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Abstract—A two-stage stand-alone scheme consisting of a transformer coupled dual input
converter (TCDIC) followed by a conventional three phase full-bridge inverter used for
motor driving applications in the area of farming aiming for rural deployment is proposed
in this paper. Here battery is used as the energy storage element. This paper is proposed to
address the issues involved with the existing system. Solar photovoltaic (PV)- based
standalone systems have evolved as a promising solution to the issue of electrification in
areas where the grid is not available. The major challenges that are faced by the existing
system are : 1) to extract the maximum PV power from the array; 2) to protect the battery
from overcharging and over discharging; 3) to covert dc to ac in order to fed the motor.
These objectives were satisfied by employing a minimum of three converter stages. This will
leads to reduction in reliability and efficiency of the system. The dedicated converter cannot
be utilized properly if the PV power remains unavailable for more than half a day. The use
of additional converters will increase the component count. The TCDIC can be used to
realize maximum power point tracking and proper battery charge control can be
maintained. A suitable control strategy for the proposed TCDIC is devised .Simple and
efficient control structure is developed for proper operating mode selection and smooth
transition between different possible modes. A three phase inverter feeds the motor which is
connected at the load terminal. This paper is focused towards the motor driving application.
The operation of the existing scheme is verified by using Mat lab simulation studies.

Index Terms— Battery charge control; PV-based stand-alone scheme; transformer coupled
dual input converter; three phase inverter; and three phase induction motor.

|. INTRODUCTION

In India over 300 million Indian citizens have no access to electricity, and the majority of the population
reside in rural areas [1][2].And now a days electricity is recognized as one of the major factors required for
the existence of human life. Several initiatives were taken to improve this scenario. Majority of them were
based on renewable energy resources. Over the years, the solar photovoltaic (PV) has evolved as one of the
promising candidates amongst available renewable energy sources and it is being treated as a bright
candidate for electrification in the rural areas where electricity grid is not available. However, the power
obtained from the solar PV array isnot ina formso that it can be directly delivered to the household or
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farming applications. It needs a power electronic interface to convert and control the power output.. Such
schemes, commonly termed as standalone schemes, also a battery is used as the energy storage element [3]
[4]. The PV array and the battery power output is in dc form. The load is fed by an inverter. The inverters are
required to maintain about 350V or more to generate an ac voltage of 230V. A complex maximum power
point tracking (MPPT) algorithm [5][6] and additional converters [7]-[10] are required to address the issues
involved when subjected to non-uniform insolation levels. The serially connected PV modules or batteries
causes considerable reduction in power. The serially connected 12V batteries leads to an increase in the cost
of the system. To address the issues mentioned above, a standalone system generally designed with low
voltage levels for PV array and the battery in the range of 24-36V. This requires high voltage gain to ensure
230V ac supply at the load terminal which is achieved by employing a low frequency step up transformer at
the inverter output. This will increase the size ,weight and volume of the system. To address the above
mentioned issue, high gain requirement is provided by using intermediate dc-dc converters. It includes about
three converter stages. This will leads to poor efficiency and makes the system less reliable. In [14]-[17], a
dedicated converter is used to realize MPP operation. But if, PV power remains unavailable for half a day,
the proper utilization of converter will not be possible. A paper is presented in [18]- [20], where the use of
dedicated converters are avoided. To address the limitations associated with [18]-[20] a transformer coupled
dual input converter (TCDIC) based standalone system [21] is used. By connecting PV array in series with
the battery enables the boosting capability of the converter. TCDIC can be used to perform MPPT operations,
battery over charge and over discharge control and voltage boosting by employing a proper algorithm. DC-
AC conversion is employed by using a standard three phase full bridge inverter. Electricity is not only used
for house hold and lighting purposes, but also it allows for mechanization of many farming operations.
Farming plays an important role in the area of rural deployment. This paper proposes a suitable and efficient
method for watering applications for the purpose of farming. This paper is proposed as an application of [21].
The output of the 3phase inverter  is used to drive a three phase induction motor, which can be used to
water the crops even after daylight hours. And thus, greater productivity can be achieved at a reduced
cost.

The basic philosophy of this scheme is presented in [20],[21] and [22]. Detailed simulation is included in this
paper. The operating principle of TCDIC is presented in section Il. The control strategy for TCDIC is
presented in section I11. Results of detailed simulation are presented in section V.

I1. OPERATING PRINCIPLE OF TCDIC

The schematic diagram of the TCDIC is shown in figure 1.The inductor current is assumed to be continuous.
The switches S1 and S2 are operated in complementary fashion. All semiconductor devices and passive
elements are assumed to be ideal in the following analysis.
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Fig. 1. Schematic circuit diagram of TCDIC

A. Operation of the Converter When Inductor Current is Positive

The waveforms of the currents flowing through and voltages across different key circuit elements of TCDIC,
while the current flowing through the inductor L is positive, are shown in Fig. 2(a). The various possible
switching modes during this condition are analyzed in this section.
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Fig. 2. Waveforms of currents flowing through and voltage across different key circuit elements of TCDIC when (a) iL is positive
and (b) iL are negative

a) Mode | (0 to ti; Si and Ds conducting): When Si isturned on, the PV array voltage V pv will
appear across L, and the inductor current i_ increases. The voltage impressed across the primary winding
of the transformer is V pri = (V pv

+Vp -V c1 ), where Vy, is the battery voltage and V ¢1 is the voltage across the capacitor C1. Hence, the
primary current of the transformer, ipri, is increased, and the capacitor Cy is charged. As a result the
secondary current of the transformer, isec, also increases. The diode D3 is forward biased and the
capacitor Cz is charged. The voltage across C is givenby Vc2 = n(Vpy + Vb - V1 ), where n is the
turns ratio of the transformer. The equivalent diagram of TCDIC during this mode isshown inFig. 3.
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Fig. 3. Equivalent circuit diagram of TCDIC when operating in mode | and inductor current is positive

b) Mode Il (t1 to t2; D2 and D4 conducting): In the beginning of this mode Si is turned off and S is
turned on. As S1 is turned off, ipri becomes zero. Since iL > ipri, the diode D> starts conducting. The
voltage across L is VL = Vp and hence, i starts decreasing. The voltage across the primary winding of the
transformer is V pri = - V c1, and hence, ipri becomes negative and starts decreasing, thereby discharging
Ci1. The secondary current of the transformer, isec, is reversed, and the diode Da is turned on. The
capacitor Cszis getting charged, and the voltage across Cz can be expressed as Vc3

= nV ¢1. During this mode,iL > -ipri and diode D> is forward biased. This mode continues until i_
becomes equal to -ipri. The equivalent circuit diagram of TCDIC during this mode is shown in Fig. 4(a).
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Fig. 4. Equivalent circuit diagram of TCDIC when inductor current is positive: (a) Mode Il and (b) mode Il

c) Mode Il (t2 to t3; S2 and D4 conducting): When iL becomes smaller than ipri, the diode D2 is
reverse biased, and the switch S2 starts conducting. The remaining operation is same as that of mode I1.
The equivalentcircuit diagram of the converter duringthismodeisshowninFig. 4(b).

I11. OPERATION OF THE CONVERTER WHEN INDUCTOR CURRENT IS NEGATIVE

The waveforms of the currents flowing through and volt- ages across different key circuit elements of
TCDIC, while the Current flowing through the inductor L is negative, are shown in Fig. 2(b). The various
possible modes are analyzed in this section.

d) Mode 1 (0 to t1; D1 and D3 conducting): This mode begins when S1 is turned on and S2 is turned off.
At the starting of this mode, iL is negative, and ipri is zero. Hence, the diode D1 starts conducting. The
rest of the operation is the same as that of mode | discussed in the previous section. This mode continues
until ipri becomes equal to -iL. The equivalent circuit diagram of TCDIC during this mode is shown in Fig.
5(a).

e) Mode 11 (t1 to t2; S1 and D3conducting): When ipri becomes greater than -iL, the diode D1 is reverse
biased, and the switch S1 starts conducting. The remaining operation is the same as that of mode | discussed
in the previous section. The equivalent circuit diagram of TCDIC during this mode is shown in Fig. 5(b).

I11. OPERATION OF THE CONVERTER WHEN INDUCTOR CURRENT 1S NEGATIVE

The waveforms of the currents flowing through and volt- ages across different key circuit elements of
TCDIC, while the Current flowing through the inductor L is negative, are shown in Fig. 2(b). The various
possible modes are analyzed in this section.

d) Mode 1 (0 to t1; D1 and D3 conducting): This mode begins when S1 is turned on and S2 is turned off.
At the starting of this mode, iL is negative, and ipri is zero. Hence, the diode D1 starts conducting. The
rest of the operation is the same as that of mode | discussed in the previous section. This mode continues
until ipri becomes equal to -iL. The equivalent circuit diagram of TCDIC during this mode is shown in Fig.
5(a).

e) Mode 11 (t1 to t2; S1 and D3conducting): When ipri becomes greater than -iL, the diode D1 is reverse
biased, and the switch S1 starts conducting. The remaining operation is the same as that of mode I discussed
in the previous section. The equivalent circuit diagram of TCDIC during this mode is shown in Fig. 5(b).
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Fig. 5. Equivalent circuit diagram of TCDIC when inductor current is negative: (a) Mode I and (b) mode Il

f) Mode Il (t2 to t3; S2 and D4 conducting): This mode begins when S1 is turned off and S2 is turned on. In
this, both iL and ipri are negative, and the switch S2 conducts. The neg- ative current in the primary
winding of the transformer results in negative current in the secondary winding of the transformer. Thus diode
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D4 is forward biased, and the capacitor C3 gets charged. During operation in this mode, VL =-Vb, V pri =
V c1,and V¢3 =nV ¢l . The equivalent circuit diagram of TCDIC during this mode is the same as that
shown in Fig. 4(b), except that the direction of iL is reversed.
From Fig.1, the voltage VL across the inductor L can be expressed as:
VL =V pv when S1 is on.
VL =-Vb, when S2 is on.
Thus the average voltage drop across the inductor is
VL = DVpy -(1-D)Vb
where D is the duty ratio of the switch S1.The average voltage drop across the inductor is equated to zero.
(1 =D)Vb
\Y pv =D (1)
By varying D, the PV voltage can be controlled .Thus the MPPT operation of the PV array can be achieved
through a proper manipulation of D. The average output voltage of the TCDIC, Vdc, is given by V dc = (VC
2+VC3)=[n(Vb+Vpv
-VCc1)+nvci1]=nVb+ Vpv). Applying KCL at point A of Fig. 1, iL + icpv = ib + ipv .
Considering the average values of iL, icpy ib, and ipy over a switching cycle and icp — v is assumed to
be zero. Thus, Ib = iL-ipv . From this, it can be noted that for iL > ipy , the battery is charged and, for iL
<ipv, the battery is discharged. Thus, for a given ipy , battery charging and discharging can be controlled
by controlling i_. The details of the control strategy devised for TCDIC are discussed in Section IV.

IV. CONTROL STRATEGY

The main functions of the controller of the stand-alone scheme are as follows: 1) extraction of maximum
power from the PV array; 2) manipulates the battery usage without violating the limits of overcharge and
over discharge; and 3) dc-ac conversion. The details of the control algorithm devised for TCDIC are
presented in this section.

The PV array voltage V pv and current ipv are given as input to the MPPT algorithm and the maximum PV
voltage is generated by the MPPT control block. The V mpp, ipv and Vpvr (a reference voltage) is given to
the decision making block, DMB 1. Inside the DMB 1, it will check the condition whether ipv > 0, if it
satisfies the condition, then V pvref is generated. Then the mode will be MPPT mode. If ipv < 0 then
battery only mode is chosen such that V mpp will be  V pvr.Thus generated V pyr is compared with V py
within a Pl controller. And iL star is generated. The upper and lower limits of iL star is generated to limit the
battery over charge and over discharge. This is executed by the decision making block DMB 4 . By trial and
error method the overcharging and over discharging battery current limits are obtained and in the next step
those conditions are eliminated so as to maintain the charging and discharging level of the battery. When
iLref remains within its prescribed limit, the system operates either in MPPT mode (for ipv > 0) or in
Battery Only (BO) mode (for ipv 0). The over discharge limit of the battery is reached when iLref hits
its lower limit. DMB-3 withdraws gating pulses from all the switches and shuts down the system. When
the battery overcharging limit is attained, iL ref hits its upper limit. This situation arises only when the
system is operating in MPPT mode In this condition, iLref is limited to ILmax to limit the battery
charging current to Ibmax. As the battery charging current is limited to Ibmax, power consumed by the
battery is restricted to Pbmax. This makes the available PV power more than (Pl +Pbmax). This extra PV
power starts charging the PV capacitor, and its voltage increases beyond V mpp, thereby shifting the PV
operating point toward the right side of the MPP point, and the power extracted from the PV array reduces.
This process continues until the power drawn from the PV array becomes equal to (Pl + Pbmax). Hence,
during operation of the system in non-MPPT mode, the PV array is operated at a point on the right side of its
true MPP, and hence, Ppv < Pmpp. If there is a decrement in load demand while operating in non-MPPT
mode, power drawn from the PV array becomes more than (Pl + Pomax ), and this excess power drawn starts
charging the PV capacitor, thereby shifting the operating point of the PV further toward the right side of its
previous operating point. In case of an increment in the load demand, the power drawn from the PV array
falls short of supplying the load demand and the dc-link capacitors, and the PV capacitor starts discharging.
As the voltage of the PV capacitor falls, the operating point of the PV array shifts toward the left side from its
previous operating point. This leads to  an increment in the power drawn from the PV array, and this



process continues until the power balance is restored. In case the load demand increases to an extent such
that the PV power available at its MPP falls short to supply this load, the battery will come out of its
charging mode, iLrer Will become lessthan I max, and the system operates in MPPT mode.
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Fig. 6. Control structure for the proposed TCDIC

V. SIMULATED PERFORMANCE
The figure given below shows the parameters used for the existing system.

Parameter Value
power rating 500 VA
Transformer turns ratio, n 6
Capacitors Cpp=2000 puF, Cy = 1000pF

Cy = 8uF, Cy = 470uF.
C = Cs = 1000uF

Inductors Ly=1 mH, L =3 mH, Ly =2.5 mH
Switching frequency, F 15 kHz
MPPT algorithm Incremental conductance
PI controller gains For PI-1: K,=0.068, K;=25

For PI-2: K,,=0.03, K;=1

Fig. 7. Parameters/Elements Used For Stand-Alone System

The system shown in Fig. 8 is simulated on Matlab/Simulink platform, and the simulated responses obtained
under different operating conditions are presented in this section.
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Fig. 8. Schematic of the complete stand-alone scheme

The simulated waveforms are shown below. The first case analyzed is the steady state condition. The Fig.9,
Fig.10, Fig.11,Fig.12,Fig.13 shows the waveforms of PV Current ipv, V pv, DC link voltage, the battery
current and the pulse generated for the switches in the power circuit respectively.
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Fig. 9. Simulated response of the system under steady state operation showing PV current, ipy
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Fig. 10. Simulated response of the system under steady state operation showing PV voltage, V py

Fig. 11. Simulated response of the system under steady-state operation in MPPT mode showing the dc link voltage V dc

The second case shows the transition between MPPT and non MPPT modes. Here both the load and
insolation levels are varied. The simulated waveforms are shown below. The Fig.14, Fig.15, Fig.16,Fig.17
shows the waveforms of PV Current ipv , V pv , DC link voltage ,the battery current and the pulse
generated for the switches in the power circuit respectively.

The third case shows the battery only mode. The simulated Waveforms are shown below. The Fig.18, Fig.19,
Fig.20, Fig.21,Fig.22 shows the waveforms of PV Current iy, V pv, DC link voltage, the battery
current and the pulse generated for the switches in the power circuit is shown below respectively.
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Fig. 12. Simulated response of the system under steady-state operation in MPPT mode showing the battery current 1
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Fig. 13. Pulse generated for the switches in the power circuit
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Fig. 14. Simulated response of the system during the transition between MPPT mode and non-MPPT mode showing PV current,
ipv
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Fig. 16. Simulated response of the system in the transition between MPPT mode and non-MPPT mode showing the dc link voltage V dc

PULSE GENERATED

o ar on o o o1 s 03
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Fig. 18. Simulated response of the system during the battery only mode showing PV current, ipv

Fig. 19. Simulated response of the system showing PV voltage during the battery only mode, V pv
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Fig. 20. Simulated response of the system during the battery only mode showing the dc link voltage V dc
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Fig. 21. Simulated response of the system during the during the battery only mode showing the battery current Ip

The load voltage measured across the three phase induction motor for the MPPT mode is shown in  Fig.23.
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Fig. 22. Pulse generated for the switches in the power circuit during the battery only mode
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Fig. 23. Simulated response of the load voltage

I M

LI ]
T

!;s=

vl!’f Mw

VI. CONCLUSION

A transformer coupled dual input converter for the motor driving application is proposed in this paper. It is
realized by involving an TCDIC followed by a conventional three phase full-bridge dc to ac inverter and a
three phase induction motor. The salient features of the converter is as follows 1) The MPPT of the PV array,
charge control of the battery, and boosting of the dc voltage are accomplished in a single converter; 2) does
not require a dedicated converter for ensuring MPP  operation

3) lesser component count as only two power conversion stages are required; 4) simple and efficient control
structure ensuring proper operating mode selection and smooth transition between different possible operating
modes .The proposed paper can applied in the area of farming. The motor speed and torque are analyzed .
The scheme is verified by performing detailed simulation studies.
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