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Abstract

This paper presents the analysis and simulation of the control of double st

very fast torque and flux controlled drives as well the simptieity of th ol algorithm.
DTC is inherently a motion sensorless control methqQ.\J'he“mo rence regulator
(MRAC) can improve the double star induction m form e invMerms of overshoot,
rapidity, cancellation of disturbance, and capamty dintain x evel of performance.
Simulation results indicate that the proposed Iator ha etter” performance responses.
The implementation of the DTC applied to ble star i |on motor based on model
reference regulator is validated with S|muf sults
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1. Introduction

AC machines with v, Q@speed ives”are widely employed in high power applications.
In addition to the vel inv ed electric machine drive systems, one approach in
achieving high p th ratin power electronic devices is the multiphase inverter
system [1, 2 Itiphase=tnverter feding machine, the winding of more than three phases
are connecte the sa or of the machine, consequently the current per phase in
machine is reduced [3,

The double stat tion machine needs a double three phase supply which has the
many advantage&?]. It minimise the torque pulsations and uses power electronics
components whicizallow a higher commutation frequency compared to the simple machines.
However t%uble stator Induction machines supplied by a source inverter generate
harmonic @ h result in supplementary losses [5]. The double star induction machine is not
em, because a number of complicated phenomena which appear in its function,
@0 ation and skin effects [6].

he' double star induction machine is based on the principle of a double stators displaced
by a=30° and rotor at the same time. The stators are similar to the stator of a simple induction
machine and fed with a 3 phase alternating current and provide a rotating flux. Each star is
composed by three identical windings with their axes spaced by 2x/3 [8, 13].

Therefore, the orthogonality created between the two oriented fluxes, which must be
strictly observed, leads to generated coupled control within optimal torque [8, 14].

This is a most rugged and maintenance free machine [15].
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The machine studied is represented by two star winding: As; Bs; Cs:et Asz Bsy Cs, which is
displaced by a=30° and three rotorical phases: A B, ,C..
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Figure 1. Double star winding r& tation

2. Double Star Induction Machine Mode‘ \/
The equations of the double star induction n@ne in Ehe %ce of Park are given by

equation (1):
<
@) N
Vas1 = Rslgs1 + % - ws®qsl 6\ ‘%@
9

D51 ! <&
Vqsl = Rslqsl +7+a)s \
Adfgsz ®

Vasz = Rglgsy + % s¥qs2 * 1)

Vgsz = Rslys + Ws Do

0 =R,I, + Par _ =00,)0
rtar dt % T qr

d
0 =Ryly %@US — wp)Dar
The

ical dynamic equation is given by:

J% O = Ce = C ()

Where J is the moment of inertia of the revolving parts, f is the air flowing over the motor and
Cem is the load Torque.
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The electrical state variables are the flux transformed into vector [@] by the “dq”
transform, while the input are the “dq” transforms of the voltages, in vector [V].

=61 = Alg] + B[V] ®)
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The generated torque of doubly star induction can be expressed in terms of stator (Wnd

stator 0
Q/ @

flux linkage as :
Cem =p L"Ll:-nLr [d)dr(iqsl + iqsz) - (»bqr(idsl + idsz)] @ V

The equations of flux are:
Pma = Lo (G + G2 4 S
Sl LSZ LT Q * 6 (5)
¢q51 ¢q52 ¢qr O

L 4

¢mq = La( 3 + T
52 r \
e e e \6 ‘&Q) ®

Given that the “dq” axes are fixed'th the @ Ous rotating coordinate system we have:

¢hsa1 = Ls1lgs1 + L (% ds2 t
¢sq1 =1L 1lq51 + +i

bsaz = Lszldsz dsl + ld

()
Psq1 = (lq 1 lqr)
bar = L ld (mgé +iar)
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Q14 = Q16 = Ap3 = A6 = A3y = A35 = Q41 = Qg5 = Ag3 = Qg4 = dg1 = Az = 0
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Qe = Qar = Rlea oo = Cas = RSZLa Rsl Goe = Oar = RszLa Oes = (on = RrLa
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3. Direct Torque Control for the Double Star Induction Motor

Direct torque control is based on the flux orientation, using the instantaneous values of
voltage vector. An inverter provides eight voltages vector, among which two are zeros [11],
[13]. This vector is chosen from a switching table according to the flux and torque errors as
well as the stator flux vector position. In this technique, we don’t need the rotor pasition én
order to choose the voltage vector. This particularity defines the DTC as an ada rol
technique of AC machines and is inherently a motion sensorless control methg %

]

Figure 2 shows the block diagram for the direct torque and flux contr d to the
double star induction motor shown in. The star flux @ and.th torque nltudes are
compared with estimated values respectively and errors ar C sed thro ystere5|s -band
controllers [16].

Star flux controller imposes the time duration of tve vol rs which move the

roller det nates the time duration

stator flux along the reference trajectory, and torque CG
of the zero voltage vectors, which keep the defi‘é\notor tor@by hysteresis tolerance band
[9].

Finally, in every sampling time the vegto ection block choses the inverter
switching state, which reduces the inst %ous flg\& rque errors [17, 18].
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Figure 2. DTC applied to the double star induction motor
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4. Model Reference Adaptive Control MRAC

This procedure is presented by the introduction of adaptive algorithms with simplified
model reference. The structure of adaptive control with model reference is shown in Figure 3
using a first-order model reference for the speed and a simple formulation of the
electromagnetic torque reference based on measured quantities [19, 20].

The adaptation of the parameters is carried out using the error resulting from the
comparison of the rotor speed and the model reference speed as shown in Figure 3.

This control method is generally used to reduce the computational complexity for
algorithm implementation. A first order a model reference is select [21, 22].

Km

L 4
Model
> Reference VV
- &)
Disturbance %
‘ ) Adapta parameter\
Signal of synthesis
Figure 3. Struct @mode ference adaptive control
5. Model Reference e tlon
The first order moge&ce can¢oe Written as :
JEE A+ O (8)
The mode re’&r t}é s@m
J dQm
rarTaRl Qpn 9)
The decoupling &@of model reference is given by:
e=0 - (10)
+K, x+K, e (11)
values of Ku, Kp are:
t
K,(et)=[ayu’ .dt+pyu’ (12)
0
K,(et)=[a.yx'dt+Byx (13)
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6. Simulation Results

Figure 4 represents the simulation results of double star induction motor (DSIM). This
figure shows before the application of load the speed is a linear characteristic stabilized by the
value of speed reference. After the application of Cr=15N.m load to t=1s), it represents a fall
in its value then stabilizes to the value of speed reference (3000 tr/mn). The torque undergoes
a peak at the first time of starting, and then reaches the value of resistive torque before and
after the load application.

77777777777777777777777777777

Figure 4@@ Its of the double star induction machine (DSIM) §

7. Robust Contro aptive Control MRAC

7.1 Speed Varla

Figure s the simulation results obtained for a sped variation for the values: (Qrer=
1000, 23 3000tr/mn), with the load of 15 N.m applied at t=1s.

’ ultats shows that the speed and torque response follow perfectly their reference
@ ith the same time response.
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Figure 5. Speed varia@a robust@trol

7.2. Robust control for load variation
Figure 6 shows the simulation resul@amedﬁ@ ad variation (Cr=5N.m, 10N.m and

15N.m).
The speed and the torque a&% uenceK |s variation. We can see that the control is
robust from the load variation p0| of vi

5
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Figure 6. Robust control for load variation
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8. Conclusion

In this paper, the analysis and the control of a double star induction motor, using direct
torque control (DTC) based on adaptive control which is model by a reference regulator
(MRAC) is presented. As can be seen from the simulation results with adaptive regulator
(MRAC) control, the robustness in terms of stability and performance is achieved. The DTC
control with adaptive control algorithm offers an excellent stability and disturbances rejection
with high performance.The robustness is achieved by using a relative error signal i
combination with a speed reference and rotor speed in the adaptive law.
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APPENDIX
The machine parameters are as follows:
Rated power; P,-4.4Kw V
Pole pair; P=1 ?“
Rated frequency; 50Hz 0
Nominal speed; 3000rpm .
Resistance of the stator 1; Ry=3.72Q \*
Resistance of the stator 2; Rs,=3.72Q Q
Resistance of the rotor; R=2.12 Q
Inductance of the statorl; Lg=0.022H \V
Inductance of the stator2; L,=0.022H
Inductance of the rotor; L,=0.006H Q
Mutual inductance;  Ly=0.3672H .\O

Machine inertia; J=0.0625Kg.m?
Viscous coefficient; f=0.001Kg.m?/s 6
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