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ABSTRACT -

The highly volatile prices fossil fuel currently creates an opportunity for the
development of alternative approaches in electricity generation. Comprehensive and
concerted efforts are focused at developing SEGS (Solar Electricity Generation
System). One of the challenges faced by SEGS is the apparent trajectory of the sun.
Often, SEGS designers use standard testing condition, whereby the level of solar
insolation is taken to be a constant value of 1000W/m?. The fact remains that the only
constant value of solar insolation occurs just outside the earth atmosphere, where the
value of 1353W/m” is declared as solar constant. This value drops significantly as the
solar radiation passes through the atmosphere, where the typical range is between 150
W/m? and 1000W/m”. The aim of this project is to address the apparent trajectory of
the sun. A novel design of the sun tracker has been tested and is able to do two-axis

tracking for photovoltaic based SEGS.
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CHAPTER 1
INTRODUCTION

i.1 Background of Study

The highly volatile prices fossil fuel currently creates an opportunity for the
development of alternative approaches in electricity generation. The Five-Fuel policy
development under 8" Malaysia Plan is aimed at promoting the use of renewable
energy especially for electricity generation !'l. This policy shows a concrete support

from Malaysian government in realizing the objective of renewable energy.

Today, solar energy is increasingly becoming an important source of renewable
energy. Comprehensive and concerted efforts are focused at developing solar
Electricity Generation System (SEGS). Practically, solar energy is captured by solar
collector through Photovoltaic effects. However, difficulty with solar collector is that
they are static, while the sun is not. As the resuit, the sun does not always strike the
solar collector in such a way as to maximize solar energy generation. This happens
especially in the morning or late afternoon; when the sun’s angle relative to earth

decreases.



1.2 Problem Statement

The cost for developing and implementing SEGS is relatively on the higher side at
the moment. Maximization for the energy generation by SEGS is important to gauge
the system efficiency relative to it cost. The amount of energy generated by the SEGS
depends upon the amount of solar radiation on the solar collector. In simple

explanation, extra solar radiation on the solar collector means extra energy generation.
Apparent trajectory of sun daily change and different depend on the direction of

the collector aimed, time of the year, position on the earth, altitude and the area of the

collector set up. Due to the intermittent input of solar radiation, it is therefore

necessary to optimize orientation and tilt of the solar collector towards the sun for

optimum electrical power generation.

The objectives of this project are:
¢ To carry out a simulation study on solar geometry.

e To design a suitable and cost effective solar tracker for domestic use.



1.4 Scope of Study

Mainly, the project will be covering the SEGS system. However, as the problem is
defined come from the input, the project will be focusing more on the input of SEGS
system.

The study of this project covers the following:

» Analysis on Earth-Sun geometry at University Teknologi Petronas (UTP) for
year 201 1.

e Development of a suitable and cost effective solar tracker for domestic

application.

o Design and Construction of cost effective solar tracker prototype.



CHAPTER 2
LITERATURE REVIEW

2.1 Energy from the Sun

Solar energy is the energy from the sun. The sun is a gigantic ball of hydrogen
and helium gas. Extraordinary pressure inside the sun causes the core of two hydrogen
atoms to fuse and producing a helium atom in a process called fusion. During fusion,
nuclear energy is converted to thermal and radiation energy. Radiation energy is

emitted from the sun in all directions and reaches earth 1.

Radiant energy is the energy in electromagnetic waves or radiation. Radiant
energies are microwave, infrared, visible light, Ultraviolet, x-ray, gamma ray and
others. These rays have different amounts of energy depends on their wavelength. A
shorter wavelength radiant will contain more energy compared to a longer wavelength

radiant 1,

With an average distance of 1.5 x 10® kilometers between the earth and the
sun, solar radiation reaching the earth's a‘miosphere at a rate of 1353 Watt/square
meter (_W/mz). About half of the energy from the sun is absorbed by water and land
mass, while the rest is re-emitting back to the space. Earth receives sunlight in 174
PetaWatts on atmosphere at a particular time. Averagely, atmospheric conditions

(clouds, dust and pollutant) will reduce the solar radiation. Total solar energy
available to the earth in average is about 3850 ZettaJoules {ZJ) per year 1.
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Figure 1: Breakdown of Solar Energy at Typical Clear Sky @

Total instantaneous solar radiation (global irradiance) on a horizontal surface
consists of beam radiation and diffuse radiation. On a clear day, about 10% of the
total incident solar radiation is diffuse .

IG = Ipigecr +IDIFFUSE = l-llmm:r
where,
The beam radiation is influenced by the altitude of the location, it can be found using

the following formula ;

Lomeer =1.353[(1 - 0.14R)0.7"" +0.14h)

‘h’ is the height above the sea level in kilometers.
The air mass can be found using the following formula:

I
" cosf +0.50572(96.07995 — 8) -5

and ‘@’ is the zenith angle (90° — Elevation angle)

In Malaysia, clouds are the main reason for lower input to the SEGS. The
average diffuse radiation in Malaysia is about 40% of the direct component. Sunlight
obstacle such as clouds, dusts and pollutants cannot be eliminated and the transient of



global irradiance in Malaysia because of atmospheric conditions seem to be the
biggest challenge for SEGS.

To prove that solar insolation is influenced by the atmospheric condition, the
solar insolation data is taken for UTP on 5™ January 2011. Full data analysis will be
discussed in CHAPTER 4 under solar geometry analysis.

2.2 Solar Geometry

In order to track the sun throughout the day, there should be known geometric
relationships between earth and sun. From a fixed location on earth, the sun appears to
move at the sky. The apparent motion of the sun daily change and different by the

rotation of the earth about its axis and it changes the angle at which the sunlight will
strike the earth.

2.2.1 Earth Motions and Declination
Earth has two Principal Motions P

e Rotation - each day the earth rotates on its own axis. This rotation gives us day

and night which are 24 hour to complete a rotation.

South Pole

Figure 2: Earth Rotation 31,

e Revolution - As the earth rotates, it also revolves around the sun in an elliptical
orbit in about 365% days (1 year) to complete an orbit.
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Figure 3: Earth Revolution P,

During the motions, the earth also decline each day. Earth declination angle is
measured from the slope perpendicular to the rays of the sun. This declination angle is
0° in March and September while it reach maximum in June (23.45%) and minimum in

December (-23.45°) Bl

Earth Declination (Degree)

Figure 4: Earth Declination vs. Time.



The earth declination angle can be found using equation:

360
8 =23.45°sin[—(d + 284
sinz (4 +254)])

where, ‘d” is the day number counted as | = January 1, 2 = January 2 and so on.
2.2.2 Sun Position
The main idea of Sun Position is to determine the apparent position of the sun

from the earth. For the apparent sun position here, calculation is required for
Elevation angle and Azimuth angle.

h

h = elevation z =zenithangle, A = Azinmth angle,
angle, measured  measured from measured clockwise
up from honzon  verical from North

Figure 5: Sun Apparent Position

The Elevation angle (used interchangeably with altitude angle) is the angular
height of the sun in the sky measured from the horizontal (zenith). The Azimuth angle

is the compass direction from which the sunlight is coming ™.

The Elevation can be found using the following formula @,

Elevation, a = sin”'[sin & sin ¢ + cos & cos ¢ cos(HRA)]



and the Azimuth can be found using the following formula

sin & cos ¢ — cos & sin ¢ cos( HRA)
cos &

Azimuth = cos™' [

]

where,
— . 360
The declination angle, & = 23.45° sm[§6—5~ (d +284)]))

‘d’ is the day number counted as 1 = January 1, 2 = January 2 and so on.

‘@’ or ‘@’ is the position’s latitude, it can be found using GPS device.

The hour angle, HRA =15°(LST —-12)

The local solar time, LST = LT + E

60
The ‘LT’ is position local time.
The time correction, 7C = 4(Longitude— LSTM) + EoT
The position’s longitude can be found using GPS device.

The local standard time meridian, LSTM = 15°.AT,,,

The ATgur is the difference of the local time (LT) from Greenwich Mean Time
(GMT) in hours.

The equation of time, EoT =9.87 sin(2B)—7.53 cos(B)—1.5sin(B)

and ‘B’ (in degrees), B = %(a’—Sl)

Based on the equation defined, both calculation for Elevation and Azimuth
need time and location (latitude and longitude) input. Different value for the time and
the location will yield a different Elevation and Azimuth. Thus, the apparent position

2



of the sun from the earth is discovered to be different at different time or at different

position.

Next, using these equations, the analysis on Earth-Sun geometry at UTP for
year 2011 will be done. The result is discussed in CHAPTER 4 and full simulation
results are attached in APPENDIX A and APPENDIX B.

2.2.3 Solar Radiation on a Titled Surface

By using the Elevation angle and Azimuth angle from Sun Position calculation
before; there is a relationship between the apparent sun position and power generation

by the solar collector.

bmcu!ent

shorizontal

Figure 6: Solar Radiation on a Titled Surface .

The Smodule i the maximum power the collector can get from the sunlight (Sincigen), it

can be found using the following formula *':
Semodute = Sinciaens SIN@ + B)

When to relate solar radiation on a tilt surface with solar Elevation and solar Azimuth,

use

S, odute = SmeidemlCOSQ SIN By —O) +sina cos f]

where, ‘o’ is the Elevation angle, ‘@’ is the Azimuth angle, ‘B’ is the module tilt angle
and ‘9’ = 0° at north hemisphere and in the northern hemisphere “¥* = 180°.

Here, for maximum power generation, the collector has to be tilted at

10



a+B=90",t0 yield Spouse = Snciden

From above relationship, the power receive by solar collector is directly
related to the angle between the solar collector and the sunlight. As the apparent
position of the sun from the earth is different for specific time and position, there
should be a different tilt angle for the solar collector at specific time and position on
earth too. This is the root solution to maximize the energy generated by SEGS by

ensuring S, ... = Sicen - TO adjust tilt angle a + B =90" automatically, solar tracker

implementation is needed.
2.3 Solar Collector

One more important factor that influences the efficiency of SEGS is type of
photovoltaic (PV) cells used. Performance of PV cells depends on specific properties
and chemical structure of the solar cells. In order to maximize the SEGS generation,
high efficiency PV cells should be selected. However, for high efficiency PV cells,
extra cost need to be invested. In this project, the cost of fabricating a particular solar
cell structure must be taken into consideration to ensure a suitable and cost effective
SEGS can be build.

2.3.1 Photovoltaic Effects - Method for Producing Electricity

Photovoltaic is known as a method for producing electricity using solar cells
to convert solar energy into electrical power. PV effect refers to light photons

knocking solar cell electrons into a higher state of energy to create electricity @,

Figure 7: Photovoltaic Effect ],
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Sunlight composed packets of photons. This sunlight contains different amounts
of energy in accordance with spectrum wavelengths of the sun. When photons strike
on solar cells, they may be reflected or absorbed, or they may pass through.
Absorbing photons produce electricity. PV generally consists of two areas that are
thin, the n-type and p-type. Carrier collection of light emitted by PN junction causes

the movement of electrons to the n-type side and holes into the side of p-junction .

As an open circuit, the carrier is prevented to leave the solar cell, the collection of
carriers generated by sunlight cause an increase in the number of electrons in the n-
type side and a similar increase of hole in the p-type side. Separation of charge causes
the creation of electric field. In the short circuit, minority carrier concentrations on
both sides increase drastically and so the drift current. The movement of electrons is a

current which generate the voltage.

2.3.2 The Silicon Solar Cells

There are three types of silicon used in silicon solar cells based. Each of it has a

specific properties and chemical structure ),

Mono-crystailine Silicon: It is the most expensive solar cells; the ordered crystal

structure which is obtained by a very slow growth of crystals. This solar cell’s

Polycrystalline Silicon: It is the second most expensive solar cells; the ordered crystal
structure which is obtained can grow faster than Mono-crystalline Silicon. This solar
cell’s efficiency is lower than Mono-crystalline Silicon due to random orientation of

the atoms P\,
Amorphous Silicon: It is the cheap solar cells; the ordered crystal structure which is

obtained can grow faster than Polycrystalline Silicon. This solar cell’s efficiency is

lower than Polycrystalline Silicon due to very random orientation of the atoms .

12



2.3.3 Dye-Sensitized Solar Cells

Dye-sensitized solar cells are innovative solar cell that mimics photosynthesis in
plants. These cells have much potential because they can be made and produced with
cheap materials. Unlike traditional solar cells, dye sensitive cells work effectively in

low light conditions and less vulnerable to loss of energy to heat °\.

Based on four type PV celis discussed as above, the best solar collector to be used
to maximize the SEGS generation is made from Mono-crystalline Silicon. Even
though, the cell is costly, the efficiency should be considered first because SEGS is

lack in efficiency.
2.4 Solar Trackers

A solar tracker is a generic term used to describe the various devices oriented
towards the sun. In standard, solar tracking application is used to minimize the
incidence angle between the sunlight and the solar collector. This will increase the
amount of energy generated from the tracked solar collector compared to fix instalied

solar collector 1,
There are mainly two type of solar tracker:

Single Axis Trackers: Single axis tracker has one degree of freedom that act as the
axis of spin ©°). Three common implementation of single axis tracking are Horizontal
Single Axis Trackers, Vertical Single Axis Trackers and Tilted Single Axis Trackers

61, Rated output energy generation is 20%-30% more than fixed solar collector I,

13



Figure 8: 1-Axis Tracker '*,

Dual Axis Trackers: Dual axis tracker has two degree of freedom that act as the axis
of spin '®\. This axis is normal to each other €l Two common implementations of dual
axis trackers are Tip - Tilt trackers and Azimuth-Altitude trackers °, Rated output
energy generation is 30%-40% more than fixed solar collector 7,

Figure 9: 2-Axis Tracker */,

Common leading manufacture of solar tracker in the world is Array
Technologies, Inc. from America. In residential category, their product include both
single and dual axis tracker such as AZ-125 and AZ-225. Price for each tracker is
$3385 for AZ-125 and $6250 for AZ-225. The design for both trackers is for low
electricity generation, which is 1.8kW and 3kW .

14



AZ-125 Azimuth AZ-225 Azimuth

510 75 Degrees
of Elevation

AZA25 270 Degrees AZ 225
of Azimuth Rotation

Figure 10: AZ-125 and AZ-225 Tracker "),

Based on the product data sheets, the movement of the solar collector is using
low power motor to minimize power consumption during the system operation.
Obviously, as the tracker being used for a remote home, they are using
microcontroller to senses the environment by receiving input from a sensor and

affects its surroundings by controlling the motor ),

In considering for the project, the best tracker type to be selected is the two-
axis tracker because it generates more energy compare to one-axis tracker and low
power motor should be used to minimize the power consumption. Furthermore, for a
remote home, tracking system using a sensor is relevance because it will be easier to

set up at a different location.

15



CHAPTER 3

METHODOLOGY
3.1 Project Flow

Preliminary steps are carried before the construction of the prototype. The
steps are illustrated in the flow chart in the following Figure and the project timeframe
is attached on APPENDIX E.

Problem Identification

Current SEGS output is low because of transient nature of solar insolation
Problem Cause

* Ammospheric conditions - clouds.
e Apparent trajectory of the sun daily change and different by the rotation and
revolution of the Earth.

Problem Solution

Extra energy input to solar collector will generate extra energy output.
» Need to maximise Input & Output.
Input & Output Maximization

e Tomaximize input, Sgosuis = Sicigent-
e To adjusttill angle a + p =90°: need solar racker.

* Tomaximize output, choose high efficiency solar collector: Mono-crystalline
Silicon.

Solar Tracker Selection

e 1-Axis or 2-Axis?
* Choose 2-axis: rated output energy generation is 30%-40% more than fixed
solar collector.

Mechanical Design

s Tip-Tilt or Azimuth-Altitude Implementation?
e Choose Tip-Tilt: easier to construct the holding structure and low torque
motor can beused

Electrical & Electronic Design

e Sensor or Sensorless?

e Choose sensor: the systemis for remote home - Easier to set up for different
location.

Prototyping
Testing

Novel 2-Axis tracker svstem ready

Figure 11: Project Flow Chart.

16



3.2 Design Approach

The design approach applied in this project is a problem-solving approach.
The steps begin with recognizing the main objective that is to design a suitable and
cost effective tracker for domestic use. The main objective will be used as a general

guideline until the project complete.

Next, scientific prove is used to identify the real problems. As the problems
are identified thoroughly, research on available product in the market is done to
generate alternative solutions for the target problems. Next, selection for the best
alternative solution is conducted. The selection will be gauge by the cost and the time
limit. Finally, to evaluate the feasibility of the solution, prototype is tested for the
efficiency.

3.3 Mechanical Design

Mechanical part in this project is important in order to construct the best structure
for the prototype. Previously, selection is made for two-axis tracking system as it
generates more energy compare to one-axis tracker. In implementation of two-axis
tracker, there are two kind of design; Tip-Tilt and Azimuth-Altitude "),

Ca

Figure 12: Tip-Tilt '], Figure 13: Azimuth-Altitude "),

The selection of implementation will be considering the size of the motors that are
needed to drive the solar collector at two-axis. In two-axis solar tracker, the design
will need two different motor to drive the solar collector. As in Figure 12, the Tip-Tilt
implementation may need two same size motor because both motor will drive the load

of solar collector only.

17



However, in Figure 13, one motor has to drive the load for solar collector and one
motor has to drive the load for the entire structure. If Azimuth-Altitude is selected, a
big size of motor is needed as it drives a bigger load. This big motor will be costly

and consume more energy.

Tip-Tilt implementation is selected and using the Google Sketch software, the
mechanical structure is properly designed. The design is shown in the following

Figure 14: Mechanical Structure.

3.4 Electrical and Electronic Design

In order to align solar collector, electrical and electronic part is important to
control the turning direction and position of the motor as it receives input from the

Sensors.

There are two types of electric motors; AC and DC motor. This project uses
DC motor because solar collectors will generate DC voltage. It will be easier to power
up and control the DC motor instead of AC motor. In addition, it is recommended to
use DC compound motor as it gives good torque and stable speed.

18



3.4.1 Basic Control for Turning Direction and Position of DC Motor

To control the turning direction of DC motor, we can manually change the
supply polarity to the motor. In industry, DC motors turning direction is controlled by
using a transistor configuration called as ‘H-bridge’.

The ‘H-bridge’ is useful to control the turning direction but not the speed. To
control the turning direction of DC motor, the transistor pair in the circuit needs to be
automatically switched ‘ON’ and ‘OFF’. The automation is done using programmed

microcontroller.
POWER + POWER

|__ TRANSISTOR TRANSISTOR _.__l
TWO THREE

POWER - POWER

Figore 15: H-Bridge.

Next, for controlling the position of the motor, the system needs a
FEEDBACK method. FEEDBACK will determine the present position of the motor.

The motor can be adjusted to demand position by referring to present position of the

motor.
G':B ERROR ol LC'?)D
o SIGNAL Ll
b [/ : a*
Lernn 4 3 |

Figure 16: Controlling Motor Position using FEEDBACK Method o1,
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Based on what has been review, to control the turning direction and the position of
DC motor automatically, the system need:

e H-BRIDGE and Microcontrolier — to control direction.

s FEEDBACK - to control position of DC motor.

3.4.2 Servo System -To Control Turning Direction and Position of DC Motor

A closed-loop control system is another name for a servo system. To be classified as
a servo, a control system must be capable of the following:

e Accepting an order that defines the desired result,

o Determining the present conditions by some method of feedback

e Comparing the desired resuit with the present conditions and obtaining a
difference or an error signal.

o Issuing a correcting order (the error signal) that will properly change the
existing conditions to the desired result.

o Obeying the correcting order

In a dc position servo system, the amplitude and polarity of a dc error signal

respectively are used to determine the amount and direction the load will be driven eI,

-] INPUT o B;i m]mnl---r LOAD
I

]
FEEDBACK Jm e = = =3

Figiire 17: Block Diagram of Position Servo P,
From Figure 17, sum point Y’ is wheré the input sighal and the

FEEDBACK signal are summed to produce the error signal. The control circuit for
servo system includes H-bridge and the FEEDBACK.

20



3.4.3 Design a Servo System with Input from 555 Timer

To drive a different size of load, the system needs a common circuit that can
be used to drive different DC motor size. Different DC motor sizes will need a

different supply. Figure 18 is a practical circuit that can operate +5V to +7V DC

motor without changing the circuit design.

25A695 [ 28A695 | LY e Vee

S - -\._._. iio;n

2
M51660L
1 [5] ’
ﬂf P10 Tl
ol 18k 8 Pt
| e "1' 0.1 FEEDBACK

input

Figure 18: Servo System Control Circuit ',

Referring to Figure 18, the most important component to design the servo
system is M51660L chip (servo motor control for radio-controlled). The datasheet for
the chip M51660L. is attached on the APPENDIX D,

in order to control the direction of the servo system, the system requires a
PWM signal input. A short puise (1ms-1.4ms) makes the servo drive to one direction
and a long puise (1.6ms-2.0ms) makes it drive to the other direction and at the
medium pulse (1.5ms), the system is in a static condition. The working PWM signal

for servo system is around 1ms to 2ms.
Today, there are several ways to generate PWM; most of it is using

microcontroller. However, in order to minimize the cost and the complexity, the

PWM will be generated by using 555 Timer (servo driver).
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] a PWM Size Adjuster

8
I
LM555
$
Vin + 1
4.5 %
6oV = €1} €2
O.ISHF"T D.IHFT

Figure 19: Servo Driver Circuit.

The equations for the 355 Timer are simple and easy to use. They are as follows:
Tnon = 0.693(R, + F)C

T, ow = 0.693(R,)C

Since P, is variable resistor, it varies from 0 to 10K£). At the same time, the signal
varies from:

7, = 0.693(10K +0)0.15¢™ =1.039ms
T, =0.693(10K +10K)0.15¢™ = 2.079ms

To drive the DC motor, output signal from servo driver in Figure 19 is
connected to input signal of servo system in Figure 18. For the purpose of
explanation, assume ‘FEEDBACK’ potential resistor is fixed at the middle point. As
the ‘PWM Size Adjuster’ potential resistor varies, the turning direction of the motor

will also varies because the servo driver is generating a variable signal size.

Now, let fix the ‘PWM Size Adjuster’ potential resistor at the middle point.
As the ‘FEEDBACK’ potential resistor varies, the turning direction of the motor will

also varies because the servo system is feed backing a variable signal size.

From the two control theory above, there are two options in controlling the
turning direction of the DC motor using servo system. First option is to vary the input
signal while fixing the FEEDBACK signal and second option is vary the FEEDBACK
signal while fixing the input signal.
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3.4.4 Servo System with Input from 555 Timer and Sensor (LDRs)

Based on previous theory, to turn the motor, a manual operation is needed to
vary the potential resistor value. From the main objective, the system should be

operated by receiving input from a sensor (LDRs).

To perform an automatic operation for varying the potential resistor value at
‘FEEDBACK’ or at ‘PWM Size Adjuster’, the system needs to parallel the LDRs as
in Figure 20 and Figure 21.

PWM Size Adjuster

e

Figure 20: Parallel LDRs to *PWM Size Adjuster’ Potential Resistor.

Refer to Figure 20, the aim is to vary the input signal while fixing the
FEEDBACK signal. Here, the both potential resistor is set somewhere in the middle
to ensure that the servo motor is static. Next, we parallel LDRs with the *PWM Size
Adjuster’ potential resistor. Right now, the input signal will be antomatically adjusted
by the LDRs.

FEEDBACK

e

Refer to Figure 21, the aim is to fix the input signal while vary the
FEEDBACK signal. Here, the both potential resistor is set somewhere in the middle
to ensure that the servo motor is static. Next, we parallel LDRs with the
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*FEEDBACK’ potential resistor. Right now, the FEEDBACK signal will be

automatically adjusted by the LDRs.

As both potential resistors is set somewhere in the middle, the total resistance depends

on the LDRs, where:
R 1O
Lo Ripp #10+ R iy
and
r, — R 1R
Ripr, +10+R potertialR
Where,
Ru = Left total resistance Riprz
Rr = Right total resistance RpotentialL
Riprt = Left LDR Resistance Rpotentialk

il

I

Right LDR resistance
Left potential resistance

Right potential resistance

As there are invariance on Ry and Rg, there are also invariance on left

voltage (VL) and right voltage (Vg). So, the servo motor turning direction now

depends on the LDRs instead of potential resistor. The mechanism of motor turning

direction is simplified by the following figure.
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Figure 22: Motor Control Flow Chart.

3.5 Tool/Equipment Requirements
3.5.1 Sensors - Light Dependent Resistor

Light Dependent Resistor (LDR) is very useful, especially in the light / dark
sensor circuit. If the light falling on the LDR, photon is absorbed by the
semiconductor give outer bound electrons enough energy to jump into the conduction
band. Free electrons are generated (and the hole pairs) and LDR start conducting as
the light reduce the resistance "1,
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Figure 23: Light Dependent Resistor.
3.5.2 Actuaior — Servo Motor

Servos is a small DC motor which has gearbox and some control circuitry.
Servo motors have three wires: V., ground, and signal. The power wire is red, and
connected to the +5V-+7V of supply. The ground wire is black or brown and
connected to a ground. The signal wire is typically yellow, orange or white and
connected to PWM (signal) source. Important design for servo is, no external motor
drivers required to operate it. A short pulse of signal makes the servo drive to one
direction and a long pulse makes it drive to the other direction, and at the medium

pulse (around 1.5ms pulse), puts it in static condition.

Figure 24: Servo Motor.
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3.5.3 Servo Driver - ESKY EK2-0907

ESKY EK2-0907 can connect two sets of servo and control it with good
stability and high precision. It is very practical for testing the performance the motor
and there is no need to connect transmitter and receiver, which is equal to the function

of "manually operation receiver”, can imitate receiver operating the servo by turning
the knob.

Figure 25: Servo Driver.

3.6 Software Requirements

3.6.1 Microsoft Excel

Microsoft Excel is user friendly software that very useful for complex equation

calculation. This is useful for simulation study of solar geometry.

3.6.2 Google SketchUp

Google SketchUp is a free and easy to learn which allowing anyone to model in 3D

quickly and accurately. This is useful for 3D structure design for the tracker.
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3.7 Prototyping

Before the construction of the prototype executed, the design should be
considering the size of solar collector that relevance for domestic application. 10Watts
(SPM010-M) solar collector with dimensions 40cm x 30cm x 3cm from SC Origin
(M) Sdn. Bhd. is suitable for the prototype ['”. By referring on the dimensions, the
prototype will be designed and constructed for 10Watts solar tracker.

During the buying process of the equipment, survey on the market is made to
select affordable and reasonable price. Cost for the prototype is shown in following
table.

Table 1: Cost Breakdown.

No. Tool/Equipment Price (RM)
1 | 2 DF15SR 360 Degree Rotation servo (15kg) 140.00
2 | 1 E-Sky Servo Driver - EK2-090 60.00
3 |4LDRs 5.00
4 | 6 Volts Battery 10.00
5 | Structure Steel with Nut and Bolt 50.00

Total | RM 265.00

The cost for this project is RM 265.00. However, the solar collector is

replaced by polystyrene as the dummy because the price is very expensive.

After all required equipment is gathered, the construction of prototype is
executed. The prototype design is for two-axis tracker that has two degree of freedom
which acts as the axis of spin. The axis is normal to each other based on Tip-Tilt
implementation. To drive the 2-Axis Tilt, each axis will be rotate using a different
servo motor and for controlling the rotation of each axis, two LDRs will be used as

the sensor.
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The prototype and the circuit diagram are in the following figure.

Figure 26: Prototype.

FEEDBACK
Serve Motorl Servo Motor2
=AW~ =W~
A A
o \
10Q < < 10Q . >
Servo Driver (’: ‘3 5 IOQ g: g IOQ
] | LDR1YS |isLDR2|| |LDR3 i :§LDR4

" Grownd i l

Figure 27: Prototype Circuit Diagram.
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From Figure 27, the prototype is controlled by fixing the input signal while
varying the FEEDBACK signal. The recommended idea is to use different servo
driver for each motor to reduce the complexity and it will be easier to repair if one
system broken-down. Yet, as the E-Sky Servo Driver is very costly, the design joins

both servo motor to the same servo driver.

After the construction of the prototype finished, it was tested under the real
condition, The prototype use light tracking method. Theoretically, it should align the
solar collector toward high intensity light source. The test done by using torch light,

as the light move to one position, the system constantly follows the light source.

The tracking result was very efficient. The Elevation servo and the Azimuth
servo manage to move the solar collector toward the sunlight effectively. However,
adjustment can be made at the sensor (LDRs) to increase the precision of solar

collector alignment.

The prototype had achieved project objective as solar tracking system.
Furthermore, the project successful eliminates the need of microcontroller to control
the servo motor. The best way to define the benefit of this system is to compare it
with current tracking system. The comparison is between the common tracker (using
microcontrolier) and the project tracker (not using microcontroller). Full comparison
is in the following table.

Table 2: Tracker Comparison.

Comparison Common tracker Designed tracker

System directly cotitrolled
by LDRs.

Each motor is controlled
One microcontroller is used to control | using separate servo

Need microcontroller to control system.

all the motor. driver.
. s Use complex algorithm. s control systetr is
Complexity ’ " differentyfor each
L motor

1 option in controlling the turning 2 aptions in controlling
direction of the motor. the turning direction of

o Vary the input signal while fixing | the DC motor using servo

the FEEDBACK signal. system.
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B Vary the input signal

while fixing the
FEEDBACK signal.

¢ Varythe FEEDBACK
signal while fixing the

input signal.

Depends on the sensor type.

¢ Optimise sensor for better accuracy.

Depends on the sensor

type.

¢ Optimise sensor for

better accuracy.
To microcontroller, analog input from
sensor is chunky.
Efficiency e To reads voltage between 0 to 5
volts with resolution of 10-bit (1024 | System triggered as if
values). there are different voltage
o 5/1024 = 4.8 mV is the smallest between LDRSs pair.
voltage change it can measure.
e Control system not triggered as if
voltage change below 4.8mV.
Each motor is controlled
using separate servo
driver.
Maintenance | Entire system affected, if control * 2 control system in }
. tracker.
Requirement | system broke down.

s If 1 control system
broke down, | control
system still can
operate.

Control system consists of Control system consists of
Cost Microcontroller and electronic electronics components -

components - Expensive.

Cheap.
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CHAPTER 4
RESULT AND DISCUSSION

4.1 Analysis on Earth-Sun Geometry at UTP for Year 2011

Solar geometry simulation was done by using Microsoft Excel. The data
input is UTP location and this simulation is just for year 2011. The equation for the
simulation is from solar geometry Literature review in CHAPTER 2.

The latitude for UTP is +4.386 and the longitude is +100.979. The time zone
for Malaysia is UTC+8 hours. By using this input data, calculation can be made for
Elevation angle, Azimuth angle, sunlight duration, earth declination, sunrise and

sunset.

4.1.1 Solar Insolation at Universiti Teknologi Petronas

Insolation (W/m?)
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S 2000 PM
540 00 PM
% 00 00 PM

Figure 28: Solar Insolation vs. Time.
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The insolation data was collected on 5™ January 2011 at block P in UTP using
CMP 11 pyranometer. The full result of analysis is on APPENDIX A. The total
insolation for 5™ January 2011 is 45597.97W/m’. Referring to Figure 28, the quantity
of solar insolation reaching UTP surface in a day is known to be influenced by the
sunlight duration of the day. However, atmospheric conditions as cloud cause a

variation in the quantity of solar radiation.

Atmospheric conditions create a big problem in power generation for SEGS
but this problem cannot be eliminated because it is a nature form. However, by using

solar tracker, this problem can be minimised to produce extra energy generation.

Referring to the solar tracker review in CHAPTER 1, 30% - 40% energy could
be produce for a single day. Theoretically, if the pyranometer is attached to 2-axis
solar tracker, 37% more solar insolation will be collected. High solar insolation will

maximize the SEGS energy generation throughout the day.
4.1.2 Solar Calculations for I Day at Universiti Teknologi Petronas

Here, solar calculation is for 5 January 2011.The full result of analysis is on
APPENDIX B.

300
Elevation/Azimuth (Degree)
250
' == Azimuth
200 I

Region 3

=
(]

Time (Hour)

010000

---- £levation

Figure 29: Elevation/Azimuth vs. Time.

33



Referring to the Figure 29, there are three different regions that have to be
known. Region 1 and Region 3 is the time where UTP experience night. On the other
hand, Region 2 is the time where UTP experience day. Day or night is determined by
the polarity of Elevation angle. If Elevation angle is positive, UTP experience day
because UTP receive sunlight but if it negative UTP experience night.

From the graph, as the Elevation angle varies throughout the day, Azimuth
angle also varies. In considering the day time for UTP in Region 2, the sun seem
moving from East to West. Further analysis show that the speed of sun movement is

about 1° shifting for every four minutes.

Relating to the project, the Elevation and Azimuth angle need to be tracked by
the two-axis tracker instead of one-axis tracker because there two different angle that
change as the time shift. Furthermore, the tracking system does not need a very fast

motor because the sun moves very slowly.

Earth Declination (Degree)

Figure 30: Earth Declination vs. Time.
Referring to the Figure 30, earth declination varies from -15.7° to -16.0°; the

value of variation is less than 1° which is too small for the entire day. Further analysis

shows that, the path of sun movement will almost be the same for a week.
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4.1.3 Solar Calculations for 1 Year at Universiti Teknologi Petronas

Here, solar calculation is for year 2011. The full result of analysis is on APPENDIX

Sunlight Duration (Minutes)

Figure 31: Sunlight Duration vs. Time.

Referring to the Figure 31, it shows that UTP receive sunlight approximately
about 700 to 750 minutes for a single day. The sunlight period is relatively high
which make this location suit for installation of SEGS.

" Time (Hour)
B e LI B

N T

400
Time (Days)

Figure 32: Sunrise and Sunset.
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Referring to the Figure 32, for the entire year the sunrise is approximately at 7 a.m
and the sunset is approximately at 7 p.m. from this result, the of solar tracker should
be turn ‘ON’ slightly before the sunrise to ensure it ready to track the sun. Next, the
tracker must be turned ‘OFF’ after 7 p.m as there is no sunlight for energy generation
and operating the tracker during night is a energy waste because motor consume

energy.
4.2 Achievements
a. There are two options in controlling the turning direction of the DC motor
using servo system:
e Vary the input signal while fixing the FEEDBACK signal.

» Varythe FEEDBACK signal while fixing the input signal.

b. The project successful eliminates the need of microcontrofler to controf the

Servo motor.

¢. The project uses the light tracking method to align the solar coliector

toward the sunlight by using four LDRs as the sensor of the light source.

d. The Elevation servo and the Azimuth servo manage to move the solar

collector toward the sunlight effectively.
e. There is one way to optimize the alignment of solar collector toward the
sunlight :

o Optimize the sensor (LDRs).

£ The prototype has achieved project objective as solar tracking system.

36



CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Solar geometry is the factors that determine the potential penetration of solar
energy throughout the day. The knowledge gain produces many methods and
solutions in designing the solar tracking system. Among the available methods, best

alternative had been chosen to be the final design.

Finally, this project presents a simple and effective way in controlling a sun
tracking system without microprocessor system. The prototype demonstrates a
working solution to maximize the output of SEGS with perfect position for solar

collector at the point of maximum light intensity. All the objectives are achieved.
5.2 Recommendation

Based on the project, small servo motor was used with low torque
capability. So, in larger scale utilization, there is a need to use larger motor to drive a
bigger torque. However, selection of motor should be considering the operation cost
in term of power consumption, there should be high energy generation compared to its

consumption to define a good SEGS.

One of the best ways instead of using bigger motor is using gearing system.
The advantage of gear system is to improve the ability of small motor to drive a big
load. Furthermore, gearing system will not affect the efficiency of the tracker
theoretically because this gear will decrease the motor speed which is not too

important as sun move slowly
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APPENDIX A: Solar Insolation at Universiti Teknologi Petronas
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APPENDIX B: Solar Calculations for 1 Day at Universiti Teknologi Petronas
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-22.5 0:54:00 -22.70391267 ~70.55147088 199,0052325
e W~ oMW~ v

NSTBommn~ QN 1.00-00 _22.70347012 7098069372 195.0199785

-22.55 1:06:00 ~22.70302745 ~71.32526069 190.8632971

1:12:00 -22.70258464 7155255062 186.5751315

-22.6 g 1:18:00 227021417 7166753799 182.2040403

/ 1:24:00 ~22.70169863 7166809202 177.8044228

-22.65 130:00 ~22.70125504 71.55420555 173.4327614

/ 1:36:00] -22.70081211 -71.32797609 169.1434962

227 - 1:42:00 ~22.70036865 70.9934226 164.9852601

97 1:48:00 122.69992506 -70.55614771 150.5980023

: 1:54:00 ~22.69948134 70.0229114] 157.2119547

300 2:00:00 -22.69903749 ~690.40118405 153.6465404

2:06:00 -22.69859351 -68.69873537] 150.3121061

2:12:00 -22.6981494 -67.92329504 147.210944

200 7 2:18:00 -22.69770516 -67.08229961 144.3351196

2:24:00 -22.69726079] ~66.18272354 1416881883

100 2:30:00 -22.69681629 -65.23008222 139.2467151

7:36:00 7269637166 -64.2328011 1370015167

2:42:00| _22.6959269 -63.19366475 134.9386139

o ; » 2:48:00] ~22,69548201) -62.11794208 133.043921

O :0012:00:001 8:00: :00 2:54:00} -22.69503699] -61.00982701 1313037168

100 3:00:00] -22.69459184] 59,87293681 129.7048458

3:06:00} -22.69414655] -58.71045267 128.2353914/

3:12:00 ~22.69370114] 575251693 126.8837598

3:18:00 -22.6932556 -56.31954144 125.6397014

3:24:00 -22.69280993 -55,0957264) 124493792

3:30:00 2269236413 -53.85562216] 123.4374888

33600 ~22.65191819 52,60000108| 1224630728

3:42:00 2269147213 ~£1.33303943 121.5635838

$48:00 2269102594 5005334311 120.7327547

3:54,00 -22 69057962 ~48.76296997 115.9649462

2:00:00 22.69013316 -47,8629491 119.2550855

2:06:00 ~37.GB06B658 4615419745 118.5086003

2:12:00 ~22.68523987 -44 33753423 117.9914107

A-18-00 ~22.68879302 -43.51369325 117.4297921

4:24:00 -22.68834605 -42.18333366 116.9104222

4:30:00 -22.68789894 -20.84704914 116.4302975

4:36:00 -22.68745171 -39.50537594, 115.9867081

4:42:00 -22.68700435 -38.15879971 115.5772072

£:48:00 -22.6B655685 -36.80776159 115.159584

4:34:00 -22.68610923 -35.45266332 114.8518396

5:00:00 -22.68566147] ..-34.00387182] 114.532166

sﬁm -22.68521359 3273172306 114,2380768

5:12:00] -22.68476557| -31.36652553 113.9706409

5:18:00| 22.68431743 -29.99856312 113.7259675

5:24:00] -22.68386916 -28.62809771 113.503693

5:30:00 -2_2.55342075 -27.28537133 113.3027195

5:36:00 -22. 68297222 -25.88060798, 113.1220543

5:42:00 ~22.68252355 24.50401512 112.9608013

5:48:00 222.68207476 ~23.12578477 112.8181522

5:54:00 22.68162583 3174500438 1125633799

5:00:00 .22.68117677 -20.36510648 112.585832

6:06:00 22.68072759 -18.5829695 112.4949354

6:12:00 22.68027827 -17.59981533 112.4201409

61800 -22:67982883 -16,21575736 112.3610192

6:24:00 -22,67937925 -14.83088567 112.3171573

6:30:00 -22.67892955 -13.44525892 112.2872047

6:36:00 22,678A7971 -12.05888086 1122738605

6:42:00 3267802975 -10.67171895 1122738715

5:48:00 -22.67757965 -9.283563944 112.2860293
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6:54:00 -22.67712542) -7.894015776 112.3161688
7:00:004 -22,67667907) -6.502202058 112.358167
7:06:00/ -22.67622858 . -5.106170438 112.4139412]
7:12:00 -22.67577797 -3.700922379 1124834484
7:18:00 -32.67532722 -2.260681695 1125666846
7:24:00, -22.67487635 -0.704778516 112.6636844
7:30:00 -22.67442534/ 0.787072511 112.7745204
7:36:00 -22.6739742 2.03266343 112.899304
T:42:00 22267352284/ 3,330915352 113.0381848
7:48:00 -22.67307154 4.655849404 113.1913518
7:54:00 -22.67262002 5.99723777) 113.3590336
8:00:00 -22.67216836) 7.345873672 113.5414999
8:06:00 -22.67171657 8.698687447 113.7350621
8:;12:00 -22.67126466 10.0532727] 113.9520752
8:18:00 -22.67081261 11,40831939 114.1809394
8:24:00 -22.67036044 1276284033 114.426102
8:30:00 -22.66990813 14.11610445 114,6880594
8:36:00 -22.66945568} 15.46753654 114,9673603
8:42:00 -22.66500313 16.81665668 115.264608
8:48:00 -22.66855043 18.16304267 115.5804636
8:54:00 -22.66809761 19.50630583 115.9156498
§:00.00 -23,66764465 20.84607487 116,2709548
9:06:00 -22.66718157 22,18198457 116.6472361
9:12:00 -22.66673835 23.51366745 117.045426
9:18:00 -22.666285 24.8407473 117.466536
9:24:0D] 2266583153 26,16223383) 117.9116627
9:30:00 -22.66537792 27.47951799] 118.3819943
9:36:00/ -22.66492419 28.79036772 118,8788163
9:42:00/ -22.66447032 30.09492381 119.4035196
9:48:00 -22.66401633, 31.39269579 119.9576074
9:54:00 -22.6635622 3268315767 120,5427035
10:00:00 -22 66310795 33.96574355 121.1605614
10:06:00 -22 66265356 35,23984289] 121.8130727
w 10:12:00 -22.66219905 36.50479541) 122.5022771
10:18:00 -22.6617444 37.75988561 123.230372
1(:24:00 -22.66128963 39,0043368, 123.9997221
10:30:00 -22.66083472 40.23730456 1248128695
10:36:00 -22,66037969) 41.4578697 125.672543]
10:42:00 -22.65%92452 42.66503052 126.5816685
10:48:00 -22.65946923 43.85769445 127.5433662
10:54:00 -22.65301381 45.03466905 128.5609759
11:00:00 -22.65855825 45,19465231 129.638039|
11:06:00/ -22.65810257 47,33622236 130.7783068|
11:12:00) -22.65764675 48.45782668 131.9857307|
11:18:00 -22.65718081 49,55777087 133.2644479|
11:24:00 -22.65673474 50.63420732| 134.6187572
11;30;,00 2265627853 51.68512403 136,0530827)
11:36:00} -22.6558222] 52,70833401) 137.5719234
11:42:00| -22.65536574] 53,70146586 " 1391797841
11:48:00} -22.65490914 54.66195696 140.8810852
____11.5_________A:§QE 00l -22.654452421 55587048121 142680047
12:00:00 -22.65399557 56.47378452 144.5805472]
12:06:00 -22 65353859 57.31902084| 146.585947
12:12:00 -22.65308147 58.11943431) 148,6988875
12:18:00 -22.65262423 58,87154667 150.9210575|
12:24:00 -22,65216686 59.57175704/ 153,252938{
12:30:00 -22.65170936 60.21638699 155.6935353]
12:36:00 -22.65125173 60.80173898 158.2401161]
12:42:00 -22.65079396 61.32416822 160,8879689|
12:48:00 -32.65033607 51.78016698 163.6302143
12:54:00 -22.64987805 62,16645886 166.4576964] .
13:00:00 -22.6494199 62.4800988 169.3589808
13:06:00 -22.64896162 62.71857323 172.3204833
13:12:00 -22.64850321 52.87989325 175.3267391
13:18:00 -22.64804467 62.9626736 178.3608109
13:24:00/ -22.647586 62.96619042 181.4048131
13:30:00) -22.6471272 62.99041229 184.4405155]
13:36:00 -22.64666827] 62.73600162| 187.4499766
13:42:00 -22,64620921) 62.50428611 190.4161515
13:48:00 -22.64575002 62.19720325} 193,3234256/
13:54:00 -22.6452907 61.81722298 196.1580336
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14:00:00 -22.64483125 6136725543 193.0083421
14:06:00 -22.64437168 60.8505511.2 261.565499
14:12:00 -22.64391197 60.27060074 204.1208978
14:18:00 -22.64345213 59.63104009 206.5711672
14:24:00 -32.6428492416 58.83556481) 208.9328976
14:30:00 -22.64253206 58,18785734 211.1449505
14:36:00 -22.64207134 57.39152724 213.2676864
14:42:00 2264161148 56.55006498 215.282647
14:48:00 222.64115099] 55.66680805 217.1925482
14:54:00/ -22.64069038] 54,74491808 219.0005458
15:00:00] -22.64022963 53.78736711) 220.7105289
15:06:00] -22.63976876 52.79693144 2223266938
15:12:00] -22.63930775, 51.77619121 223.8534482
15:18:00 -22.63884661 50.72753443 225.2952934
15:24:00 -22.63838535 4965316404 226.6567321
15:30:00 -22.63792396 48.,55510712 227.9421977
15:36:00] -22.63746243 47.43522539] 229.1560019
15:42:00 -22.63700078 46.29522632 230.3022977
15:48:00 -22.63653899 45.13667454 231.385054
15:54:00 -22.63507708 43.961003] 232.4080405
16:00:00 -22.,63561504 42.76952386 233.3748196|
16:06:00} -22.63515286 41.5634389 234887439
16:12:00 ~22.63469056 40.34384902 235.1529582
16:18:00 -22.63422813 39.1117636 235.9704045
16:24:00 -22.63376557 37.86810875 236.7438288|
16:30:00 ~22.63330288 36.61373514 237.4157898
16:36:00 -22.63284005 35.34942512 238.1696681
16:42:00 -22.6323771 34.07589926 238.8246758
16:48:00 -22.63191402 32.79382242 239.4458666
16:54:00 -22.63145081 31.50380923 240.0341453
17:00:00 -22.63098747 30.20642925 240.5912775
17:06:00 -22.630524 28.90221169 2411183987
17:12:00 27.59164989| 241.6185231]
[ 17:18:00] 26.27520554 2420915514
e phulnlm gy o

17:24:00 2495331282 2425392789
17:20:00 -22.62866883] 23.6263825 242.9629024
17:36:00 -22.62820471 22.20480625 243.363527
17:42:00 -22.62774046 20.95896121 2437421721
17:48:00 -22.62727609 19.61921531 244.0997773
17:54:00 -22.62681158 18.27593355 2444372071
18:00:00 -22.62634695 16.92948629 244.7552563
18:06:00 -22.62588218] 1558026015 245.0546537
18:12:06] -22.62541728] 14.22867372 245.3360668|
18:18:00 -22.62495226] 12.8752009 245.600104|
18:24:00 -22.6244871 11.52040714 245.8473198]
18:30:00 -22.62402182 10.16560772 246.0782158
183600 2262355641 8809963893 246:2932444
12:42:00 -22,62309086 7.456643167 246.4928106
18:48:00 -22.62262519 6107082228 246.6772742
18:54:00 -22.62215939] 4,764349112 246.8469514
00:.001 _ -22.62163 3.437453197 247,0021164)
15:06:00 -22.6212274 2.135889157 247.1430024
19:12:00 -22.6207612 0.384274208} 247.2698029{
16:18:00 -22.62029488 -0.555646196] 247.3826722)
19:24:00 -22.61982843 -2.153163829] 247.4317259]
19:30:00 -22.61936185 -3.583821996] 247.5670416]
19:36:00 -22.61889514 -4.995760113 247.6386583]
19:42:00 -22.61842831 -6.392818342 247.6965768|
19:48:00 -22.61796134 -7.785435259] 247740758
T5:53:00] 2261739424 -5.175702908] 247.7711273
20:00:00 -22.61702701 -10.56454962] 247.7875635
20:06:00 -22.61655966 -11.95241074} 247.7895082
20:12:00 -22.61609217 -13.33948256, 247.7779587
20:18:00 -22.615A2455 -14:72583294 247.7514672
20:24:001 -22.61515681 -16.11145465 247,7101393
20:30:00 -22.61468893 -17.49629306 2476536309
20:36:00 -22.61422093 -18.88026131 247 5815456
20:42:00 -22.61375279 -20.26324882 247.4934315
20:48:00 -22.61328453 -21.64512624 2473887771
20:54:00 -22.61281614 -23.02574805{ 247.2670073
21:00:00 -22.61234762 -24.40495398] 247.1274785
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21.06:00 -22.61187896 ~25.78256944] 2469694728
21:12:00 -22.61141018 -37.15840529] 246,7921921
21:18:00 ~22.61004127 -28.53225715 246,5047506
21:24:00 -72.61047223 -29.50350438 246.3761674
21:30:00 -33,61000306 -34.27310858 246.1353567
21:36:00 —22,60953376 -32.63961183 2458711184
21:42:00 -22.60006433 -34,00313454 2455821259
21:48:00 -22.60859477 -35.36337302 245.2669135
21:50:00 £22.60812509 236.71999648 2A%,9238616
22:00:00 2260765527 -38.07264377 244.5511801
22:06:00 -22.60718532 _38.42091949 244.1468894
22:12:00 -22,60671525 -40.76438952 243.7087997
22:18:00 -22.60624504 42.10257593 243.2344866
22:24:00 2260577471 -43.4349511 242.7212644
72:30:00 -22.60530424 -44, 76093084 2421661552
22:36:00 ~22.60483365 -46,07986659 2415658554
22:42:00 2260436293 -47.39103627 240.5166964
22:48:00 -22.60389207 —48.69363374 340.214602
2254:00 .22.60342100 -49.98675657 239,4550408
23:00:00 -22.60292998 -51.26939181 3386320725
23:06:00| 32.60247874 -52.54039955 237.7427908
23:12:00] -33.60200737| .53.79849381 336.7782605]
23:18:00 —22.60153587 ~55.04222037 735,732451
23:24:00 22.60106424 ~56.26993127 234.5076687
23:30:00 -22.60059248 5747975532 233.3653889
23:36:00, ~22.60012059 52.66556451 232.0261D47
23:42:00 ~22.59964858 ~59,83693581 230.5697275
23:48:00 -22.50917643 -60,97910847 228.9846616
23:54:00 -22.59870416 -62.09293701 227.2587168
0:00:00] -22.50823175 ~63,17484083 225.3787307
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APPENDIX C: Solar Calculations for 1 Year at Universiti Teknologi Petronas

Latitude {+ to N} a3s6f  1/1/2010F 12:0000]  -23.03227336]  7:23:12] 19:1531 712.3153809]  56.4401694] 145.608851
Longitude {+ 10 E) 100979) 17272011} 12:00:00]  2294000284]  7:2339] 19:16:01 7123711443]  56.43940027] 145.3619503
Time Zone (+ to E) 8| 1npon| 1zoooo]  228s5838048]  7:24:05] 19:16:31 71243195711 5644475527 1453082277
Local Time {hrs) 120000] 142011 12:0000]  2275990764f  7:24:30] 19:17.00]  7124977741] 56.45622202] 1448477421
Year 20011  1/572011| 12:00:000  -72.65399557] 7:24:55] 191729 7125683467 56.47378452] 144 5805472
1/6r2011]  12:00:00, 22.5806051)  7:2520] 19:17:58] 7126442227 56.49742309] 1443066923

[ 4a00 172081 12:00:00)  -22.41979167]  7.25:44] 19:18:27 712.724747] 56.52711446] 144.0262217
1/8/2011] 12:00.00]  -22.29161425]  7:26:07] 19:18:36] _ 712.8100614] 5656283171} 1437391752
1200 1/572011] 12.00.00]  -22.15613519]  7-26:30] 19:19:24]  712.0001049] 56.60454435] 143 4455871
£ 1010 17162011 12:00:00]  -22.01342008]  7:26:51] 19:19:51 712.9548135]  56.65221827] 143.1454874
| 80 1/112011]  12:00:00 218635381 7:27:13]  19:20:18 T13.004121] 56.70581582] 142.8385005
600 1/122011] 12:00:00]  -21.70656098]  7:27:33] 19:20:45 713.1979587] 56.76529574] 1425258459
400 1132011 12:00:00] 21.54256382]  7:27:53] 19:21:02 713.3062556] 56.83061322] 142.2063373
700 142011 12:0000] 21371624541  T:28:12 19:21:3'7' 7134189388} 56.90171588] 1418803852
17152011 12:00:00]  -21.193823850  7:2831] 19:22:03]  713.5359336}  56.9785638] 141.5479914]

b n T L L] 171672011 12:00:00)  -21.00924513] 7:28.48] 10:22:28 T13.6571634]  57.06108546{ 1412091544
RESERANNAAR 171772011 12:00:00]  -20.81797433] 7.29.05] 19:22:57 T13.7825303)  57.14923781] 140.8638663
S ——— 1/18/2011] 12:00:00f  2062000985] 72921 19:23:14] 713.912015] ~ 57.24294621} 140.5121134

i 1rion011] 12:00:00]  -2041571242] 72936 19:2339]  714.0434769] 57.34214844] 140.1538763

16:00:00 SN 202011 12:0000]  20.204905] 7:29:50] 19:24:01]  714.1828548] 57.44677473] 139.7891292
121201 i2:00:00]  -1998777264]  7:30:04] 192423 714.3240661| 57.55675165] 139.4178403

120000 w2201} 12:00:00] 1976441241 7306 192434 7144600281 57.67200222] 139.0399714)
: 172372011} 12:0000]  -1953492322] " 7:30:28]  19:25:05 7146176571 57.79244578] 138.6554777
o V242001] 12:00:00]  -19.29940578]  7:30:39) 19:25:25]  714.7698692] 57.91799807| 1382643079
: 1/252011] 12:0000]  -19.05796244]  7:3049] 19:25440 714.9255805] 53.04857112] 1373664038
00000 ‘ . 1/26/2011] 12:0000]  -1881069709]  7:30:58]  19:26:03 715.0847068] 58.18407332| 137.4617004
o 200 200 27200 12:0000] 1855771507 731061 19:26:21 715.2471638] 5832440931 137.0501255
17282011 12:00:00}  -18.29912305F 7:31:13] 19:2638]  715.4128676] 58.46948001] 136.6315999

- 1/292011] 12:00.00] -18.03502801F 7:31:19] 19:26:54]  715.5817347{ 58.61918258] 136.206037
1302011 12:00:00F  -17.76554167F  7.31:25] 19.27:10] 7157536816} 5B.77341039( 135.7733427

PPN 13172001 12:00:00f 17490771398 73129 19:2725]  7159286256] 58932053} 1353334153
\ 2712081 12:00:00F 17210829040 73133 10.2730[ 7161064846  59.0949%961] 1348861457

;10 227011) 12:00:00]  -16.92582645]  7:31:35] 19:27:53]  7162871773] 59.26212153} 134.4314168
- \ Z3R011] 12:00:000  -i6.63587618] 73137 19:28:05] 7164706228 59.43330721) 133.9691037
wEn gﬁggggggh\gmg 242011 12:00:00] 1634100147 731:38] 192807 7166567414 59.60842712| 133.4990739)
R e R, el 25R011 12:00:00]  -16.04158614] 7-31:38] 19:28:29]  716.8454543 59.73135121' 133.0211865,
- \ 2620111 12:00:00]  -15.73747449] 731371 19:28:39)  717.0366837| 59.06004568| 132535203
T ~— 2772011 12:00:00]  -13.42887126] 73135] 19:28:49] _ 717.0303538] 60.15607233] 132.0412367|
iap 2/8/2011]  12:00:00) -|5.11539157| 7:31:33]  19:28:58] 717.4263858] 6034558914 1315388531
2700011 12:00:00]  -14.79865068]  7:31.20F  19:39:07 717.6247084]  60.53834904] 131.0279696]

2/102011] 12:0000]  -1447726426] 3125 19:29:14 717.8252472]  60.73420443] 130.5084052

21172011 lz:m:t),_o_l 141518481  T:31:19 29 7180270302 60.93200848] 1299799736/

27122011 12:0000] -13.82251771] 73143 :29: 718.2326865] 61.13457257] 1294424773

21372011 12:00:00]  -13.48938923]  7:31.06] 19:29:33 718.4394466] _61.33876482] 128.8957137

214201t 12:00:00] 1313257837 7:30:38] 19:29:37 718.6481423] _61.34540785] 128.3394723

2157201t 12:00:00]  -1281220087]  7.30:50]  19:20:41 718.8587067] 61.75433053 127.7735362]

Zierotl| 120000  -12.4683723¢]  T3041] 19:29:45 719,0710742] 61.96335724] 127.1975809]

27201 1200000  -12.12120825]  7:3030] 19:29:48 719.2851804]  62.17830827] 126.6116765

2182011 12:00:00]  -11.77082384]  T:30:20] 19:29:50]  719.5009625] 62.39209957] 126.015287

2192011 12:00:00] 1141733411 7:30:08] 19:29:51 719.7183587] _ 62.60924288] 125.4082709

272072011] 12:00:00]  -11.06085378]  7:29:55] 19:29:52 7100373086} 62.82684562] 124.7903824]

23011 0.00] | -10.70149727] 73543 19:99; 7201577533 63.04561101) 134,1613714

2/22/2011 1033937863 7:20:95  19:29:51 720.379634# £3.26533801] 123 5200844

22372011 -5.974611575|  7:29:14] 19:29:50]  720.6028964] 63.48582139] 122.8689657

22472011 -9.607309406]  7:28:59] 19:29:45]  720.8274829] 63.70685175] 1222050573,

22572011 9.237585016]  7:28:43] 19:20:46]  721.0533401] 63.92821557| 121.5250028

2672011 12:00:00]  -8.865350863 7.28:27] 19:20:44]  721.2804148] 64.14969531] 120.8405434

22772011} 12:00:00]  -8.491318954] 7:28:10] 19:29:40]  721.5086551] 64.3710654] 120.1394243]

2282011 12:00:00]  -8.115000832] 7.2 :52.1[ 020360  721,7380102]  64.59211241] 119.425393

3172011 1z.00:00[ 7736707558  7:2734] 15:29:33]  721.9684303] 64.81250515] 118.6982026

322011 12:00:00]  -7.356540707]  7:27:15] 19:30:27]  722.1908664] 65.03228472] 117.9576118]

3372011} 12:00:00] _-6974637356] 7:26:56] 19:3903(  722.4322706] 6525094477 117.2033881

342011 12:00:00] 6.501080077]  7:26:36] 19:29:16]  722.6655967| 6546833558 l]6.4353086|

3/5/2011]  12:00.00]  -6,205986031| 7.26:16] 19:29:10]  722.8997977]  65.6842143] 115.6531629]

3620000 12:00:00]  -5.810466468]  7-25:55] 19-29:04  723.134BI8B]  65.B0B33516] 114.8567548

3fraon] 12:00:00] 5431626721 7:25:34] 19:28:37]  723.3706453]  66.11044974] 114.0450048

3/8/2001] ~12:00:00 -5.04257521F  7:25:13]  19:28:49|  723.6072037 66.32030721] 113.2204525

3/9/2011] 12:00:00f 4652418037  7:24:51] 19.28:42]  723.8444508] 66.52765471] 112.3802594

3102011 12:00:000 -4361264396)  T:24:20] 19:28:34]  724.0823741] 66.73223766] 1115253111

3112011 12:00:00]  -3.869217569] 7:24:06] 19:28:25] 7243200018 66.93380017] 110.655221

3122011 12:00:00] 34763830341 7:23.43] 19:38:16]  724:5600023] 67:13208348] 109.7702322)

3/132011] 12:00:00] -3.082868471]  7.23:20f 19:28:08]  724.7996353| 67.32683644} 108.3702214

31472011 12:00:00f 2688775669 7T:22:56) 19:27:58]  723.0397597] 67.51779559} 107.9552012]

31572011 12:00:00] 220420083 7T:22:32} 19:2749)  725.2803356] 67.70470781] 107.0252239

3/16/2011]  12:00:00 -1.39921355| 7:22:08) 15:27:39 725.5213231| 67.88731686] 106.0803838

172011 12:00:00]  -1.504070878] Y2144 19:27:29 725.7626827]  6R.06537005] 1051208208
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31872011] 12:00:06]  -1.108704024]  7:21:39] 19:27:19]  726,0043749] 68.23861695] 104.146723}
3/19/2011] 12:00:00 071327517]  7:20:54]  19:27:00]  726.2463605]  68.40681065] 103.1583298}
37202011 12:00:00]  -0.317886028]  7:20:20] 19:26:59] 726.4886003| 6B.56970837] 102.1559342
32172011 12:00:00]  0.077362113]  7:20:04]  19:26:48] 726,731055]  68.72707232| 101.1398853
3/222018 12:00:00]  0.472368384]  7:19:39) 19:26:38I 726.9736851' 68 8786707] 100.1105905
3/23/2011 12:00:66F 0.567032317] T:19:14]  19:26:27 727.2164528)  69.02427853] 99.06851731
3/242011] 12:00:00)  1.261253839]  7:18:49] 19:26:16 727.459317] 69.16367853] 9801419456
372573011] 12:00:00]  1654933258] 7:18:23| 19:26:05 TH.7022387]  69.20666213] 9604821344
3/726/2011]  12:00:00]  2.047971258]  7:17:58] 19:25:54 _727.945178]  69.42303038] 95.87122795
372772011 12:00.00]  2.440268853] 717320 10:25.44 729.1880947) 69.54239496] 04.78395478
/2872011 12:00:00] 28317274458 T:17:07] 19:25:33 7284300483  69.65517908] 93.68717259:
3/20/2011] 12:00:00  3.222248742] T:16:42] 19:25:22 728.6736977 69.76061344| 9258172075
3302011 12:00:00f  3.611734784]  7:16:16] 19:25:1) 728.9163015] 69.85876217] 91.46849735:
3/31/2011] 12:00:00]  4.000087923]  7:15:51] 19:25:00 7291587178 69.94047362} 9034845658
4120011 12:00:00f 4.387210814]  715:26]  19:24:50] 7294009041 70.03263128] R9.22260548
4/2/2011] 12:00:00]  4.773006402]  7:15:01] 19:24:39] 729.6428172] 70,10812945] 88.092
43200 12:00:00] 5157377917 T14:36)  19:24:29) 729.8844133] 70.17387898] 86.95774045
442011 12:00:00}  5.540228861} 7:14;11[ 19:24:19] 730.1256479] 70.23580784| 85.82096637
4/5/2011]  12:00:00 5021463002]  7:13:46]  19:24:08 730.3664755] 70.28786165] 84.68285087
462011 12:00:00]  6.300084364] 71322} 19:23:58| . 730.5068502] 70.33200408| B3.53458445
4720110 12:00:00] 6.678697223] 7:12:58] 19:23:49] 730.8467249F 70.36821718| 8240741853
482011 t2:00:00]  7.054506008] T:i2:34] 19:2339]  731.0860517F 70,39650147| 8127255856
4/92011| 12:00:00]  7.428315747] 7:12:10] 19:2330]  731.3247818) 70.41687614] 80.14125704
AA02011] 12:00:00)  7.800031163]  7:0147] 19:23:20]  7315628653] 70.42937889] 79.01475632
118011 12:00:00 8160887560 7:1i:94] 16:33:13 731.8602515] 70,43406583| 77.80420146
41272011 12:00:00] 8.536800417]  T:11:01] 19:23:.03 732.0368883]  70.43101116] 76.7810832
4132011 12:00:00]  €.901665388] 7:10:38] 19:22:55 732.2727227]  10.42030677] 75.67633108
4114/2011] 12:00:00]  9.264058386] 7:10:16] 19:22:46] 732.5077006} _ 70.40206173] 745812069
47152011 1200000  9.623885547]  T:00:54] 19:22:39] 732.7417666)  70.37640169] 7340684851
4/1672011] 12:00:00]  9.981053237]  7.09:33] 19:22:31 732.9748643] 70.34346816] 7242435418
4/172011]  12:00:00 10.33546808]  7:09:12)  19:22.24) 733.2069357] 70.30341775| 7136477731
4/18/2011] 12:00:00 10.68703684]  7:08:51] 19:22:17; 733.437922]  70.23642128] 10.31912191
4/19/2011}  12:00:00 11.03566667]  7:08:311  19:22:11 733.6677629] 10.20266291| 69.28833859]
42072011} 12:00:00 11.38126490 _ 7.08:11] 19:22:0% 733 86639671 70.14233911

FUAN] 1% 1. 1 :07. FiB ! 0756 &1,
4/22/2011]  12:00:00 1206200719 7:07:330 19:21:54]  734.3497906] 70.00283689] 66.2938608]
4/2372011]  12:00:00 1239894720]  7:07:14]  19:21:49) 734.5744200] 6992410407 65.330901]
472472011} 12:00:00 12.73149789]  7:06:36] 19:21:44 734.7975848]  69.83969493| 64.38667158
4/2572011F  12:00:00 13.06055775]  7:06:39]  19:21:40 735.019214]  60.74985237] 63 4617555
4/26/2011] 12:00:00 13.386036]  7:06:22] 19:21:34] 7352392392  69.65482547] 62.55667239)
4/272011]  12:00:00 13.7078421]  7:06:06] 19:21:33 7354575894  69.55486852] 61.67187942
4/28/2011] 12:00.00 14.02588589]  7-05:50] 19:21:30 7356141928 69.45024006] 60.80777264
4/29/2011]  12:00:00 14.34007762]  7:05:35] 19:21:28 735888975 69.34120194] 59.96468869
4/30/2011]  12:00:00 !4,65032?93' 705:20) 19:21:36 736.1018622] £9.22801849] 50.14290688
51/2001] 12:00:00) 14.956548]  7:05:06] 19:21:25 736.3127782]  69.11005564] 58.34265153
5/2/2001]  12:00:00, 15,25864036]  7.04:53| 19:21:24 736.5216458] 68.99028017} 57.56409453
5/3/2001  12:00:00, 15.53634414]  7:04:40] 19:21:24 736.7283865] 68.86625896] 56.80735816)
5/4/2011]  12:00:00 15.85014497]  7:04:28] 19:21:24 7369320208 68.73915835} 56.07251791
siso1l] 120000f 16139365080 7:04:16F 1922124 737135168}  6R.6D82435] 55.35960552]
5/6/2011] 12:00:00]  16.42411832] 7:04:05] 19:21:25 731.3350465]  68.47677779] 54.66861196
sno1l]| 1zo0:00] 1670431914 7:03:55] 19:21:27 737.5324735] 68.34202235]  53.0994905
58011 12:00:00]  16.57988273]  7:03:.45] 19:21:29 737.7273635] 68.20523559] 53.35215974
5072011  12:00:00 17.250725]  7:03:36]  19:21:31 737.01063781 68.06667274] 52.7265065
51072011 12:00:00 17.51676261]  T:03:27] 19:21:34 738.1057053]  67.92658551] 5212738884
5N12011] 12:00.00]  17.77791308]  7:03:20f  19:21:37 738.2959818]  67.78522177] 51.53963874
522001 12:00:00]  18.03409477]  7:03:12F 19:21;41 738.4798807 67.64282522] 50.9780649
5/13/2011] 12:00:000  1838522605]  7:03:06] _19:21:46 738,6608149] 67 4996352] 5043745526
5/14/2011]  12:00:00 18.53122088]  7:03:00] 19:21:51 73883869660  67.3558864] 4991737946
SAE520111  12:00:40) 1B.77202483]  7.02:55( 19:21:56; 739.0134379]  67.21180877) 49.4181912
571672011} 12:00:00) 19.00753412] _ 7:02:51]  19:22:02] 739.1840506] 67.06762727] 48.93903038}
5/L720111  12.00:00 1923768122 7:02:47] 19:22:08] 739.3531464]  66.92356184] 4847982516
s/18/2011]  12:00:00 19.46239077]  7.02:44  19:22:15 739.5179367| 66.77982722f 48.04029387
5/19/2011)  12:00:00 19.68152865]  7:02:41]  19:22:22 735.6792335] 66.63663293] 47.62014676
5/20/2011]  12:00:00 1989520201  7:02:39] 19:22:30! 739.8369487]_ 66.4041832] 47.21008766
5/21/2011]  12:00:00, 20.1031524]  7:02:38] 19:22:38]  739.9909948| 66.35267691] 46.8368153
sfaionl] 1200400  2030530074] 7:02:38] 19:22:46]  740.1412845] 66.21230758] 4647302563
5/232011F 120000 2050182745 7:0238]  19:22:55 740.2877314]  66.07326336] 46.12741116
32472011 12:00:00 20.6952402460  7:02:30]  19:23:04 740.43025] _65.93572704] 4579965407
5/250081] "12:00:00]  20.87705031]  7:02.40] 19:23:14 740.5687554] _65.799R7605| 45.48047626
si26/2011|  12:00:00f  21.08570719]  7:02:42] 19:2324 740,7031641] 6566588249] _45,1965405]
5/27/2011]  12:00:00 20228311  7:02:45 1923358 740.8333036] 65 53301316] 4492055128
52802001 12:00:00f  2130480143]  7:02.48] 19:23:45 740.9593631]  65.40412959] 44.6612056
5/2002011] 12:00:00f  21.55511959]  7.02:52] 19:.23:56 741 0B09931{ 65.27668807] 44,4182038)
53072011 12:00:00) 21.7092101]  7:02:56] 19:24:08 741.1082059]  65.15173972] 44.19124924
5312001 12:00.00  21.85701713]  7.03:01] 19:24:20 741.3109257] 65.02943055| 43.98005076
6/1/2011] 12:00:00f  2199848846]  7:03-06] 19:24:32 7414190787  64.96990144] 43.78432123
6/2/2011] 12:00:.00F  22.13357355]  7:03:12] 19:24:44 741.5225033] 64.79328828| 43.60377895
AP0 12:00:001  22.26922308]  7:0%:19] 192456 74101400 64.67972197) 434381478
6/42011] 12:00:00] 72384393330 7:03:26]  19:25:09) 741 7154325] _ 64.5609285] 43 28715755
6/5/2011] 12:00:00{ 22.50003ng 7:03:34}  19:25:22) 741.8046262| 6446222899} 43.15054421
6/6/2011] 12:00:00]  22.60011628]  7:03:42] 19:25:35] 741.8880198]  64.35833076] 43.02805017
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6/7/2011] 12:0000] 2271158839] 7:03:50] 19:25.48] _ 741.9682540] 64.25837239] 4291942449
682011} 12:00:00] 22807417560 7.0355] 19:26:02] 7420425762] 64.16183374] 4282442302
6/0/2011] 12:00:00]  22.89656922F 7:04.09| 19:26.15]  742.1118313] 64.06902604| 42 74280856
G0/2011] 1200001 2297901127} 7:04.18] 19:26:29]  742.1759714| 63.98004695| 42.67435102!
6/11/2011] 12:00:00{  23.05471416] 7:04:25] 19:26:43 T42.234951}  63.89498957] 42.61882744
G3/2011] 12:0000]  23.12365084] _7T.0839] 19:36:57  7423887282] 63.81394252| 42 31602218
6/1372011} 12:00:00]  23.18579686] 7:04:50 19:27:10]  742.3372647] 6373698998| 4254572688
6ii42011]  12:00:00 23.2411304] T:05:01] 19:27:24 742380526] 6366421176 42.52774059]
6/i5/2011] 12:00:00]  23.28963226] 7:05:13| 19:27:38] 74241848141 63 55568325] 4252186581
6i16/2011]  12:00:00 23.3312859] 7:05.25] 19:27.52 742451104 63 53147573} 42 52792345
6/1772011] 12:00:00] —23.36607749] 7:05:37] 19:28:05]  742.4783711| 63.47165567| 42.54573796
6/182011] 12:00:00]  23.39359589 7:0540( 19:28:19]  742.5002639] 63.41628667| 42.57512728
6/192011]  12:00:00]  23.41503266] 7:06:02] 19:28:33  742.5167675| 63.36542631] 4261593287
e/207011]  12:00.00] — 23.42018212] T0614p  19:2846)  742.5278715] 6331912923 42,66799876
/2120117 12:00:00 2343644129 T06:27  19:28:39 T42.5335693) 63277443647 42.73117632
6/222011] 12:00:00f  23.43680097] 7:06:40] 19:20:12]  742.5338587] 63.24042169] 4280532529
6/232011[ 12:00:00]  23.43020066] 7.06:53] 10:29:25]  742.5287416] 63.20809945] 428903118
6/2472011] 12:00.00]  23.41688859] 70007 1929:38  742.3182238 63.18031608} 42.98601038
6/25/20111 12:00:00] 2339661174 : 19:29:50(  742.5023157| 63.1577083 43.09230297
6/26/2011| 12:00:00] 2336847075 19:30:02)  7424810315)  63.1397035] 4320807918}
62772011 [ 12:00:00f  23.3354791 19:30:14] 742 4543895] 63.12652865] 43.33623625
62872011 12:00.00] 2329465273 19:30:26]  742.4224121] 63.11820592{ 4347367915
6/20/72011] [2:00:00f 2324701038 19:30:37] _7423851257)  63.1147535] 43.62132056
6/30/2011] 12: 23.19257338 19:30:47| ~ 742.3425605]  63.1161857 4377908057
1011 12:00.00]  93.i3136567 d0] 19:30:58] 7402047506 63.12351268] 4394688867
722011 1200:00]  23.06341372]  7:08: 19;31:0§| 742.2417338] 63,13374152] 44.12467985
7537011 12:00:00] _ 2298874657] _ 7.09.061 19:3117|  742.1835516] G3.14987417| 44.31235863
7/42011] 12:00:00] 22.90739574] 7:09:19] 19:31:26 742.120249] 63.17090949] 44.50999716
752011 12:00:00]  22.81939519] 7.09:32] 19:31:35]  742.0518743) 63.196842241 44.71743568
Tier2011] 120000 — 3272478128]  7:00.45] 19:31:43]  741.9784794] 63.22766324| 44.93468259|
72011} 12:00:00] 2262350274 7:09:371 19:31:51 741.500119] 63.26335041 45.16171456_'
7/8/2011] 12:00:00] 2251587061 7:10.09f 19:31:58]  741.8168513| 63.30391374| 45.39851665
70720111 12:0000] 2240165819 7:10:21) 19:32:05]  741.7287369] 63.34930525] 45.64508234)
T/10/2011} 12.00:00]  2228100096] 7:10:33] 19:32:11] 741 6358307] 63.39950003] 4590
| 0N 12 . 153946, :10: 19:32:16} 535231 A 1] 261

1272016 12:00:00] 22.02054479]  7:10: 19:32:21 741.435964]  63.51423361] 46.44342565
7/13/2011] 12:00:00]  21.88084735| :11:06] 10:32:26]  7413291254] 63.57868452] 46.72015433
T472011]  §2:00:00f 2173490802 7:11:16] §9:32:29] 7412177833 63.64780782| 47.02474535
TIAS2011] 12:00.000  21.58278244] T:11.26{ 19:32.33 7411020131 63,72155836] 4733024562
716/2081] 12:00:00)  21.42452815) h11:36] 19:32:35( 7400818015 63.79088683] 47.64571139
7172081 12:00:001 2126020443 7:11:45] 19:32:37]  740.8574978| 63.88273975 47.97120848
7/18/2081]  12:00:008 2108987231 7:11:54] 19:32.38]  740.7289123| 63.97005943} 4830681236
7/19/2011]  12:00:00 209135045] _7:12.08| 19:32.39]  740.5962167] 64.06178387] 48.65260833
0001 1200001 2073143528 7:12:01] 19:32:39]  740459494]) 6415784676 49.00869168)
7212011 12:00:000  20.54346048] 7:12:19] 19:32:38]  740.31882871 64.25817737] 49.37516781
7/22/2011] 12:00:00]  20.34973741] T:12:26) 193236  740.1743036] 6436270056] 49.75215243
7/23/2001]_ 12:00:00( 2015033479} 7:12:33] 19:3234]  74D.0260105] 64.47133667] 5013977163
7/24/2081] 12:00:00F  19.54532268] 7:12:39] 19:32:3% 735.87403] 64.58400145| 50.53816207
/2512011 12:00:00)  19.73497244] T:12:45] 19:32.08F 7397184513 64.70060602( 509434711
726/2011] 12:00:00]  19.51875665] 7:12: 19:32:24]  739.5593616] 64.82105677] 5136785686
727120111 12:00:00] 1929734906 _ 7:12; 19:32:19F  739.3968486( 64.94523520] 5179948837
7/28/72011] 12:00:00]  19.07062453] 7:12: 19:32:13]  739.2310000| 65.07309831] 52.24254566
72672011 12:00:00]  18.838658%6] 713 19:32:07}  735.0619038| 65.20447758] 52.6972198
H302011]  12.00:00 18.60152925] 7:13: 15:32:00 738.8856475 65.330927081} 53.16371253
/31/2001] 12:00:00]  i8.35931324] 7.13.09] 19:35:52]  738.7143184] 65.47738657 53.64223829
8/1/2011] 12:00.00]  18.11208967] 7:13:11] 19:31:43]  7383.3360036] 63.6186742] 54.13302023
8/2/2011] 12:00:00]  17.85993808] 7:13:13] 19:3i;34]  738.3547897| 65.76301371] 54.63629408
8320111 12:00.00]  17.60293881] 7:13: 15:31:24]  738.1707628] 65.91027069; 55.15230611
Bf4f2011) 12:0006) 17.34117295) 7:15:15] 19:31:04]  737.9840082) 66.06039319] 5368131336
g/sreont] 12:0000]  17.07472225] T3] 19:31:03 737.79460'8_" 6.21297165] 56.22358341
B/6/2011| 12:00:00)  1680066911]  7.I3.15] 19:30:51]  737.6026543] 66.36811871] 56.77939415|.
8772011 12:00:00f  16.52809652f 7:i3:14] 19:30:38] 7374082218} 66.52558044| 57.34903342
/872011 12:00:00f 16248088061 7:13:13] 19:30:25| 7372113954} 66.68522057| 57.9327985%8|
8972011 12:00:00] 1506372777 7:13:11] 19:30:11]  737.0122562 66.84684308} 58.53099603
710/2011] 12:00:00] 1567510022  7:13:08] 19:29:57]  736.8108842] 67.01028172] 5914304056
112011 12:00:00] —~ 15.38220039]  7.1%: 9.29:42]  736,6073583( 67,17535502] 59.77193467)
12/2011] 12:00:00] ~ 15.08538369] T:13: 9:29:26]  736.4017563| 67.34187516] 60.41536775)
8/13/2011] 12:00:000  14.78446588] 7:12: 9:29:100  736.1941548] 67.50964792] 61.07451504)
B/E4/2011] 12:00.00]  1447962309] 7:12: 19:28:53 735984629 67.67847257] 61.74973661
8152011] 12:00:00] 1417094177 7:12: 19:28:35 735.773253] 67.84814183] 62.44137601
816/2011] 12:00:00]  13.85850864] 7:12; 19:28:07]  735.5600006] 68,01844175| 6314977887
8/17/2011( 12:00:00 T3.3424107]  7.1237] [9:27:38  735.3432404] 68.18915174] 63.87529129
8/1872011) 12:0000] 1322273519 7:12:31] 19:27:39]  735.1287453] 68.36004446] 54.61825796
8/19/2011] 12:00:00 128995696  7:12:24] 19:27:19]  734.9106833] 68.53088587| 65.3790202
8/20/201] 12:00:00 12.5730016] _ 71Z:07] 19:26:38] — 734.6911218]  68.7014332] 66.15791364]:
82172011 12:00:00]  1224311905] 7:12:09] 19:26:37|  734.4701269| 68.87144499] 6695526578
822720111 12:00:00]  11.91000999] 7:12:01] 19:36:16]  734.2477633] 69.040661161 67.7713932
&/23/2011) 12:0000]  11.57376363] T:1153] 19:25:54] 73402400450 69.20882311) 6860650861
8/24/2011] 12:00:00F  11.234465317 T:11:44] 19:25:32]  733.7991825] 69.37566383] 69.46116755
8/252011] 12:00:00]  10.89220654] 7:11:34] 19:25:08]  733.5730881|  69.5409101) 70.33536402
sr2672011] 12:0000f 1054707494 7:11:25] 19:24:45]  733.3458706] 6970428260) 71.22943116]
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£/2772011]  12:00:00) 10.19915925¢  7:11:15]  19:2422 733.1175883]  69.86540663] 72.14357821
£/28/2011]  12:00:00 9.8485483341  7:11:04] 19:23:58 132888208 70.02426157] 73.07798522
2/20/2011| 12:00:00) 9.405331187]  7-10:54]  19:23:33 732.6380552] 70.13028212| 74.03279403
8302011} 12:00:00 9.139596904]  7:10.42] 19:23:08 732.4269144] 70.33325835] 75.00810439
8/31/2011]  12:00:00 8.781434603|  7:10:31]  19:22:43 732.1949286] 70.48288631] 76.00396912)
9/1/201E]  12:00:00] £.420033878]  7:10:18]  19:22:47 731.9621499] 70.62885859] 77.02038899
9/2/2011] 12:00:00{  8.058183898] 7:10:07] 19:21:51 731.7286201F 70.77086508] 78.05730759
9/3/2011] 12:00:00]  7.693274307]  7:09:55] 19:21:25 731.4944158] 70.90850366] 79.1146062
9/401t] 12:00.00{  7326394785] T-09:43]  19:20:58 73125955801  71.0417311] 80.1920086
/52011 12:00:00] 69573351351 71:09:301 19:20-32/ 731.0241057 71.169954] BE. 28952611
9/6/2011]  12:00:00 6.586485296f  7:09:17] 19:20:04 730.7881031] 71.29297977| 82.40655215
972011} 12:00:00 6.213835345]  7.09.04]  19:19:37 73055159668 71.41046782] 83.34276081
98011} 12:00:00 5.83947551]  7:08:51] 191910 730.3146300]  11.52212066] 84.6976467
9/9/2015}  12:00:00 5.463496175|  7:08:37]  19:18:42 730.07725] 71.62763526] 85.87061745
97102011 12:00:00, 5.089987893] 70824  19:18:14 720.8304967 71.72671433] B7.0500R7R2
5/1172011]  12:00:00] 4.707041394]  7:08:10] 19:17:44] T206014135] 71.81906777] 6826797808,
9/122011] 12:00:00]  4.326747598] T.07:56] 19:17:1§ 729.3630417]  71.9044141] 80.4907i284
94132011 :00; 3,945197628]  T:07:42] 19:16:49] 729.1244222]  71.98248194] 90.72822064
971472011 3,362482818]  7:07:28] 19:16:21 728.8855951} 72.05301155] 919794348
G/15/2011 00 3178624737 T:07:14]  19:15:53 712B.5466] 72.11575633] 93.24319529
9/16/2011] 12:00:00]  2.793925185] _ 7:07:00]  19:15:24 728.4074759]  72.17048431} 94.51825186
57201t 12:00:00]  2.408266226]  7:06:45] 19:14:55 728.1682614]  72.21697962] 95.80326841
9/18/2011] 12:00:00{  2.021810189]  7:06:31 727.9289944]  72,25504389] 5709682850
5/19/2011]  E2:00:00) 1.634649691|  7:06:17 T21.68071211  12.28440758] 98 39744261
S/30/2011]  12:00:00 1246877646  7:06:03 7274504537 72.305[811‘5' 99.70355526]
9/21/2011] 12:00;00 0,858587287]  7:.05:49) 727.2112543 72.31695632' 1010135549
912220111 12:00:00 0469872173 7:.05:35] 19:12:33 726.9721513]  72.3197067| 102.3257838
9/23/2011}  12:00:00 0.080826212]  7:05:21f 19:12:05 726.7331814] 72.31333893] 103.6385482
97242011} 12:00:00] -0,308456327]  7:05:07] 19:1i:36 7264043811 72.20778312 104.9501309)
%/252011] 12:00:00]  -0.697880798]  7:04:53] 19:11:08 72625578671  72.27299331] 106.2588022
o2672011] 12:00:00]  -1.087352163] T:04:39] 19:10:40]  726.0174346] 72.23894773] 107.5628323
5/2772011]  12:00:00f  -1.476774977]  7.04:26| 19;:0;13_] 725.7793613] 72.19564385] 108.860504
9/28/2011) 12:00:00 -1.866053378  7:04:12]  19:09:45) 725.5416031  72.14312322| 110.1505237
9/29/2011] 12:00;00]  -2255091038]  7.03:39] 19:09:18 72530419681 72 08142116] 11] .43
11 -00: -2.643791 03 0851 E . 12

107172001 12:00:00]  -3.032056709]  7:03:34]  19:08:24 724.8305871]  71.93080438} 113.9543356)
10/2/2011] 12:00:00]  -3419729791]  7:03:21] 19:07:57 724.504458]  71,84210347] 115.1956843
107372011 12:00:00f  -3.806892279] 7-03:.09] 19:07:31 724.3588206]  71.7446519) 116.4212537)
10/420111  12:00:00f  -4.193265481]  7:02.58]  19:07:05 724.12374]  T1.63860768F  117.62071
10/5/2011] 12:00:00]  4.578810189]  7:02:45} 19:06:39) 723.8892277| 71.52414719] 118.819806
10/6/2011] 12:00:00] 4963426671  7.02:35] 19:06:14 723.6553317) 71.4014533@_' 119.9903856)
10772000 12:00:00] -5.347014661]  7:02:24  19:05:49 723.4220016| 71.27076685] 121.1403875
10/8/201 1 12:00:00 -5.72947335]  7-02:14] 05: 723.1895476| 7113227962} 122.2688468
10/972001]  12:00:.00f -6110701379 7:02:04] 19:05:0 722 95774061 70.98623855] 1233748052
10/10/2011]  12:00:00]  -6,490566832]  7:01:54 104 7227267121] 70.83289151] 124.4577656
10/112011] 12:00:00]  -6.8690372331  1.01:45 104 72249650450 70.67249645| 125.5167814
1012201 12:00:00]  -7.245979539]  7:01:36 :03: 7222671609 70,50532009] 126.5513639]
10/13/2011]  12:00:00]  -7.621260141]  7:01:28 103 ?220387252! 7033163653 127.5610252
10/142081]  12:00:00F  27.994704859F  1:01.20] 031 721 81124231 70.15172603| 128 5453653
10/15/2011|  12:00:00}  -8.366478946]  7:01:13] 02 7215847581  69.9658738] 129.504068
lo7i6i2011]  12:00:00]  -8.736207052] 7:01:06 02 72135931921 69.77436885] 1304368973
10/17/2011]  12:00:00]  -9.103873421]  7:01:00 02 721.1349736]  65.57750296| 131.3436019]
10/18/2011]  12:00:00]  -6.469371504}  7:00:54] 01 72091177 69.37556969] 132.2243605
10192016 12:00:00]  -9.832594365]  7:00:49  19:01:30; 720.6897586; &5 16886344] 133.U78876D
10/20/201H] 12:00:00]  -10.19343449]  7:00:44] 19:01:12 7204680904} 68.9576787T1] 133907275
10/21/2011 12:00:00{  -10.55178384] 7.00:40] 19:.00:35 72024951778 68.74230928] 134.7096431
10/22/201 5] 12:00:00]  -10.90753387]  7:00:37] 19:00:39) 720.0313939] 68.52304758| 135.4861199
1072372011 12:00:00]  -11.26057552]  7:00:34 19;00:234 719.8146739]  68.3001841] 1362368886
10/24/2811F 12:00:08]  -1161079929]  7:00:32{  19:00:08; 719.5994136] _68.07400683] 136962173
10/25/2011} 12:06:00 -11.9380952]  7:00:311  18:59:54 719.3856703] 67.84480085] 137.6622325
10/26/2011} 12:00:00]  -1230235285]  7:00:30] 18:59:41 716.1735025]  67.61284796] 138.3373581
10/27/2011] 12:00:00]  -12.64346143] 7:.00:30] 18:59:28 718.9620701] 67.37842611[ 138.0878685
10/28/2011} 12:00:00]  -12.98130978]  7:00:31] 18:59.16] 718.7541344} 67.14180943] 139.6141058
10/29/2011| 12:00:00]  -13.31578638]  7:00:32] 18:39:05 718.5470578|  66.90326779] 140.2164326
160302011] 12:00:00]  -13.64677042]  7.00:34]  18:58:55 718.3418044|  66.66306667] 140.7952287
10/31/2011]  12:00:00] -13.9?4”681-'— 7:00:37]  18:58:46 718.1384392|  66.42146694] 1413508875
1/E2011) 12:00:00]  -14.29786626] 7:00:41] 13:58:37 717.937029] 66.17872479] 1418838142
1122011 12:00:00]  -14.61773520]  7:00:45] 18:58:29 717.7376416] 65.53509162] 1423944225
11/3/2011]  12:00:00]  -14.93367120]  7:.00:50] 18;58.23 717.5403463]  65.60081394] 142 8831328
13/4/2011| 12:00:00F  -15,24556157] 7.00:56] 18:38:}7 717.3452136]  65.44613335]  143.35037
11752011 12:00:00]  -15.35329344]  7.01:03] 18:58:12 717.1523154]  65.2012865} 143.7965618
1i/6/2011] 12:00:00]  -15.85675422( 7:01:10] 18:38:08 716.9617246] 6495650512  144.222137
187772011 12:00:00]  -16.15583134] 7:00:18] 18:38:03 716.7135156]  64.71201554] 144.6275239,
1182000 12:00:00]  -16.45041241]  7:01:27]  18:58:03 716.5877630] 64.46804081| 1450131493
11/9/2011 12:00:00] -16.74038524] 7.01:37] 18:58:01 716.404546] 64.22479663] 145.3794371
11/10/2011]  12:60:00f  -17.02563797]  7:01:48] 18:58:0t 716.2239395]  63.98249548] 145.7268075)
171120011 12:00:008  -17.30605911]  7:01:59]  18:58-02 716.0460232]  63.74134456] 146055676
11/12/2011] 12:00:00f  -11.58153785] 70211} 18:58:03 TI5SATORT60]  £63.50154634] 1463604527
111320111 12:00:00]  -17.85196309]  7-02:24]  18:58:06] 715.6985802] 63.26320853| 146.6595419
11142011 12:00:00]  -18,11722558]  7:02:37]  18:58:09] 7155202152 63.02670416] 146.9353411
11152001 12:00:00]  -18.37921598]  7.02.52]  18:58:13 7153628637 62,79222165| 147,1942400
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11/16/2011f 12:00:00]  -18.63182557  7.03:07] 18:58:19) 715.1996081] 62.55976484| 147.4366244
11/172011] 12:00:00]  -18.88094813] 7.03:23] 18:58:25 715.0395317] 62.32950305] 147 662867
11/18/201 1] 12:00:00]  -19.12447603]  7:03:39] iR:58:32 T14.8827177] 62.10191114] 147.8733364)
11/19/200 1] 12:00:00]  -19.36230436]  7:03:57] 18:58:40 714.7292501] 6187683953 148.0683917]
11/202011] 12:00:00] -19.50432008] 7:04:15| 18:58:401  714.5792127] 61.65461436] 148.2483841
1172172011 12:0055[ -19.8204472  7.04:34f 18:58:59 714,4326895] 6].43533732] 1484136561
112202001 12:00:00]  -20.04055753]  7:04:53]  18:39:10 714.2807643]  61.2191859] 148.564542
11/23/2011] 12:00:00]  -20.25456018f 7.05:13] 18:59:22 714.1505208]  61.00631336] 148.7013673
11/2472011] 12:00:00]  -20.462356950 7:05:34] 18:59:35 714.0150422]  60.70686874] 148.8244493
11/252011] 12:00.000  -20.65385139]  T.05:56] 18:59:49 713.88341111  60.59009691] 148.9340966]
117262011 12:00:00]  -2085804894] 7.06:18]  19:00:03 713.7557097] _60.50883864] 149.0306094
1172772001 12:00:00  -21.04755701]  7:06:41] 19:00:18 713.6320191]  60.19053056] 149.1142794)
1172820111 12:00:00 2122058513  T.07:04] 19:0035 713.5124194]  59.99620524] 149.1853903
11/292011] 12:00:00]  -21.40494504] 7:07:28] 19:00:52 713.3969857F  50.80599121] 149.2442173
11ao2011] 12:.00:00] 2157335083  T.07:52] 19:0i:10 713.2858074]  50.62001294] 149.2010276
12712001 12:00:00]  -21.73531902]  7:08:17] 19:01:28]  713.1780487]  59.4383909} 1493260803
127202011 12:00.00]  -21.89016872] 7.08.43] 19:0148]  713.076488 59.26124155] 149.3496268
12/320111 12:00,00] -22.03802171] 7:05:09| 19:02:08 712.9784979] 55.08867736] 1493619105
127420111 12:00:00]  -22.17880259]  7:09:36] _19:02:29 712.8850487] 58.92080682] 149.3631674
12/52011) 12:00:00]  -22.31243885]  7:10:03) 19:02:30 712.7962080] 58.75773446) 149.3536259
12/6/2011]  12:00:00]  -22.43886095{  7:10:30] 19:03:13 712.7120442] 58.59956084] 149.3335071
12/72011] 12:00:00] 2955800265  7:10:58f 19:03.36 712.6326179]  58.44638254] 149.3030249
12/82011] 12:00.00]  -22.66980069]  7:11:26] 19:03:59 712.5579908] 58.29829223] 149.262386
12/9/2011] 12:00:00]  -22.77419531] 7154 19:04:24 7124882203 58.15537859] 149.2117904
13/10/20L1] 12-00:00]  -22.87113011} 7:12.33] 15:04.48] T3 4533613 58.01772639] 142.1514313
12/11/2001] 12:00:00]  -22.06035223  7:12:52] 19:05:14 712.3634652] 57.88541641| 149.0814952!
12/12/2011]  12:00:00 -23.0424124]  7:13:21]  19:05:40 712.3085801] 57.75852554] 149.0021621
12132011 12:00:00]  -23,11666504] 7:13:51]  19-06:06] 712.2587507]  57.6371267] 1489136088
1z0420011] 12:00:000 2318326833  7:14:20]  19:06:33 712.2140179]  57.52128888] 148.8159937
12/15/2011] 12:00.00]  -23.24218428]  7:14:50]  15:07-00) 712.1744192|  57.41107714] 1487094874
12/16/2011]  12:00:00]  -23.29337885] 7:15:20] 19:0728 712.1399881] 57.30655261} 148.5042423
12/17/2001] 12:00:00f  -23.33682188]  7:15:50] 19:07:56 712.110754]  $7.2077125] 148.4704083
127182081 12:00:00F  -23.37248729]  7:16:20] 19:08:25 712.0867424]  57.1147901] 148.3381202
12/192011]  12:00,00f _ -23.40035303 19-08:54) 712.067975] 57.02765479] 14819754
T27207011]  12:00:00] X T120] 19:09:73 , 94641 48
12/21/2011]  12:00:00, 234326179 7:17:50] 19:09:52 712.046237] 56.87110344] 147.891980]
12/2222011]  12:00:00] 2343600359  7:18:19]  19:10:2; 712.0432883]  56.80176667| 147.7272521
12/23/2010] 12:00:00] -23.43352277]  7.18:49] 19:10:52 712.0456272] 56,73843557] 147.5547181
1272472018 _12:0000]  .23.42270418]  Tig9] 19122 712.053254] 56.68114009] 147.3744903
12/25/2011] 12:00.00]  -23.40304074]  7:19.48] 19:11:52 7120661645 56.62000635| 147.1866761
12/26/2011] 12:00.00]  -23.37603957|  7:20:17] 19:12:22 712.0843503 56.58475661| 146.9913777;
12/27/2011]  12:00:00]  -2334121196]  7:20:48{ 19:12:52 712.1077989] 56.54570935] 146.7885926
12/28/2011] 12:00:00]  2320857338]  7.21:15] 19:13:23 712.1364933]  56.51277922] 146.5787135
12/29/201H]  12,00:000  -23.24814342] 721,43 191350 71217041251 56485977081 1463 34
1273072011 12:00:00]  -23.18994579]  T22:11fF 19:14:23 712.2005312{ 56.46531006] 146.1372203
123172011 12:00:00]  -23.12400825]  7:2238] 19:14:54 712.2538205] 56.45078149] 145.9058670
12012 12:00:00]  -23.05036259]  7:23:05] 19:15:24 712.3032469]  56.44239099] 145.6675449
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MITSUBISHi <CONTROCL / DRIVER IC>

M51660L

APPENDIX D: M51660L

SERVO MOTOR CONTROL FOR RADIO CONTROL

ESCRIPTION
i@ M51660L is a semiconductor integrated circuit for use in servo
stor control in radio control applications.

PIN CONFIGURATION (TOP VIEW)

wsed in a 14-pin molded plastic zig-zag inling package (ZIP), the Servo position voltage E
31660L confributes to the miniaturization of the set. - .
Ti
e built-in voitage regulating circuit, and the differential ming capachior E
mparator used in the comparator circuit provide the M51660L Timing resistor E
th extremely stable power supply voltage fluctuation External PNP transistor drive (1) E
aracteristics and temperature change characteristics. :
Input E
ZATURES ouput(t) [6} o
SN CINCUIL CLITENL =« evereremrmmronnsarssasnaisrsninsan 3.5mAtyp. E ]
(When output is off) GND 5] 2
Excellent power supply and temperature stability =
Simpie setting of dead band Ermor pulse output E
Includes protection circuit for continuous "H” level input Output (2) @
Stretcher input
PPLICATION o 1
gital proportional system for radio control, and servo motor Exteral PNP iiahaister arivé (2) [12]
ntrol circut, etc. Regulated voltage output Ei
Supply [14]
ECOMMENDED OPERATING CONDITIONS
Supply voﬂage FANQE === veneveerenmnceraaneinotnicinnionins S35=-7V Outline 14P5A
Rated supply vOIagE ««--ccovrireen i enee 4.8V
3LOCK DIAGRAM
Supply N
(4.8v) ¢

} IE

T3

! (2) Extemal PNP transistor drive (1)
Control Qutput Output (1
Input logic Flip-fiop drive (8) output (1)
circuit circuit @ Output {2)
| 12} External PNP transistor drive (2)
I One-shot Pulse Voltage :
rultivibrator stratcher ;?3;:';""9 —® Regulated voitage output

FIU W .

Servo pasition  Timing Timing

voltage input  capacitance resistor  output

Error pulse  Stretcher
input
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SERVO MOTOR CONTROL FOR RADIO CONTROL

3ISOLUTE MAXIMUM RATINGS (Ta = 26°C, unless otherwise noted)

Symbal Parameter Conditions Ratings Unit
els Supply voltage 7.5 v

Y SINK Qutput sink current 500 mA

) SOURSE Output source current 200 mA

d Power dissipation 550 mwW
[ Thermal derating range Ta 2 25°C 5.5 mw/°C
opr Qperating temperature -20-+75 °C

stg Storage temperature range 40 - +126 °C
ECTRICAL CHARACTERISTICS (Ta = 25°C and Vice = 4.8V, unless otherwise noted)
symbol Paramet Test condit Limits Unit
»ym arameier €81 condiuons Min. Typ. Max. 41}

o When output is OFF 35 5
C Circuit current When output is ON 20 mA
, o n losing = 100mA 0.1 0.2
oL Output vohage °L lo s = 400mA 04 | 07
'OH Quiput voltage “H” lo source = 100mA 34 3.8
P External PNP transistor 30 mA
Drive current

'Reg Internal requlated supply voltage 23 2.45 2.6 Vi
teg Internal regulated supply output current 3.0 mA
‘DB Minimum dead band width RoB = 51002, Cs = 0.1pF 1.5 us

'PICAL CHARACTERISTICS (Ta = 25°C, uniess otherwise noted)

Internal power dissipation Pd {mW)

Thermal derating (maximum rating)

1000

3007

600

400 ™

N
\\
)
200 £y
™ [
i »
0 S
0 25 50 75 100 125
Ambient temperature Ta (°C)

Circuit current vs. supply voltage

8
I |
When output is OFF

E s =
Q
L
]
£ 4
E
3 P
]
L
& 2

0

Q 2 4 8 8
Supply voltage Vee (V)
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o

Internai reguiated supply voitage vs.

supply voltage current
g 4 1000 H
7
8 5 i
£ =
g) 3 % s /] "
= 3 100 "
> < => 7 3 i |
g dl 2 =7 !
2 ] A
a g ° |
h=3 =
7] Q
5 P
S5 a 7
g ! S 5 i
g © 3
E
£ 0 1
0 2 4 & 8 1 35710 3 57100 3 571000
Supply voltage Vcc (V) Output sink current |siNk {mA)
Deadband width vs. deadband resistance
[ %
Strefcher capacitance
Cs=0.1pF
g 10 L/
3
o
£
=)
H
5 ]
g ° /
©
@B
o /
0
0 1k 2K
Deadband resistance Ros (€1)
PPLICATION EXAMPLE
Servo motor controi circuit for radio-controiied
25A695 +] Vee
‘ 10
14
M516601.
TG GO
&
o,uj; 18k lg
Linit
Resistance :Q
Céapacitanca : F
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ICHNICAL APPLICATION NOTES

N DESCRIPTION
Servo Position Voltage Input Pin (Pin (D)
Connect the potentiometer terminal for position detection that
foliows the output axis. Compare this voitage with the voltage
of the triangular wave of pin @ and drive the motor. A capacitor
of approximately 0.1pF should be connected for noise
prevention.
Timing Capacltor Pin {Pin ®)
Connect a capacitor that will generate a triangular wave by
constant current charging. A typical value is 0.1puF. Also
connect a feadback resister from the output here;
Timing Resistor {Pin®)
Connect a resistor that will determine the value of the constant
current of pin 2. A resistor of 18kQ will yield a current of
1.0mA. A capacitor of approximately 0.03pF should be
connected in parallel with the resistor to increase stability.
External PNP Transistor Drive O (Pin @)
Connect o the base of the external PNP transistor.
Iput PIA Pin ©)
Operate with a positive pulse of peak value 3V or greater.
Output D Pin (Pin &)
Connect a feedback resistor betwaen this pin and pin @,
Ground (pins Tand &)
Error Pulse Output pin {Pin ®)
Connect a resistor between this pin and pin . The dead band
will change according to the value of this resistor.
Output @ pin (Pin @)
This is the output @ pin.

. Stretcher Input Pin {Pin d@))
Connect the capacitor and resistor of the pulse stretcher
section.

. External PNP Transistor Drive @ {Pin @)
Connect to the base of the external PNP transistor,

. Regulated Voltage Output Pin (Pin )
This is the output of the internal regulated supply voitage.
Make connections from this pin to a potentiometer or pulse
stretcher resistor. Connect a capacitor of approximately 2.2uF
for stability

. Supply Voltage (Pin )
The supply voltage exhibits uniform characteristics from 3.5V
to 7V. Connect a capacitor of approximately 10uF.
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