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ABSTRACT

In this paper, a high efficiency, high step up DC-DC converter
fed from a single (250W) photovoltaic panel, through a
maximum power point tracker (MPPT), is simulated and
implemented using simple topology. This is done by
duplicating the output voltage of the flyback converter using a
series resonant circuit in its transformer secondary during the
"ON" period. It will be shown that this topology leads to
increase the power capability of the converter as compared
with the conventional one. This source designed to prepare a
DC bus voltage for a three-phase inverter. Such a source is
quite compatible with a 3-phase stand alone or a grid
connected solar systems. The adopted simulation program is
LTspice (Linear Technology spice). The prototype of a
(250w, 600V) results agrees with that of the simulation.
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1. INTRODUCTION

The environment of the Middle East is very suitable for using
renewable energy like the solar energy (PV energy). PV
energy is one of the most important renewable energy types
and it will become one of the major contributors for electricity
generation. For commercial and residential PV application,
the distributed PV system architecture is promising because of
its higher energy yield, more flexibility in plant design and
improved monitoring and diagnostics capabilities [1].
Renewable energy generation systems are gaining an
increased interest in recent years as they are proven to be a
reliable source of energy generation. Among them, solar PV
(Photo-Voltaic) source is playing a significant role in
electrical energy requirements of small, isolated power
systems and to satisfy energy demand in remote areas [2]. In
order to avoid the pollution of the environment, electrical
energy must be generated by a three-phase solar power
station. This type of converters, modified to maximize the
energy harvesting from photovoltaic systems are called power
optimizers. In this paper an efficient PV panel fed step up DC
to DC converter suitable as a DC voltage source of a 3-phase
inverter is designed, simulated and implemented. The
principle of operation explained briefly, with a simple
comparison between the transformers of the designed
converter and the traditional one. The design includes the
application of an algorithm of tracking the maximum power
point of the PV panel in spite of the changes in ambient
condition. For this purpose, maximum power point tracker
(MPPT), is interfaced between the PV panel and the load [3].
The experimental result of the implemented convertor will be
demonstrated.
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2. PRINCIPLE OF OPERATION
In order to generate a 3-phase 220V from one PV panel a DC
to DC converter has an ability to produce about 537volts DC
at least to feed a three phase inverter as shown in figure (1).
The solar panel has a low voltage DC power even at the
higher illumination. The 1-V characteristic curve of the
considered PV panel is shown in figure (2).
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Figure (1): The Circuit Diagram of High Step Up DC-DC
Converter [4]
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Figure (2): 1-V Curve of the Solar Panel

Figure (3) shows the equivalent circuit of the high efficiency,
high step-up voltage gain converter. This converter adds one
pair of additional capacitor and diode to achieve high step-up
voltage gain. In this topology the transformer utilization will
be similar to that of a the forward type and the flyback type
converter as well. Its capacitor C, can be charged in parallel
and discharged in series via the secondary winding of the
transformer. The turns ratio of the transformer N = (N,/N;)
used to raise the secondary voltage to NV, volts, where 1},
is the terminal voltage of the solar panel across the input
capacitor. The transformer secondary circuit composed of a
series resonant circuit consists of C, and the transformer
leakage inductance Lj.
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Figure (3): Converter Equivalent Circuit Diagram

To understand the operation of this converter, the three modes
of operation must be explained as follows.

First mode [t; —t,]: as shown in figure (4-a), during this
period M is turned to "on" state and D, too. A secondary
circuit composed of C, and L, will resonate and a positive
half cycle of a sinusoidal current i, flowing through the
secondary circuit. At the end of the positive half cycle, D,
turned off at zero current (ZCS condition) to minimize the
power losses [4] and the capacitor charges to NV, volts of
the polarity shown in figure (4-b). The magnetizing current
ir,,, and the switch current i), are expressed as [4].

. . Vov
le(t) = LLm(tl) + L_(t - tl) fee re ree aes ees aee (1)

iy (€) =iy, (£) + Nip (£) oo e (2)

Where i;_(t) Is the magnetizing current

ir,, (t1) Is the magnetizing current of the previous cycle =
iy, (ts)

L,, Is a magnetizing inductance

Vv Is the photovoltaic panel input voltage

N Is the turn’s ratio of the transformer

iy Is the switch current

ipr IS the current through the Shottky diode D, during
resonance.

Second mode [t, -t3]: M still in "on" state, but the
resonance period is finished so ip_in the secondary circuit
will be zero and the diode D, will be in the "off" state and the
polarity of C, is reversed w.r.t the first mode, but i, =~ will
continue until the end of this mode as shown in figure (4-b).
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Third mode [t; -t,]: M is turned to "off" state and D,y
turned to "on" state, while D, still in "off" state as shown in
figure (4-c). The voltage across C,,; Will be the summation
of two voltages (the secondary voltage and that across C,.).
The diode current ip . decreases linearly due to the relation

[4]:

i, (t3)  Va—Ve
N NZL, + L,

IDyye (1) = (t—t3) 3)
The magnetizing current i, and the switch current i), are
expressed as [4]:

Va

-V
Lt —ty) )

i, (&)= iy (t) = iy, (t3) - NL

Applying voltage-second balance relation to the primary side

will result in:

Va N
Voo  (1—D)

)

Where D is the duty cycle ratio of the pulse width modulation.
At the end of the period, C, discharged completely so, it
retains its main polarity, as that at t, as it shown in figure (4-
d).The value of the magnetizing inductance of the transformer
depends on the output power and the average primary
current ;. As the maximum power generated at highest
illumination is 290 watts for the solar panel used in this
research, so design calculations considered the output power
to be 285 watts due to the expected losses, and I,,; has two
components, the magnetizing current iy, (of an average value
represented as I;,,) and the reflected output current from the
secondary Nip_ (of an average value represented as Ni;) as
shown in figure (5).

V,,DTs
Ly = -2 7
n= o )
Ipri = ILm + Nly ®

Substitute (8) in (7) to get the main equation design
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Figure (4): (a) first mode of operation (¢; — t,) (b) second mode of operation (t; — t3) (c) third mode operation (£3 — t4)(d)
the polarity of C, at the end of the cycle is as that at [ 1] (e) waveforms of different operation modes
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Figure (5): primary current components (a) magnetizing
current (b) summation of magnetizing and reflected
output currents

To ensure zero current switching ZCS occur then w, must be
higher than w; .
1

(10)

W, =

Where w, is the angular resonant frequency [4], and the wy is
the angular switching frequency. Figure (4-e) illustrates the
waveforms for the PWM, ip, , ip, ., iy and Ve, .

3. MAXIMUM POWER POINT
TRACKER or MPPT

3.1 An Overview

A MPPT or maximum power point tracker is a strategy
followed to harvest the most generated power from such a
sources like PV systems and wind turbine or other systems.
And in this research there is an electronic DC to DC converter
that matches between the solar array (PV panels), and the

resistive load. To put it simply, they convert a high voltage
DC output from solar panels up/down to the voltage needed to
such a wide application. You cannot dispense it in any way if
you are using solar panels. There is some confusion about the
term "sun tracking" or Panel tracking this is where the panels
are on a mount that follows the sun. These optimize output by
following the sun across the sky for maximum sunlight. These
typically give you about a 15% increase in winter and up to a
35% increase in summer. This is common in regions have
shorter days, but in the Middle East region at most days in the
year have long daylight and using sun tracker not get a real
difference in the output of the panel. And that's not like an
MPPT controller work. The MPPT has many topologies that
proportional to the output voltage, efficiency of the converter
and the cost. Figure (6) shows the characteristic power curve
for a PV array. The problem considered by MPPT techniques
is to automatically find the voltage Vypp Or current lypp at
which a PV array should operate to obtain the maximum
power output Pype under a given temperature and irradiance.
It is noted that under partial shading conditions, in some cases
it is possible to have multiple local maxima, but overall there
is still only one true MPP. Most techniques respond to
changes in both irradiance and temperature, but some are
more specifically useful if temperature is approximately
constant. Most techniques would automatically respond to
changes in the array due to aging, though some are open-loop
and would require periodic fine-tuning. In our context, the PV
array will typically be connected to a power converter that can
vary the current coming from the PV array [5]. To reach the
optimum converter and MPPT controller design must have
much information about your PV panel. Table (1) illustrates
the parameters of SOLAR ONE 250W PV panel.
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Figure (6): PV panel characteristics used in this research

Table 1: Parameters of the PV panel SOLAR ONE 250W
tested by "Sun Simulator*'®

Operator value
Product ID 0000000000000011
Current temperature coefficient
(MA/°C) 2.0000
Voltage temperature coefficient
(mV/°C) -2.0000
Model area (cm2) 100.00
Sensor temperature (°C) 325
Irradiance (mW/cm2) 100.0
Isc (A) 10.3186
Voc (V) 34.7315
PMPP (W) 296.4684
IMPP (A) 10.1569
VMPP (V) 29.1889
F.F. (%) 82.72
Module efficiency (%) 29.6541
Estimated shunt resistance (ohm) 180.5127
Estimated series resistance (ohm) 0.1401

As the power supplied by the solar array depends on the
insolation, temperature and array voltage, an important
consideration in the design of an efficient solar array system is
to track the maximum power point correctly. The purpose of
the MPPT is to move the array operating voltage close to the
MPP under changing atmospheric conditions [7]. Most of the
design guides are based on the constant output while the input
can have some pulsation of voltage. The difficulty of the
MPPT design is that the input voltage and output voltage are
variable [8]. The methods of MPPT vary in complexity,
sensors required, convergence speed, cost, range of
effectiveness, hardware implementation, popularity, and in
other respects [5].

3.2 Microcontroller PIC

The microcontrollers played revolutionary role in the
embedded industry after the invention of Intel 8051. The
steady and progressive research in this field gave the industry
more efficient, high-performance and low-power consumption
microcontrollers. The AVR, PIC and ARM are the prime
examples. The new age microcontrollers are getting smarter
and richer by including latest communication protocols like
USB, 12C, SPI, Ethernet, CAN etc. [9].
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Figure (7): microcontroller block diagram

The PIC microcontroller is very easy to use. It is a single chip
can do all functions you need like ADC (analog to digital
converter), timer, comparator, PWM generator and all
mathematical functions. In this paper PIC get two values in
analog form from the sensors in the figure (7) and convert it to
digital form by ADC function, then multiplied it to get the
power coming from the PV panel P,, and compare whether
this power more the old one Py, ;4. From that condition it
can decide to increase or decrease the duty cycle ratio. Figure
(8) shows the control algorithm.

GetV,, &1,

¥

Ppo= Vi X Iy

Increased “on” time of
PWM

v

Pyy ota = Ppy

Figure (8): the control algorithm

4. SIMULATION AND EXPREMANTAL

RESULT

In reference [4] the DC-DC converter prototype designed to
drive 180W and 380V output, while this converter designed to
drive 285W and 560V output. The input voltage of the
converter is the photovoltaic panel voltage Vj, (maximum
power point voltage V). When the switch M turn “on" the
primary inductance, voltage V, will be equal to V,, and C,
voltage V¢ will be equal to NV, The additional resonant
circuit (C, and D;) uses to reduplicate the secondary voltage,
so the gain of the converter will be twice the conventional
converter (flyback converter) if the duty cycle is 50%. And
therefore the converter will be able to transfer more as
compared with the conventional one for the same parameters
of the transformer used in it. Those converters are used as a
fast primary switch. The fast turn on and turn off behavior of
the primary switch produces a high (dv/dt). This fast voltage

Decreased “on” time of




transition produces an overshoot and lead to ringing
waveforms when the switch turns off. That must be properly
suppressed. Without this, semiconductors can fail and
conducted and radiated noise levels will be higher than
necessary. The high frequency ringing must be damped using
RC or RCD snubber networks. On the primary side a possible
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location for the RC network across the transformer primary
terminals. The more effective the RC network is, the more
power is dissipated in the resistor. This can lead to lower
standby efficiency, which could be a problem with renewable
energy power supplies. Note figure (9).
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Figure (9): Proposed Converter LTspice Simulator Waveforms

The simulation result makes sure that the power can be drive
in more than 94.66% efficiency without any problem. The
transformer has been built on reality and tested to measure its
leakage inductance to be similar to that in the simulation
program to get the same result. The model has been built
practically in the laboratory as shown in picture (1).

5

\ MOSFET in parallel [l transformer
; T "

N channel
MOSFET M

*" ‘/',':' LY

Picture (1): the proposed converter implemented in the
laboratory

The primary current reaches 9.8 Amperes, and that cause an
excessive heat in the MOSFET. To decrease the heating, two
MOSFETs are connected in parallel to decrease the on state
resistance of the MOSFET to a half of its value and increase
the efficiency practically.

The MOSFET gate driver circuit delivered the MOSFET gate
pulsating voltage with maximum voltage 12 volt and duty
cycle ratio of 42% as shown in figure (10) the pictures get it
by using RIGOL DS1102E DIGITAL OSCILOSCOPE. The
MOSFET driver chip used in the MOSFET gate drive circuit
is MC34151P.

10
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Figure (10): MOSFET gate driver waveforms (CH1)
Vyuises MOSFET gate driver voltage waveform and (CH2)
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The switch M breakdown voltage must be chosen to be three
times the drain to source voltage Vg to avoid failing during
the operation. Vp Is the sum of the reflected voltage V,..r and
the input voltage V,,, . V,. is the secondary winding voltage
at the off time.

Vref = Vour — VC,. (10)
v,
Vps = ;V—d + Vow 1n

Figure (11) shows Vps waveform with the sharp spikes
appears at the beginning of the off time. In the conventional
flyback converter, the voltage gain can be easily achieved by
increase the turns-ratio of transformers, but this will leads to
induces high voltage stress and switching losses [10] due to
the leakage energy.

RIGOL STOP

[ Unaxd2) =. 138V

CHi= 18.aV (Wil 26 .0V Time 18,08us o,

Figure (11): M switch waveforms (CH1) V,,5es MOSFET
gate drive voltage waveform and (CH2) Vg drain source
voltage waveform
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The series resonant circuit current of frequency 62.5 kHz is
shown in figure (12).

Unias2) =kl Unax(l) =fksrs +DUtA2) =ik

CH2+ 18.8V Time 5.080us UHE00.0ns

Figure (12): (CHL1) series resonant circuit current
waveform (CH2) grounded

The output DC voltage appearing in figure (13) below.
RIGOL STOF
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Figure (13): (CH2) output voltage waveform (CH2)
grounded

5. TRANSFORMER

The transformer used in this (290W) converter is suitable for
the conventional flyback converter of (60W) only. Hence, this
will reduce the stress on the components due to the
transformer leakage reactance and the cost. The leakage
inductor of the transformer incurs a voltage spike on the main
switch and affects the conversion efficiency [11]. Flyback
power supplies use the least number of components. At power
levels below 75 watts, total flyback component cost is lower
when compared to other techniques. Between 75 and 100
Watts, increasing the voltage and current stresses cause
flyback component cost to increase significantly [12]. While
in proposed converter find the cost not increase significantly
when adding another diode and capacitor, but achieve high
power, low switch stresses and high gain. Table (2) illustrates
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the difference in power driving for the same transformer in the D 0.42 0.42
two different topologies. The figures (9) and (14-a) illustrate
the comparison between waveforms for each converter, then f 50kHz 50kHz
notes figure (4-e) and figure (14-b).
gure (4-¢) and figure (14-b) L, 28uH 28uH
Table (2): comparison between proposed converter and
conventional flyback converter for the same transformer L« 0.65uH 0.65uH
System Proposed Conventional flyback G 10uF
parameter converter
Cout 330uF 1uF
A 29V 29V
N 12 12
Vout 560V 252V
Rioad 1240Q 1058Q
Pmp 290W 60W
227.7mA| \ p— } :
227 AmA-] / | \
) PWM
226 5mA-| / /
225 Bm‘j:— \ f \ \J‘
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Figure (14): (a) conventional flyback converter LTspice simulator performance waveforms (b) conventional flyback converter

6. CONCLUSION

The previous analysis of the proposed converter, it is clear
that this converter is very flexible to be used as a PV fed DC
power supply suitable for a stand-alone 1-phase or 3-phase
inverter as well as it can be used for a grid connected system.
Also, it can be used to overcome the shading problem in a
wide field of PV panels, if the DC output of each panel can be
connected to a common DC bus, then they can be considered
as a parallel connected DC sources feeding a single 3-phase
inverter. It is simple, cheap, and efficient high voltage DC
converter due to its small ferrite transformer as compared to a
conventional one.
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