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1. INTRODUCTION

In power electronic converter, the current control is considered as one of the important and crucial
issue. Many literatures reported current control issues and several techniques are proposed over the years [1].
Traditional methods of current control are Hysteresis based control also called bang-bang control, carrier-
based sinusoidal current control and current control based on space vectors approach [2]. Hysteresis current
control is most simple method but it gives variable switching frequency and is difficult for digital realization.
Ramp comparison PWM technique and space vector PWM approaches yield constant switching frequency
operation. Hysteresis control offer variable switching frequency, however, it can be modified to generate
constant switching frequency of the inverter legs [3]. Another approach of current control called ‘model
predictive current control’ (MPC) is becoming more popular for applications in power electronics and
electric drives. Since power converter generates many switching states and some of them are redundant and
may not be useful in obtaining high performance dynamics. Hence, some of the switching states can be
rejected and may not be employed for controls such control are called ‘finite set model predictive control’.
This technique has been employed in controlling three-phase power electronics converters and drives [4-9].
Inherently, MPC is computational intensive approach, however, due to the advent of fast digital signal
processors, Field programmable gate arrays and microcontrollers it is now practically realizable approach for
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complex systems such as power electronic converters and drives. The method of control is also attractive for
multiphase motor drives and literature is available on utilizing MPC for five-phase two-level inverter [10-
11], six-phase inverter [12-15], five-phase three-level NPC inverter [16] and seven-phase inverter [17].

Owing to inherent advantages of multi-phase machine, they are considered mainly in high power
drive applications such as ship propulsion, electric and hybrid vehicles, ‘more electric aircraft’ etc [18].
Proper Pulse Width Modulation control techniques are needed to control the drive systems that are supplied
by multi-phase inverters. Several PWM techniques are proposed and presented in the literature for multi-
phase voltage source inverters [18-19].

The current control in multi-phase drive system is an extension of three-phase drive such as
hysteresis control, carrier-based control, space vector based control and other non-linear controls [18], [20].

This paper proposes finite set model predictive current control of a seven-phase VSI feeding a RL
load. The aim of the work is to develop current control approach along with common mode voltage control.
The common mode voltage can be controlled by pre-selection of a set of space vector. The similar approach
is employed for a five-phase VSI in [21]. The proposed approach is extension of method adopted for a five-
phase VSI [10-11]. A seven-phase inverter generates 2’ = 128 space vectors and thus there is greater degree
of freedom in choosing proper space vector combination for implementing the control algorithm [22]. This
paper proposes an algorithm based on a choice of 14 active and one zero, 14 active, 7 active and one zero and
7 active while the total set of vectors are 128. Reduced number of space vectors are used since it is easier for
the real time implementation and control of common mode voltage.

2. FINITE STATE PREDICTIVE CURRENT CONTROL

2.1. The Control Strategy

The current control suggested in this paper is based on the finite set model predictive approach. The
power converter yield 2’ = 128 switching states, however, for the current control, reduced switching states
are utilized and hence called ‘finite set’” MPC. A block diagram to show the principle of the proposed
strategy is depicted in Figure 1. The discrete load model called ‘Predictive Model’ is used to pre-calculate the
trajectory of the load current in the next sampling interval assuming the known current in the present sample.
The pre-calculated current sample is then fed to the optimizer along with the commanded current (obtained
from the external user controlled loop). The optimizer calculates the cost function for all the possible
switching combinations of the inverter (note that smaller set of vectors are chosen). Thus, it generates the
optimal switching state corresponding to the global minimum cost function in each sampling interval and
passes it on to the gate drive of the inverter. This is how the optimal current control solution is obtained. The
technique of model predictive control concept is different from the traditional pulse width modulation
method. In traditional PWM the symmetrical switching patterns are generated and it is ensured that each leg
changes the state at-least twice in the same switching interval. This ensure constant switching frequency
spectrum of the load current. Contrary to this, in the model predictive control approach there is no fixed
switching pattern and hence the spectrum shows variable switching frequency. However, MPC approach is
very powerful being simple and intuitive. The controller can incorporate many desired control features and
can met several control objectives by simple modification of the cost function. The cost function can
incorporate other control features such as reduced switching losses, lower switch stress, number of switch
commutation etc.

A seven-phase voltage source inverter yield large number of space vectors (126 active and 2 zero),
several possible solutions could exist to implement model predictive control. Many control objectives can be
met with flexible control. Nevertheless, in this paper three different solutions are investigated and reported.
However, there still remain many more to explore.
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Figure 1. Model predictive control blocks schematic

2.2. The Cost Function

The choice of the cost function is the most important and crucial step of the model predictive
control. An intelligent choice leads to the optimal solution of the control objectives. Thus, the cost function
should include all the parameters to be optimized within the imposed constrains. In the current control the
most important variable is the current tracking error. Thus the most simple and straight forward choice is the
absolute value of the current error. The other choices could be square of the current error, integral of the
current error, the rate of change of error etc. In this paper, square of the absolute error is chosen. Specifically
in a seven-phase drive system there exist three orthogonal subspaces namely o-f and x;-y;and x,-y,. Thus in
case of a seven-phase drive system the current errors in all the three planes have to be considered for devising
a cost function. In general, for current error, the cost function is given as;

éaﬁ = i:t(k)_fa(k+li+ i;(k)—l?ﬁ(kﬁLlX
8y = ij:l(k)—lfxl(kﬂ“l*r i;l(k)_fyl(k"’li (1)
822 = l-j;2(k)_fx2(k+1j+ ) (k)_;yz(kﬂj

The final cost function can be expressed as;
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Where || || denote modulus and 4, y & J are tuning parameters that offers degree of freedom to put

emphasis on @ — f or x; — ), 0or x; — ), subspaces. Comparative studies are made to emphasize the effect of
choice of the tuning parameter on the performance of the controller.

2.3. Seven-phase Voltage Source Inverter Model

Power circuit topology of a seven-phase VSI feeding a RLE load is shown in Figure 2. The inverter
input DC voltage is regarded further on as being constant. The inverter output phase voltages are denoted in
Figure 2 with lower case symbol (a, b,..., g), while the leg voltages have symbols in capital letters (4, B,
........ G). The model of seven-phase VSI is developed in space vector form in [23], assuming an ideal
commutation and zero forward voltage drop. A brief review is presented here.
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Figure 2. Power circuit of a seven-phase VSI

The relationship between the inverter phase-to-neutral voltages and inverter pole voltages is obtained as;

vy =(6/7W 4 =1/ T)vg +ve +vp +vE +vE +vg)
Vb2(6/7)\/3—(1/7)(VA+VC+VD+VE+VF +vG)
Ve (6/7)vc—1/7)(vA+vB+vD+vE+vF+vG)
)
)

vy (6/7)VD—(1/7)(VA +Vg+Vve + Vg +VE Vg

Ve (6/7)VE—(1/7XVA+VB+Vc+VD+VF+VG

vy =(6/7)VF —(1/7)(VA +vp+ve+vp +vg +vG)
)

Vg =(6/7)VG —(1/7)(VA +vg+ve+vp +Vg +vp

(3a)

where the inverter pole voltages take the values of + 0.5 Vd . The common mode voltage is defined as:

_VA+VB+VC+VD+VE+VF+VG

aN — 7 (3b)
And common mode current is defined as the current flowing through the stray capacitance:
. v,
lnN = Cstray ~ (30)
dt

Hence the common mode current can be reduced by reducing the rate of change of the common
mode voltage. The common mode voltage can be eliminated completely if the rate of change of common
mode voltage is made zero or in other words if the common mode voltage is made dc. In this paper, the
common mode voltage is made dc by choosing a specific set of the space vectors as discussed in the next
section.

In general, an n phase two level VSI yield a total of 2" number of switching states. Therefore, for a
seven-phase VSI, total number of switching states arel28, in which two are zero vectors and the remaining
126 are active vectors. By using decoupling transformation matrix given in equation (4b) each voltage vector
can be decomposed into three orthogonal two dimensional subspaces d-g,x;-y;and x,-y, (assuming isolated
neutral and hence no zero sequence component).

In case of a seven-phase VSI, total switching combination of 128 numbers yield same number of
switching space voltage vectors. Out of these 128 space voltage vectors, 126 are active and two are zero
space vectors and they form nine concentric polygons of fourteen sides in d-¢g plane with zero space vectors
at the origin as shown in Figure 3.
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Figure 3. Phase-to-neutral voltage space voltage vectors (states 0 and 128 are at origin) in d-q plane

However, since a seven-phase system is under consideration, one has to represent the inverter space vectors
in a seven-dimensional space. Such a space can be decomposed into three two-dimensional sub-spaces (d-g,
x;-y;and x,-y,) and one single-dimensional sub-space (zero-sequence). Since the load is assumed to be star-
connected with isolated neutral point, zero-sequence cannot be excited and it is therefore sufficient to
consider only three two-dimensional sub-spaces, d-g,x;-y;and x,-y,. Inverter voltage space vector in d-g sub-
space is given with [20],

Vig= (2/ 7){\/0 +ay, +a2vc +a3vd +a*3vg +aﬂvf +a*vg) (42)

/ 7 ] * —7 * —7 * —7
127r/7’ 2:ej472'/7’ 3:ej672'/7’ 3:e ]67[/7’ a2=e 147r/7’ —e j2x /7

wherea = e a a a a
Inverter voltage space vectors in the second two-dimensional sub-space (x;-y;) and the third two-dimensional

sub-space (x,-y,) are determined with,

2 4 6 3 S
Vsl =(2/7)v, +a*v, +a*v, +a®vy +av, +a ve+a vg) (4b)

Vyoyr = (2/7 2 +a3vb +a6vc +a2vd +a5ve +avy +a4vg)

The phase voltage space vectors in three orthogonal planes, obtained using (1), are shown in Figures 3-5.

It can be seen from Figures 3-5 that the outer most i.e. first, second, third, fourth, fifth, sixth, seventh, and
eighth tetra-decagons space vectors of the d — ¢ plane map into the sixth, eighth, third, second, fifth, seventh,
first and fourth of the tetra-decagon of the x; — y; plane respectively; and seventh, fourth, third, eighth, fifth,
first, sixth and second of the tetra-Decagon of the x, — y, plane respectively. To show this mapping same
symbolic representation are used for the same group of space vectors. Further, it is observed from the above
mapping that the phase sequence a, b, ¢, d, e, f & g of d — g plane corresponds to 4, ¢, ¢, g, b, d, fof x; —
plane (third harmonic) and q, d, g, ¢, f, b, e of x, — y, plane (fifth harmonic), respectively.
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Figure 4. Phase-to-neutral voltage space vectors for states 1-128.(states0-128 are at origin) in x;-y; plane

2.4. Discrete Load Model
The load is assumed as a seven-phase RL (Resistance and, inductance). The discrete time model of
the load suitable for current prediction is obtained from [67];

z(m):%@(k)m(k{l—Rfsj ©

Where R and L are the resistance and inductance of the load, 7iis the sampling interval, jis the load current space vector, v
is the inverter voltage space vector used as a decision variable.
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Figure 5. Phase-to-neutral voltage space vectors for states 1-128 (states0-128 are at origin) in x,-y, plane

3. FINITE STATE PREDICTIVE COMMON MODE VOLTAGE CONTROL

Common mode voltage can be controlled by prior selection of the space vectors of a seven-phase
voltage source inverter when implementing the finite set predictive control. In a seven-phase VSI, the
possible switching combinations are (top switches):

e 1-ON, 6-OFF,

2-ON, 5-OFF,
3-ON, 4-OFF,
4-ON, 5-OFF,
5-ON, 2-OFF, and
6-ON, 1-OFF.
Each switching combination produces different space vectors and also different common mode voltages as
listed in Table 1.

It is observed from Table 1, that the common mode voltage magnitude varies with the choice of
space vectors. The common mode voltage magnitude and different switch combinations are given in Table 2.
Using zero switching states (all upper switches ON or all lower switches ON) produced either zero common
mode voltage or highest common mode voltage. In all common mode voltage reduction techniques generally,
use of zero vector is avoided. In order to maintain the common mode voltage constant so that common mode
current remains zero the set of vectors that can be used can be chosen from Table 2. In order to obtain
maximum output voltage it is mandatory to use large lengths space vectors. However, if 14 largest vectors
are used the common mode voltage will vary between 4/7V. and 3/7V 4. Hence any one set of seven largest
length vectors can be used to implement finite set predictive control.

Finite State Predictive Current and Common Mode Voltage Control of a Seven-phase ... (Atif Igbal)
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Table 1. Switching combinations and common mode voltages in a seven-phase VSI
Vector Number Switching combination Common mode voltage
1 Large Vectors (7cos(3n/7) )'IVDCE 0.6420Vpc
97,112,56,28,14,7,67,  {1100001}, {1110000}, {0111000}, {0011100}, {0001110}, {0000111},  (3/7)Va

{1000011}
113, 120, 60, 30, 15, 71, {1110001}, {1111000}, {0111100}, {0011110}, {0001111}, {1000111},  (4/7)Vq
99 {1100011}

2™ Large Vectors (4/7)cos(/7)Vpc= 0.5148 Ve

115,121,124, 62,31,79,  {1110011}, {1111001}, {1111100}, {0111110}, {0011111}, {1001111},  (5/7)Va.

103 {1100111}

96,48, 24,12, 6,3, 65 {1100000}, {0110000}, {0011000}, {0001100}, {0000110}, {0000011},  (2/7)V4
£1000001}

3" Large Vectors (4/7)Vpc= 0.4041Vpce

81,104, 52, 26, 13,70, 35,  {1010001},{1101000}, {0110100},{0011010}, {0001101},{1000110}, B/7)Vqe

49,88,44.22,11,69,98  {0100011},{0110001}, {1011000},{0101100}, {0010110},{0001011},
£1000101},{1100010}

114, 57, 92, 46, 23, 75, {1110010},{0111001}, {1011100},{0101110}, {0010111},{1001011},  (4/7)Vg

101,105, 116, 58, 29, 78, {1100101},{1101001}, {1110100},{0111010}, {0011101},{1001110},

39, 83 {0100111},{1010011}

4™ Large Vectors (4/7)cos(27/7)Vpe= 0.3563 Ve

33, 80, 40, 20, 10, 5, 66 {0100001}, {1010000}, {0101000}, {0010100}, {0001010},{0000101},  (2/7)Va.
{1000010}

117,122, 61,94, 47, 87, {1110101}, {1111010}, {0111101}, {1011110}, {0101111}, {1010111},  (5/7)Vq

107 (1101011}

5" Large Vectors (2/7)Vpc= 0.2857Vpc

64,32,16,8,4,2, 1 {1000000}, {0100000}, {0010000}, {0001000}, {0000100}, {0000010},  (1/7)Vq
{0000001}

123,125,126, 63,95, 111,  {1111011}, {1111101}, {1111110}, {0111111}, {1011111}, {1101111},  (6/7)Va.

119 (1110111}

6 Large Vectors (7cos(2m/7)) ' Vipe= 0.2291 Ve

51, 89, 108, 54,27, 77, {0110011}, {1011001}, {1101100}, {0110110}, {0011011}, {1001101},  (4/7)Vq

102 (1100110}

100, 50, 25, 76, 38,19, 73 {1100100}, {0110010}, {0011001}, {1001100}, {0100110}, {0010011},  (3/7)V4
1001001}

7 Large Vectors (7cos(n/7)) ' Vpe= 0.1586 Ve

82,41,84,42,21,74,37 {1010010}, {0101001}, {1010100}, {0101010}, {0010101}, {1001010},  (3/7)Vq
£0100101}

106, 53, 90, 45, 86, 43, 85 {1101010}, {0110101}, {1011010}, {0101101}, {1010110}, {0101011},  (4/7)V4
{1010101}

Smallest Vectors (4/7)cos(31/7)Vpc= 0.1272Vpe

109, 118,59, 93, 110, 55, {1101101}, {1110110}, {0111011}, {1011101}, {1101110}, {0110111},  (5/7)Vq

91 (1011011}

17,72, 36, 18,9, 68, 34 {0010001}, {1001000}, {0100100}, {0010010}, {0001001}, {1000100},  (2/7)Vq

{0100010}
Zero Vectors
0 {0000000} (0) Ve
127 {1111111} (1) Ve

Table 2. Common mode voltages for different switching states

Common mode voltage magnitude Switch combination (Upper switch Number of space vectors
position)

1/7V e 1 (ON)-6 (OFF) 7

2/7TV g 2 (ON)-5 (OFF) 21

3/7V4c 3 (ON)-4 (OFF) 35

4/7V e 4 (ON)-3 (OFF) 35

5/7V e 5 (ON)-2 (OFF) 21

6/7V4c 6 (ON)-1 (OFF) 7

When 7 largest vectors will be used to implement FSPC, the dc link voltage will not be utilized fully. There
will be a reduction in the output voltage magnitude and hence the resulting current through the load. The
drop in the output voltage magnitude can be found using Figure 6.
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Figure 6. Locus of the output voltage in a seven-phase VSI

The maximum output voltage when 14 largest length vectors are used is same as the radius of the inscribed
circle. The reduction in the output voltage magnitude can thus be calculated as:

V.= |V|cos(£} - |V|COS(MJ
2 2

=0.626V,, —0.5785V, = 0.0475V,

(6)

In this section, it is explained the results of research and at the same time is given the
comprehensive discussion. Results can be presented in figures, graphs, tables and others that make the reader
understand easily [2], [5]. The discussion can be made in several sub-chapters.

4. SIMULATION RESULTS

Simulation is carried out for two possible solutions in Matlab/Simulink environment, nevertheless,
many more can be evaluated. Following cases are considered:
14 large space vectors and one zero space vector (0000000)
14 large space vectors only
7 large space vectors and one zero space vector (0000000)
7 large space vectors only
Investigation is done at first using outer large vectors set (14 active vectors and one zero vector)
from Table 2. The tuning parameters are set such that x;-y; and x,-y, plane vectors are eliminated and
sinusoidal current is produced. Common mode voltage varies between zero, 3/7V, and 4/7V,.. Further to
obtain common mode voltage between two levels i.e. 3/7V. and 4/7Vy., zero vector is not employed and
only 14 large space vectors are chosen. The third case is considered when only 8 space vectors (7 large active
space vector and one zero vector) are used such that common mode voltage varies between 0 is 3/7Vy..
Further to obtain constant common mode voltage only 7 large active space vectors are chosen. The
fundamental frequency of the sinusoidal reference current is chosen as 30 Hz. The load parameters are R =
75 Q, L =33 mH and E = 0, and the dc link voltage is kept at V,. = 600 V. The seven-phase reference current
amplitude is at first kept at 3.0 A and then is stepped up to 4.0 A and further reduced to 2.0 A. The sampling
time of algorithm is kept at 20 p Sec. The optimization algorithm is implemented using ‘s’ function of the
Matlab/Simulink.

Case 1: Using 14 Largest space vectors and one zero vector with u=1, y =1,0 =1

The simulation is carried out with fourteen active and one zero vector while the cost function minimizes
current tracking error in all the three orthogonal planes. This is achieved by keeping the tuning parameters

Finite State Predictive Current and Common Mode Voltage Control of a Seven-phase ... (Atif Igbal)
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1 =1,7=1,0 =1. This results in a control action in all planes. The sampling time of the algorithm is kept

at 20 psec, which is reasonable for processor handling. The resulting waveforms are shown in Figure 8 for
phase ‘a’ actual and reference current, the transformed currents (d-g, x;-y; and x,-y,), the spectrum of phase
‘a’ current and common mode voltage. The vectors that are used for implementing the model predictive
control is elaborated in Figure 7, where the vectors in all three planes are depicted.

400 s 100 — 200 : : :
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Figure 7. Fourteen large vectors and one zero and their mapping

The actual current follows well the refernce current with fast dynamics. The Total harmonic distortion is
6.52% considering the computation upto 50™ harmonics. The voltage vectors of d-¢ plane is dominant and
the other two planes are killed in order to obtain sinusoidal output currents. Common mode voltage varies
between zero, 3/7V ., 4/7V 4. The dv/dt is large either 3/7Vy, or 4/7V ..

Case 2: Using 14 Largest space vectors with u=1, y =1,0 =1

The simulation is carried out with fourteenlargest lengths active space vectors while the cost function
minimizes current tracking error in all the three orthogonal planes. This is achieved by keeping the tuning

parameters £ =1, =1,0 =1. This results in a control action in all planes. The sampling time of the
algorithm is kept same at 20 psec as in the previous case. The resulting waveforms are shown in Figure 9 for

phase ‘a’ actual and reference current, the transformed currents (d-¢q, x;-y; and x,-y,), the spectrum of phase
‘a’ current and common mode voltage.

Current (Ia) at 30 Hz

Current (A)

0 0.05 0.1 0.15
Time (s)

Figure 8a. Actual and reference phase ‘a’ current

IJPEDS Vol. 6, No. 3, September 2015 : 459 — 476



IJPEDS ISSN: 2088-8694 a 469

Currents (Iu’ls’lxrl ) at 30 Hz

Yl IX2’ IY2

Current (A)

Time (s)

Figure 8b. Transformed currents in d-¢, x;-y; and X,-y, planes.
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Figure 8c. Phase ‘a’ current time domain and frequency domain plots

Common Mode Voltage with large vectors (3/7 and 4/7 of VDC)

3424==~- e nl 1 1Tl
| |
| |
257——~H— . o =
|
|
|
|

|
|
H--F1-Hd-+F--1-11-
[
I
I
I
[

Voltage (V)

[

l

!

|
0.(\147 0.1475 0.148 0.1485 0.149  0.1495 0.15
Time (s)

Figure 8d. Common mode voltage

The common mode voltage is seen to vary between two levels which 3/7Vdc and 4/7Vdc. The dv/dt is much
reduced is now 1/7Vdc.

Finite State Predictive Current and Common Mode Voltage Control of a Seven-phase ... (Atif Igbal)



470 ) ISSN: 2088-8694

Current (A)

S TR S B
R N

[ L— B
b—l— - L — JE -

|
I Jhis 4
|

0 0.05 0.1 0.15 0.2 0.25
Time (s)

Figure 9a. Actual and reference phase ‘a’ current
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ZCurrent (I ) with 14 Large w/o zero vector at 30 Hz
= 10
[T
5 0.1 0. 12 0. 14 0.16 0.18 0.2
O Time (s)
" Fundamental (30Hz) = 0.9912 , THD= 12.13%
100 | | | |
S o
S50 [
m | | | |
= | | | |
OO 200 400 600 800 1000
Frequency (Hz)

Figure 9c. Phase ‘a’ current time domain and frequency domain plots
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Common Mode Voltage with 14 large w/o zero vector at 30 Hz
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Case 3: Using 7 Largest space vectors and one zero space vector with u=1, y =1, =1

The simulation is carried out with 7largest lengths active space vectorsand one zero vectors (0000000), while
the cost function minimizes current tracking error in all the three orthogonal planes. This is achieved by

keeping the tuning parameters g =1,7 =1,0 =1. This results in a control actions in all planes. The

sampling time of the algorithm is kept same at 20 psec as in the previous case. The resulting waveforms are
shown in Figure 10 for phase ‘a’ actual and reference current, the transformed currents (d-g, x;-y; and x,-y»),
the spectrum of phase ‘a’ current and common mode voltage. The THD is observed to increase to almost

15%. The common mode voltage is seen to vary between two zero and 3/7V,. and hence the dv/d¢ is also
3/7V .
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Figure 10a. Actual and reference phase ‘a’ current
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Figure 10b. Transformed currents in d-g, X;-y; and x,-y, planes
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Figure 10c. Phase ‘a’ current time domain and frequency domain plots.
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Figure 10d. Common mode voltage

Case 4: Using 7 Largest space vectors with u=1, y =1,0 =1

The simulation is carried out with 7largest lengths active space vectors, while the cost function minimizes
current tracking error in all the three orthogonal planes. This is achieved by keeping the tuning parameters

1 =1,7=1,0 =1. This results in control actions in all the planes. The sampling time of the algorithm is

kept same at 20 psec as in the previous case. The resulting waveforms are shown in Figure 11 for phase ‘a’
actual and reference current, the transformed currents (d-g, x;-y; and x,-,), the spectrum of phase ‘a’ current
and common mode voltage. The actual current tracks the reference very well. The unwanted x1-y1 and x2-y2

components remains zero. The common mode voltage is seen to remain constant.
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Figure 11a. Actual and reference phase ‘a’ current
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Figure 11c. Phase ‘a’ current time domain and frequency domain plots
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Figure 11d. Common mode voltage

5. EXPERIMENTAL RESULTS

An experimental prototype seven-phase voltage source inverter is developed in the laboratory. The
seven-phase inverter is controlled from dSpace 1006 in conjunction with FPGA card DS 5203. The dSpace
processor is connected with the FPGA card using PHS bus system. The control algorithm is written in the
processor and the PWM signals are generated in the FPGA card using System Generator. A dead band circuit
is formulated outside the dSpace board based on FPGA and a dead band of 2 us is created using VHDL.
Sample time of 20 us is used and a reference current of 2 A is chosen which is then stepped down to 1 A with
load impedance R = 75 Q and L = 33 mH and in one case the current is increased from 1 A to 2 A. For
experimental purpose, 7 space vectors are employed with control action on all three planes. The resulting
waveform is shown in Figure 12. The reference and actual currents are plotted in one waveform. A high
dynamics of the control is evident and also a good tracking is obtained. The common mode voltage is
maintained at constant value. This proves the viability of the proposed control.
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6. CONCLUSION

The paper proposes current control technique based on finite set model predictive current and
common mode voltage control of a seven-phase voltage source inverter. The discrete time model of the load
is used to predict the future behavior of the load current required in the next sampling interval. Space vector
model of a seven-phase VSI is elaborated and out of 128 space vectors, four different scenario are
investigated; a) 15 space vectors with control actions in all three planes. This shows three levels of common
mode voltage. The current THD is reasonably small. b) 14 space vectors with control in three planes. The
common mode voltage now has only two levels and hence the dv/dt is significantly reduced. ¢) 8 space
vector are employed which yield again two level common mode voltage with good tracking of actual phase
currents. The rate of change of voltage is considerably high and so the THD. d) 7 space vectors are used
without zero vector and hence constant common mode voltage is obtained with good tracking ability. The
simulation and experimental results matches very well. The effect of dead time will be further investigated.
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