Mansoura Engineering Journal, (MEJ}, Vol. 25, No. 4, December 2000. E. 50

USING & LEAD ACID BATTERY AS VOLTAGE REGULATOR
OF PHOTOVOLTAIC POWER SYSTEM
APl il agr a8 L)l J1 4 ey alisiat
S. §. Eskander

Assistaa:, Professor ai Electrical Fower And Machine Department, Faculty of
Engineering El-Mansoura University, EI-Mansoura, Egypt

Db gd
ced a8 G g bas el el i g e LIS e JONUPE R
E ;.'15-.- ey Fa '3 A Dleld o F e FON P WL LN A S
Pl s an AG 2Dy e fladh el Dart 2d il Sl G oS s Sod o e
T .;,_' . _'..‘-_..u:l A an l ; .j; A Lk e .‘..J.\f‘q ‘-q;ﬂ‘-Il ey 1._o,-':.a..' A ‘-13;_'“;- e
_JJ_L. e Lak et Pl it R L I L e F P DL

L g a8 A C._I-J{J Fal I_’d_,'\;’l ‘-...n.e.’ P =, e e

Ahslract

Tn s paper the experimentit measurements are carnied out of Phot~ . it
sower susiem [PWPS; gupplemge static wesistive [oad  The currents and voltzoes of
solar cells array lead acid hatzery and load are measured during 40 hours under actzal
ssndiwons  The relaion.bips Setween previous parameters against titne as well as ihe
intensity  of radiation reeenved bv b Phcrovoltale amrav aie experimentally
rvestignted  The experimertal resul:s show that the lead acid battery is a pood
voltage regulator for PVPS

1. Introdiu tion

The Photevoltaic nower syst2ms are known to be nonlinear, and there exists
one pperating point correspend.ng to max.me.m power point (MP} The MP of PVPS
depends on the environmental factors suck as solar insolation, and operating cell
temperature [1,2].  The optimal aneraring ovint varies widely over time. DC-DC
con erters are used te convert the urrsyulated DC input into a regulated DC output al
desired voltage level The retrol objective for boost converter is o move the
operating point of the PVPS (0 the consiant voltage level The eontrol objective for
buck-boost and cuk converrers are to move the operating point of PYPS 10 its peak

power point 3]

Lead acid batteries provide the mos: common means of energy stcrage in
PVPS today. A prominent feature of their operation is cycling  This, touether with
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other operating parameters, affect the battery life and maintenance requirements which
must be allowed for the design of a PVPS [4, 5, 6].

In this paper, the lead acid battery is used Lo regulale the terminal voliage of
static resistive load connected direcily with solar cells array as well as anenergy
storage element. Experimental measurements are carried out and analyzed for solar
cells array, battery and load for 40 hours.

2. Experimental system under investigation and procedure

The PVPS under investigation consists of four modules of solar cells each of
which contains 36 grided single crystal solar cells with series connections, 6V, 5.5 Ahr
lead acid battery and a resistive load. The load and battery are connected in parailel
and supplied by solar cell modules through blocking diode. The output current and
voltage from solar celt arrays and the input currents of battery and load as well as their
terminal voltages are measured throughout 40 hours. The experiment is carried out
durii:g the previous period through which the battery becomes full charge and the
electrical performance of each element of the PVPS is investigated.

), Resulis

The instantanecus values of solar radiation (W/m®) are recorded through the
experiment pericd as shown in fig.1. The figure contains five periods representing five
days during which the experiment is carried cut.
3.1._Electrical Performance Of PYPS Elements
The electrical performance of PVPS zlements is obtained during the previous periods

and analyzed as follows;

.13, Load electrical performance

Figure 2 illustrates the load voltage against time during the five periods under
investigation, It illustrates that the Joad voltage is holding constant during the periods
in spite of variable quantities ofisolation levels. This figure shows that the terminal
voliage of load may be held constant when the baitery is connected at sofar cells array
terininal.  The load current against vime is represented by fig. 3. The figure illustrates
that this current becomes constant in spite of the variability nature of insolation
incident upon the solar cells array. So, the current through the Joad may be written as:

LL=VL/R, m
Where; ¥V, I; and Ry, are the load voltage, load current and load resistance.

3.1.2. Lead Acid Battery Behavior

The experimental behaviors of lead acid battery which operates as storage and
voltage regulated element in PYPS under test are shown by figures 4 and 5. Fig.4
illustrates that the battery voltage against time . It has a constant value during the
periods under test. The battery under testis 6 ¥, 5.5 Ah. lts voliage reaches to 8 V at
charging condition. On the other hand, the bauery current takes another behavior as
shown in fig. 5. This current depends upon the insolation fevels incident upon the solar
cells array.

3.1.3. Solar cells grray behavi

The electrical characteristics of solar cells array (SCA) energizing the lead acid
battery and load are measured and illustrated in figures 6 and 7. Fig. § shows that the
SCA output voltage still constant during the five periods under investigation although
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the load on il has a variability in nature. The constancy of solar cells array voltage is
the second goal obtained due 1o the using of lead acid battery with Photovoltaic
system. Conversely, the SCA output current has a variable function with time, this is
due to bartery current variation as shown in fig. 5. Fig. 7 illustrates the variability
nature ¢.f SCA outpur current. This current can be written in the following form,

L=T.-1,(e"-1) 2
YWhere I.. is the shor circuit current of SCA, Xk is a constant and I, is the dark
saturation current.

Because the battery curremt takes the same bchavior of SCA current so, this
current can be obtained mathematically as;

L=L-1I {3)
50,

L=t oaL(eM-1)- L @
Vwhere i, has constant values during the testng pencds and L, In have varishble
grantites 2uring the same pericds.
3.2 Effect  Of _nsolation Level Upon__ Electrical  Performange
Or PVPS Llements,

{te eTect of msulation Jevel upon voltage and current of lead, bar ey aad
SCA is exp rimentally investigated. The insolation levels selected for this investigati
are spliter -t twe groups The first one represents the levels obtained befi- & noan
irstanis o the ivee perods under investigation while, the second group represents the
levei« of inoo i ar ol-ames after noon instants for all pericds

3.2.1. Lewd
Jre lusd eurtenis n i approximately affecied by the Insolation level a¢ shown
in fig . Thisis ¢ue v uuing of lead acid battery  The last figure can be splited 120

fwo parts.  In the frst one a slight rise 3{the curent is obtained. This is duz 10 the
instabilicy natuse o e dattery directiv after connecting it with SCA. The second part
shows that the iom currers = eonstant with the insolation fevel.  The load voMaje-
insolation level rharacterists ¢lso has twe parts. Through the firit one, the insoiation
level has 1 prenounced efect upon lead veitage as shown in fig. 9. Thus is also due to
:he instability nature c.fthe battery direci'v after connecting it with SCA. [n the second
part of fig 2, a slight variation of load v, ltage with the insolation level is obtained,
3.2.2. The Batter;

Fig. 10 represenis that the bartery current-insolation level eharacteristic  This
is an expected behavier oecause the baiterv acts as a nonlinear load. [nversely, the
bartery voltaze against insoiation level, fig. 11, after and before noon instants during
the periods under investigatior: 1nkes approximately constant charactedstic. In the first
part of the characteristic { wmch reprzsents the levels afinsolation obtained before
noon instants ) ¢ slightly increasing in baitery voltage is obrained. This is due to the
instability nature of the batiery which vceurs directly after the connection with SCA.
After this the voltage becomcs constart during the remained part of the periods.

3.2.3. Solar Cells Array

The output current of SCA against the level of insolation before and after the
nooo instants is represented in fig, |2. This characteristic takes linear behavior before
and after the nocn instants.  The difference between the slopes before and after the
noon instants is due to the batiery behavior before and afier these instants. Fig 13
illusirates the relationship between solar cells array terminal voltage and insclation
levels. It also ean be splited into \wo sarts One of which before Lhe nooa instant,
through whieh the voltage is varied berween: 725 V 1o 9 V with percentage variation
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of 19.4%. In the second part, the voltage variation lies between two limits which are 9
V and 8 V with percentage variation of 11 %. The large vaniation, which occurs in the
first part, is due (o the instability nature of the battery at this period.

4. Conclusions

This paper presents the importance of using lead acid battery as a voltage
regulator in Photovoltaic power system. The experiment results show that a good
regulation is obtamed at load terminal. On the other hand, a regulation at solar cells
array terminal in the range of 19.4 % 10 11 % is obtained before and after noon
instants.  This is due to the instability nature of battery operation before noon instants.
So, the battery may play a good role for fixing the voltage at the load terminal.
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