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This paper is dedicated to studying the control of the Three Level Boost
Converters (TLBC) and the optimization method of Maximum Power Point
Tracking (MPPT) based a variable step. The main objective of the
optimization is to find a compromise between the response time and the
amplitude of the oscillations around the optimal point. The nonlinear
behavior of the TLBC is manifested by the presence of the disturbances. For
reasons of simplicity of the control, a linearization based on the dynamic
compensation of the disturbance is proposed. On the one hand, a cascaded
MPPT algorithm and a simple linear regulator allow adjusting the inductance
current and a maximum power operation of the wind system. On the other
hand, a second linear regulator ensures balancing of the output voltages. The
paper proposes a new approach to the optimization of the Inc-Cond MPPT.
The suggested contribution consists of using an exponential function of the
power derivative to develop a variable step. The adoption of the variable step
size according to the dynamics of the wind system implies a compromise
between the response time and the amplitude of the ripples around the
optimal point. The simulation results showed that a variable step size,
especially in transient conditions and during a very rapid climate change
recover the optimum power point within a reasonable time and suitable
amplitude of the oscillations. The results achieved in this study show the
ability of the proposed approach to extract the maximum power according to
the available wind speed while guaranteeing a better efficiency. The
developed study is summarized by the following points: (a) modeling the
wind conversion systems, (b) detailing the control approach of the TLBC and
presenting the variable step method (c) presenting the simulations results and
evaluating the perf
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1. INTRODUCTION

The power wind conversion system consists of a synchronous generator a (PMSG), a three-phase
uncontrolled diode rectifier and a three-level boost converter. The structure studied is illustrated in Figure 1.
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Figure 1. Power wind conversion system based PMSG generator and the three-level Boost converter TLBC

1.1. The turbine model
The aerodynamic power P, captured by the wind turbine is expressed by the following relation [1]

P =m.p.R%.Cp(D).v* 1)
Where the tip speed ratio A is given by

1= @
v is the wind speed, p is the air density, R is the rotor radius and Cp is the power coefficient. The power
coefficient is expressed as function of tip speed ratio A in place of pitch angle B as

21

C, = 0.576.(22- 048 — 5) % + 0.0068.2 )
1
1 1 0.035
i A+0.088  B3+1 (4)
The aerodynamic power is also defined by
P=T,.wn, (5)

Where T,, is the aerodynamic torque and o, is the rotor speed. The curve of power in term of the rotor speed
and the aerodynamic power in term of the tip speed ratio are illustrated in Figure 2 and Figure 3 respectively.
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Figure 3. The power coefficient as function of tip

Figure 2. Curve of power of the wind speed ratio

In this work, the control of the wind conversion system is carried out keeping the pitch angle equal to zero
(B=0). The following mechanical model gives the dynamic of the wind turbine

dwm
dt

=Tn = Tom — f-0n (6)
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Where T,,,the electromagnetic torque of the synchronous generator, J is the turbine total inertia and f is the
turbine total external damping.

1.2. The PMSG model
The dynamic equations of a (PMSG) generator is written in a synchronously rotating dq reference
frame as [1]

, dig i

Vsd = _RS' leg — Ld ;l’d + Lq. Wy lsq (7)
. disq i 3

Vsq = =Rs.lsq = Lq 77 = La- wr-Lsay [5- Ps- 0y ©

Where Vg, and Vg are the g-axis and d-axis stator terminal voltages. isq and i, are the g-axis and d-axis
stator currents, R is the resistance of the stator windings, w, = p. w,, is the electrical angular velocity of the
rotor and p is the number of pole pairs of the (PMSG). @, is the flux linkage produced by the permanent
magnet mechanism located in the rotor.

The power produced by (PMSG) generator can be expressed as a function of the dq components of
currents and the dq components of the voltage according to the following relation:

3
p= 2" Vsalsq + V;qlsq) )

1.3. Three-level boost converter modelThe four possibilities of the switching states of the power switches
are illustrated in Figure 4 [2-9]:
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Figure 4. Possible switching states in three-level boost converter: (a) state 1; (b) state 2; (c) state 3; and
(d) state 4

The dynamics model of the TLBC is expressed by the following equations:

x=Ax+B (10)
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By replacing x, A and B with their expressions, the dynamics of the converter TLBC can be modeled by the
following matrix:

. 0 0 U i’}

Ua |r 51-I Ua [ C11

. u —

o= 00l fuafe | 22| (a1)
A R

where L, I, and I, are the storage inductance, the current across it and the output current. Uy, Uc; and U, are
the output voltage of the three-phase rectifier and the voltage of the capacitors C1 and C2. ul and u2 are
respectively the control signal of the two power switches T1 and T2 [10].

2. CONTROL APPROACH OF THE TLBC
The objectives of controlling the three-level boost converter levels are [2]:

a.  Balancing the two voltages at the output of the converter.

b.  Extraction of maximum power from the wind generator.

The adjustment loops are constructed according to the following hypothesis:

a. The output voltage of the TLBC is assumed to be constant. The regulation of this tension is ensured by
another control loop (part not studied in this paper).

b.  The voltage balancing loop of Ucl and Uc2 is faster than the current adjustment loop IL. In closed loop,
the loop of the voltages is designed to be faster than the current loop which allows a very fast
convergence of the difference Uc1-Uc2 to zero.

Using the average equivalent model, the TLBC converter is represented in the open loop by the system as

shown in Figure 5.
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Figure 5. Open-loop representation of the TLBC converter

where d1 and d2 are Are respectively the average value in a cutting period of the command ul and the
command u2. According to the above-mentioned hypothesis, the voltages Ucl and Uc2 are well maintained
equal (Ucl=Uc2=Uc). IL, Uc and Udc are considered disturbances which must be compensated during a
closed-loop control.

The control of the difference Uc1-Uc2 and the current IL is reduced to a first order system. A simple
P1 controller is used to:
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a.  Balancing the two voltages of the two capacitors at the output of the TLBC,
b.  The adjusting the current IL which allows a maximum power point operation of the wind system.
Figure 6 summarizes the control approach used [2]-[11]:
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Figure 6. Closed loop control, (a) Current control approach, (b) balancing voltage control

3. INC-COND MPPT BASED A FIXED AND VARIABLE STEP SIZE
3.1. Inc-cond MPPT based a fixed step size

The conventional Inc-Cond MPPT is based on a constant step. Figure 7 illustrates the operating
principle of the conventional Inc-Cond MPPT:
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Figure 7. Conventional Inc-Cond MPPT

A relatively large step leads to oscillations of great amplitudes and a very interesting tracking time. A very
small step will lead to a very long tracking time and very limited oscillations around a desired point.

3.2. Proposed inc-cond MPPT based variable step size

Finding a compromise between the response time (search time or tracking time) and the amplitude
of the ripple is the expected goal of this work. To achieve this objective, the Inc-Cond algorithm is realized
based on a variable step size function of the dynamics of the wind system. Figure 8 illustrates the operating
principle of the proposed Inc-Cond MPPT:
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Figure 8. Principle of the INC-cond MPPT based a variable step size

4.  SIMULATION RESULTS

The model of the power wind conversion system, three-level boost converter TLBC and the
proposed Inc-Cond MPPT are implemented in Matlab/Simulink. In this study, the wind generator delivers a
maximum power of 22kwatts. The specification of the control parameters and the main characteristics of the
wind system are summarized in Table 1 and Table 2 respectively.

Table 1. Parameters Used in the Simulation
Parameters  Value Unit

Three L 2 mH

Level c1 470 WF

Boost C2 470 ny
Converter f 20k Hz
Inc-Cond

MPPT Step 0.001 -

Table 2. Main characteristics of the Wind turbine and PMSG

Parameters Value Unit
. Vi, 12 m/s
Turbine R 4 m
Us 500 \Y
Pa 22 k "
f 50 Hz
PMSG Rs 50 m Q
Lg-Lq 0.6 m H
I 0.011 kg.m?
P 10 -

In order to prove the validity of the control approach and the efficiency of the proposed optimization
algorithm, the simulation results of the conventional Inc-Cond algorithm and the proposed algorithm will be
presented, discussed and compared. A wind profile is applied to the wind turbine blades as illustrated in
Figure 9(a). Firstly, the simulation results are given for Inc-Cond MPPT based a constant step. Figure 9(b)
shows the inductance current and its reference. According to this figure, the inductor current is well regulated
to its reference. According to this figure, in transient mode, the inductance current reaches its reference point
after 0.36 seconds. During an abrupt change in wind speed, the inductance current took about 0.7 seconds to
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reach its reference. Figure 10(c) shows an inductor current zoom. According to this figure, the amplitude of
the ripple of the inductance current is 0.6A. Figure 9(d) illustrates the power delivered by the wind system as
a function of time. By comparing the extracted power according to the wind speed and the maximum power
given by Figure 2, it is noted that the wind system operates at its maximum power. Figure 9(e) shows the
wind power coefficient. According to Figure 3, the optimal value of this factor is 0.45. The control of the
wind system for maximum power operation made it possible to adjust this factor to its optimum value. It is
noted that the power coefficient deviates from its optimum value during the change of wind speed, but the
control was able to reset this factor to its optimal value for 0.6 seconds. Figure 9(f) shows the voltages of the
capacitors at the output of the converter. According to this figure, it can be seen that these two voltages are
well balanced. At the moment of change of the wind speed, a very negligible difference appears between
these two voltages, and then the control acts quickly to maintain balancing these voltages again.
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Figure 9. Inc-cond MPPT results based constant step (Step=0.001), (a) Wind speed (m/S), (b) Inductor
current (A), (c) Inductor current zoom (A), (d) Power (W), (e) Power coefficient, (f) Capacitor voltages(V)
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In order to compare the proposed approach based on a variable step to the conventional Inc-Cond
MPPT presented in the previous results, the same wind speed profile is applied to the wind system. Figure 10
gives the simulation results of the control of the TLBC using the optimized MPPT.

Figure 10(b) shows the inductance current and its reference. According to this figure, the inductor
current is well regulated to its reference. In the transient mode, the inductance current reaches its reference
point after 0.12 seconds. During an abrupt change in wind speed, the inductance current took about 0.12
seconds to reach its reference. According to these results, it is noted that the transient time and the tracking
time are well improved compared to the time taken by the conventional MPPT Inc-Cond.

Figure 10(c) shows an inductor current zoom. The amplitude of the ripple of this current is very
limited. According to this figure, the amplitude of the ripples around the optimum point is well maintained
less than or equal to 0.5 A. Figure 10(d) illustrates the power delivered by the wind system as a function of
time. According Figure 2, it is noted that the wind system operates at its maximum power.

Figure 10(e) shows the wind power coefficient. In the transient mode, the power coefficient reaches
its optimal value equal to 0.45 after 0.12 seconds. It is noted that power coefficient deviates from its optimum
value during the change of wind speed, but the control resets this factor to its optimal value for 0.1second.

Figure 10(f) shows the voltages of the capacitors at the output of the converter. According to
Figure 10(f), the voltages Ucl and Uc2 are well balanced. At the moment of change of the wind speed, a very
negligible difference appears between these two voltages, and then the control acts quickly to maintain
balancing these voltages again.

Figure 10(g) shows the step value used for determining the optimum inductance current value. It is
noted that this step takes on a very important value in transient mode or during a change in wind speed. This
step tends quickly to a very low value when the system finds the optimal point.

Figure 10(h) shows in zoom the step used by the MPPT Inc-Cond. According to this figure, the
variation of step size during the changes in wind speed or in transient conditions made it possible to detect
the optimum point more quickly. When the optimum point is found, the system oscillates around this point
with very limited amplitude ripples, which is justified by the presence of the smaller step size in the
established regime.
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Figure 10. Inc-cond MPPT results based variable step(Step), (a) Wind speed (m/S), (b) Inductor current
(A), (c) Inductor current zoom (A), (d) Power (W), (e) Power coefficient, (f) Capacitor voltages (V), (g)
Step size, (h) Step size zoom

The simulation results indicate that:

a. The voltages of the capacitors are kept equal. Based on the results, it can be deduced that the balancing
of the output voltages of the TLBC is assured,

b.  The power extracted is identical to the value given by the theoretical power curve according to the wind
speed. The maximum power operation and the adjustment approach of the inductance current are
validated.

c. The search time and the tracking time are improved in the proposed approach. The improved MPPT
takes the little time (0.12 S instead of 0.36S) to recover the optimal point.

d.  The amplitude of the ripples around the optimal point is well maintained at a maximum which does not
exceed 0.5A which justify the validity of the proposed method.

5. CONCLUSION

The paper addressed the modeling and control of the TLBC. The control approach is based on
linearization and disturbance compensation since the three-level boost converter exhibits non-linear behavior.
The objectives fixed by the control are respectively balancing the voltages of the capacitors and extracting
the maximum power. On the one hand, according to the simulations results, it is noted that the control and
linearization approach is well validated and the wind system is operating at its maximum power. On the other
hand, the optimization approach of the Inc-Cond MPPT is validated since the transient time and the tracking
time are well minimized and the ripple around the optimal point is well maintained at a reasonable limit.
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