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NOMENCLATURE

6 . the solar declination angle(in radians)

A : the solar azimuth angle (in radians)

>

: the solar altitude (in radians)

¢ : latitude of installation place (in radians)

N : the fractional year (in radians)

d : the number of days of an year

H : the solar hour angle (in degrees)

T : the truth solar time (in hours)

S, © solar noon (in hours)

L, : difference of longitude (in degrees)

T, : the equation of time (in minutes)

h.y * the solar altitude by calculation (in degrees)
A, ‘ the solar azimuth by calculation (in degrees)

A,,,  azimuth of PV module by control (in degrees)



SUMMARY

The photovoltaic(PV) power generation system transforms unlimited and
pollution—free solar energy directly into electronic energy by using solar cells of
semi—conductor devices. The PV power is globally attractive renewable energy
in relation to problem of environmental pollution, and will be an important
future energy sources.

The power output of the solar cell depends largely on the amount of sunlight
irradiated on the surface of a solar cell. That is, the incidence angle of the
sunlight to the surface of the solar cell is great importance of the efficiency of
the PV power generation. In order to maximize both the efficiency and the
amount of power generation, the orientation of the solar cell should always be
perpendicular to the sun ray. It is, therefore, necessary to trace the direction of
sun ray by controling the orientation of the solar cell.

There are two different approaches for solar tracking system; a sensor based
approach and a program based approach. The sensor based approach utilizes a
solar direction sensor that finds the altitude and azimuth angles of the sun. The
system open fails to track the sun because the dust on the surface of the sensor
hinders the sensor from detecting the direction of the sun ray, or after long
cloudy duration it can no longer trace the sun again because the amount of error
1S too big.

In this study the solar tracking system have been developed that can trace the

_iV_



direction of sun to keep the PV array perpendicular to the sun lay. The system
is able to localize by itself using GPS, and it do not need a brake system. It
uses very low power DC motors, so that it does not need external power.
Furthermore, it has an ability to judge whether it is possible to generate or not
depending on the light intensity. Also it can maintain the PV array horizontally
to prevent from demage when the wind is strong.

A series of experiments have been conducted to valuate the designed solar
tracking system. The results have shown that the efficiency of the solar
tracking system can be improved about 123% and 64% than the fixed system

with 57 degrees and 33 degrees respectively.
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Fig. 1-1 V-I characteristics of solar cell output
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Fig. 3-7 Photograph of solar position tracking system
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Table 3-1 Specifications of each part for solar position tracking system

standard material remarks

Plate for fixed 3T Flat sheet Aluminium Bendi.ng,

solar module Welding
Horizontal shaft 15¢ Round bar Steel Lathe processing
Vertical shaft 35¢ Round bar Steel Lathe processing

Jig bearing

Inside 15mm Bearing steel P204
. Inside 35mm .
Thrust bearing Outside 68mm Bearing steel 51307
Frame SOXSOmm Steel Zinc plating
Square pipe
. Bending,
Gear box 2T Flat sheet Stainless steel .
Welding
Gear Worm gear Aluminium Ge%ro.rlatlo
Power DC 12V .
Sm?ﬂoffrared RPM 5000rpm Steel Ge;ful_”i‘uo
Current 0.16A ’
Proximity sensor Detectlgrgrlniilstance Plastic NPN type
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Table 3-2 Specifications of photovoltaic module

Maximum power (Ppax) 12.0W
Open-circuit voltage (Voc) 205V
Short-circuit current (Isc) 770mA

Operating voltage (Vop) 17.0V

Operating current (Iop) 720mA

Size 356x347x40mm
Frame material Aluminium frame

Table 3-3 Specifications of DGPS

Voltage 8-35 VDC
Power C ¢
urren 95mA @ 12VDC
Drain

Frequency Range

283.5 - 325.0kHz @ 0.5kHz

Data Rates

200/100/50/25 BPS

Input

RS-232 or NMEAO0183, 9600 bps

Input Sentences

Binary(Magnavox), $PSLIB(Starlink)

Output

RS-232 9600 bps

Output Sentences

RTCM SC-104(6 of 8bit format)
NMEAOQ183 version2.0
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. e
.I ::

Fig. 3-9 Controller of solar position tracking system

Table 3-4 Specifications of PBM-R5

Main Chip PIC16F877
Oscillation Frequency 20MHz
Program Memory 64K byte
Data Memory 32K byte
EEPROM 32K byte
I[/O Port 34

A/D Channel

8(10bit), 2(12bit)

PWM Port

2(10bit)
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Fig. 4-1 Tracking system and fixed module system

Fig. 4-2 Controller
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Table 4-1 Data list from controller
Number| List Meaning Unit

1 dd day

2 hh hour

3 mm minute

4 SS second

5 aa part of integer for altitude by calculation ldegree

6 bb part of decimal for altitude by calculation 0.01degree

7 cc part of decimal for altitude by calculation 0.0001degree

pulse counting number of

8 e proximity sensor for altitude ldegree

9 ft part of integer for azimuth by calculation 255degree

10 99 part of integer for azimuth by calculation ldegree

11 11 part of decimal for azimuth by calculation 0.01degree

12 JJ part of decimal for -azimuth by calculation 0.0001degree

13 o pul.se. counting nurnber of 955degree

proximity sensor for azimuth
1 - pul.se. counting numbe.r of ldegree
proximity sensor for azimuth

15 pp wind speed 1m/s

16 49499 A/D transforming number of CdS cell

17 r part .of integer for power by W
fixed module system

18 " part Qf decimal for power by 0.01W
fixed module system

19 wu part of 1nteger for power W
by tracking system

20 w part of deamal for power 0.01W
by tracking system
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Fig. 4-6 Enlarged graph of Fig. 4-4 at 18:40~19:10
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Fig. 4-9 Enlarged graph of azimuth angles in Fig. 4-7 at 18:35~19:00
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Table 4-2 Summary of the experimental results (Installation angle for fixed

system: 57°)

Power generation quantity (units : W)

Accumulation Mean (Tracking/

fixed) =100
Date Fixed Tracking Fixed Tracking (%)
2006/5/20 26,119 63,704 2.79 6.81 244
2006/5/23 27,250 59,102 2.91 6.31 217
2006/5/24 28,044 64,231 3.00 6.86 229
2006/5/25 16,997 31,271 1.82 3.34 184
2006/5/30 31,314 72,914 3.35 7.79 233
2006/5/31 30,196 70,274 3.23 7.51 233
Mean 226




Table 4-3 Summary of the experimental results (Installation angle for fixed

system : 33°)

Power generation quantity (units : W)
Accumulation Mean (f’ll;(r:g)il?g 0/
Date (%)
Fixed Tracking Fixed Tracking
2006/6/1 7,289 10,353 0.78 111 142
2006/6/3 17,779 34,575 1.90 3.70 194
2006/6/4 16,808 32,692 1.80 3.49 194
2006/6/5 37,712 64,089 4.03 6.85 170
2006/6/6 36,535 54,207 3.90 5.80 148
2006/6/7 35,681 53,016 3.81 5.66 149
Mean 164
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Table. 4-4 Accumulative power generation quantity according to time when

the installation angle of the fixed system is 57°

Accumulative Power generation quantity (units : W)
Time zone Fixed Tracking Tracking - Fixed
06:00 ~ 07:00 136 6,065 5,929
07:00 ~ 08:00 866 18,634 17,768
08:00 ~ 09:00 4,442 27,400 22,958
09:00 ~ 10:00 11,863 33,784 21,921
10:00 ~ 11:00 22,300 39,558 17,258
11:00 ~ 12:00 28,474 40,410 11,936
12:00 ~ 13:00 30,010 40,477 10,467
13:00 ~ 14:00 27,875 39,729 11,854
14:00 ~ 15:00 18,749 34,803 16,055
15:00 ~ 16:00 10,369 32,814 22,445
16:00 ~ 17:00 3,815 26,610 22,795
17:00 ~ 18:00 849 16,479 15,630
18:00 ~ 19:00 172 4,733 4,561
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Table 4-5 Accumulative power generation quantity according to time when

the installation angle of the fixed system is 33°

Accumulative Power generation quantity (units : W)

Time zone Fixed Tracking Tracking - Fixed
06:00 ~ 07:00 139 2,035 1,896
07:00 ~ 08:00 1,111 7,346 6,736
08:00 ~ 09:00 3,930 12,404 8,473
09:00 ~ 10:00 7,700 14,243 6,544
10:00 ~ 11:00 15,196 20,959 5,764
11:00 ~ 12:00 23,065 28,511 5,446
12:00 ~ 13:00 27,184 32,014 4,830
13:00 ~ 14:00 25,703 30,967 5,265
14:00 ~ 15:00 22,048 29,385 7,337
15:00 ~ 16:00 15,203 27,177 11,974
16:00 ~ 17:00 7,897 25,196 17,299
17:00 ~ 18:00 2,314 14572 12,258
18:00 ~ 19:00 316 3,622 3,306
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