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Induction Motor Drive Based on Vector Control Technique and
Active Power Factor Correction for The Three-Phase Rectifier
Systems Using The Three-Level Converters

Abstract. This paper presents a comparison of the modulation methods of space vector power control in combination with a Vienna three-phase
rectifier using two control methods: 1. Power Control 2. Current Control There are three modulations tested: 1. Pulse width modulation using a
phase-shifted triangle signal 2. Modulating pulse width with a shifted triangle signal 3. Pulse width modulation by vector and d-q axis control is also
used to stabilize the distortion of the input current and DC output voltage. The pulse width modulation method with a phase-shifted triangle signal
was discovered to have a total input current distortion of as low as 2.28 percent, and the DC output can be stabilized at 800 VDC with a rated power
of 10 kW. All results were obtained from the programs MATLAB and the test suites DSP. The simulation confirmed the effectiveness of control and
modulation for the design and selection of suitable methods for the Vienna three-phase rectifiers.

Streszczenie. W artykule przedstawiono poréwnanie metod modulacji wektora przestrzennego sterowania mocg w potgczeniu z wiedenskim
prostownikiem tréjfazowym przy uzyciu dwéch metod sterowania: 1. Sterowanie mocg 2. Sterowanie pradem Testowane sg trzy modulacje: 1.
Modulacja szeroko$ci impulsu z wykorzystaniem fazy -sygnat z przesunietym tréjkatem 2. Modulacja szerokosci impulsu z przesunietym sygnatem
trojkgta 3. Modulacja szeroko$ci impulsu za pomocg sterowania wektorowego i osi d-q jest réowniez wykorzystywana do stabilizacji znieksztatcen
pradu wejsciowego i napiecia wyjsciowego DC. Odkryto, ze metoda modulacji szeroko$ci impulsu z przesunietym w fazie sygnatem tréjkatnym
powoduje catkowite znieksztafcenie prgdu wejSciowego na poziomie zaledwie 2,28 procent, a napiecie wyjSciowe pradu statego mozna
ustabilizowaé na poziomie 800 VDC przy mocy znamionowej 10 kW. Wszystkie wyniki uzyskano z programéw MATLAB oraz zestawéw testowych
DSP. Symulacja potwierdzita skuteczno$¢ sterowania i modulacji przy projektowaniu i doborze odpowiednich metod dla wiedenskich prostownikéw
tréjffazowych. (Naped silnika indukcyjnego oparty na technice sterowania wektorowego i korekcji wspéfczynnika mocy czynnej dla
trojfazowych ukiadéw prostownikowych z wykorzystaniem przeksztaitnikéw tréjpoziomowych)

Keywords: Pulse width modulation using a phase-shifted triangle signal, Current control, d-q control, Pulse
Stowa kluczowe: naped, silnik indukcyjny, przeksztattnik tréjpoziomowy

Introduction Vienna three-phase rectifier, the circuit performance
The Vienna rectifier in Figure 1 is a three-phase, three-  remains the same.

level voltage rectifier with high reliability, high efficiency,

and minimal occurrences of total harmonic distortion, which

is an active filter circuit, smaller size, higher efficiency, and

higher power factor compared to the passive filter method.

D1| D2| D3|
A A A C1l.
L1 -
Vi 1+l 11
L2 Q1—|_ Qz—l_ R1L
N 16T 15T < Fig.2. three-level vector space
v2
14T 1t 2 L The method for controlling a three-phase Vienna
v3 D4 DS DBK as! sl rectifier
T T The control method on the d-q axis is shown in Figure 3.
The input voltage (Va, Vb, Vc) and input current (la, Ib, Ic)

are converted from a three-phase system into a rotating
Fig.1. Vienna three-phase rectifier reference frame using the Clark transform principle as
shown in Equations 1, 2, and 3, and the Park transform as
The Vienna three-phase rectifier uses control by the d-g  shown in Equations 4-6.
method and the modulation method. The control of

switching devices in Vienna rectifiers is the space-vector 2 1
pulse width modulation, which is a three-level vector space (1) iq i, — =@ —1ic)
consisting of 27 states in switching and 19 voltage vectors 3 3
as shown in Figure 2. 2
Due to a large number of switching states and voltage  (2) ig = —(p — i)
vectors, complex calculations are possible. Therefore, this
paper will introduce how to use three levels of vector space  (3) ip = § (i, +1ip + i)
as a two-level vector computation method, which will make
it easier to calculate active vector space. Together with the (4) iy =i, - COS(G) + iB . Sin(e)
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(5)
iq = -sin(8) + ig - cos(0)

The Id is the current in the D axis, which is like the real
power, and lq is the current in the Q axis, which is the
reactive power. The Id is then derived from the PI controller
used to control the DC voltage. The output and the Iq are
set to zero in order to control only the power factor close to
one. The currents Id and Iq are controlled by a PI regulator
used to control the current as in Equations (6) and (7).

K;
(6) Ug = (K + ) (ldref ld) + \Z + (A)qu

K;
) ug = (K + )(lqref 1q) +vy — wLiy

When converting the voltage in the form of a rotary
reference frame back into a three-phase power system for
use in modulation by the reversing principle of Park is
shown in Equation (8), and Clark's reversal shown in
Equation 10-12.

(8) iy =14 cos(B) — ig - sin(6)
@) ig =4 - sin(0) + iq * cos(0)
(10) I, = 1y

: 1 3
(11) lb——§-1a+7-13
(12) i =—1'i _ﬁ.i

C 2 a 2 B

PWM Rectifier

Fig.3. Control diagram on the d-q axis.

The three-level space vector modulation method is a
two-level space vector
1. Conversion to the origin of the three-level space
vector

As shown in Figure 4(a), this method converts the origin
of the three-level space vector, which consists of 19 voltage
vectors, as follows: The zero vector (v0) has a size of zero.
A small vector (v1, V2, V3, V4, Vs, Vg) has a size of Vdc/3, a
medium vector (vs, Vio, V12, V14, V1, V1g) has a size of
3Vdc/3, and large vectors (v7, Ve, V11, V13, V15, V17) have the
same size as 2Vdc/3 points to a small vector v+, vz, V3, Va4,
Vs, Ve. This method gives the vector space a shape similar
to the two-level vector space shown in Figure 4(b), and the
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reference voltage vector can be written as shown in
Equations 13 and 14.
(13) TVy + T, Vy, + T,V, = T Vrgr_map

(14) T+T,+T, =T

Vii Vio Vg vy =Vg =V,

Vi3

Fig.4. The reference voltage vector in a three-level vector space,
(b) The reference voltage vector after moving the starting point in a
two-level vector space

A two-level vector space sector can be divided into six
three-level vector space sectors as shown in Figure 5 and
will get the size of vz in each sector according to Table 1.

B D &

Fig.5. Divides the three-level vector space into 6 sectors.

Table 1. The zero vector position of each sector and its magnitude.
The zero vector

Sectors. o The size of Vz
position
1 V, Va/3
2 V, V4o/6
3 V3 -V4o/6
4 V4 'Vdcj 3
5 Vs -V4c/6
6 Vs V4o/6

2. Calculation of the duty cycle time Ty, Ty, T.
The duty cycle time equation [13-15] can be used in the
same way as for a two-level vector space as in Equation 15.

V] T WC%M(OP;DH) mscgﬂ'g
[vy] 2 T[sin ((n —3 1)1'[) " (%) J Ty]

When n denotes the 1-6 subsectors of the two-level
vector space and Ts denotes the random time. Therefore,
when calculating the duty cycle time, it will be as shown in
Equations 16-18. The position vectors and duty cycle times
of each subsector in sector 1 can be summarized in Table
2.

(15)

T
X =23V, x o=

dc

(16)

T
Y =3V, + V3V, x =
Vdc

(17)
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T,
—V3V, x —
y Vdc

(18) Z=3V

Table 2. Summarize the position value of the vector and the duty
cycle time of sector 1.

The position value of the .

s:::‘tl:)r vector the duty cycle time
V, vV, V, T, | T, T,

A V7-Vy Vg- V4 Vi-Vy Z X TX-Z

B V- V4 V,- V4 Vi-Vy Y | -Z T-Y+Z

C Vy- V4 Vo- V4 Vi-Vy X |1-Y T X+Y

D Vo- V4 Ve- V4 Vi-Vy | -Z | X TA+Z+X

E V- V4 Vig-Vi | Vi-Vy | Y | Z T+Y-Z

F Vig- Vi V7- V4 Vi-Vy | X | Y T+X-Y

3.Determination of the switching sequence

A vector symmetric method is used to determine the
switching sequence in a two-level vector space. For
example, the switching sequence of sub-sector 1 in sector 1
is shown in Figure 6, and the switching sequence is as
shown in equation 19.

(19) V1+ —Vg—=Vy;=Vi_—Vi_—V; Vg _V1+
v (1,1,0) vy [1,0,-1)
(1,1,1)
va (0,0,0) y v7(1,-1,-1)
['1r'1;'1]

vs (1,0,1)

Vi [ 1.—1,0:'

Fig.6. Switching sequence for sector 1

The modulation condition is determined by the
direction of the input current. For example, the current in
phase A of sector 1 is positive and thus modulated by the
positive triangle signal. The currents in phase B and phase
C are negative, so they are modulated by the negative
triangle signal as shown in Figure 7.
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[_f |

(0,1,1}: {0,1,0): IODO] IIDO] (1,0,0); (000}(010} (0,1,1)

T1»:Ts:T7:T1;T1.ET?ET3;T1+

Fig.7. S Modulation in sub-sector 1 of sector 1
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Results

In this test, the DSP is used to determine the operation
resulting in a sinusoidal input current, control the output DC
voltage, and measure the total distortion of the input current
with the following in table 3 parameters:

Table 3. Parameters in this test

Parameters Value
Input Voltage 380 Vac
Output Voltage 800 Vpc
Output Power 10 kW
Switching Frequency 20 kHz

Inductor 3 mH
Capacitor 220 uF

Sample Time 1e’s

In Figure 8, the input current is controlled by
modulation, resulting in a sinusoidal nature and low input
current distortion. From Figure 9, the input voltage (Va) and
the input current (la) in the steady state do not overlap,
causing the power factor to approach one. From Figure 10,
the output DC voltage is regulated at a constant of 800Vdc.
When the line-to-line voltage is represented by three
voltages, as shown in Figure 11, and the distortion of the
input current is measured, as shown in Figure 12, the
distortion is 2.28 percent.
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Fig.8. Input voltage (Va, Vb, Vc) and input current (la, Ib, Ic)

Input Valtage (Va) and Input Current (la)
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Fig.9. Input voltage (Va, Vb, Vc) and input current (la, Ib, Ic)
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Fig.10. Input voltage (Va, Vb, Vc) and input current (la, Ib, Ic)
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Line to Line Voltage (Vab)
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Fig.11. line-to-line voltage (Vab)
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Fig.12. Distortion of input current

Conclusions

This paper presents a space vector pulse width
modulation method of a three-level converter circuit in a
Vienna rectifier using the three-level space vector from a
two-level vector space. Three-level vector spaces are
typically complex computations, whereby they simplify
computations by using duty-cycle-time computations, and
the switching sequence is the same as the two-level vector
method, which can also reduce the total input current
distortion to as low as 2.28 percent. It is also able to
maintain a constant DC output voltage of 800 Vdc.
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