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This work suggests a dual three-phase Space Vector Modulation (SVM) for the Diode
Clamped Multilevel Inverter (DCMI) to ensure a robust control of Dual Star Induction

Motor (DSIM). The principal scheme is investigated to apply the same control of the six-
phase multilevel inverter by two three-phase multilevel inverter to drive the DSIM. The

Keywords:
Dsm IFOC, six-phase multilevel inverter use of classic SVM control offers significant simplifications for controlling a six phase
SVM Y Y ' five levels inverter. The proposed control approach employs according to the hybridization

of various conversion functions to establish the modulation strategy for each voltage vector
and its placement in the plane of voltage modulation in distinctly and easy manner. A
numerical simulation under MATLAB/Simulink is carried out to evaluate the Indirect
Field Oriented Control (IFOC) of DSIM drive fed by multilevel inverters. The simulation
outcomes clearly reveal good performance of the designed control strategy in terms of

THD and control efficiency.

1. INTRODUCTION

Many studies performed on analysis and modeling of multi-
phase motor drive generated by multilevel converter have been
realized because of their principal advantage [1]. Especially,
the Dual Star Induction Motor (DSIM) is characterized by the
segmented total power, low transistor current, low torque
ripple at high frequency and the low rate THD of rotor currents
[2-4]. Several strategies have been developed to control the
DSIM amid them the Direct Toque Control (DTC), the Field
Oriented Control (FOC) and the Indirect Field Oriented
Control (IFOC).

The IFOC development led to a rising in the domain of
elevated efficacy of drives [5], that ensure the decoupling
between the torque and flux for making the motor similar to
independently excited DC motor [6]. To achieve the decoupled
nature of the flux and the torque, researchers have proposed
(DTC) strategy. It offers a good dynamic performance with
flux and torque ripples, and it reduces the ripple Discrete
Space Vector Modulation (DSVM) [7].

The employment of IFOC with SVM is done to diminish the
flux and torque ripples and to fix the switching frequency [8].
From several studies developed for PWM in multiphase
multilevel application [9, 10], it is clear that this technique has
become the most popular choice of multilevel inverter in high
power application. Their main advantages are: high power
rating and low harmonics rate [11-13].

Many works are performed by combining the DSIM
controlled by different control strategies with the multilevel
converter which is piloted by the PWM, among them; A novel
design of space vector pulse width modulation (SVPWM)
strategy is proposed by Kumar et al. [14] based on the
fundamental reverse mapping inverters to drive the multilevel
switches. A novel DTC-SVM scheme for a DSIM fed by two
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3-level inverters with NPC structure presented in the study of
Sadouni [15]. An advanced control scheme using new fuzzy
scheme to control a DSIM supplied by two 5-level voltage
source PWM inverters used in association with indirect field
oriented control is proposed in the study of Bentouhamia et al.
[11].

Nowadays, the Fuzzy Logic Control (FLC) has been
attracting great research interests specially the type-2 fuzzy
logic controller that is one of most useful control techniques to
adjust the speed stabilization [16]. The authors [17] present the
modeling and design of a robust neuro-fuzzy inference
strategy (ANFIS) for ensuring the control of the DSIM speed
supplied by three-phase direct matrix converter via SVM.

In the study of Lyas et al. [18], an effective dual three-phase
SVM for six phase multilevel inverter is suggested to achieve
a robust driving of six-phase induction machine (SPIM) by
controlling the six-phase multilevel inverter as two three phase
induction drive (1, 3 and 5) phase with the first star and (2, 4
and 6) phase with the second star, by using the three-phase
Separate DC Source (SDCS) inverter controlled by N level
SVM. In this paper, we changed the six-phase SDCS by two
three-phase DCI as mentioned in the study of Lyas et al. [18].

The paper presents a combination of the modulation
techniques of the 5-level single-phase DCI and the 3-level
three-phase DCI in order to control the modulation method for
a three-phase five-level DCI. The principal idea of this system
is inspired from a general modulation.

A supplementary suitable design and modeling for the
system conception is performed according to a direct space
vector control of line-to-line voltages. Usually, the SVM
frame is decomposed into triangular regions in which the three
vectors are employed to generate the PWM waveform, and it
is fastened with the region that contains the vector reference.
Consequently, In SVM scheme control, all switching
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modulation values can be exhibited by attaining 61 diverse
scheme structures, that are denoted by ux(i,j) in the frame
(0,um21/us1/4,um2/usl/4) [19].

In this research, the 61 voltage vectors of the 5-level inverter
are employed for the modulation control. The redundant
vectors can be anticipated for the DC bus voltage balancing as
in the study of Bouhali et al. [20]. The simulations results of
the IFOC of DSIM fed by a Dual DCI and controlled by the
SVM show the high performance and great efficiency of the
proposed modulation technique.

This work is organized as follows; Section (2) presents the
modeling of DSIM. In the section (3), we explain the
multilevel inverter operating principle and the converter
modeling. Section (4) shows the implementation of the
proposed control strategies. Final section offers the obtained
result.

2. DSIM MODELING

The DSIM contains of a mobile rotor winding along with
two fixed three-phase stator windings oriented with an
electrical angle a.
where, (As1, Bs1, Cs1) are the wending of the first star and (Asz,
Bs2, Cs2) are the wending of the second one, « is the angle
between them and is equal 30°. (A, By, C;) are the wending of
rotor of DSIM, which are sinsoidally distributed, and they
have the axes displaced apart by 120 degree [21]. Figure 1
shows schematically the windings of the DSIM.

Figure 1. Winding’s scheme of DSIM
2.1 The electrical equations

In matrix form, the equations of DSIM model in park frame
are given by [22]:

[ J=[RaT 1o+ va]
[z J=[Ree Ths2 ] o]

v ]=[R 0T+ v

1)

with, |:l//sl:| = [Wasl‘/’bsll//csl :|T ) I:Vsl:l = [Vaslvbslvcsl :IT and
[ I sl :| = [iaslibslicsl :IT :

R, 0 0 R, 0 0
[Rsl]: O Rbsl 0 ’[R52]= 0 Rbsz
0 0 R 0 0 R
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R, 0 0
[R]=| 0 R, 0
0 0O R

cr

2.2 Magnetic equations

The flux expressions are given by [22]:

[l//abc,sl] [lesl] [Islsz] [Islr]
[Wabc,SZ] = [|5251] [ISZSZ] [ISZr] (2)
[l//abc,r] [Irsl] [Irsz] [Irr]
with the inductance matrix are:
(Lasl+Lms) _Lms/2 _Lms/2 |
':le,sl:| = _Lms /12 (Lbsl + Lms) _Lms 12
_Lms/2 _Lms/2 (Lcsl+Lms)_
(L352+Lms) _Lms/2 _Lms/2 ]
[L52,52:| = _Lms 12 (Lbsz + Lms) _Lms 12
-L, /2 L /2 (L + L) |
(L+L.) -L /2 —L /2]
|:Lr,r:|= _Lmr/2 (Lbr+Lmr) _Lmr/2
_Lmr /2 _Lmr /12 (Lcr + Lmr)_
To facilitate the differential equations, the park

transformation consists in transforming the three-phase stator
(and rotor) windings system of axes a, b and ¢ into a system
equivalent with two-phase windings of axis (d,q) by creating
the same magnetic force. Park matrix is given as:

coscos(6) coscos(d — 2?”) cos cos[e + 2?”]
2 . . . . 2 . . 2
[p(@)]: 3 —sm—sm(é’) —Sln(Q——sm(G—T) —sm(6+—sm(6+?)

®3)

1 1
2 2

1

2
1

X (dqo)i = [ p(€)] X (apo)i

where, X denote the voltage, the current, or the flux and i can
take 1 and 2 which indicates the first stator and the second
stator. The DSIM equations in the synchronous reference
frame (d, q) are expressed by following:

o
Vg1 = Rsldsl + al//dsl - Wcoorl//qsl

. d
Rslqsl + a (//qsl + Wcoor Vst

Vst =

. d
Vis2 = Rsldsz +al//d52 _Wcoorl//qsz
! @
+ al//qsz + Wcoor‘//dsz

=Rii

v s'qs2

qs2

. d
Vor = erdr +7tl//dr - (Wcoor _Wr)l//qr =0

d

. d
Vqr = erqr +al//qr + (Wcoor _Wr)l//dr =0




with, weeor IS an angular speed of the axes (d, q). The dual stator
and the rotor flux expressions are [23]:

=Ll

s17dsl

Li

s17gsl

Vst +L, (idsl +ige, + idr)
Wi = +L, (iqsl + iqu + iqr)
Was2 = Liglgsn + Ly (idsl +ige, + idr)
Wesr = Loglsr * Ly (iges + sz +ir )
W = Lig + Ly (i +igeg +igg,)

l//qr = Lrlqr + I-m (Iqr + Iqsl + Iqsz)

)

where, Li is cyclic mutual inductance between star 1 and 2 and
the rotor, with %Lms = %Msr = %Lmr =Ly,

The form of state equation or the system related to the
rotating field are mentioned below. It is mentioning that with
Weoor=Ws:

g

d .

a YWas1 = Vas1 — Rslldsl + Wsl//qsl

d .

a l/qul = Vqsl - Rsllqsl - Wsl//dsl

d .

al//dsz = Vgs2 — RsZ'dsZ + Wsl//qsz

d ) (6)
al/quz = vqu - RsZ'qu - Wsl//dsz

d .

al/jdr = Vdr - erdr + (Ws - Wr)l//qr =0
d .

al//qr :Vqr_erqr_(Ws_Wr)l//dr =0

where, Vags1 and Vags2 are the stator voltages. igqsq and iggs,
components are the stator current. vgqr and igqr COMponents are
the rotor voltage and current. Ygge1, Yagszr aNd Pugr
components are the stator and the rotor flux components. ws
denotes the synchronous reference speed. w; represents the
rotor electrical angular speed. Rs1, Rs2 and Ry mean the stator
and rotor resistance respectively.

It is possible to obtain the other expressions of the torque by
using the expressions of the stator flows and by replacing them
in Eq. (5):

C:em = I:)Lm |:(iq51 + iqs2 ) idr - (idsl + id52 ) iqr:| )

By putting the equation system as a system of state
equations, we can obtain:

X = AX +BU

T. 3
X = [stlyldszl//qsll//qszl//dry/qr} ’ 1S the State VeCtOF.

where, T

U= [vdslvdszv Vv ; is the command vector.

gsl¥gs2

where,
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_[Ra _ RslzLa Rala w, 0 Rala 0
Ly Ly Lyls, Lyl
Rs,L, (Ry R 22La o w, Rs,L, o
Lals, L Lo Lsol,
R Ryl Ryl RgL
—w, 0 ,[Tsl, |s_12 J leLa 0 Ls1La
si =1 sibs2 sty
0 —w, RsoLa R Rsé'—a 0 Rssla
Lals 3 L5, LsoL,
Rb,  RL. 0 (Re_RiL, (e —w)
s
Lab, Ll L, [
0 0 RL, RL, W) _[Re_RiLy
LgL L.Lg, L, L
1 0 0 O
01 0 O
0O 01 O
B =
0O 0 01
0O 0 0O O
0O 0 O O

3. FIVE-LEVEL THREE-PHASE DCI MODELING
3.1 Structure and operating principle

The main scheme structure of a 5-level three-phase DCI
involves three commutation circuits, which are fed by four
capacitors that can attain practically the similar voltage level
(usi/4). The converter can employ under the operation of
PWM mode. Figure 2 illustrates the schematic configuration
of DCI [20].
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Figure 2. Schematic structure of a 5-level three-phase
3.2 DCI principle

The equivalence representation of matrix structure of the
five-level DCI indicates that for each commutation circuit (c)
c€(1,2,3) has the 5 various topology of switching function (frc)
re(1,2,3,4,5) as exposed in Figure 3. The clamped
commutation structure is similar to a commutation structure
with five ideal switches. The switch states are named
switching functions (frc). Profoundly, if fc=1, it signifies that
the matching ideal switch is closed. Contrary, in case of f..=0,
the switch is open.
where, r represents the total number of the ideal matrix row
while ¢ denotes the column, re{1,2,3,4,5}, ce{1, 2, 3}.

The final switching function is determined via the other
0Nes as: fsc = fic * fac * fac * fac- Five different configurations
of frc exists for each commutation circuit. The mentioned
topology permits easily the association of the capacitor voltage
divider with the load. The equivalent circuit of commutation
are tabulated in Table 1.
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Figure 3. Equivalent structure of the five level DCI

In order to implement and realize the desired switching
functions, the matching gate signals of transistors are attained
by following:

Tic = fref _lc»

Toc = fref _1c+ fref _2c.

Tac = fref _1c+ fref _2c + fref _3c. (8)
Tac = frer _ac+ frer _2c+ frer _3c+ frer _4c

Tasrye =Tre, for re{l234)

Table 1. Equivalent circuit of commutation

T fOc
Tic Tsc Tec Trc Tesc  fic  foc  fsc USo
1 0 0 0 0 1 0 0 usl
0 1 0 0 0 0 1 0 3usl/4
0 1 1 0 0 0 0 0 usl1/2
0 1 1 1 0 0 0 0 usl/4
0 1 1 1 1 0 0 1 0

4. SPACE VECTOR CONTROL STRATEGY

The proposed space vector control uses a simple algebra
equation for determining each vector duration by using the
obtained projection into frame vector. Sixty-one various
structures are employed and defined by ux(i, j) in the frame (0,
Uma / US1 /4, umy / usy /4) as shown in Figure 4.

The frame is accordingly decomposed into 184 triangular
regions. The mean value of voltages modulation may be
adjusted respectively by three vectors switching. This
operation presents the sector in case of the suitable voltage
placed. All values of switching functions can be considered by
acquiring all possible modulated voltages vectors as
mentioned in the study of Khemili et al. [19].

Also, in order to examine the consequence of the
conversions, eight modulation functions (myp) are utilised and
exposed as follows:

=f —f

m o

P (9)

r3

where, r € (1,2,3,4) and p € (1,2).
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In this control, merely two phase-to-phase modulated
voltages are considered from the equivalent structure of the
five level DCI and expressed by:

um, =Vyy —Vzo = z (fo—f3)us,

Um, =V, —Vz = Z (f2—f;)us, 10)

um, =um, —um2

As a result of this, each vector duration is mainly obtained
by means of the achieved projection onto frame vector by
means of four principal sectors. The sector where the
positioned vector may be revealed via function (fix) and (sign).
Thus, Figure 5 illustrates the graphical illustration of the
function fix.

us, /4
4)Us7 Usg  Usg Ugo Us1
Us 3 Usp 5 Usz | Uss ) Uss fusg
$—— 5 level inverter
Uss /) Ugs| 2]u Ua7 fugg - uze - Juso
» 3 level inverter
Use / Us7 | ~Uss 1fUso Uz fum Juzz - Juag
U7 Uzg 9 |Uso  Jusr s Usz o Juss - Juss o JUss
41 -3 -2 -1, 0 1 3 4 [
1 Us, /4
Uzg Ugo X Upy ) Ugo = RUos  \AUaa | "Ugs e
u i3 ) g | s -2l A | sy
12 s
u uz L ts e8] g
6 / U1
Ug uz U3 us -4fus

Figure 4. Space vector position into the frame
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\

-(n-1)

Figure 5. Graphical illustration of the function fix

Om,  Gm,

,Usl/4 ’Usl/4

The function y=sign(x) can be presented as:

y=1if x>0
y=-1if x<0

Initial duty cycles of modulated voltages are defined as
given in the following equation:



_ {um) _ {umz)

1- US]_/4, 2 US]_/4

where, <um1> and <um2> present the values of modulated

voltages. The sector, where the vector is placed and revealed
via the function (fix) is presented by:

y=fix(x)=a if xela,a+sign(@)[, withacz

This sector is achieved by means of the parameters i and j:

i = fix(r), Jj= fix(ry)

This SVM use four sectors for detected the desired voltage
vector that for every sector two triplets of vector exist as
exposed in Figure 6.

Um, 5 i,j+ sign(r2) i+ sign(ry) j+sign(r2)
Usl/4 ":"'@')"" :
i+l <Ump2p----=---------g-+--= ! 2.3 f'@i
ij+ ij+l <Um2™> N ! !
S Um2 I @ \“\:
AN ©) iU/l -=-=-==== Y 5 \
AN ij i+ sign(ra),j
L@ X ) ! > : gn(ru) j
i R Im i
f @\\ d !
&N\ ] : :
’ ' ! 1
L ij | :
L ! :
m 1 |
—
1 <Um™> |
I 1
J-Usi/4 y :
i B <Um1> l]m]
1 i i i+1
Us /
©) 2 !
4 @ @ 4
PN (©)
i-1,j-1 ij-1 ij-1 i+1,j-1

Figure 6. Extended observation of the generalized studied
sector

For sector number 1, we get:

U, =u(i, j), U, =u(i+sign(r), j)

and G, =u(i, j+ sign(r,)) 4y
Or
G, =i, j+ sign(r,)),
U, =G(i +sign(r), j + sign(r,)) (12)
and U, =u(, j)
For sector (2):
U, =, j), U, =u(i+sign(r), j) 13
and G, =(i, j + sign(r,)) ()
Or
d, =u(i+ sign(r), ), 4, =u(, j
, =Uu(i+ sign(r), j), u, =u(i, j) (14)

and U, =u(i+ sign(r), j + sign(r,)).

For sector (3):
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Uy =U(i+ sign(r), j), d, =u(i, j)

and U, =U(i+ sign(r), j+ sign(r,)). (15)
Or
u, =u(i+ sign(r), j+ sign(r,)),
u, =u(, j+ sign(r,)) (16)
and U, =u(i+ sign(r), j)
For sector (4):
u, =u(i+ sign(r), j), G, =4, j) 17)
and G, =4 (i+ sign(r), j+ sign(r,)).
Or
u, =u(i+ sign(r), j+ sign(r,)),
u, =u(, j+ sign(ry)) (18)

and U, =u(i+ sign(n), J)
We have selected the triplet, which produces the several
redundant vectors within the hexagonal shape.
5. CALCULATION OF VECTOR'S TIME DURATIONS

In the basic rule of the SVM, the totally different duration
must be similar to the modulate period:

um tl —

t

2 —
= .a, + .
us;/4 Tm 1 T™m 2

t _
+ T?n Gy (19)

tl + tz + t3 = tm (20)
Using Egns. (19) and (20), we get:
_ 1 B B )
u;ﬁ=ﬂ(ﬁm —t —t3)y +tp.U +t3.03) (21)
=i (2 0 e (U~ @) Tmt)  (22)

By dividing with the small level value (usy4) we can get:

_ (uma) (Umz)
o USl/4 O U31/4

Um v

USl/4

(23)

1. If the wished voltage vector is positioned in sector 1 (i.e.

(o )ffne st and. ')
Oy (o)

U(i, ) (Eq. (11) or (12)) is selected as the corner vector in that

case the voltage vector is presented through this vector by
following:

+ <1 and <

<um2*>‘ or sector 2 (i.e.

+ <1 and >

<um2*>‘ the vector i, =

Um
US:L/4

=g, j)+<um1*>>“<+<um2*>>7 (24)

with



(i, j)=i%+ .y (25)

Vectors differentials from the triplet are exposed as [20]:

Eoolimy;
By replacing this equation into (22) we get:
- ggn() X tign) § T+ 1) (27)
U _ (isignm) +i]i+[t—3sign(r2) - jj y 28)
us;/4 T Tm
By using these expressions and Eq. (24), we get:
t, =T, <Um1* >sign( r,)
ty =T, (um,” )sign(r, ) (29)
Ort, — T, |<um1*>|
(30)

and =T, Kumz* >‘
2. If the voltage vector is placed in sector 3 i.e.
if G<unﬂ*> +‘<um2*>‘ >1 and‘<uml*>‘ £‘<um2*> j

The vector u; = U(i,j + sign(ry)) is selected (Eq. (15)) as
the corner vector where the modulated voltage vectors is
defined with this vector as:

=G sign()) + (un” )+ (umz”) —sion) [y (31)
with
G(i, j+sign(r, ) =ix+(j+sign(r,)).y (32
We get
u:f} £ =i (i sign(e))5 + (ung )5+ {une ") -sion®@) 5 (33)
Differentials of vectors is exposed as:
Uo —Uq = —sign(r) X
{U3 — Gy = —sign(r2) ¥ (34

By replacing this equation into (20) we obtain:

(t

T—zsign(rl)+i]7<+(_;—35ign(r2)+j+sign(r2)jy (35)
m

m

U
usy /4

After this expression time durations are easily found as:
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<um2*>— sign(rp)

<uml*>‘ and t3=Tp, (36)

ty=Tn
3. If the voltage vector is located in sector®, i.e

if [<um1*> <um2*>>1a”f«“m1*> <”m2*>j

The vector is u; = U(i + sign(ry),j) selected as the corner
vector (Eg. (17)). Then, the modulated voltage is got as:

(mc )

6. INDIRECT FIELD ORIENTED CONTROL (IFOC)
OF DUAL STAR INDUCTION MOTOR (DSIM) DRIVE

+ 2

t2=Tm (37)

<Um1*> —sig n(r]_)‘ and t3=Tp,

The objective of indirect field-oriented control (IFOC) is to
assimilate the operating mode of the asynchronous machine to
DC machine with separated excitation, we can do that by
decoupling the torque and flux. This decoupling will simplify
the analysis and control of DSIM [24]. In case of rotor flux
orientation, the flux of "g" component will be null (¢4=0) and
the flux of 'd" will be the desired rotor flux (¢4, = ¢;). The
principle field control is shown by the Figure 7, while Figure
8 presents a comprehensive speed control diagram of the
DSIM by the IFOC.

By applying this principle into the system equation, the
result of speed slip and electromagnetic are:

Wsr = LRS (iqsl + iqu)/¢r (38)
With, the system is defined by the follow equation:
W, =W, —W= Misq /Tr¢r (39)
M2 Y.
¢sd - S [17 I_S I—r jlsd -+ I—r ¢ (40)
M2 Y.
¢sq = Ls [17 I—s Lr jlsq
Vg =R +ol, 28 _woli,
: (41)
Vg = Riigg ++0L iq + W, L +w,oLig

Figure 7. Principle of projection dq



e
. A DSIM
Sq AB{ _ _ _:- "
Lr — ."I_.....-..A!é
- f g Eknn
P ol 7 ol o b2 e
o B Viasen
}* Veg e SVM Figure 4
o =d vl Viabt)2 Sy Gphase
1 s an
Jﬁx e W% P
{ eeecy
Ml a3 | -
T.0; 3
W, ¥ ’
-
w W,
Eg. 3

Figure 8. The general system structure of speed closed loop on six phases

7. SIMULATION RESULTS

70 F

Torque(N.m)
= N w » )] [~}
s 8 &8 & & 8

o

o

0.5 0.6 0.8 0.9 1
time (s)

(@)

0.1 0.3 0.4

@
S

Speed (rad/s)
» IS @
S S 3

N
o

o

o

04 05 06 07 08 09 1

time (s)

(b)

Figure 9. (a) Electromagnetic Torque for Cr=35N.m in
0.75s, (b) Speed response with adding a load torque resistant
at time t=0.75s

0 01 02 03

In this part, the performance and effectiveness of the dual
SVM three-phase multilevel inverter is achieved in order to
drive a DSIM with IFOC. The DSIM parameters are
investigated and exposed in the Appendix. Otherwise, Figure
9(a) presents an electromagnetic torque and Figure 9(b) shows
the speed response after adding a load torque of Cr=35N.m at
time t=0.75s with a=30. It is obvious from these figures that
the machine speed signals tracks effectively the reference

609

signal. Also, it can be seen from the obtained outcomes that
when the load torque application is occurred at the instant
t=0.75s, the speed decreasing is insignificantly appeared, but
it is returned quickly once more devoid of error. This
simulation results are noticeably proved the robustness of
suggested scheme.

The torque magnitude is increased from 0 Nm to 35 Nm as
depicted in Figure 9(a) and remained constant at 35 Nm as
shown. Thus, the simulation results highlight the best control
and attains the good performance of the system with the
proposed scheme. It can be noted that the similar outcomes for
o =30<and 0<as illustrated in the torque electromagnetic and
the speed.
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Figure 10 is shown the stator current for a =30< Primarily,
in the beginning, the stator current is spotted to have
emphatically rippled because of not using starting methods. It
is noticeable that IFOC is achieved superior appropriate
control to speed signal and demonstrated to be a great method
for controlling the inconsistent speed drives.

Figure 11(a) and (b) is exposed a five-level modulated
voltage. Itis clear to say that the obtained result establishes the
effectiveness and robustness of the mentioned technique, and
it displays the advantage of multilevel inverters that carry the
output voltages with a low total harmonic distortion.
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Figure 11. (a) Two modulated voltages, (b) Three modulated
voltages
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DSIM numerical outcomes for displacement amid stator
winding (a=0< 30<and 609 is illustrated in Figure 12.
Profoundly, Figure 12(a) presents the numerical outcomes of
the five levels of the output currents for «=30< Besides, The
THD of this later is obtained as 10.19% by FFT analysis. In
Figure 12(b), the achieved outcomes illustrate the five levels
of the output currents for a=60< where its THD is achieved as
10.39% by FFT analysis. Similarly, the mentioned results
expose the five levels of the output currents for a=0<as
showed in Figure 12(c). We can see that the THD value is
obtained as 10.56%.

Figure 13(a), (b) and (c) shows the THD percentage
according to the angle of a=30 with the changed frequency and.
Whereas, Figure 13(d) displays the phase voltage for five-level.
The mentioned results proves that when decreasing the levels
number of frequency, the output voltage will be similar to the
sinusoid shape as well as the THD decreases that produce least
THD in the output voltage.

610

From the exposed outcomes, it is remarkable that the stator's
currents are better and smooth under this strategy. Best THD
is achieved with a=30 “phase shift angle in level 5. Also, when
the level number augments the output voltage signal becomes
near to being more and more precise sinusoidal form.
Consequently, the THD captured by FFT analysis in
simulation results of the output voltage signal under a=30<is
perfect and has little value which substantiates the
effectiveness and applicability of the proposed strategy.
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Figure 12. Percentage of the THD with different angle a
=30,60,0 with Phase currents five -level for (a) =30, for (b)
=60 and (¢) a=0
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Figure 13. (a), (b) and (c) Percentage of the THD to the
angle a=30 with different frequency and (d) Phase voltage
for five-level

8. CONCLUSIONS

In this paper, a robust strategy is firstly studied to control a
DCMI by dual thee phase SVM and drive a DSIM. Secondly,
the control of DSIM supplied by multilevel inverters associated to the
IFOC technique is also applied. The numerical outcomes clearly
reveal the superior effectiveness of the proposed scheme and
prove the efficiency of the mentioned strategy in the high
power synchronous motor drives. The output torque ripple and
stator current harmonic losses are generally diminished. The
principal benefit of phase shift employment o consists to
appear that the dual three-phase SVM is general in any case of
phase shift. An efficiency comparison is done based on phase
currents and voltage THD analysis under various reference
frequency and a angle. The obtained results are proved that the
suggested scheme is appropriate for five level inverter and
even any level inverter in case of using the common form. Also,
this strategy is given better signal sinusoidal and little value of
THD for the phase voltage and currents, especially when the
level of inverter augmented. The advantage of this strategy
scheme makes it a useful tool for further study of the power
drive and multilevel inverter.
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NOMENCLATURE

Machine parameters:

rated power Pn=5.5 kW
rated current In=6 A
rated voltage Vn=220 V


https://doi.org/10.1109/TMAG.2014.2364716
https://doi.org/10.18280/mmc_a.922-407
https://doi.org/10.1109/TPEL.2007.904174

number of poles P=6 rotor inductance Lr=0.2147H

rated speed Nn=1000 rpm stator inductance ~ Ls=0.2147 H
rotor resistance Rr=3Q mutual inductance M=0.2 H
stator resistance Rs=2.03 Q moment of inertia  J=0.06 kg.m?
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