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ABSTRACT

In order to achieve the tracking control of maximum power point for chemical photovoltaic system, and improve the
transferring efficiency of solar energy, the fuzzy PID controller is applied in it. Firstly, the working theory of
photovoltaic cell is analyzed. Secondly, the fuzzy PID controller of maximum power point of chemical photovoltaic
system is designed. Finally, the controlling simulation of tracking control of maximum power point is carried out,
and the results show that the fuzzy PID controller can get good controlling effect.

Key words: Chemical Photovoltaic Power System; Maximum Powant? Control

With economic growth and social progress, seekig sources of energy is an urgent task that marfeices. The
solar energy is an inexhaustible and endless soGaar power with high efficiency and non-pollutibas been
concerned, which is unrestricted in region. Pholtei® power is a main form of using solar power,jathhas vast
prospect for development. The photovoltaic powes baen applied in chemical industrial park widdlie rich

chemical raw materials in chemical industrial pagh offer sufficient resource support for photoaiitindustry,

and reduce the production costs of chemical engerpiThere have always been some problems in pbibddy

power system. The output characteristics of phdtaiocell are greatly affected by the externaliemwment, such
as environmental temperature and outer light intens addition, the conversion efficiency of pbubltaic cell is

low, and the price is high, then the initial inpaibig. Then it is necessary to find out an effextnethod to improve
the conversion efficiency of photovoltaic cell. Theximum power point tracking circuit is collectedtween

photovoltaic cell and load [1].

In recent years, a lot of algorithms of maximum powoint tracking have been put forward, such atugsation
and observation method, incremental conductancéadeaind constant voltage tracking method. The aotirre
algorithms are simple and easy to implement, howthare are many disadvantages, for example, theezgence
speed is low, and the steady state stability ig.doocorder to avoid the defects, the traditiongoaithm has been
improved, the adaptive step is introduced, andrélability and convergence speed can be obtaiBed.the
working point can not be transferred to the maximpoaver point when the light strength changes suigdém
order to reduce the stable error of system, theyf@D controller is applied in it, the quick respe ability of the
photovoltaic power on outer environment can be ovwpd, and stability near the maximum power point ba
reduced, at the same time the PID controller canirghte this oscillation [2].

Wor king theory of photovoltaic cell

T-V feature of the photovoltaic cell has somethivith light strength and environment temperaturerelcent years,
a lot of photovoltaic cell uses crystalline silicas material. The equivalent circuit of the phottaio cell is shown
in figure 1.
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Figure 1 Equivalent circuit diagram of the photovoltaic cell

The output current and output voltage of the pholtaic cell satisfies the following expression [3]:
a(v+Ril)

V +R.I
=1, —l e ™ _”__EEL W

where, | denotes the output current of photovoltaic celM,; |, denotes the photocurrent\; |, denotes

ph
reverse saturation currenf\; | denotes quantity of electric charggl=1.6x10™"°C; K denotes the
Boltzmann constantK = 1.38x1072J/K ; n denotes théeal factor of photovoltaic cell plate,n =1-5;
T denotes the surface temperature of photovoltdipizee, K ;

The saturation current without light can be caltadaaccording to the following expression:

aV+R)
Iy =1[e ™ -1] 2

where |, denotes the saturation current without lighf,.

The engineering model of photovoltaic cell usessthert-circuit currentl ., the short-circuit voltageV,,

output
current |, at maximum power point, output voltagé,, at maximum power point offered by manufacturengot

electrical parameters of photovoltaic cell undeifedént light strength and cell temperature can dixained
according to the following expressions [4]:

I'Sczlsci(hAAT) 3)

Sref
V.. =V, (1-CAT)In(e+ BAS) )
I,'nzlmi(1+AAT) )

Sref
vV, =V, Si (L-CAT)In(e+ BAS) (6)

ref
where T =T, +KS, T, denotes the environmental temperatui@, AT =T =T , AS:Si—l,
ref

A=25x10°/C, B=6x10"/C, C=3x10°/C, S, denotes the reference light strength,
S« =1x10°W/m?,

Under a certain light strength and temperature, phetovoltaic power system can achieve the stesatyss of
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maximum power point. Near the maximum power paihg output power of photovoltaic power system can b
expressed as follows:

uz, ()

P(t) =
© Ruee

(7)

where P(t) denotes output powerR - denotes the resistance of the maximum power pdihen output load

of photovoltaic power system is equal 8,5 , and the system can export maximum power.

The photovoltaic cell group is made up of many phiottaic cells with a small unit in series or inraiel. The
photovoltaic cell series combination can improve iiaximum output direct current of chemical solegrgy power
system, and the photovoltaic cell parallelling témation can also improve it. Therefore the sedieparalleling
combination of photovoltaic cells can obtain th@ented direct current or voltage, the output charatics of the
photovoltaic cells group is expressed as follows:

q(V+iR)
[e AT -1 ®)

I =n,lc—n,Lg

where n, denotes the number of photovoltaic cells in seri@s denotes photovoltaic cells in paralleling, o

denotes the light currentl , denotes the dark saturation current.

Design of Fuzzy PID controller of maximum power point

The traditional PID controller has some disadvaesador example, the structure is simple, and #ropmance is
steady. However, it has some disadvantages, iteaaffected by the disturbance, and the reliabititpoor. The
fuzzy control belongs to an intelligent controlliterhnology, has a good self adaptive charactesjdbut the static
error can not be eliminated during the processfaroatrolling the maximum power point of chemicdlgtovoltaic
power system. Therefore the fuzzy controlling tedbgy and PID controller can be combined considgtime
above factors, the relating parameters of PID cofietrcan be regulated according to the fuzzy ailirtig principle,
the real time control of maximum power point of tifechemical photovoltaic power system can be asud5].

In order to control the maximum power point of phatltaic power system, the fuzzy PID controlleapplied in it.
The conventional fuzzy PID has small exceeding legnn and slow response speed comparing withrtuétional
PID controller, however the fuzzy PID controlleiists a lot of disadvantages, for example, and tlaeyf controller
can be amended when it is designed, and the safftiady of it is poor. If the input and output ©fzzy controller
have big changes, only a part of principles carapyglied. When the range of the discourse domasmiall, the
input and output of the fuzzy controller is outrahge of the discourse domain, the fuzzy contraléer not work
effectively. When the range of discourse domaibigs the number of principles of the fuzzy conteolis small,
then the controlling precision can reduce, the tioncof fuzzy PID controller can not be developed.

In order to avoid the disadvantages, variable dismsdomain is applied in it. The basic ideas afé to reduce or
improve the range and input value of discourse diombfuzzy set simultaneously. The decrease ampdesion of
discourse domain can improve the fuzzy controlimgnber that affects it significantly, and then tuntrolling
precision can be improved.

The main problem of the variable discourse domsito iconfirm the optimal extension and contractisechanism,
then the optimal controlling effect can obtainetieTnput variable of the discourse domak; is defined asX;,

the output variable of the discourse domaih is defined asy, the variable discourse domain refers théf

and Y can regulate with changes of, and Y.
The changed discourse domain can be expressetogsf{6]:

xi' =[-a,(x)E;,a.(X%)E] 9)
Y'=[-B(y)J, fU(y)] 01
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where, a,(X%) and B(Yy) denote contraction-expansion factor of the disseudomains X; and Y , the
output of the variable discourse domain contrafiezxpressed as follows:

Upe (XB) = ﬂZﬂ Ac a(x) (12)

The contraction-expansion factors of the discodm®ains are expressed as follows:
&
I ||
alx)=|——| , 0<¢g <1 (12)
X
&,
,B(x)—[l—yqz 0<g,<1 (13)
= v , ;

where & and &, are the value factor of the minimum discourse domawhich has big effect on the
controlling precision of the system, the value &f and &, can be regulated according to the simulation asgly
and the final results are listed as follows; = 059, &, = 035.

The fuzzy theory and traditional PID controllingc@ology can be combined to construct the adap#i@
controller, the deviancg€| and changing rate of deviandeeC | are the function of proportion coefficierk ,,

integrated c:oefficientki and differential coefficientkd , the following the expression can be obtained [7]:

=h(lel|ec]) (14)
k =h(lel,|ec]) (15)
=h(le||ec]) (16)

The adaptive PID controlling system of maximum popeint of the photovoltaic power system is showriigure
1.

»  Contraction-expansion factor
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Figure 1 Adaptive PID controlling system of maximum power point

The fuzzy self adaptive PID controller can be agplin controlling the maximum power point of theofvoltaic
power system. According to the deviances, changitg of the desistance and fuzzy theory, the fuzonytrolling
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principles of the proportion coefficient changékp, integrated coefficient changé&ki, and differential

coefficient changeAkd can be established, the fuzzy discourse domasetisas [-3 3], which is divided into

seven grades and is denoted as.{fAM, PS ZE, NS, NM, NL}, where PL denotes positive large, PM denotes

positive medium, PS denotes the positive smalldéBotes the zero, NS denotes negative small, NMtdsrthe
negative medium, NL denotes negative large.

The corresponding controlling principles are shamtable 1, table 2 and table 3 respectively.

Table 1 Controlling principle of Akp

€
e NL | NM | NS | ZE | PS PM| PL
NL |NS | ZE | ZE| NS| NM| NL | NL
NM | PS | PS ZE| NS| NS| NM NM
NS | PL| PL | PM| ZE| ZE| NS| NS
ZE | PL | PM | PS| PS| ZE| ZE| NS
PS | PM| PM| PM| PM| PS ZE| ZE
PM | PL | PM| PM| ZE| NS | ZE| ZE
PL | PL | PL | PL| PM| PM| PS ZE

Table 2 Controlling principle of Aki

ec €

NL [NM | NS | ZE | PS| PM| PL
NL | ZE | NS| NS| NM| NM| NL | NL
NM |PM | PM| PS| PS| ZE| ZE| NS
NS PS| ZE| ZE| NS| NS NM NM
ZE PS| PS| ZE| ZE| ZE| N§ NS
PS | PM| PM| PS| PS ZH ZH N$
PM | PL| PM| PM| PS PS| ZF ZH
PL PL| PL| PL| PM| PM| ZE| ZE

Table 3 Controlling principle of Akd

ec €

NL |[NM | NS | ZE| PS| PM| PL
NL | PS| ZE| NS| NS| NM| NM| NL
NM |PM | PS| ZE| ZE| NS| NM| NM
NS | PL| PS| PS| ZE ZE NS N
ZE PS| PS| ZE| ZE| NL| NS NS
PS PL| PL| ZE| NS| NS NS NM
PM | PL| PL| PM| PM| ZE| NS| NS
PL PL| PM| PM| PS| PS| ZEH N§

According to the actual requirement of controllimgximum power point of chemical photovoltaic powgstem,
the corresponding controlling principles are sefoilews:

IF e=NS AND ec=PL THEN u=NL
IF e=PM AND ec=NM THEN u=NS

According to the fuzzy above controlling principlidwe fuzzy logical operation table of fuzzy contdn be
obtained.

The output value of fuzzy parameter self regulat®i® controller can be calculated according to wetghted
average method, the corresponding procedure éslles follows:

Step 1: Calculate the core elements of all elemiarfiszzy reasoning conclusion.

Step 2: Obtain the corresponding precision valter dhe core elements are fuzzed, the correspordditoylating
expression is listed as follows:

1051



Ni Qiangian and Xue Hengyu J. Chem. Pharm. Res,, 2014, 6(6):1047-1053

u = Zn:ui Elzn?a(il) (17)
= i)

Where, U denotes the exact solutiog(i) denotes the membership degree functionﬁkp, Ak, and Ak,
N denotes the number of output elements.

The integrated value oﬂkp, Aki and Akd can be calculated through regulating the precisane. And the
input parameter of fuzzy parameter self regulait controller can be obtained by the following eegsion:

k, =k, + 2k,
ki =Ko + 0k (18)
Ky = Kgo + DKy

where, K, K, and K;, denote original value ok ,, ki and k;.

RESULTSAND DISCUSSION

According to the basic theory of fuzzy PID conteollthe controlling simulation programmer is coragilby
MATLAB software, at the same time the traditiondDRcontroller is applied in controlling the samestgm. A
chemical photovoltaic power system is used as relem object, the corresponding parameters atedlisis

follows: short-circuit currentl .. is equal to 4.88A, the open circuit voltadé. is equal to 20.6V, the current of

maximum power pointl  is equal to 4.18A, the voltage of maximum poweinp V,, is equal to 16.8V.

The environmental temperatur€ =30°C, and the light strength changes from 750WIm1250W/ni in 1s. The
corresponding simulation curve is shown in figure 2

P/W

i
100 o
85

Traditional PID controller

70 - — Fuzzy PID controller
40 | | | | | —

0 0.1 0.2 0.3 0.4 0.5

tfs

Figure 2 Controalling simulation curves of maximum power point of chemical photovoltaic power system

As seen from figure 2, the controlling simulatiaimees based on traditional PID controller has allsoszillation,
while the controlling simulation curves based onziuPID controller can get the output power cunmits smooth
changes. Therefore controlling effect of the fuBiD controller is better than that of traditiondDPcontroller.
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Then the transferring efficiency of solar energyglbémical photovoltaic power system can be impraféettively.
CONCLUSION

The fuzzy PID controller is applied in controllige maximum power point of the chemical photovoltaower
system and the amended factor is introduced inlatggg the parameters of fuzzy PID controller, atie
correctness and stability of the chemical phot@iolpower system can be improved, controlling satiah results
show that the fuzzy PID controller can achieve tfaeking and controlling of the maximum power poitite
feasibility of fuzzy PID controller on the chemiqatiotovoltaic power system is verified.
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