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ABSTRACT

A hybrid regenerative power system including photovoltaic (PV) and wind powers and
combining the functions of the grid—tie system and uninterruptible power supply (UPS) for
critical load applications is presented. The proposed system employs Three phase rectifier
and Three phase inverter topology , Also the circuit employs three arm converter (DEF
Arms) one arm for battery discharging and two arms for power conversion of the PV
module and wind turbine generator. The operation modes include the grid—tie mode and
the UPS mode depending on the grid status. A power balance control scheme is
presented, which can reduce the grid power and utilize the regenerative power in the most
effective way ifor fulfilling the two requirements of a three-stage power supply without the
interruption of the load. Also, the PV and wind powers can be utilized with priority in order
to provide the@ flexibility for adapting to local circumstances. A three-phase 1.2 kW/400 V
three phase s}ystem is designed and implemented, and the effectiveness of the proposed

system and control methodology are verified with some experimental results
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CHAPTER 1

1. INTRODUCTION

Due to the fact that environmental concerns have constrained the use of polluted
energy resources for electric power generation, the interest in looking for possible
alternatives concerning clean and renewable energy sources is growing worldwide. The
increasing number of renewable energy sources and distributed generators requires new
control strategies for the operation and management of the power converters in order to
maintain' the reliability and improve the flexibility and quality of the new power supply
system embedded with complex energy conversion units. In recent years, the wind turbine
generator (WTG) and photovoltaic (PV) generation technologies have brought opportunities
for utilizing wind and solar resources for electric power generation.

It is well known that renewable energy sources have unpredictable random behaviors;
however, some of them, such as solar radiation and wind speed, have complementary
features in many aspects. It has been reported that , the WTG/PV hybrid systems better than
a single WTG or PV generation since it suppresses rapid changes in the output power of the
single source such as the wind turbine system. In addition, based on the research results
reported! in, the grid interface of the WTG/PV hybrid system equipped with a battery
storage/siupply unit can greatly improve the system reliability and operating flexibility. Based
on the oberating functions, there are a number of possible system configurations in designing
the WTG/PV hybrid system.

The|stand-alone system configuration can provide a well-regulated load voltage but the
reliabilitbf of power supply cannot be fully guaranteed, to overcome the above shortcoming
a grid-sﬁlpported stand-alone system configuration that has a well-regulated load voltage and
also hasia reliable three stage supply to the load by the means of (Grid, WI'G & PV, battery
bank). A gridtie hybrid system allowing the injection of extra power from the WTG and PV
to the load. In some design cases, the stand-alone and grid-tie configurations are combined to
achieve better operating flexibility. It should be noted that the load voltage in these two

configurations is not regulated and will be floating with the grid voltage.
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Fig 1.1 Possiﬂ)le system configurations in designing the WTG/PV hybrid system
a The stand-alone system
b Thegrid-supported stand-alone system configuration
¢ The jgrid—tie hybrid system configuration
d Theicombined stand-alone and grid—tie configuration

¢ The combined UPS and grid-tie configuration
3.



1.1 MODES OF OPERATION

Based on the operating functions, there are a number of possible system configurations in
designing the WTG/PV hybrid system as shown above in Fig. 1.1. The stand-alone system
configuration shown in Fig. 1.1a can provide a well-regulated load voltage but the reliability of
power supply cannot be fully guaranteed. To overcome the above shortcoming, Fig. 1.1b shows a
grid-supported stand-alone system configuration that has a well-regulated load voltage and also
has a reliable charging source for the battery bank . In low-battery voltage applications such as
those shown in Figs. 1.1a and 1.1b, the DC-to-DC Converter is required to boost the voltage to
a level that is high enough for the rear stage DC-to-AC Inverter; otherwise this stage can be
omitted. Al grid—tie hybrid system allowing the injection of extra power from the WTG and PV
to the grid is shown in Fig. 1.1c . In some design cases, the stand-alone and grid—tie
conﬁguratiions are combined as shown in Fig. 1.1d to achieve better operating flexibility.

It %should be noted that the load voltage in these two configurations is not regulated and
will be ﬂdating with the grid voltage. So, for the critical load applications, the configuration
cornbim'ngi on-line uninterruptible power supply (UPS) shown in Fig. 1.1e must be used. In this
paper, weipropose a Three phase rectifier and Three phase Inverter that Grid-Tie mode by
connecting Grid and Load through AC-DC-AC conversion and a Three-arm (DEF Arm)
converter "fll"opology with three arms for the PV, WTG and battery to combine the on-line UPS
and the griid—tic regenerative power system.

A 11ilove1 power balance control scheme is presented. It is designed so as to reduce the grid
power andl utilize the regenerative power in the most effective way and, most importantly, to
satisfy the itwo requirements of a three-stage supply to the load and no interruption of the load for
high reliabiility. In addition, the utilization of PV and wind powers can be designed with priority.
This featuq?‘e is important for adapting to weather variations and local circumstances to enhance
the ﬂexibii;ity and performance of the system. The detailed modeling and controlier design of the
converter iis provided. A three-phase 1.2 kW/400 V system is designed and implemented, and the
effectivengss of the proposed system and control methodology is verified with some

experimental resuits.



1.2 OBJECTIVES OF THE PROJECT
The objective of this project is to
e To reduce the grnd power as much as possible on the premise of ensuring system
stability.
* To utilize the regenerative power in the most effective way to the load end.

¢ Utilizing Hybnid power generation for efficient power delivery

1.3 ORGANIZATION OF THESIS
Replort Layout

CHAPTER 1
It describes the general introduction, aim and objective of the project.

CHAPTER|2
It deiiscribes the Circuit configuration and Operation modes of the proposed Hybrid
gemj,:ration system.
CHAPTERE 3
Deajls with the design of input voltage controllers for the PV and WTG converters
CHAPTEBj{ 4
Proi;/ides the simulation results of existing paper.
CHAPTEI% 5
Deajls with discussion on results
CHAPTEI% 6
Deaps with conclusion
CHAPTER 7
Futire scope
CHAPTER 8

Gives the references.
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CHAPTER 2

CIRCUIT CONFIGURATION AND OPERATION MODE OF THE
PROPOSED HYBRID GENERATION SYSTEM

2.1 SYSTEM DESCRIPTION AND OPERATING MODES:

According to the status of the grid, the proposed system can be divided into the grid-tie
mode and the UPS mode. In practical operations, the grid—tie mode and the UPS mode also
can be catalogued into two and three operation' modes, respectively, based on various
conditions of the PV, WTG, battery bank and the grid. In the grid—tie mode, the PV and WTG
are operafeqi at their maximum power point (MPP). As shown in Fig. 2.1a, if the total output
power from/the PV and WTG is higher than the load demand, The power from the (PV, WTG,
BATTERY) is supplied to the load, At the same time as shown in the Fig. 2.1b if the GRID
power failg as in the mode 2 the (PV, WTG, BATTERY) supplies the load until the grid status

works again and this mode is meant as UPS mode.
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2.2 POSSIBLE SYSTEM CONFIGURATION IN DESIGNING THE WTG/PV HYBRID
SYSTEM :

The three phase rectifier and three phase inverter for AC-DC-AC conversion is proposed in this
paper, This connects the Grid and the load, Along with that a three arm converter topology with
three arms for the UPS rectifier—inverter and three arms for the PV, WTG and battery to combine
the on-line UPS and the grid-tie regenerative power system. A novel power balance control
scheme is presented. It is designed so as to reduce the grid power and utilize the regenerative
power in the most effective way and most importantly to satisfy the two requirements of a three-
stage supply to the load demand and no interruption of the load for high reliability. In addition,
the utilizatipn of PV and wind powers can be designed with priority. This feature is important for
adapting to weather variations and local circumstances to enhance the flexibility and
performance of the system. The detailed modeling and controller design of the converter is
provided. A three phase 1.2 kW/400 V system is designed and implemented, and the
effectivene$s of the proposed system and control methodology is verified with some

experimental results.

2.3 THREI:B PHAS RECTIFIER AND THREE PHASE INVERTER:

The three p?pase rectifier and three phase inverter for AC-DC-AC conversion is proposed in this
paper, Thisiconnects the Grid and the load. This circuit employs a Three phase rectifier and three
phase inveriter , The 400V, 50 Hz voltage obtained at secondary of the Wye/Delta transformer is first
rectified by Fa six pulse diode bridge. The filtered DC voltage is applied to an IGBT two-level inverter
generating SD Hz. The IGBT inverter uses Pulse Width Moduiation (PWM) at a 2 kHz carrier frequency.

The circuit i discredited at a sample time of 2.



2 phass AC
supply

*é ! }
;{] 4 4%}
N
N
3 phase raecrifier and 2 phase Inverter J; . vy
Loan vy v, Va I “j-‘
Moduies .
T - Hoeery

(a)

1 4

4 4 4
R

E|

3 phase
AC load

Mo T 3 4@ #g} 4%}
N

3 phase Rectifier & 3 phase Inverter

{b)

Fig2.2 a. Three phase rectifier and Three phase inverter and 3 Arm converter (DEF Arms)

b. Three phase rectifier and Three phase inverter



CHAPTER 3

10.



CHAPTER 3

MODELLING AND CONTROLLER DESIGN OF THE 3 ARM CONVERTERS (DEF
ARMS):

Based on the need of balancing power flow and performing the energy management functions
developed in all operating modes shown in Fig. 2.1 , the required controllers designed for the
DEF arms are presented in Fig. 4.2 b. For both the PV module and WTG, the same control
structure can be applied; that is, the outer loop is designed for performing MPPT functions and to
give the vpltage commands, whereas the inner loop is dedicated for the required voltage
controller tb track the voltage commands. The duty parameters for the converters can then be
decided byithe regulated voltages operating with a PWM unit. Since the F-arm is designed for
charging arid discharging the battery bank, regulating DC-link voltage and balancing Power in

real time, tﬂe related controllers is to be designed.

3.1 DESIGN OF INPUT VOLTAGE CONTROLLERS FOR THE PV AND WTG
CONVERTERS:

Due to that Ifact that the same control structure and design method can be used for developing the
related voltage controllers used in the PV and WTG, in this subsection, only the design details
concerning |the PV module are addressed. In this particular application case, the voltage to be
regulated ig on the input side of the converter rather than the voltage at its output terminal. To

design the voltage controller, the transfer function describing the input voltage and the controlled

voltage must be derived first. The designed converter system can be treated as a boost-type
converter a:*s shown in Fig. 4, in which the outputs of PV or WTG are modeled as a current
source. Altlilough the PV module characteristic is equivalent to a voltage source in series with a
resistance riear the MPP as well as the negative dP/dVp region, it can also be equivalent to a

current source like the positive dP/dVp equations can be formulated

11.




Ldli/dt = Vp- (1 - D) Vd 1
Cdv/dt =Ip - Ii 2
ReCdV/dth V =Vp 3

In the continuous current mode (CCM), the ratio of input voltage and output voltage must satisfy

the following expression

Vp =(1-D)Vd : 4
In the steady state
Ip=li 5

Applying # small disturbance to and using linearization techniques, one can have the small signal

model of the converter formulated as follows

|
LdI /dt =Vp + VdD 6
CdV/dt=-1i 7
RéC dV/dt + V= Vp 8

By applyinlg the Laplace transformation to ( 6 to 8) the transfer function of input voltage of the

converter qio thecontrol duty can be obtained as expressed in

V p/D=[-(ReVb=L) (s p (1=CRe)] / [S2 p Re=L)sp(1=LC)] 9

12.



3.2CONTROL CIRCUITS:
3.2.1 CONTROL CIRCUIT OF THREE PHASE RECTIFIER AND THREE PHASE
INVERTER:
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3.1 a. control circuit of three phase rectifier and three phase inverter

The load voltage is regulated at 1 pu by a PI voltage regulator using abc to_dq and
dq_to_abc transformations. The first output of the voltage regulator is a vector containing the
three modulating signals used by the PWM Generator to generate the 6 IGBT pulses. The second

output returns the modulation index.
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3.2.2CONTROL CIRCUIT OF 3 ARM CONVERTER (DEF ARMS):
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3.1 b control circuit of 3 arm converter (def arms)

In Figs. 3.1b MS1-MS3 is, respectively, the mode selecting switches for the PV, WTG
and battery charger. In the grid- Tie operating mode, as shown in Figs. 2.1 a and b,

The DC-link voltage is regulated by the rectifier of the three-arm rectifier and three phase
inverter. Both MS1 and MS2 are set to 0 to allow the PV and WTG to be operated at their MPP
by the Designed MPPT controllers, and the MS3 of the battery arm (F-arm) is switched to
receive the contro] signals from the battery charger. The charging current command is obtained
from the voltage regulator of the charge controller with a limiter for setting the constant charging
current level. The inner control loop of the charging controller is a current regulator designed to
track the charging current command via a PWM control signal. When a grid blackout occurs, the
system is switched to the UPS mode and the rectifier-arm (A-arm) of the three-arm rectifier—
mverter is stopped. In this case, the MS3 will immediately connect the control signal of the
battery-arm to the output of the DC voltage controller to take over the DC-link voltage
regulation. For preventing over-current during the grid-tie mode and UPS-mode transition
Period, the battery-arm has added a current limitation loop to provide damping of the response

and protect the power switches as well.

14.



This voltage control signal with direction information is accumulated with a memory cell
and operated with a gain factor (Gain 2) to adjust the control voltage within a proper range. The
summation of this control voltage and a given initial voltage (init voltage) passes through a
limiter (Limiter 2). The open loop voltage of the PV module is chosen as the initial voltage to
make the MPPT start working from that voltage and Limiter 2 is designed for setting the voltage
operating range of the PV module. In this particular arrangement, the proposed MPPT controiler
is adaptive, that is, its adjusting speed of the MPPT is proportional to the slope of DP/DVp and
the maximum adjusting speed is limited by Limiter 1. This design enables the MPPT to achieve a
fast and precise tracking objective. The HCS method of the WTG in the proposed paper also
employs the same MPPT controller as the PV module, except that the sampling time is longer to

consider the WTG having a larger mechanical time constant.

3.4 PHOTO VOLTAIC CELL MODEL:
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4

3.4 Photo voltaic cell connected to Boost converter circuit

Photo voltaic cell connected to boost converter circuit shown in Fig 3.4 .The inputs of PV
module are irradiance, temperature and the output is converted to a current source and then
boosted, After boosting the DC voltage the terminals are connected to one of the arms of the
DEF Arm controller. The output depends upon the amount of irradiance and temperature.

16.
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CHAPTER 4

SIMULATION MODULE OF THE PROPOSED HYBRID REGENERATIVE SYSTEM
4.1 MATLAB

The name MATLAB stands for matrix laboratory. MATLAB is a high-performance
language for technical computing. It Integrates computation, visualization, and programming in
an easy-to-use environment where problems and solutions are expressed in familiar
mathematical notation. In this project the modeling and simulation of the proposed system is

done using MATLAB (using simulink and power system block set tool boxes).
SIMULINK

Simulink is a software package for modeling, simulating, and analyzing non linear dynamical
systems. It is a graphical mouse-driven program that allows somebody to model a system by
drawing a block diagram on the screen and manipulating it dynamically. Simulink is a platform
for multi domain simulation and Model-Based Design for dynamic systems. It provides an
interactive graphical environment and a customizable set of block libraries, and can be extended

for specialized applications.
POWER SYSTEM BLOCK SET

The Power System Block set allows scientists and engineers to build models that simulate power
systems. The block set uses the Simulink environment, allowing a model to be built using click
and drag procedures. Not only can the circuit topology be drawn rapidly, but also the analysis of
the circuit ean include its interactions with mechanical, thermal, control, and other disciplines.
Sim Power Systems extends Simulink with tools for modeling and simulatingrbasic electrical
circuits and detailed electrical power systems. These tools let you model the generation,
transmission, distribution, and consumption of electrical power, as well as its conversion into
mechanical power. Sim Power Systems is well suited to the development of complex, self-
contained power systems, such as those in automobiles, aircraft, manufacturing plants, and
power utility applications

18.



4.2 SIMULATION CIRCUIT:
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Fig 4.1 overall simulation circuit

In the Fig 4.1 the circuit can be classified into two parts as Grid-Tie mode and UPS mode
operation. The input is 1.2KV/400 V three phase supply .The DC link voltage Vdc is taken as
reference and is monitored by the DEF Arms controller. The load is regulated by the Pl
controller when the grid is working properly, when the grid fails immediately the DEF arm
switches starts controlling the Load regulation by switching the PV, Wind Turbine Generator
WTG and Battery as per the available renewable energy power from individual renewable
energy source and battery. The control 1s provided from the 6 pulse PWM control. Either one of

the mode is operated at a time.

19.



TABLE.] Specifications of the Simulation Circuit

Parameter specification

S1L.No Source/Elements
1 AC Source 1.2KV/400 50 Hz
9 DC Link Voltage 400V
Resistance Ron{Ohm) =(0.001 Ohm
Inductance Lon (H) =0H
Forward voltage Vy =1V
Current 10% fall time Ty =leb6s
2 IGBT Current tail time T, =2e-68
Initial Current Ic =0A
Snubber resistance Rs (Ohms) = 1e5 Ohm
Snubber capacitance Cs (F) =inf
Resistance Ron{Ohm) = (0.001 Ohm
Inductance Lon (H) =0H
. Forward voltage Vy =08V
3 Rectifier Initial Current L. =0A
Snubber resistance Rs (Ohms) = 100 Ohm
Snubber capacitance Cs (F) =0.1e-6 F
4 Inductance (L) Inductance (H) =200e-6 H
Resistance Ron(Ohm) =0.001 Ohm
Inductance Lon (H) =0H
Forward voltage Vy =08V
5 Capacitance (C,) Capacitance (F) = 5000e-6 F
6 DC Link Capacitance (Cdc) Capacitance(F) = 5000e-6F
7 Pulse (P1) Pulse type = Time based
Time (t) = use simulation time
Amplitude =1
Period (Secs) =0.001 sec
Pulse Width (% of period) =25
Phase delay (Secs) =0 sec
Pulse (P2 ) Pulse type = Time based
Time (t) = use simulation time
Amplitude =1
Period (Secs) =0.001 sec
Pulse Width (% of period) =50
Phase delay (Secs) =0.00025 sec
8 Resistance (R) Resistance (Ohms) = 80 (Ohms)

20.




9 Wind Power Generator Rotor type : Squirrel Cage
module )
Nominal power = 275€3
3 phase Asynchronous
E} P o Voltage =400V
enerator)
Frequency = 50Hz
Stator Resistance Rs, Inductance Ls = 0.016 ohm,
0.06H
Rotor Resistance Rr, Inductance Lr = 0.015 ohm,
0.06H
Mutual Inductance Lm = 3.5 pu
10 P V module Irradiance = 800 W/m"2
Temprature = 20° C
Output Boost voltage (Vpv) =250V
11 ;Battery Battery type = Lithium-Ion

Nominal voltage = 400 V
Rated capacity = 4 AH

Initial state of charge = 100%

21.




4.3 SIMULATION RESULTS:

Load valtage Vi

(b)

4.3 a. Gnd- tie mode,

b. discharge mode.

22.



CHAPTER 5
HARDWARE IMPLEMENTATION
5.1 BLOCK DIAGRAM

In order to assess the performance of the proposed MPPT based PV power system, as shown in
fig.1.13 is designed. In this prototype, module consists of PV panel, boost converter and five-
level inverter (MOSFET IRFZ44), MOSFET Driver circuit and PIC microcontroller. Control

algorithm 1s implemented in PIC Microcontroller, to maintain constant Inverter output voltage.

1Phase AC — RECTIFIER Relay )
Supp[y Totrip
,——»Vrefi —W ref3
) To PWM 1 {Wind)
1Phase | Dcwde —— To PWM 2 {PV)
variable AC WiND .| Converter 1 — ToPWM 3 [Battery)
yref? Viefd microcontrolier
-3 To relay
DCto DC DCte AC 16F877A
ocsuply — | PV H Converter2 | Inverter
—Vrefd
LQ‘ Vref2
) —Vref3
BATTERY DCtoDC LOAD —Vrefd
STORAGE q Converter 3 o

Fig. 5.1. Block diagram of the Prototype
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5.2 SCHEMATIC DIAGRAM OF PROPOSED SYSTEM
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o] ]
w CFF 2 1000aF 1600uF
I T PG E T~
10K v | REZH r“__L
L L r—
iss‘l‘_ + =
. = BATTERY STORAGE

Fig 5.2. Schematic diagram of proposed system

The Fig 5:2 shows the schematic diagram of proposed system, The line voltage is considered as
the grid supply voltage , The circuit is designed for single phase system. The PIC microcontroller
PIC 16F877A provides the switching signals to the MOSFETS (PWMI1, PWM2). The PV, WTG,
battery are considered is DEF arms, The line voltage is of 12 V, If the line voltage falls below
the reference value automatically the microcontroiler switches on the battery, WTG, or PV as per

available power, The line voltage (grid supply) is tripped by the means of relay.
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5.3DRIVER CIRCUIT

PC8&17 optocoupler consists of LED and photo diode. TIP 122 is a NPN transistor its
collector is connected with the +12V and Emitter is connected with the ground. It is placed
between optocoupler and FET because signal from optocoupler is not sufficient to run a FET.
This drive is suitable for high current applications. MOSFET driver circuit is shown in fig.1.14.
PIC microcontroller is the first RISC based microcontroller fabricated in CMOS
(complementary metal oxide semiconductor) that uses separate bus for instruction and data
allowing simultaneous access of program and data memory. The main advantage of CMOS and
RISC combination is low power consumption resulting in a very small chip size with a small
pin count. Flash technology is used in PIC16F877, so that data is retained even when the power

is switched off. Easy programming and Erasing are other features of PIC 16F877.

?4120

& .
= 2P0 5
8 —Ar— 1 —_— i+ 228y
E PCal1? ‘99'% E
o 4 &
o) 2 D e
- O 4 =
Fﬁ Pﬁ TIPIgE
Qw0
ﬁ 5! IRF 848

18K

fig.5.3 Driver Circuit

5.4 PIC16F877A MICROCONTROLLER

The microcontroller that has been wused for this project is from PIC series. PIC
microcontroller is the first RISC based microcontroller fabricated in CMOS (complementary
metal oxide semiconductor) that uses separate bus for instruction and data allowing simultaneous

access of program and data memory.
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The main advantage of CMOS and RISC combination is low power consumption
resulting in a very small chip size with a small pin count. The main advantage of CMOS is that it

has immunity to noise than other fabrication techniques.

PIC(16F877): Various microcontrollers offer different kinds of memories. EEPROM, EPROM,
FLASH etc. are some of the memories of which FLASH is the most recently developed.
Technology that is used in PIC16F877 is flash technology, so that data is retained even when the
power is switched off. Easy Programming and Erasing are other features of PIC 16F877.

5.4.1. SPECIAL FEATURES OF PIC MICROCONTROLLER:

CORE FEATURES:

. High-performance RISC CPU

. Only 35 single word instructions to learn

. All single cycle instructions except for program branches which are
twocycle

. Operating speed:

DC-20 MHz clock input
DC-200 ns instruction cycle

. Up to 18K x 14 words of Flash Program Memory

. Up to 368 x 8 bytes of Data Memory (RAM)

. Up to 256 x 8 bytes of EEPROM data memery

. Pin out compatible to the PIC 16C73/74/76/77

. Interrupt capability (up to 14 internal/ external)

. Eight level deep hardware stack

. Direct, indirect and relative addressing modes

. Power-on Reset (POR)

. Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)

. Watchdog Timer (WDT) with its own on-chip RC Oscillator for

reliable operation
. Programmable code-protection
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Power saving SLEEP mode

Selectable Oscillator options

Low-Power, high-speed CMOS EPROM/EEPROM technology
Fully static design

In-circuit serial Programming (ICSP) via two pins

Only single 5V source needed for programming capability
In-Circuit Debugging via two pins

Processor read/wnite access to program memory

Wide operating voltage range: 2.5V to 5.5V

High Sink/Source Current: 25mA

Commercial and Industrial temperature ranges

Low-power consumption:

Less than 2mA typical @ 5V, 4MHz
Less than 20mA typical @ 3V, 32 KHz
Less than 1mA typical standby current

PERIPHERAL FEATURES:

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

Timerl: 16-bit timer/counter with prescaler, can be incremented

duning sleep external crystal/clock

postscaler

(Master/Slave)

Timer2: 8-bit timer/counter with 8-bit period register, prescaler and
Two Capture, Compare, PWM modules
10-bit multi-channel Analog-to-Digital converter

Synchronous Serial Port (SSP) with SPI. (Master Mode) and 12C.

Universal Synchronous Asynchronous Receiver Transmitter

(USART/SCI) with 9-bit address detection

Brown-out detection circuitry for Brown-out Reset (BOR)
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PIN DIAGRAM OF PIC 16F877A:

(W
11 MCLBRRSYER RE7PaD 22
2 1 RAQ/AND RB&PGC |22
S 1 BRasANA RBs |28
2 | pAzrANZVREF- Reg 327
51 RAS/ANIVRAEF+ HBz/PGHM E5
5 1 RA4TOCK] Re= |22
Y 1 RASANASSA Ra1 |2
2 ] REC/MAMNSRDN RBasINT |22
2 1 RE1/ANSWRN vddz |22
10 | RE=2CANTICSH wesz |21
11 1 wad+ AD7PsPr 20
121 was4 ADBPSPs 22
13 1 OsSC1/CLKIN ADsPSPs |22
13 | osc=/CLKoUT AD4PSPg =%
1S | Room1oSoT1CKI RC7/RX/DT |22
18 | pou/T10SKCCP2 RCeTXCK 22
17 } RC=rscPA ACs/sDo -2t
18 | RoasSCKsSCL AC4SDISDA |22
19 | Roo/PSPo RDaP=Pz 22
20 1 go1PSPA RD2PsPz |21
PIC1GFa7?Y
Fig 5.4. Pin diagram of PIC 16F877A
. It has on chip Timers. There are 3 Timers for usage
. It has in built Analog to Digital Converter
. In built Multiplexer availability for signal Selection
. It has serial as well as parallel Communication facilities
. In built Capture, Compare and Pulse width modulation
. It has 5 Ports for Internal and External usage

5.5 HARDWARE TESTING AND RESULTS:

The fabricated Hardware of the proposed system is shown in fig 5.5, The pwm pulses are

obtained from the microcontroller, The switching pulses to mosfet is shown in fig 5.6 and 5.7, A
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constant 6 V is obtained , Finaly the ac voltage is obtained by the inverter that is connected to the
load, The output peak to peak voltage is 24V AC.

Fig 5.5 photograph of hardware



Fig5.7 Switching waveforms of MOSFET Switches



Fig5.8 Output DC voltage

Fig5.9 Inverter output voltage



CHAPTER 6
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CHAPTER 6

CONCLUSION AND FUTURE SCOPE

6.1. CONCLUSION:

This paper presented a single phase multilevel inverter for PV application. It utilizes two
reference signals and a carriér signal to generate PWM switching signals. The circuit topology,
modulation law and operational principle of the proposed inverter were analysed in detail. A PI
current control algorithm is implemented in microcontroller to optimize the performance of the
inverter. Experimental results indicate that the THD of the five-level inverter is much lesser than
that of the conventional three-level inverter. Output voltage and current are in phase at near-unity

power factor.
6.2. SCOPE FOR FUTURE WORK:

The systemiproposed can further be modified by reducing the number of switches which will
reduce switthing losses and cost of the system, Further this system can be implemented in real
time by connecting a Network based computer to the system and its attributes can be monitored

through the computer.

33.



REFERENCES

[1] NEHRIR M.H., LAMERES B.J.,, VENKATARAMANAN G., GEREZ V,ALVARADO
L.A.: ““An approach to evaluate the general performance of stand-alone wind/photovoltaic

generating systems’’, IEEE Trans. Energy Convers., 2000, 15, (4), pp. 433439

[2] NEHRIR M.H., WANG C., GUDA S.R.:” Alternative energy distributed generation: need
for multi-source operation’’. 38th North American Power Symp. (NAPS), 2006,

[3] WANG:L., LIN T.J.: “Stability and performance of an autonomous hybrid wind-pv-
battery system”. Int. Conf. Intelligent Systems Applications to System (ISAP),
2007, pp. 1-6

[4] VALENCIAGA F., PULESTON P.F.:”Supervisor control for a stand-alone hybrid
generation|system using wind and photovoltaic energy”, IEEE Trans. Energy Convers., 2005,

20, pp. 398405

[5] VALENCIAGA F., PULESTON P.F.: “Supervisor control for a stand-alone hybrid
generationisystem using wind and photovoltaic energy”, IEEE Trans. Energy Convers., 2005,
20, (2), pp- 398405

[6] GIRAUD F., SALAMEH Z M.: “Steady-state performance of a grid—tie rooftop hybrid
wind—photpvoltaic power system with battery storage”, IEEE Trans. Energy Convers.,
2001,16, (1), pp. 1-7

[7] CARRASCO J.M., FRANQUELO L.G., BIALASIEWICZ J.T., ET AL.: “Power-electronic

systems for the grid integration of renewable energy sources: a survey”, IEEE Trans. Ind.

Electron., 2006, 53, (4), pp- 1002-1016

34.



[8] ORTJOHANNI1 E., OMARI O,, LINGEMANN M., ET AL.: “An online control strategy
for a moduiar dc coupled hybrid power system”. 2007 European Conf. Power Electronics and

Applications, 2-5 September 2007, pp. 1-10

[91 KIM S.K., JEON J.H., CHO C.H., AHN J.B., KWON S.H.: “Dynamic modeling and
control of a grid —tie hybrid generation system with versatile power transfer”, IEEE Trans.

Ind. Electron., 2008, 55, (4), pp. 1677-1688

[10]}. H.C. Chiang T.T. Mal Y .H. Cheng J.M. Chang W.N. Chang, “Design and
implementation of a hybrid regenerative power system combining grid—tie and

uninterruptible power supply functions” Published in IET Renewable Power Generation,
2009 .

35.



APPENDIX

IRF840B/IRFS840B

500V N-Channel MOSFET

General Description

These N-Channel enhancement mode power field effect
transistors are produced using Fairchild’s proprietary,
planar, DMOS technclegy.

This advanded technology has been espedially tailored to
minimize onf-sta:e resistance, provide superior switching
performance, and withstand high energy puise in the
avalanche ahd commutation mode. These devices are well
suited for gh efficiency switch mode power supplies,
power factor correction and electronic lamp ballasts based
on haif bridgé.

Features

- B.0A, 500V, Rpg(on) = 0.82 @Vag = 10V

» Low gate charge { lypical 41 nC)
+ Low Crss ( typical 35 pF}
* Fast switching
* 100% avalanche tested

+ Improved dvidl capabitity

, G
G b@ s ’ TO-220 ep s TO-220F
IRF Series IRFS Series
Absoluqe Maximum Ratings 1. =25°c uness ahemwise noted
Symbol ! Parameter IRF840B IRFS840B Units
Vpss Drain-Source Voltage 500 \'
Ip Drain Cumrent - Continuous (T¢ = 25°C) 840 80 A
- Continuous {T = 100°C) 5.1 51 A
o Drain Current - Puised (Note 1) 32 32 A
Vess Gate-Source Voltage +30 V4
Eas | | Single Pulsed Avalanche Energy {Note 2) 320 mdJ
AR Avalanche Current {Note 1) 8.0 A
Ear i | Repetitive Avalanche Energy (Note 1) 13.4 mdJ
dvidt i | Peak Diode Recovery dv/dt {Note 3) 35 Vins
Po " | Power Dissipation (T¢ = 25°C) 134 44 w
- Derate above 25°C 1.08 0.35 WC
T4 Taig Operaling and Storage Temperature Range -55 t0 +150 °C
T - | Maximum lead temperature for soldering purposes, .
L ; 300 C
1/8" from case for 5 seconds
* Drain current luri'nted by maximum junction iamperature.
Thermal Characteristics
Symbol Parameter IRFB408 IRFS840B Units
Raic Themal Resistance, Junction-1o-Case Max. 0.63 286 *CAV
Racs Thermal Resistance, Case-to-Sink Typ. 0.5 .- "CAN
Raia Thermal Resistance, Junclion-to-Ambient Max. 3825 62.5 “CW
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Electrical Characteristics 1. - 25 uess omenvise notee

Symbol | Parameter Test Conditions | Min | Typ | Max | Units

Off Characteristics

BVpss | Drain-Source Breakdown Voltage Vs =0V, Ig = 2560 uA 500 | - - v
ABVpgs Breakdown Voitage Temperature Ip = 250 uA, Referenced 10 25°C | . | 055 3 Ve
{ ATy | Coefficient
Ipss . Vps =500V, Vgg =0 V __ _ 10 A

Zero Gate Voltage Drain Current Vps =400V, T = 125°C — — 100 A
lossr - Gate-Body Leakage Cument, Forward | Vgg =30V, Vpg =0V - - 100 nA
lessr ‘Gate-Body Leakage Current, Reverse | Veg=-30V, Vps =0V - - -100 nA
On Characteristics
Vaswn || Gate Threshold Voltage Vpg = Vs, In =250 pA 20 - 40
Roson) |, Static Drain-Source

=10V, Ip=4. -

:On-Resistance Vs (Ip=40A 0.65 08
9rs | Forward Transconductance Vpg =40V, In=40A  (Noess | -- 73 _
Dynamic Characteristics
Ciss Input Capaci@w Vps =25V, Vgs =0V, —~ | 1400 | 1800 | pF
Coss Output Capacitance i=1.0MHz - 145 190 pF
Cro Reverse Transfer Capacitance - 35 45 pF

Switching Characteristics

Vpp =250V, Ip=8.0A, - | 2 1 5 | ns

Efon) Tum-On Delay Time
t

Tum-On Rise Time Rg =250 -- 65 140 ns
taom Turn-Off Delay Time - 125 | 260 ns
t Tumn-Off Fall Time Moee [T 775 | 160 | ns
Qq Total Gate Charge Vpg =400V, Ip=8.0 A, - 41 53 nC
Qgs Gate-Source Charge Vs = 16V -- 6.5 - nC
Qg Gate-Drain Charge (Note 4. &) | 17 - nC

Drain-Source Diode Characteristics and Maximum Ratings

Is Maximum Continuous Drain-Source Diode Forward Current - - 80 A

It Maximum Pulsed Drain-Source Diode Forward Current : - - 32 A

Vap Drain-Source Diode Forward Voltage | Vag =0V, I5=8.0A — — 14 Y

tnr Reverse Recovery Time Vas=0V. Ig=80A, - 360 - ns

Qy Reverse Recovery Charge dle £ dt = 100 Alus Noedy | 42 - uC
Notes:

1. Repetitive Rat|rng : Pulse width imited by maximum junction temperature
2. L =90mH, ips = 8.0A, Vo = 50V, Re = 25 13 Starting T, = 25°C

3. lgp o 8.0A, difdt i 200Alus. Vnp & BVgeg Starting T,=25°C

4. Pulse Test | Pylse wigth = 300us. Duty cycle = 2%

5. Essentially independent of operating temperature



MC78XX/LM78XX

3-terminal 1A positive voltage regulator

Features
» Output Current up to 1A

+ Output Viltages of 5, 6, 8.9, 10, 11. 12, 15, 18, 24V

« Thermal Overload Protection
» Short Circ¢uit Protection

*» Qutput Transistor Safe Operating area Protection

Internal Block Digram

Description

The MC78XX/LM78XX series of three-terninal positive
regulators are available in the TO-220/D-PAK package and
with several fixed output voltages, making them usefulin a
wide range of applications. Each type employs internal cur-
rent limiting. thermal shut-down and safe operating area pro-
tection, making it essentially indestructible. If adequate heat
sinking is provided, they can deliver over 1A output current.
Although designed primarily as fixed voltage regulators.
these devices can be used with external components to
obtain adjustable voltages and currents.

TG-220

1. Input 2. GND 3. Gutput

NPUT serEs autrur
. FASS
1 ELEMENT 3
CURRENT sam rd
GENERATOR PRCTECTION ‘P'
STARTING REFERENCE ERACR
cRCuT VOLTAGE AMPEUIFIER
>
>
THERMAL 2
PROTECTION
Lot Tu]
< Q0




Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) Vi 35 v
{for Vo = 24V) Vi 40 v
Thermal Resistance Junction-Cases Reuc 5 °Cw
Thermal Resistance Junction-Air RoJA 65 CCIw
Operating 'Ii'emperature Range (MC78XXCT/LM78XXCT/MCT78XXCDT) ToPR 0~ +125 °c
Storage Tetnperature Rangs TsTe -85 ~ +150 °C
Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit .0°C < Ty < 125°C, Io = 500mA. VI = 10V. CI= 0.33F. Co= 0.1ytF. unless otherwise specified)
. MC7805/LMT805 .
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Ta=+25°C 4.8 5.0 5.2
Output Voltage Vo | 5:0mA < lo < 1.0A,Po < 15W
ey 475 | 50 |525 | VY
Line Reguldtion AVo | Tyms2500 |0 =TV 28V [ 40 1100 |y
Vi=8Vto 12V - 1.8 50
1o =5.0mA to1.5A - 9 100
Load Regulaticn AVo | Tys+25°9%C Io =250mA to mv
| 750mA - 4] 88
Quiescent Gurrent la | Ty=+25°C - 50 | & mA
Quiescent Gurrent Change Alg 10 = SmA to 1.0 . 003 | 05 mA
V= 7V to 25V - 0.3 1.3
Output Voltage Drift AVQ/AT ! 10= 5mA - 0.8 - mv/°C
Output Noise Voltage VN | f= 10Hz to 100KHz, TA=+25 °C - 42 - uv
Ripple Rejeftion RR | =0 ey 82 . 73 | - | dB
Dropout Voltage Vo Io=1A, Ty=+25°C - 2 - vV
Output Resistance Ro f=1KHz - 16 - me2
Short Circuit Current Isc V=35V, Ta =+25°C - 230 - mA
Peak Currant Pk | TJ=+25°C - 2.2 - A

+ Load and ]i:je regulation are specified at constant junction temperature. Chiauges in Vo due to heating effects must be taken
into accout separately. Pulse testing with Iow duty is used.
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Electrical Characteristics (MC7806)

(Refer to test circuit .0°C < T5 < <125°C. Io = 500mA, V1= 11V, C1= 0.33uF. Co= 0.1MF, unless otherwise specified)

P t Symbol Conditi Mc7806 Unit
arameter mbo onditions ni
Y Min. | Typ. | Max.
Ty=+25°C 575 6.0 8.25
Output Voltage Vo |5OmA=lo < 1.0A,Pp = 16W
Vi=8.0Vto 21V 57 6.0 6.3 v
Vi= 2.0V to 21V ’ ’ '
. i Vi= 8V to 25V - 5 120
Line Regulaticn AVO Ty=+25°C mV
Vi=8Vio 13V - 15 60
lo =5mA to 1.5A - 9 120
Load Regulation AVo Ty =+25°C ° o my
I =250mA to750A - 3 60
Quiescent|Current To) TJ=+25°C - 50 8 mA,
. lo = 5mAto 1A - - 0.5
Quiescent|Current Change Alg mA
V1= 8V to 25V - - 1.3
Output Voltage Drift AVOIAT | lo =5mA - -08 - mv/ °C
Output Naise Voltage VN f=10Hz to 100KH2, TA =+25°C - 45 - nv
. . f=120Hz
Ripple Rejection RR Vi = 9V to 19V 59 75 - dB
Propout Vpltage Vo o= 1A, Ty =+25°C - 2 - v
Output Resistance Ro f=1KHz - 18 - mg2
Short Circuit Current Isc V= 35V, TA=+25°C - 250 - mA
Peak Current IPK Ty =+25°C - 2.2 - A

+ Load and jine regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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SIEMENS

SFH 610
SFH 611

SFH 615

2.8 kV TRIOS® OPTOCQUPLERS
HIGH RELIABILITY

T H-H3

Package Dimensions mm

* Good CTR Linsarity Depending on
Forward Current

* High Common-Mode Interference
Immunity (Unconnected Base)

* UL Approval #52744
. VDE Approval 0883

. VDE Approval 0884 (Optional with

Option 1)

035
025 Lo
TP mex
spacing
3 Anode - }\ 4 - Emitter
SFH 610 3 Cathode-2{T "3 _Collector
1 L Cathode-! A1+ =Collector
3Fh 611 zﬂ! Ea Anode- 287K 3 Eomtrer
SFH 615 1 & Anode -1 & -Collector
2 3 Cathode -2 N3 . eatter

DESCRIPTION

The optically coupled solators SFH 610, SFH 611 and SFH 615 feature
a high current transfer ratio, low coupling capacitance and high
1solation test voitage. They empioy a GaAs LED as emitter, which is
optically coupled with a silicon planar phototransistor as detector.

The components are incorporated n a ptastic plug-m DIP-4 package.

The coupling devices are designed for signal ransmission between
two electncally separated circuits. The patential differance between the
circuits 1o be coupled 1s not allowed to exceed the maximurm
parmissible reference voltages.

The couplers are end-stackable in a 2 54 mm spacing and are
considered as successor types for the couplers in metal case. The
SFH €10, SFH 611 and SFH 615 differ in therr arrangement of the
terminal pins. Mulbcouplers can thus easily be implarmented and
convensonal multicouplers can be replaced.

“TRansparent {On Shield
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Maximum Ratlngs

Emitter (GaAs LED)
Revarse Voi!ape e re e e e e e e o . . BV
DC Forward Ourrent B0 mA
Surga Forward Curranl (lsio ps) 2B A
Tolal Power ipathon . L w e s e e 100 mW
Dstector {SIM;on Pholmransmor)
Collecior-Emtier leage oV
Collecior Cument . ... ... S0mA
Collacior Cu ant {ts1ms).. 100 mA
Total Power DISFOAUOM ... vt oo cer svinrcsr se s e ee e e 180 mw
Optocoupler
Storage Temparature Range ... e -55°C to +150°C
Amblent Tomperature Range . ... .. - -55°C to +100°C
Junction Temperature .. .. . . 100°C
Soidenng Tempetature (max. 1 s)" . 260°C
Isclation TestVoltage®

(betwaen efilter and detector raferred

to standard climate 23450 DIN 50014) . . 2800VDC
Isolalion Resistance (V, =500V). ... . oo
Hotes:
1 (hp soidenng menitnum clearance from bottom edge of package + Smm Specal

apply when through-contadied circurt boards are uaed Please

raques! appropnute speciication.

2 DG tast volage i aocordance with DIN STBS3, diatl 478

Character|stics (T,=25°C)
Emitter ( LED)
Forward Voltage (1,=60 mA) v, 125 (51 65) v
Breakdown Vpitage (I,=10 pA) Vo 30 {z6) v
Reverse t (V=6V} 1, 001 (10} WA
Capacitance [V,=0V, l=1 MHz) c, o pF
Themat Resijtance [ 750 Ko
Detactor (Sihton Phatotransistor)
Capacltance |

(Veg=5 V., 141 MH2) Cy €8 pF
Thermal Rast*l.anca Aon 500 KA
Optocouplet]
Colieclor-Emtier Saturaticn Voltage

{L,=10 mA, |=2 & mA} Veunar D25{<04) v
Coupfing Capacitance C, 025 pF

The optocouplers are grouped according to tharr current transfer
ratio 1., at|V,. =5 V, marked by dash numbers

-1 -2 -3 -4
LM, (=10 mA) 4D-80 | 63-125 | 100-200 | 180-320| %
ledb (f=1 mA) 30(>13) | 45(>22) | 70(>34) | 90(>56) | %
Callector-Em
l.e.akagec:wr:;f 2{g50) | 2(s80) | 5(100) | S(s100) | nA
(v“-m\n( )
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SWITCHING TIMES
Linear Operation (without saturation)

I R=750
B i = Vyp ™ 5V
4
LIn
=10 mA, V=5V, T,=25°C
Load Resislance R 7% Q
Turmr=0On Tima [ 3.0{<66) Hus
Hise Teme t 20(s40) ps
Turn-Off Tirne e 23(<41) ps
Fall Tima t 20{s35) Ps
Cut-Off Frequency Fo 250 kHz
Switching Operatlon (with saturation}
L, WD Voo =5V
=
¥ or 2 TTL inputs
witha 2 7 k2
pull-up resistor
o—— 33—
+SV
20k2
TTL levels are TTL
observed but
no TTL
switching times |
.
Group -1 =2 and =3 g
{1,220 ma) (l=10ma) | (,=5ma)
Turn-On Time ¢, 30(855) 42{s80) 60 (<10 5} us
Rise Trme L, 20 (<4 0) 30({z60) 4.6 (s80) ps
Turn-Olf Time 1, 18 (534) 23 {239} 25 (343) ts
Fall Time i 11 {=20) 14 {524) 15 (<26) ps
Vo 025 (50 4) v




1N4001 - 1N4007

Features

* Low forward voltage drop.

* High surge current capability.

General Purpose Rectifiers {Glass Passivated)

DOC41

COLOR BAMD DENOTES CATHCDE

Absoluite Maximum Ratings* 1, = 5c usessomenisanotsd

[

Symbol Parameter Value Units
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Vierm Peak Repelitive Reverse Voltage 50 100 | 200 | 400 | 600 | 800 | 1000
beeany Average Rectified Forward Current, 10
375" lead length @ T, = 75°C :
. Non-repetitive Peak Forward Surge
Current 30 A
; 8.3 ms Single Half Sine-Wave
Targ I'| Storage Temperature Range -55 to +175 °C
1, Operating Junction Temperature -55 10 +175 oC
*Thﬁe mﬁng:?are lirniting values above which the senviceability of any semiconguctor device may be impaired.
Thermal Characteristics
Symbol Parameter Value Units
Py PowerT)issipation 30 W
R Thermal Resistance, Junction to Ambient a0 *CAN
Electrical Characteristics 1, - zcuess otersisencisa
| . .
Symbol! Parameter Device Units
0 4001 | 4002 | 4003 | 4004 [ 4005 | 4006 [ 4007
Ve | [ Forward Voltage @ 10 A 11 Y
lee Maximum Fult Load Reverse Current, Full 30 uh
Cycle T.=75C
5 Reverse Current @ rated Vg T, = 25:C 5.0 A
T, = 100:C 500 uA
C- Total Capacitance 15 pF

Vp=40V, f=10MHz
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General Purpose Rectifiers (Glass Passivated)

{continued)

Typical Characteristics

16 20
2 e
=14 0 =
s =
512 z *
O ) - 2
B N - ]
Ll T =
2 0.8 [— SINGLE PHASE AN 5 = =—x
2 HALF WAVE N = 04 ya

0.6 BOHZ P, 2 52
2 i RESISTVE OR -E
504 - povemre oo : o M S
2 - S ~ Pulse Width = 300pS —]
T 2|~ LENGTHS = u 004 P 2% Duty Cycle _
g, 1 1 | N 0.02 1
$ 70 20 4 60 8 100 120 140 160 180 0.01

Ambient Temperature [°C] 06 08 i 12 14

Figure 1. Forward Current Derating Curve

Forward Voltage, V¢ [V]

Figure 2. Forward Voltage Characteristics
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Figure 3. Non-Repetitive Surge Current Figure 4. Reverse Current vs Reverse Voltage



ARCHITECTURE OF PIC 16F877A

Devica Program | Dats Memary Dals
FLASH EEFROM
PiC1EFETE 2K 192 Sytes 128 Syles
PICIEFETE 3K 258 Syies 256 Sytes
i3 . DamEkc ¢
] Pregram Sourter | mm—mm
FLASH o
Merery
& Leuw Stack 1‘;{"
950 Reokters
Pegom
Sus AAR J\d:r
Au Wx

Insbructizn =3
S Acar T

I['

RETIORCTICK]
ROUTICSUELPY
REISCE

Pin Configuration of PIC16F877A

TR T ——e [
RAJAND -a—a ]
RAVART =[]

FRAENIAREF -— O

RALANINGHER —— [

RAVTIONE o—e- E
RASIANASS =—w []
REATEVANE w—- [
RE1VIRAKE ~—e ]
REITSANT w— [] 10

Wi ——— ] 11
Ves o []12

ECHCLKIN — [] 13

OSCHCLKOUT e[ 12

REOTICEOTITR »— [ 15

SHTICENCEFE w—e ] 16

RLZCCPY e [ 17

RCUECHSCL -»—n [T 15
ash oo — o P
FOVREPY w—e [ 20

FY b

D06 = o

PIC16F877/874
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BORBESENERS
17

T

fug
Lt

RBEPGC
RB:

PB4
RBYFGM:
RE2

ROt
REWINT
Voo

W
ROTH3RT
ROEFEPS
RO&PERS
ROdPEP2
RETRROT
REETHTK
RIS
RI4BIE0e
REPSR3
REGPEF2



TIMER 0 CONTROL REGISTER:

RAN-T RW-1 RAN-T  RAWET RAVT RAN-T  RAVY RIW-1
| RBPU [ INTEDG | Tocs | Tose | psa | Ps2 | Ps1 | Pso |
bit 7 bit 0

bit 7: RBPU
bit 6: INTEDG
bit 5: TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
0 =1Intemnal instruction cycle clock (CLKOUT)
bit 4: TOSE: TMRO Source Edge Select bit |
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3: PSA:iPrescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0: PS2 PS1 PSO: Prescaler Rate Select bits

TIMER 0 BLOCK DIAGRAM:
CLOUT dw Fosoidy Dara Bus
MHF’ECKI ?x;,m‘.\
TOSE
L
o ¥
1 =3
1) 1

AT Enatsle Lt



TIMER 1 CONTROL REGISTER:

U-0 UD  RWO  RWO  RAWD  RWO  RWO RWD
| — | — [rickest|rickesofrioscen] TISYRT | vRics [ TmR1oN
b7 bitD

bit 7-6: Unimplemented: Read as 0’
bit 5-4: TICKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 =1:2 Prescale value
00 = 1:1 Prescale value
bit 3: TIOSICEN: Timer1 Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut off (The oscillator inverter is turned off to eliminate power drain)
bit 2: TISYNC: Timer1 External Clock Input Synchronization Control bit
TMRICS =1
1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMRICS =0
This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1: TMRICS: Timerl Clock Source Select bit

1 = External clock from pin RCO/T10SO/T1CKI (on the rising edge)
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0 = Internal clock (FOSC/4)
bit 0: TMR1ON: Timerl On bit

1 = Enables Timerl

0 = Stops Timerl

TIMER 1 BLOCK DIAGRAM:

Set flag bit
TMR1IF on .
Overfon (o Strchuonized
THR1 7 tlock input
i [ e (|
; 1]4—-—
TMRICN
........ ol TISYNC
' TI0SC ! a2
RCOT10SGMICK] @ +—y L ;
! I || Prescaer | | | Symehromzz)
i . EOSCEN Foscd | | | 1248 fet
! . Enable  IntemalJ g [
RCATICSICCP2 ++ Oscliatof” Clock }2 Q Clock
-------- TICKPS1:TICKPSD
108

TIMER 2 CONTROL REGISTER:

UD RWD RWI RWO RWDO RWO RWO RWOD
| _— [mourpsafrourpszfroutpst[Toutrsa] TMR20N [T20KPST [T2cKPsn |
bit? bitD

bit 7: Unimplemented: Read as '0"

bit 6-3: TOSUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 =1:1 Posfsca]e
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Postscale
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TIMER2 BLOCK DIAGRAM:

Sets flag
bit TMR2IF | G, 17

Reset .y ‘ Prescaler :
TME2 reg 1. 14 146 —Foecs
Postscaler /I, 2
1121 te 1:186) EqQ
T2CKPS1:
4 T2CKRPED
T20UTPS3:
T2OUTPED
CCP1CON REGISTER/CCP2CON REGISTER:
U0 U0  RWD RMD RAW-G RAN-D RAW-0 R0
b =1 — T corsx | coper | corava | copaz | oopa CCPYMD |
bit? oD

bit 7-6: Unimplemented: Read as '0'
bit 5-4;: COPxX :CCPxY: PWM Least Significant bits
Capture Mode: Unused

Compare Mode: Unused PWM Mode: These bits are the two LSB s of the PWM duty
cycle. The gight MSB s are found in CCPRxL.

bit 3-0: COPxM3:CCPxMO0: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)
0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

49.



0111 = Capture mode, every 16th rising edge
1000 = Compare mode, set output on match (CCPxIF bit is set)
1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set, CCPx

pin is unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected);
CCP1 resets TMR1; CCP2 resets TMR1 and starts an A/D conversion (if A/D module is
enabled)

11xx = PWM mode

CAPTURE MODE OPERATION BLOCK DIAGRAM:

 SetRagbiCCPIF
3 Prescaler | (FIR1<22|
+1,4 18 '
E.CEGCP*I CCPRIH | COPRIL
in

I S

j and 1 L Caphre
detect Enable [’IT‘

TMR1H TMR1L

CCPICON<3:0>

s
COMPAR]E MODE OPERATION BLOCK DIAGRAM:
Specia: Event Trigger
i

Setflag bt CCP1IF

PIR1<25)
CCPRIH| CoPRIL

S s . 1}

s @ SHouput | O
gy _ LDgiC - Maich LomEEraloy
~RCZICCP = G >
Bin aron . I

_TRISC<2> : TMRIH | TMRIL
Qutput Erable  coptoaN<as

Mode Select
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PIC PROGRAMMING:

#include<pic.h>

_ _CONFIG(0X20E4} ;
_CONFIG{OX3FFF) ;
#define S1 RBO
#define 52 RBl
#define S3 RE2
#define S4 RB3

#define SW RE5

unsigned int REFF1, INPUT1,REFF2, INPUT2;
unsigned char count;

delay (void) ;
delayl (void) ;

void main()

{
TRISC=0;
PORTC=0;

TRISB=0;
PORTB=0:

TRISA=0XFF;

RC$=1;
ANSEL=0X0F;
AN$ELH=0;
ADCON1=0X80;

PR2=99;
T2G0ON=0X04 ;

CCR1CON=0X0C;
CCPR1L=75;

CCR2CON=0X0C;
CCPR2L=75;

T1CON=0X01;
TMR1L=0XFO0;
TMR1H=0XD8 ;

GIE=PEIE=TMR1IE=1;
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while (1)
{

/**************'k*‘k* ADC SCAN *************‘k***/

ADCON(=0X81;

delay () ;

GODONE=1;

while (GODONE) ;
REFF1l={ADRESH*256) +ADRESL;

ADCONO=0X85;

delay();

GODONE=1;

while (GODONE) ;
INPUT1=(ADRESH*256) +ADRESL;

ADCON(O=0X89;

delay(};

GODONE=1;

while (GCDONE) ;

REFF2= (ADRESH*256 ) +ADRESL;

ADCONO=0X8D;

delay();

GODONE=1;

while (GODONE) ;
INPUT2=(ADRESH*256)+ADRESLF

/****************** ADC SCAN END ********************/

/*****************‘k PTNM LIMIT ***‘k****************/

1f {INPUT1>410 && INPUTZ2>410)
{
if (CCPR1L<45)
CCPR1L=45;
if (CCPR1L>85)
CCPR1L=85;

1f(CCPR2L<45)
CCPR2L=45;
if (CCPR2L>85)
CCPR2L=85;
}
/************** OUTPUT REGULATION*****************/

1if (INPUT1>410 && INPUT2>410)
{
delayl {);
if (REFF1>600)
CCPRIL++;
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delay();

if (REFF1<605)
CCPR1L--;

delavi{);

delayl(};

1f(REFF2>600)
CCPR2L++;

delay () ;

1f (REFF2<605)
CCPR2L--;

delavl(};

}

/************‘k**************************************/

1f (INPUT1>700 && INPUT2=>700)
SW=1;

if (INPUT1<600)
{
SW=0;
1f (INPUT1<400)
{
SW=0;
CCPR1L=100;

}

if (INPUT2<600)
{
SW=0;
if (INPUT2<400)
{
SW=0;
CCPR2L=100;

}
void interrupt isr{)
{
1f(TMR1IF==1)
{
TMR1IF=0;
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TMR1L=0XF{;
TMR1H=0XD8;

count++;
1f(count==1)

{

PORTB=0;
Sl=1;
52=1;
1
if{count==2)
{
count=0;
PORTE=0;
S3=1;
S4=1;
}
}
}
delay ()
{
unsigned int i;
for(i=0;i<100;i++);
}
delayl ()
{
unsigned int j;
for(j=0;j<10000;j++);
1
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