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RESEARCH OF THE DIRECT TORQUE CONTROL SYSTEM
BY INDUCTION MOTOR

The article presents a mathematical description of an induction motor with further modeling in the MATLAB
program. In the model, the method of direct torque control (DTC) is implemented. The basic idea of control is that
at each step of the calculation the optimum state of the inverter voltage is determined, which causes a change in
both the moment and the stator flux coupling in the necessary direction. The obtained transient processes.
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Introduction

The induction motor in the fixed coordinate system
x-y is described by a known system of equations [1]:
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where R; — active resistance of the stator winding phase;

R, — active resistance of the rotor winding phase
reduced to the stator;

M, — static load moment;

W xy— vector flux linkage of stator;

W,xy— vector flux linkage of rotor;

J — moment of inertia, reduced to the motor;

Uy, — stator voltage vector;

U,y — rotor voltage vector; ® — nominal angular
velocity;

o, — rotor angular velocity;

L, — total inductance of the phase of the stator
winding;

L, — total inductance of the phase of the rotor
winding;

L,, — magnetizing circuit inductance.

Main part

This mathematical description for the MATLAB
package can be represented in the following matrix
form. Equation of stator and rotor stresses:
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where the matrix-columns of voltages, currents and flux
linkages have the form:
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Resistance Matrix R; and the matrix C, turning
vector of flux linkage on 90°, have the form:

R, 00 0 000 0

0 R 00 000 0
R3: , L=

0 0 R, O 000 -1

0 0 0 R,y 00 1 0

The linkage and torque of the motor are connected
with current expressions:

M, =(G-¥3)" -(F-I3). 3)

The matrix of inductances Ls, as well as matrices F
and G have the form:
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Based on the mathematical description, a computer
model is developed in the MATLAB package, shown in
Fig. 1.

Block «Psi->I» solves the system of linear equa-
tions

Y3 = L3 . 13 ,
realizing the operation
-1
I3=L3 y;.
MATLAB Function in block has the form L3 /u.

In block «Psi, I->M» on flux linkage ¥; and cur-
rent I; the electromagnetic moment is calculated in ac-

]
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R2*u |4

cordance with equation (3). Line «MATLAB Function»
in block has the form:
(G*u(5:8))*(F*u(1:4))*pn*3/2 (Fig. 2).

Further, the moment of resistance is subtracted
from the electromagnetic moment M., and the resulting
dynamic moment is integrated and divided by the mo-
ment of inertia J. The result is the rotational speed of the
rotor. The transformation of the three-phase voltage into
the two-phase required by the model is carried out using
the block represented in Fig. 3.

As aresult, based on the previously obtained sub-
systems, we obtain a general system which is shown in
Fig. 4.
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Fig. 1. Computer model of an induction motor
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Fig. 2. Three-phase phase voltage conversion system (a-b-c) to (x-y)
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Fig. 3. Two-phase phase voltage conversion system (x-y)
to three-phase (A-B-C)
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Fig. 4. Model of an induction motor

In the mid-85's, ABB proposed and later imple-
mented the direct torque control (DTC) method [1]. The
basic idea of control is that at each step of the calcula-
tion, the optimum state of the inverter voltage is deter-
mined, which causes a change in both the moment and
the stator flux coupling in the required direction [10].
As a result, the separation of the torque and flow control
channels of the induction motor is achieved.

The basis of the DTC system is the equation of the
electromagnetic moment of an induction motor [1].

My =%Pn C:(le(\vw\hx ~VYixWay) (5)

The projections of the flux link vector on the axis
of the fixed coordinate system can be written in terms of
the vector modules and the current angular values rela-
tive to the abscissa [1].

Wiy =[] cos By vy = [y [sin0y;
Way =[¥3cosBy5wpy =[¥,]sin6,

Hence the expression for the moment is obtained
in the form
3 K; .
My = 3 P oL, |\u1||\u2|smS
where 9 — the spatial angle between the vectors of the
stator flux linkages y; and rotor .

If the modules of vectors |y|= yi, and W= vom
keep constant, the magnitude of the torque can be con-
trolled by changing the angle 9 [9].

The algorithm of the DTC system is constructed as
follows. First, the vector of stator flux linkage y; and
electromagnetic moment of motor are determined in
some way. Then the vector and moment modules are
compared with the set values, after which, using the
comparators, called the relay regulators, the logical er-
ror signals dy and dM [9].

Based on these signals and knowing the position of
the flux linkage vector in the plane of the reference vec-
tors, one can choose a combination of the states of the
inverter's keys, at which the base voltage vector is
formed, minimizing the deviation from the set values.
Thus, as a result of the operation of the system, the sta-
tor flux-stator module and the electromagnetic moment
of the asynchronous motor will always be in the zone of
the permissible deviation from the set value determined
by the hysteresis value of the corresponding regulator.
The choice of the basic vector of an error-minimizing
control variable depending on the sector in which the
vector is currently located vy, are produced using a
switching table (Optimal Vector Selection Table) [9].
The switching table consists of the digitized signals of
the flux mismatch (1.0) and the moment (1.0, -1) and
information in which sector of the coordinate system
associated with the stator is the stator flux vector of the
induction motor. With the help of the switching table,
the optimal voltage output vector is chosen which must
be fed to the stator windings of the asynchronous motor
in order to ensure a minimum deviation of the regulated
quantities from the set values.

The choice of the optimal voltage vector is made
from eight possible voltage base vectors [9]. DTC sys-
tems eliminated the shortcomings inherent in FOC sys-
tems: large amount of computations for forward and
reverse transformation of a fixed and rotating coordinate
system, the presence of a delay in the formation of an
electromagnetic moment [9].

Construction of a mathematical model
DTC system

In Fig. 5 the system of direct torque control in the
MATLAB package is shown.

In Fig. 5 function block numberkeys calculates the
potentials at the output of all the arms of the converter
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Fig. 5. The model of direct torque control

according to the switches provided by the key. In the
event that both keys are closed, an error message is dis-
played.

The function block calc abc calculates the phase
voltages at the output of the inverter, depending on
which voltage potentials are present at the output of its
arms. The input for this function is the result obtained in
the previous one.

A program is developed in the language MATLAB
of direct torque control on the rotor.

Simulation results

For the simulation, we used the parameters of the
motor of type 4A80A4, which are given in Tabl. 1, 2.

In the simulation of direct torque control, a stepped
reference to the flux linkage at the time t=0s after, a
stepped reference to the torque at the time ¢=0,2s and
the stepped moment of resistance to the motor shaft is
equal 1. The resulting transient processes with respect to
the motor variables are shown in Fig. 6-11.

Table 1
Motor parameters
Efficiency, cos P, Sy, rel. | X, rel. | Ryrel. | Xj,rel. | Ry, rel. | Xy, rel. J,
4A80A4 % P kw units units units units units units | kg'm’
75 0,81 1,1 0,054 1,7 0,12 0,078 0,068 0,12 0,033
Table 2
Parameters of the substitution scheme
L,,H R;, Ohm L. H R,, Ohm L,s,H
0,434 9,63 0,02 5,459 0,03

CURRENT ABC

i

Fig. 6. Current dependence ABC from time
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Fig. 7. Current dependence (a) stator XY; (b) rotor from time

Fig. 9. Dependence of stator voltage in coordinates A-B-C from time
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Fig. 10. Dependence of the flux linkage module (1) and power (2) from time

Fig. 11. Dependence of the angle of rotation from time

Conclusion

In this paper, a simpler mathematical model of an
induction electric drive with direct torque control is de-
veloped. Modeling in the MATLTAB package of a
drive with an motor of the type 4A80A4 is made. The
accuracy of torque and flux linkage obtained on the
model is 0.041 and 0.02, respectively.
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Penenzent: 1-p TexH. Hayk, npod. C.B. Kozenkos, Jlepxas-
HMI yHIBEpCHUTET TeleKoMyHikarii, Kuis.

JOCNIAKEHHA CUCTEMU NPAMOro yrnpABNIHHA MOMEHTOM ACUHXPOHHOI'O ABUT'YHA
Axwmen [6paxum Ixabep Anp3ybaiini, B.I1. loporo6ix, Moxamen Caani Xacan, M.K. Bopo3nin

Y cmammi npedcmasneno mamemamuunuii onuc AcUHXpPOHHO20 OBUSYHA 3 NOOANLUWUM MOOENIOBAHHAM 6 NpOSPami
MATLAB. 'V mooeni peanizyemucs memoo npsamozo kepysanns momenmom (DTC). Ocnoena ides ynpagninhs noisieae 6 momy,
WO HA KOMHCHOMY KPOYI PO3PAXYHKY GUHAYACMbCA ONMUMATLHULL CIMAK HANPY2U IHEBEPMOPA, AKe GUKIUKAE 3MIHA, K MOMEHMY,
Mak i NOMOKO34enieHHs Cmamopa 8 Heobxionomy Hanpamky. [Ilpedcmasneni ompumani nepexioni npoyecu.

Knrouogi cnosa: npsime kepysans MOMEHMOM, EKMOP NOMOKO3YENAeHH S, MOOenb acunxponnozo dsueyna, MATLAB, DTC.

UCCNEOOBAHUE CUCTEMbI NMPAMOIO YINPABIEHUA MOMEHTOM ACUHXPOHHOIO ABUIATENA
Axwmen Uopaxum [Ixabep Anp3ydaiimu, B.I1. Joporooun, Moxamen Caagn Xacan, H.K. Bopo3nun

B cmamve npedcmagneno mamemamuyeckoe ONUCAHue ACUHXPOHHO20 08U2amens ¢ OaNbHeluM MOOETUPOBAHUEM 8 NPOo-
epamme MATLAB. B mooenu peanuzyemcs memoo npamoeo ynpaeienus momenmom (DTC). Ocnosnas udes ynpagnenus 3akuo-
Yaemes: 8 MoM, YMo HA KajcooMm uiaze pacyema onpeoensiemcs ONMmumMaibHoe COCMOosHUe HANPSICeHUs UHBEPMOopd, KOMopoe
8bI3bIGAC UBMEHEHUE, KAK MOMEHMA, MAK U NOMOKOCYENIEeHUs. CMamopa 6 Heo6xooumom nanpaenenuu. IIpedcmagnenvl nony-
YeHHble NEPEeXOOHbIE NPOYECCH.

Knwouesvie cnoea: npsmoe ynpagnenue MOMEHMIOM, 6EKMOpP NOMOKOCYCHACHUS, MOOETb ACUHXPOHHO20 O08ucameis,
MATLAB, DTC.
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