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Abstract 

A precise theoretical model of an integrated photovoltaic system has been developed to 
find out the effect of temperature, battery voltage and voltage drop (across the battery 
voltage regulator (BVR) and interconnecting wire) on the charging current delivered by the 
photovoltaic array. The theoretical analysis predicts that voltage drop is a significant 
parameter, which when decreasing in the system results in a considerable increase of the 
charging current. Based on the above theoretical requirements a Battery Voltage Regulator 
(BVR) has been designed, fabricated and tested. The results show that due to reduction in 
the voltage-drop, there is a gain in the charging current of about 5% at 25” C with respect to 
a conventional BVR for a 12 V system. In the worst case, when the ambient temperature 
rises to above 45” C, the current-gain increases to 10%. The charging current is regulated by 
the pulse-width modulation technique to automatically meet the load demand and self 
discharge of battery-bank (since the battery-bank is never disconnected once the battery-bank 
is fully charged). Therefore, the load voltage regulation is not required. This technique is 
superior to the conventional techniques because it does not require field adjustment and 
knowledge of load characteristics by the user. The net BVR can be easily extended for 
higher voltage systems. The theoretical analysis is also important for a PV system designer, 
because one can augment the system for available BVR and interconnecting wire with the 
help of this,. 

1. Introduction 

Photovoltaic (PV) systems usually employ a battery-bank to store the energy to 
take care of the uncertainty in availability of solar radiation due to its statistical 
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nature in the biosphere. This entails the use of a battery voltage regulator (BVR) 
to monitor and control the charging of a battery-bank. Various schemes exist in 
literature to design these voltage regulators having their merits and demerits [l-3]. 
These BVRs though provide a very good regulation desired for battery perfor- 
mance, but, when incorporated in system, there is loss of available energy and, 
thus, a need exists for augmentations of system design. 

The present work discusses a theoretical analysis of the integrated photovoltaic 
system. The theory enables to determine the effects of temperature, battery 
voltage variation, and voltage drop across the interconnecting wire and BVR on 
the charging current delivered by the PV array. The theory is helpful in optimising 
the design of the BVR to maximise the delivery of charging current. Based on this 
model, a BVR was designed, fabricated and tested. In between SPV array and 
battery-bank circuit, a pair of MOSFETs are employed to regulate charging, so 
that voltage drop over BVR can be reduced to the desired minimum value. 

Further the charging current is regulated by the PWM technique to meet load 
demand once the battery is fully charged, so large inductors or OP-AMP regula- 
tion which require field adjustment are not required in the modified BVR. 

1.1. Theoretical analysis 

The effect of different types of BVRs on the charging current has been 
illustrated in Fig. 1. The curves A and L are the characteristics of the solar array 
and battery-bank, respectively. When the PV array directly connected to the 
battery results in the charging current I, flowing in the battery-bank is given by 
intersection of curves L and A at point a. Whenever BVR is connected in between 
the SPV array and the battery-bank, L gets modified to L,, L, or L, depending on 
the offset voltage of the blocking diode, the devices used for charge regulation and 
the lumped series resistance of BVR and interconnecting wires. Accordingly the 
current gets reduced to I,, Z2 or Z3 and the operating voltage increases by &, Vd2 
and V,, depending upon the curves L,, L,, or L,, respectively. Thus, Fig. 1 
indicates that as the operating point on curve A shifts to point a,, a2 or as, the 
charging current decreases. In the following text a theoretical analysis of inte- 
grated PV system is performed to see the effect of increase in operating voltage by 
Vd on the charging current. 

The equivalent circuit of a solar array having N, numbers of solar cells 
connected in series and under illuminated condition is shown in Fig. 2. From 
Kirchoffs Current Law, we know 

Zph - z, - Zsh = I, (1) 

where Zr,,., is the photovoltaic generated current, Id is the forward diode current, 
Is,., is the current flowing in lumped shunt resistance, and Z is the output current 
delivered by the solar array. 

The diode current for an array is given by [4] 

Id = Z, exp( qVdp/NKTNs) - Z,, (2) 
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pv ARRAY VOLTAOE v IN VOLTS - 

Fig. 1. Z-V characteristics of solar array and battery-bank. The modified effect of BVR on battery-bank 
characteristics denotes by L,, L, and L,. 

where q is the electronic charge, V,, is the photovoltaic voltage, N is the 
ideality factor, K is the universal Boltzmann constant, T is the operating cell 
temperature in Kelvin, and Z, is the reverse saturation current in the dark 
condition. 

In Eq. (2) the second term is very small in comparison to the exponential term. 
Therefore, neglecting the second term we get 

Z, = 2, exp( qVdp/NKTN,). (3) 

Z, does not remain constant. It is dependent upon the external temperature and 
the band gap of the solar cell material. The relation between Z, and T is given by 
[41 

Z, =AT * *3 exp( -qV,/KT), (4) 

where A is a constant independent of the temperature and only dependent 
upon the material characteristic. l& is the linearly extrapolated zero temperature 
band gap of the material. 

Substituting Z, from Eq. (4) in Eq. (3) we get 

Id =AT * * 3 exp( -qV,/KT)exp( qVdp/NZCTZ$) . 

Further from Fig. 2, the parameter Zsh can be obtained as 

Isi, = Vdp/R,, (By Ohms Law). 

(5) 

(6) 
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Fig. 2. Equivalent circuit diagram of solar array based on single diode model. 

For short-circuit condition, Z = I,, and Vdp = Z,,R,. Substituting these values in 
Eq. (6) the value of Zsh becomes 

Zs,, = Vdp/%, = Z,, ZWR,,, 7 (7) 

where R, is the lumped series resistance of the solar array and Z,, is the 
short-circuit current at shorted output terminals. 

Since Z, is dependent upon VdP and V&, is very small for short-circuit condition, 
we can assume that I,, is very small and can be neglected. Then for short-circuit 
condition the Eq. (1) becomes 

Z,, - Zsh = Z,C . (8) 

Substituting the value of Is,, from Eq. (7) in Eq. (8) we get 

Z,, - ZW WRsh = ZX 9 (9) 

Zph = 1,,(1 + R,/ZM . (10) 

Now substituting the values Zph, Id and Z,, from Eqs. (101, (51, and (61, 
respectively, in Eq. (0, we get 

Z=Z,,(l +R,/R,,) -AT * * 3 exp( -qVgo/KT)exp( qVdp/NKTNs) 

- Vdp/R,,. (11) 

Eq. (11) predicts that the current delivered by solar array is dependent on the 
normal cell operating temperature T, the photovoltaic voltage V& and N,. The 
other parameters 9, N, A, R, and R,, are dependent upon the intrinsic property 
of the solar cells and are assumed to be constant in different conditions in our 
analysis. Since N, denotes the number of solar cells in series, it is also constant for 
a particular PV system. T can be measured experimentally. However, the value of 
photovoltaic voltage V,, depends on factors such as load, type of interconnecting 
wire and electronic module used in system and can, therefore, be measured only in 
an integrated system. 

The equivalent circuit diagram of an integrated PV system is shown in Fig. 3, 
where R, is the lumped series resistance of the wire and BVR, V, is the offset 
voltage arising due to the semiconductor device used between the solar array and 
the battery-bank circuit. 
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Fig. 3. Equivalent circuit diagram of an Integrated photovoltaic system with battery-bank. 

When the BVR, battery-bank are connected to PV array, the voltage across 
solar array can be written as 

v,=zZ?,+~~+&‘,,. (12) 

The voltage of the solar array obtained from Fig. 1 is given as 

v,=&/dp-zRs. (13) 

Substituting the value of L&, from Eq. (13) in Eq. (12) and transposing we get 

V&,=ZR,+ZR,+V-+V,,. (14) 
Substituting the value of V,, from Eq. (14) in Eq. (111, we get 

Z= (1 +R,/R,,)Z,,-AT * * 3 exp( -qV,/KT)exp q( V,, + ZR, + ZR, + V,) 

/NZ~N~--(ZR,+ZR,+~+V,,)/R,,. (15) 
Eq. (15) gives the charging current delivered by the PV array to the battery-bank. 

The equation shows that the charging current is dependent on the temperature, 
the intrinsic properties of the solar cells and the components of the integrated PV 
system. 

1.1.1. Variation of charging current with cell temperature 
The effect of variation of the temperature on the charging current when I/&, and 

V,, are constant can be given as 

[I+ (R, + R,)/R,r,] dZ/dT 

= AT * * 3 exp( -qV’,,/KT)exp[ q( V,, + ZR, + ZR, + Vg)/NKTNs] 

x [3/T+ (qVJm * *2) + ([qNKTN,(R,+R,)(dZ/dT) 

-q(V~~+zR,v+zRs+V,)NKN,]/(NKTN,)**2]), 
(16) 

where dZ/dT gives the variation of charging current with temperature. 
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This is based on the assumption that the cell operating temperature T, the 
voltage drop across the interconnecting wire and BVR and battery-voltage Vbb are 
independent of each other. 

1.1.2. Variation of charging current with voltage drop and battery voltage 
Voltage drop across interconnecting wires and BVR can be given as 

Vd =ZR, + v,. (17) 

Substituting the value of ZR, + L$* from Eq. (17) in Eq. (15), the variation of the 
charging current with I&, when T IS constant can be given as 

[(l +ZWZL]dZ/dV, 

= -l/R,,, -AT * * 3( q/NKTNs)expq( V,,, + ZR,/NKTNs) 

xev( -qV,,/KT exp(qV,/~KTN,[(l +R,)(dZ/W)], (18) 
where dZ/dV, gives the variation of the charging current with the voltage drop 

(V,). This is also based on the assumption given in Section 1.1.1 
From Eq. (18) the effect of variation of the voltage drop on the current can be 

determined, and the effect of variation of the battery voltage can be analyzed as 
change in voltage drop in the system. 

Since the temperature is the same for each BVR placed in identical condition, 
only the effect of voltage drop across BVR is analyzed here. For an effective 
charging of 12 V battery-bank, the battery-bank is charged upto 14.5 V at C/20 
rate or less which is very common in a PV system. So the area of interest for 
voltage drop at battery voltage Vbb = 13.5 is upto 2 to 3 V. One volt is accounted 
for battery-bank charge level, another 0.5 V is accounted for drop across intercon- 
nections, etc., and the rest upto 1.5 V for voltage drop for various BVRs. For a 

Table 1 
Percentage variation of dZ/dT and charging current with voltage drop at temperature (a) T = 298K 

(25” C), and (b) T = 318K (45” C) 

S. No. Vd (VI d Z/Vd 
(%I 

Change in 
Z (o/o) 

(1) a 0 0.2 
(2) = 0.4 0.3 
(3) a 1.0 0.51 
(4) a 1.5 1.06 
(5) = 2.0 6.5 
(6) a 2.5 11.8 
(1) b 0 0.532 
(2) b 0.5 1.015 
(3) b 1.0 2.45 
(4) b 1.5 5.26 
(5) b 2.0 12.60 
(6) b 2.5 24.31 

0.1 
0.34 
0.375 
1.87 
4.57 

0.39 
1.25 
3.2 
7.65 
16.89 
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typical 30 WP SOLAR module having N, = 36, I,, = 2.25 Amp, Z, = 0.4 nA, 
R, = 1.87 ohm and R,, = 187 ohm, the effect of voltage drop at two different 
temperatures, i.e., 25” C and 45” C is given in Table 1A and 1B with the following 
three assumptions, because N is not constant and varies with photovoltaic voltage 
V dp. 

Assumptions. (1) Variation of the ideality factor N is linear with the photovoltaic 
voltage V,,. At vdp = 10 V, N = 2 and at Vdp = 20 V, N = 1. 

(2) Since the rate of change in the charging current with respect to the voltage 
drop is changing with the voltage drop, the percentage of change in the charging 
current is obtained by finding the area under the curve drawn between a percent- 
age change in charging current with V, upto the point of voltage drop. 

(3) The charging current is assumed constant, although it slowly decreases with 
increase in voltage drop. 

It can be seen that after accounting 1.0 V for battery charging and 0.5 V for the 
drop across the interconnecting wire, the percentage change in the charging 
current varies significantly if the voltage drop increases beyond 0.5 V across BVR. 

1.2. Design of battery voltage regulator 

The theoretical analysis clearly illustrates that the voltage drop is a very 
significant parameter for optimum delivery of the SPV current in case N, is small. 
The selection of the devices or components to be used in BVR must, therefore, be 
such that it ensures a negligible voltage drop in the integrated PV system for 
delivery of maximum charging current to the battery-bank. 

In a conventional BVR a blocking diode and relay combination or thyristor is 
used in between SPV panel and battery-bank. These devices have a voltage drop of 
more that 1.1. V in the circuit. Therefore, the above components are not suited to 
get the maximum charging current particularly for low voltage application (i.e., 6, 
12, or 24 V systems). Charge controllers are also available wherein the blocking 
diode has been dispensed-off with the use of relay and bipolar transistor in 
parallel. But the current consumed by relay coil partially offsets the current gained 
by removal of blocking diode. To reduce the voltage drop vd one can use 
MOSFET as a switch. When turned ON, MOSFET behaves as a linear resistance 
of a few milliohms and, thus, it is an obvious choice for switching. The problem 
with MOSFET is their parasitic body diode which allows the reverse flow of 
current (I,) and, therefore, the use of a single MOSFET cannot serve the 
purpose. However, MOSFET can also be used in reverse polarity configuration [5]. 
This feature of MOSFET can be utilised to block the conduction through body 
diode during no sunlight. Because of this reason another MOSFET is connected in 
reverse polarity configuration in the circuit as shown in Fig. 4. 

While the use of the circuit is in no sunlight condition, two MOSFETS have to 
be switched off to avoid reverse flow of the current (I,) from battery-bank to SPV 
array. It is switched-on again when the solar panel voltage becomes more than the 
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PARASITIC 
BODY DIODE 

Fig. 4. MOSFETs connected back to back configuration in photovoltaic system. 

battery-bank (i.e., no-sun condition is over). This control mechanism is achieved by 
monitoring the voltage drop V, across MOSFET pair. 

Comparative study [2] has shown that MOSFET should also be used on the load 
side to avoid power losses. 

Since paralleling of MOSFETS is very simple, the desired number of MOS- 
FETS can be connected to reduce the voltage drop on the charging side as well as 
on the load side. With this design technique the power losses due to switching 
devices have been reduced to a minimal value. The unutilized PV energy, when 
battery-bank is fully charged, is used to meet the load demand with the technique 
described in the following subsection. 

1.2.1. PW technique for charging current regulation 
Battery voltage regulators are used to protect the battery-bank from deep 

discharge and overcharge. While deep discharge is avoided by disconnecting the 
load, two techniques are being utilised to avoid overcharge. In first case, at 
overcharge level, the SPV array is disconnected and load is supplied energy from 
the battery-bank while in the second case, at this level, load is supplied energy 
directly from the SPV array. In the first case, the available energy is wasted while 
the second case requires voltage regulation to the load which requires use of large 
inductors and hence bulky system. Hence, both these techniques are considered 
inefficient overcharge protection methods. Suggestion has also been made to use 
OP-AMP control circuit [3]. This however requires field adjustment and knowledge 
of load characteristics by the user. Further, for step loads (i.e. load impedance 
changes by wide variation and also unexpectedly) this method is ineffective. One 
such application area is SPV power supply for V.H.F communication. In order to 
overcome these problems the PWM technique has been utilised here to regulate 
the charging current to the battery-bank. 

In this technique, the available SPV current is chopped to get the desired 
charging current. In this case, if the available current from SPV array is I and the 
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MOSFET pair is switched ON for a period of time Tl(ON) and switched OFF for 
a period of time T2COFF) period, the average charging current I’ will be given as 

I’ = [I *Tl(On)/(Tl(On) + T2(Off))]. (3-O 

IN I.007 

@AT(+) ??
tu 

I I 1 
. VBE 

A2 
Lm%Y - I P 1K 0 lEIO.SW 

I ZN 3019 

SECTION ONE 

ICl LM324 
IC3 LM 32L 
ICL CD6070 
IC5 CD 4081 
IC6 CD4071 

Fig. 5. Circuit diagram of proposed battery voltage regulator. 
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SECTON THREE 

Fig. 5 (continued). 

In Eq. (201, it can be observed, that by varying Tl(ON) and keeping Tl(ON) + 
T2(0FF) = T3 = (constant), I’ can be varied according to the requirement. 

Since the battery voltage decreases either with load drain or self discharge of 
battery-bank, the battery voltage is monitored, and the charging current is varied. 
If the battery voltage decreases, the charging current increases proportionately and 
vice-versa. This is done with the help of error amplifier, comparator, OP-AMP and 
flip-flops inbuilt in single PWM control chip LM 3524 [61. 

2. Circuit description 

Fig. 5 shows the circuit diagram of BVR. The circuit of BVR is divided into 
three sections. 

Section one is composed of power supply circuit in which zener diode and 
integrated circuit (10 is used. A temperature compensated zener diode has been 
used so that the reference voltage is stabilised against temperature variation. The 
reference points REF (1) and REF (2) are used for measuring battery voltage 
variation for battery low and high state of charge (S.0.C) and for comparing 
overload limit respectively. The transistor Ql is used as current amplifier and 
single chip I.C.4660 is used to provide negative supply (VSS). 

Section two is the control circuit to regulate the charging current by switching 
MOSFET pair ON and OFF. The control circuit consists of three Schmitt trigger 
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Table 2 
Logic table for controlling the charging current and to block reverse flow of current during dark 
condition 

S. No output of Control A Charging 

(1) 
(2) 
(3) 
(4) 

OAl 

L.OW 
High 
LOW 
L.OW 

0A2 

LOW 
Low/high 
High 
High 

0A3 

LOW 
Low/high 
LOW 
High 

LOW 
High 
PWM Mode 
High 

On 
Off 
PWM Regulated 
Off 

circuits OAl 0A2 and OA3 for measuring the SPV(-) voltage, the battery fully 
charged voltage level, and the battery boost charge voltage level, respectively. As 
soon as the charging current decreases to zero, i.e. the SPV(-1 voltage becomes 
almost equal to the battery(-) voltage, the output of the operational amplifier 
(OP-AMP OAll becomes high. When the dark condition ends and SPV(-) be- 
comes slightly less than battery(-) the output of OP-AMP becomes low. Since the 
transition takes place nearer to zero potential and also to overcome the offset 
voltage of OP-AMP, the OP-AMP is operated with dual supply, i.e., positive as 
well as negative supply. Similarly battery charge conditions are monitored by OA2 
and OA3. Since they are well above zero potential, negative supply is not required. 
The sequence of expected logic is given below in Table 2. 

The above logic is achieved with the help of AND gate AGl and OR gates OGl 
and OG2. From the logic table given in Table 2, it can be seen that as soon as the 
output of 0A2 becomes high, charging current is controlled by PWM regulation. 
In this section, IC CD4060 is provided as an added advantage which facilitates the 
user to provide boost charging to the battery-bank automatically once in a month. 
This agitates the electrolyte to avoid stratification which would otherwise result in 
loss of capacity. The output of IC at pin No. 3 along with logic gates AG2, AG3, 
OG4 are used to achieve this facility. As long as the output is high, the charger will 
not go in PWM mode and will continue to charge the battery-band till the boost 
voltage level is reached. 

Section three shows the control circuit to regulate discharging of the battery-bank 
by switching ON and OFF the MOSFET connected in between the battery-bank 
and the load circuit. Schmitt trigger circuit, comprising of OP-AMP OA4, is used 
to measure battery low S.O.C. The Schmitt trigger circuit comprising of OA5 is 

Table 3 
Logic table for controlling the discharging 

S. No. output of Control B Load 

OA4 OA5 

(1) 
(2) 
(3) 

High 
LOW 
High 

LOW 
LOW 
High 

High 
L.OW 
LOW 

On 
Off 
Off 
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Theoritical Calculation 

---ExCeilmental Value 

Fig. 6. Variation of charging current with voltage drop. 

used to measure the overload limit. The occurrence of expected logic is given in 
Table 3. 

The above logic controls are achieved by logic gate AG4, Exclusive-OR gate 
EOGl etc. An electronic control reset is provided to connect the load manually 
after overload condition or when the short-circuit condition is over. With the 
application of a differential voltage (by push-button micro switch, resistance and 
capacitance combination) on base of transistor Q3, the output of OA5 is changed 
to low voltage. But if the fault exists, the load remains in OFF condition even if the 
push-button micro switch is pressed. 

3. Discussion and results 

Performing the experiment various data such as voltage drop V,, charging 
current I, cell temperature T, and reverse saturation current Z, has been mea- 
sured. From these data, values of change in charging current has been evaluated. 
The observed result has been compared with the theoretical value of change in 
charging current using Eq. (18). The experimental and theoretical data have been 
plotted in Fig. 6 between the percentage change in charging current with the 
voltage drop I$. The figure shows that experimental and theoretical data matched 
with each other. The slight variation observed due to experimental errors. 

Charging efficiency (n,) can be defined as the ratio of the charging current 
when the solar panel with BVR is connected to the battery-bank to that of the 
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Fig. 7. Experimental set-up for measuring gain in charging current. 

solar panel directly connected to the battery-bank. The experiment has been 
performed to verify the gain in charging efficiency of proposed BVR in comparison 
to conventional BVR. The experimental set-up is given in Fig. 7. The operating 
cell temperature T was measured by measuring the resistance of the NTC 
thermistor embedded in the solar cell. INSOLATION was measured with the help 
of solar radiation measuring equipment (developed in CEL) and the charging 
current with the help of Philips digital multimeter. By switching ON switches Sl 
and S2 the charging current are measured via conventional and proposed BVR, 
respectively, and by switching ON switch S3 the direct current was measured. The 
observations are given in Table 4. 

The gain in charging current will improve further with the rise in cell operating 
temperature, and with degradation of the panel the gain is compounded, since 
series resistance R, increases and the short-circuit current Z,, decreases with time 
[71. 

The current consumed by control circuit of BVR is 23 mA at 12 V, which 
includes the current consumed by various LED’S. This is quite low and is 
significant because this will not increase with increase in current capacity of BVR, 

Table 4 
Experimental result obtain for gain in charging efftciency of proposed BVR with respect to conven- 
tional one 

S. No. Insolation Cell operating Charging current Gain in 
mW/cm temperature in ’ C Direct conpling Conventional Proposed ne in% 

(1) 78 21 

with P.V array 

2.203 

B.V.R. B.V.R. 

2.060 2.149 4.0 
(2) 60 27 1.812 1.660 1.746 4.7 
(3) 50 27 1.520 1.425 1.481 2.32 
(4) 40 29 1.235 1.198 1.217 1.54 
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.BLOCKING DIODE 

1 BATT. (-) 

Fig. 8. Modified circuit for high voltage application along with snubber protections. 

as the MOSFETS are voltage driven. Whereas in a conventional BVR, the energy 
required for relay coil energisation increases with increase in circuit capacity. 

4. Extension for higher voltage system 

The use of this new BVR can easily be extended to higher voltage systems also. 
But since high voltage arrays will have more numbers of cells in series, the effect of 
Vd will be reduced considerably because N, is in the denominator in Eqs. (16) and 
(18). Therefore, a blocking diode (silicon diode) to prevent reverse flow of the 
current from battery-bank to SPV array and MOSFET for regulating charging 
current is sufficient. Since a silicon diode is an unidirectional device, the circuits to 
sense SPV(-) is not required. But a snubber circuit is added to protect the 
MOSFET from voltage transients which arise due to large length of interconnect- 
ing wires between solar array and battery-bank. The driver circuit for this configu- 
ration along with snubber circuit is shown in Fig. 8. 

Also, this configuration is most economical from power dissipation and cost of 
components points of views. A comparison for a typical system of 48 V, 30 A and 
duty cycle 6 hrs/day is given in Table 5. 

Table 5 
Comparison of power consumption cost of various configuration for higher voltage BVR 

S. No. Device Power consumption Power Dissipation PC (watts) PD (watts) Cost 
by Driver (PC) in Device (PD) 

(1) 
(2) 

Contactor 18 watts negligible 18 * 24 = 452 negligible lOO$ 
MOSFETs negligible 27 Watt for RDs(ON) - 27*6= 162 30$ 

= 0.03 ohm 
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5. In house testing experience and improvement of BVR 

During in house testing for higher voltage the transient voltage spikes were 
observed across gate and source terminals whenever the battery-bank was con- 
nected in reverse polarity although there was blocking diode on the control card. 
This problem was overcome by connecting a resistance R and capacitance C across 
the gate to source in parallel to zener Zl and resistance Rl as shown in Fig. 8. In 
addition an audio alarm is also provided to aid installation whenever the battery- 
bank is connected in reverse polarity. 

In our proposed design MOSFET is used to disconnect/connect load to PV 
system. But MOSFET is a current limiting device and it gets destroyed whenever 
short-circuit occurs at load terminals. To overcome this problem an electronic 
protection circuit is used which senses the current and switches OFF the MOSFET 
whenever short-circuit occurs. Generally, a current meter is connected to measure 
the load current in PV system, and the current meter is associated with a shunt 
resistance. This shunt resistance is used to monitor the overload limit and is 
connected between the battery(-) terminal and the source of MOSFET. Normally, 
the voltage across the sense resistance is at rated current 75 mV, but once the 
short-circuit (100 times the rated current) occurs, the voltage drop across the 
resistance becomes 7.5 V and actual voltage across Gate to Source of MOSFET 
becomes zero or negative, so it is switched off immediately. In the mean time the 
control circuit also acts and switches off the MOSFET. For a short-circuit case of 
50 time the rated current the voltage “l$” decreases immediately to less than 4.5 
V and “RDs(ONY’ increases immediately to decrease the current and in the 
meanwhile control circuit acts to switch off drive circuitry. It is better to use the 
sense resistance having non-linear characteristics such as positive thermal coeffi- 
cient thermistors. 

6. Conclusions 

A design of a novel battery voltage regulator has been proposed for maximum 
utilisation of solar energy and minimise the losses in the circuitry, so the reliability 
of PV system improves. The system integration is easy because no field adjustment 
is required and the charging current is also regulated to match the load current 
and self discharge of the battery-bank. Since the battery-bank is floated across the 
load, load voltage regulation is not required. 

The proposed BVR is more efficient than conventional BVR and keeps the 
battery at high S.0.C without overcharging it. So it will find wide applications in 
low voltage systems, where V, is critical, and in higher voltage systems, where 
switching devices are costly and power dissipation is critical. The theory provides a 
useful tool to system engineers to precisely argument the PV array for particular 
BVR and interconnecting wires. 

This BVR can also be used to charge sealed type lead-acid batteries since 
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current can be regulated to keep overvoltage polarisation in lead-acid cells within 
safe limit to control H, liberation [8]. 
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