
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 05, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 921 

Multifunction Converter for SPV based Water Pumping System 

Vaishali S. Mahadik1 Dr. P. K. Katti2 
1M.Tech Scholar 2Professor 

1,2Department of Electrical Engineering 
1,2Dr. Babasaheb Ambedkar Technological University, Lonere, Raigad, M.S., India-402103 

Abstract— The lack of electricity is one of the main barriers 

in the development of rural area. Traditional irrigation system 

consumed a great amount of conventional energy through the 

use of motor drives.  In conventional system DC-DC 

conversion stage is usually required in solar PV fed water 

pumping which is driven by a brushless DC (BLDC) motor. 

This power conversion stage leads to an increased cost, size, 

complexity and reduced efficiency. The proposed work 

presents a novel solution of multifunction converter, which is 

able to operate SPV array at its maximum power by utilizing 

same VSI deployed for motor inverter along with P & O 

MPPT.  In proposed system No additional control is required 

for the speed control of motor-pump and its soft start. The 

suitability of proposed system is manifested through its 

performance evaluation using MATLAB/Simulink based 

simulated results. 
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I. INTRODUCTION 

In development of Indian remote area one of the main 

obstacle is lack of electricity. The development and existence 

of appropriate infrastructure is necessary. The resolute 

growth of the Indian economy is essential for the rapid 

journey from developing country to the developed country. 

The SPV based stand-alone system are getting more interest 

and they are becoming a competitive solution. To decrease 

the volume of CO2 emission, reduce the global warming and 

save the conventional energy sources the renewable energy 

sources are very important. The main advantages of solar 

system is sun energy is available everywhere and it is free of 

cost. One of the very essential application of SPV array is for 

water pumping in remote rural areas that have sufficient 

amount of solar insolation [1]. 

 Many papers present the water pumping system with 

conventional motor drives like induction motor or DC shunt 

motor. The conventional motors are face some problems so 

BLDC motor is used instated conventional motors. Fig.1 

shows efficiency comparison of different motor drives with 

respect to load. From the following graph it can be seen that 

the efficiency of BLDC motor is higher as compare to 3 phase 

induction motor and conventional DC motor. The power 

factor of BLDC motor is high, which helps to minimize the 

capacity of voltage source inverter (VSI). The speed of 

BLDC motor is does not depends on power frequency like an 

induction motor. Therefore, the rated speed of a BLDC motor 

can be designed higher value [2]. 

 
Fig. 1: Comparison Graph of Different Motor Drives 

 In conventional SPV based water pumping system 

two separate converters are utilized for MPPT and controlling 

motor drive. The DC-DC boost converter is used as 

maximum power tracker along with MPPT technique and 

voltage source inverter is for controlling BLDC motor. The 

Fig. 2 shows the conventional PV based water pumping 

system using BLDC motor drive. In this system boost 

converter and VSI is used to enhance the output of PV panel 

and control the motor drive respectively [3, 4]. In 

conventional water pumping system DC-DC power 

conversion stage is present which increase size, cost, and 

complexity and reduce the system efficiency. To eliminate 

this problem the proposed work present a unique solution of 

multifunction converter, which perform both function 

simultaneously as shows in Fig.3. In present work heavy 

capacitor at the DC link is changed by low value capacitor by 

utilizing a PWM switching of VSI. In traditional water 

pumping system conventional motor drives are used, no 

attention has been paid towards the BLDC motor. The use of 

BLDC motor instated of induction motor offers significant 

advantages in terms of cost-effectiveness, simplicity, easy to 

control and compactness etc. 

 
Fig. 2: Conventional Water Pimping System using Boost 

Converter & VSI 
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Fig. 3: Proposed Water Pumping System using MFC 

II. CONFIGURATION & PRINCIPLE OF OPRATION 

Fig.3 shows detailed schematics of multifunction converter 

for water pumping using BLDC motor. This system consists 

of MFC, BLDC motor, SPV array, P & O MPPT and water 

pump etc. The P and O MPPT method is adapted to proper 

use of solar PV array. This technique uses PV panel current 

and voltage as a feedback, to generate the duty ratio, 

corresponding to obtain maximum output power of PV array. 

The obtained duty ratio is compared with high frequency saw 

tooth carrier waves and generates the high frequency PWM 

(pulse with modulation) pulses. The BLDC motor has 3 

inbuilt Hall Effect sensors which detects the position of rotor 

and gives the Hall Effect signals (H1-H3) to electronic 

commutation. In electronic commutation 3 Hall Effect signals 

are converted into 6 fundamental switching frequency signals 

(S1-S6) with the help of encoder as shown in Fig.3. The 

switching condition of VSI is decided by the switching 

frequency. If the output of comparator and electronic 

commutation is high then AND gate operates and gives high 

signal to VSI switches. At any instant of time only two pulses 

are high to bringing a low conduction loss. 

III. SYSTEM DESIGN & CONTROL APPROCH 

The convenient design and specifications of solar PV array 

and BLDC motor perform an important role in the desired 

manipulation of a water pumping system. A 4-pole, 3000 

rpm, 5.2 kW BLDC motor is chosen to drive the water pump. 

The detailed specifications of BLDC motor are shown in 

Table I. The PV array, DC link capacitor and BLDC motor 

are selected such that operation of the system is not 

deteriorated even by rapid disturbances in the atmospheric 

conditions. 

A. Design  of Solar PV Array 

According to rating of motor drive and MFC design the size 

of SPV array is selected. At standard atmospheric condition 

(1000 W/m2  , 300c) PV panel is 5.5 kW is selected to run 5.2 

kW power rating of motor drive. The SPV array generate little 

more power than mandatory by motor drive so that excess 

power can be utilize to meet motor and converter losses. The 

input signal to SPV array is 500 W/m2  for 0 to 4 sec and after 

4 sec solar insolation changed to 1000 W/m2. To calculate the 

another parameter PV panel voltage is first considerd 

according to the optime design of MFC and DC voltage of 

BLDC motor. To made PV panel relevant size considered 60 

cells are connected in series. Since a solar cell has an Voc 

(open circuit voltage) in the range of 0.5 volt to 0.6 volt at 

standered atmospheric condition. It means that PV module 

generates 60*0.6=36 volt as its Voc. At maximum power point 

the voltage of PV module is 71% to 81% of open circuit 

voltage [4]. Therefore, it is calculated as, 36*0.78=28 volt. 

The requried voltage at DC link of VSI is 280 volt to run the 

BLDC motor drive. So, it means that the voltage of PV panel 

at its MPP (maximum power point) should be 280 volt. Thus 

the approximate 280/28=10 modules are connected in series. 

Hence, the the maximum power capacity of PV panel is 5500 

watt and current is 5500/280=28 Amp. The detail 

Specification of Solar PV System is given in Table II [3, 5]. 

Parameter Specification 

Power( Pm) 5.2kW 

Speed, N 3000 RPM 

No. of poles (P) 4 

Resistance (Rs) 0.2 Ω 

Inductance (Ls) 8.5*10-3 H 

Motor load torque (TL) 20 N-M 

Moment of inertia (J) cm2 

Table 1: Specification of Bldc Motor 

Solar PV Module 

No. of parallel strings Np 4 

No. of series strings Ns 10 

No. of cell/module 60 

Open circuit voltage Vo 36 V 

Short circuit current Io 5.4 A 

MPP voltage Vm 28V 

MPP current Im 5 A 

Solar PV Array 

MPP voltage Vmpp 280 V 

MPP current Impp 20 A 

MPP power Pmpp 5.5 kW 

Short circuit current Isc 31.36 A 

Open circuit voltage Voc 363 V 

Table 2: Specification Of Solar PV System 

B. Multifunction Converter 

Multifunction converter aggregates the properties of both 

boost converter and VSI. To protect PV array from reverse 

current a diode is connected in series with SPV panel. A small 

rating capacitor is connected across solar PV array work as a 

DC link capacitor of voltage source inverter. The capacitor 

current is given as, 

Ic = Ipv-Idc 

Ic = Icmax = Ipv                                  (1) 

The value of capacitor is decided by, 

C =
Icmax

fsw∗∆Vpv
                                         (2) 

Where, 

∆Vpvis ripple contain in PV voltage which is consider 4% of 

open circuit voltage of PV panel. Ipv is the PV panel current 

and Ic is the capacitor current. 

C. P & O MPPT Technique 

The main tendency of PV panel is that to produce electricity 

without damaging the environment, by transforming a 

inexhaustible source of energy, solar insolation into electric 

power. This fact, due to the continuing reduction in PV panel 

cost and rising in their efficiency. The MPPT technique are 

adopts to enhance the output and efficiency of PV array. In 

present work P & O MPPT method is used because it is easy 

to implement, simple software to understand, simplicity in 
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structure and only two sensor are required for operation. The 

algorithm of P & O MPPT is generated by perturbing a minor 

increment in PV voltage and observing resultant change in 

PV output power. The flow chart of P & O MPPT is shown 

in Fig.4 wherein voltage perturbation is complementary 

change in duty cycle. By changing duty ratio, load impedance 

is changed to match with source impedance for catching 

maximum output power. 

 
Fig. 4: Flowchart of P & O MPPT Algorithm 

D. Electronic Commutation 

To decode the switching condition of VSI electronic 

commutation generate six fundamental frequency signal. The 

BLDC motor has inbuilt 3 Hall Effect sensor which generate 

3 hall signal by sensing the position of rotor. That 3 signals 

are converted into six (S1-S6) fundamental frequency signal 

by means of electronic commutation as shown in Table III. In 

timing diagram phase winding are U, V, W are either floated 

or energized based on the hall signals a, b, and c shows in 

Fig.5. For generating hall sensor signals with 600 phase shift 

or operating motor in clockwise manner particular timing 

sequences are required [6]. 

Ѳ0 (Rotor position) Hall signals Switching state 

0-60 0 0 1 1 0 0 1 0 0 

60-120 0 1 0 0 1 0 0 1 0 

120-180 0 1 1 0 0 0 1 1 0 

180-240 1 0 0 0 0 1 0 0 1 

240-300 1 0 1 1 0 0 0 0 1 

300-360 1 1 0 0 1 1 0 0 0 

Table 3: Switching Status of VSI 

 
Fig. 5: Three-phase BLDC Motor Sensor versus Drive 

Timing 

E. Speed Control of BLDC Motor 

The speed of BLDC motor is controlled by regulating the DC 

link voltage through PWM switching. In proposed system the 

speed is directly depends on output power of PV panel. Any 

change in atmospheric condition matters a variation in output 

power of PV panel, hence the speed of motor drive. In fact 

duty ratio generated by MPPT techqunic acting as an 

optimum duty ration for VSI. Basically, motor operating 

speed is totally depends on motor input voltage. 

F. Motor & Pump Calculation 

To fill the water tank of 5000 litter required 6 Hp motor. For 

simulation consider motor and pump efficiency is 

approximately 85%, motor speed 3000 RPM and motor load 

torque is 14 N-M. 

Calculate the output power of the BLDC motor, 

Pout =
2πNT

60
                                    (3) 

 

Pout =
2 ∗ 3.14 ∗ 3000 ∗ 14

60
 

Pout=4.4 Kw 

 
Fig. 6 Simulink Model of SBI with MPPT & Fuzzy 

Controller 

The input power of motor is calculated as, 

Pin =
4.4

0.85
 

Pin = 5.2 Kw 
Now calculating the output power of water pump, 

Pump o/p = Motor output ∗ pump efficiency         (4) 

Pum p o/p = 4.4 ∗ 0.85 

Pump o/p = 3.8 Kw 

Pout = 4.4 Kw 

The input power of water pump is calculated as, 

Pin =
3.8

0.85
 

Pin = 4.3 Kw 
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IV. SIMULATION, RESULS & DISCUSSION 

The proposed water pumping system is simulated in 

MATLAB environment to demonstrate its starting and steady 

state behavior subjected to the rapid variation in weather 

conditions.The Fig.6 shows simulation model of SPV based 

water pumping system with MPPT and MFC. The output 

power of the motor is calculated by following equation, 

Pout=T*speed.                                  (5) 

In this system the speed of BLDC motor is 2970 RPM at 1000 

W/m2 and Pout = 14*311=4354 watt. For calculation of water 

flow rate standard equation is [7], 

P =
Q∗H∗g∗ρ

pump efficiency 
                               (6) 

Where, 

 P = Output of water pump 

 Q = Water flow rate 

 g = Water density 

 ρ = Acceleration due to gravity 

 Now for calculation consider total maximum head is 

10 meter, water density is 1000 kg/m3, acceleration due to 

gravity is 9.8 m/sec2. With P & O MPPT method the speed 

of BLDC motor is increase above 275 rad/s for 500 W/m2 

solar insolation and after 4 sec it goes up to 311 rad/s for 1000 

W /m2 and torque is same like pervious case. From equation 

no.6 water flow rate for with MPPT condition is, 

4354 =
Q ∗ 10 ∗ 1000 ∗ 9.8

0.85
 

Q=40 L/sec 

So in this case approximately time required to fulfil 5000 L 

tank is, 

 T = 5000/40 

 T = 2 min. 

 As per the consideration to fulfill 5000 liters tank 

different time required with respect to different maximum 

head. Fig.7 shows that if the total maximum head increases 

then water flow rate decreases and total required time 

increases, when the power is constant in all condition. The 

speed of BLDC motor is 4354 RPM as shown in Fig.8. 

 
Fig. 7: Water Flow Rate for Different Head 

 The input solar insolation of PV panel and gate pulse 

of VSI is shown in Fig.9 (a) and (b) respectively. The solar 

insolation for first 4 sec is 500 W/m2 and after 4 sec it will 

reach maximum range that is 1000 W/m2. The input of VSI 

is in digital form (1-0), it means the gate pulse to the IGBT 

switches is either high or low at an instant of time as shown 

in Fig.9 (b). The maximum output voltage, current and power 

of PV system is presented in Fig.9 (c). The output voltage and 

current of PV panel is given to P & O MPPT techqunic to 

track the maximum power point. 

 
Fig. 8: Output Speed of BLDC Motor 

 
(A) 

 
(B) 

 
(C) 

Fig. 9 (A): Solar Input Insolation (B) Gate Pulse to VSI (C) 

Solar PV Voltage, Current & Power 

 A BLDC motor accomplishes commutation 

electronically using rotor position feedback to determine 

when to switch the current. Feedback usually entails an 

attached Hall sensor or a rotary encoder. The stator windings 

work in conjunction with permanent magnets on the rotor to 

generate a nearly uniform flux density in the air gap. This 

permits the stator coils to be driven by a constant DC voltage, 

which simply switches from one stator coil to the next to 

generate an AC voltage waveform with a trapezoidal shape. 

When the BLDC motor is fed with a three phase stepped 

waveform with positive and negative going pulses of 120 

degrees duration, the back EMF or flux wave will be 

trapezoidal in shape as shown in Fig.10(a). The current of 

BLDC motor is shown in Fig.10 (b) 
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(a) 

 
(b) 

Fig. 10 (a): Back EMF of BLDC Motor, (b) Current 

Waveforms of BLDC Motor 

V. CONCLUSION 

The proposed multifunction converter for SPV based water 

pumping system has been simulated using the MATLAB 

toolboxes. In two stage water pumping system have a DC-DC 

conversion stage which increase the size, complexity, cost 

and decrease the efficiency of overall system. To overcome 

this problems single stage water pumping system is proposed. 

If VSI is connects along with the MPPT technique then it is 

capable of working the solar PV array at its maximum power, 

by utilizing the same VSI deployed for motor control.  

Moreover, the phase current sensing elements of motor have 

been eliminated, hence it is a simple and cost-effective drive. 

The result in Fig 7 shows that if the total head of the system 

is increased its result into decrease in water discharge rate and 

increases required time for operation.   From overall 

discussion it is realized that the proposed BLDC drive based 

water pumping system with MFC gives better option to 

conserve energy, increase efficiency and reliability. 
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