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NOMENCLATURE

SVM : Space Vector Modulation

PWM : Pulse Width Modulation

SPWM : Sinusoidal Pulse Width Modulation

DSP : Digital Signal Processor
THD : Total Harmonic Distortion
r : Modulation rates

m : Modulation indices

R : Resistance

Uab : Line to line voltage

1. INTRODUCTION

Voltage inverters are an essential function of power electronics. They are present in the most varied
fields of applications, the best known of which is undoubtedly that of the speed variation of AC machines.
The strong evolution of this function was based, on the one hand, on the development of fully controllable, powerful,
robust and fast semiconductor components, and on the other hand, on the almost universal use of so-called pulse
width modulation (PWM). The dSPACE DS1104 controller enables the user to employ the MATLAB/Simulink
tools for the development of control algorithms as well as simulation. With the availability of the library
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blocksets, it simplifies the programming task. The codes of the successfully simulated model can be linked
and loaded directly to the dSPACE controller board for the real-time hardware operation [1-3].

The dSPACE is a rapid-prototyping tool which helps to create and test control algorithms developed
in MATLAB/Simulink and implement them in actual hardware set-up. The dSPACE system in conjunction
with MATLAB/Simulink forms a hardware-in-the-loop (HIL) simulation arrangement and is useful for real-
time implementation. The DS 1104 R&D Controller card and CP 1104 1/O board constitutes the hardware
components of the dSPACE system. The DS 1104 R&D Controller card is plugged into a PCI slot of a computer.
The DS1104 is a high-speed digital controller used for real-time simulations. The system is based on a 603
Power PC floating-point processor running at 250 MHz and for advanced 1/O purposes, a slave-DSP subsystem
based on TMS320F240 DSP microcontroller is used [4, 5].

2. SPACE VECTOR FOR A TWO LEVEL INVERTER

There is no single PWM method that is the best suited for all applications, and with advances in
solid-state power electronic devices and microprocessors. Various pulse-width modulation (PWM) techniques have
been developed for industrial applications. The most widely used PWM schemes for three-phase voltage
source inverters are carrier based sinusoidal PWM [6-14] and space vector PWM (SVPWM) [15-23].
The output voltage per phase for a sinusoidal PWM based three phase converter is limited to 0.5Vdc (peak
value) and the line-to-line RMS voltage is 0.612Vdc. SVM is another direct digital PWM technique proposed
in 1982. It has become a basic power processing technique in three-phase converters. SVM based converter
can have a higher output voltage output at 0.707Vdc (Line-to-line, RMS). The classic SVM strategy, first proposed
by Holtz and Van der Broeck. For Vector SVM, the vector represents the three sinusoidal output voltages
that one desires. This vector is best approximated during each modulation interval by acting on the control of
the three complementary switch sets. This vector PWM is not based on separate calculations for each arm of
the inverter but on the determination of an approximated global control vector over a modulation period T.
The circuit diagram of the considered model of the three-phase inverter is shown in Figure 1. The power
stage consists of six switches. (that is to say S;,S,, ..., Sg) and a three-phase load correspondingly associated
with a three-phase voltage {V,,,, Vyn, Von}- V. and Vg, which are used to control the three-phase voltage of
the inverter [24, 25].
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Figure 1. Circuit diagram of the SVPWM three-phase inverter

2.1. Principle of vector modeling SVM

The principle of vector modeling (SVM) consists in reconstructing the voltage vector V, a from
eight voltage vectors. Each of these vectors corresponds to a combination of the state of the switches of a
three-phase voltage inverter, it does not rely on separate calculations modulations by each arm of the inverter [15-20].
This technique follows the following principles:

a) V, a Reference vector is calculated globally and approximated over a modulation period Te.
b)  All half-bridge switches have a state identical to the centers and ends of the period.

A combinatorial analysis of all the possible states of the switches makes it possible to calculate
the voltage vector (V,, V). So we draw a Table 1, different states of the inverter. The vector V, is approximated
over the modulation period, by the generation of an average vector developed by the application of the available
vectors. It consists in considering globally the three-phase system, and in applying to it a Concordia transform to
be brought back into the plane (V,, V). The three phase system of voltages to be generated for the current
sampling time can then be represented as a single vector in this plane. In this model, if the ideal three-phase
voltage we have:
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Table 1. Possible voltage at the output of the inverter
VECTOR S, S, S, Vin Von Vo v, Vs
A 0 0 0 0 0 0 0 0
v 1 0 0 ZVdc/3 _Vdc/3 _Vdc/3 2Vdc/3 0
A 0 1 0 _Vd0/3 2Vdc/3 _Vdc/3 _Vdc/3 Vac 3
A 1 1 0 Vdc/3 VdC/ _ZVdc/3 Vac/3 dc 3
V; 0 0 1 _Vdc/3 Vdc/3 2Vdc/3 —Vdc/3 —Vac 73
Ve 1 0 1 Vdc/3 _ZVdC/ Vdc/3 Vac/3 Vac 3
A 1 1 _ZVdC/3 Vdc/3 Vac/3 —ZVac/3 0
v, 1 1 0 0 0 0 0

with P the transformation matrix developed by Concordia is given by the expression:
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This control technique divides the a f resistance reference into six regions, as shown in Figure 2.
The voltage hexagon of the Figure 2 is the vector representation of the different combinations of the 3
magnitudes (s,, Sp, S¢): NON-zero vectors v,a vg (v, et v, being the null vectors) vy : (sa, Sp, Sc) = (0, 0, 0),
V5 1 (Sa, Spy Se) = (4, 1, 1).
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Figure 2. Hexagon of tension defined in the plane a-3
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2.2. Detection of sectors by SVM algorithm
The SVM algorithm makes it possible to locate a vector represented in the plane a-f based on these

two data: Algebraic sign of the components a and g of the vector; Amplitude of the § component with respect
to the amplitude of the component see Figure 3 [17-23].
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Figure 3. Detection of sectors by the SVM algorithm

2.3. Generation of PWM
A reference vector V..., is considered rotating in the concentric circle of the voltage hexagon, as

shown in Figure 4(a) [18-22].

with:
Vsk+Vsk+1
Ve, = 5
s {%-Vk+T¥:1-Vk+1 ©®)
Te —T, —T.
T, = (Ts 1 2)/4 (6)

Case of zone 1: This situation is shown in Figure 4(b).
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Figure 4. a) Rotation of the reference vector in the hexagon, b) case of zone 1

In this case:
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The pulse during a sampling period T is presented in the timing diagram of Figure 5 (case of the three
pulses of the three upper switches).
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Figure 5. Impulse of zone 1

2.4. Hardware implementation and experimental results

Figures 6 and 7 represent the model of the tests. Figures 8 and 9 shows the line to line voltage of
the three-phase two-level inverter controlled by SVM strategy for Vdc=250V, modulation index=0.95, load
resistor R=10hm. The waveforms representing the experimental results are practically identical to the one
obtained by simulation in [26]. To justify this superiority of SVM compared to sinusoidal pulse width
modulation (SPWM) [26], we calculated the total harmonic distortion (TDH) for three modulation rates r to
different modulation indices m. The results obtained are given in Table 2.
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Figure 6. Presentation of the experimental setup
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Figure 7. SVM control block

Figure 8. Line to line voltage Uy, of the inverter (frequency 10Hz)

Figure 9. Line to line voltage Uy, at the output of the inverter (frequency 50Hz)

Table 2. THD comparison results

r 0.9 1.15

m 24 36 48 24 36 48
THD (%) of SPWM 428 421 208  meeem e emeee
THD (%) of SVM 28.1 26.9 19.4 34.2 324 23.3
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3. CONCLUSION

Experimental and simulation results reported in this paper confirm that the amplitude of line to line
voltage is as high as DC bus voltage in SVM technique. It is concluded from the tabular data that inverter
employing SVM has lower THD and higher fundamental component as compared to the inverter with SPWM.
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