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ABSTRACT

Describing a designing process of single axis photovoltaic automatic tracing system for unattended seismic Sation.
Sructure and principle of this automatic tracing system are analyzed. Giving the methods of hardware and software
design that accomplish main-control chip using single-chip computer C8051F310.The field testing results of device
to showed which effective raise efficiency of power generation.
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INTRODUCTION

Solar energy is a new clean energy security. Haeeadvantages of abundant reserves, wide applicagiod

security, economic and practical green fossil endrggomparable. However, the current photovolta@ver

generation there is a bottleneck in the developrieitis the power generation efficiency is lowetdfore, how to
make photovoltaic cells to a greater extent foasohdiation energy. To improve the efficiency oflas photovoltaic
power generation has become the research hotabpieme and abroad. Solar energy is a new cleagyesecurity.
Have the advantages of abundant reserves, widecapph, and security, economic and practical gréessil

energy incomparable. However, the current photaiopower generation there is a bottleneck in #eetbpment
that is the power generation efficiency is low. fidiere, how to make photovoltaic cells to a greatdent for solar
radiation energy, improve the efficiency of solhofvoltaic power generation has become the relsdmttopic at
home and abroad [1].

Solar power system without automatic tracking hasted to spread in the unattended seismic stalahbecause
the photovoltaic batteries are expensive, non-trgckolar power system energy utilization ratidois, the seismic
spread affected. And this system has the advant#gample structure, convenient maintenance, loat.cDue to
the amount of solar radiation determines how mualgr generation capacity of photovoltaic power gatien

system receiving in photovoltaic battery compontnthe amount of solar radiation, and photovoltaadtery
component can be received and the number of sudétent angle theta. Radiation intensity hypothésia certain
direction of the sun is E, solar radiation inteysif photovoltaic array can be received as E *0cascident angle
and so only reduce sun PV array of theta, can oli& solar radiation intensity greater. And thetafiation of fixed
angle, array of PV modules and mobile does not vatty the change of the position of the sun, ordgibning to
collect solar energy from one direction, so thighrod can't make full use of solar energy resouro®sconversion
efficiency. Based on the above reasons, in themseidesign of automatic tracking photovoltaic poweneration
system is a pressing matter of the moment [2].

At present, the widespread use of automatic trgckiystem of three types of photovoltaic, includhmgrizontal
single axis tracking, inclination angle of latitudi¢ted single axis tracking and two axis trackinghere the
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horizontal single axis tracking and tilted singb@satracking only one rotational degree of freeddmo axis
tracking has two rotational degrees of freedomcHiray control strategy using three kinds of tragksystem for
active tracking control strategy, through calcuigtthe sun is in the sky in the range, and PV aaasard [3]. This
strategy and requirements of seismic photovoltaiegy supply reliability and unattended operatiosduhin Kashi,
Xinjiang construction of a unattended seismic statis background, developed the automatic trackystem of
single axis pv. Make the solar panels toward the remmains the largest power generation efficiet@yneet the
various requirements of station power supply, hasvery high application value.

1. Thestructureand principle of automatic tracking system

2.1 The overall design of the system

C8051F310 is a RISC structure with the high perfomoe MCU, it has 29 10 ports, 14 interrupt souiamed 8 reset
source. The controller mainly consists of C8051F8ih@le-chip microcomputer control unit and drities actuator
part [4]. The control unit calculates and feedbaoktrol, enabling signal, motor drive signal getierg signal
processing and human-machine communication protedaif five parts by the angle. The system feataresas
follows: single loop detection of photovoltaic grmaosition, and with the calculated at the local sititude angle
and azimuth angle are compared to determine whé#teetracking photovoltaic array on the positiortte# sun, if
not meet and starting signal starting conditionsnatithic machine sends out the command of thetiooteof the
driving electric motor protection signal is guaksed; operating instructions performed by the sydtethe outside
world and other non-human factors situation, touemghat the system is not damaged, so as to imaptog
reliability of the whole system. Drive the executionit main function is used to drive motor andatioig, and by
mechanical transmission mechanism to drive theqodiiaic battery array rotation [5].

Solar automatic tracking system is mainly composktivo parts of control circuit and mechanical stare. The
control circuit includes signal acquisition, amigi#ftion, processing, drive circuit. Photovoltaicagr bracket, the
rotation axis and the mechanical structure of themng motor. Light sensors to determine the posiof the sun
according to the strength of light, and then dtive rotation of the motor to track bracket. Thentigensor has
received the most radiation from the sun, whersthegoes down or the sky light range, automaticallyrn to the
initial position of the east toward the light senf&]. Automatic tracking system basic structureshewn in Figure
1 is mainly composed of light sensors, signal pssirey circuit, MCU, stepper motor.
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Fig.1:Structure of the automatic tracing system

Its working principle is: read the signal from tiight sensor and to compare the data, accordiripeaata values
are determined motor steering (if the differencmithe range of error, cancel the motor rotatidrije drive motor
steering again after the read signal light sersmthe cycle moves with the sun moving light sesisior achieve the
goal of tracking. In addition, the step trackingthosl, compared with the continuous tracking motky sracking

mode can reduce their energy consumption trackistem greatly [7].

In order to further improve the operation accura€yhe control system, this system adopts doubie &acking
device, the device also sun tracking range by temendicular directions. According to the test, ppgeneration
capacity of the dual axis tracking system instaltatheight of 30% to 40% than the fixed angle, edfiectively
improve the efficiency of power generation.

2.2 The working principle of optical pickup

A light sensor by resistance value of photoserssitasistance with increasing light intensity changg/stem use
photosensitive resistance CDS as the light semsaietect changes in solar intensity, to track te maximum
intensity range by comparing the resistance diffeeeangle [8]. The model is GL125, bright, darkistesmce are
respectively 4~11K and 120Kou.

If the circuit shown in Figure 2 consists of a Wiséane bridge circuit rheostat R1 resistance,rgjddDS and two
of 5Kou.There are two such bridge circuit and signathe single chip of C8051F310. Differential difipr as a
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voltage amplifier, the output signal of the bridafeer amplified can improve the load capacity, thiage follower
741 chip voltage signal, then the C8051F310 bnil®D bit high accuracy calibration ADC analog taiiil
conversion, and then a data processing machine.

pro== CEaFng

.

-

Fig.2:The bridge circuit of Whiston

In the seismic field testing, to ensure that thal@g signal to boot into C8051F310 ADC in the 0-5M2range to,
otherwise it will lead to start the ADC referenaataige terminal voltage free. At the same time, dsb to ensure
the analog voltage output is 741. Therefore, thipuwiuvoltage follower is connected as shown in FégQ is
composed of a D1 and a D2 clamp circuit, ensureABReC input safety input is in the range of the lagato-digital
converter. In addition, the capacitor C1's rol®isnsure the ADC conversion accuracy.

When the light is off the solar angle, the resiséanf the CDS smaller lead to voltage correspontbnigridge arm
output increases, then the differential voltageaigutput of the larger two bridge arm. After theatment of SCM
control commands issued to the stepper motor ootatbrresponding angle, this process until thet lsgimsor on the
sun. At this point, differential bridge output vaie signal CDS corresponding to less than a pbestrialue, the
stepper motor not running [9].

2.3 Sepper motor driver

UC3717 is a professional PWM chopper two-phasepgiemotor driver chips. It integrates segmentatibecay

mode setting, regulation circuit, CMOS power anglifcircuit, step angle is 0.9 degrees. The decaylem
regulating terminal speed and mixed decay regulatiorive circuit with the external circuit can bample to

achieve high performance, multi segment, and latgeent, to reflect the advantages of low cost, Wdvation, low

noise, and high speed in this design.

As shown in Figure 3, phase step consists of tw@TIC and a few external components into the motiwed
system has simple features, by overheating in ahigpovercurrent detection can design the driveeptin circuit

is very convenient. When the circuit works, thevishy current step motor winding is gradually inieg, 16 feet of
the external resistor divider VRS, VRS pressurdahepin 10 through a resistance Rc low pass cirdtits time

through the detection of the chip logic circuit plypvoltage Vc output close below 3.9V, the outpptening

protection function is greater than 4V. When VRE&ré&ases higher than built-in voltage thresholdagst current
switching operation will be off, resulting in redion of VRS. When the VRS is reduced to less tlhenthreshold
voltage, the starting current of switching openatithis move in circles to stepping motor's windaugrent reversed
phase.
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Fig.3:Driving circuit of UC3717

When the stepper motor stops running, becausey#ters inertia or environmental wind caused twistingotating
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shaft will therefore deflection, which influenceetlaccuracy of tracking. Therefore, when the motops to the
motor shaft a locking torque locking motor spinidlerery necessary. UC3717 chip manual knowledgé,.it9 feet
is connected with a motor, for controlling the auitdrive current end. When. 79 feet is "1", AO, BO output current
of UC3717 is 0. Maximum average output currentlis 'So when the motor stops when the rotor to thgmetic
force balance, so as to ensure the precision dfaon
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Fig.4:Flowchart of the control algorithm

2. Thesoftware design of the system

Software adopts modular design, according to therallvfunction of the system is divided into seVatiferent
modules, and then a separate design, programmagigding, finally each module assembly debuggio@iwsire
system. System design software including: traclkéggtem main program, motor driver, serial port émds a
program, INTO interrupt service program, data asitjoh and processing program, communication progeantrol
system.

The main program flow is shown in figure 4. Systeme®d to initialize the module includes: analogdigital
converter, input and output port, the system asoitl watchdog timer, interrupt, UARTO, power sypplc. In
addition, the programmable counter array (PCA) nedumplements the WDT function, in order to prevém
program into disorder or illegal state.

3. Thesystem of anti-interference measures

To stable and reliable operation is automatic swkaker has become the premise of mature prodivetsaspects
of the system from hardware and software to enhdreanti-interference measures, the main means of:
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(1) The external input signal and control signal mot common ground;
(2) Some external input signal input prior to th€Winternal through opt coupler circuits strictggsegated;

(3) The optimization of PCB routing structure, reduhe hole, in order to reduce the effects of iaicacapacitance
and stray inductance;

(4) The entire system to ensure reliable grounding;
(5) The external signal using the shielding catdegmission;

(6) Measures increase the filtering software, safevat the door timer and the software trap, ensaoftwvare
self-recovery in the crash, run away when a fault;

(7) System is an important protection such as Ipnittection from software and hardware to doubkggmtion, in
order to improve its reliability.

4. Test results

In order validate the scheme, an unmanned statiofinjiang Kashi from 6 a.m. to 7 p.m. on the systest. With

the peak power of APM72M240W single crystal siliqamtovoltaic battery array 240W experiments, fbRrvolt

An-hour,100 depth of discharge for lead-acid but®5%, every two batteries in series as a singaigr no

automatic tracking system for solar power and péaitaic power automatic tracking system using ao$eDuring

the experiment, the current compared two groupshofovoltaic battery to charge the batteries ofvidlge, the test
results are shown in table 1.

Table 1 data shows, the automatic tracking systedewice is connected, the output power of phot@olcells has
been significantly improved. The experimental ressalgree with the theoretical analysis, to realime automatic
tracking photovoltaic array on the optimum illuntioa.

Tab.1:Comparison of test results

Day h ) ) ) Output power
Point of time e cha_rglng current withou The gharglng current Improve the percentage
automatic tracking system(A) automatic tracking system(A
(Hours) (%)
6 9.72 16.07 65.31
7 10.46 16.49 57.62
8 11.44 17.18 50.14
9 12.40 17.61 42.01
10 13.06 17.55 34.39
11 14.02 16.74 19.42
12 15.06 17.40 15.58
13 16.20 18.20 12.33
14 17.22 20.68 20.11
15 18.20 23.34 28.23
16 14.88 20.14 35.36
17 12.90 18.48 43.27
18 12.70 19.39 52.69
19 11.62 18.97 63.24
CONCLUSION

At present, automatic tracking device without Xamg Kashi unattended seismic station photovoltggtesn, power
generation efficiency is low. In the light of théguation, design of a single axis tracking syst@&hrough practical
application and testing, effectively overcomes bindtleneck of photovoltaic power generation investinis too
high. For the unattended seismic station networdifficult to reach, this method has the advantagesimple
structure, has the very strong applicability, isibd to have a broad application market.
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