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ABSTRACT

With the development of economy, people's demand for eectricity is increasing gradually. With the shortage of
resources, it isparticularly important to make better use of new energy to alleviate the environmental pressure caused
by thermal power generation, so asto promote the sustai nabl e devel opment of human society. People pay more and
moreattention to therenewableand poll ution-free solar power generation. Theaim of thispaper isto optimizephotovoltaic
modules, improve the utilization of solar energy and energy conversion capacity of photovoltaic modules, A set of
three-dimensional photovoltaic modul e based on solar radiation meteorology model is proposed, which can realize
automaticlight tracing and improvethe problemsof photovoltaic modulein power generation efficiency. By improving
the solar energy acquisition system and using thewind turbine system, the efficiency of solar energy generation can
be effectively improved under the premise of ensuring the safety of photovaltaic panels, It can improve the control
performance of the system, prolong the system life, makethewhol e system achieve high automation, reduce or avoid

additional transmission and distribution costs.
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1. INTRODUCTION

Energy isanimportant meterid bagsfor the development
of nationa economy and peopl€'slife. Inthe past 200
years, the energy systembased on cod, oil, natura gas
and other fossil fuels has greatly promoted the
development of human society. With the construction
and development of smart grid, photovoltaic power
generationisincreasingly meture, and gradudly becomes
thefocusof thepower generationindugtry. Photovoltaic
power generation system can make good use of clean
energy to alleviate the environmental pressure brought
by thermal power generation. Asthe sunrisesinthe East
and setsinthewest, theinstallation form and angle of
photovoltaic array will directly affect the solar radiation
received by the photovoltaic array. Theimmature power
generationtechnology of photovoltaic systemwill dso
lead to low power generation efficiency. At present, many
power generation sysemshave greet limitations. Inorder
to meet the sustainable operation of the power industry,
how to determinethelight tracking angle of photovoltaic
panels, how to improve the power generation efficiency

and improvethe energy conversion rate have become
the problems to be solved in the photovoltaic power
generationindugtry. Thethree-dimensiona photovoltaic
power generation systemcan gregtly improvetheenergy
conversonrate.

2. DESIGN BACKGROUD
SIGNIFICANCE

In recent years, the consumption of fossil energy is
increasing day by day, and global resourcesarein short
supply. Thecountriesdl over theworld gradualy redlize
theimportanceof energy to humanbeings, and recognize
thedamageto environment and ecosysteminthe process
of conventional energy utilization. According to the
national conditions, countries have begunto treat and
dleviate the deteriorating environment, and take the
development and utilization of renewable and pollution-
free new energy as an important part of sustainable
development. “Green mountainsand green watersare
golden mountainsand silver mountains.” . In2018, China
issued thedocument “ promoting the development of the
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Yangtze River economic belt, green industry
transformation”. Therefore, the development of
sugtainable development of green economy has become
aninevitabletrend of economic development.

With the development of economy, thedemand for
electric power inal walksof lifeisincreasing rapidly.
Chinahasavast territory and along coastline, so there
are abundant solar energy resources. Accordingto the
estimation of relevant departments, morethen>of China's
areas have annual sunshine amount of more than 2200
hours, and the total solar radiation of all parts of the
country can reach 335kj-837kj / cm?, with an average
of 586kj / cn. Therefore, the storage capacity of solar
energy inChinaisvery large. The effective development
and utilization of solar energy will not only reduce the
environmental pollution to a certain extent, but also
effectively aleviatethe current energy crisis. Inrecent
years, China'sinvestment in solar energy has gradudly
increased, but the utilization rate inthisrespect islow. |
believethat the proportion of solar photovoltaicindustry
inthe market will begreater inthefuture. Therefore, the
photovoltaic economy hasgreat development potential
under such a large background. And with the
implementation of industrial and commercial roof,
photovoltaic poverty alleviation and “photovoltaic +”
projects, the application of photovoltaic market will
present awiderange and diversfied trend, which will
produce photovoltaic productsto meet various needs.
To sum up, the photovoltaic industry will be greatly
developed under the guidance of the economic
background and itsown development trend. In addition
to complying with the trend of economic development,
the photovoltaic industry has six advantages, such as
fast incomecycle, low investment cost, convenient grid
connection, timely subsidy, high yield, energy
conservation and environmental protection, which can
makethe photovoltaic industry develop inthemarket in
thelong term.

At present, the research on photovoltaic modules
mainly includesthe optimization of materialsand process,
but the energy conversion efficiency of the system. In
Europe, Matthias Huber and other scholars proposed
that adaptability is the ability of the power systemto
respond to the change of power demand for nuclear

power generation. The use of solar energy can greatly
enhancetheflexibility of the systemand avoid strong
voltage fluctuations in the process of coa power
generation. According to theform of light collection.
Spanish scholarscan divide thetraditiond flat platetype
of nonlight collecting type and thetower parabolic type,
trough parabolic type, dishtype parabolic type, linear
Fresnel type and downward reflection type according
tothelight collectionform, and improvethe efficiency of
photovoltaic power generation by using photothermal
technology. In order to improve the efficiency of
photovoltaic power generation system, this paper
proposesa st of three-dimensiona photovoltaic module
design scheme, and optimizesthe photovoltaic pand’s
light absorption, security, MPPT and conversion
efficiency, Inorder to achievetheoptimal control Srategy
for the whole set of three-dimensional photovoltaic
modules, effectively improvetheefficiency of solar power
generation, improvethe system regulation performance,
extend the system life, facilitate the realization of full
automation, makethe control more smple, reduce or
avoid additional transmissionand distribution cogts.

3. DESIGN OF MODEL STRUCTRE

3.1 Design of 3D light tracing model

Thedeviceiscomposed of athree-dimensiond rotator
and aphotovoltaic power generation board. Thethree-
dimensiond rotator ismainly composed of two partsof
rotating axes (asshownin Figure 1), which complete
the three-dimensiond rotation control of photovoltaic
power generation board. The anglerotation axis of the
lower part controlsthe photovoltaic power generation
panel to rotateintheleft and right directions. Whenthe
rotation angleis maximum, it can make the photovoltaic
power generation panel incline to 60 degreeswiththe
ground; therotationin thefront and back directionsis
jointly controlled by the rotation axisof the upper part,
and the maximumrotation angleisalso 60 degrees. The
photovoltaic power generation panel forms three-
dimensiond rotation under thejoint action of thetwo
parts of therotation axis, 0 asto achievethe maximum
light intengty indaily work. With the double shaft motor
drive system, the transmission structure can bear heavy
weight and redlize multi anglelight sourcetracking.
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Figure 1 Three dimensional light tracing mode

Figure 2 Double shaft motor drive structure diagram
Nowadays, inthefield of light tracking technology,
most of the PV panel orientationisfixed, or thereare
some two-dimensional tracking systems, which can
redlizethe plane transfer angle of the photovoltaic panel
according to thesun’smoving angle, so asto redlizethe
two-dimensional plane light tracing. However, the
position of thesunis changing at any time. Neither the
fixed angle nor thetwo-dimensional tracking systemcan
ensurethat the sunlight is alwaysperpendicular to the
solar panel, which maximizesthe conversion efficiency.
Therefore, the current two-dimensional light tracing
technology still hasdisadvantages, thet is, the conversion
efficiency islow, which will increase therequired area of
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battery panel and increase the cost of equipment.
Therefore, the generation of three-dimensional light
tracking sysemisthekey toimprovetheefficiency. Based
onthetwo-dimensiond light tracking system, thethree-
dimensional light tracking system realizes the three-
dimensional rotation control of photovoltaic power
generation panel through two rotating axes(asshownin
Figure 1), which reaches the maximum range of light
intensity, and then greatly improves the efficiency
conversonrateof photovoltaic panels.

3.2 M eteorological model of solar radiation

For photovoltaic power generation sysem, theingtdlation
formand angle of photovoltaic array will directly affect
the solar radiation received by photovoltaic array, and
the power generation capacity of photovoltaicarray is
directly proportional to the solar radiationreceived by
thearray, sotheingdlation formand angle of photovoltaic
array will have agreat impact onthe power generation
capacity of the system. We usethe meteorologica model
of solar radiation, the best installation angle model of
photovoltaic pand, and thenuse MATLAB softwareto
establish the model for simulation, and calculate the
relevant solar energy and meteorologica data.

Solar radiationisthe most important energy source
inthe earth’secosystem, the basic driving force for the
formation and evolution of weather and climate, and an
important natural resourcethat can be developed and
utilized by humanbeings Thetota solar radiation onthe
ground is composed of direct and scattered solar
radiation, whichismainly affected by latitude, altitude,
cloud cover and aerosol. Therefore, the solar radiation
efficiency isvery important for the desgnof solar panels.
Thereisacertain functional relationship between solar
radiation and itstotal radiationtime, so it isalso very
important to study the temporal distribution of solar
radiation for studying the meteorological mode of solar
rediation.

In bibliography [1], Taking Fuzhou City of Fujian
Province asan example, the annual average change of
global solar radiationin Fuzhou City from 2007 to 2018
wasanalyzed, and the annud total solar radiation showed
anupward trend. In addition, themonthly distribution of
total solar radiation in recent ten years also shows a
certainregularity. Thefollowing figure showsthevariation
curve of monthly average solar radiationin Fuzhouin
recent ten years.
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Figure 3 Monthly mean variation of total solar radiation in

Fuzhou from 2007 t0 2018

It can beseenfromthe abovefigurethat the monthly
averagevariaioncurveof tota solar radiationin Fuzhou
from 2007 to 2018, and the monthly variation of total
solar radiationin Fuzhou City isaunimoda image. The
total solar radiation increased from January to July,
reached the maximum valuein July, decreased from July
to December, and decreased to the lowest value in
December. However, the variation of solar radiationin
different yearswas dightly different. The results show
that the solar radiationisthe most abundant in summer
(July to September), followed by spring (March June),
and the least in winter (December to February).
Therefore, thetotd time of solar radiation changeswith
theyear, seasonand other factors Thecaculation method
of total solar radiation has become the key core of
meteorologicad mode design of solar radiation.

Thereare many caculation methodsfor annud total
radiation radiation at any angle. In order to meet the
domestic engineering design habits, Klein hay model is
listed here, which is recommended by the
nationalOsandard codefor design of photovoltaic power
station0 (GB 50797-2012) [7]. Themain calculation
procedures of themodd areasfollows:

Energy is an important material basis for the
development of national economy and people’slife. In
the past 200 years, the energy system based on coal,
oil, naturd gasand other fossll fueshasgreetly promoted
the development of human society. Withthe construction
and development of smart grid, photovoltaic power
generationisincreasingly meture, and gradudly becomes
thefocusof thepower generationindugtry. Photovoltaic
power generation system can make good use of clean
energy to alleviate the environmental pressure brought

by thermal power generation. Asthe sunrisesinthe East
and setsinthewest, theinstallation formand angle of
photovoltaic array will directly affect the solar radiation
received by the photovoltaic array. Theimmature power
generation technology of photovoltaic systemwill dso
lead to low power generation efficiency. At present, many
power generation sysemshavegreet limitations. Inorder
to meet the sustainable operation of the power industry,
how to determinethelight tracking angle of photovoltaic
panels, how to improve the power generation efficiency
and improvethe energy conversion rate have become
the problems to be solved in the photovoltaic power
generationindugry. Thethree-dimensiona photovoltaic
power generationsystemcangregtly improvetheenergy
conversonrate.

DESIGN BACKGROUDAND SIGNIFICANCE

In recent years, the consumption of fossil energy is
increasing day by day, and global resourcesarein short
supply. Thecountriesal over theworld gradualy redlize
theimportanceof energy to humanbeings, and recognize
thedamageto environment and ecosysteminthe process
of conventional energy utilization. According to the
national conditions, countries have begunto treat and
dleviate the deteriorating environment, and take the
development and utilization of renewable and pollution-
free new energy as an important part of sustainable
development. “Green mountainsand green watersare
golden mountainsand silver mountains.” . In2018, China
issued thedocument “ promoting the development of the
Yangtze River economic belt, green industry
transformation”. Therefore, the development of
sugtainable development of green economy has become
aninevitabletrend of economic development.

With the development of economy, thedemand for
electric power inal walksof lifeisincreasing rapidly.
Chinahasavast territory and along coastline, so there
are abundant solar energy resources. Accordingto the

estimation of relevant departments, morethan §0f China's

areas have annual sunshine amount of more than 2200
hours, and the total solar radiation of all parts of the
country can reach 335kj-837kj / cm?, with an average
of 586kj / cn. Therefore, the storage capacity of solar
energy inChinaisvery large. The effective development
and utilization of solar energy will not only reduce the
environmental pollution to a certain extent, but also
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effectively aleviatethe current energy crisis. Inrecent
years, China'sinvestment in solar energy has gradualy
increased, but the utilization rate inthisrespect islow. |
believethat the proportion of solar photovoltaicindustry
inthe market will begreater inthefuture. Therefore, the
photovoltaic economy hasgreat development potential
under such a large background. And with the
implementation of industrial and commercial roof,
photovoltaic poverty aleviationand “photovoltaic +”
projects, the application of photovoltaic market will
present awiderange and diversfied trend, which will
produce photovoltaic productsto meet various needs.
To sum up, the photovoltaic industry will be greatly
developed under the guidance of the economic
background and its own development trend. In addition
to complying with the trend of economic development,
the photovoltaic industry has six advantages, such as
fast incomecycle, low investment cost, convenient grid
connection, timely subsidy, high yield, energy
conservation and environmental protection, which can
makethe photovoltaic industry develop inthemarket in
thelong term.

At present, the research on photovoltaic modules
mainly includestheoptimization of materialsand process
but the energy conversion efficiency of the system. In
Europe, Matthias Huber and other scholars proposed
that adaptability is the ability of the power systemto
respond to the change of power demand for nuclear
power generation. The use of solar energy can greatly
enhancetheflexibility of the systemand avoid strong
voltage fluctuations in the process of coa power
generation. According to the form of light collection.
Spanish scholarscan divide thetraditiond flat platetype
of nonlight collecting type and thetower parabolic type,
trough parabolic type, dishtype parabolic type, linear
Fresnel type and downward reflection type according
tothelight collectionform, and improvethe efficiency of
photovoltaic power generation by using photothermal
technology. In order to improve the efficiency of
photovoltaic power generation system, this paper
proposesa st of three-dimensiona photovoltaic module
design scheme, and optimizesthe photovoltaic pand’s
light absorption, security, MPPT and conversion
efficiency, Inorder to achievetheoptimal control Srategy
for the whole set of three-dimensional photovoltaic
modules, effectively improvetheefficiency of solar power
generation, improvethe system regulation performance,
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extend the system life, facilitate the realization of full
automation, makethe control more smple, reduce or
avoid additiond transmissionand distribution coss.

3. DESIGN OF MODEL STRUCTRE

3.1 Design of 3D light tracing model

Thedeviceiscomposed of athree-dimensiond rotator
and aphotovoltaic power generation board. Thethree-
dimensiond rotator ismainly composed of two partsof
rotating axes(asshownin Figure 1), which complete
the three-dimensiond rotation control of photovoltaic
power generation board. The anglerotation axis of the
lower part controlsthe photovoltaic power generation
panel to rotateintheleft and right directions. Whenthe
rotation angleis maximum, it can makethe photovoltaic
power generation panel incline to 60 degreeswiththe
ground; therotationin thefront and back directionsis
jointly controlled by the rotation axis of the upper part,
and the maximumrotation angleisalso 60 degrees. The
photovoltaic power generation panel forms three-
dimensiond rotation under thejoint action of thetwo
parts of therotation axis, 0 asto achievethe maximum
light intengty indaily work. With the double shaft motor
drive system, the transmission structure can bear heavy
weight and redlize multi anglelight sourcetracking.

Figure 1 Threedimensional light tracing mode
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Figure 2 Double shaft motor drive structure diagram
Nowadays, inthefield of light tracking technology,
most of the PV panel orientationisfixed, or thereare
some two-dimensional tracking systems, which can
redlizetheplanetransfer angle of the photovoltaic pandl
according to thesun’'smoving angle, so asto redlizethe
two-dimensional plane light tracing. However, the
position of the sunischanging at any time. Neither the
fixed anglenor thetwo-dimensional tracking system can
ensurethat the sunlight is aways perpendicular to the
solar panel, which maximizesthe conversion efficiency.
Therefore, the current two-dimensional light tracing
technology gill hasdisadvantages, thet is, the conversion
efficiency islow, which will increasetherequired areaof
battery panel and increase the cost of equipment.
Therefore, the generation of three-dimensional light
tracking systemis the key to improve the efficiency.
Based onthetwo-dimendond light tracking system, the
three-dimensiond light tracking systemredlizesthethree-
dimensional rotation control of photovoltaic power
generation pand through two rotating axes(asshownin
Figure 1), which reachesthe maximum range of light
intensity, and then greatly improves the efficiency
conversonrateof photovoltaic panels.

3.2 M eteorological model of solar radiation

For photovoltaic power generation system, theingtalation
form and angle of photovoltaic array will directly affect
the solar radiation received by photovoltaic array, and
the power generation capacity of photovoltaicarray is
directly proportional to the solar radiation received by
thearray, sotheingdlation formand angleof photovoltaic
array will haveagreat impact onthe power generation
cagpacity of the sysem. We usethe meteorological model

of solar radiation, the best installation angle model of
photovoltaic pand, and thenuse MATLAB softwareto
establish the model for simulation, and calculate the
relevant solar energy and meteorologica data

Solar radiationisthe most important energy source
inthe earth’secosystem, the basic driving force for the
formation and evolution of westher and climate, and an
important natural resourcethat can be developed and
utilized by humanbeings Thetota solar radiation onthe
ground is composed of direct and scattered solar
radiation, whichismainly affected by latitude, altitude,
cloud cover and aerosol. Therefore, the solar radiation
efficiency isvery important for the desgnof solar panels.
Thereisacertain functional relationship between solar
radiation and itstotal radiationtime, so it isalso very
important to study the temporal distribution of solar
radiation for studying the meteorological mode of solar
radiation.

In bibliography [1], Taking Fuzhou City of Fujian
Province asan example, the annual average change of
global solar radiationin Fuzhou City from 2007 to 2018
wasanalyzed, and the annud total solar radiation showed
anupward trend. In addition, themonthly distribution of
total solar radiation in recent ten years also shows a
certainregularity. Thefollowing figure showsthevariation
curve of monthly average solar radiationin Fuzhouin
recent ten years.
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Figure 3 Monthly mean variation of total solar radiation in
Fuzhou from 2007 to 2018

It can beseenfromthe abovefigurethat the monthly
averagevariaioncurveof tota solar radiationin Fuzhou
from 2007 to 2018, and the monthly variation of total
solar radiationin Fuzhou City isaunimoda image. The
total solar radiation increased from January to July,
reached the maximum valuein July, decreased from July

to December, and decreased to the lowest value in
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December. However, the variation of solar radiationin
different yearswas dightly different. The results show
that the solar radiationisthe most abundant in summer
(July to September), followed by spring (March June),
and the least in winter (December to February).
Therefore, thetotd time of solar radiation changeswith
theyear, seasonand other factors Thecaculation method
of total solar radiation has become the key core of
meteorologicd mode design of solar radiation.
Thereare many caculation methodsfor annud total
radiation radiation at any angle. In order to meet the
domestic engineering design habits, Klein hay model is
listed here, which is recommended by the
nationalOsandard codefor design of photovoltaic power
station0 (GB 50797-2012) [7]. Themain calculation
procedures of themodd areasfollows:
Thetotd solar radiation intengty onthedopeisasfollows

Q=S"+D Formula (1)
The expression of solar direct radiation on horizontal
planeisasfollows:

/_T +Wy .
S —;XYXSOXLWZ P,, X sinhx dwy

Formula (2)
The expressionisasfollows:.

y =1+ 0.033 cos(==2) Formula (3)
The expression of sky scattering radiationisasfollows:

T +
ngxYxsoxf_v‘\’mex(l—Pm)x

sinh X dwg
Formula (4)

Among them,histhe solar altitude angle, Q isthe
totd solar radiationintengity, S isthedirect solar radiation
inthe horizonta plane, D isthesky scattering radiation,w
isthe time angle, w, and w, are the sunset angle and
sunrise, P_isthe atmospheric transparency coefficient.

From the above calculation method, it can be
concluded that at acertainlocation (thelongitude and
latitude areunchanged), themain factorsdetermining the
total radiation on the inclined plane arethe solar total
radiation on the horizontal plane and the scattering
radiation fromthe sky. Therefore, thedirect ratio and
scattering ratio of the total solar radiation and the sky
scattered radiation on the horizonta surfacein thetota
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radiation of the horizontal plane can beintroduced into
the cdculation equation. When the atmosphereisvery
clean, theproportion of direct radiationis high; when
theatmosphereisvery turbid, theproportion of scattered
radiationishigh. The proportion of the two radiation
components changes with the climate change of the
amospheric environment, whichwill affect thecaculation
resultsof thetota solar radiation.

3.3 Model design of optimal installation angle of
photovoltaic panels

Because the amount of solar radiation absorbed by
photovoltaic panelsisrelated to the optimal ingtallation
angle of photovoltaic panels the mode design of optimd
ingtalation angle of photovoltaic panelsbecomesavery
important step. At present, therearemany methodsfor
theingallation of solar panelsat homeand abroad. There
aretwo most common methods, oneisfixed ingtallation,
theother isrotary ingtdletion. Different ingtalation methods
have different choices for the best inclination angle.
Therefore, theultimetegod of theoptimd ingdlationangle
model of photovoltaic panelsisto formacertainangle
between photovoltaic panelsand theincident direction of
the aun, S0 asto achievethe purpose of direct sunlight on
photovoltaic pandsand increase the power generéion of
photovoltaic power supply sysem. (and thisangleiscalled
thebest indination angle of photovoltaic panel.)

At present, when calculating the best tilt angle at
home and abroad, we should first calculate the solar
radiation, and then cdculate the declinationangle and
horizonta sunset angle according to thelocal latitude.
Findly, combined with the calculated parameters, the
best dip angleisobtained. Klein'smethod is often used
to caculate solar radiation. Theinfluenceof atitude on
the optimumtilt angleisnot consideredin the caculaion
of solar radiationand variouslocd parameters. According
to the optimum dip angle calculated by the genera
method, theinclination angle of Lhasaisquite different
fromthat of other major cities, and thereisan abnormal
phenomenon. Thisshowsthat it isnecessary to andyze
thefunctiond relationship between latitude and optimum
dip angle. Thein-depth analysis of theoptimdl tilt angle
is conducive to the full utilization of solar energy by
photovoltaic pandsand theincrease of power generation
of photovoltaic power supply system, so asto achieve
the maximum effective utilization rate of energy
conservation and environmental protection.
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Table 1 the best dip angle of ten major cities in China

Cities Chengdu Nanning Guangzhou Wuhan Xi'an Shanghai Lhasa Yinchuan  Urumgi Harbin
Latitude 30.67 22.82 23.13 30.63 34.30 31.17 29.70 38.48 43.78 45.68
Thedip angleis 15 17 22 24 26 27 33 37 38 43

AsshowninTable 1, thebest dip angle of each city
isdifferent dueto thelatitude of theregion. Therefore,
according to thelatitude of theten mgjor citiesin China,
the optimuminclination angle can only be appliedto a
singlearea. Moreover, dueto thesun’srevolution and
the earth’srotation will affect theillumination angle of
eechregion, thesimple calculation method isnot suitable
for real-time changes; and the method used is more
cumbersome, whichisnot conduciveto promotionin
practical application. Therefore, according to this
conclusion, thispaper will use the method of datafitting
to explore thefunctiond relationship between latitude
and thebest dip angle.

Accordingtothedatain Table 1, thetrend and trend
of theimage can be roughly determined. According to
further data statistics, more accurate images can be
drawnby gatistical andyssof therepresentativelatitude
regionsineach stage. It can be concluded that thetrend
of theimagerisesexponentidly, but intherising process,
there aredternating changesintheformof sneor cosine
function. Therefore, it can be preliminarily considered
that the function to be fitted is the superposition of
exponential function and sine function. However, the
upward trend of the curveisnot aregular exponential
form, so itisnecessary to introduce afunction of order
for further adjustment.

Findly, thefunctionformto befitted isasfollows:

B= as“;?jv\:;b) + e‘:\llw Formula (5)
Among o m. ¢ areconstantsof exponentid function
and aredefinitevaues.

Using the datain Table 1 and the form of fitting
function, the results can be obtained by computer
smulation, that is, theimage of optimd latitudeand best
inclinationangle. That is, thetrend of fitting curve basicaly
conformsto the distribution of discrete points. And the
discrete pointsaredistributed on both sdesof thefitting
curve, and thefitting curveissmooth. Therefore, it shows
that the specified function analytic formulacan basicaly
reflect the mathemetica relationship between latitudeand
optimumindinationangle. At thesametime, therelevant
parameters of latitude and optimum dip angle can be
obtained, whichis convenient to calculatethe optimum

+ cw

inclination angle of thisareaat any latitude. And then
solvethe problemthat the best dip angleisnot thesame,
so that the corresponding area of each latitude can
caculatethe optimal tilt angle of the place, and solvethe
related problemsof the photovoltaic panelsto makefull
useof thesolar energy andincreasethe power generation
of the photovoltaic power supply system.

The relationship betweenthe find latitudeand the
optimumdip angleisasfollows:

ﬁ:

—2.703 sin(—4.088w+125.2) n e—0.8188w
30.64—w

_I_

0.9041w Formula (6)
Among 3 isthe best dip angle, w istheregiona latitude.

SYSTEM COMPOSITION

Thenew systemiscomposed of solar cell module, three
cup anemometer, battery (GFM400ah/ 2V), control
inverter (3000W / 48V), Mitsubishi servo motor,
Mitsubishi PL.C controller, etc. The new system can be
divided into four parts: central control system, energy
collection system, datacollection system and avoidance
sysem.

1. Compositionof central control system

The centra control systemincludes power supply
system, data processing system and equipment
management system.

The centrd control syssemismainly responsiblefor
the beneficial connection between sensors and
components, including program debugging, signal
processing, equipment management, etc.

1 Equipment management Dh-03x 110kg / cm
steering gear receivesthe anglesigna of single
chip microcomputer and assiststhe photovoltaic
pandl to rotate.

2 Power supply sysem The central control system
is connected with the battery and powered on
to each module through the single-chip
microcomputer to ensurethe normal operation
of eechmodule.

3. Dataprocessng Thedatacollectionsysemwill
upload the collected information to the central
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control center in real time. There is a set of
program writteninthe MCU chip of the central
control sysem. The programwill screenthedata
and comparetheappropriatelight intensity.

2. Energy collection system Special energy storage
batteriesfor wind turbines and photovoltaic panels
aresdlected.

3. Dataacquigtionsysem Thegpplication of thelighting
postioning moduleingtdled onthe photovoltaic pand,
combined with the control system, canintelligently
judge the direction of the sun light and collect the
sunlight intensity. Whenthe sunlight intensity reaches
the preset value, the control systemwill control the
photovoltaic pand to be perpendicular to thesunlight
through the double axisdrive motor, so asto achieve
thebest lighting angl

4. Circumvention system

1. Avoidance of three cup wind speed sensor The
product isequipped with athree cup wind speed
sensor, which can collect thewind speed inred
time. When the real-time wind speed reaches
the preset value, the control syssemwill control
the horizontal placement of the photovoltaic
pand through the double shaft drive motor to
prevent the damage of the photovoltaic panel
and prolongitsservicelife.

2. Electrogatic precipitator Theuseof TCO glass
and dectrostatic shielding principle can ensure
that the normd operation of photovoltac modules
will not be affected while removing dust.

4.1 MPPT algorithm

Theoutput of photovoltaic power supply iseeslly affected
by environmental factors. The solar panel working at
the maximum power point can make it work to the
optimal state. It mainly depends on the working
temperature of the panel and thelight level at that time.
Themaximum power point (MPPT) of solar panelsis
different under different temperaturesand light intenstties.
Inorder to makethe solar panelswork at the maximum
power point asmuch aspossible, it isnecessary to use
the maximum power point tracking (MPPT), It can
effectively track the maximum power point under the
rapidly changing weather conditions, and control the
battery board to work at the maximum power point as
much aspossble.
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Professor Xu Honghua of Chinese Academy of
Sciences used genetic dgorithmto solvethe problem of
nonlinear control of photovoltaic power generation
system, and quickly found the optimal configuration
schemeand optimal control strategy of the sysstem. The
advantage of thiskind of control isthat it doesnot need
to congder the continuity of functionand derivation, and
directly operatethe sructure object to study. Inaddition,
many domestic scholars will use maximum power
tracking algorithm. The representative methods are
congtant voltage method, disturbance observation method
and conductance increment method. Matlab smulation
isused to study thetracking effect and tracking speed of
thethree dgorithmsto the maximum power point. At the
same time, the application scope and related
characteristicsof thethreedgorithmsare studied.

The maximum power tracking of solar photovoltaic
power generation needsto bebased on the prediction
of solar radigtion intensity. Thedaily or hourly observation
dataof solar radiation conditute atime serieswith strong
randomness. At the sametime, thetemperature aso has
acertainimpact on the amount of photovoltaic power
generation, but there are fill somecertain ruleswithin
the solar radiation series. The training matrix can be
congtructed by extracting the radiation datafrom 8:00
am. to 8:00 p.m., taking thefirst three daysasinput and
thenext day asoutput. Thetest matrix and training matrix
are established by radiation and temperature, and then
the BP network istrained.

Bibliography [2] proposed aMPPT dgorithmto find
the global maximum under multi peak conditions, and
Bibliography [3] proposed a maximum power point
tracking method based on adaptive step size hysteresis
comparison method of linear function, which can
accurately track the maximum power point of
photovoltaic array and improvethe MPPT performance

4.2 power compensation in case of local shadow

When there arelocal shadows, the photovoltaic array
will beaffected. Each photovoltaic moduleisin paralldl.
When one module is interfered by the loca shadow
module, the current of thelocal interference modulewill
changeto someextent. Whenthereisloca interference,
the current valuewill decrease, which will lead to the
double peak vaueof the P-V curve of the photovoltaic
array. Inorder to eliminate the double peak value, the
energy soragebattery group will be used to compensate
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the photovoltaic output power inthelocal shadow In
order to mantainthe photovoltaic output power constant.

The solar cell super capacitor deviceis selected as
the energy storage battery pack for power compensation.
Solar cell supercapacitor isanew type of large three
port device by using the back electrode of solar cdll as
the anode of supercapacitor, which reduces the
complexity of the sysem structure. Assuming thet thel
PV moduleislocally disturbed and other PV modules
arenot interfered by PV modules, the supercapacitor
connected in parallel on the PV module compensates
thecurrent. According to the degree of shadow shading,
it can bedivided into two cases In shadow shading, after
super capacitor compensation, the output current of the
| photovoltaic moduleis consistent with that of other
photovoltaic modules. At thistime, the series branch
current remains constant, and N photovoltaic modules
can still continue to work normally. When the local
shadow disappears, it will returnto theinitial operation
date; if thephotovoltaic module is heavily shaded, thel
photovoltaic module will be compensated by super
capacitor current Thetotd output current of themodule
is still unable to reach the output current of other
photovoltaic modules. For light shadow, the
supercapacitor in the photovoltaic module can fully
compensate the power shortege of the solar cell to keep
the series current constant, so asto maintainthe single
peak vaue of the output power of the photovoltaic array.
In the case of severe shadow, the supercapacitor can
only compensate part of the solar cell power shortage,
and theoutput of the array can not reach the single peak
vaue. The photovoltaic array isconnected to each other
through three portsof solar cell super capacitor device
to formaswitch network. Theport 1 and port 3 of each
solar cdll super cgpacitor device areconnectedinpardld
with any port 1 and port 2, thusforming asupercapacitor
dischargecircuit. A switch is placed onthe diagona of
each solar cell supercapacitor device. Theswitchonthe
diagonal line actually makes the converter buck that
controls the power compensation of each solar cell
supercapacitor device -Boogt circuit topology.

Buck boogt circuit isaso known asBuck chopper
circuit, whichismainly composed of controllable switch
(MOStransistor or IGBT, etc.), diode, inductance and
capacitor. In the process of use, pulse signal is often
added to thegateto makethevoltage difference between
the gate and the emitter, and then makethe |GBT turn

on. When thereisno voltage between thegate and the
emitter, or whenthereversevoltageisadded, it will sop.
Thediodeis composed of n-type semiconductor and p-
type semiconductor. Whentheforward voltageisapplied
to the PN junction, the diode is on in the forward
direction; whenthereversevoltageis applied to the PN
junction, the diodeisturned off inthereverse direction.
Buck boost circuit is mainly composed of these two
devices. Whenthe pulsesigna triggersthe controllable
deviceto turnon, the power supply chargestheinductor,
but becausethediodeis cut off by the reverse voltage,
the capacitor only outputsvoltageto theload; whenthe
switching device is cut off, the energy stored in the
inductor should bereleased to theload and the cgpacitor
should becharged. Becausethe voltage of inductanceis
equal to the voltage of power supply when the
controllable switchison, and the output voltageisequal
to thevoltage of inductancewhenthe controllable switch
isturned off, so theinput voltage U, multiplied by the
turn-ontimeT _ of thecontrollableswitchisequd to the
output voltege U_timestheoff timeT . of the controllable
switch, and then the output voltage U isequal to the
timewhen the controllableswitchturnsonT_ multiplied
by the power supply U, , and then divided by the off
timeT . of the controllable switch. Thetotal formulais
U =(a/1-a)* U _, andaistheduty cycle(theturn-on
time of acycle deviceisdivided by thetimeof acycle).
Therefore, aslongasweadjust theduty cycle, thecircuit
canplay theroleof voltagerissand fdl. Whenaisgreater
than half of the circuit voltagerise, when aislessthan
half of the circuit, the circuit playsarolein reducing
voltage. Controllableswitchistriggered by pulsesignd
to turn off or turn on. Since the discharge of
supercapacitor is determined by the power of
photovoltaic module, the PWM control of power
feedback can be used to realize the discharge of
supercapacitor by controlling the on-off of circuit switch.

43The avoidance system by three-cup
anemometers

4.3.1 The influence of wind on PV array

Zhuhai City islocated in coastal area, isinfluenced by
the subtropical monsoon climate and thewind isstrong
all theyear round. Wereferred to bibliography[4] which
was about the calculation of solar-tracking angle, for
examplethebest PV array’singtdlationanglewas20.1
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degree. Infact, theterrainsand climatic conditionsin
Zhuhai City make PV array’s installation angle be
approximative 10 degreeinthe practice, it causesto the
fallureto maximize solar conversion efficiency.

4.3.2 The influence of typhoon on PV array

Zhuhai City isinfluenced by the subtropical monsoon
climatewhereisfrequently hit by typhoons. According
totherdevant gatigics, thereare9.8 typhoonsinfluence
Guangdong Province every year, and therewereupto 7
typhoonsthat made landfdl in Guangdong Provincein
the past. The super typhoons like Typhoon Wilson in
2014 year and Typhoon Lekima in 2019 years can
devastate PV array, PV support bracket and so on.

4.3.3 The contrast with common kinds of
anemometers

Becausethewind hasagreat impact on PV system, we
try to use anemometerson PV system. First, thedata
are collected by sensors. Then the related regulators
change angleof PV array thoughderiving servo motors.
When the wind is wreaked, we can escalate the PV
array’sangleuntil optimal conditionswhich can promote
thesolar conversonefficiency. Incase of thegdewesther
or typhoons, the avoidance system can put PV array on
the smooth position automatically so thet it can prolong
theservicelife and descend the probability of PV sysem
being destroyed in extreme weather.

Now the common anemometers on sdlemainly be

divided into thefollowing four types:

1. Cupanemometers. they have been widely used
in many fields since they were invented by
Robinson sun of England. Thewhole component
consists of three paraboloid or hemispherical
hollow cupswhich havethe constant angle, the
sameorientationand befixed onafredy rotating
shaft. Thereisapositive correlation between
therotational speed of the cup anemometer and
the speed of winds, we can calculate the speed
of windsby their algorithm after measuring the
rotational speed.

2. propeller anemometers: The whole component
congstsof three-blade propeller or four-blade
propeller which be fixed onahorizontal shaft.
blade propellersusualy areingtdled at the head
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of theanemometersto the planeof rotationface
thewind. Thereisapositivecorrdation between
therotational soeed of the propeller anemometer
and the speed of wind.

3. Hot wire anemometers. They work by the
continuousflow of ar crossesawire heated by
the electric current to descend the wire's
temperature. We can cdculate the speed of wind
by using alinear correlation betweenthe speed
of thelosing temperature and Square of speed
of wind. They are usudly used to measurelow
wind speed becausethey have high sengtiveness
inthelow wind speed and they are important
toolsto Measurethe amospheric turbulenceand
the agrometeorology.

4. Acousticanemometers. Theywork by thewind
speed vector in sound wave propagation
direction can Strengthen or weaken the speed
of sound wave. anacoustic anemometer only
condstsof two pairsof thesensorsthat includes
atransmitter and areceiver each pair.

Frst, we can st thetwo tranamittersin theopposte
direction, oneisset dong thedirection of wind, another
isinthedirection of headwind. Second, we collect the
dataof time difference between two receivers. Findly,
we can calculate the wind speed by using relative
algorithm. We can learn about their characteristicsare
high anti-interference and high directivity that application
of ultrasonic.

4.3.4 The application of three-cup anemometer on
PV array

Three-cup anemometers arewidely used, running stably,
low cogt and meeting requirementsof application of PV
array. We can ingdl theanemometer onthePV array to
detect thewind speed. Whenthewind roseto be certain
speed, the three hemispherica hollow cupswill rotate
around perpendicular shaft. When theregulators detect
thewind speed over thethreshold which thewind scales
have bad impactson PV array, the PV will be put onthe
smooth position automatically with three-dimensional
transmission structure which consist of some servo
motors. It can prolong the servicelifeand protect the
PV system.
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Figure 4 Pictureof application of three-cup anemometersin the
practices.

4.4 Thetechnology of autonomousdust cleaner in
PV array

4.4.1 Theinfluence of deposition dust in PV array

During the PV systemrun, therewill appear deposited
dust. The dust can prevent PV array from receiving
sunlight and then descend the PV array running efficiency.
Lotsof dust will cut downthe output from the power
dationsfell away.

We can know that it can visbly impact maximum
output power, conversonefficiency, short-circuit current
and open-circuit voltage both of PV system as the
increasing dust density though variation of positive volt-
ampere characterigticsian't influence by thedengty of the
coverage dust from bibliography[6]. The study in
bibliography [ 7] found theinfluence of deposted dust on
PV array can up to 10% ~ 25%. The study in
bibliography[ 8] found therewas an inverse correlation
between thedust dengty and PV sysemworking efficiency
whentheresearcherssmulated the spontaneous deposted
dust by softwareand then they concluded that the linear
fitting formulaabout the density of deposited dust and
output power of PV sysem. Thestudy inbibliogrgphy{ 9]
found the conversion efficiency of PV system descended
16.59% whenthe dengty of deposited dust was 0.1244
g/m? and whenthe density of deposited dust was0.898
g/m?, it would even descend 54.95%.

4.4.2 The contrast with common kinds of
technology of autonomous

Because the PV array is obvioudy influenced by the

posited dust, Dust cleaning isavery important work for
daily maintenance. Thehighly efficient and low-costed
dust cleaning not only can keep high converson efficiency
of PV system, but also can reduce the PV power
gation’smantaining budgets.

Now thecommon cleaning technology onsdemainly

be divided into thefollowing four types.

1. Traditional manua cleaning methods: They are
widdy used, according to therelevant satistics,
clean amount of IMW PV systemneedsaton
of water every time. Thereneed lots of cleaners
whichisnot easy to beregulated, the cleaning
effectsisnot well and different fromeachtime
and thetraditional manua cleaning may damage
the PV array to become opaque and shorten
theworking life.

2. washing with high- pressured water guns. Now
it usudly useswatercartsto washthe PV array,
thisway isgood at to cleanthe PV array but it
needsalot of water. The high-pressured water
gun may damagethePV array.

3. spray systems the goray sysemsarewidely used
tothePV array installed onroofs, itsadvantage
is using machines cleaning automatically, but
thereisnot good cleaning effect.

4. washing with specia equipment: the advantage
of using special equipment isgood at to clean
the PV array. It not only needsto buy lots of
special equipment whichisalarge budget, but
also needsto recruit the professional personsor
trainthelaymen. It can't beused inthearid area
neither.

4.4.3 The application of electrostatic precipitator
on the PV array

Inorder to solve problemsof PV array’slow converson
efficiency with deposited dust and thearid areawithout
lots of water. We can use electrostatic precipitator to
cleanthe PV array, and we can usethe TCO glassto
ensurethe PV system running well while cleaning the
PV array.

Electrostatic precipitator’s performance very
dependson dugt’sresistivity, it isabout 104 ~105 n-cm
with good conversion efficiency. When thevoltageon
PV array’s glass increases to threshold, there is an
electrostatic field between the cathode with DC power
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and earth wirewith anode. Then the negativeionwind
fromeectronicionizer dectrify the dust particles Because
the gas containing dust isionized by the cathode, the
dust particlesinfluenced by electromagnetic force will
be put to anode. finally, we can cleanthe PV array by
thisway.

Figure5 Model diagram of eectronicionizer

CONCLUSION

At present, there usually are somelimitationsin many
power systems on sale. We combined theory and
practical engineering experience to study in the new
energy resource field. We aimed for promoting PV
system productive efficiency base on improving PV
system. Wefocused on the optima control strategy of
three-dimensional and solar-tracking PV system's
running efficiency, and then we designed akind of PV
array which can do three-dimensional rotating. The
designed PV system can track solar maximum power
point automeatically from many different anglesand aso
can clean the surface of the PV array in fixed time
autometically by using the autonomous dust cleaner. In
addition, theregulator can collect thedata of real-time
wind speed, and it can reducethe force of wind on the
PV array by using corresponding avoidance algorithms
to ensurethe system product with high efficiency and
run steadily aswell.

After contrasting this three-dimensiona highly
efficient control strategy with common control strategy,
wefound it ishigher mobility in special environment,
prolonging the servicelife, higher energy efficiency and
productive efficiency. We analyzed the characteristics
and components of three-dimensional PV array, we
focused onindicating and designing the optimization of
congruction and summearized the desgned mentdlity and
the optima processto provide researcherswith referring.
According to the policy of hew energy resource and
relevant national policies, if this designed three-
dimengond highly efficient control strategy could beused
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inthe PV industry, it can relieve the pollution of coal-
fired sations.
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