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Abstract. The maximum power transfer theorem is discussed from the viewpoint of the case teaching
method in this paper. Based on the output characteristic of PV cell, the principle of maximum power
transfer in PV cell is analysed in detail. And simulation was carried out to verify maximum power
transfer. This case teaching develops the ability to deal with practical problems which isthe purpose
of case teaching.

I ntroduction

In many practical situations, acircuit is designed to provide power to aload. There are applications
in areas such as communications where it is desirable to maximize the power delivered to aload. In
PV power system, the output voltage and power of PV cell varies with the level of solar radiation and
ambient temperature corresponding to a specific weather condition, so PV power isakind of unstable
power. The output power is as much as possible which can raise efficiency of PV power systems
under different conditions of solar radiation and temperature. The maximum power transfer theorem
in circuit has agood application in PV power generation.

The maximum power transfer theorem

In the conventional linear system of electrical equipment, Thevenin equivaent is often used to
analysis circuit!¥. The Thevenin equivalent is useful in finding the maximum power a linear circuit
can deliver to a load. We assume that we can adjust the load resistance R,. If the entire circuit is
replaced by its Thevenin equivalent except for the load, as shown in Fig.1?, the power delivered to
theload is

Fig.1. Thecircuit used for maximum power transfer
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For agiven circuit, Vr, and R, arefixed. By varying the load resistance R, the power delivered to
the load varies as sketched in Fig.2.
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Fig.2. The power delivered to the load

To obtain the maximum power point, we differentiate pin Eg. 1 with respect to R and set the result
equal to zero. We obtain

dp {(RTqu)Z—zRL(RmR)}

R " (R, +R)* @
:VTZ{(RWRL—ZR)}:O
(Ry+R)’
So we can yield that
RTh :R_ (3)

It can be seen that the maximum power transfer takes place when the load resistance R_ equals the
Thevenin resistance Rry. The maximum power transferred is obtained by Equation(4).

V 2
Prrac =2
ARy,

Thisis known as the maximum power transfer theorem

(4)

The output characteristic of PV cell

Photovoltaic cells consist of a silicon P-N junction that when exposed to light releases electrons
around a closed electrical circuit. From this premise the circuit equivalent of a PV cell can be
modeled through the circuit shown in Fig. 3*¥. Electrons from the cell are excited to higher energy
levelswhen a collision with a photon occurs. These electrons are free to move across the junction and
create acurrent. Thisismodeled by thelight generated current source (Ipn). Theintrinsic P-N junction
characteristic is introduced as a diode in the circuit equivalent!®.
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Fig.3. Photovoltaic cell equivalent circuit
According to the equivalent circuit and features, it is known that the characteristic of PV will be
changed when s and T change. Changes in these variables s and T cause the current-voltage (I-V)
curves of photovoltaic array to change aswell, asillustrated in Fig. 4 and Fig. 5, where Ssymbolizes
the solar illumination, and T is temperature.
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Power-Voltage Curves
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Fig.4. Power versus voltage curves influence by the solar illumination
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Fig.5. Power versus voltage curves influence by temperature
From Fig. 4 and Fig. 5, it can be seen that the output power of a PV module is influenced by the
solar illumination and ambient temperature.

Application of the maximum power transfer theorem in PV power system

In PV power system, internal resistance of PV cell isnot only affected by the intensity of sunlight,
but also influenced by temperature and load, which is always change. We can take advantage of the
maximum power transfer theorem in circuit. An impedance transformer is inserted between the solar
photovoltaic power and load which is used to match the load and the change of PV cell internal
resistance, so as to make the output power of PV cell to the maximum. Maximum power output of PV
cell’s structure is shown in Fig.6. Load and changing resistance in PV cell power can been always
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Fig.6 Maximum output power circuit structure
In order to verify the application of maximum power transfer theorem in PV power system, the
corresponding simulation has been performed in Matlab/Simulink software. The result of simulation
can beseenin Fig.7.
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Fig.7. Power transfering processin PV power system

InFig.7, it showsthat the output power of PV cell has been awaysin a maximum, so the maximum
power transmission isimplemented in PV power system.

Conclusion

Maximum power transfer theorem is an important theorem in circuit theory, also must consider the
actual problems in the new energy power generation such as PV power. Therefore the maximum
power transmission theory used in the photovoltaic power generation in teaching will help students
further understand the theorem.
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