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Cascade. Application to the DSIM Drive
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Abstract. In this paper, the authors present the stability
problem of the input DC voltages of the five levels neutral
point clamping (NPC), when power is provided by a
continuous source constant (Batterie).

In order to sabilisis these DC voltages, they present and
study a new cascade: two batteries-two capacitors filters-
two five levels NPC voltage source inverter (VSI) applies to
the double star induction machine (DSIM).

The results show that the input DC voltages of the two
inverters are not stable. To improve the performances of the
cascade and to stabilise the input DC voltages, the authors
propose in this paper a solution that uses a clamping bridge.
The result confirms the good performances of the proposed
solution. So it is full of promise to use this inverter in high
voltage and great power applications.

Key words

Stability, Input DC Voltages, space vector modulation
Strategy, Multilevel NPC, Clamping bridge, DSIM.

1. Introduction

The unbalance of the different DC voltages sources of
the five levels NPC VSI constituted the major
limitation for the uses of this new power converter
[1]. In order to stabilise these DC voltages, they
propose to study a new cascade. Preliminary, they
remained the knowledge model of the multilevel
inverter, and its control strategy. Next, they study the
control speed of the DSIM using rotor field oriented.
Then, they present the model to the filter
intermediate. After that, the authors study the stability
problem of the input DC voltages of the inverter.
Thus, they study a cascade constituted by two
batteries- two capacitors filters-two five levels NPC
VSI. The results obtained show that the input DC

voltages of the two inverters are not stable. To
improve the performances of the proposed cascade
and stabilise the input DC voltages, the authors
propose in this paper one solution, which uses a

clamping bridge [1]. The results obtained are full of
promise to use this inverter in high voltage and great
power applications.

2. Modelling of five levels NPC voltage
source inverter

A.  The three phases five-levels NPC VSI structure

The five levels NPC VSI is constituted by three arms
and five DC voltages sources. Every arm has eight bi-
directional switches, six in series and two in parallel,
and two diodes. Every switch is composed by a
transistor and a diode in anti- parallel.

The (fig. 1) presents the structure of this inverter [2]

Fig. 1. A five levels NPC voltage source inverter



B.  Knowledge model of the five levels NPC VSI

The knowledge model of this converter is developed
using switch connection function Fys (k : number of
arm and s : number of the semi-conductor).

The voltages of the three phases A, B and C,
relatively to the middle point M, are given by the
following system:

v [Rer] [E][Rem)[R]
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The system (1) shows that a five levels NPC voltage
source inverter can be considered as four two levels
voltage source inverter or two three levels voltage
source inverter.

3. Space vector modulation strategy

The strategy proposed in this paper used four bipolar
carriers. It is characterised by two parameters:
modulation index m and modulation rate r [4].

The (fig. 2) shows the signal of this strategy.
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Fig. 2. Space vector modulation with four carriers
bipolars (m=6,r=0.8)

The principal of this strategy consists to defines from
vector reference Vier, Virer = (Vrett, Viez, Viers)', @ NeW
reference vector V. whose the composants are
defined by the following equation system
Vsrefl [i]:Vsref[i]+Voa Wlth, Vo= [maX(me) +min(vmf)] .
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4. Double star induction machine drive

A.  Double star induction machine (DSIM)
modelling

The studied machine is a double star induction motor.
It is constituted by two three phase windings in the

stator shifted between then with an angle of 30° and
one three phase windings in the rotor (fig. 3)[2,3].

Fig. 3. Magnetising axes of the 2*3 phase

The PARK model of the DSIM, with p pairs of poles,
is defined by the following equation system (2) [2,4].

dph s
[Vsdl = rsl.isd1+ M— (USph sql
dt
dphs
Vsql = ]"sl.isql + M'i‘ C()Sph sd 1
dt
dphs
Viaz = ronisar + 2242 ws.phsq2 ()
< dt
dphs
Vqu = 7"52.l.sq2 + pd 72 + C{)S.phvdZ
dphrd
Vid = rrird + 222 _ (®s - or).phrg
\Vrq = rr.irg + dp;qu + (s - or).phrd
t

The electromagnetic torque is given by the following
expression

Cem=p (phrd.(isql +isq2 ) — phrq. (isdl +isd2))  (3)

Lm+Lr

B.  The principal of the field oriented control of the
DSIM

The complexity of the control of the asynchronous
machines lies in the strong fort coupling exciting
between the torque and the flux. Therefore, we
proposes in this party, the control of speed by
orientation of the flux, more precisely by orientation
of the rotor flux, i.e, phrd=phr and phrq=0[1].



So, the block diagram of the control
considered is shown in (fig. 4).

system

Qrer
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Fig. 4. The speed control using the algorithm
phrq=03 phrd=phr

5. Speed control of the DSIM fed by two
five levels NPC VSI

In this part, they will study the performances of the
speed control of the DSIM fed by two five levels
NPC inverters controlled by the proposed strategy.
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Fig. 5. The simple voltage of the inverter and its spectrum
(m=12,r=0.8)

Fig. 6. The reglage characteristic of the output voltage of
the inverter (m=12)
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Fig. 7. Two five levels NPC inverters-DSIM
cascade

A. Interpretation

- The output voltage present symmetry
relatively to the quarter of the period. Then,
only odd harmonious exist. These
harmonious together by families centred
around frequencies multiple of 4mf .

- The reglage characteristic is linear from r=0
10 e =1.15.

- The harmonious rate decreases when r
increases.

- For the speed control algorithm of the DSIM,
the results obtained show:
*The direct flux ph,qis practically
null.
*The speed follows quickly its
reference.

6. Two batteries- two capacitors filters-
two five NPC VSI-DSIM cascade

The authors study a stability problem of the input DC
voltages. For that, they study a cascade presented in

(fig. 8).
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Fig. 8. Two batteries-two capacitors filters-two five
levels NPC VSI-DSIM cascade

A. Modelling of the intermediate capacitor filter

The two capacitors filters are identical. The model of
this filter is defined as follow, with J=1,2: [1]

(Cn@= I —ids2—id i
dt
Cjsz—Cjzz I[; -id 72
dt
< 4)
CJSMZ 1y +vidssvidia
dt
CJ4dU—CJ4= I; +id 4
\ dt

B. Simulation results

The parameters of the two intermediates capacitors
filters are defined with , the two
batteries voltages are fixed at

w12 ucisfu] _ue1z-ucinfu]

ueRl uczIfu] uei-uezaru]

ELLE (R}
180 LI
160 w, ]
RET B '
(K]
1z2a
E— EE— 0
RLLE
. w1
LLE -2
i -0,%
20 t(s) wen 1(s)
T T T 1 k T T —

g UEPE UEZN[U] ue2z-uezu[u]

asn —_— 0
a0
ot
250 ue ‘\
T — \
2an- on
150
na
100
~100
50
) B S )
@ es 1 s 3 s 3 w4 s 2 ozs 4

a B o@.s 1 1,5

agg U1 uctE(V] uet1-ueta(u]

180
100
RLLE
120
100
[
o0
B
:m_f t(s)

@ ms 1 1,5 PS5 @ @ ms 1 1,5 F RS &

Fig. 9. The two intermediates filters voltages and hers differences
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Fig. 10. Two five levels NPC inverter-DSIM cascade
C. Interpretation

The authors show in (Fig. 9), the unbalance of the
different input DC voltages sources of the two five
levels NPC VSI. This fact accentuates the problem of
the instability of the output voltages (fig. 10). To
remedy to this problem for to equalise the different
DC voltages, they introduce in the cascade a
clamping bridge.

7. The Clamping Bridge

It is constituted by a transistor and resistor in the
capacitor borne [1] (Fig. 11). The transistors are
controlled in order to maintain an equality of the
different voltages.
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Fig. 11. Two batteries-two clamping bridges-two capacitors

filters-two five levels NPC VSI-DSIM cascade.

A.  Simulation results

The parameters of the two intermediates capacitors
filters and the clamping bridge are defined:

and . The two batteries voltages
are fixed at
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Fig. 12. The clamping bridge voltages and their differences
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Fig. 13. Two five levels NPC inverters-DSIM cascade.

A. Interpretation

-The (fig. 12 and 13) show the simulation results with
a clamping bridge. The authors note that the DC
voltages of two five levels NPC VSI are equals by
pairs (U =U.;3,Ucp=U.4), so constant after a
transient state. They observed too, that the here
difference (U.yi-U.ps, Ugn-Uey) is decrease to have a
value practically null in steady states (fig. 12).

-The (fig. 13) shows that the system is not very
sensitive to the variation of the couple of load of the
machine.

8. Conclusion

In this paper, they have studied stability problem of
the input DC voltages sources inverter, for that, they
study the cascade constituted by two batteries-two
capacitors filters- two five levels NPC VSI-DSIM.
First they have proposed a space vector modulation
strategy with four bipolar carries to control the
inverter. The results of this strategy show a clear
improvement for the harmonics row and get widen
the adjustment linear area without modifying the
performances of the speed control of a DSIM fed by
this inverters. Then, they study the cascade, the
authors note the instability of the input voltages, i.e,
that the upper input DC voltages of the inverter
(Uep1,Uepp) are practically not equals to the lower one



(Ugs,Ucyg). This fact accentuates the problem of
unbalance of the different input DC voltages sources
of the two five levels NPC VSI, so instability of the
output voltages. To remedy to this problem, they
propose to use clamping bridge. Its introduction in the
cascade leads to balance all the DC voltages sources
of the two five levels NPC VSI. The results obtained
with this solution are full of promise to be used to
stabilise the input DC voltages of the inverter, so
promise to use the inverter in high voltage and great
power applications.

9. Acknowledgement

wr, ws and wgl: rotor, stator angular frequency and slip
frequency

Cem: electromagnetic torque;

Qr: angular speed of the rotor;

Phrd, phrq : direct, quadrate rotor flux;

phr : resultant rotor flux;

phsd1,phsd2,phsql,phsq2 : stators flux in the dq reference
frame;

Is1,Is2,Ir: inductance of stator leakage of the two
windings and of the rotor;

Lm: mutual inductance;

rsl,rs2,rr : resistances of the two stator windings and
of the rotor;

S=d/dt: differential operator;

isd1,isd2, isql, isq2: stators currents in the dq reference
frame;

ird,irq: rotor current in the dq reference frame.

vsd1,vsd2, vsql, vsq2: d-axis and g-axis stators voltages.
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