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Abstract--In low power photovoltaic (PV) systems, where battery storage is not required, a switch mode 
power supply (SMPS) can be used to stabilize the variations in the output voltage owing to varying 
insolation. A circuit diagram of  an SMPS of  85% efficiency is given here, along with its performance, for 
use with a 500 W peak P.V. system. 
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I N T R O D U C T I O N  

Stand-alone or autonomous photovoltaic (PV) power supplies have an inherent problem of  output 
voltage fluctuation because of varying insolation incident on the PV panels [1]. There is a regular 
output voltage variation across a load from morning to evening besides that caused by the 
atmospheric conditions. There are two ways to stabilize this. First is, by connecting a storage 
battery across the output, and the second is, by using a pulse-width modulated inverter which 
controls the output voltage by changing the width of the switching pulse. However, both of these 
are costly methods for low power PV systems, particularly those in the range of 100-500 W. The 
first can also be used to store charge for the supply of electricity at a later stage when sunlight is 
not available, but this may not be always needed. Both of these also consume some power because 
of  their efficiencies, which usually lie in the range of 80-85%. A less expensive option is a d.c.-d.c. 
converter with a constant output voltage. A transformerless switch mode power supply (SMPS) 
is such an option because of its inherently higher efficiency over a conventional electronic voltage 
stabilizer. Such a power supply was designed and tested for a 100 W PV system. Several such 
circuits were then connected in parallel in an OR logic to get 500 W of power at 24 V d.c. This 
paper describes the circuit and its use in operating black and white television sets and fans that 
are so much required in rural parts of  India and other places where conventional electricity is not 
available. 

CIRCUIT D E S C R I P T I O N  

Figure 1 shows the circuit diagram of  the SMPS. Transistor TI and zener diode ZI constitute 
a current supply which passes a constant current of  approx. 10 mA through zener diode Z2. T2 
acts as a current amplifier and gives a constant voltage at its output to drive the control part of 
the circuit, consisting of IC1 to IC4 and other components. 

The astable multivibrator IC1 generates a waveform of  pulse repetition frequency of  10 kHz 
which is differentiated and clipped by C14, C15, R37-R39, D7 and D8 to generate positive trigger 
pulses. These pulses then trigger the monostable multivibrator IC2, whose pulse width is controlled 
by a d.c. voltage on pin No. 5. The output pulses from pin No. 3 of  the IC2 switch on or off 
amplifier T5 which, in turn, switches the series pass transistors T4 and T6, protected by diodes D2 
and D4. The pulses at the emitter of  T6 are integrated by inductor, L and capacitors C7 and C8. 
While making L, care should be taken so that its core does not saturate at the rated current, and 
its value is 1 mH at a current of  4 A. 
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Fig. 2. Five SMPSs connected in an OR logic configuration. 

The output voltage is sampled by R22, R23 and PR1 and fed to the input of IC4 which, together 
with IC3, amplifies the voltage approx. 500 times before feeding it to pin No. 5 of IC2 to control 
its pulse width. 

The basic short circuit or overload protection is achieved by obtaining a voltage drop across the 
resistance R7. This voltage drop occurs between the emitter and the base of transistor T3, since 
R7 is located there. When the current exceeds the desired value, T3 is switched on, which enables 
TI0 to conduct. Since T10 is connected to pin No. 4 of IC2, the output of this integrated circuit 
at pin No. 3 goes low and, thus, disables the whole power circuit from T4 to T6. To protect the 
circuit from supplying over voltage to the load, a zener diode Z3 is used which breaks down when 
the output voltage exceeds 24.5 V. This switches on SCRs T9 and T8 to create a short circuit 
condition and, thus, switches off the circuit as described above. Under voltage at the output is 
prevented as described below. At normal conditions, the base-emitter junction of transistor T7 is 
reverse biased with its base held at 24 V (drop across diode D3). When the output voltage goes 
below 24 V for any reason, the transistor is forward biased and starts to conduct. This switches 
on T3, and the circuit is switched off. The specifications of  this circuit are summarized below: 

(1) Input voltage: 28 V-60 V d.c. 
(2) Output voltage: 24V d.c. 
(3) Output current: more than 4 A d.c. 
(4) Efficiency at 100 W: more than 85% 
(5) Output ripple: 100 mV peak to peak 
(6) Frequency of operation: 10kHz. 
(7) Output is protected against overload, under voltage and over voltage. 

The efficiency quoted here is the ratio of the output d.c. power to the input d.c. power and is 
the maximum at an input voltage of 30 V d.c. It is lower for higher input voltages. At higher 
currents, two transistors can be used in parallel instead of one 2N 5038 for T6. When higher 
currents are needed as in a 500 W system, five of  these SMPSs can be used in parallel, as shown 
in Fig. 2. Each diode should have a forward current of  8 A and a PIV of  100 V. It has been found 
that the overall efficiency in this case is slightly reduced because of the dissipation in the diodes 
and resistances. Schottky diodes, if used, will lower this loss and improve the efficiency. The voltage 
of all the SMPSs should be set to 24_+ 0.1 V with the preset potentiometer PRI of Fig. 1. The 
output resistances of 0.1 ~ are needed to ensure equal current flow from all the SMPSs. 
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P E R F O R M A N C E  

The actual number of  hours of  operation for a constant output voltage depends on the place, 
the day of  the year and whether the solar panels are mounted on a single axis or a dual axis tracker 
or simply kept on a stationary frame. The observation, reported here, was made in the month of, 
February,  1992. Three panels of  36 cells each were connected in series to give a Voc of approx. 
60 V. Three such strings of  panels were connected in parallel to give an I s c  of 6.6 A. The Vm and 
Im of this array are approx. 50 V and 4.8 A. For  a fixed tilt of  28 ° of  the array, the power supply 
gave a constant output  voltage of  24 V at 4 A from 10 a.m. to 3 p.m. When mounted on a dual 
axis sun tracker, with a tracking accuracy of 1 o as determined by experiments [2], the output voltage 
was constant from 8 a.m. to 4.30 p.m. 
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