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Abstract: - The design model of a 4.50Kilowatt, 3-phase, 50 hertz solar-based power generating station was
examined by the paper. The power station is a dual source input generating station using 8 series connected
100A, 12V batteries per phase as backup, the solar panels being the main frame. An inverter of 12Volt direct
current input voltage was incorporated to supply an output of 3-phase, 220Volts and 50 hertz alternating current.
A charging circuit was installed to monitor charging level and to preserve the accumulator’s life span. The paper
also looked into the solar-based power station component design model. The batteries therein are back-up and
the system will ensure 24-hours reliable power supply. The setup has a normally closed switching relay ready to
pickup the auxiliary battery supply within a few milliseconds after the solar source voltage drops below a
stipulated level. The three phase a.c. voltage was achieved using standby on-line circuit with cascaded 741-
based flip-flop at the base of the transistor drivers of the 3-phase power transformer. This model circuit reduced
the load on each phase winding and facilitated reliable and uninterruptible power supply. The delta-wye
connected transformer will guarantee proper phase shift of 120 degrees that will emulate alternating current
voltage similar to the conventional generator voltage.
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l. INTRODUCTION

Renewable energy has come to compliment the insufficient and epileptic supply of the energy needs of
the 21 century. The new found knowledge in Engineering and Technology has made it possible to harness the
abundant energy resource of the sun to generate electricity [1]. The paper is on the design of three-input three
phase inverter. The presented paper tried to utilize three energy sources, namely: solar panel, lead-acid
accumulators and electricity (if available) to provide safe, reliable and efficient source of electricity to an
average middle class family. Solar-based electricity power system supplies one of the cleanest sources of
energy. It is safe, noiseless and cheap on the long run. The work being presented was based on On-line bypass
mode of operation [2]. This means that the solar cell and the mains supply are complimenting each other but the
accumulator is constantly fitted at the supply terminal. The relay which feeds the solar panel into the charging
circuit is powered separately from a rectified 12 volts dc supply from the mains Fig. 1.0. This makes the solar
panel to give way whenever there is availability of electricity.

Three phase design model was applied in this UPS to ease the load on the MOSFETS. The 4500watts
total power rating of the system was distributed among the three phases. The design was done in such a way that
the damage of any one pulse generator does not result to total blackout. Instead, when any of the three pulse
generators goes bad, only two phases will be affected and can be isolated from the system while the remaining
two pulses continue to supply one phase voltage that is distributed equally on the three secondary windings.
Finally, the manoeuvrability and ease of trouble shooting of the device is guaranteed by the choice of simple and
cheap components.

1. DESIGN OF UPS TRANSFORMER
Design data
Input Voltage: V; = 12 Volts dc
Output Voltage: V, = 220 Volts ac
Operating frequency: f = 50Hz
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Stacking factor: K, = 0.80

Current density: J; = 8.1A/mm? or 8.1*10*A/cm? (for primary winding)
Current density: J, = 2.7A/mm? or 2.7*10*A/ecm? (for secondary winding) [3]
Maximum flux density: By, = 1.2 Tesla (assumed)

1. DEFINITION OF MAIN PARAMETERS
Input current: I; = 4500/12 = 375A or 125A/phase
Output current: I, = 4500/220 = 20.5A or 6.83A/phase
Voltage per turn: V= CVS = 1.0V1.5 = 1.22V
where C = V4.44*f*r*10% and r - permeance of iron core, r = ®/I;N; [4]
For shell type transformers: C= (1.0 to 1.2)
The maximum magnetic flux: @, = V/4.44f = 1.22/4.44*50 = 0.0055 Weber
Net core section: A; = @,/ By, = 0.0055/1.2 = 0.0046m’ = 46cm’
Gross core area: Ay = A/ K,, = 46cm*/0.80 = 57.5 cm?
Diameter of circumscribed circle: d = VA/0.5 = 57.5/0.5 = 10.72cm
Lamination thickness: (Ly) = Width of lamination (W.) = VA;=V57.5=7.6 cm
The area of window A,, will be defined using the equation that defines the power rating of a three phase
transformer.
Power rating of three phase transformer is defined by the expression:
S = 3.33*f*A*Bn,* Av*Ky*J; [5], from where the area of window becomes:
A, = SI3.33*F*A*B,*K,*J; = 4500/3.33*50*46*10*1.2*0.8*8.1*6 = 0.000756m* or 7.56cm>. This will give
a window area of: A,, = (4.5cm by 1.68cm).

V. NUMBER OF TRANSFORMER TURNS
Number of turns of the primary windings N; = Vi,/V; = 12/1.22 = 9.64 = 10 turns. Number of turns of the
secondary windings N, = V,/V, = 220/1.22 = 180.3 = 181 turns.

V. CONDUCTOR CROSS-SECTIONAL AREA
Primary winding conductor: A; = I1/J; = 125/8.1 = 15.43mm? The diameter of the primary winding conductor:
d; = V4*Ay/n = V4*15.43/x = 4.43mm (2.5*2mm wire). This will give 20 turns of two parallel wires. The
primary winding conductor: A, = I,/J, = 6.83/2.7 = 2.53mm? The diameter of the secondary winding conductor:
dy = V4*Ag/m = V4*2.53/m = 1.80mm.

VI. POWER SUPPLY CIRCUIT

The major device in the power supply circuit is the battery charger. There are three different voltage
inputs to the oscillator. The battery is the default power source and then the solar panel and the mains ac can be
selected alternately using a relay RL. This three-input inverter is designed for reliability and comfort aimed at
guaranteed 24-hour availability of electricity. As shown in Fig. 1.0, the relay feeds directly from the mains
source, where the normally open contact (A) is connected to the rectified voltage and the normally closed
contact (B) is connected to the solar panel [6]. The arrangement is such that the UPS will always take source
from the battery.
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Fig. 1.0 Power supply and Bgttery charging circuit [7]

When there is no ac, the relay is de-energized and it goes back to the normally closed contact which
links the solar panel to the charging circuit. To power the station using accumulators, the number of
accumulators required is calculated as shown: 100Amperes-Hour/l; = 100Amperes-Hour/375A = 0.27hour or 16
minutes (for one accumulator). To sustain the solar-based power station for 6hours at 4500 watts, an imaginary
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2250AH lead-acid accumulator is needed, which is approximately:

2250AH/100A = 22.5 =~ 23 batteries. If each 100AH battery at 12 volts gives 100*12 = 1200watts-hour,
then 23 batteries will give: 1200*23 = 27600watts-hour or 4600watts-6hour. The 23 batteries will be arranged in
parallel since only 12 volts is required for the power station inverter [8].

VIlI. BATTERY CHARGING CIRCUIT

The battery charging circuit contains two thyristors T, and T,. T, is biased through the diode D, to
conduction to link the positive terminal of the battery to the rectified 15 Volts from the ac supply to start
charging. When the battery is charged to a value specified by the variable resistor RS, usually 14.5 Volts [9], the
zener diode as shown in Fig. 1 goes into conduction and sends biasing voltage to the gate of the thyristor T,
which also goes into conduction and grounds the battery through the resistors R, and Rg. The resistor Ry is used
to stabilize the break over voltage of the zener diode while the capacitor C, is used to prevent zero resistance
grounding of the battery through Rs. The voltage at the zener diode is controlled by the discharge time of the
capacitor C,.

VIIl. SOLAR PANEL AREA
The area of the solar panel required to power this station can be gotten from assumption using the solar
constant (s, =1353watts/m?) [10, 11]. For 4500watts, the needed area is 4500/ Iy, = 3.326 m? ~ 4.0 m? solar
panels connected in parallel.

IX. THE MULTIVIBRATOR

The multivibrator is a simple 5-resistor Wien bridge circuit designed on the principle of 741 op-amp
with 2 capacitor interface to facilitate the oscillation [12]. Fig. 2.0 shows a sine wave oscillator on the bases of
which the inverter was built. C; and C, define the shape of the output waveform while RS is used to tune the
device to oscillation. The numerous MOSFETS involved in the output circuit of the inverter makes it imperative
to incorporate driver circuit at the output terminals of the 741 op-amps.

The op-amps were used to generate independent sine-wave frequency that went into the base of the
MOSFETSs through the driver circuit. To get 3-phase output voltage, the three independent output waveforms
were shifted in phase by the use of six diodes to produce 3-phase ac voltage with neutral. As shown in Fig. 4.0,
the output transformer can be connected in delta for loads that feed on line voltage.
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Fig. 2.0 Multivibrator circuit

From flg 2.0, V= V.,C = C,=C3,Ri=Rs=R; Ry = 2R,

Where V* = (Ry||C)V,/(Ry[|C)+Ry+ C = Ri*(Vo/ Cs)/(Ry+(1/ Cs))/[Ry*(1/Cs)/Ry+1/Cs+ Ry +1/Cs] =
Rl*VO/(Rl*CS +1)/[R1/(R1*CS +1)+ 1/Cs + R,

AndV = Rl*VO/(Rl +2R1) = Rl*VO/3R1: V0/3

Now, V' =V, . Ry*Vo/(Ry*Cs +1)/[Ry/(Ry*Cs +1)+ 1/Cs + Ry = /3

Therefore, 3Ry/Cs*R;+1 = (R/Cs*Ry+1) +1/Cs+R;

2Ry/1+Cs*R; = (1/Cs+R;) = 1+Cs*R/Cs or 2Cs*R; = (1/Cs+R,)?

1+2Cs*R; + (Cs*Ry)*

0= 1+C%"R,%; C%’R,2 = -1; §*=-1/C?R,®; s = (-1/C*RA)M = j/R,*C. At s = jo; f,= 1/21 R,C = 0.159/RC, Hz.
This is the output signal frequency of the op-amp. The input impedance of 741 op-amp is 2MQ with output
impedance of 75Q [13].
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X. THE POWER MOSFETS

The power MOSFETS used in the power output is IRFZ44 with the following properties: V-mos =
60Volts, 50A, 150 watts. Its equivalent are BUK556-60, 2SK2049 and 2SK 2499 [14]. IRFZ44 MOSFET has
higher theoretical output power than the practical output power. Using a push-pull amplifier circuit with an
efficiency of about 78% [15], the theoretical output power can be calculated as:
Pmax = VCemaxlop = 60*2.5 = 150 watts.
Output power Pgp = Vp*lgp™n,
where efficiency of a push-pull amplifier, n = Py/Pyc
Pac = VCC*IC a2
Pgc = 2VeC*IChmad/n
N = Pao/Pac = (VCC*ICrax/2)/(2*VeC*ICan/nt) = /4 = 0.785
. output power Py, = 220*2.5*0.785 = 431.8 watts
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Fig. 3.0 MOSFET arrangement for output voltage transformer

A look at the power rating of the solar-based power station shows that the 4500watts will require
4500/150 =30 pieces of IRFZ44 or 10 pieces of IRFZ44 per phase cascaded as shown in Fig. 3.0.Figure 4(a)
shows a A/Y connected inverter transformer requiring three input signals with center tapped V. to give out three
phase voltage. Figures 4(b) and 4(c) show wye-wye connection of inverter transformer with phase shift using
diodes. The circuit of 4(c) will require 4 sinusoidal signal inputs while the other two circuits of 4(a) and 4(b)
will require 3 sinusoidal signal inputs to generate a 3-phase circuit. The output of Fig. 3.0 forms the input of Fig.
4 (a, b and c) arranged as appropriate.
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Fig. 4.0(a) 3-phase delta-wye connected transformer without diodes
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Fig. 4.0(b) 3-phase wye-wye connected transformer with 6 diodes
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Fig. 4.0(c) 3-phase wye-wye connected transformer with 12 diodes

XI. CONCLUSION

The modeled UPS which was meant to support a load of 4500 watts for 6 hours can be extended to 24
hours service at a load of 1150 watts. The usual high harmonic associated with singles phase systems has been
reduced by the use delta-wye connected transformer. Again, mass and weight of inverters have been grossly
reduced by the compactness of three phase inverter. The problem of heat removal is obvious and that is the
reason for the incorporation of a small dc fan to cool the power MOSFET bank. The number of cascaded
MOSFETs will be reduced with the availability of MOSFETs with higher power rating. The economic
application of this type of renewable energy resource will be realizable in combination with the introduction of
energy saving bulbs.
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