed by using microprocessors as in this
research “versatile microprocessor based controller for solar tracking” a
microprocessor-based solar tracking controller was designed and fabricated, In
addition to tracking, the controller is capable of acquiring photovoltaic and

metrological data from a photovoltaic system and controlling battery / load.

Then their was some attention to the maximum power tracking point
without using concentrators as in “Investigating the effectiveness of maximum
power point tracking for solar system” this paper investigates the effectiveness
of maximum power point tracking; using a vector methodology to track the
direction and path of the sun throughout the day, the optimal solar tracking angle

and angle of incidence of the sun’s rays are derived.

Another research is based on the use of fuzzy control based on PC which
used 2 DC motors to track the solar sun rays to increase the efficiency, the most

relevant research to the discussed project here is “versatile microprocessor



based controller for solar tracking” but here the system is using a

microcontroller instead of using microprocessor.

1.4 Project Goals

The goals of this project are to apply the principles of Mechatronics
engineering, to get the maximum power of a solar panel by tracking sunlight in
addition to increasing the reliability of renewable energy for the promising

future it has.
1.5 Importance of the Project

The importance of the project is to increase the efficiency of solar energy
systems in order to get the maximum possible power, and so increasing the

reliability of using solar modules in various applications.

1.6 Connections between the Project and Benefited Parties

One of the major sectors that this project serve is the energy sector
where factories and other facilities can use such system for reducing energy
consumption by using efficient PV system for lighting and other applications,
besides in Rural areas where buildings or houses are at a considerable distance
from the public electricity supply (or grid) self powered solar tracker presents an
efficient solution and perfect energy source, for various mobile systems this

project solves the problems of static panels that need to be adjusted to constant

azimuth and inclination angles.



1.6 Project Schedule

Table 1.1: Project time-schedule for first semester

Process

Week

9 10 11 12 13 14 15

L

Choosing group

Project

determination

Conceptual
design

Literature review

Motion analysis

Mechanical
design

Electrical design

Control design

Writing

documentation




Table 1.2: Project time-schedule for second semester

Week

Process

modifying design

Mechanical

implementation

Electrical

implementation

Microcontroller

implementation

Microcontroller

programming

Testing project

Writing

documentation




1.8 Project Budget

Table 1.3: Project Budget

component number price(NIS)
solar panel 1 1300
DC motor 2 200
charge controller 1 200
Battery 1 460
mechanical structure _ 1500
microcontroller 1 100
electronic wiring _ 100
Solar system
importing fees _ 800
total 4660




Chapter 2

Solar energy and DY basics and

principles

2.1 Solar Energy.

2.2 Photovoltaic Energy.

2.3 PV Module Orientation.

2.4 Common Photovoltaic Applications.
2.5 Advantages

2.6 Disadvantages



2.1 Solar energy:

The sun has produced energy for billions of years. Solar energy is the sun’s rays

(solar radiation) that reach the earth.

Solar energy can be converted to thermal (or heat) energy and used to
heat water for use in homes, buildings or swimming pools and to heat spaces

inside greenhouses, homes and other buildings.

Solar energy can be converted to electricity by either using PV devices
such as watches and calculators or using solar power to heat fluids which will
produce steam that can be used to power the generators in power plants

facilities.

2.2 Photovoltaic energy

"Photovoltaic energy is the conversion of sunlight into electricity. A
photovoltaic cell, commonly called a solar cell or PV, is the technology used to
convert solar energy directly into electrical power. A photovoltaic cell is a non-
mechanical device usually made from silicon alloys™. ol

the principle of operation of the PV cell is that when light stnkes a PV
cell with a certain wavelength some photons are absorbed by the cell while the
others are reflected, the absorbed ones can provide energy to energize the
electrons at the surface of the cell which in response leave their locations
making holes with positive charge while the electrons are grouped together

causing a p-n junction which creates a potential voltage difference like the

battery’s cathode and anode.

10



“When the two surfaces of the p-n layers are connected through an
extenal load, electricity flows. The photovoltaic cell is the basic building block
of a photovoltaic system. Individual cells can vary in size from about 1
centimeter (1/2 inch) to about 10 centimeter (4 inches) across. However, one
cell only produces 1 or 2 watts, which isn't enough power for most applications.
To increase power output, cells are electrically connected into a packaged
weather-tight module. Modules can be further connected to form an array. The
term array refers to the entire generating plant, whether it is made up of one or
several thousand modules. The number of modules connected together in an

array depends on the amount of power output needed”. el

Of course the climate conditions affects the performance of the PV cells
like fog or cloudy weather, Photovoltaic cells like batteries, generate direct
current (DC) which is generally used for small loads (electronic equipment).
When DC current from photovoltaic cells is used for commercial applications or
sent to electric utilities using the electric grid, it must be converted to alternating

current (AC) using inverters.

Historically, PV has been used at remote sites to provide electricity. In
the future PV arrays may be located at sites that are also connected to the

electric grid enhancing the reliability of the distribution system.

2.3 PV Module orientation

"Photovoltaic (PV) modules work by converting sunshine directly into
electricity. Sunlight is the essential ingredient. PV modules work best when their
cells are perpendicular to the Sun’s incoming rays. Adjustment of static mounted

PV modules can result in from 10% to 40% more power output yearly.

The problem is that the Sun constantly moves in relation to the stationary
PV module. Actually, the apparent motion of the Sun is due to the Earth’s

motion, even if a module is placed so that it is perpendicular to the Sun at solar

11



noon; it is not even close to perpendicular in the moming and evening. This
daily east to west solar motion is called solar azimuth. Also consider that the
Sun’s apparent height in the sky changes from winter to summer. This yearly

north to south solar motion is called solar declination." !

Sclar Azimuth
) Solar Declination
A
‘/_.-'u . up \
\
0\
L - > .“I \ - 1_=‘\-
4
N

Fig2.1 Azimuth (left) and Declination (right) angles

2.4 Common photovoltaic applications:

In buildings Typically, an array is incorporated into the roof or walls
of a building and roof tiles with integrated PV cells can now be purchased
where it can be used for lighting, heating and other applications, Also in
remote or mountainous areas PV may be the preferred possibility for
generating electricity, PV may be used together with wind, diesel generators

and/or hydroelectric power. In such off-grid circumstances batteries are

usually used to store the electric power.

Another application is in transportation PV has traditionally been
used for auxiliary power in space. PV is rarely used to provide motive power
in transport applications, but is being used increasingly to provide auxiliary
power in boats and cars. Recent advances in solar cell technology, however,
have shown the cell's ability to administer significant hydrogen production,

making it one of the top prospects for alternative energy for automobiles, in

12



water pumping water is one of the most competitive arenas for PV power
since it is simple, reliable, and requires almost no maintenance. Agricultural
watering needs are usually greatest during sunnier periods when more water

can be pumped with a solar system.

Electric Fences PV power can be used to electrify fences for livestock
and animals, also in lighting PV powered lighting systems are reliable and 2
low cost altemative. Security, billboard sign, area, outdoor and streets

lighting are all viable applications for PV.

2.5 Advantages

“Solar electric generation has the highest power density (global mean
of 170 W/m?) among renewable energies; solar power Is pollution free during
use. Production end wastes and emissions are manageable using existing
pollution controls. End-of-use recycling technologies are under development,

Facilities can operate with little maintenance or intervention after initial

setup.

Solar electric generation is economically supemnor where gnd
connection or fuel transport is difficult, costly or impossible. Examples
include satellites, island communities, remote locations and ocean vessels,
once the initial capital cost of building a solar power plant has been spent,

operating costs are extremely low compared to existing power technologies.

Compared to fossil and nuclear energy sources, very little research-
money has been invested in the development of solar cells, so there is much
room for improvement. Nevertheless, experimental high efficiency solar cells

ave efficiencies of over 40% and efficiencies are rapidly nsing while
» [4]

already h

mass production costs are rapidly falling.

13



2.6 Disadvantages

Solar electricity is often initially more expensive than electricity
generated by other sources; solar electricity is not available at night and 1is
less available in cloudy weather conditions from conventional silicon based
technologies. Therefore, a storage or complementary power system is
required. However, the use of germanium in amorphous silicon-germanium
thin film solar cells provides residual power generating capacity at night due
to background infrared radiation, Solar cells produce DC which must be
converted to AC (using a grid tie inverter) when used in currently existing

distribution grids. This incurs an energy loss of 4-12%.

14
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3.1 General Outlook

It took about two weeks to change the concept and the methodology of the
mechanical design, the design of the project that was intended to be made in the first
semester as shown in fig (3.1) has been changed to be as shown in fig (3.2), in addition

of being easier to implement the new design has some advantages over the old one, it

has less components and so needs less torque to move it.

solar panel

Fig 3.2 new mechanical design

16



This structure aimed to reduce the high stress expected on the lower shaft in the
old design, 10 addition the actuators used have internal screw gears that’s why the
whole system got a very high back drivability such that reducing the effect of the wind

or other external effects that might move the panel toward undesired orientations.

Those actuators used are characterized by being slow and easily controlled so

they are fit for the goal of accurate and smooth tracking for the slow motion of the sun.

The structure of this solar tracker consists mainly of two parts will be rotated by
two linear actuators (dc power jacks), One jack will move linearly to rotate the frame
that holds the panel around the Z axis (daily east to west solar motion which is called
solar azimuth); the other will move linearly in order to rotate the U-part (that carries
the frame) around the Y axis (yearly north to south solar motion is called solar
declination) as shown in fig (3.3), Both motions will be controlled by a microcontroller
such that the panel faces the sun all the time as will be shown in chapter 5.

Z axis ':)

e

Fig 3.3 axes of rotations

The frame that holds the panel is shown in fig (3.4), it is connected to the U-

part through bearings up and down such that it can be rotated easily without friction.

17




bearings
Fig 3.4 frame and bearings

The U-shaped part will be used to change the declination angle of the panel
through the upper jack motion forward and backward, to reduce friction and torque

needed bearings are also used to connect the U part and the supports that hold the

system as shown in fig (3.5).

Fig 3.5 upper jack and U part

The mechanical structure of the system was chosen to be made of Aluminum for the

special characteristics this metal has, like being soft, lightweight, available, corrosion resistant

18



its ability to be easily machined, however its high cost relative to other metals such as cast

ght be the only disadvantage considered in this choice

and
jron mi

The design was machined and implemented as shown in fig (3.6).

Fig 3.6 system mechanical implementation

19



3.2 Stress Analysis

32.1 wind analysis

The stress analysi ]
-y dYSIS of the system will take into consideration the effect of the wind

as a basic load, the maximum 2
pressure , the um dynamic pressure of the wind on the solar panel based on

the maximum wind velocity in Hebron city can be calculated as follows

i 1
Pwina = EPVZ =% 1.2 % 362 ~ 0.8 kN/m? 3.1

Where Pying is the dynamic pressure, p is the density of air (p = 1.2 K g/m?®) and v 1s

the velocity of the wind (in Hebron v, = 36 m/s).

Now considering the maximum effect of this pressure on the system will be found

assuming the panel to be facing the wind directly as shown in fig (3.7).

Fig 3.7 wind and panel orientation

20



with a pressure coefficient Cp = 2.1 (according to the DIN 1055 part 4 data) the force of
the wind is found to be

Fying = Cp * Pwina * Apanel 3.2
Fwina = 2.1+ 0.8 %102 x0.532 x 0.658
Fying = 588N

Where Fiina is the force exerted by wind, Apgnet is the area of the panel (length =

65.8 mm, width = 53.2 mm).

3.2.2 Force and stress analysis of the system

As shown in fig (3.8) the basic loads that affect the system are the weight of the lower
jack (Wi jack ), the weight of the U-part (Wy_pare), the weight of the panel (Wpanet ) and the

wind force.

These unknowns were found via experimental tests and using the CATIA software and

their values are as follows

Wl.jack - 35 * 9.81 =343 N

Wy—pare = 5+981=49 N

Woaner = 4.5+ 981 = 441N

Fy jack is the force exerted by the upper jack on the structure, it is found by using the

two force member method so the direction of the net force has the same direction as the member

axis, the angle between Fy jacic VECtOT with vertical line is found using CATIA software to be

21



§=65°, SO the value of this force can be calculated by taking the moment about point ¢ shown in

fig (3-8) where

|

|
F U.jack ]
8=65" |0.25m

|

| :
0.4m L1 . Fwind

1

W l.jack
0.3m
R
W U-part W panel
Fig 3.8 force analysis
z M. = Fy jack sin @ Ly + Wpanet * Lz — Wi jack * L;=0 33

2 M, = Fy jai * 5in65 0.2 + 441 %03 —343x04=0

Fyjack = 27N

In order to find the maximum shearing stress on the shafts that holds the U-part with

other parts connected to, the resultant force exerted on it has to be found as shown in fig (3.9) as

follows

22




For the X component

zFx=0

Z Fx = CX+ Fu.jack sinf — Fyind = 0
Where Cy is the honzontal component of the net force on shaft.
Cx = —Fyjack sin@ + Fyina

Cy = —2.44+588=5855N

‘ l W U-part
W Ljack W panel

Fig 3.9 shear force on shafts

For the Y component

X

Cy= —'FU.jack cosB + Wl.jnck + WU—parE + Wpanel

23
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Where Cy is the vertical component of the net force on shaft

Cy=-114+4+3434+494+441=1263N

The resultant force on the shaft is

Cres = ,‘sz + CYZ 3.6

Cres = /585.52 + 126.3% = 599 ~ 600 N

The allowable stress on the shaft is found to be

Fshea
i
Tallowable = 3.7

Ashaft

Where Fgpeqr is the shear force on the shaft and Aguqye s the area of the cross section of

the shaft.

As the U part is hold on two shafts Fgneqr can be calculated as shown

= 300N 3.8

For aluminum the shear yield stress Tyiela = 95 MPa and for a factor of safety of 20 the
allowable shear stress of the shaft is
! 3.9
" F.S '

Tallowable

95 MPa
Tallowable =~ 2

= 4.75 MPa

24



Then the suitable c i
ross sectional area of the shaft is calculated (according to eq3.7) by

F

AShaft = shear
Tallowable
A __ 300
shaft = 72— 05 = 6.38 % 10~5m?

From which the diameter is found to be

4A
d= —=896mm 3.10

And so a 9mm diameter shaft is to be used based on the available bearings size, for this

shaft the bearing where chosen to be as shown in fig (3.10)

ol 4——ld
1

NN

_.“ !"1‘2 AL

Fig 3.10 bearings dimension

Where
B=7mm
D =24mm
d=9mm
25




For which the bearing stress on the supports can be calculated as follows

_Fsnear 311

Opearing =Ab .
earing

Where Fgpear is the exerted force on supports and Apeqring 15 the €ross section area of the

pearings used.
Abearing =B=*D

Apearing = 0.024 % 0.007 = 168 * 10~%m?

300

Opearing = 168+ 10-5 = 1.78 MPa

As the supports are made of cast iron, this metal has yield strength of 230 MPa for which

a 10 mm thickness for the supports is a good and safe option to choose.

For the maximum shearing stress at the frame’s shafts the resultant force exerted on them

by wind has to be found, where

i | 588
Fshear of the (upper \lower) shaft — EFwind =5 = 294N 312

Back to eq3.9 for aluminum the shear yield stress Tyjeia = 95 MPa and for a factor of

safety of 20 the allowable shear stress of the shaft is

Tallowable = ES

Tallowable 20

26



Then the suitable cross sectional area of the shaft is calculated by

F
sh
Asna ft= =

Tallowable

A 300
shaft = 7776 — 6-38* 1075m?

From which the diameter is found to be

fzm
d= |—=896mm
T

And so a 9mm diameter shaft is to be used based on the available bearings size, for which

a7 mm * 24 mm x 9 mm bearing where chosen like the previous case.
The bearing stress on the U-part arms can be calculated as follows

Fshear of wind force 313

“Begrin Abearing

Where Fsnear of wind force is the exerted force by wind on U-parts arms and Apearing 18

the cross section area of the bearings used.

Apearing = 168 » 10~°m?

294

Tisaring = gg . 05 1> MEE

As the U-part is made of Aluminum, this metal has yield strength of 95 MPa for which a

10 mm thickness for the arms is a good and safe option to choose.

27



33 pynamiCS Analysis

Mass moment of inertia of the whole system is found in order to build the
mathematical model needed.

In general

I =1+ md? 3.14

Where I 1s the mass moment of inertia, [ is the mass moment of inertia about

mass center axis, m is the mass of the body and d is the radial distance between the

mass center axis and another parallel axis of rotation.

Dynamics analysis of the panel

Since the panel will rotate in two directions around Z axis and Y axis its inertia

tensor is given by
Ixx —Iy —Ixz
= IYX IYY i IYZ
—lzx  —lzv  Izz

Where Iyy, Iyy and Izz are the principle moment of inertia components of the
panel around X, Y and Z axes respectively and Ixy, Ixz, Iyx, Iyz, Izx and Izy are the

product of inertia components of the panel.

In order to compute the loading effect (moment) of the panel on the system, the

general moment equation has to be found where

ZM=H 315
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Where XM is the summation of the moment components and [l is the angular

momentum derivative

For the panel this equation can be implemented as follows

Mx I-.!x 0 Hz —Hy Wy
My = Hy|+ |—Hz 0 H, ][Wy] 3.16

MZ Hz HY _Hx 0

Where M,,My and M,are the moment components of the panel, H,, Hyand
Hyare the angular momentum rate of change components, Hy, Hyand Hz are angular
momentum components and finally wy, wy and wz are the angular velocity

components of the panel.

The angular momentum components and their derivatives are as follows

In X direction

H, = Ixxwx — IyyWy — IxzWz 3.17
H, = IxxWx — IxyWy — IxzWz 3.18

InY direction
Hy = —lyxwyx + IyyWy — Iyzwz 319
Hy = —lyxWx + IyyWy — IyzWz 3.20

In Y direction
Hy = —lzxwx — IzyWy + IzzWz 3.21
Hy = —IzxWx — IzyWy + IzzWz 3.22

By substitution eq (3 116) can be written as shown
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M, Inx  —Ixy —Ixz] |Wx 0 H; —Hy] [Wx
My . —IYX IYY _Iyz‘, Wy +[—HZ 0 Hx ],[Wy] 3.23

Mz —lzx —lzy Izz )1 |w, Hy —-He O

Wiiting the moment equation in terms of inertia components results in

M, Ix  —Ixy —Ixz] [Wx 0 Izgzwz —Iyywy] [0
M-y = —'Iyx Iyy —Iyz i Wy + {_IZZ(‘)Z 0 _IXZwZ AWy 3.24
Mz —Izx —Izy Iz Wy Iyywy Ixz0z 0 Wz

By finding the inertia components of the panel around the three axes the whole
loading effect of it can be figured, from fig (3.11) the principle inertia components

along with product of inertia components will be calculated, then these components

will be compensated in eq (3.23).

Fig 3.11 panel dimensions

For our system the thickness of the panel will be neglected in our calculations

as it is small relative to its length (2b) and width (c), by referring to fig (3.11) the

inertia component in X direction

lxx = ﬁ%’ﬁf(cz) +0 3.25
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Where Mpanet and ¢ are the mass and the width of the panel respectively.

For the inertia component in Y direction

m

Iyy plaznel (2b cos8)2+0 3.26

Where b is the half of the length of the panel and © is the angle of inclination of
the panel from horizontal.

For the inertia component in Z direction

mpanel
12

Izz = ((2bcosB)? + c)+0 3.27

For the product of inertia components (Iyy = lyx), (Izy = Iyz) and (Izx = Ixz)

their values can be found by referring again to fig (3.11).

From fig (3.12) the panel inertia component refer to X and Z coordinate axes

can be calculated as shown
Iyz = [ xzdm 3.28

Iyz = f_bb(-——lcos 0)(IsinB®)2cpdl = —%cpb3 sin20 3.29

where p is the mass per unit area.

Fig 3.12 side view of the panel
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From fig (3.1 3) the panel inertia component refer to X and Y coordinate axes can be

caloulated by considering a small mass with dm = pt dxdy, where p is the mass density and £ is

he thickness 25 shown

)

[‘-<

dx
2b

Fig 3.13 Top view of the panel

Ixy = [ xydm 3.30

Iy = pt [J7, xy dxdy 331
05 2_ 2z

IXY . ptf_o_sy dy(b Zb ) =0 3.32

From fig (3.14) the panel inertia component refer to Z and Y coordinate axes

can be calculated as shown by considering a small mass with dm = pt dzdy, where p

is the mass density and t is the thickness as shown

dy

T

T-<

2b

Fig 3.14 front view of the panel
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Iyz = [ yzdm 3.33
b
lyz = pt [[_, zy dzdy 3.34
I — tfo.s bZ—p? 5
vz =pt)_ . ydy( = =0 3.3

Now after finding the total inertia components we can find the moment

components inaddition to the inertia tensor taking into consideration that the panel
otates around Y and Z axes and so

w, =W, =0, in addition (Izy =Iy;=0) and (Iyx = Iyy= 0) by substitution

in eq (3.24), then the moment equation can be written as
M, Ik 0 —Ixz] | O 0 I;zw7 —lyywy] [0
Myl=| 0 Ly 0 [[W]+ [_ Lo, 0 - Ixzwz] _ \wy] 3.36
Mz —Izx 0 Izz 1 |w; Iyywy Ixzoz 0 Wz

If we take the load moments in k, j directions they will be as follows

In Y direction

My = IyyWy = IX2WZZ 337

Since the system will be controlled such that it can rotate in one direction at a

time then w, = 0 when the panel rotates in Y direction and so

My = Iyywy = Iyyfy = TPT“-;—‘"(Zb cos 0)26y 3.38

Where lyy is the mass moment of inertia of the panel around Y axis.
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In Z direction

Mz = Izzw; + IxzWzWy, 3.39

Where wy = 0 when the panel rotates around Z direction, then
Mz = IzzWz = 15,0, = 1';—“Z"—'ﬁ((Zb cos0)%6; 3.40
Where Izz is the mass moment of inertia of the panel around Z axis

3.4 System Inertia

As it is seen from the equations of the mass moment of inertia these inertias are
related to the angle theta of the panel, which varies through the day and so changing

the mass moment of inertia, the average value is to be considered in this case.

The calculated values of mass moment of inertia will be used in the
mathematical modeling of the system in the control chapter, the system has two
motions and so two sup systems one around the Z axis and the other around the Y axis,
for the first one it has just one moving part which is the panel around it’s center axis as

shown in fig (3.15).

As the inertia of the panel around Z axis is  expressed

byIZZ=m"1"“2]"'“’l ((2bcosB)? + c?), then for a range of angle 90°-5° the average mass
moment of inertia of the panel about the Z-axis is found wusing excel to

be Lz panel (av) = 0.2016 kg.m*.
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center axis of rotaion /™

I‘“\i‘?‘!’ Pl

Fig 3.15 first rotating system

For the other sup system it has three basic moving parts as shown in fig (3.16),
the U part which considered to rotate about it'’s center axes and so no need for the
parallel axis theorem, however this is not the case for the panel and the lower jack that
otate around an axes different from their central one, for this reason the calculations

here are a little bit more complex than before.

-

: d2
* Ay, = i
lower j

centef axis \(
of roﬁadon -~
| i

o

v «
X [
@ Y axis \jpanel's cenfra

axis of rotatio

Fig 3.16 second rotating system
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The total mass moment of inertia about Y-axis of the system is calculated

ording 10 the following equation
cC

Iyy - Ipanel ) + IU—PaTt + I!ower jack 3.41

Where Ipanet (v) 1S the inertia of the panel about this Y axis, Iy_pare the inertia

of the U-part, liower jack is the inertia of the lower jack
But the value of Ipanei (v) 1s to be calculated through the parallel axis theorem

Ipanel @) = Ipanetat cc + mdiz Ak

Where m is the mass of the panel and d, shown in fig (3.16) is the distance

petween the center of gravity axis and the system rotational axis

Here also the panels inertia is an angle dependent value such that it’s value
varies as the panel changes it’s orientation, for that the panel’s inertia about it’s central
axis Ipgnetat cc 15 averaged for a range of angles from 90°-5° such as was done for the

Z axis, this average value was found to be

Iyy_panel(av) = Ipanet at cc = 0.2025 kg-mz

Back to eq (3.42)

Ipcmel (y) = 02025 + 5 * 032

2
Ipanel (Y) = 0.45 Kg.m
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For the jack inertia about the same axis, the jack is considered to be a cylinder
shown 10 fig (3.17) since it is the closest shape to the jack then its inertia 1s

as
calculated through the following equation

Fig 3.17 cylinder inertia dimensions

1
Ijack = 0'25 * mjack * T'z + ﬁ* mjack * lz + mjack * dz 3.4’3

Where Mjgc is the mass of the jack, r is the radius of the jack cylinder, / is the

length of the jack, d; shown in fig (3.16) is the distance between the axis of rotation

and the axis of the center of gravity of the jack.

Ligere = 2.68 * 10~* + 0.105 + 0.428 = 0.534 Kg.m?

Finally the inertia of the U-part is calculated by using the CATIA software and

was found to be

Iy—pare = 0.24 Kg.m?

Back to eq (3.41) the total mass moment of inertia about the Y-axis is the

algebraic sum of the previous calculations which yields

_ 2
I,y = 1426 Kg.m
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Chapter 4

Electrical implementation

4.1 Solar system implementation
4.2 Electrical and Electronic system components
4.3 Electrical Implementation
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412 Charging controller:

The charge controller is the component that control the work of solar system, it
manage the charging and discharging processes, it limits the rate at which electric
current 18 added to or drawn from electric battery. It prevents overcharging and may
prevent against overvoltage, which can reduce battery performance or lifespan, It may
aso prevent completely draining ("deep discharging") a battery, the same company that

was mailed for buying the panel has also such controllers in addition to the battery.

The Steca Solsum 6.6¢ shown in fig (4.2), is the charger that suits the chosen
panel as it can work with 5 to 10 amp solar charging and load current capacity, full

details and operation description is listed in the charger data sheet shown in appendix

B)

solsum 6.6¢

&+

Fig 4.2 overcharge controller

4.1.3 Storing Battery:

It is essential for any solar system to have a storage unit, a 12 V was

brought with the panel and the over charge controller, as the system is self powered

this battery will feed the ac
peed, the current can be drawn from the battery at an 40Ah

tuators used, those can be operated with this level of voltage

at a reasonable level of s

which describes the relation between the current drawn and the time it consumed to
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draw 1t if for example a 2.33 A is needed for the load then this battery can serve the
ysterm for a 15 continuous hours which is more than enough for this system with

Jctuators need less than 1 amp to handle it’s motion.

The battery shown in fig (43) is to be connected to the overcharge controller
which controls it’s charging and discharging, the load will never be connected directly
to the battery, instead specific ports for the load are available in the charger device, and

the battery specifications are also described in its data sheet in appendix (C).

Fig 4.3 system battery

4.1.4 Solar system installation and wiring:

Installation of the solar components is done by referring to the
installation manuals of the panel and the charger provided by the suppliers and
available on the internet websites for these products they are also listed in appendix

(D), attention has been taken about the wiring of these components and their

installation.

As described in the manual the battery is connected first to the charger then the

panel, however the panel is to be removed first then the battery if the system is to be

removed or modification in its location is done, the wires used are 14 AWG (American

wire gauge) cables with 1.628 mm diameter as recommended to reduce the voltage

drop to minimum, the diagram shown in fig (4.4) shows a simple layout of the solar
system structure
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il

Mada Accu load

Fig 4.4 layout of the solar system installation

For the installation of the solar system components the battery and the charge
controller are placed in a sealed medium size closet to provide a sun protection with
holes made inside it for better air ventilation as shown in fig (4.5), it is also designed to

protect the control and storage units from other external effects such as sparks and rain.

holes for  circuit
ventilation preaker
over charge 1 (relay)
Battery controller

Fig 4.5 closet with control unit
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42 Electrical and Electronic system components

lectrical and i

The ele electronic systems of this project consist mainly of three
pasiC component.S, the actuators, the sensors and the control unit, each of these will be
explained next in full details, the next section describes the implementation of the

whole electrical/electronic parts together.

4.2.1 Actuators:

The actuators used to move the panel are dc power jacks, these jacks shown in
fig (4.6) has an internal dc motor with gear system for speed reduction and torque

amplification, to which a gear screw for linear motion is connected as shown in fig

(4.7), it can reach up to 45 cm.

——— DC Motor
— Screw Drive

] : -
A O Y N-::"::‘:;‘i_@

|

Fig 4.7 internal screw gear of the jack
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An 1mp07télﬂt advantage of these jacks, is that they have an intemal limit
switches shown 1n ﬁ% (4.8) that can be adjusted to cut the power supply off the jack’s
motor 0nce the maximum or minimum range of motion is reached as shown in fig

(4.9), this adjustment is used to protect the mechanical parts from clash .

intemmal limit
switch

Fig 4.9 jack internal switches
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it's important to mention that these jacks already have universal joints, those
joints shown in fig (4.10) are very important to apply the needed motion for the system

where they allow for the jack to rotate a little while extending or retracting.

Fig 4.10 jack universal joint

The specifications of these actuators are listed below in table (4.1)

Table 4.1 jack specifications

specifications
Model Regular actuator
Input 5-36 VDC
Load Capacity 3000N for 36 VDC
Stroke Length 450mm, 18"
Full Load Speed 4.2mm / sec for 36 VDC
Temperature -26°C~65°C(-15°F~150°F)
Limit Switch Adjustable
Static Load 4500N for 36 VDC

The load relations with speed and current are shown in fig (4.11), the maximum
voltage this actuator will receive is 12 VDC with the battery of the solar system as the
basic and only power source for the whole system such that it achieves being self
powered while the speed that corresponds to this level of voltage is aboutl.4 mm/sec,

the measured value for the current drawn did not exceed 1 amp.
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Fig 4.11 jack load relations with speed and current

42.2 Sensors:

One of most important parts of any control system 15 the sensors used, they

provide the feed back needed to complete s process, i this system the sensor will be

the eve through which the panel tracks the sun path

Sensor's choice passed through several considerations such as its ability to

pve a voltage change that 1s measurable by the PIC mucrocontroller, cost, size and

walability

First using the Light Detecting Resistor (LDR) shown in fig (4.12) was an

option, 1t 15 small

due to vanation in light intensity up on its surface

cadwar wmiphide
track

G TESN ST WIS GRA—

size, cheap and has a good range of change in its resistance value




To get betler sensitivity for light change the idea of using an array of I.LDRs was
plied, such that the range of change increases as the light's intensity changes over e
cme senson the array shown in fig (4.13) needs bridge circuit to increase the lineanty
of the output as shown in fig (4.14), this circuit needs a power supply to get voltage
output instead of resistance change, that's why using different type of light detectors

nas been done.

Fig 4.14 bndge circuit with LDR

Another choice was to use small photo cells that are capable of generating their

Own _ - -
voltage and current and using them as sensors, searching for source of such cells

to . ‘
ok some time, until the best available option Wwas found in small car medals (cars

47



essorics) that have small pv cells as shown in fig (4.15)in addition of being cheap

here each one cost about 1 dollar only.

Fig 4.15 small car medal

These cells shown in fig (4.16) have no data sheets, that's why several tests
have been done to figure out their electrical properties, they generate high voltage
relative to their size that could reach up to 7 VDC under the sun rays, with very small
current that can’t even be measured and so it was possible to use them directly as
analog inputs in PIC ADC ports without interface for current limiting, in addition of

having an approximate linear change between sun light intensity and the output

voltage.

Fig 4.16 small PV cell

at their output voltage is higher

The problem that was encountered then 1S th
PIC microchip which is 5 VDC,

than the one possible for the analog input port in the

otherwise all ranges above this limit will be seen by the PIC as one value which is 5
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i 1d : : ;
ypC and this would cause problems while comparing the sensors’ voltages as will be
own in control chapter.

Trials of reducing cells” voltage have been done, first by trying the voltage
divider method via the cell’s current as shown in fig (4.17), but it failed since this

cumrent was  very small, in addition to failure in amplifying it using transistors of

jifferent types where the base current coming from the cell was always about zero.

at

I=0
Vouts0 ;::t
R2 solar | . 7/

Fig 4.17 voltage divider circuit

Another way was to Use diodes for dropping the voltage, number of series
connected diodes as shown in fig (4.18) cause the measured voltage of the cell to drop,
however when the circuit shown in fig (4.19) was applied to the PIC, the voltage input

to the ADC was zero since the current was not sufficient to overcome the load with the

diodes.

soguanatEs
“g.asnﬂll
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R kil
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number | I=0 /
of diodes sun
?‘// light
solar | . /,/
N cell —
Vout=0
input to L
PIC

Fig 4.19 voltage reduction circuit using diodes

Finally the idea of using opposite voltage source of small current was used,

watches batteries of about 15 to 3 VDC were used such that the circuit shown in fig

(4.20), succeeded in reducing the cells voltage to be within the 5VDC the PIC sees

— sun hght
watch P
battery i3
R —
3V- _
PV cell

pR——

Fig 4.20 voltage reduction circuit using power
supply

4.2.3 Control Unit:

the part responsible for receiving data from the sensors,
e

The control unit is o _
rain of the system
Processing and controlling the output sent to the actuators, it is the b y
i : ther.
that interconnect the previous components 08¢
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The control process includes reading sensors output voltage, processing data

and finally sending output to the actuators, each of these will be explained next from

he electrical point of view.

Reading sensors values are done through the ADC (Analog to Digital
converter) pins that are built inside the PIC chip, as mentioned before the cells used

have Very small current but measureable voltage such that no interface is required to

read their outputs.
42.3.1PIC microchip

The processing of the data and controlling the system is done via the PIC
microchip, choosing PIC rather than other control devices and tools such as PC through
DAQs or even the PLC is preferred for many reasons, being cheap, small and available
are the main features the PIC has over other tools, besides it is perfect solution for
small and mobile embedded systems, in addition it needs only 5VDC for the logic
supply which can be obtained from the 12V battery of the solar system. However this

can’t be used for regular PC or PLC which in addition is used for the ON/OFF control

that can’t handle the real time control and closed loop systems with PID controllers this

project needs.

in fig (4.21) is chosen for the system, it has

The PIC18f4550 microchip shown
5 /O ports with 13 10 bit resolution analog input channel and two PWM (Pulse Width

Modulation) modules, moreover it has an intemnal oscillator with 8 user selectable

frequencies that range form 31 KHz to g MHz and so there is no need for extenal one

to be added to the PIC circuit, more details will be listed in appendix (E).
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Fig 4.21 PIC 184550

42.3.2 Analog output from PIC

After handling the control device to be used in addition to the process of
reading the sensors’ output through the analog input pins inside the PIC, sending
output to the actuators by the control chip has to be dealt with, PIC is a digital device
that sends binary data, it doesn’t have built in analog output pins like those at the input

ports even if some microchip products might have such feature they are not well

known and available.

Actuators need analog signal that’s why DAC (Digital TO Analog converter)
was first tried as a logic solution for this problem, the circuit shown in fig (4.22) shows

DAC IC which produces analog output depending on the received binary words from

the PIC, the circuit shows also Op-Amps used for amplifying the coming signal from

the DAC so it can reach the voltage limit that motors need, after this level the current

has also to be amplified to reach at least 1 amp.

52



PIC 18F4550
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Fig 4.22 DAC circuit

The previous circuit has some problems that make it hard to use the concept of
DAC, needing negative supply for the DAC IC, Op-Amps and the power amplifiers
might be the biggest problem because the solar system built for the project has only
one battery and so generating negative voltage from positive one didn’t work although
the circuit of 555 timer shown in fig (4.23) makes it possible to have -12 V generated
from +12V, but once this voltage is produced it is vanished immediately due to the

capacitors used, other circuits for generating  negative voltage requires components
2

that are not available in the markets.
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Fig 4.23 555 voltage inversion circuit

Another problem occurred when the voltage out form the DAC reaches it’s
maximum level for example 6 VDC, the output of the Op-Amp with again of 2 has
never exceeded 9 VDC due to saturation voltages and nonlinearity, so the solution was
to use a + 15 VDC as a saturation limits which was impossible to achieve in the

presence of one 12 VDC battery, so it was a must to find other solutions for generating

analog output from the PIC.

PIC has the feature of generating pulse with different duty cycles using the
PWM (Pulse Width Modulation) pins built in one of its /O ports, as shown in fig
(4.24) the duty cycle of a pulse can be modulated to be within (0 to 100 %), if for
example it is 20 % then the pulse is on or logic one for a time forms 20 percent of the

total period or pulse time, the idea then is that the average output is the same as duty

cycle, more about PWM in PIC is shown in appendix (E).

54



Fig 424 PWM and duty cycle

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

actuators understand.

The H Brdge is a logic circuit that is used to control the direction of a motor as

shown in fig (4.25).

Fig. 1

/51 / s

H-Bridge

Fig 4.25 H-Bridge simple diagram



The: motion needs to close and open switches in order for the motor to rotate in

either direction, as shown in fig (4.26) to rotate the motor clockwise, S1 and S4 must

pe closed while S2 and S3 must be kept open.

I

BB
1 Current
4 51 / 52
S —" 8
§ B ee——
H
/ 53 s4
§

1

H-Bridge Motor Clockwise Rotation

Fig 4.26 motor rotation with H-bridge

While the opposite is applied to tum the motor to counter clock wise as shown

in fig (4.27).

—

Fig. 3 l

e ————

i Current
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H-Bridge Motor Anti-clockwise Rotation

Fig 4.27 motor opposite rotation with H-bridge
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V

shown in fig (4.28) is a high current up to 4 Ampere, high voltage up t0

1298 _

6 c dual full-bridge driver designed to accept TTL (square wave of logic 1
) , L
SVDC)) jogic levels and drive inductive loads such as relays, solenoids, DC and
( o5 nofors, MOTe details are described in appendix (F).
step

/

}\\\\\\:\\

Fig 4.28 1298 dual full H-bridge

Fig (4.29) shows the intemal block diagram of 1298, as shown it has 4 outputs

(pins 1,2) and (pins 3,4) each pair is connected to a motor, in addition each output pair

i« controlled by three logic pins In 1, In 2 and En A for the first motor (the first pair of

outputs) and pins In 3In 4 and En B for the second motor, so for any motor if the En
port is enabled and one of the (In)s is on and the other is off the motor will rotate in a

direction while if the (In)s logic 1s inverted it will rotate in the opposite direction.

ouTt out2 + - oura OuUT4
Nt =
z 3 & 3 Fu

!
O S o TS
- 1 2 3 % 1 s
O— 5 - -0
+— —
In2 9 0 la,
ta | 1 " _EO"'
1 8 B
SENSE Ao—ﬁ x J_ L]_““o SEMSEB ez
Rsa |
am of H-bridge

Fig 4.29 internal circuit diagr
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The complete truth table for any motor pins is shown in fig (4.30), where the

giodes ar

)
o—

10 cCURTROL 1
.t N
0Ol TO DA: 1A FAST BFCOVFRY CIOGFK (1, €200na)

o used 10 protect the motor from any short circuit could occur.

Inputs Function _ |
Ven - H C-H.D-L Forwad
C=L;D=H Reverse
c=D Fast Motor Stop
Ven =L C=X:D=X Frea Running
nlotor Stop
L-Lew H —Hich X —Contcara

Fig 4.30 truth table of input ports of H-bridge

Using H-bridge is not only important to receive PWM output from the PIC, but

dso because it is fi
PWM pins each can be
direction and each direction wi
level) needs some kind of logic cir
use, which direction to turn and what
Pins will be connected to both inputs logi
motor to turn on at a time is done by enablin

inside the PIC.

The problem of reversing the direction that was
Used ; o3 . .
d in addition to the need of negative supply voltage 1s ¢

bri . .
dge with PWM technique, the L298 can receive high voltage sup

t to the motion process required for the system, PIC has only two
modulated intemally, controlling two motors each for two
th different duty cycle (analog output and so voltage
cuit that is capable of controlling which motor to
level of voltage needed each time, here PWM
c in the H-bridge and the control of which

g the En port using the software written

encountered when DAC was
ompletely solved in H-
ply (pin 4 (Vss) in

fig . :
: (4'29)) up to 46 V. and the level of voltage the motor receives 1S controlled by the

duty

c

Whigy Yele of the pulse generated by
PWM pin is enabled.
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After describing the electrical and electronic components to be used, the

lememaﬁon of the electrical design is shown in fig (4.31) and fig (4.32).
imp

charge
controller

r— . -
|19 | o

o | Toolapopl | o
| !

] | 12V
i load ] ,
1] ] pLe .. K12
. k11:
module battery 02 ﬁj §
+12 V @

Fig 4.31 electrical system connection

Where P1 is normally closed push button for turning off the whole system, to

um it on P2 is used, a relay is used also to control the process of tuming the system on

" off, where k11is a NO (normally open) switch in the relay used for self holding to

keep fhe system on after removing hand of the buttonP2, while K12
responsib]e for providing the supply to the rest of the system, where kl1land k12

is the switch

depe
Nds op the state of the relay K1.
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RAQIANO

RA{ N1
RAZ/AN2A/REF-/ICVREF
RA3/ANINVREF+
RAATOCKVCIOUT/RCY
RAS/ANA/SS/LVDNC20UT
RAS/OSC2/CLRO
OSC1/ICLK!

RBOAN12ANTUFLTO/SDVSDA
RB1/ANIOMTI/SCKSCL
RBANBINTZAMO
RBIANVCCP2AVPO
RBA/AN11/KBIOCSSPP
RBS/KBIN/PCM

RES/KBR/PCC

RB7/KBR/PGD

 pra pAb

RCO/T1OSOTICK)
RC1T1OSUCCP2UCE

RC2ACCPIPIA
RCAD-AM
RCS/D+AP
RCEMUCK
RCT/RX/DTISDO

RDO/SPPQ
RD1/SPPY
RD2/SPP2
RDW/SPPY
RD4/5PP4
RDS/SPPS/PIB
RD&/SPPEPIC
RD7/SPP7P1D

REWANG/CKISPP
RE 1/ANG/CK2SPP
RE2/ANTIOESPP

REIMCLRVPP

PIC18F455

While fig (4.32) shows the intemal implementation of the electronic and control

system, where the PIC is connected to the H-bridge after which the two motors to be

controlled is connected.

0

—%i Vss Vs
17
F3) 8 4 u2
|24 &
|25 T ™1 vee vs
128 7o N2

T

5 N4
] I—ENA
20 P
|21 1
|22 7o SENSA
|27 SENSB
| 28
29
{30 —
-
| 9
|12 R1

vdd
1000hm

Fig 4.32 control system connection
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Chapter 3

Control Design

&

Implementation

5.1 General Outlook
5.2 Mathematical Modeling and block diagram

5.3 Simulation
5.4 PIC program flow chart
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5.1. General Outlook

The control of the panel’s position is done through the control law
that compares between the output voltages of the sensors which vary due to

the change in sun’s position as shown in fig (5.1); this variation will be used

to drive the system to the required position again.

Input(Sun)
Controller(PIC) > Actuators(jacks) 5| Sensors(PV cells)
feedback

Fig 5.1 general block diagram

Sensors will lead the system to the position where the panel faces the
sun again, after comparing their output voltages; one sensor will have more
voltage if it receives more light intensity than the other due to the orientation

of each sensor and the continuous variation of sun’s position.

Feed back of sensors output will be used by the controller that will
be programmed in PIC to control the motion of the jacks in order to keep

those transducers with equal voltages under sun light as a result keeping the

Panel in its maximum power position.

Mathematical modeling, block diagrams, simulation, controller design

a0d PIC programming will be shown next
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52 Mathematical modeling and block diagram

The mathematical modeling of the system is implemented by

nodeling  the mechanical and electrical components in addition to the
censors used; the goal is to model the system such that the input voltage to
the motor of the jack is converted to rotational motion (angle) for the panel a

around the Z axis or for the U-part around the Y axis as follows.
52.1 Electrical Analysis and Modeling

The electrical analysis of the dc jacks is related to the analysis of the internal

dc motor where its model in s-domain is shown in fig (5.2)

angular speed

. to
angula; acceleration Gt mator angular displacement
input voltage of motor of motor
to motor vas) 1(s) T(s) alfa(s) S theta (s)
; 1 1
input q 5 [l
output
Kt/Ra"'_A
Fig 5.2 motor block diagram
T =Kl 5.1

Where T is the torque at motor shaft, K, is the motor torque constant and I,

1
S the armature current.
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The Laplace transform of this equation is

T(s) = Kpl,(s) 5.2

Fig 5.3 electrical analysis of motor

From the electrical circuit shown in fig (5.3)

V, =ly*xRa+ [* Lo+ Eg 5.3

Where V, is the armature voltage, R, is the armature resistance, L,

is the armature inductance and E is the induced voltage.

The Laplace transform of this equation is:
V,(s) = 1,(s)(Ra + sLg) + Ez(s) 5.4

The induced voltage in motor is related to its angular velocity as

follows

Eg:Kt‘*W 5.5
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where w is the angular velocity of the motor and K,is the back

electrOmOtiVe force constant.

The Laplace transform of this equation is:
E;(s) = K, *s6(s) 5.6
From eq (5.4) and eq (5.6) it can be shown that:

Va(s) K. * s0(s)

- 5.7
R,+sL, Rg+sl,

Ia(s) —

If it is assumed that the armature inductance L, is small compared

to R,, then eq5.7 becomes

1(s) = Vt;z(s) 3 K, *RsB(s)

In order to figure out the motor constants several tests were done,

first the voltage with velocity constant K, was found,
nnected was calculated using a tachometer

the internal motor

speed with the gear system CO

which has a constant relation between it’s output voltage and the velocity of

it’s shaft, it produces 36 V for a 3750 rpm, when the motor of the jack was

connected to the generator shaft it produces 940 mV for a 30 V armature

voltage, as shown in fig (5.4) an oscillo

and speed relation of the tachometer .

scope was used to show the voltage
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Fig 5.4 oscilloscope output figure

Wmotor — 0.94 *

3570\ 2m
( 36 )*%—9.75rad/s

To find K, the induced voltage must be found, for the previous motor
speed the armature voltage V, =30 V, the motor internal resistance Ry =
5.6 0 and the armature current I, = 0.39 A, for these values

Eg = ¥a— 1.R, 5.8
E, =30- 0.39 * 5.6

E;= 2781V

Then the electromagnetic constant of the actuator K is calculated according to eq5.5

Eb :;K}aca)
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K,=24
w
K. = 27.81
t =975 = 28V.s/rad

In order to find torque/current constant the torque produced for the
previous armature voltage was found where the efficiency of the actuator is

n =(.85 then

F,
P['n - out 5.9

Substituting for Py, and P,,,; yields

Tw
Vala = ?
30 % 0.39 T x9.75
% 0.39 =
0.85
T =1.02 N.m

Back to eq 5.1 the electromechanical constant K, is calculated through the following

€quation
% o
m Ia

_102 _ 61 N.m/A
039

m
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522 Mechanical Analysis and Modeling

From the mechanical analysis
T = qu * 6 5.10

Where leq is the equivalent mass moment of inertia at motor shaft

and 0 is the angular acceleration of the motor.
The Laplace transform of this equation is
T(s) = 5%leq * 6(s) 5.11

In order to find out the equivalent moment of inertia on motor shaft,
the energy equation will be used such that all moving parts of different

velocities will be included as shown next, where for the first jack.

1

B j 2
2 jeq lower jack 6 lower motor

5.12

1 <
- 2 e 2
= —2' Mgerew Vscrew +* 2 fpa.nel average (Z) 6 panel(Z)

Where Joq lowerjack 1S the equivalent mass moment of inertia on the

internal lower motor shaft, 0 jowermotor 13 the angular velocity of the
intenal lower mOtor, M gerew 1S the mass of the screw gear, Vgcrew 1S the
linear velocity of the screw gear, Jpanel average (Z) is the average inertia of

panel around Z axis and (}panel(z) is the panel angular velocity around the Z

axis.
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sinplitying egs 1 leads (o

2

m | Pecrew A l)muml(?.)
Jeq tawer jitk e l" o | ]lumul average (£) ll i
g ( lower mmaotor

linvier moing

Paciew
. - ) he a constant (hat relutes the motor and
fower matuy

.ot ‘-‘nwh'l Jlek (

fack tntions elther thetr velocities on their displacements, and let €y, jocie/panet(z) =
Poaneld) S " .

( At )lw a constant that relates the fower jack and the panel motions around the
Yy e )

2 anin s shown i i (5.5), then

0 ,
panel(2) " E o
t'nmhu//urk " ('l..[m'l\‘/pmwl(z) 5.13

(:m.rrm/;-mu‘-lul ‘ {)
Tower motor

WHET® Cpatar panet (o) 18 the constant that relates the motion of the motor of the

lowet jack and the panel around the 7 axis.

.";
|
|
/8 C(Lgack/panel(z))
-
S

St

i 5.5 motion constants
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Then €q5.12 becomes

— 2
lower jack — MM C : 2
]eq BWEL ) screw( mOfOT/jack) +]pane! average (Z)(Cmotor/panel(z))

In order to find Cpotorjjack two experiments have been done, first the
jack linear speed has been measured for a 30 V armature voltage as a result

the jack length increased from 18.4 mm to 34.2 mm through 30s and so

AX

Vscrew = E

5.14

(34.2 — 18.4) = 102
Vscrew = 30 -0

Vesiaw = D26 mmys

But
VUscrew — Lmotor/jack @motor
__ VUscrew
Cmotor/jack -
Wmotor

5.26*1073m/s
Cinotor/jack = 9.75rad/s

. = 54107 m/rad

Cmotor/jac

The second includes testing the linear displacement of the screw for

each complete round where each round cause the screw to extend by a 3.5

mm, and so
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linear displacement

Cmotor/jack . revolution 5.15
. _0.0035
“motor/jack = T =557+10"* m/rad

A value of Cmotor/jack =55% 10"4m/rad is taken to be the
average of the two results of the tests, this value is valid for the two jacks of
the system as the same jack size with the same level of voltage is used for

both motions.

For  C jack/ panel(z) the average value of it was experimentally

founded to be 300 deg/m (3 deg/cm extension) for the lower jack, such that

the panel rotates about 3 degrees for each 1 cm extension by the jack.

Back to eq5.12 the mass of the screw in addition to the average value
of panel’s inertia around the Z axis still not found, the mass of the screw was
found to be about 2.5 Kg while the average value of the panel inertia around
Z axis is calculated in the mechanical chapter and will be used here

where [panet average (z) = 0-2 kg. m?, for eq5.12 the equivalent inertia on
motor shaft can now be found
r =25%(55%107%)2 4+ 0.2+ (300% 5.5+ 10™*)? = 5.44 + 1073

]eq lower jac

. = 0.00544 kg.m?

] eq lower jac

For the upper jack the same screw mass in addition to the motor jack
constant will be used, while the (upper jack / U part) constant was found to
be 280 deg/m (2.8 deg/cm extension) such that the U part rotates by a 2.8

degrees for each 1 cm extension by the upper jack, the average value of the
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panel inertia around Y axis in addition to the U part and the lower jack was

found in mechanical chapter to be 1.43 kg.m? and so
] ok =Ml G . AF 2
eq upper jack screw motor/;ack) L ()’)(Cmotorfu.pnrt (”) 5.16

] iack =M (c 8 2
eq upperjack screw motor/jack) + jave(}’) (Cupper jack/Upart * Cmomr/jnck)

Jequpper jack = 2.5% (5.5 % 107%)2 + 1.43 » (280 = 5.5 x 107*)?
]eq upper. jack = 0.0339 kgmz

As a summary the mechanical and electrical constants that were
found are as follows
Ra=561
km =2.61N.m/A

K, =28V.s/rad

x = 5.5+ 10™*m/rad

Cmotor/jac
C L.jack/ panel(z) = 300 deg/m
C upper jack/Upart — 280 deg/m

]eq lower jack = 0.00544 kg m?

jeq upper jack = 0.0339 kg'mz
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Now the block diagram for each motor can be found then, this block diagram

will be extended to include the motion constants that convert the motor rotation into
anel rotation around the different axes.
p

The block diagram of the first motor is shown in fig (5.6)

angular speed
angular acceleration ~ ©f motor

of motor
alfals)  w(s) theta (s)
1/0.00544 % > i o ]
outputsddsdf
2.8/5.6

Fig 5.6 first motor block diagram

After reduction and simplification this diagram can be as shown in fig (5.7)

transfer fn
input voltage of the 1st motor anguli; ?T:ggifrcement
to motor
85.4 |
input g
s2+239.8s
output

Fig 5.7 first motor reduced block diagram
Now in order to have the transfer function that relates the input voltage to the

Jack (motor) with the output angular displacement of the panel which is the desired

value to be controlled, the constants that relates motor rotation with jack linear
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potion in addition to the panel rotation should pe included in the block diagram as

angular displacement

linear dﬁphcmt
of motor
of t:znls:tern:tor of jack angular displacement
input voltage C_(mdnr;jagk) C _(L jack! panelz) of panel
to motor (S R
854 .
. = s —
Denllidmey 208 —

Fig 5.8 lower jack block diagram

As result of these constants the open loop transfer function of the first motion
around the Z axis that includes the jack and the panel that rotates is as shown in fig
59).

transfer fn
input voltage of the lower jack ang ula(;fd |:;ln1lglcement
to motor p
input P | |
output

Fig 5.9 reduced lower jack block diagram

The block diagram of the 2nd motor is shown in fig (5.10), the only

difference between it and the one shown in fig (5.6) is the equivalent inertia

the motor has to overcome to complete the required motion.
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angular accelerati angular speed !
of motor a5 of motor  angular displacement
T(s) of motor

I(s) Ifa(s)  w(s) theta (s)

1

h 4

o 1
s

output

Fig 5.10 second motor block diagram

gimplification and insertion of motion constants that relates angular
displacement of motor with that of the U-part around the Y axis leads to the

simplified block diagram shown in fig (5.11)

angular displacement linear displacement '
transfer fn of motor of jack angula(:f dlsplalcement
of the 2nd motor ) panel
input voltage C_(motor/jack) C _(U jack/ Upart(Y)
to motor

i N e ]
s s24+38.5s

outputl

Fig 5.11 upper jack block diagram

And finally the open loop transfer function of the upper jack including
the inertia it moves around the Y axis is shown in the reduced block diagram
fig (5.12).
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transfer fn
of th :
put VOI29° € upper jack angular displacement
l to motor of panel
M ’
output

Fig 5.12 reduced upper jack block diagram

52,3 Sensors Analysis

As previously mentioned in the electrical implementation, small PV
cells will be used as sensors, in modeling those sensors will be used for
feedback signal as shown in fig (5.13) housing of aluminum is used to cover
the sun light from one of the sensors, however the other one is still capable
of getting this light, as a result one of them will have more power than the

other such that this power difference will lead the actuators motion through

the controller.

Fig 5.13 sensor Aluminum housing design
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The housing design shown in fig (5.14) hide the sun from one cell,

(the other 18 free to get light
pu

sensor
housing

Fig 5.14 sensor Aluminum housing

For these sensors, their output powers were assumed to vary with the
panel’s position, this was right for the sensor that is covered by the housing,
however the one that is free to get light didn’t show noticeable variation in
ivs output voltage and so it is considered to have the extra power (voltage)
over the covered one and so when their output voltages are compared the
error signal will lead the system to the correct position as shown next.

517

P out(sensorl) — Pin (sun)

P out(sensorz) — C; gpanel 5.18

Where Poye(sensor1) is the output power of the sensor that receives
more light due to changes in sun path, Py (sun) 18 the extra power this sensor
has over the lower one, Poyue(sensorz) 1S the output power of the sensor with
lower light intensity (the covered one) and so lower output, C, is a constant

relates its power with the panel’s position that is pointed by Opaner -
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Tests were made to find the change in the output voltage of each
sor 85 the panel rotates, Protractor, Paper and voltmeter are the tools used
o find out these constants, in average all the sensors have approximately the
:ﬂ o constant that relates the panel angylyr position with their output
yoltage which is found to be0.03V/deg, which means that cach sensor
soltage increase by 0.3 'V if the panel rotates by 10 degrees, this constant
will be used for both block diagrams of the system in order to have the

required feedback of the sensor as will be shown in the simulation part.

It is important to mention that the change in sensors occur in their
output powers, but what is measured is their output voltages and this signal
s taken to the PIC as analog input because their output current is very small

and immeasurable.

5.3 Simulation

The block diagram of the system is made in Simulink in Matlab as
shown in fig (5.15), the closed loop model includes the motor model that
takes it’s signal from the controller, the panel’s angular position is
multiplied by a constant of motion explained previously so that the variation
in sensors power is known, this power is then fed back to the input junction

to have the error signal.

In fig (5.15) the uncompensated closed loop block diagram of the
lower jack motion is shown, where the values of Kp, Kd, and Ki are all zero,
the saturation block is used to limit the input to the motor to 12 VDC, the
Step input represents the difference in voltage of both sensors that one has
over the other due to the light received by each, the output signal represents

the increase in the voltage output of the sensor that get less light while the
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ional output repres e X
Error SIg P presents the difference in the sensors’ voltages,

dlsturbance signal represents undesired external effects that might affect

or alter i

uncom

output response

error response

The response for

¢ system response and operation like the wind.

both the output and

error signals of the

pensated system is shown in fig (5.16) and fi g (5.17) respectively.

o~T |
-0.005 : l
0.01
-0.015
0.02
-0.025
0.03
-0.035

1
0,04

1 ! ! ! ! ] ! I I
YT CEE N S SR S S S S -
0
0.5t e
) E S S S SR S L
0 1 2 3 4 5 6 7 8 9 10
time (s)

Fig 5.17 response of error signal (uncompensated lower jack block.d)
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In order to 1mprove the system response the controller constants

e modified, tuning those parameters lead to the desired response and

st ' of first :
’ for the plock diagram block with the compensator which is shown
soﬁ (5.18),its TESPONSE TS shown in figs (5.19) and (5.20).
B8
1.4 ! T
1.2 E e
y
s 0.8 e SRR .
i P
3‘ 0.6 E --------- -i -------- — |
3 ; f
0.4 5 l
| il
02 | i
0 i i i
' 8 9 10 1
time (s) |
Fig 5.19 response of output signal (compensated lower jack block.d)
|
1200 5 ! 5 I : ; : z il
o 800 I — 5
: el |
8 600 : : T S .
) 5 i
L 400 R e S |
o 200 |
) e
200 i i | i i i i i i J
0 1 2 3 5 6 7 8 9 10
time (s)
Fig 5.20 response of error signal (compensated lower jack block.d)
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¥

ihe previouS blocks and figures afier using kp = 1000 and ki = 400,

eed for the d element the system response was good from fig (5.19)

iR : .
[lowing transient response

a5 the fo

|max value — final value|

o, OverShoot = :
final value

* 100%

% OverShoot ~ 1126 -1

* 100%

% OverShoot =12.6 %
Rise Time ~ 09 s
settling time ~ 4 s
Peak time =~ 2 s
steady state error = 0.3 %

The error response shown in fig (5.20) shows the difference behavior
with time, as the jack moves the light the second sensor receive will increase
by time with the first one has an approximate stable output voltage, then the
difference between them goes to zero until the system stops at the right

position.

Similarly fig (5.21) shows the block diagram of the uncompensated

system for the upper jack model, whose response of is shown in fig (5.22)
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" (5.23) while the compensated block diagram is shown in fig (5.24)

and apons® diagrams shown in fig (5.25) and fig (5.26).

\\'i lh

.0.005
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m—l

s 2
(=]
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b
(=]
™~
o

S
o
w

U SN L. N —
0.035 E ] : : 5 :
4’-040L'f: ; ; ; ; i

time (s)

Fig 5.22 response of output signal (uncompensated upper jack block.d)
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o i i i ! i i i i
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Fig 5.23 response of error signal (uncompensated upper jack block.d)
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o transient response of the v {an
[he tran I o upper ek mae) with controller can be figuted out

s shown next

% OverShoot = L X value - final patul 0
”NHI vl  100%

% OverShoot w !lm"',i ¢+ 100%

1

%Y OverShoot 1 3.5%
Rise Time »~ 082 5
settling time =~ 4.5 ¢

Pealk time ~ 2.26 s

f
i

&K steady state error = 0.2 %
lp /
‘ N "(' \/

il proConAy

R
/

4 PIC lrogramming

The PIC is device that can be programmed to perform the desired

functions by the control unit, it took at least two weeks to learn the basics

nceded to program the 18f4550 PIC microchip, MPLAB is used to write the

code in C language such that it takes the values of the sensors, compare their

values, this error signal is then modified through the controller built inside
part of this chapter, after that the
‘bridge with variable duty cycle

code that will be written

whose values are found in the simulation
pulse modulated signals arc sent to the H

depending on the error signal, the flowchart of the

will be shown next in fig (5.27).
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6.1 Conclusions

The implementation of the Project has finished successfully; the solar tracker is able to
work as an embedded system such that the microcontroller controls the jacks’ motion through the

feed back signal coming from sensors with a very good range of motion and durability.

How ever the operation of the system is not perfect, it has encountered some problems due
to some errors in the operating program of the PIC microcontroller and the high sensitivity of the
values of the sensors due to any disturbance such as wind although they were protected by the

housings described earlier.

More efforts are still needed to complete the goals of the solar tracker in order to achieve
better and more precise tracking in the two directions, more testing and tuning are to be made to
improve its performance specially on the operating program written to the microcontroller and its

sensors calibration.

While the performance of the system does need more work, the performance of the solar
system is much better, the solar panel is able to charge the battery controlled by the overcharge
controller, the battery can handle the motion of the system with approximately no loss of it’s
capacity, the actuators used drew a very little current and the mechanical structure used made it

smooth moveable system with small friction such that the needed torque is moderate.

6.2 Obstacles

As any first time project many problems and obstacles were encountered, technical,

economical and uncontrolled barriers made it very hard but not impossible mission to finish the
project goal.

A great obstacle stood up against the team when their was a need to change the design of the
system due to the expected large friction that might face one of the motors in the old design, this

procedure took about 2 to 3 weeks in order to come up with a new and efficient design that meets

our goals.

A major problem that opposed the project progress is the delay of the financial support,

which in return retards the working on the project because of lack of the tools and parts required,
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63 Recommendations

petter future efforts in the fil
For | ! ed of solar energy, the following r . _
made as We passed this experience. g recommendations and tips are

, newable energy researches
Re must be supported and financed for its importance next years

tine has very promising fu 2
pales wiiiiaa are? of solar energy systems and it does have a huge

amount of unused source of power.

li :
. Solar energy suppliers and companies have to take place in the economical field of Palestine

i in benefits i < ) 4
they will gain bene by time, and by time installing solar systems would be cheaper, faster,

casier and more popular.

. More researches must be applied in the economical feasibility of using solar energy and

puilding solar stations in Palestine.

. Supporting the concept of solar trackers in a larger scales and studied plans, the system we
built is able to move two more panels with the same power consume and approximately the same
cost and design dimensions, if it can increase the output power of each by 20% to 30%, then
those three panels can cover the price of a fourth one, the larger the scale of the solar tracker the

more benefit you got while the same tracking concept is applied and small modifications in your
design limitations will take place.

culations must be taught at the university to

« Some courses that deal with energy types and its cal
ally in the filed of the renewable energy

help students in their energy related researches, espect
studies as it gains a larger global attention by time.

» Also courses that are related to microcontroller specially the PIC microcontroller should be

ght, they are very important for embedded systems and industrial

worked with and tau

applications.

* The most important recommendation is that the university must prepare a large lab for
tk in, since the graduation lab that is running now is

are not always opened to stud

s out of his work or in vacation.

graduation projects to help students to WO
not sufficient to all students, and other labs
result you might lose your day if the lab teacher i

ents to work 1n, as a
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. More financial support and administration’s attention and care must be paid for the graduation

projects: they are the completions of its student and the apparent part of its academic skills and

effOﬂS-

, Renewable energy and scientific research department in the university must increase its support

for the graduation project in this field; it must embrace such concepts and turn them into

peneficial and economical plans in future.

. The university must Strengthen it’s relation with scientific institutions and colleges
outside Hebron, it should market the students' graduation projects, be proud of them
and let others know about, an annual joumal includes such thoughts and information
would be great idea that could help improve the university picture and reputation and

might give it's student more opportunities to compete with other universities and

improve their experience.

» The University must work up on tuming the concepts of the graduation project into

commercial applicable plans and projects.

94



References

1-.Beer, Fredinand P., Russell Johnston JL.E., Dewolf John T., Mechanics of Materials,

fourth edition SI version, McGrew Hill, 1221 Avenue of the Americas, New York,
United States of America, 2006 .

2- Meriam L. J., Kraige G. L., Engineering Mechanics: D namics, Third Edition

volume 2, John Wiley & Sons, Inc, New York, USA, 1993.

3- Nise, Norman S., Control System Engineering, fourth edition, John Wiley & Sons,
Inc, New York, USA, 2004.

4- Perez Richard, Coleman Sam, PV module Angles.pdf, Ashland.

5- http://www.eia.doe.gov/kids/energyfacts/sources/renewable/solar.html

6- http://www.epsea.org/pv.html

7- http://en.wikipedia.org/wiki/Photovoltaics#Applications of PV

8- Samuel Lakeou, Esther Ososanya, Ben Latigo, Wagdy Mahmoud, George Karanja,

Wilfried Oshumare, Design of a Low-cost Solar Tracking Photo-Voltaic (PV) Module

and Wind Turbine Combination System.pdf , USA,1992-2006

95




Appendices

y ppendix (A) : Solar Panel KC40T

Append’x (B) : Solsum 6.6¢c Charging controller

Appendix ( C) : Power Kingdom battery 404},

Appendix (D) : Installation manual KC49T

Appendix (E) : PIC 18f4550 Sfeatures, Timer2, PWM & ADC
Appendix (F) : L298N H-bridge

Appendix (G) : Programming code of PIC



Appendix (4)

Solar Panel KC40T



KC40T-1

THE NEW VALUE FRONTIER

(! KYOCERG
KC40T-1

HIGH EFFICIENCY POLYCRYSTALLINE
PHOTOVOLTAIC MODULE

Kyocera is "1S09001" certified angd registered.
TUVdotCOM Intemet platform for tested quality and service ID 0000007146,

HIGHLIGHTS OF KYOCERA PHOTOVOLTAIC MODULES

Kyocera's advanced cell processin
polycrystalline photovoltaic module.
The conversion efficiency of the Kyocera solar cell is 16%.

These cells are encapsulated between a tempered glass cover and a pottant with back sheet to provide efficient
protection from the severest environmental conditions,

The entire laminate is installed in an anodized aluminum frame to provide structural strength and ease of installation.

g technology and automated production facilities produce a highly efficient

APPLICATIONS

Grid-Connected Systems ©Emergency communication
©Residential Solar Power Systems ©Water quality and environmental data monitoring

©@Public and Industrial Solar Power Systems ©Drinking water and livestock water pumping
@ Small-scale irrigation pumping

Stand-Alone Solar Power Systems for © Cathodic protection

Q\ﬁ]]ages in remote areas @ Aviation obstruction lights
©Homes and summer cottages ©Environmental data monitoring
©Microwave / Radio repeater stations ©Railway signals

@Medical facilities in rural areas ©Street lighting

©Small-scale desalination

LIMITED PERFORMANCE WARRANTY

2 years limited warranty on material and workmanship

%25 years limited warranty on power output.

loss of output is not more than 10% of the minimum warranty value of the product specifications within 12 years
;I;'t‘.;lngi l:‘l;l"h n?g:g":}, \::r;%r:/:y :ir:#iI'I‘gzusa;aer:re:;zz: 5 purcgtlpsﬂ of the product by customer. The outpul values shall be those measured under Kyocera standarg
measurement condilions. Regarding the warranty condilions in detail, please refer ta Warranty issued by Kyocera.)

ELECTRICAL CHARACTERISTICS

Current-Voltage characteristics of Photovoltaic Current-Voltage charac.terist-ics of Photovoltaic
Module KC40T-1 at various cell temperatures Module KC40T-1 at various irradiance levels
4 IRRADIANCE: AM1.5, 1TkW/m? . CELL TEMP. 25°G
3
: 1000W/m?

800W/m?

Current (A)
N
Current (A)
o

\ 600W/m?
75°C
s50C \
e 400W/m? \
i : \
200W/m?
_ﬁ
\
’ 0 o 10 20 30
L
0 10 20 30 Voltage (V)

Voltage (V)




r
; =
oal Specifications K0T
phys'© !
(Unit . mm.
652 54 Q
| — —
T -L
4 2
el
Q
= I :
- 4 +
36
gpecifications
Electrical Data i
ximum Power(Pmax) [ w] 43 Length Sl [mm] 526
g mm
lerance [ % 1| +15/=5 Width [mm] 652
aimum Power Voltage [ Vv ] 17.4 Depth without box [mm] 36
ximum Power Current [ A ] 2.48 eloht Lkg] 5
ven Gircuit Voltage (Voc) [ V] 21.7
ort Circuit Current (Isc) [ A] 2.65 Cell
. . - e S
mp. coefficient of Voc [v/cl| —8.21X10? Number per module 36
mp. coefficient of Isc [ArC] 1.06X107% Cell Technology Polycrystalline
)CT °
[ C ] 47 Cell Shape Rectangular
X System Voltage [ V] 750 T s i o s o dre T, Smer o 15 3 o
Kyocera raserves mé right to modity these specifications without nobice. . -

56 .
contact our office to obtain details without hesitation.

\KYOCERE

OCERA Corporation

YOC .
PcstEs?A Corporation Headquarters

LA
edaTubadnno.‘g.::NEF'GV DIVISION

(81)75 504
\ -34
" kyocers co-,ﬂf Teletax:(81)75-604-3475

® KYOCERA Fineceramics GmbH
Fritz Muller strasse 107, D-73730 Esslingen, Germany
Phone:(49)711-9393417 Telefax:(49)711-9393450
http:www.kyocevasorar.del

® KYOCERA Asia Pacific Pte. Ltd.

298 Tiong Bahru Road, #13-03/05
Central Plaza, Singapore 168730
Phone:(65)271-0500 Telefax:(65)271-0600

® KYOCERA Solar, Inc.

7812 East Acoma Drive

Scoltsdale, AZ 85260, USA
Phone:(1)480-948-8003 or (800)223-9580 Telefax:(1)480-483-6431

http://www.kyocerasolar.com

e KYOCERA(Tianjin) Sales & Trading Corporation

Binjiang International Hotel 1106
105 Jianshe Road Heping Dist. Tianjin China
Tel:(22)2331-8590 Fax:(22)2330-6276

Neng ol
this cata) 3
09 are subject ta change without prior notice for further improvement.

LIENOBE0510S2SAGO (Recycled Paper)



FICATIONS | KCA0T-1

-
.
.
g

ications
m'sical spec"lca (Uit mm)

652 54 i
| g =y S e B —
| S 4 |
it | o)
&
o \
g . s
i
1= L :
36
specifications
Electrical Data Dimension

ximum Power(Pmax) [ w] 43 Length [mm] 526
arance [ % 1| +15/—5 Width (mm] 652
i Power Voltage [V ] = De;?lh without box [mm] 36

: Weight [ kgl 4.5
wimum Power Current [ A ] 2.48
en Circuit Voltage (Voc) [ v ] 217
o Circuit Current (Isc) [ A] 2.65 Cells
mp. coefficient of Voc [v/ic]| —8.21X10? Number per module 36
™. coefficient of Isc [A/C] 1.06X107° Cell Technology Polycrystalline
T [ € ] 47 Cell Shape Rectangular
'iiyi‘ﬂ’ona ge [ v ] 750 oo 04T G T T et concons of bwhence of Iiwhn, Speckum of 1.5 sk mass and cet

Kyocera resenves. the nght 1o modily these specBications withaol nobos.

£ S, .
1 our office to obtain details without hesitation.

:KHUEERE e KYOCERA Fineceramics GmbH

Fritz Muller strasse 107, D-73730 Esslingen, Germany
Phone:(49)711-9393417 Tolefax (49)711-9393450

hitp www kyocerasolar de/

0C .
: @ KYOCERA Asia Pacific Pte. Ltd.
ERA Corporatlon 298 Tiong Bahru Road, #13-03/05
Central Plaza, Singapore 188730
Y0(:5;1 ACo Fhona (65)27 1-0500 Teletax: (65)271-0600
e rPoration Head I
o ¥ SOLAR £y quarters e KYOCERA Solar, Inc.
\\?Dnmo ERGY DiviSION 7812 East Acoma Drive
- Scottsdale, AZ 85260, USA
V5, Phone [1)480-843-8003 of (800)223-9580 Tolatax (11480-483-6431

M
™y ot 1Hetax (81)75-604-3475 hitp /Awww kyocerasolar com

e KYOCERA(Tianjin) Sales & Trading Corporation

Binjiang Intarnational Motel 1108
105 Jianshe Road Heping Dist Tianpn China
Tel (22)2331-8590 Fax (22)2330-6278

N

LT
Ao are
“biect to change without prior hotice for further improvement.

-

LIEWAENS10S2SAGO (Recycled Paper)




Appendix (B)

Solsum 6.6c Charging controller
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Appendix (C)

Power King Battery 4 0Ah
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' speciﬁcations

R
oM Seal

ed Lead-Acid Batteries

Nominal Voltage 12y
Rated Capacity i 40Ah
| Total Height 6.69 inches (170mm)
| meight 6.69 inches  (170mm)
| Dimensions =
Length ) 7.76 inches (197mm)
. \V[dth 6.50 inches (165}tlm)
" Approximate Weight 27.5lbs.  (12-5kg)
¢ Characteristic
__——-'—_—_:.-_—_—‘5__
!7 20h rate (2.0A) 40Ah
i - k|
- 10h rate (37.2A) 37.2Ah
apacity = —t |
TPFRSC) 5h rate (6.40A) 3?Ah
1h rate (24.8A) 24.8Ah
15 min rate (704A) | 17.6Ah

—

fiteris] Residtanioe Full Charged Battery | g g, o
B 77°F(25°C)
Capacity 104°F(40°C) 102%
Affected by 77°F(25°C) 100%
TCmperatl.ll'e 320F(00C) B SSOA,
20
e ) SF(-15°C) 65%
Self-Disch —_— |
& arge 3 month storage 90%
) &
€ Fa0'c) 6 month storage 80%
paci -
hkmyaﬂ") 12 month storage 60%
i fax, Discharge Sy -
Arrent TPFQ5°C) 400A(59)
il T4/T12
: 1 C
" Charge B 14.4~14.7V( 24mV/C)
Stant Vo) max. current:1 2A
age,25°C)
Float 13.6~l3.8V(—18mV/°C)

E(

|/ (=] e o|[=]
[mJr [ 1t |
197 ] 165 I

DISCHARGE CHARACTERISTICS AT 25° C(77° F)°

o L T 1
125 ———
= 120 E __,::;_‘_ﬁ <*_:.J ] -
Vll.s B—— ,;:x,,__:, N I N
T 10 __4_,\,‘\ B > ,25,4 1.}
:’g 05—+ EH ,Alxr\ |
£ 00— #,,_\,, S VA
$ o IR
’E‘ 9.0 ’-—774L--J 0 T B
E o5 - ——1 11T L
e it I s

N M = | [1eph ENLE

0 3 5 o 0 © 23 ° 1

Current A)

age values, and can be

ta are of aver:
harge cycles- These are

+The above da
3 charge/dis¢

obtained within

not minimum values:
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® Constant wattage discharge at stipulated cut-off voltages: Watt/Ah/Cell at 25°C

Final voltage $m 1t 1sm | 3om | 45m 1h 2h sh Joh -
(V/cell)
1.60V 214 154 122 | 756 | 568 | 479 | 267 | 124 | 700 | 310 |
1.65v 204 150 19 75.2 56.2 46.6 26.5 12.4 7.00 3.10
1.70v 199 146 115 | 728 | 543 | 450 | 265 | 124 | 700 | 310
1.75v 182 136 109 717 | 535 | 443 25.9 122 | 6.90 3.10
180V 163 127 102 | 69.0 | 515 | 440 | 254 | 121 | 6BO @
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Installation Manual KC40T



SOLAR PHOTOVOLTAIC POWER MODULES
Please read this manual carefully before installing the modules,

KYOCERA
6C-203828-1

1. INTRODUCTION

As the world leader in development and application of high technolos
ceramic/silica materials, Kyocera offers a wide range of highly efﬁciegn{
and reliable crystalline silicon solar photovoltaic (PV) power modules
Kyocera began to extensively research PV technology in 1975 and
commenced manufacturing operations in 1978. Since then, Kyocera has
supplied millions of cells and modules throughout the world. With years of
experience and state-of-the-art technology, Kyocera provides the highest
quality PV power modules in a range of sizes designed 10 meet the
requirements of the most demanding energy and power users worldwide.

2. POWER MODULES

Kyocera power modules consist of a series of electdcally interconnected
crystalline silicon solar cells. Which are permanently laminated within a
pottant and encapsulated between a tempered glass cover plate and a
back sheet. The entire laminate is secured within an anodized aluminum
frame for structural strength, ease of installation, and 1o protect the cells
from the most severe environmental conditions.

3. APPLICATIONS

Kyocera modules are a reliable, virtually maintenance-free direct current
(DC) power source, designed to operate most efficiently in sunlight.
Kyocera modules are ideal to power remote homes, recreational vehicles,
water pumps, telecommunication systems and many other applications
either with or without the use of storage batteries.

4, WARNINGS

Solar modules generate electricity when exposed to light. Arrays of many
modules can cause lethal shock and bum hazards. Only authorized and
trained personnel should have access to these modules. To reduce the
risk of electrical shock or burns, modules may be covered with an opague
material during installation to avoid shocks or bums. Do not touch live
terminals with bare hands. Use insulated tools for electrical connections.

PERMIT
- Before installing your solar system, contact local authorities to
determine the necessary permit, installation and inspection
requirements,

INSTALLATION AND OPERATION

+  Systems should be installed by qualified personnel only. The systent
involves electricity, and can be dangerous if the personnel are not
familiar with the appropriate safety procedures.

* Do not step on the module.

- Although KYOCERA modules are quite rugged, the glass can be
broken (and the module will no longer work properly) if it is dropped
or hit by tools or other objects.

- Sunlight shall not be concentrated on the module.

*  The module frame is made of anodized aluminum, and therefore
comosion can occur if the module is subject to a salt water
envionment with contact to a rack of anolhgr type Olf
metal.(Electrolysis Corrosion) If required, PVC or stainless stee
washers can be placed between the solar module frame and support
structure to prevent this type of corrosion.

* The solar module frame must be attached to a support structure
using %" or M6 stainless steel hardware in a minimum of four (4)I
places symmetrical on the solar module. The stainless slqi
hardware used for securing the module frame should secured wit
an applied torgue of 6 foot-pounds (8 Newton-meters).

Module support structures that are to be used 1o support Kyocera
Solar modules should be wind rated and apprqved for use by the
appropriate local and civil codes prior to installation.

GROUNDING )
* Allmodule frames and mounting racks must be properly grounded in
accordance with local and national electrical codes.

INSPECTION . i
* Follow the requirements of applicable local and national electrical
codes.

BATTERY

= When solar modules are used to charge batteries, the battery must
be installed in a manner which will protect the performance of the
system and the safety of its users. Follow the battery
manufacturer's guidelines concerning installation, operation
and maintenance recommendations. In general, the battery (or
battery bank) should be away from the main flow of people an.d
animal traffic. Select a battery site that is protected from sunlight, rain,
snow, debris, and is well ventilated. Most batleries generate
hydrogen gas when charging, which can be explosive. Do not light
matches or create sparks near the battery bank. When a battery is
installed outdoors, it should be placed in an insulated and ventilated
battery case specifically designed for the purpose.

5. SITE SELECTION

In most applications, KC modules should be installed in a location where
they will receive maximum sunlight throughout the year. In the Northem
Hemisphere, the modules should typically face south, and in the Southem
Hemisphere, the modules should typically face north. Modules facing 30
degrees away from true South (or North) will lose approximately 10 to 15
per cent of their power output. If the module faces 60 degrees away from
true South (or North), the power loss will be 20 to 30 per cent. When
choosing a site, avoid trees, buildings or obstructions which could cast
shadows on the solar modules especially during the winter months when
the arc of the sun is lowest over the horizon.

6. MODULE TILT ANGLE

Kyocera solar modules produce the most power when they are pointed
directly at the sun. For installations where the solar modules are attached
to a permanent structure, the solar modules should be tilted for optimum
winter performance. As a rule, if the system power production is adequate
in the winter, it will be satisfactory during the rest of the year. The module
tilt angle is measured between the solar modules and the ground (Figure
1). Referto Table 1 for the recommended module tilt angle at your site.

\

TILT ANGLE

MODULE

SUNLIGHT

\

HORIZONTAL

Figure 1. Module Tilt Angle



Table 1. Recommended Tilt Angles for Fixed s

Ystems—aased
winter Performance on

SITE
LATITUDE IN FIXED TILT ANGLE
DEGREES _
0" TO 15 h 15
15° TO 25° SAME AS LATITUDE
25° TO 30" LATITUDE + 5
30° TO 35° LATITUDE + 10"
35" TO 40" LATITUDE + 15*
40° + LATITUDE + 20°

7. INSTALLING KC MODULES
The frame of each module has 0.28"

(Refer to Module Mounting Specifications). These are used to secure the
modules to the supporting structure. An example of a ground mounted
structure is shown in Figure 2. The four holes close to the comers of the
module are most often used for attachment. Refer o
Specification Specifications for the position of these holes. Clearance
between the module frame and the mounting surface may be required to
prevent the junction box from touching the surface, and to circulate cooling
air around the back of the module. If the modules are to be installed on the

roof or wall of a building, the standoff method or the rack method |s
recommended.

¢ diameter (7 mm) mounting holes

the Mounting

STAND-OFF METHOD: The modules are supported paraliel to the
surface of the building wall or roof. Clearance between the module frames
and surface of the wall or roof is required to prevent wiring damage and to
allow air to circulate behind the module.

The recommended stand-off height is 4.5 in. (about 115 mm) If other
mounting means are employed, this may affect the Listing For Fire Class
Ratings.

RACK: The supporting frame is used to mount modules at correct tilt
angles. The modules are not designed for integral mounting as part of a
roof or wall. The mounting design may have an impact on the fire
resistance.

MOUNTING HOLE

ARRAY FRAME

)&MOWLE

SUPPORT
LEGS

FOOT ANGLE

Figure 2. Basic Rack or Standoff Mounting Structure

8. MODULE WIRING 3
As shown in Module Mounting Specifications, all of the KC modules umae
the Type G junction box except the KC85T, KCB5TS, KC125TM,
KC130TM modules which utilize the Type M junction box (see J-box
details). This junction box, located on the back side of the module& l;
weatherproof and is designed to be used with standard wiring or i
connections.  Kyocera recommends that aI.I wiring and BA ng;
Connections comply with the 2002 National Electrical Code (NEC'). ‘cathe
clamp with a minimum rating of P65 must be used to mamltm?a b
weatherproof integrity of the junction box.Bypass diodes are preinstalle
at factory

o*n

12 VOLT (2 PARALLEL)

8:@ e 1? 3?3

RED

24 VOLT (2 SERIES)

8 _jfL BLACK ? - ?

RCO

48 VOLT (4 SERIES)

Eﬁs \CK ln)z?jg‘,_n__l?j +3Ml?£jr>3
RE

-
D RED

L —1 RC6 L

EXAMPLE OF 'M" TYPE J—BOX WIRING

o [ Tlucl? 7

RED

ot Ul 7 T

FED

12 VOLT (2 PARALLEL)

24 VOLT (2 SERIES)

2]

48 VOLT (4 SERIES)

ki #)2 1 2 1 2 1 2
5 ? ieucx ? ?_laum( ? ?_HU\GK ? 7)
RED s

EXAMPLE OF 'G' TYPE J-BOX WIRING

@

Figure 3. Standard Wiring Examples

To wire Kyocera modules:

A Determine the nominal system amay voltage of your system. Each
panel is equivalent to a 12 VDC nominal block. Standard array
voltages 12, 24 and 48 valt are shown as examples in Figure 3.

B. Open the "G" or "M" box cover by loosening the screws in the cover.

C. The wire used to interconnect the solar modules may be single or two
conduclors, from 14 AWG (2.08 mm?) up to 10 AWG (5.26 mm?)
gauge stranded copper wire, in a "“SUNLIGHT RESISTANT" jacket
UF cable. This cable is suitable for applications where wiring is
exposed fo the direct rays of the ‘sun. The maximum and minimum
outer diameters of the cable that may be used with the cable
connector are 8 mm and 6 mm respectively (Figure 4).

D. Using a flat blade screwdriver, remove only the appropriate

"KNOCK-OUTS" from the sides of the "G* or *M" box.
E. Route wires through the knock-outs and clamps refer to installation
example (see Figure 5).

F.  Gently hand tighten the terminal screws with cross tip (Phillips head)
screwdriver. Do not over tighten, as the terminal can be damaged.

G. The output wiring from the final module is generally run to a separate
amay junction box. In commercial system, this wiring from the amay
box to the next component (i.e. fuse box. or charge regulator, etc.) is
generally run in conduit. The maximum electrical rating of an
acceptable series fuse is 6~12 amperes.

H. After checking that module wiring is correct, close and secure all the
junction boxes. Use a Phillips head screw driver to secure all screws
on the junction box cover to ensure a waterproof seal,



Figure 4. Ring or Spade Terminal Connectors

Figure 5. Installation Example of Cable Clamp

9. GROUNDING

We recommend you attach all module frames to an earth ground. Attach a
separate ground wire to one of the holes marked ‘ground’ on the module
frame with a screw and bonding or extemal tooth washer. This is to ensure
positive electrical contact with the frame. The racks must also be
grounded unless they are mechanically connected by nuts and bolts to the
grounded modules. The array frame shall be grounded in accordance with
NEC Art 250.

10. BLOCKING DIODES

Blocking diodes are typically placed between the batlery and the PV
module output to prevent battery discharge at night. Kyocera modules are
made of polycrystalline cells with high electrical "back flow” resistance to
nighttime battery discharging. As a result, KYOCERA modules do not
contain a blocking diode when shipped from the factory. Most PV charge
regulators do have nighttime disconnect feature, however.

11. BYPASS DIODES o
Partial shading of an individual module in a 12 volt or higher source circuit
string (i.e. two or more modules connected in series) can cause a reverse
voltage acress the shaded module. Current is then forced through the
shaded area by the other modules. .
When a bypass diode is wired in parallel with the series string, the forced
current will flow through the diode and bypass the shaded module, thereby
minimizing module heating and array current losses. .
For 12-volt systems and higher: Each module junction box has a diagram
illustrating the proper orientation of the bypass diode installed between two
of the terminal screws. When individual series strings of solar modt‘JIes are
connected together in parallel, bypass diodes should be used in each
medules junction box.
Diodes that are used as bypass diodes must:
* Have a Rated Average Forward Current [lkavy) Above maximum
system current at highest module operating temperature.
- Have a Rated Repetiive Peak Reverse Votage [Veam] Above
maximum system voltage at lowest module operating temperature.

12, MAINTENANCE ; little
Kyocera modules are designed for long life and require veny t't
maintenance. Under most weather conditions, normal rainfall is sufncien

10 keep the module glass surface clean. If dit build-up becomes excessive,
clean the glass surface only with a soft cloth using mild detergent and
water. USE CAUTION WHEN CLEANING THE BACK SURFACE OF
THE MODULE TO AVOID PENETRATING THE PVF SHEET. Modules
that are mounted flat (0° tilt angle) should be cleaned more often, as_ﬂ'\e)'
will not "self clean* as effectively as modules mounted at a 15" tilt or
greater. Once a year, check the tightness of terminal screws and !he
general condition of the wiring. Also, check to be sure that mounting
hardware is tight. Loose connections will result in a damaged module or
amay.

13. SPECIFICATIONS )
The electrical and physical specifications can be found at the end of this
document (Table2) .
NOTES
- The electrical characteristics are indicated values of Pmax under
standard test conditions (iradiance of 1KW/m®, AM 1.5 spectrum,
and cell temperature of 25C).
Under certain conditions, a photovoliaic module is likely to produce
more current and / or voltage than reported at standard test
conditions. Accordingly, the values of Isc and Voc marked on this
module should be multiplied by a factor of 1.25 when determining
component voltage ratings, conductor ampacities, fuse sizes, and
sizes of regulators which are connected to the PV output. Refer to
Section 690-8 of the National Electrical Code for an additional
multiplying factor of 1.25 which may also be applicable.

KYOCERA Solar Group Sales Office

M KYOCERA Corporation
Corporale Solar Energy Group
6 Takeda Tobadono-cho Fushimi-ku, Kyoto 612-8501,
Japan
Phone : 81-75-604-3476
Fax : 81-75-604-3475
http://www kyocera.com/

E KYOCERA Solar Inc.
7812 East Acoma Drive, Scottsdale, AZ 85260, U.S.A.
Phone : 1-480-948-8003 or 1-800-223-9580
Fax : 1-480-483-6431

http://iwww kyocerasolar.com/

M KYOCERA Solar Pty Ltd.
Level 3, 6-10 Talavera Road
North Ryde NSW 2113, Australia
Phone : 61-2-9870-3948
Fax : 61-2-9888-9588
hitp://www.kyocerasolar.com.au/

® KYOCERA Solar do Brasil Lida.
Energia Renovavel LTDA ,Rua Mauricio da Costa Faria,
85 22780-280 Recreio dos Bandeirantes
Rio da Janeiro,Brazil
Phone : 55-21-2437-8525
Fax : 55-21-2437-2338

hitp:/iwww kyocerasolar.com.br/

m KYOCERA Fineceramics GmbH
Fritz Miiller Strasse 107, D-73730 Esslingen, Germany
Phone : 49-711-9393-417
Fax : 49-711-9393-450

hitp:/iwww.kyocerasolar.com de/

m KYOCERA Asia Pacific Pte Ltd.
298 Tiong Bahru Road, #13-03/05 Central Plaza
Singapore 168730
Phone : 65-271-0500
Fax : 65-271-0600
hitp://www kyocera.com.sa/

m KYOCERA (Tianjin) Sales & Trading Corp.
Binjiang International Hotel 1106,
105 Jianshe Road Heping Dist. Tianjin China
Phone : B6-22-2331-8590
Fax : 86-22-2330-6276



Table 2. Kyocera KC Series Module Specification

Electrical Characteristics:@ STC

Model Number KC40T KC50T KCE5T KC85T | KCB5TS | KC125TM | KC130TM
Rated Power, Watts (Pmax) 43 | T15% + 15% e T 10% + 10%
— 5o [ 54 Do |85 0 a7 | T g7 | T (125 | T o0 [ 130 | _ sy
"Open Circuit Voltage (Voc) 21.7 217 T 21 7 = 217 217 21.9
Short Circuit Current (Isc) 565 337 3&;9 - 3'4 5.?;4 S0 502
Voltage at Load (Vpm) 734 174 74 73 74 74 786
Current at Load (Ipm) 248 31 375 5.02 5.02 7.20 7.39
Maximum Syslem Voc 600 600 600 600 600 600 600
Factory Installed Bypass Diode (Qty) Yes (2) Yes (2) Yes (2) Yes (2) Yes (3) Yes (2) Yes (2)
Series Fuse Rating (Amps) 6 3 5 7 7 12 12
Thermal Characteristics:
Temp. coefficient of Voc (V/C) 8.21%x102 | -821x107 | -821%102 | -8.21x102 | 8.21x102 | -8.21x102 | -8.21x102
Temp. coefficient of Isc (A/C) 1.06x10°% | 1.33x107 | 1.59%103 | 2.12%10° | 2.12x102 3.18% 103 3.18x 1073
Temp. coefficient of Vpm (V/C) -9.31%102 | -932x102 | 932x102 | 932102 | 932%102 | 931102 | 9.31x102
Physical Characteristics:
Model Number KC40T KC50T KCB5T KC85T KC85TS | KC125TM | KC130TM
Length, Inches (mm) 20.7(526) | 25.2(639) | 29.6 (751) | 30.6(1007) | 39.6{(1007) | 56.1(1425) | 56.1(1425)
Width, Inches (mm) 25.7(652) | 25.7 (652) | 25.7 (652) | 25.7 (652) | 25.7 (652) | 25.7 (652) | 25.7 (652)
Depth (frame), Inches (mm) 1.42(36) 142(36) | 1.42(36) | 1.42(36) | 1.42(36) 1.42 (36) 1.42 (36)
Depth (including j-box), inches (mm) 2.1(54) 2.1(54) 2.1(54) 2.3(58) 2.3(58) 2.3(58) 2.3(58)
Weight, Pounds (kg) 9.9(4.5) 11.0(5.0) | 13.2(6.0) | 18.3(8.3) | 18.3(8.3) | 26.9(122) | 26.9(12.2)
Mounting Hole Diameter inches (mm) 0.28"(7) 0.28"(7) 0.28"(7) 0.28"(7) 0.28" (7) 0.28" (7) 0.28"(7)
Qty -4 Qly -4 Qty-8 Qty—8 Qty—8 Qty-8 Qty—8
Grounding Hole Diameter inches (mm) | 0.28"(7) | 0.28"(7) | 0.28"(7) | 0.28"(7) | 0.28"(7) 0.28" (7) 0.28" (7)
Qty-2 Qly-2 Qty -2 Qty -2 Qty—2 Qty—2 Qty -2

NOTES

(1) Standard Test Conditions of irradiance of 1000 W/m2, spectrum of 1.5 air mass, and cell temperature of 25 deg C.
(2) Normal Operational Cell Temperature (NOCT) of 800 W/mZ, spectrum of 1.5 air mass, and cell temperature of 25 deg C.
(3) See module drawing for mounting and grounding hole locations.

NOGULE J—BOx M, AJDIM, B] OfM. C | DI, D | DM _E | O F | DG | O H | o, 1
KCAD TYPE G 20 25.67°| 24.13° | 1843 .77- | 1.4 = B.A2 28"
[ k&0 WPE C__ 251672 4, 2287 77 aa = B7" | 0.28- |
[ KCés G 29 2 4 27.28" 77 147 A .59 0.28
{75 TYPE_M 39.65°12 L 37,3 Wkl 4= 4 0.67" | 0,28~
[ KkeBs1s TYPE_M 39.657 |2 4.1 37.36 7 L14” .4 0.67" 0.28~
KC129TM TPE_ MW 5610712 5.84" | 53.82 i .« 7.13% .28~
W 130T YPE_ W 56.107|2 394" [ 5382 A4 4 703" ] 6.28”
JUNETION ROX
SFE DFTANS
r DICDE POSTS DIODE POSTS
i DO WOT UEE DO MOT USE
ra =
f
- ()
c |~ e Cioonr (&°L) DICDE (3PL)
=
TEAMIHAL DESIONATIONS TERMINAL DESIOHATIONS
1: HEOATIVE POST 1 MEQATIVE PO
GROUNDING HOLE 2 BOLATED POST Z:ISOLATED PO:;
™ MARKED @ 3 POSITIVE POST 1 POSITIVE POST
. VRN © S sl . D
TP 1Y, L TYPE ‘M’ J—BOX(KC85TS)
DICUE POSTS
O MOT USE
DICDE (4PL)
) [SEe R | - S
TERMINAL DUSIAHATIONS -
sga | " 1! NEOATIVE POST ' -
-g- » POSITIVF POST aruBOL
RIODE DETAIL
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MICROCHIP  PIC18F2455/2550/4455/4550

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

Universal Serial Bus Features:

+ USB V2.0 Compliant

+ Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s)

+ Supports Conlrol, Interrupt, Isochronous and Bulk
Transfers

« Supports up to 32 Endpoints (16 bidirectional)

+ 1-Kbyte Dual Access RAM for USB

+ On-Chip USB Transceiver with On-Chip Voltage
Regulator

+ Interface for Off-Chip USB Transceiver

+ Streaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power-Managed Modes:

* Run: CPU on, peripherals on

+» |dle: CPU off, peripherals on

« Sleep: CPU off, peripherals off

« |dle mode currents down to 5.8 pA typical

» Sleep mode currents down to 0.1 pA typical
» Timer1 Oscillator: 1.1 pA typical, 32 kHz, 2V
= Watchdog Timer: 2.1 pA typical

= Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

= Four Crystal modes, including High Precision PLL
for USB
» Two External Clock modes, up to 48 MHz
= Internal Oscillator Block:
- B user-selectable frequencies, from 31 kHz
to 8 MHz
- User-tunable to compensate for frequency drift
- Secondary Oscillator using Timer1 @ 32 kHz
« Dual Oscillator options allow microcontroller and
USB module to run at different clock speeds
« Fail-Safe Clock Monitor:
- Allows for safe shutdown if any clock stops

Peripheral Highlights:

High-Current Sink/Source: 25 mA/25 mA

Three External Interrupts

Four Timer modules (Timer0 to Timer3)

Up to 2 Caplure/Compare/PWM (CCP) modules:

- Capture is 16-bit, max. resolution 5.2 ns (Tcy/16)
- Compare is 16-bit, max. resolution 83.3 ns (TcY)
- PWM output: PWM resolution is 1 to 10-bit
Enhanced Capture/Compare/PWM (ECCP) module:
- Multiple output modes

- Selectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

Enhanced USART module:

- LIN bus support

Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI (all 4 modes) and 12C™
Master and Slave modes

10-bit, up to 13-channel Analog-to-Digital Converter
module (A/D) with Programmable Acquisition Time
Dual Analog Comparators with Input Multiplexing

Special Microcontroller Features:

C Compiler Optimized Architecture with optional
Extended Instruction Set

100,000 Erase/Write Cycle Enhanced Flash
Program Memory typical

1,000,000 Erase/Write Cycle Data EEPROM
Memory typical

Flash/Data EEPROM Retention: > 40 years
Self-Programmable under Software Control
Priority Levels for Interrupts )

8 x 8 Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s
Programmable Code Protection

Single-Supply 5V In-Circuit Serial
Programming™ (ICSP™) via two pins

In-Circuit Debug (ICD) via two pins

Optional dedicated ICD/ICSP port (44-pin devices only)
Wide Operating Voltage Range (2.0V to 5.5V)

MSSP ] [
Program Memory Data Memory_4 I . o E:t E —
Device | Frash | # Singlo-Word | SRAM |EEPROM| YO 1o (ch)|  (PWM) so Mt 5 g Timers
(bytes)| Instructions (bytes) | (bytes) ﬁ

FIC18F2455| 24K 12268 ’:“_26?&3_ 256 | 24 | 10 zg :o v = == e
PIC18F2550 | 32K 16384 2048 | 256 | 24| 10 L C - ; :: T
PIC1BF4455 | 24K 12288 | 2048 256 | 35 | 13 u Yes i s ”
PIC18F4550 | 32K 16384 | 2048 | 256 35 | 13 = % 1 2

—

P
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PIC18F2455/2550/4455/4550

pPin Diagrams

28-Pin PDIP, SOIC

MCLR - L 4
MCLR’;:;;?E; Ch 28[] = RB7/KBI3PGD
iy E ; 27 a ~—= RE6/KBIZPGC
——
RAZANZIVREF-/CVREF O 26[ ) =—= RBS5/KBI1/PGM
RAVANIVRERS =—s s - 25[] =—= RB4/AN11/KBIO \
RA4/TOCKI/C10UT/RCY Cle @2 24[7] =—= RB3/AN9/CCP2(VVPO
RAS/AN4/SS/HLVDINIC20UT * all P 23| ] =—= RB2/ANB/INT2VMO
- L -y 22[ ] =—= RB1/AN10/INT1/SCK/SCL
OSCUC\:.SS = E 3 s 21[J ~—= RBO/AN12/INTO/FLTO/SDI/SDA
K| = == 20( ] =— VoD
OSC2/CLKO/RABE =—[]10 a o 193 Vss
NEOMIOSOITeK =+l 18] =—= RC7/RX/DT/SDO
RCATY °S"CC:?'“IUOE -—=[]12 17[] =—= RCB/TX/CK
C2/CCP1 =—[113 16[) =—= RC5/D+NVP
Vuss =—[]14 15[] =— RC4/D-NM
40-Pin PDIP
(-]
MCLRVPPIRE3 ——= [] 1 ~ 40 [0 =— RB7/KBI3/PGD
RAO/AND =[] 2 39 [] =—= RB6/KBI2/PGC
RAT/ANT =—[] 3 38 [] =—= RBS/KBI1/PGM
RA2/AN2VREFICVREF =—e[] 4 37 [] =—= RB4/AN11/KBIO/CSSPP
RAI/ANINVREF+ =—a[] 5 36 [J =—= RB3/AN9Y/CCP2UVVPO
RA4/TOCKVC10UT/RCV =-—=[] 6 35 [] =—= RB2/ANB/INT2VMO
RAS/AN4/SS/HLVDIN/C20UT =—=[] 7 34 [) =— RB1/AN10/INT4/SCK/SCL
REQ/ANS/CK1SPP =—=[] 8 33 [J =—= RBO/AN12/INTO/FLTO/SDI/SDA
RE1/ANB/CK2SPP =—=[] 9 32[] =— Voo

31 [] =——Vss

30 [J =—e RD7/SPP7/P1D
29 [] =— RD6/SPPE/PIC
28 [] -—— RDS/SPP5/P1B
] =— RD4/SPP4

[] =— RC7/RX/DT/SDO

RE2/ANT/OESPP =—[]
Voo —= [

Vss ——[]

0SC1/CLKI ——= ]
OSC2/CLKO/RAE =——[]
RCO/T10SO/T13CKI =—=[]

-
-

PR}
PIC18F4455

PIC18F4550

- s
o e W
NN
3~

RCTI0SICCPZVU0E —= (] 16 25 [J =—= RCB/TX/CK
RC2/CCP1/PIA -—= [] 17 24 [] =—= RCS5/D+/VP

vusp ~—s[] 18 23 [] =— RC4/D-VM

RDO/SPPO —=—a[] 19 22 [] =— RD3/SPP3

21[] =— RD2/SPP2

~n
o

RD1/SPP1 =—s

Note 1: RB3 is the alternate pin for CCP2 multiplexing.

|
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o
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13.0 TIMER2 MODULE

The Timer2 module timer incorporates the followin
features: g

» B-bit timer and period registers (TMR2 and PR2
respectively) '

+ Readable and writable (both registers)

« Software programmable prescaler (1:1, 1:4 and
1:16)

« Software programmable postscaler (1:1 through
1:16)

= Interrupt on TMR2 to PR2 match

« Optional use as the shift clock for the MSSP
module

The module is controlled through the T2CON register
(Register 13-1) which enables or disables the timer and
configures the prescaler and postscaler. Timer2 can be
shut off by clearing control bit, TMR2ON (T2CON<2>),
to minimize power consumption.

A simplified block diagram of the module is shown in
Figure 13-1.

REGISTER 13-1:

13.1 Timer2 Operation

In normal operation, TMR2 is incremented from 00h on
each clock (Fosc/4). A 2-bit counter/prescaler on the
clock input gives direct input, divide-by-4 and divide-by-
16 prescale options. These are selected by the prescaler
control bits, T2CKPS1:T2CKPS0 (T2CON<1:0>). The
value of TMR2 is compared to that of the period register,
PR2, on each clock cycle. When the two values match,
the comparator generates a match signal as the timer
output. This signal also resets the value of TMR2 to 00h
on the next cycle and drives the output counter/
postscaler (see Section 13.2 “Timer2 Interrupt”).

The TMR2 and PR2 registers are both directly readable

and writable. The TMR2 register is cleared on any

device Reset, while the PR2 register initializes at FFh.

Both the prescaler and postscaler counters are cleared

on the following events:

= a write to the TMR2 register

» a write to the T2CON register

- any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

T2CON: TIMER2 CONTROL REGISTER

u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
o= T20UTPS3 ] T20UTPS2 ] T20UTPS1 | T20UTPSO TMR20ON T2CKPS1 T2CKPSO0
bit 7 bit 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as '0’
-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’

bit 6-3
0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale

bit 2 TMR20ON: Timer2 On bit

1 = Timer2 is on
o = Timer2 is off
bit 1-0
00 = Prescaler is 1
01 = Prescaleris 4
1x = Prescaler is 16

T20UTPS3:T20UTPS0: Timer2 Output Postscale Select bits

T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

Preliminary
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Timer2 Interrupt
13.2 ‘ P 13.3 TMR2 Output
The unscaled output of TMR2 is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode.

Timer2 also can generate an optional device interrupt.
The Timer2 output signal (TMR2 to PR2 match) pro-
vides the input for the 4-bit output counter/postscaler.
This counter generates the TMR2 match interrupt flag

which is latched in TMR2IF (PIR1<1>). The interrupt is Timer2 can be optionally used as {he shiﬁ doclk sou:;.;e
enabled by setting the TMR2 Match Interrupt Enable for Ll m_odulg bpatalog. vl SP. m:;go-
bit, TMR2IE (PIE1<1>). Additional information is provided in Section 13.

_ : “Master Synchronous Serial Port (MSSP) Module™.
Arange of 16 postscale options (from 1:1 through 1:16

inclusive) can be selected with the postscaler control
bits, T20UTPS3:T20UTPS0 (T2CON<6:3>).

FIGURE 13-1: TIMER2 BLOCK DIAGRAM

T20UTPS3:T20UTPS0 i | 1101016 > Set TMR2IF
2 Postscaler
T2CKPS1:T2CKPSQ =——pl—ry o« TMR2 Output
" (to PWM or MSSP)
| 4 TMR2/PR2
¥ Reset Match

Fosc/4 —— 11,14, 1:6 ——I TMR2 1:[)lgmparaior I<}=i PR2 J

Prescaler
8 8 8
@ 8
Vi

Internal Data Bus < 7 “

TABLE 13-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

Reset
Name Bit7 Bit 6 - Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
INTCON| GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE® RBIE ~ | TMROIF INTOIF RBIF 51
PIR1 SpPiFU | ADIF | .RCIF .| TXIF '|' SSPIF | CCP1IF | TMR2IF | TMR1IF 54
PIE1 | SPPIEW | ADIE | RCIEE | TXE. | SSPIE | CCP1E | TMR2IE | TMR1IE 54
IPR1 | sppiP | -ADIP | - RCIP TXIP. | SSPIP | CCP1IP | TMR2IP | TMR1IP 54
TMR2 [Timer2 Register 52
T2CON | o— = ] T20UTPS3| T20UTPS2| T20UTPS1 T20UTPS0| TMR20ON | T2CKPS1 | T2CKPS0 52
PR2  |Timer2 Period Register 52
Legend: — = unimplemented, read as ‘0". Shaded cells are not used by the Timer2 module.
Note 1: These bits are unimplemented on 28-pin devices; always maintain these bits clear.
Preliminary © 2007 Microchip Technology Inc.
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15.0 CAPTURE/COMPARE/PWM
(CCP) MODULES

PIC18F2455/2550/4455/4550 devices all have two
CCP (Capture/Compare/PWM) modules. Each module
contains a 16-bit register, which can operate as a 16-bit
Capture register, a 16-bit Compare register or a PWM
Master/Slave Duty Cycle register.

In 28-pin devices, the two standard CCP modules (CCP1
and CCP2) operate as described in this chapter. In
40/44-pin devices, CCP1 is implemented as an
Enhanced CCP module, with standard Capture and
Compare modes and Enhanced PWM modes. The
ECCP implementation is discussed in Section 16.0
“Enhanced Capture/Compare/PWM (ECCP) Module".

REGISTER 15-1:

The Capture and Compare operations described in this
chapter apply to all standard and Enhanced CCP
modules.

Note: Throughout this section and Section 16.0
“Enhanced Capture/Compare/PWM (ECCP)
Module”, references to the register and bit
names for CCP modules are referred to gener-
ically by the use of ‘x’ or 'y’ in place of the
specific module number. Thus, “CCPxCON"
might refer to the contral register for CCP1,
CCP2 or ECCP1. “CCPxCON" is used
throughout these sections to refer. to the
module control register regardless of whether

. the CCP module is a standard or Enhanced
" implementation.

CCPxCON: STANDARD CCPx CONTROL REGISTER

uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
e el DCxB1 | DCxBO | CCPxM3 | CCPxM2 [ CCPxM1 | CCPxMO
bit 7 bit 0
Legend:

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

bit 7-6 Unimplemented: Read as ‘o't
bit 54 DCxB1:DCxB0: PWM Duty Cycle Bit 1 and Bit 0 for CCPx Module
Capture mode:
Unused.
Compare mode:
Unused.
PWM mode:
These bits are the two LSbs (bit 1 and bit 0) of the 10-bit PWM duty cycle. The eight MSbs of the duty
cycle are found in CCPR1L.
bit 3-0 CCPxM3:CCPxM0: CCPx Module Mode Select bits
0000 = Capture/Compare/PWM disabled (resets CCPx module)
0001 = Reserved
0010 = Compare mode: toggle output on match (CCPxIF bit is set)
0011 = Reserved
0100 = Capture mode: every falling edge
0101 = Capture mode: every rising edge
0110 = Capture mode: every 4th rising edge
0111 = Capture mode: every 16th rising edge
1000 = Compare mode: initialize CCPx pin low; on compare match, force CCPx pin high
(CCPxIF bit is set)
1001 = Compare mode: initialize CCPx pin high; on compare match, force CCPx pin low
(CCPxIF bit is set)
1010 = Compare mode: generate software interrupt on compare match (CCPxIF bit is set,
CCPx pin reflects I/O state)
1011 = Compare mode: trigger special event, reset timer, start A/D conversion on CCP2 match
(CCPxIF bit is set)
11xx = PWM mode
Note 1: These bits are not implemented on 28-pin devices and are read as ‘0.

Preliminary
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The assignment of a particular timer to a module is
. . determined by the Timer to CCP enable bits in the
15.1 CCP Module Configuration T3CON register (Register 14-1). Both modules may be

gach Capture/Compare/PWM module is assocjated
with a control register (generically, CCPxCON) and a
data register (CCPRx). The data register, in turn, is
comprised of two 8-bit registers: CCPRxL (low byte)
and CCPRxH (high byte). All registers are both
readable and writable.

CCP MODULES AND TIMER
RESQURCES

The CCP modules utilize Timers 1, 2 or 3, depending
on the mode selected. Timer1 and Timer3 are available
to modules in Capture or Compare modes, while
Timer2 is available for modules in PWM mode.

15.1.1

active at any given time and may share the same timer
resource if they are configured to operate in the same
mode (Capture/Compare or PWM) at the same time. The
interactions between the two modules are summarized in
Figure 15-2. In Timer1 in Asynchronous Counter mode,
the capture operation will not work.

15.1.2 CCP2 PIN ASSIGNMENT

The pin assignment for CCP2 (Capture input, Compare
and PWM output) can change, based on device config-
uration. The CCP2MX Configuration bit determines
which pin CCP2 is multiplexed to. By default, it is
assigned to RC1 (CCP2MX = 1). If the Configuration bit
is cleared, CCP2 is multiplexed with RB3.

. Changing the pin assignment of CCP2 does not
151: CCPM - .
TABLE RESOU??%EE TIMER automatically change any requirements for configuring
the port pin. Users must always verify that the appropri-
CCP/ECCP Mode Timer Resource ate TRIS register is configured correctly for CCP2
operation, regardless of where it is located.
Capture Timer1 or Timer3 :
Compare Timer1 or Timer3
PWM Timer2
TABLE 15-2: INTERACTIONS BETWEEN CCP1 AND CCP2 FOR TIMER RESOURCES
CCP1 Mode | CCP2 Mode Interaction

Capture Capture | Each module can use TMR1 or TMR3 as the time base. The time base can be different
for each CCP.

Capture Compare |CCP2 can be configured for the Special Event Trigger to reset TMR1 or TMR3
(depending upon which time base is used). Automatic A/D conversions on trigger event
can also be done. Operation of CCP1 could be affected if it is using the same timer as a
time base.

Compare Capture | CCP1 be configured for the Special Event Trigger to reset TMR1 or TMR3 (depending
upon which time base is used). Operation of CCP2 could be affected if it is using the
same timer as a time base.

Compare Compare | Either module can be configured for the Special Event Trigger to reset the time base.
Automatic A/D conversions on CCP2 trigger event can be done. Conflicts may occur if
both modules are using the same time base.

Capture PwmMD [ None

Compare PwM{)  |None

PWM) Capture | None

Pwm) Compare |None

Pwm™ PWM Both PWMs will have the same frequency and update rate (TMR2 interrupt).
Note 1: Includes standard and Enhanced PWM operation.

:_——__
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15.2 Capture Mode

In Capture mode, the CCPRxH:CCPRxL register pair
captures the 16-bit value of the TMR1 or TMR3
registerf“a when an eyem occurs on the corresponding
CCPx pin. An event is defined as one of the following:
. every falling edge

« every rising edge

. every 4th rising edge

- every 16th rising edge

The event is selected by the mode select bits
CCPxM3:CCPXMO (CCPXCON<3:0>). When a capture
is made, the interrupt request flag bit, CCPxIF, is set: it
must be cleared in software. If another capture occurs
before the value in register CCPRx is read, the old
captured value is overwritten by the new captured value.

15.2.1 CCP PIN CONFIGURATION

In Capture mode, the appropriate CCPx pin should be
configured as an input by setting the corresponding
TRIS direction bit.

Note:  If RB3/CCP2 or RC1/CCP2 is configured
e as an output, a write to the port can cause
a capture condition. 3

15.2.2 TIMER1/TIMER3 MODE SELECTION

The timers that are to be used with the capture feature
(Timer1 and/or Timer3) must be running in Timer mode or
Synchronized Counter mode. In Asynchronous Counter
mode, the capture operation will not work. The timer to be
used with each CCP module is selected in the T3CON
register (see Section 15.1.1 “CCP Modules and Timer
Resources”).

1523  SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPxIE interrupt enable bit clear to avoid false
interrupts. The interrupt flag bit, CCPxIF, should also be
cleared following any such change in operating mode.

15.2.4 CCP PRESCALER

There are four prescaler settings in Capture mode.
They are specified as pari of the operating mode
selected by the mode select bits (CCPxM3:CCPxM0).
Whenever the CCP module is turned off or Capture
mode is disabled, the prescaler counter is cleared. This
means that any Reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 15-1 shows the
recommended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.

EXAMPLE 15-1: CHANGING BETWEEN
CAPTURE PRESCALERS
(CCP2 SHOWN)

CLRF CCP2CON ; Turn CCP module off
MOVLW NEW_CAPT_PS ; Load WREG with the
; new prescaler mode
; value and CCP ON
MOVWF CCP2CON ; Load CCP2CON with
; this wvalue

FIGURE 15-1: CAPTURE MODE OPERATION BLOCK DIAGRAM
[ TMR3H | TwRaL |
Set CCP1IF
T3ccP2
Enable
CCP1 pin

Prescaler _{_and_*_ |
+1,4,16 Edge Detect

CCP1CON<3:0> —ed

Q1:04 #——-4
CCP2CON<3:0> =7

CCP2 pin

Prescaler

T3CCP2

Set CCP2IF

[ ccPrin | ccpriL |

Enable

[ TMR1H | -rumﬂ

[ TMR3H | TMRIL |

TMR3
Enable

[ccpkzu | CCPR2L |

Enable

| TMRTH | mmg
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15.3 Compare Mode

In Compare mode, the 16-bit CCPRXx register value is

constantly compared against either the TMR1 or TMR3

register pair value. When a match occurs, the CCPx pin

can be:

. driven high

. driven low

. toggled (high-to-low or low-to-high)

. remain unchanged (that is, reflects the state of the
110 latch)

The action on the pin is based on the value of the mode
select bits (CCPxM3:CCPxMO0). At the same time, the
interrupt flag bit, CCPxIF, is set.

15.3.1 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the appropriate TRIS bit.

‘Note: - Clearing the CCP2CON register will force
=+ the RB3 or RC1: compare output latch
.- (depending on device configuration) to the
. default low level. This is not the PORTB or

. PORTC l/O datalatch.. . z

FIGURE 15-2:

1532  TIMER1/TIMER3 MODE SELECTION

Timer1 and/or Timer3 must be running in Timer mod?.
or Synchronized Counter mode, if the CCP module I1s
using the compare feature. In Asynchronous Counter
mode, the compare operation may not work.

15.3.3 SOFTWARE INTERRUPT MODE

When the Generate Software Interrupt mode is chosen
(CCPxM3:CCPxMO = 1010), the corresponding CCPx
pin is not affected. Only a CCP interrupt is generated,
if enabled, and the CCPxIE bit is set.

15.3.4 SPECIAL EVENT TRIGGER

Both CCP modules are equipped with a Special Event
Trigger. This is an internal hardware signal generated
in Compare mode 1o trigger actions by other modules.
The Special Event Trigger is enabled by selecting
the Compare Special Event Trigger mode
(CCPxM3:CCPxMO0 = 1011).

For either CCP module, the Special Event Trigger resets
the Timer register pair for whichever timer resource is
currently assigned as the module’s time base. This
allows the CCPRx registers to serve as a programmable
period register for either timer.

The Special Event Trigger for CCP2 can also start an
AJ/D conversion. In order to do this, the A/D converter
must already be enabled.

COMPARE MODE OPERATION BLOCK DIAGRAM

Special Event Trigger
imer1/Timer3 Reset
rcchml ccpmﬂ Set CCP1IF (T )
CCP1 pin
|Compare Output £ Q > g
| Comparator  [Fpzich Logic R LT
ﬁ TRIS
41 Output Enable
CCP1CON<3:0>
5 TMRIH | TMRIL =D,
Special Event Trigger
> 1
y TMR3H | TMR3L (Timer1/Timer3 Reset, A/D Trigger)
IRoPl T3CCP2
= Q/L Set CCP2IF CCP2 pin
S Q
Compare Output
Comparator _}—Malrt’:h Logic R
i & TRIS
[ utput Enable
CPR2L
FCCPRZH | ¢ J CCP2CON<3:0>

—
——
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TABLE 15-3: REGISTERS ASSOCIATED wiTH CAPTURE, COMPARE, TIMER1 AND TIMER3
: . Reset
Name S Bit 6 Bits | Bit4 | mits | Bitz2 | Bit1 Bito | Values
on page
IN;’S;)N GlIEP/ZLEH gBE(;EIGlE(:_) TMROIE lN?ElE RBIE TMROIF | INTOIF _R_B_IE 51
R _ 5 REN = RI TO PD POR BOR 52
PIR1 SPPIF b whOIF RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 54
PIE1 SPPIE® | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 54
IPR1 SPPIP? | ADIP RCIP | TXIP | SSPIP | CCP1IP | TMR2IP | TMR1IP | 54
PIR2 OSCFIF CMIF USBIF EEIF BCLIF | HLVDIF | TMR3IF | CCP2IF 54 |
PIE2 OSCFIE | CMIE USBIE | EEIE | BCLIE | HLVDIE | TMR3IE | CCP2IE 54
IPR2 OSCFIP | CMIP | USBIP | EEIP | BCLIP | HLVDIP | TMR3IP | CCP2IP 54
TRISB TRISB7 | TRISBG TRISBS | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 54
TRISC TRISC7 | TRISCS = — | — [ Trisc2 | TRisc1 | TRISCO | 54
TMR1L Timer1 Register Low Byte 52
TMR1H Timer1 Register High Byte 52
T1CON RD16 | TIRUN [T1CKPS1 | TICKPSO[T10SCEN] TISYNC | TMR1CS | TMR1ON | 52
TMR3H Timer3 Register High Byte 53
TMR3L Timer3 Register Low Byte 53
T3CON RD16 | T3cCP2 [T3CKPS1[TackPso| T3cCP1 | TSSYNC | TMR3CS [ TMR3ON | 53
CCPRIL Capture/Compare/PWM Register 1 Low Byte 53
CCPR1H  |Capture/Compare/PWM Register 1 High Byte 53
ccP1CON | PiM1@ | Pimo® [ pciB1 [ Dc1Bo | cCPiM3 | ccPim2 | CCP1M1 | CCPIMO | 53
CCPR2L Capture/Compare/PWM Register 2 Low Byte 53
CCPR2H CapturelCompare/PWM Register 2 High Byte . 53
CCP2CON 27 — | ocze1 [ pceso | ccPaM3 [ CCP2M2 | CCP2M1 | CCP2MO | 53
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by Capture/Compare, Timer1 or Timer3.
Note 1: The SBOREN bit is only available when BOREN<1:0> = 01; otherwise, the bit reads as ‘0"..

2: These bits are unimplemented on 28-pin devices; always maintain these bits clear.

© 2007 Microchip Technology Inc.
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15.4 PWM Mode

|n Pulse-Width Modulation (PWM) mode, the CCPx pin
produces up to a 10-bit resolution PWM output. Since
the CCP2 pin is multiplexed with a PORTB or PORTC
data latch, the appropriate TRIS bit must be cleared to
make the CCP2 pin an output.

Note:  Clearing the CCP2CON register will force
the RB3 or RC1 output latch (depending
on device configuration) to the default low
level. This is not the PORTB or PORTC
1/0O data latch.

Figure 15-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 15.4.4
“Setup for PWM Operation”.

FIGURE 15-3: SIMPLIFIED PWM BLOCK

DIAGRAM

Duty Cycle Registers [....- CCPxCON<5:4>

r CCPRL | l

I?CPR::H (Slave)l |
l Comparator J* R Q
CCPx
Qutput
l TMR2 J (Note 1)|
— S
Corresponding
Comparator :
Clear Timer, TRIS bit
CCPx pin and
latch D.C.

Note 1: The 8-bit TMR2 value is concatenated with the 2-bit
internal Q clock, or 2 bits of the prescaler, to create the
10-bit time base.

A PWM output (Figure 15-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 154: PWM OUTPUT

Period

SSNE D T e P o

~— :
+ Duty Cycle )

TMR2 = PR2

v TMR2 = Duty Cycle
TMR2 = PR2

15.4.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:

EQUATION 15-1:

PWM Period = [(PR2)+ 1]+4 - TOsC*
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period].

When TMR2 is equal to PR2, the following three events

occur on the next increment cycle:

* TMR2 is cleared

* The CCPx pin is set (exception: if PWM duty
cycle = 0%, the CCPx pin will not be set)

* The PWM duty cycle is latched from CCPRxL into
CCPRxH

Note: = The Timer2 postscalers (see Section 13.0
' “Timer2 Module”) are not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo

update rate at a different frequency than

~the PWM output. A

1542 PWMDUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRxL register and to the CCPxCON<5:4> bits. Up
to 10-bit resolution is available. The CCPRxL contains
the eight MSbs and the CCPxCON<5:4> bits contain
the two LSbs. This 10-bit value is represented by
CCPRxL:CCPxCON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

EQUATION 15-2:

PWM Duty Cycle = (CCPRXL:CCPXCON<5:4>) «
Tosc = (TMR2 Prescale Value)

CCPRxL and CCPxCON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPRxH until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPRXxH is a read-only register.

e ——

———
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The CCPRxH register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.

when the CCPRxH and 2-bit latch match TMR2

concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the CCPx pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

EQUATION 15-3:

Fosc
e Frwm
PWM Resolution (max) = —————bits

log(2)
.Note:  If the PWM duty cycle value is longer than
- the PWM period, the CCPx pin will not be
: cleared.
|

TABLE 15-4:

EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz

PWM Frequency 244kHz | 9.77kHz | 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 10 10 10 8 7 6.58
15.4.3 PWM AUTO-SHUTDOWN 15.4.4 SETUP FOR PWM OPERATION

(CCP1 ONLY)

The PWM auto-shutdown features of the Enhanced CCP
module are also available to CCP1 in 28-pin devices. The
operation of this feature is discussed in detail in
Section 16.4.7 “Enhanced PWM Auto-Shutdown”,

Auto-shutdown features are not available for CCP2.

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Set the PWM period by writing to the PR2
register.

2. Set the PWM duty cycle by writing to the
CCPRxL register and CCPxCON<5:4> bits.

3. Make the CCPx pin an output by clearing the
appropriate TRIS bit.

4. Set the TMR2 prescale value, then enable
Timer2 by writing to T2CON.

5. Configure the CCPx module for PWM operation.

© 2007 Microchip Technology Inc.
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ABLE 15-5: REGISTERS ASSOCIATED
: WITH PWM AND TIMER2

. . Res?
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | Values
on page

INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF 51
[RCON _ lPEN(z SBOREN| Rl To FD POR BOR 52
PIR SPPIF?) |  ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 54
PIET SPPIE® | ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 54
PR1 SPPIP@ | ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | 54 |
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 54
TRISC TRISC7 | TRISC6 = — — TRISC2 | TRISC1 | TRISCO | 54
TMR2 Timer2 Register 52
PR2 Timer2 Period Register 52
T2CON — JTZOUTPSB|T2OUTPSZ|T20UTPS1 | T20UTPSO] TMR2ON | T2CKPS1 | T2CKPS0 | 52
CCPR1L |Capture/Compare/PWM Register 1 Low Byte 53
[CCPR1H__[Capture/Compare/PWM Register 1 High Byle 53
CCP1CON | PIM1™ | PiM0® [ DC1B1 | DC1BO | CCPIM3 | CCPM2 | CCPAMI | CCPIMO | 53
CCPR2L _[Capture/Compare/PWM Register 2 Low Byte 53
CCPR2H |Capture/Compare/PWM Register 2 High Byte 53
CCP2CON - —_ DC2B1 | DC2B0 | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO | 53
ECCP1AS | ECCPASE | ECCPAS2 | ECCPAST | ECCPASO | PSSACt | Pssaco |PssBD1®)|pssBDo@| 53
ECCP1DEL| PRSEN | PDC6@ | ppcs® | ppca®@ | ppca@ | poc2® | ppbc1®@ | poco®@ | 53
Legend: — = unimplemented, read as ‘0. Shaded cells are not used by PWM or Timer2.
Note 1: The SBOREN bit is only available when BOREN<1:0> = 01; otherwise, the bit reads as ‘0'.

2: These bits are unimplemented on 28-pin devices; always maintain these bits clear.
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16.0 ENHANCED
CAPTURE/COMPARE/PWM
(ECCP) MODULE

Note: - The ECCP module is implemented only in
40/44-pin devices.

In PIC18F4455/4550 devices, CCP1 is implememed.
as a standard CCP module with Enhanced PWM
capabilities. These include the provision for 2 or 4

Enhanced features are discussed in detail In
Section 16.4 “Enhanced PWM Mode”. Capture,
Compare and single output PWM functions of the
ECCP module are the same as described for the
standard CCP module.

The control register for the Enhanced CCP module is
shown in Register 16-1. It differs from the CCPxCON
registers in PIC18F2255/2550 devices in that the two
Most Significant bits are implemented to control PWM

output channels, user-selectable polarity, dead-band functionality.

control and automatic shutdown and restart. The

REGISTER 16-1: CCP1CON: ECCP CONTROL REGISTER (40/44-PIN DEVICES)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RW-0 RW-0
P1M1 PIMO | DC1B1 | DC1BO [ ccpiM3 [ ccPiM2 | CCP1M1 [ ccpimo
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 P1M1:P1MO0: Enhanced PWM Output Configuration bits

If CCP1M3:CCP1M2 = 00, 01, 10:

xx = P1A assigned as Capture/Compare input/output; P1B, P1C, P1D assigned as port pins

If CCP1M3:CCP1M2 = 11:

00 = Single output: P1A modulated; P1B, P1C, P1D assigned as port pins

01 = Full-bridge output forward: P1D modulated; P1A active; P1B, P1C inactive

10 = Half-bridge output: P1A, P1B modulated with dead-band control; P1C, P1D assigned as port pins
11 = Full-bridge output reverse: P1B modulated; P1C active; P1A, P1D inactive

bit 5-4 DC1B1:DC1B0: PWM Duty Cycle Bit 1 and Bit 0

Capture mode:
Unused.

Compare mode:
Unused.

PWM mode:
These bits are the two LSbs of the 10-bit PWM duty cycle. The eight MSbs of the duty cycle are found
in CCPR1L. )
bit 3-0 CCP1M3:CCP1MO0: Enhanced CCP Mode Select bits
0000 = Capture/Compare/PWM off (resets ECCP module)
0001 = Reserved
0010 = Compare mode, toggle output on match
0011 = Capture mode
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising e.dge
1000 = Compare mode, initialize CCP1 pin low, set output on compare match (set CCP1IF)

1001 = Compare mode, initialize CCP1 pin .high. clear output on compare match (set CCP1IF)
1010 = Compare mode, generate software interrupt only, CCP1 pin reverts to |/O state

1011 = Compare mode, Irigger special event (CCP1 rese'ts TMR1 or TMR3, sets CCP1IF bit)
1100 = PWM mode: P1A, P1C active-high; P1B, P1D acifve-mgh

1101 = PWM mode: P1A, P1C active-high; P1B, P1D ac-twe-l‘ow

1110 = PWM mode: P1A, P1C active-low, P18, P1D act!ve-hlgh

1111 = PWM mode: P1A, P1C active-low; P1B, P1D active-low
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21.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter m

i : odule

10 inputs for the 28-pin devices and 13 for 2::
40/44-pin devices. This module allows conversion of an
analog input signal to a correspondin W
number. g 10-bit digital

The module has five registers:

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

« A/D Control Register 1 (ADCON1)

« A/D Control Register 2 (ADCON2)

REGISTER 21-1:

PIC18F2455/2550/4455/455

The ADCONO register, shown in Register 21-1,
controls the operation of the A/D module. The
ADCONH1 register, shown in Register 21-2, configures
the functions of the port pins. The ADCONZ2 register,
shown in Register 21-3, configures the A/D clock
source, programmed acquisition time and justification.

ADCONO: A/D CONTROL REGISTER 0

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Y = CHS3 | CHs2 [ ° CHst CHSO | GO/DONE | ADON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown

bit 7-6
bit 5-2

Unimplemented: Read as ‘0’
CHS3:CHSO0: Analog Channel Select bits

0000 = Channel 0 (AND)
0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channel 5 (AN5){1:2)
0110 = Channel 6 (AN6)"?)
0111 = Channel 7 (AN7){1:2)
1000 = Channel 8 (AN8)
1001 = Channel 9 (AN9)
1010 = Channel 10 (AN10)
1011 = Channel 11 (AN11)
1100 = Channel 12 (AN12)
1101 = Unimplemented®®
1110 = Unimplemented®®
1111 = Unimplemented®

bit 1 GO/DONE: A/D Conversion Status bit
When ADON = 1:
1 = A/D conversion in progress
0 = A/D Idle

bit 0 ADON: A/D On bit

1 = A/D converter module is enabled
o = A/D converter module is disabled

Note 1: These channels are not implemented
2: Performing a conversion on unimplemente

on 28-pin devices.
d channels will return a floating input measurement.

Preliminary
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REGISTER 21-2:  ADCON1: A/D CONTROL REGISTER 1

SR
- uU-0 B
S | \Z\LVGO RW-0 — RWOM _ Rw™ R R
0 | vcFao | PCFG3 | PCFG2 PCFG1 | PCFGO

bit 7 bit 0
(L SS—
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5 VCFGO: Voltage Reference Configuration bit (VREF- source)

1 = VREF- (AN2)

0 =Vss
bit 4 VCFGO: Voltage Reference Configuration bit (VREF+ source)

1 = VREF+ (AN3)

0 = VDD , .
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bils:

Note 1: The POR value of
PBADEN = 1, PCFG<3:0

peres| Yl 2l 8B lale B I8 18 le|w|lule]le
PcFoo| % | % | %[ %|%|%|2|3[5|%)%|F|%
0000(1) A A A A A A A A A A A A A
0001 A A A A A A A A A A A A A
0010 A A A A A A A A A A A A A
0011 D A A A A A A A A A A A A
0100 D D A A A A A A A A A A A
0101 D D D A A A | A A A A A A A
0110 D D D D A A A A A A A A A
01211MW| D D D D D A A A A A A A A
1000 D D D D D D A A A A A A A
1001 D D D D D D D A A A A A A
1010 D D D D D D D D A A A A A
1011 D D D D D D D D D A A A A
1100 D D D D D D. D D D D A A A
1101 D D D p|pop|D|D|D|D|D|DJ]A|A
1110 D D D D D D D D D D D D A
1111 D D D D D D D D D D D D D

A = Analog input D = Digital I/O

2:  ANS through AN7 are available only on 40/44-pin devices.

the PCFG bits depends on the value of the PBADEN Configuration bit. When
> = 0000; when PBADEN = 0, PCFG<3:0> = 0111.
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REGISTER 21-3: ADCON2: A/D CONTROL REGISTER 2

[ RW-0 i RN-0 RIW-0 RAW-0 RIW-0 R/W-0

RW-0
ADFM — | acatz | acam [ acato ADCS2 ADCS1 ADCS0 |
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit

U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bit is set

‘0" = Bit is cleared x = Bit is unknown

bit 7 ADFM: A/D Result Format Select bit
1 = Right justified
0 = Left justified

bit 6 Unimplemented: Read as ‘o'

bit 5-3 ACQT2:ACQTO: A/D Acquisition Time Select bits
111 = 20 TAD
110 = 16 TAD
101 =12 TaD
100 = 8 TAD
011 =6 TAD
010 =4 TAD
001 =2 TAD
000 = 0 Tao(!
bit 2-0 ADCS2:ADCS0: A/D Conversion Clock Select bits
111 = FRC (clock derived from A/D RC oscillator)()
110 = FOSC/64
101 = Fosc/16
100 = Fosc/4
011 = FRC (clock derived from A/D RC oscillator)(")
010 = Fosc/32
001 = Fosc/8
000 = Fosc/2

Note 1: |Ifthe A/D FRc clock source is selected, a delay of one Tcy (instruction cycle) is added before the A/D
clock starts. This allows the SLEEP instruction to be executed before starting a conversion.

imina DS39 X
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The analog reference voltage is software selectable to
either the device's positive and negative supply voltage
(VoD and Vss) or the voltage level on the
RA3/ANS/VREF+ and RA2/AN2/VREF-/CVREF pins,

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

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

EFIGURE 21-1: A/D BLOCK DIAGRAM

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted.

Each port pin associated with the A/D converter can be
configured as an analog input or as a digital 1/10. The
ADRESH and ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is com-
plete, the result is loaded into the ADRESH:ADRESL
register pair, the GO/DONE bit (ADCONO register) is
cleared and A/D Interrupt Flag bit, ADIF, is set. Th'e
block diagram of the A/D module is shown In
Figure 21-1.

CHS3:CHS0
IO 56, I——

\o——|”°° : ZI AN12
\o—-———|1°“ Z| AN11
\9———{1010 g| AN10

1001

s ANS

'

o\;—lﬂé———lz AN
: N\, 0111 . g ANTD)

Note 1:

\)ﬂi——& ANs
\._ 0101 . & AN
0100 . ANA
VAIN 0—'—l: g‘
10-Bit (Input Voltage) ! \_ 0011 , g ANG
Cowgﬂer : 0010 :
: 0001 |
VCFG1:VCFGO : \ d & AN1
wmelnled panfl) 0000 |
' ' : : ANO
- : ' X0 ki SESISTSSSYE=eEkeis) e %
VREF+ . 1 X1
| Referencel ;;L(
| Voltage | VREF- : L b%
Lo s e el : O-f L

Channels AN5 through AN7 are not available on 28-pin devices.
2: 1/O pins have diode protection to VDD and Vss.
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The value in the ADRESH:ADRESL registers is not
modified for a Power-on Reset. The ADRESH:ADRES|
registers will contain unknown data after a Power-gn
Reset.

After the A/D module has been configured as desired
the selected channel must be acquired before the con.
version is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 21.1
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. An acquisition time can be programmed to
occur between setting the GO/DONE bit and the actual

5. Wait for A/D conversion to complete, by either:
- Polling for the GO/DONE bit to be cleared

OR
» Waiting for the A/D interrupt

6. Read A/D Result registers (ADRESH:ADRESL):
clear bit ADIF, if required.

7. For next conversion, go to step 1 or step 2.. as
required. The A/D conversion time per bit i
defined as TaD. A minimum wait of 3 TAD is
required before the next acquisition starts.

A/D TRANSFER FUNCTION

start of the conversion. FIGURE 212
The following steps should be followed to perform an
AJD conversion: il '
1. Configure the A/D module: 3FEh .
= Configure analog pins, voltage reference and il :
digital /O (ADCON1) g :
« Select A/D input channel (ADCONO) 2 :
+ Select A/D acquisition time (ADCON2) gooah 4 :
. Select A/D conversion clock (ADCON2) 2 : 5
- Tum on A/D module (ADCONQ) e — ?
2. Configure A/D interrupt (if desired): dith A ' ; '
- Clear ADIF bit L :
» Set ADIE bit 000h / : : A : ;
+ Set GIE bit 883883 2888
3. Wait the required acquisition time (if required). -l B 8 E 8 3
o™
4. Start conversion: —_— Te T e
. Set GO/DONE bit (ADCONO register) Aniicg lngarniiage
FIGURE 21-3: ANALOG INPUT MODEL
o Sampling
Switch
VI=06Y  eeememas .
Rc<1k 'SS Rss !
2 AVAV‘V ;' .
l ILEAKAGE =
100.0A CHowD = 25 pF

T vr=06V

_LVSS

Legend: CPIN = |nput Capacitance
VT = Threshold Voltage 6V
ILEAKAGE = Leakage Current at the pin due to : Vst i\é \
various junctions v
RIC = |nterconnect Resistance 2V
SS = Sampling Switch RN
CHoLD = Sample/hold Capacitance (from DAC) 172 '8 &
Rss = Sampling Switch Resistance Sampling Switch (kQ)
Preliminary DS39632D-page 263
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21.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge helding capacitor (CHOLD) must be alloweci
{o fully charge to the input channel voltage level, The
analog input model is shown in Figure 21-3, The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (Rss) impedance varies over the device voltage
(VDD). The source impedance affects the offset voltage

To calculate the minimum acquisiton time,
Equation 21-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

Example 21-3 shows the calculation of the minimur:n
required acquisition time Taca. This calculation is
based on the following application system
assumptions:

" . CHoLp = 25pF
at the analog input (due to pin leakage current). The Rs = 2 5F|:Q
maximum recommended impedance for analog ConversionEmmor < 1/2LSb
sources is 2.5 kQ. After the analog input channel is VoD = BV Rss=2kQ
selected (changed), the channel must be sampled for Temperature = 85°C (system max.)
at least the minimum acquisition time before slarting a
conversion.

Note: = When the conversion is started, the
: holding capacitor is disconnected from the
input pin. ) ;
EQUATION 21-1: ACQUISITION TIME
TacQ =  Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient
=  Tamp + TC + TCOFF

EQUATION 21-2: A/D MINIMUM CHARGING TIME

VHOLD =
or
Tc =

-(CHOLD)(RIC + RsS + Rs) In(1/2048)

(VREF _ (VREF/2048)) = (] _ e(-TC/CHOLD(RIC +Rss+ RS)))

EQUATION 21-3: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TACQ =  Tamp + TC + TCOFF
Tamp = 0.2 ps
TCOFF =  (Temp —25°C)(0.02 pus/°C)

(85°C —25°C)(0.02 ps/°C)
1.2 ps

Temperature coefficient is only required for temperatures > 25°C. Below 25°C, TCOFF = 0 ms.

Tc =  (CHOLD)(RIC + Rss + Rs) In(1/2048) s
-(25 pF) (1 kQ + 2 kQ + 2.5 kQ) In(0.0004883) ps
1.05 ps

TACQ = 02us+1.05ps+1.2ps
2.45pus

DS396320D-page 264
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21.2 Selecting and Configuring
Acquisition Time

The ADCONZ2 register allows the user to select an
acquisition time that occurs each time the GO/GONE
bit is set. It also gives users the option to use an
automatically determined acquisition time.

Acquisition time may be set with the ACQT2:ACQT0
bits (ADCON2<5:3>) which provide a range of 2 to
20 TAD. When the GO/DONE bit is set, the A/D module
continues to sample the input for the selected acquisi-
tion time, then automatically begins a conversion.
Since the acquisition time is programmed, there may
be no need to wait for an acquisition time between
selecting a channel and setting the GO/DONE bit.

Manual acquisition is selected when
ACQT2:ACQTO = 000. When the GO/DONE bit is set,
sampling is stopped and a conversion begins. The user
is responsible for ensuring the required acquisition time
has passed between selecting the desired input
channel and setting the GO/DONE bit. This option is
also the default Reset state of the ACQT2:ACQTO bits
and is compatible with devices that do not offer
programmable acquisition times.

In either case, when the conversion is completed, the
GO/DONE bit is cleared, the ADIF flag is set and the
A/D begins sampling the currently selected channel
again. If an acquisition time is programmed, there is
nothing to indicate if the acquisition time has ended or
if the conversion has begun.

21.3 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as TAD. The
AJD conversion requires 11 TAD per 10-bit conversion.
The source of the A/D conversion clock is software
selectable. There are seven possible options for TAD:

« 2Tosc

* 4 TosC

= 8 Tosc

« 16 Tosc

+ 32 Tosc

= 64 Tosc

= Internal RC Oscillator

For correct A/D conversions, the A/D conversion clock
(TaD) must be as short as possible but greater than the
minimum TAD (see parameter 130 in Table 28-29 for
more information).

Table 21-1 shows the resultant TAD times derived from
the device operating frequencies and the AJD clock
source selected.

TABLE 21-1:  TAD vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS2:ADCS0 PIC18FXXXX PIC18LFXXXX“)

2 Tosc 000 2.86 MHz 1.43 MHz

4 Tosc 100 5.71 MHz 2.86 MHz

8 Tosc 001 11.43 MHz 5.72 MHz
16 Tosc 101 22.86 MHz 11.43 MHz
32 Tosc 010 45.71 MHz 22.86 MHz
64 TosC . 110 48.0 MHz 45.71 MHz

RCO x11 1.00 MHz(" 1.00 MHZ@

Note 1: The RC source has a typical TAD time of 4 ms.
2:  The RC source has a typical TAD time of 6 ms.

3: For device frequencies above 1 MHz, the device must be in Sleep for the entire conversion or the A/D

accuracy may be out of specification.
4: Low-power devices only.

© 2007 Microchip Technology Inc.
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGE UP TO 46 v

« TOTAL DC CURRENT UP TO 4 A

« LOW SATURATION VOLTAGE

' OVERTEMPERATURE PROTECTION

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

DESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the comre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nection of an external sensing resistor. An additional
supply input is provided so that the logic works at a
lower voltage.

ouTH ut.t)n — out oUT%
2 3 A 3 14
+§5. s ’
1 B =
wT
1 2 3 4
in) v Ing
o ; i
+— —1
hz% L 10 In3
EnA [ n EnB
1 15 —O
- _L SENSE B
SENSE AO—4¢ Rsg S-3a%u2
Jenuary 2000 nm3
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ABSOLUTE MAXIMUM RATINGS

s ———— = = =
symbol i Parameter - =
Vs Power Supply T Value Unit
[ Vss _|Logic Supply Voltage D 50 v
ViVen _|Inputand Enable Voltage @~ —— 7 v
lo Peak Output Current (each Channel) —0.3ta7 \
— Non Repetitive (t = 100us)
—Repetitive (800/0 on -20% off; ton = 10mS) 3 A
B —DC Operation 25 A
Vessis Sensing Voltage = 2 i
Phtot Total Power Dissipation (Tese = 75°C) —1102.3 v\:’
Top Junction Operating Temperature > 2 C
-25to 130 L
Tsig, Tj Storage and Junction Tem t
gg | PRraiE ] —40 to 150 °C
PIN CONNECTIONS (top view)
/ —|_ NS
15 CURRENT SENSING B
M outPuT4
] —— OUTPUT 3
L2 S—— YY) '
L — ENABLE B
10— INPUT3
W s — LOGIC SUPPLY VOLTAGE V.
Iti ss
UMWEENS o ——— g
Pl — INPUT 2
6 3 ENABLEA
s—— INPUT 1
4 3 SUPPLY VOLTAGE Vg
.$ 3s[———  outrur2
2 " ouTPuTH{
\ ]' o~ | EErE— CURRENT SENSING A
Z TAB CONNECTED TO PIN 8 DOSINZ40A
/
GND [ 1 20 [ GND
SenseA [ 2 18 1 SenseB
NG [ 3 18 [ NG
out1 14 17 ] Out4
oz 15 PowerSO20 15 [ out3
ve [} 6 15 |1 Input4
nput1 ] 7 14 |__] EnabieB
Enable A [__] 8 13 1 Input3
Input2 1 9 12 1] vss
GND [ 10 1 1 GND
D95IN239
\
THERMAL DATA
e - = = . N =
.._Sﬂ'l_bgL Parameter _ PowerS5S020 Multl\;atﬂS: Unit
Rinjcese [ Thermal Resistance Junction-case _ Max. = - Ciw
Rinjams [ Thermal Resistance Junction-ambient Max. 13() 35 cw

() Mounteq On aluminum substrate

2113
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L298

PIN FUNCTIONS (refer to the block diagram)

e ———
awW.15 | PowerSO Name [T
[ mw.15 - e — Function
15 2:19 Sense A; Sense B Between this pin and groung :
conirol ground is connected the sense resistor to
€ current of the load
T 4:5 Out 1; Out 2 Outputs of 3 :
: s of the Bridge A; the curent that flows through the load
—-""jf - T . ed:between these two pins is moniizored at pin 1.
AUppIy Voltage for the Power Output Stages.
\ non-inductive 100nF Capacitor must be connected between this
- _ 1PN and ground.
____ﬂ 7.151 : Input 1; Input2 |y, Compatible Inputs of the Bridge A.
B:11 8, nable A; Enable B [TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
— g 1,10,11,20 GND Ground.
g 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
_ connected between this pin and ground.
10- 12 13:15 In&lt 3; Input 4 TTL Compatible mplﬂs of the Bridge B. _ —_—
13: 14 16:17 Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
: connected between these two pins is monitored at pin 15.
— 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, T, = 2

5°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vs Supply Voltage (pin 4) Operative Condition Viy +2.5 46 v
Vss |Logic Supply Voltage (pin 9) 45 5 7 Vv
Is Quiescent Supply Current (pin 4)  |Ven=H; IL=0 V=L 13 22 mA
Vi=H 50 70 mA
Ven = Vi= X 4 mA
Iss Quiescent Current from Vss (pin 9) |Ven=H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
- Ven =L Vi=X . 6 mA
ViL Input Low Voltage i3 1.5 \%
; (pins 5, 7, 10, 12) R ]
Vih  |Input High Voltage 2.3 VSS v
(pins 5, 7, 10, 12) -
liL Low Voltage Input Current Vi=L -10 LA
(pins 5, 7, 10, 12)
liy High Voltage Input Current Vi=H < Vgg-0.6V 30 100 HA
— (pins 5, 7, 10, 12)
Ven = L: Enable Low Voltage (pins 6, 11) 03 15 v
Ven = H Enable High Voltage (pins 6, 11) _ 2.3 Vss vV __
len=L |Low Voltage Enable Current Ven=L -10 HA
- (pins 6, 11) —
e — i
len =H  |High Voltage Enable Current Ven = H £ V55 -0.6V 30 100 HA
ins 6, 11
V 2 ) s < 0.95 1.35 1.7 \%
CEsat(H) | Source Saturation Voltage L= ;ﬁ 5 27 Vv
IL= .
——
- 0.85 1:2 16 \
Veesatq [Sink Saturation Voltage i ;ﬁ: g; 17 23 v
I e LA — | 180 32 | v
CEsat | Total Drop IL=1A Eg; 49 v
= ZA _ —= —
T_g__ - IL e = 1 ( ) 2 v i
% Sensing Voltage (pins 1, 15) = = =
cyl 3/13
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ELE(;TRICAL CHARACTERISTICS (continued)
— | Parameter ===
symbol - = ______Test Conditions Min. | Typ. | Max. | Unit
T, (V) |Source Current Turn-off Delay 0.5V,10 0.9, 2),(4) 15 s
; 5 p
T, (V) |Source Current Fall Time 081 100.11, (2); (4) 02 us
Ta (Vi) Source Current Turn-on Delay 0.5Vi100.1] 2
| TV — Al OA) 2 Bs
Ta (Vi) Sourga Current Rlzse Time 011 1009 L () @) 0.7 us
Ts (V) |Sink Current Tum-off Delay 05Vit0 091, (3); (4) 07 us
v |si Fall Ti ' .
Te (V) |Sink Current Fall Time 081 t00.11, (3% (4) 025 us
T7 (Vi) Sink Current Tum-on Delay 0.5Vito 091, (3): (&) 16 ps
Tg (Vi) |Sink Current Rise Time 011 t00.91, 3); (4) 0.2 ES
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz
T1 (Ven) Source Current Turn-off Delay 05Vento 091, (2); (4) 3 us
T2(Ven) |Source Current Fall Time 091 o011, (2); (4) 1 us
Ta (Ven) [Source Current Tum-on Delay — [0.5Vento011, (2 (@) 03 us
Ts (Ven) |Source Current Rise Time 011 to 091, (2); (4) 04 Bs
Ts(Ven) |Sink Current Tum-off Delay 0.5Vento 0.9 1L (3); (4) 22 HS
Ts (Ven) |Sink Current Fall Time 091 to0.11L  (3); (4) 0.35 us
T7 (Ven) |Sink Current Tum-on Delay 05Veal0 081 (3); (4) 0.25 us
Ta (Ven) |Sink Curmrent Rise Time 011 o091, (3):. (4) 0.1 us
1) 1)Sensing voltage can be —1 V for t < 50 psec; in steady state Viens min2-0.5 V.
2) See fig. 2.
3) See fig. 4.

4) The load must be a pure resistor.

Figure 1 : Typical Saturation Voltage vs. Output

Vsar
(v)

2.4
20
1.6
1.2
0.8

0.4

413

Figure 2 : Switching Times Test Circuits.

INPUT

ENABLE

Current.
G- 6418
Vg=42V
Vss =5Y H
L
A 7
////
]
-
04 08 12 16 20 24 lolA)

Vg5V

Yoak2V

s-saun

Note : For INPUT Switching, set EN = H
For ENABLE Switching, setIN=H
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L298

Figure 3 : Source Current Delay Ti

mes vs. Input or Enable Switching.

e ———

LA
Imax(2A)
90% —
10%s
t
Ven; (4V)
50". T e e i
t
$.5853/2

Figure 4 : Switching Times Test Circuits.

Vssasy  Vs=42V
0O

5585411

Note : For INPUT Switching, set EN =H
For ENABLE Switching, setIN=L
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Figure 5 : Sink Current Belay Times vs. Input 0 V Enable Switching
'-,_‘___,_.—-——;-* = = ~

L4

Imax(2A) —
0% ~t+——- —} _______________ (
Wl m = —— - = N __
j 4‘
o3 |76 7 |
Vi (4V)
0% e __
‘4‘
Imax(2A)+~———— Voo | _ _ _ __ -
90% b --—— =) __ N _lo_______ -
0% -
*L
(4V)
0% | f-mmm e
l g —
S-10667 o
Figure 6 : Bidirectional DC Motor Control.
Ns
.LW"F K A,
I B
i 0z K 7[‘0‘ 1 Inputs Function
el [ £ L | LI =
Ven=H C=H;D=L Forward
?c ?D C=L;D=H Reverse
0 13 0 _ L
= Nz, Cc=D Fast Motor Stop
*vss
L_ I Ven =L C=X;D=X |Free Running
4 IOOAF - Motor StOp_
L=Llow H =High X =Don't care
1/2 L298N
N OVen
TO CONTROL [} _1:

CIRCUIT -~
I

DI TO DA: 1A FAST RECOVERY DIODE (1, £200ns)

I

5-508712
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. - For higher currents, output
Figure 7 ¢ NS, outputs can be para
ool channel 2 with channel 3. paralleled. Take care to parallel channel 1 with channel 4
-—-"""’—'_(
V.
‘°°"F" f 0" 100 nF
4 %_“_.L
ENABLE ¢
OC o . L 298 oo
| 2 o
oM? ? Rz 3, [ourz
12 ‘L % __ |
A
Tt
5-587)2

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE Each input must be connected to the source of the

The L298 integrates two power output stages (A; B). driving signals by means of a very short path.
Turn-On and Tum-Off : Before to Tum-ON the Sup-

The power output stage is a bridge configuration
ply Voltage and before to Tum it OFF, the Enable in-

and its outputs can drive an inductive load in com-
mon or differenzial mode, depending on the state of put must be driven to the Low state.

he inputs. Th hat fl th the |
the inputs. The current that flows rough the load 3. APPLICATIONS

comes out from the bridge at the sense output : an

external resistor (Rsa ; Rss.) allows to detect the in- Fig 6 shows a bidirectional DC motor control Sche-

tensity of this current. matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by

1.2. INPUT STAGE four fast recovery elements (trr < 200 nsec) that
Each bridge is driven by means of four gates the in- must be chosen of a VF as low as possible at the
put of which are In1; In2; EnA and In3; In4 ; EnB. worst case of the load current.

The Ininputs set the bridge state when The En input  The sense output voltage can be used to control the
is high ; a low state of the En inputinhibits the bridge. current amplitude by chopping the inputs, or to pro-

All the inputs are TTL compatible. vide overcurrent protection by switching low the en-

2. SUGGESTIONS i
A non inductive capacitor, usually of 100 nF, must The brake functioq (Fast motor stop) requires that
bs foresean betwegn bot|:1 Vs an{i Vs, to ground, the Absolute Maximum Rating of 2 Amps must
as near as possible to GND pin. When the large ca- never be overcome.

When the repetitive peak current needed from the

pacitor of the power supply is too far from the IC, a n th
second smaller one must be foreseen near the. load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

L298,

ghe sense resistor, not of a wire wound type, must An gxternal bridge qf diodes are required when in-

be grounded near the negative pole of Vs that must  ductive loads are driven and when the inputs of the
€ near the GND pin of the |.C. |C are chopped ; Shottky diodes would be preferred.

r
Y/ 7113

———
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: i drive until 3 Amps InDC i . .
This solution can Sbia operation  Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. mgtor control circut where the current is controlied
OnFig8itis shown the driving pfa two phase bipolar by the I.C. L6506.
stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,
from the IC L297.

Fig 9 shows an'example of P.C.B. designed for the
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Gircyit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

—

Vs
a T 36V

o 100nF
= Tora 52 - o o | 'c]a
f L

1
33n - 00nF :,’F“J
GND
05C o 02| DI D«

ICCW |2 16 12
il " py L] s ? 8 H LI
CLOCK B
e L 6 F——{7
RaLF/FULL c 3
® e ] o J STEPPER
RESET D L298N 03 MOTOR
20 S 12 13 WINDINGS
ENABLE | N CCX }]
' —_—
ref 15 s INH2 " wfos
W1 3 13 14 \ 15

I=-—=EE i)

-[‘]_“sag“sz
S-5846/4

Ve<12V@Il=2A
D1to D8 = 2 A Fast diodes trr < 200 ns

Rs1=Rs2=0.5Q

Bi13 =7
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Figure 9 : Suggested Printed Circuit Boarg Layout for th
m—— SIS
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L298
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the Circuit of fig. 8 (1:1 sca
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506,
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L298
f K
S———
S mm inch [
DIM. TYP. | MAX. [ MIN. 3
- 5 — ::?;7‘ MEg}l-l,Zkl"éE L DA
A = . ICAL DATA
S : 0.104 -
- 1.6 -
= 0.063 —
s 1
= 0.039
—T 0.49 0.55 | 0.019 0.022
p——— .
—F | 0.66 0.75 | 0.026 0.030
< | 1.02 | 127 | 152 | 0,040 | 0.050 0.060
1 | 17.53 | 17.78 | 18.03 | 0.690 | 0.700 0.710
o | 196 0.772
H2 20.2 0.795
L | 219 | 222 | 225 | 0.862 | 0.874 | 0888
L1 | 217 | 221 | 225 | 0.854 | 0.870 | 0.888
L2 | 17.65 18.1 | 0.695 0.713
13 [17.25| 17.5 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429
L7 | 265 29 |0.104 0.114
M_| 425 | 455 | 4.85 | 0.167 [ 0.179 | 0.191
M1 | 4.63 | 5.08 | 553 | 0.182 | 0.200 | 0218 T
s | 1.9 26 | 0075 0.102
s1 | 19 26 | 0075 0.102 Multiwatt15 v
Dia1 | 3.65 3.85 | 0.144 0.152
H1
A . S
c : ——-I-—-
e /- \___‘_-_"5 1
: 1 Dia 1 L/
A L r ]
—
=1 N =
har O O N
-
(] | 4 A
.
I
H2
J B B S ! - i
£ =
G
. E . -
M1 M e ——————
\*_5

&
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__-,_._—'-_ X
——-\_.
F;M-T mm inch ===
MIN. | TYP. | MAX. | MIN. | TYP. [ max. OUTLINE AND
f——
- 5 e MECHANICAL DATA
[————
B 2.65 0.104
G 1.6 0.063
E 0.49 0.55 | 0.019 0.022
F | o066 0.75 | 0.026 0.030
G| 114 | 127 | 14 |0.045 | 0.050 | 0055
‘G1 | 17.57 [ 17.78 | 17.91 | 0.692 | 0.700 0.705
H1 | 19.6 0.772
H2 202 | 0.795
L 20.57 fos0]
1 18.03 0.710
L2 2.54 0.100
L3 | 17.25| 17.5 | 17.75 | 0.679 | 0.689 | 0.609
[ L4 | 103 | 10.7 | 10.9 | 0.406 | 0.421 | 0.a20
L5 5.28 0.208
16 2.38 B 0.094
L7 | 265 29 |0.104 0.114
s 1.9 26 |0075 0.102
s1 | 19 26 0075 0.102 Multiwatt15 H
" Dia1 | 365 3.85 | 0.144 0.152
H1
A S |
= S :C: : ‘81
[ | A 4
/ / \_T
I
Dia 1 J
A 2
N “I 71 Do o F
», B l l 4 L J
1)
L - y H2
‘—'—"'3* = =
o™~
\ —
AN oy ! --
F d
L6 G1
L5
e 1113
Y/ :
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(1) "D and F~ do not include mold flash or protrusions.

- Mold flash or protrusions shall not exceed 0.15 mm (0.006").

- Critical dimensions: "E", "G" and "a3"

e
’[;;—E mm inch
MIN. | TYP. | MAX. | MIN. [ Tvp. [ max OUTLINE AND
A 3.6 0142 MECHANICAL DATA
] 0.1 0.3 0.004 0.012
a2 33 _Jo30]
a3 0 0.1 0.000 0.004
b 0.4 0.53 | 0.016 0.021
¢ | 023 0.32 | 0.009 0.013
D(1) | 15.8 16 | 0.622 0.630
D1 _| 94 9.8 |0.370 0.386
E | 139 14.5 | 0.547 0.570
p 1.27 0.050
o3 11.43 0.450
[E1(1)| 10.9 11.1 | 0.429 0.437
E2 . 2.9 0114
E3 | 58 | 6.2 |0.228 0244
G 0 0.1 | 0.000 0.004
H | 155 15.9 | 0.610 0.626
- 11 0.043 JEDEC MO-166
L 08 | _ 1.1 | 0.031 0.043
N 10" (max.)
s 8" (max.)
T 110 [ Toss] PowerS020

TR O]
b Ld D B =
=/ .
1

1]
T

el
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Information furnished is believed fo be accurate and reliable. However, STMicroel i
. ) ectronics assu o
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Appendix (G) Programming code of PIC



ginclude <p18f4550.h>
#include <adc.h>

#include<pwm.h>
#include<delays.h>
#include<timers.h>

float Sone=0,5two=0,SLeft=0,Sright=0;
float X,ek,ek_l=0,ek;2:0,uk=O,ukh1=o,kp=1000’ki=4001_r=0.01;
#pragma config FOSC = INTOSC_Hs
#pragma config WDT = OFF

#pragma config LVP = OFF

void main( void)

{

OpenADC(ADC_FOSC_64 & ADC_RIGHT_JUST & ADC_2_TAD, ADC_INT OFF &
ADC_REF_VDD_VSS, ADC_4ANA ); // use 4 analog inputs ANO to AN3

OpenTimer2(T2_PS_1_1 & TIMER_INT_OQFF); // prescalar 1 to make the frequency 20 Khz

OpenTimer3(TIMER_INT_ON & T3_16BIT_RW
&T3_SOURCE_INT&T3_PS_1_2&T3_SYNC_EXT_OFF);

TRISE=0; . /[ use port E for output for logic enables of H bridge
TRISC=0; // Set portC for PWM outputs.
INTCON=0b11000000;

PIE2=0b00000010;

PIR2=0b00000000;

OSCCON=0xff;

ADCON1=0b00001011;

OpenPWM1(99); // set period (0x00 to oxff) to 100 to get 20 KHz where
(100)*4*(1/8)*107-6*(1(prescalar))=5*10-5(20 kHZ)

OpenPWM2(99);
SetDCPWM1(0);

SetDCPWM2(0);



WwriteTimer3(45535);

s Ao ek e e e ek .
* //start the infint loop******t***t**t*t**g***.**t*

while(1)

{

wkkkiekAIRRRE [ start com PAriNg****tmckskskassnn s

***********************/lcaSe 2 sensor 2is> than sensor 1 e de e e ek ek e ok ke e AR

if((SLeft-Sright)>0.3)  // check if difference between them is larger than 0.5 V

ek=SLeft-Sright; // error signal

uk=uk_1+(kp+(ki*T/2))*ek+(-kp+(ki*T/2))*ek_1; //PID of the error signal contain only
P&I elements

X=400/uk;

while(1)

{

ek=SLeft-Sright; // error signal

uk=uk_1+(kp+(ki*T/2))*ek+(-kp+(ki*T/2))*ek_1; //PID of the error signal contain only

P&l elements

uk_1=uk; //previous error signal

ek_1=ek;

PORTE=0x01; // enable motor 1

SetDCPWM2(0); // turn off the other direction

SetDCPWM1(X*uk); //change duty cycle based on changes in output

if((SLeft-Sright)<0.05) //ifthe voltage difference is less than 0.05 V

SetDCPWM1(0); // turn off the motor

"4




uk_1=0; /lin order to start new control loop again from the beginning
ek_1=0;

break; //get out of loop

)

}

} /I for the first if condition

***********************/lcaSe 2 SenSOF 2 iS S than Sensor 1 Fhkkhkkdkhkkkkhkhhkhhkhkhkrrihkikihk

if((Sright-Sleft)>0.3)  // check if difference between them is larger than 0.5 V

ek= Sright-Sleft; // error signal

Uk=Uk_l"'(kp‘r(ki*T/Z))*Ek+(-kp+(ki*T/2))*ek_1; //PID of the error signal contain only
P&l elements

X=400/uk;

while(1)

{

ek= Sright-Sleft; // error signal

uk=uk_1+(kp+(ki*T/Z))*ek+(—kp+(ki*T/2))*ek_1; //PID of the error signal contain only
P&l elements

uk_1=uk; '//previous error signal

ek_1=ek;

PORTE=0x01; // enable motor 1

SetDCPWM1(0); // turn off the other direction

SetDCPWM2(X*uk); //change duty cycle based on changes in output

if((Sright-Sleft)<0.05) // if the voltage difference is less than 0.05 V

{

SetDCPWM2(0); // turn off the motor



uk_1=0; //in order to start NeWw control loop again from the beginning
ek_1=0;

break; //get out of loop

}

}

} /I for the first if condition

if(((Sright-SLeft)<0.05)| | ((SLeft-Sright)<0,05((

******************,case 3 SEﬂSOT 3 is > thaﬂ SE'nSOI' 4*****************************i*

if((Sone-Stwo)>0.3)  // check if difference between them is larger than 0.5 V

ek= Sone-Stwo; // error signal

uk=uk_1+(kpf(ki*T/2))*ek+(-kp+(ki*T/2))*ek_1; //PID of the error signal contain only
P&I elements

X=400/uk;

while(1)

{

ek= Sone-Stwo; // error signal

uk=uk_1+(kp+(ki*T/2))*ek+(-kp+(ki*T/2))*ek_1; //PID of the error signal contain only
P&l elements

uk_1=uk; //previous error signal

ek_1=ek;

PORTE=0x02; // enable motor 1
SetDCPWM2(0); // turn off the other direction

SetDCPWM(X* uk); //change duty cycle based on changes in output



if((Sone-5tw0)<0.05) //if the voltage difference js less than 0.05 V
{
SetDCPWM1(0); /1 turn off the motor
uk_1=0; //in order to start new control loop again from the beginning
ek 1=0;
break; //getout of loop
}
}

} /1 for the first if condition

**********i*******’[case 3 Sensor 3 is S than SEHSOF 4*******************************

if((Stwo-Sone)>0.3)  // check if difference between them is largerthan 0.5V

ek= Stwo-Sone; // error signal

uk=uk_1+(kp+(ki*T/2))*ek+(-kp+(ki*T/2))*ek_1; //PID of the error signal contain only
P&I elements

X=400/uk;

while(1)

{

ek¥ Stwo-Sone; // error signal

uk=uk_1+(kp+{ki*T/2))*ek+(-kp+(ki*T/2))*ek_1; //PID of the error signal contain only
P&l elements

uk_1=uk; //previous error signal
ek _1=ek;
PORTE=0x02; // enable motor 1

SetDCPWM1(0); // turn off the other direction



SetDCPWM2(X*uk);
/[change duty cycle based on changes in output

if((Stwo-Sone)<0.05) //if the voltage difference is |ess than 0.05Vv
{

SetDCPWM2(0); // turn off the motor

uk_1=0; //in order to start New control loop again from the beginning
ek 1=0;
break; //get out of loop

i
}

} /! for the first if condition

****************************I/INTERRU PT SUPROUT'N E************************
#pragma interrupt analog_inputs
void analog_inputs(void)

{

PRIkl [Ttaking the values of the 1st and 2nd sensors
if(PIR2bits.TMR3IF==1)
{

SetChanADC(ADC_CHO); // Channel 0

ConvertADC();

while (BusyADC() == 1);

SLeft = ReadADC();

SLeft=SLeft*0.00488; //convertto voltage



}
}

while (BusyADC() == 1);
sright = ReadADC();
Sright=Sright*0.00488;

Sright=Sright+0.2;

SetChanADC(ADC_CH2); e R
ConvertADC();

while (BusyADC() == 1);

Sone = ReadADC();

Sone=Sone*0.00488; //convertto voltage

SetChanADC(ADC_CH3); // Channel 1
ConvertADC();

while (BusyADC() == 1);

Stwo = ReadADC();

Stwo=Stwo*0.00488;

Stwo=Stwo+0.2;

PIR2bits. TMR3IF=0;

WriteTimer3(45535);

#pragma code high_vector=0x08

void high_vector(void)

}

-asm goto analog_inputs _endasm

{

#Pfagma code



