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ABSTRACT 
 This paper describes the mathematical modelling and designing a solar powered dc drives. It is one of the 

solutions for the oncoming crisis. The technique of choosing the proper components for this utility is studied and 

every procedure of them are simulated and subjected to various in real time surroundings. The incorporated system 

including the solar module, rate controllers, batteries, increase converter and DC motor, henceforth evolved into the 

sun powered electric powered vehicle. 
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1. INTRODUCTION 

 The photovoltaic (PV) module may be connected both in parallel or collection, but it’s nearer. Any appliance 

without power is an idle bunch of flavourings. It’s a present-active method to shift our source of energy to renewable 

source. Therefore to make it value powerful; electricity converters and batteries are been used. The electrical price 

is consolidated from the PV panel and directed to the output terminals to produce low voltage (direct modern-day). 

The rate controllers direct this energy obtained from the sun panel to the batteries 1in step with the country of the 

battery, the charging is done, which will keep away from overcharging and deep discharge. The voltage is then 

boosted up the use of the raise strength converter, in the long run jogging the bldc motor which is used as the power 

motor for our automobile software. Inside the path work, the function capabilities of the additives; sun panel, fee 

controller, battery, energy converter and bldc motor required for the vehicle software had been studied in actual time 

and additionally have been modelled in my view using mat lab/Simulink and the whole hardware integration of the 

device is tested to fulfil up the application’s requirement. 

2. EXPERIMENTAL 

Acquiring electricity from the solar: The first a part of this paper deals regarding a way to acquire the power from 

the sun, and there on to recharge the battery. The second half deals with mistreatment the ability from battery in 

running and dominant the motor and recharging the battery at the same time. The rating of the elements required for 

this work is totally supported the motor which is to be used for the appliance. We area unit mistreatment the 500Watts 

(48V, 10.5A) DC motor for our application. According to the rating of the motor the opposite hardware elements area 

unit selected .In order to drive the DC motor through the batteries, we might need four batteries of rating 12V/42Ah 

connected in series; that increase the value of the vehicle expected to style. In order to avoid this, the boost 

power converter is used; which may boost to the desired rated voltage with 0.5 the quantity of batteries really         

needed. 

 
Fig.1. Block diagram of converter 

Storage from batteries: After deciding on the batteries, the solar controller and the sun panels are to be selected. A 

single battery’s voltage is12v; we must look for solar panels that may supply the required charging voltage of 12±2v 

for my part with a purpose to price the batteries. The data by solar 40w and 35w solar Panels are used for this work. 

The entire drift of the paintings is represented schematic the corresponding simulation studies and the hardware 

checking out are finished. 

Current voltage relationship of solar module: Requirement to start with a solar module is simulated the use of 

Mat lab, and there on its performed for the complete module.  

Mathematical modelling of solar inverter: a) Subsystem for Iph: Iph = [Isc + Ki (T – 298)] β / 1000 

Where, Isc = Short circuit current; Ki = 0.0017 A/◦C; Β = Solar radiation 

  
Fig.2. Simulation Model of Solar Panel Fig.3. Simulation Model of Photo Current 

b) Subsystem For Is: Is (T) = Is (T / Tnom) 3 exp [(T/Tnom –)Eg/N.Vt] 

Where, Eg =Energy band gap, Vt = Thermal Voltage, Tnom = Nominal temperature 
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Fig.4. Simulation Model of Reverse Saturation 

Current 

Fig.5. 1, 2, 3. Power Output 

The use of the modern-day-voltage Dating equation given beneath (40w sun panel is taken into 

consideration). The simulated result is with the open circuit voltage (Voc) approximately 43v and the short circuit 

modern round 4.8a, the solar module has an negative impact on temperature and irradiance because the module 

temperature increases, the module voltage significantly decreases and the module present day decreases regularly 

likewise, whilst the irradiance will increase, the module present day increases significantly at the same time as the 

module voltage will increase very steadily. The simulated outputs for the results of temperature and irradiance for 

the 40w solar module are proven and a couple of respectively. 

Modern-day voltage relationship of solar module: The solar modules (35w solar module is taken into 

consideration for the underneath discussion) have been additionally tested in real conditions with a resistor related 

in parallel with the module. For extraordinary resistance values (used rheostat to differ the resistance) the voltage 

and the cutting-edge were determined and tabulated in desk 1. The usage of these values, the graph become plotted; 

which approximately matched with the simulated end result and also with the manufacturers graph the 40w and 35w 

solar modules may be related in parallel or collection according to the requirement of the software. The commentary 

emphasizes. That to increase the output voltage using two or more solar modules; they ought to be related serially. 

Alternatively, to boom the cutting-edge score, it should be connected in parallel. Depending upon the need of the 

utility, the appropriate connections can be made. An aggregate of serial and parallel connection is also viable to 

satisfy the need. 

Charging the batteries through the charge controllers: Charge controller limits the charge at which electric 

modern is brought to or drawn from the electric batteries. The high purpose of the usage of the rate controller is to 

save you against overcharging and deep discharging of a battery. For The 12v/42ah battery, 12v/6a solar charge 

controller is an ideal choice. According to the score of the battery and solar module the selection of the price 

controller is completed. Charge controllers are related among the solar modules (35w and 40w) and the batteries in 

my view as the next step, the battery is studied and simulated. The battery is modelled the usage of a simple controlled 

voltage supply in series with a consistent resistance. This model assumes the same traits for the rate and discharge 

cycles. The open voltage is calculated with non-linear equation based at the actual nation of price of the battery. 

Electricity from the batteries to motor: In the next section of the paintings, the strength which is saved within the 

batteries is used in driving the bldc motor. On this Phase the detail examines of motor is performed and simulated. 

The specification of the bldc motor is given in table three. From the specification it’s properly understood that the 

required voltage to run the motor is 48v, while the rated voltage of a single battery is 12v. Thus to obtain the rated 

voltage of the motor; we're in want of 4 batteries which whilst related in series can fulfil the requirement. That allows 

you to make it price powerful, batteries are connected serially, giving 24v because the output voltage. This 24v from 

the serially linked batteries are then boosted to 48v the use of the increase converter. 

Direct current (dc) converters can be used as switching-mode regulators to transform a dc voltage, normally 

unregulated, to a regulated dc output voltage. The law is usually carried out by PWM at a set frequency and the 

switching device is generally BJT, MOSfet or IGBT. The electrical circuit of the increase converter is shown in 

figure. The enter voltage 24v is been given because the input for the Enhance converter, that's boosted up to 48v.  

The switching diode used in the improve converter need to resist a reverse voltage same to the circuit output 

voltage and need to behaviour the peak output cutting-edge. An appropriate diode must have a minimal opposite 

breakdown voltage extra than the circuit output voltage. Schottky barrier diodes are frequently used. The cutting 

edge furnished to the output RC circuit is discontinuous. Accordingly a larger filter capacitor is needed to restrict the 

output voltage ripple. The clear out capacitor should offer the output dc modern-day to the burden while the diode is 

off. 

The ripple modern-day charges the capacitor throughout every switching cycle. The open circuit voltage of 

the battery is 25.5v and the output voltage is 48v. The diode component is taken as 0.8, the switching and mosfet 

parameters are taken as 0.3. The cost of inductor is been calculated using equation, in a lift converter the output 

voltage is extra than the input voltage. The boost converter required for the sun powered bldc driven electric car 

desires 24v (from batteries linked in collection) to 48v (required rated voltage of BLDC motor). 

Driving the motor: The DC motor is used because the force motor for the vehicle. It’s an everlasting magnet square 

wave motor. Bldc motor makes use of feedback directly of the rotor angular function in order that the input armature 

contemporary can be switched a few of the motor stages in specific synchronization with the rotor movement. The 

specification of the bldc motor is given in desk. The cause for opting for the bldc motor is because of its performance, 

noiseless operation, dynamic response and high torque to weight ratio. The simulation results of the bldc motor 
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suggests that to begin with motor is going to its rated speed and settles at t=four sec. corresponding electro torque 

also modifications. Outcomes are supplied underneath the running condition for the same in closed loop situation, 

for which the reference pace is set one hundred fifty rad/sec, load torque of 0.5nm is implemented at t=10sec. 

The BLDC motor is coupled with the dc generator (7.5a, 75v) to carry out the weight test in open loop 

condition. Inside the no-load and loaded situation, the beginning cutting-edge is been taken into consideration. A 

number of the remark of the bldc motor in various loaded conditions is tabulated in desk 6.from the desk, it’s 

determined that as the weight modern is been improved, the modern-day drawn with the aid of the motor will 

increase. Even as the rate of the motor starts reducing, when the weight is been improved. 

 The weight test directly reflects to the speed of the car with appreciate to the weight. For a car, irrespective 

of the driving force; the wind pressure, friction, incline or decline movement, and the weight of automobile (for a 

solar powered automobile; the sun modules, batteries, controllers and motor) are the parameters that have an effect 

on the velocity of the motor, thereby affecting the speed of the vehicle. The everlasting magnet creates rotor flux and 

stator creates electromagnetic poles. The rotor is attracted by the energized stator section producing a rotation. Bldc 

motor requires an inverter and a function detector to perform commutation. Bldc motor is electronically managed 

and calls for rotor function information for correct commutations of modern. 

At various speed situations, the entire present day for the converter from the battery were cited. The starting 

contemporary of the motor become located to be 1.7amps in no-load condition. From the observations at various 

speeds tabulated in desk 7 we can see that as the rate of the motor is been extended, the modern-day drawn from the 

battery additionally increases. It’s observed that the motor attracts 1.1amps of present day from the battery, which 

means; theoretically the battery can deliver the motor for about 38hours. 

Inside the next step of the work, the 500watts bldc motor is been run the usage of the batteries whose 

(connected in series and thereby imparting 24v) output voltage is been boosted up to 48v using the boost converter, 

whilst the batteries are been charged through the solar modules concurrently. 

Designing of boost converter: 

1. Inputs: 

Frequency = 1KHZ 

D = > Duty cycle = 40% 

Input Voltage (Vin) = 12v 

Input Current (Iin) = 1Amp 

Input power (Pin) = 12Watts 

Efficiency (Ƞ) = 95% 

 Ƞ=Po\Iin 

Output Power (Po) = Ƞ * Pin 

 Po = (95\100) * 1.22Watts 

Ƞ=11.5% 

2. Inductance (L): 

Vin = L (di\dt) 

L= Vin (dt\di) 

3. Duty cycle (D): 

Output Voltage (Vo) = 1 \ (1 – D) 

Vo = 1 \ (1 - 0.7) 

Vo = 40Volts  

L = (Vin * D * Ts) \ di 

L = (12 * 0.7 * (1 \ 1000)) \ ((1 \ 100) * 1) 

L = 0.84Henry 

L = 84mh 

4. Capacitance (C): 

Ic = C (dv \ dt) (dv 5% of Vin) 

C = (Ic * dt) \ dv 

C = (0.285 * D * Ts) \ ((40 \ 100) * 5) 

C = 0.00009975 

C = 99.75µf 

Ic = Io 

Po = Vo * Io 

Io = Po \ Vo = 11 -4 \ 40 = 0.285Amps 

R = Vo \ Io = 40 \ 0.285 = 140.35Ω 

For 1% of Vc: If the main switch is ON; Dil/dt = 1/L(Vin); Dvo/dt = 1/C(-Vo/R) 

If the main switch is OFF; Dil/dt = 1/L(Vin-Vo); Dvo/dt = 1/C(il-Vo/R) 
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Fig.6. Boost converter Simulation Circuit Fig.7. Simulation Model of Boost Converter 

 

3. RESULTS                       

  
Fig.8. Input DC Voltage Fig.9. Output DC Voltage 

 

  
Fig.10. Input Current Of Boost Converter Fig.11. Output Current of Boost Converter 

 

4. CONCLUSION 

 Hence the mathematical modelling and designing of the solar powered dc drives is simulated and hence the 

output is verified. The results shows the practical modelling of PV design and boost converter working with 

simulation results. 
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