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Abstract. In order to improve the working efficiency of thermoelectric
generation (TEG), maximum power point tracking (MPPT) is usually
used in the system. The perturbation method is a traditional method for
MPPT. The perturbation of the step length is normally fixed. It will lead
to be not accurate enough if the step size is too big. If the step size is too
small, it will lead to take a long time. Therefore, the proportional step
perturbation method MPPT is proposed in the paper. This method can
be implemented by using large steps at the beginning to save time. When
it is near the maximum power point, small steps can be used to achieve
the accurate purpose. The derivation of the method has been described
in details in the paper. The simulation model is established based on
Matlab. The simulation results show that the method is feasible.
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1 Introduction

At present, the MPPT methods include fixed voltage method, disturbance ob-
servation method, conductance increment method, etc. The constant voltage
tracking method is a kind of approximate maximum power tracking method.
The constant voltage tracking method has certain power loss. When the tem-
perature changes, the open circuit voltage of the thermoelectric chip will change
accordingly. Therefore, the tracking efficiency is not high enough. And the MPP-
T fixed point is not accurate enough[1-3]. The incremental conductance method
is accurate in control and quick in response. It is suitable for the situation where
atmospheric conditions change rapidly. However, the hardware requirements are
high such as the electronic sensor accuracy. And the response speed of each part
of the system is required to be fast. Therefore, the hardware cost of the whole
system is also relatively high. When the accuracy of the sensor is limited, there
will be errors in the calculation of the increment and instantaneous conductance
of the thermoelectric module by the processor. It will inevitably lead to inac-
curate tracking[4-6]. For the traditional perturbation method with fixed step
length, the output of the thermoelectric panel will be floating around maximum
power point if AU value is too large. If AU value is small, it can guarantee
the tracking accuracy. But this will need more time. When the maximum power
point change frequently, the result will be worse[7-9]. Therefore, the proportional
step perturbation method MPPT is proposed in this paper. It can overcome the
shortcomings of the traditional method and ensure fast and accurate MPPT.
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2 Boost Circuit with PID Controller

Fig. 1. Boost Circuit

When the IGBT conducts in the circuit, the current forms a circuit by FEjy
through the boost inductance L. And the inductance L stores energy. When the
IGBT is turned off, the reverse electromotive force generated by the inductance
and the DC power supply are superimposed on the working load. Therefore, it
can obtain a higher voltage on the load. The function of the diode is to ensure
a single direction pass. And the current iy continues to flow through the diode
D. By adjusting the on-off period of the switch device IGBT, the output current
and voltage on the load side can be adjusted.

t t
Up = =—4 tLoi Ey (1)
loff

In the above equation (1), T is the switching period, t,, is the conduction
time and ¢,¢5 is the turn-off time. The circuit adopts closed-loop voltage control
as shown in the Fig. 2. It is the schematic diagram of the closed-loop voltage
control system. The voltage loop is controlled by the constant value. The volt-
age controller adopts PID controller. Therefore, the output voltage can obtain
accurate and stable value.

U et Uout
PID Controller >

Fig. 2. Voltage PID Control Mode
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Fig.3 is the output under normal conditions for the Boost circuit. And Fig.4
is the output under sudden load change for the Boost circuit. The waveform
shows that it can obtain stable output under different working load.
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Fig. 3. Output Under Normal Conditions of Boost Circuit
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Fig. 4. Output Under Sudden Load Change of Boost Circuit

3 Proportional Step Perturbation MPPT

Because of the slow temperature changing speed, it can be considered that the
temperature at both ends of the thermoelectric generator is constant in a con-
trol cycle. The circuit model can be equivalent to a voltage source and a fixed
resistance in series as shown in Fig.5.
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Fig. 5. Thermoelectric Circuit Model

Fig.5 is a simple closed circuit, R is the load resistance of the external circuit.
The terminal voltage is:

Uy = Ey — REy (2)
Multiply the current I on both sides of the equation:
IU =1E, — I’Ry 3)

Assuming the load is pure resistance, I*Ey is the total power of the circuit,
IR, is the power of internal resistance and I*U is the power of output.

2
P=1U =I?RL = RL[(RLEfRO)]Q = (RfiE}(%O)Q (4)
Because of:
(RL + Ro)? = (R, — Ro)* 4+ 4R Ry (5)
So:
po fuFd B H )
(R +Ro)>  (Rp — Ro)®+4Rp Ry (Fe—Ro)® | yp.

Ry

Since the EMF Ej and internal resistance R of the circuit are independent of
the external circuit, they can be regarded as constant. When the load resistance
Ry is equal to the internal resistance Ry, the output power of the circuit reaches
the maximum value. Its maximum value is:

E§ _ Ej

Pm = =
4Ry 4R

(7

The short-circuit current is IS. When Ry=Rj, , the equivalent circuit of the
thermoelectric generation is working at the maximum power point (MPP).Then
the following two conditions are also met with.
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The thermoelectric generator is connected to DC / DC boost circuit as shown
in the Fig.6. There are two modes in normal operation: MOSFET on mode and
MOSFET off mode.

RN

Fig. 6. Boost Circuit of Thermoelectric Generation

As shown in the Fig.6, when MOSFET is on, the voltageF) is:

dI
Fo=Rgl +L— 10
0 ol + 0 (10)

Divided on both sides of the equation by Ry:

L dI
I,=T+—— 11
TRy dt (11)
When the circuit works in MPPT,
Ey Ry
Use = — =1;,— 12

Because Ey will changes by different temperature, the short-circuit current of
thermoelectric generator can be calculated according to the inductance current
value and its changing rate. Then the value of Ey can be calculated. So as long
as the value of control port voltage U is Ey / 2, MPPT control strategy can be
achieved.

. |U - Usc|
Usc

When the working point is on the left of the maximum power point.

K (13)
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dP

—>0:U=U+KAU 14
¥ Tii + (14)
When the working point is the maximum power point.
dP
—=0:U=0U, 15
¥iii (15)

When the working point is on the right of the maximum power point.
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Fig. 7. Proportional Step Perturbation MPPT Flow Chart

dP
T <0:U=U-KAU (16)
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The Fig.7 is the proportional step perturbation MPPT flow chart. As shown
in the Fig.7, the coefficient K corrects the new value in each cycle. Therefore,
it can be ensured that the step size is larger when the working point is farther
away from the MPPT point. And the step size is smaller when the working point
is closer to the MPPT point.

4  Simulation and conclusion

The Fig. 8 is the I/U Waveform of the thermoelectric cell. And the Fig. 9 is the
P /U Waveform of the thermoelectric cell.
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Fig. 8. I/U Waveform

XY Plot
1000 ~ AL

700 -
600~
2 00
=
400~

300

o 20 40 60 80 100 120 140 160 180 200

Fig. 9. P/U Waveform
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As shown in the Fig.9, the maximum power point is located near the midpoint
of open circuit voltage. Therefore, the closer the voltage is to the midpoint, the
smaller voltage step is to achieve accurate control. The further away from the
midpoint of the open-circuit voltage, the voltage step can be increased for the
purpose of quickly MPPT.

The Fig.10 is the simulation waveform of MPPT. The temperature changes
at 0.03 seconds. And the maximum power changes from 1,400W to 3,250W.
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Fig. 10. MPPT Waveform

It can be seen from the waveform that the MPPT algorithm based on pro-
portional step perturbation method can lock the maximum power point quickly,
accurately and stably. The simulation results show that the design is feasible.
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