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Abstract: For PVA renewable source the output voltage is 

fluctuating as the solar irradiation is variable with respect to time. 
In conventional methods to control the DC voltage output of the 
PVA DC-DC booster converters are used. These converters don’t 

have high gain and also the ripple of the DC output voltage is 
high. The conventional PWM DC-DC booster converter is 
replaced with a feedback controlled dual switch converter for 
better control of output DC voltage with higher gain and reduced 
ripple. In this paper, the output of the dual switch converter is fed 
to controlled six switch inverter running a permanent magnet 
synchronous motor. The motor is controlled with a reference 
speed control technique for change in variable speed and torque 
operations. The input voltage of the converter is also made 
variable with respect to time with change in solar irradiation; the 
response of the proposed converter is good even for this condition. 
MATLab/Simulink is used to design all the modules of the 
proposed work.  
 

Index Terms: Boost Converter, Dual Switch Converter, PMSM, 
PVA (Photo Voltaic Array), Speed Control. 

I. INTRODUCTION 

 IN recent years there is a huge development in renewable 
energy generation with different types of sources. The most 
flexible and easy to install renewable source is PVA (Photo 
voltaic Array) [1] which is static device generating power 
from solar irradiation. The solar panel (PVA) can be installed 
in any place either urban or rural area with human presence 
unlike wind farms it doesn’t generate any vibrations or 
disturbances in the environment. However, the power 
generated by the solar panels is very much less as compared 
to wind farms with dynamic machines. There are many 
ongoing researches for improvement of efficiency [2] of 
PVAs. For a general consideration the power output of a 
single panel of 1mt2 the power generated is around 200W. 
The major advantages of solar panels are low maintenance 
and less complicated control structure.  
The major disadvantage of solar panel power generation is it 
generates fluctuating voltage with variation of solar 
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irradiation. When the output DC voltage [2] of the solar panel 
changes the AC output voltage from the inverter also changes 
which may damage the load or grid connected to it. It is very 
keen to maintain the DC voltage output of the solar panel at a 
constant value so as to maintain the AC voltage output of the 
inverter constant.  
This is done by connecting a DC-DC boost converter [3] 
which controls the output voltage with a feedback control 
unit. In conventional ways the output voltage of the DC-DC 
boost converter is controlled by Maximum Power Point 
Tracking (MPPT) algorithm. The MPPT takes feedback of 
PVA voltage and current and then controls the duty ratio with 
respect to change in voltage and current of PVA by variation 
of solar irradiation. In this paper the conventional MPPT [3] 
controller with DC-DC boost converter is replaced with a 
higher efficient and more stable DC-DC converter topology 
with voltage orient feedback control of the converter. The 
proposed circuit is dual switch high step up converter with 
voltage multiplier and coupled inductor. The constant DC 
output voltage [2] of the proposed converter is fed to six 
switch inverter operating a PMSM (Permanent magnet 
synchronous motor). A speed control structure is integrated 
to the inverter so as to control the speed of the motor. The 
below is the complete system modeling with PVA, high step 
up dual switch converter and PMSM motor drive unit. 
 

 
Fig. 1: Block diagram of PVA connected PMSM drive. 

 
The PVA connected to the dual switch converter has 70 cells 
in series with each cell voltage at 0.42V. The complete output 
voltage of PVA is 30V. And the number of parallel cells 
connected to the PVA is 7333 with 10mA current output of 
each cell, where the complete output current of the PVA is 
73.33 amps. The power output of the PVA is given as 
Ppv = 70 x 0.42 x 7333 x 0.01 = 
2.15kW……………………..(1)  
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II. DUAL SWITCH CONVERTER TOPOLOGY 

The proposed dual switch converter has a coupled inductor to 
ensure large storage of charge for high output voltage. The 
two switches (MOSFETs) connected in the topology operate 
simultaneously at a high frequency of 50kHz [4].  
The duty ratio of the of the converter is controlled by a 
voltage-oriented feedback loop control, which controls the 
duty ratio of the switches. The proposed high step up dual 
switch topology [5] is shown in the figure below.  
 

 
Fig. 2: Dual switch converter topology with coupled 

inductor 
 

In the above figure the input DC voltage source is replaced 
with PVA with fluctuating voltage by variation of solar 
irradiation. N1, N2 and N3 [6-8] are the three windings of the 
coupled inductor. Switches S1 and S2 are MOSFETs 
connected with body diode which protects the switches from 
circulating currents. The resistance at the output is removed 
and an inverter is connected for the operation of PMSM [6]. 
The working of dual switch topology is elaborated by eight 
modes of operation.  
The gain of the converter is given as  

Gk = Vo/Vin = 
𝑉𝑐1+𝑉𝑐2+𝑉𝑐3+𝑉𝑐4+𝑉𝑖𝑛

𝑉𝑖𝑛
……………………(2) 

Where, Vo is output voltage of converter, Vin is input voltage 
from PVA, Vc1, Vc2, Vc3, Vc4 are the voltages across the 
capacitors C1, C2, C3, C4 respectively.  
Mode I: During this mode the switches S1 and S2 are 
switched ON and starts conducting. The inductor L2 along 
with leakage and magnetizing inductances (Lk and Lm) are 
charged by input source PVA. As the inductors gets charged 
from the input source the output capacitor Co provides charge 
at the output terminals. 
 

 
Fig. 3: Mode I current conduction 

 
Mode II: In this interval the switches remain in ON state with 
only diode D3 in forward bias. The blocking capacitor C4 is 
now charged along with leakage and magnetizing 
inductances (Lk and Lm). Even in this mode, voltage at the 
output terminals of the converter is provided by the, Co, the 
output capacitor.  

 
Fig. 4: Mode II current conduction 

 
Mode III: After mode II in this mode the switches S1 and S2 
are turned OFF. The energy which charged leakage and 
magnetizing inductances is now released into the parasitic 
capacitors of the switches. Even in this mode the output 
capacitor Co provides voltage at the output terminals of the 
converter.  
 

 
Fig. 5: Mode III current conduction 
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Mode IV: In this mode the switches remain in OFF state 
making the energies of leakage inductance Lk and 
magnetizing inductance Lm to release into C1 clamping 
capacitor. The energy present in inductor L2 is released into 
C2 clamping capacitor. Even in this mode, voltage at the 
output terminals of the converter is provided by the, Co, the 
output capacitor. 
 

 
Fig. 6: Mode VI current conduction 

 
Mode V: In this mode the switches are in OFF state and the 
diodes D1 D2 and Do are in forward bias condition making 
the energies of leakage inductance Lk and magnetizing 
inductance Lm to release into C1 clamping capacitor. The 
input PVA source, coupled inductor and capacitor C4 are 
now connected in series generating a very high DC voltage. 
This voltage charges the output capacitor and also provides 
voltage at the output terminals. 
 

 
Fig. 7: Mode V current conduction 

 
Mode VI: This mode is same as mode V with only difference 
of discharging of capacitor C2. This mode ends when D4 
diode is forward biased.  

 
Fig. 8: Mode VI current conduction 

 
Mode VII: The switches S1 and S2 still remain in OFF state 
with inductor L2 and capacitor C2 discharging into the output 
capacitor Co and inverter. The inductor L1 is also 
discharging providing high voltage gain at the output. A part 
of energy from L2 is discharged to C3.  

 
Fig. 9: Mode VII current conduction 

 
Mode VIII: In this last mode the switches still remain OFF 
with D3 and Do in forward bias conditions. The input source 
PVA, leakage inductance, magnetizing inductance, 
capacitors C3 and C4, inductor L3 are connected in series 
providing very high voltage gain output charging the output 
capacitor Co and providing voltage to the inverter.  

 
Fig. 10: Mode VIII current conduction 

III. SPEED CONTROL OF PMSM 

The controlled output voltage from the proposed dual switch 
converter is fed to six switch inverter driving a three phase 
PMSM [9]. The speed control of the PMSM drive is shown in 
the figure below. The inverter used is IGBT power electronic 
device six switch inverter.  
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Fig. 11: Speed control of PMSM 

In the above figure it can be seen that speed sensing is done 
which is compared to a reference speed value. The error 
generated is fed to PI controller generating reference 
electromagnetic torque Te. The PI controller has proportional 
and integral gains which converts one parameter to another 
for generation of reference signals. The below is the PI 
controller block diagram with comparison of reference and 
measured values of speed generating reference 
electromagnetic torque.  
 

 
Fig. 12: PI speed controller 

 
The torque is converted to quadrature component by the 
below equation  
Iq* = Te* x 
2/(3*P*𝞴)…..…………………………………….(3) 
Where, P is number of pole pairs and 𝞴 is flux linkages in 
Wb.  
The direct axis component is considered as zero and the rotor 
angle teta is multiplied with number of pole pairs for 
synchronization of reference signals.  

 
Fig. 13: Internal control structure of current control 

 
An inverse parks transformation is applied to convert dq to 
abc reference signals. The reference current waveforms Iabc* 
and measured current waveforms Iabc are compared, 
hysteresis current loop [10-13] controller is fed by this error 
between Iabc* and Iabc, thus generating pulses for six switch 

inverter. The hysteresis current loop controller generates 
pulses with respect to the error value generated by the 
comparison of Iabc* and Iabc of PMSM. The below is the 
hysteresis current loop control for generation of pulses for 
IGBTs.  

 
Fig. 14: Hysteresis current loop controller 

 
The hysteresis controller has specific upper and lower bands 
where the value generation is done with respect to the value 
in the range. A low signal ‘0’ is generated when the value is 

crossing upper band and a signal high ‘1’ is generated when 

the value is crossing lower band value. With this the current 
output of the inverter is controlled maintaining the speed of 
the PMSM even with change in mechanical torque. The 
rating of the PMSM is given in Table I below. 
 

Table I 
Parameter  Value 
Phase resistance 0.2 ohms 

Phase inductance 0.0085 H 

Flux linkage  175 mWb 

Inertia 89 mkg/m2 

Friction constant 5 m N-m s 

Pairs of poles 4 

Type of rotor Salient pole machine 

IV. SIMULINK RESULTS   

 
Fig. 13: Modeling of dual switch topology 
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The above is the MATLAB Simulink modeling of proposed 
converter with two MOSFETs connected. The input is a low 
voltage DC source and the output is stepped up DC voltage 
fed to six switch inverter PMSM drive.   

 
Fig. 14: PVA output voltage 

 
The above is the graph of PVA output voltage which is at 
30V and remains same till 2sec of the simulation time. This 
low voltage renewable source is connected to dual switch 
LLC resonant converter which steps up the voltage to 350V 
with a gain near to 10. The below is the graph of output 
voltage of dual switch LLC resonant converter with respect to 
time.  
 

 
Fig. 15: Output voltage of dual switch converter 

 
The Fig. 16 is the speed and electro-magnetic torque 
characteristics of PMSM with respect to time. The speed of 
the machine is increased from 0rpm considering it as initial 
state of the machine. The speed reference at initial simulation 
is give as 1000rpm. The speed gradually raises from 0 to 
1000rpm with a rise time of 0.6sec. During the speed raise 
time the electromagnetic torque is at maximum and drops to 
rated value at 0.6sec. The comparison can be seen clearly in 
the graph below.  
 

 
Fig. 16: Speed control of PMSM 

After running the simulation for 1sec the speed reference is 
changed to 700rpm where the speed of the motor gradually 
drops to 700rpm and settles at 1.17sec, during this state the 
electromagnetic torque is in rated negative axis. After the 
speed settles to 700rpm at 1.17sec the electromagnetic torque 
settles back to rated value. In further modification the 
mechanical torque is increased from 1N-mt to 3N-mt at 
1.4sec. The electromagnetic torque changes to 3N-mt 
maintaining the speed at reference value 700rpm.  

V. CONCLUSIONS 

The results showed that the output voltage of PVA is 
recorded at 30V and the voltage is multiplied approximately 
by 10 times to achieve 350V by the dual switch converter. 
The increased output voltage of the DC-DC converter is fed 
to inverter for the operation of PMSM. The speed of PMSM 
is considered to be 0 at initial state which increases gradually 
to the set value of 1000rpm. The reference speed is then 
reduced to 700rpm at 1sec. The speed is maintained at 
700rpm even when there is change in the load torque of the 
PMSM. The result clearly shows that the proposed converter 
has good dynamic response. All the graphs are represented 
with respect to time. 
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