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Abstract— The solar panels are the incorporation of 

numerous solar arrays. The power which is delivered to the 

satellites is derived from these solar arrays. The individual 

solar array has its own respective I-V characteristics. An 

identical DC power supply homologous to the solar array 

simulator is adopted for the testing of the integrated satellite 

power system in the laboratory conditions. The 

contemplated solar array simulator’s operation is on the 

basis of SMPS concept. The suggested SAS is operating at 

high efficiency, having low thermal power dissipation. 

Compact stature and higher throughput. The thesis describes 

entire working principle and design procedure. 
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I. INTRODUCTION 

The solar panels consisting of multiple photovoltaic cells 

which convert the solar energy into electrical energy by 

which it is harnessed by the satellite power system. The 

fundamental means of a PV system is the photovoltaic cell 

or the solar cell.  Solar cells can be systematized to form 

panels or arrays. The arrangement of cells confined on the 

power requirement of a satellite. Power system of a satellite 

is designed in such a way to receive the power developed by 

the solar arrays. Each string is having particular I-V 

characteristics. 

 For the testing of the satellite power system or the 

complete satellite is constrained to use the solar panels: 

(1) Massive area of the solar panels 

(2) ethereal to handle as panels are fractural. 

(3) Complication in simulation of sun spectrum. 

(4) Warming of the panels. 

(5) Deployment of the panel needs an elaborated 

arrangements that is inconceivable in thermo 

vaccume test  

The SAS are the most essential part in all spacecraft 

projects to power the subsystem level of satellite and also 

for the testing purpose. The solar array simulator units will 

gives the I-V characteristics of gallium arsenide or silicon or 

multi junction or ATJ cell arrays of solar panels. 

The requirement of power for the satellites is keeping 

on increasing. The SAS divisions should be highly efficient 

and also to perform better in its switching performance In 

Indian space programming the SAS systems consisting of 

linear regulators were used for testing .the conventional type 

of regulators are less efficient. physically heavier in size. 

Due to the heavier size the thermal dissipation is more. Also 

there is an inferiority in the switching performance to 

support the spacecrafts with higher frequencies i.e more than 

15kHZ 

The typical electrical characteristics for a solar array 

simulator 

Voc: 60 to 100 volts 

Isc: in the range of 1.5 to 5A  

Output capacitance :< 1000pF 

Transient response: < 7µs 

II. EQUIVALENT CIRCUIT OF SOLAR ARRAY 

 
Fig. 1: Equivalent Circuit Diagram of Solar Array. 

The above fig shown is the equivalent circuit of the 

solar array. This equivalent circuit diagram consists of a 

voltage source and a current source with a power diode 

connected in a particular fashion for the generation of the 

power.  The working of the solar array in the space 

conditions is under critical conditions like variation in the 

sunlight and the variation of the temperature rapidly. The I-

V characteristics of each PV cell vary with variation of 

temperature and intensity of sunlight. 

 
Fig. 2: I-V Characteristics Of Solar Array 

The above graph shows the regulated constant 

voltage and constant current DC power supply    I-V 

characteristics super imposed on solar panel I-V 

characteristics over its full range of voltages and currents. 

By definition Isc and Voc are the y and x intercepts, in the 

plot shown. The Voc is the open circuit voltage and Isc is 

the short circuit current of a solar panel. Voc and Isc are 

decided on the voltage and current requirements of the 

designed power system. This arrangement can be done by 

arranging the solar cells in series or parallel combination. 

III. DESIGNING OF SOLAR ARRAY SIMULATOR 

According to the equivalent circuit and mathematical model 

of the solar array the output V-I curve of a PV cell is an 

exponential curve. It can be simulated with the following 

design consisting of voltage control loop and current control 

loop with a power diode. 
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Fig. 3: Designing for Simulation of I-V of Real Solar Array. 

The above circuit consisting of 2 feedback loops a 

current control loop and a voltage control loop.  In the 

current feedback loop Iref is the short circuit current 

reference which is corresponds to the sun’s intensity  of the 

illumination and the adjustment of the of the Iref can be 

done from the range of 0 to 100%. In the voltage feedback 

loop Vref is the open circuit voltage which is corresponding 

to the solar cell’s ambient temperature. When the Vf i.e the 

V feed back voltage  is less than  the reference voltage then 

the output of the amplifier A1 is positive and the D1is 

turned off. Then the amplifier A2 is determining only by the 

Iref current. Then the output is a constant short circuit 

current. When the feedback voltage is greater than the Vref. 

Then the amplifier output will be negative so the diode will 

be in the conduction mode. The amplifier A2’s output is 

determined by theD1’s current it increases with the increase 

in the output voltage. So the output voltage is increasing 

with the decrease of the output current according to the 

diode’s V-I characteristics. 

In order to simulate the real satellite power system. 

A buck derived solar array simulator is built up with the 

below circuit diagram. 

 
Fig. 4: Complete Equivalent Diagram for Buck Derived SAS.

 

A block diagram of the buck derived solar array 

simulator is shown in the fig. which consists of buck 

converter circuit, which consists of a power switch basically 

it is a square wave generator followed by LC filter, current 

sensing resistance, driver circuit, comparator, sawtooth 

generator and switching regulator such as voltage control 

loop, current control loop. 

IV. OPERATIONOF BUCK CONVERTER 

A. Mode1: When We Turn On The Switch 

 

Fig. 5: When The Switch is in on Position 

The switch is on, the diode becomes reverse biased. The 

energy is transferred to inductor and load. Using kvl law the 

voltage across inductor is given by: 

Vl = L*dil/dt 

dil/dt=Vin-Vout/L 

∆IL(closed)=(Vin-Vout)DT/L. 

B. Mode2: when we turn off the switch 

 
Fig. 6: when the switch is in off position. 
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When the switch is in off condition there will be no supply 

to load so the inductor will be discharging the energy 

whatever it is stored during the switch on condition. 

Vl = −Vout. 

VL=LdiL/dt. 

∆Il(open)=-Vout/L*(1-D)T. 

 

V. COMBINED CIRCUIT OF BUCK DERIVED SAS 

The below figure consists of all the voltage control loop, 

current control loop, comparator, driver circuit, and also the 

saw tooth generator by this combination, we are going to get 

the I-V characteristics of the actual solar array by varying 

the output rheostat at the load side and also by varying the 

input voltage as the solar array input is keep on varying for 

various conditions of temperature, intensity. The current 

reference is corresponding to the intensity, voltage 

corresponding to the temperature of the sun. 

 
Fig. 7: Combined Circuit For SAS 

A. SAWTOOTH GENERATOR CIRCUIT DIAGRAM 

 
Fig. 8: Sawtooth Generator for the Comparator. 

The circuit diagram consists of IC CD4093B which consists 

of 4 NAND gates, if both are then the output will be low and 

that output is given to the next configuration 

VI. SIMULATION RESULTS AND ANALYSIS OF WAVEFORMS 

For the simulation purpose we have used PSPICE 

simulation of orcad capture.16.3 version.  

 
Fig. 9: PSPICE Simulation of the Saw Tooth Waveform 

 
Fig. 10: PSPICE Simulation of the Gate Waveforms for 

Nchannel Mosfet From the Driver Circuit 

 
Fig. 11: PSPICE Simulation of the Whole Circuit And it 

Shows the Waveforms at the Voltage Divider Circuit. 
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simulator in the ground level testing i.e under the 

laboratory conditions, this proves the operation of SAS well 

as solar array 

VII. CONCLUSION 

The high efficiency of the buck derived solar array simulator 

is implemented to test the satellite power system under 

laboratory envi conditions. The designed solar array 

simulator is on the basis modeling of the actual solar array. 

This solar array simulator can simulate V-I curves even 

under critical conditions like variation in sun’s intensity and 

temperature. Since the SAS is having the same power and 

voltage as the actual solar array it can be used to test the 

satellite for the proper working and also the electrical 

performance and the reliability of the satellite and also to 

support other subsystems of the vehicle. 
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