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Abstract. The proposed research involves modeling of solar photovoltaic array fed BLDC Drive 
using enhanced DC-DC converter. Both step-up and step-down converter, DC-link unit are proposed 
in this research. The proposed circuit includes modern feed-forward sensing methods for applied 
potential Sensing, Third harmonic Voltage combination, Terminal Current Sensing, Back-EMF 
Integration and PWM strategies. For the efficiency improvement reduced number of switches in the 
proposed circuit makes the scheme more outlay efficient and the motor speed is synchronized by PI 
controller as a result it is more efficient compared with conventional. The recent techniques based on 
analysis and values, models are clearly experimented in the research. A Matlab platform and 
hardware model of two-output output Buck-Boost converter is developed and its concert is analysed 
for various effective environment. 
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1. INTRODUCTION 

With an impressive increase in energy utilization in recent decades, ecological hitches like pollution 
are widespread in global and energy saving technology requires greater attention. Renewable energy sources 
and the electrifying drive, i.e., electrical machines need to be pollution-free and highly capable energy 
transmission devices with low blare quality are required to solve the energy consumption problem. Brushless 
Direct Current Motor (BLDC) is employed for increasing the efficiency of torque production because it has 
no brushes in addition to features over conventional motors like eradication of ionizing sparks from the 
commutator, increment in power and overall reduction in Electromagnetic interference (EMI). It also has 
improved Speed and torque characteristics, more effectiveness and dependability, long existence and 
soundless performance. In general, BLDC is highly capable of converting electricity into mechanical power 
than Brushed DC motors. This enhancement is largely because of absence of electrical and friction losses. In 
addition, the control of BLDC is quiet easy compare to AC motors [1]. Since, due to brushes, control to load 
and torque to current ratios of AC and DC motors are high. One of the smartest applications for photovoltaic 
(PV) energy consumption technique is solar water pumping system driven by an electric motor. The 
overheads of PV equipment and water pumps are likely to dwindle more over the next few years so it is no 
conjecture that the demand for the PV power gets increased. As a result PV water pumping systems will 
become more economic in the near future [2-3]. In isolated areas, PV water pumping systems are popularly 
utilized to meet household energy demand and also pumped water for irrigation, common agriculture 
purpose, day to day requirements. The advantages of using PV based water pumps include low maintenance, 
ease of installation, reliability and matching between the presence of the PV power and the need for water 
usage. In modern days, the BLDC plays a vital role in automotive applications especially on Electric 
Vehicle(EV) and fuel pumps due to its high efficiency, compact size and low maintenance when compared to 
a brush DC motor[4-5]. To obtain an accurate and harmonics-free instantaneous torque of BLDC, the rotor 
position information for stator current commutation must be known, which can be obtained using hall 
sensors mounted on a rotor [6-8]. 
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2. MATERIALS AND METHODS 

PV energy is becoming one of the most popular renewable energies, but, with the varying ecological 
conditions like temperature and solar irradiation, the PV characteristics curve is inconsistent in MPPT, thus 
imposing a challenge to the solar tracking issue. The situation becomes more complex when the array is 
treated with partial shading, i.e., a condition where a portion or the entire module of the PV array is not 
uniform insolation [9-10]. The sudden variation in solar insolation leads to the reduction in the rated solar 
power, and as a consequence, the focus is on the battery backup powered system in order to meet the load 
requirement in motor drives. Moreover the efficient BB converter is necessary for the gratifying operational. 
To fulfill this requirement, B6-Inverter is reconfigured into a four-switch three phase inverter (B4-Inverter), 
due to reconfiguration of inverter, in case of a switch/leg failure and reduce the cost and system size is also 
currently given an increasing attention [11-15]. 

2.1. Objectives of the proposed research 

The main objectives of the present research are as below: 1) To design a enhanced Buck-Boost 
converter for operation in discontinuous conduction for improving the life time of the battery. 2) To design a 
Two-output output enhanced BB converter for employing B4-inverter. 3) To improve the efficiency of the 
enhanced BB converter highly. 4) To reduce the current conduction losses by designing the Enhanced BB 
converter with minimal number of components. 5) To regulate the load voltage with high quality in all power 
flow situations, by using three-domain load voltage control method. 6) To validate the performance of the 
proposed enhance BB converter for employing it in commercial applications. 

2.2. Design of standalone two-output buck-boost converter fed B4-inverter and  
single-stage PV -battery powered BLDC drive 

The switching state, switch (S1) is ON, the diode (D2) gets forward biased so switch (S2) is turned 
ON/OFF. The equivalent circuit of proposed the converter is illustrated in Fig. 2. In state of switching input 
DC source (Vin) charges the inductor (L1), and hence the inductor current increase. At time, intermediate 
capacitor (C1) and input dc source (Vin) delivers/discharges its energy to the output capacitor (CO2) through 
diode (D2). In addition, in this mode, capacitors (C01 and CO2) get discharged to the motor, as illustrated in 
Fig. 2. The current and the voltage of the inductor and capacitors are expressed as in Equations (1)-(3) 
below, 
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2.2.1. Proposed converter modes of operation 

Mode 0. When switch (S2) is in “ON” condition and switch (S1) is in “OFF” condition, current in 
inductance (L1) drops (discharging). As a result, the intermediary capacitor (C1) gets (charging) energy from 
an input inductor (L1). Consequently, voltage across the intermediary capacitor C1 boosts as given in Fig. 1b. 

Mode 1. When switch (S1) is in “ON” condition, current in supply voltage drops (discharging). 
Consequently, the energy is transmitted to the inductance (L1) (charging). Therefore, voltage across the intermediary 
capacitor C1 boosts as given in Fig. 1b. Simultaneously, current in the capacitor C1 and the supply current Vdc 
drops (discharging). As a result, the energy is transmitted to the capacitor (CO2) (charging) with the help of 
diode D2. Consequently, voltage across the intermediary capacitor CO2 boosts as given in Fig. 1c. 

Mode 2. When switches (S1) and (S2) is in “OFF” condition, current in inductance (L1) drops 
(discharging). As a result, the intermediary capacitor (C1) gets (charging) energy from input inductor (L1) 
with the help the diode D1. 
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Summary – Operation 
Mode 0. Capacitor C1 charging from inductance L1 
Mode 1. Inductance L1 charging from PV panel & voltage 
balancing capacitor CO2 charging from intermediary capacitor C1 
Mode 2. Voltage balancing capacitor CO1 charging from 
inductance L1 

Fig. 1 – Modes of operation. 
 

The involvement of current research depends on the TOBB converter by selecting a Proportional 
Integral (PI) controller for a closed loop control strategy. The PI controller computation has two unique 
modes: proportional mode and integral mode. 

 
Fig. 2 – Control of TOBB converter. 

The two modes provide the output in accurate action to the control element. PI controller is used in 
industries due to its simple design and unrefined arrangement. PI controller algorithm can be run by Eq. (4) 

0
( ) ( ) ( ) d

t
P IOutput t K err t K err t t= + ∫  (4)

where means ( )err t = set voltage − actual voltage. 
As observed from Fig. 2 the control strategy of TOBB converter, OVC compares of the output voltage 

( outV ∗ ) of TOBB converter with original output voltage (Vout) for generates error voltage (Vce1), provided. The 
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error generator of CVC compares the TOBB converter capacitor (C01) voltage ( 01V ∗ ) with output voltage (V01) 
and produce an error voltage (Vce2). 

2.2.2. Losses on switch S1,2 during conduction 

Losses on Switch S1,2 during conduction, the circuit is simplified to be a precise voltage drop which in 
series with linear resistor (RDS on=0.07). RDS on is based on the applied VGS and the junction temperature. 
The losses on switch S1,2 during conduction S1,2 is expressed in Equations (5) and (6) 
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where (IS 1,2) indicates the current curving during the switch (S1,2), (D2) stands for the “ON” time of switch 
(S2). Switching current at the beginning instant (IOS2) is derived from Equation (7) 
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Harmonics current (∆IOS 1,2 ) are given as in Equation (8) 
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Fig. 3 – Open loop waveform during switch (S1,2) conduction. 

(IOS 1,2−max) and (IOS 1,2−min) represent the high and low magnitude of switch (S2) current as illustrated in Fig.3. 
From Figure 3, it comes that D2=0.22, IO S2=7.565 and ∆IOS 1,2 =0.965, which are substituted in Eq.(8), then 
the total current conduction and conduction loss of power sharing switch (S1,2) are resolved in Eqs. (9)-(10): 

1,2
2 12.58 ASI =  (9)

1,2cond 12.58 0.069 0.90 W.SP − = ⋅ =  (10)

2.2.3. TOBB converter inductor losses (L1) 

(IOL1−max) and (IOL1−min) represent the maximum and minimum amplitude of inductor (L1 current as 
illustrated in Fig. 4. It illustrates clearly that DL1=0.67, IO L1=0 and ∆IO L1=5.25 values are substituted in 
Eq.(9), the total current conduction and power loss of inductor (L1)are resolved in Equations (11) and (12): 

1
2 1.38 ALI =  (9)

1
1.38 0.9 1.242 W.LPL = ⋅ =  (10)
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Fig. 4 – Open waveform during the conduction of inductor (L1). 

 

 
Fig. 5 – Proposed single-stage standalone PV battery powered BLDC drive. 

3. RESULTS AND DISCUSSIONS 

3.1. Implementation of single stage standalone supply system  
for BLDC drive using simulation and experimental 

The simulation parameters for TOBB converter are shown in Table 1. 
 

Table 1 

Simulation parameters for TOBB converter 
Components and symbols Parameters 
Input inductor (L1) 389.4 µH 
Intermediate Capacitor (C1) 50 µF 
Output capacitors (CO1, CO2) 1000 µF, 100 V 
Operating switching frequencies (Fsw) of switches S1 =5 kHz,  S2 =10 kHz 
Load resistances (R1, R2) 28 Ω 

3.2. Symmetrical output voltage control of TOBB converter 

To verify the symmetrical performance of TOBB converter, input dc voltage source is considered as  
(Vin=18V) as shown in Fig. 6a. The output voltages of the TOBB converter are desired to be regulated on 
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(V01=18V, VO2=30V, i.e. VT=48V). Consequently, the total output voltage and total power are desired to be 
regulated on VT=48V) and (PT=40W). Moreover, load resistances (R1=R2=28 ohm) are considered for 
symmetrical condition. 
 

 

 

 

 

 

 
Fig. 6 – Performance of TOBB converter under symmetrical voltage condition. 

 
In 0.4 second, a step change is generated on solar irradiation from 1000 W/m2 to 400 W/m2 as shown in 

Fig. 6a. Due to change in environmental condition panel, power is reduced from 450 W to 130 W 
respectively as shown in Fig. 6b. The BLDC of power rating 300 W (rated speed = 1500  r pm, rated DC 
voltage = 300 V, rated torque = 1.2 Nm and number of poles = 4) is taken as the load port of the proposed 
system. The rated power of BLDC (load power) is 300 W and rotor speed is maintained at 1500 Rpm as 
shown in Figs. 6c and 6f respectively. The required load power of 160 W at low irradiation case (400 W/m2) 
is efficiently extracted from the battery. Similarly, the surplus power of solar module (140 W) at maximum 
irradiation case (1000 W/m2) is efficiently stored in the storage battery according to the command of battery 
management unit shown in Fig. 6d. As can be seen from the Fig. 6d, the negative sign represents that the 
battery obtains the energy from the panel; consequently the positive sign indicates that the storage battery 
provides energy to the load. SOC is indicated in Fig. 6e. 
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The evaluation of the performance of the proposed system under solar dynamics is shown in Fig. 7. 
The sudden change in torque, the ripple is reduced so vibration in motor is reduced in proposed TOBB, 
output voltage are shown in Fig. 8 with the compared to conventional single output. 

 

 
Fig. 7 – Performance of proposed two output buck boost converter employed  

B4-Inverter fed BLDC drive under dynamics of solar irradiation. 
 

 
Fig. 8 – Performance of proposed multi output buck boost converter employed  

B4-Inverter fed BLDC drive under dynamics of solar irradiation. 

 
3.3. Simulated comparison of two conventional converter with the proposed TOBB 

To identify the limitations of conventional converters [13-15], the output voltages of the conventional 
converters are desired to be regulated on (C01=24V, CO2=24V, i.e, VT=48V) from 0 to 0.4 s. After 0.4 s, 
the output voltages are desired to be regulated on (V01=18V, VO2=30V, i.e. VT=48V) respectively as shown 
in Figs. 9a and 9b. For this analysis input DC voltage source is considered to be 18 V and load resistances are 
considered to be (R1=R2=28 ohm). Observing from Figs. 9a and 9b conventional converters (Nami et al. 
(2010) and Boora et al. (2011)) output voltages (C01=24V, CO2=24V, i.e. VT=48V) are regulated very well 
at symmetrical condition. Therefore, TOBB converter follows the reference voltages at both symmetrical and 
asymmetrical conditions as shown in Fig. 10. 

The proposed TOBB converter topologies are compared with respect to their component count, type of 
conversion, possibility of output voltage control, switching states and driver circuit complexity. The 
Performance Comparison of the conventional and proposed TOBB converters with various objects is shown 
in table. The hardware component selection is shown in Table 3. 
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                                                        (a)                                                                                                      (b) 

Fig. 9 – a) Performance of Sathish Kumar et al. (2017) converter when 01 O2;V V<  b) performance of Boora et al. (2011) converter. 

 
Fig. 10 – Performance of TOBB converter. 

 
Table 2 

Performance comparison of the conventional and proposed TOBB converters with various objects and comparison chart 

                       Various Dual output converters 

Objects Converter presented by 
Nami et al. (2010) 

Converter presented by 
Boora et al. (2011)  

Proposed TOBB 
converter 

Total number of 
Switches 

2 3 2 

Total number of Diodes 2 3 2 

Total number of 
Capacitors 

2 2 3 

Total number of 
Inductors 

1 1 1 

Total number of 
components 

7 9 8 

Type of conversion T inV V>  (step-up) T in0 V V> >  (both step-
up and step-down) 

T in0 V V> >  (both step-up 
and step-down) 

Possibility of output 
voltage control 

O2 T 01( 2  or )V V V<  O2 T 01( 2  or )V V V<  01 O2 T(  or  )V V V<  

Switching states 
complexity 

Simple Complex Simple 

 
The prototype system has been developed using the explained above method and tested in the 

laboratory output voltage are shown in Fig. 12. The overall system is controlled by a dsPIC30F4011 Digital 
Signal controller. The driver circuits are most widely used for driving the power switches like Metal-Oxide-
Semiconductor Field-Effect Transistor (MOSFET) and Insulated-Gate Bipolar Transistor (IGBT). 
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Fig. 11 – Graphical representation of Table 2 data. 

 
Table 3 

TOBB converter B4-Inverter fed BLDC motor driver components specification 

Sl No. Objects Values 

1 DC power source 1  16.6 V, 0.72 A and 12 W 
2 DC power source 2  16.9 V, 4.38 A and 74 W 
3 Battery power source 12 V, 7.4 Ah and 88.8 Wh 
4 TPC output voltage 48 V 
5 TPC output current 0.83 A 
6 TPC output power 40 W 
7 Rated BLDC motor power (Torque = 0.125 Nm, Speed = 2800 

Rpm, DC link voltage = 24V, number of poles = 8) 
39 W 

 

   
Fig. 12 – Experimental and simulation output of  Vo1 , C01 . 

 
The BLDC drive using experimental hardware is shown in Fig. 13. 

 

 
Fig. 13 – Prototype test setup of BLDC drive with different speeds. 



178  S. K. SHANMUGAM, K. MUTHUSAMY, V. CHENNIPPAN, S. BALASUBRAMANIAM, S. RAMASAMY, S. SUBRAMANIAN 10  

4. CONCLUSION 

The present research has proposed an enhanced Two-output BB converter based on B4-Inverter fed 
BLDC drive system, which is evaluated through MATLAB Simulation and experimental setup, is carried out 
successfully. The Two-output BB converter based PV battery standalone system is nominal compared to the 
existing individual Two-output systems. It also includes the minimization of power losses, switching failures 
in the inverter and replacement B6-Inverter with B4-inverter. The vibration and shock are sensed in the 
Brushless DC motor drive by accelerometer an electromechanical device and the components efficiency, 
losses of the proposed circuit are accurately analysed. A Matlab platform and hardware model of Two-output 
output Buck-Boost converter is developed for various effective environment used for industrial and 
agricultural applications 
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