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STRUCTURAL SYNTHESIS OF A STABILIZING ROBUST CONTROLLER
OF THE ROTOR FLUX LINKAGE

Purpose. The aim is to structural synthesis of robust stabilizing control of the rotor flux vector control system of induction
motor. Methodology. Synthesis controller structure was carried out in two stages. The first stage constructed a
mathematical model of the channel of the rotor flux with parametric uncertainty and calculated transfer function of H .-
suboptimal controller by method of the mixed sensitivity. The second stage was carried out the expansion of the transfer
function of the continued fraction for the Euclidean algorithm. This fraction was used to construct the controller
structural scheme. Results. Computer modeling of the transfer function of H.-suboptimal controller. Achieved
decomposition found the transfer function of the continued fraction. The flow diagram of suboptimal H -controller with a
proportional and integrating links and a few summers. The curves of transient rotor flux linkage in packages Robust
Control Toolbox and Simulink. They coincide in the steady state, but differ among themselves in the transition. Originality.
We developed the method of structural synthesis of robust stabilizing controller of the flux linkage rotor, H -suboptimal
structural scheme of which is presented in the form of simple compounds integrating and proportional elements of the
same order as the controller with the strictly correct transfer function, and takes into account the parametric uncertainty of
control object. The results of the simulation of transient processes in a variety of packages MATLAB applications confirms
the adequacy and small sensitivity of the system to parametric perturbation. The practical value. The resulting structure of
the controller makes it possible to carry out the modernization of electric control systems, in use, with minimal financial
costs. References 10, figures 6.
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Llens. Ienvio pabomwvr Aenaemca CMPYKMYPHOIH  CUHME3  CHMAOUAUSUPYIOWE20  POOACHMHO20  PezynAmopa
HOMOKOCUENIeHUA POMOPA CUCMEMbL 6EKMOPHOZ0 YNPAGNCHUA ACUHXPOHHO20 INeKmponpueoda. Memooonozusa. Cunmes
cmpyKmypul pezynamopa nposeoounca é oéa smana. Ha nepgom 3mane cmpounaco mamemamuueckas mooenv Kanania
nOMOKOCUENIeHUA POMOPA C NAPAMEMPUUECKOI HEONnPeoeNeHHOCMbIO U paccuumuiéanacy nepeoamounan Qynxyua H. -
CYOORMUMANbHO20 pezynamopa no memody cmewiannoi uyecmeumensuocmu. Ha emopom smane e¢vinonnanocs
Pasznoxcenue HAllOeHHOU nepedamoyuHoll GyHKyuu é yennyo opoos no anzopummy Eexnuoa. Ima 0poov ucnonvizoeanacsy
Ona  nocmpoenus cmpykmyphoi cxemwvl pezynamopa. Pesynomamui. IIpogedeno komnvlomepnoe modenuposanue
nepeoamounoii yukyuu H,-cybonmumanvnozo pezynamopa. Bwinonneno pasnosicenue HaildeHHOII nepedamouHnoil
dynkyuu ¢ yennyio opoés. Ilocmpoena cmpykmypuaa cxema H.-cybonmumanvnozo pezynamopa ¢ unmezpupyroumjux u
NPONOPUUOHATILHBIX 36€HbEE U HECKONbKUX cymmamopos. Tlonyuenvl Kpugvie nepexoonsix nPoyeccos nOmMoKoCHenIeHus
pomopa ¢ naxemax Robust Control Toolbox u Simulink. Ouu coeénadarom na ycmanosugwiemca peixcume, a Ha
nepexoonom Heckonvko omauuarwmesa mexncoy cooou. Hoeusna. Ilocmpoena mamemamuueckas moodenb Kanana
nomokocuenienusa pomopa c napamempuueckoii neonpeoenennocmeoio. Pazpabomana memoouka cmpykmypnozo cunmesa
pobacmnozo pezynamopa cucmemsvl YHPAGIEHUA HOMOKOCUEnIeHuem, Komopas obecneuueaem HAXO0MNCOeHUE
ONMUMANbHOU nepedamounoil GYHKUUU pezynamopa ¢ napamempuieckoil HeonpeoeieHHoCmblo 6 Gude CHMPYKMypbl,
cooepiicaujell unmezpupylouwiue u NPONOPUUOHANbHBIE 36eHbA U cymmamopyl. IIpakmuueckoe 3nauenue. Ilonyuennan
cCmpyKmypa peyaamopa o0aem 603MOMCHOCHb NPOEOOUMb MOOEPHUSAUUIO CUCIMEM YRPAGIEeHUA INEKMPOnPuUooos,
HAXO0O0AUUXCA 6 IKCRAYAmMayuu, ¢ MUHUMATbHOIMU PuHancosvimu 3ampamamu. bubn. 10, puc. 6.

Knrouesvie cnoea: 31eKTPONPHBOJ, BEKTOPHOE YIpPaBJIeHHEe, KAHAJ IOTOKOCHEIUIeHHs, CTPYKTypa H, -onTuMajbHOIO
peryasitopa.

Introduction. Stricter quality requirements for the
functioning of the vector control of induction electric
drives in conditions of uncertainty leads to the need to
stabilize the rotor flux. This is essential problem of
structural synthesis of robust stabilizing controller.
However, such a regulator is usually of higher order
which makes it difficult to use the vector control system.
Decomposition of robust regulator on the elementary
units allows you to get rid of this shortcoming. Its essence
is to control the representation of a structure consisting of
standard units. To create a regulator of such links element
base exists. Realization of control on the basis of this
framework permits to stabilize the rotor flux linkage, as
well as to modernize the control systems in use, with little
financial cost.

The issues of stabilization of the parameters of
vector control systems with uncertainties involved many

researchers [1-6]. They built mathematical models and
synthesized robust controls for many kinds of systems.

The goal of the work is structural synthesis of
robust stabilizing control of the rotor flux vector control
system of induction electric drive.

The theoretical basis for the structural synthesis of
robust control knob served H,-theory [7] and the theory
of continued fractions [8]. Calculations were carried out
with the assistance of MATLAB-7 expansion packs [9].
The studies were discussed at the VII International
Scientific and Technical conference «Innovations in
Shipbuilding and Ocean Engineering» (Ukraine,
Nikolaev, 2016).

Methods and results of investigations. Fig. 1 is a
block diagram of the channel of the rotor flux linkage in
the space of signals «input-output» [10], which includes
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the transfer functions of the frequency converter and the
stator windings 1 and rotor windings 2 of induction motor
with squirrel-cage rotor.
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Fig. 1. A block diagram of the rotor flux linkage channel
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In this scheme, the uncertainty of the parameters that
are most sensitive to changes in the object model, the gain
of the frequency converter have been chosen Kg.,
equivalent active resistances Rj.q and R,, inductances L;,
L, and mutual inductance L, of stator winding 1 and rotor
winding 2, and Ry = R1+(k2)2R2 (R, is the active
resistance); k, = L1,/L,.

We proceed from the block diagram of the equations
of state in the normal form of the operator:

K

pE:—LE+iU;

fc ch
pl=- ! 1+;E; (1

Tleq Rlequeq

1 L
pY=——w+227],

) )

where p is the Laplace operator; E is the EMF of the
frequency converter; U is the control action (the
projection of the stator voltage vector in the direction of
the vector of the rotor flux linkage); / is the current in the
channel of the rotor flux linkage; T, is the time constant
of the frequency converter; Tieq = Lieg/Rieq 18 the
electromagnetic stator winding time constant; L.q = 0L,
is its equivalent inductance; ¥ is the magnitude of the
rotor flux linkage; 7, = L,/R, is the rotor winding
electromagnetic time constant; o = 1 — (L1,)*AL,L,) is the
scattering coefficient of the magnetic field.

Coefficients k, and o are assumed constant. We
introduce the dimensionless quantities

where 7 is the index of nominal quantities.
We proceed in the equations (1) to dimensionless
quantities (2):

1 Lyl
pxy =X+ 2ty
) LY,
1 E,
DXy =— Xy + X35 (3)
Tleq Rlequeqln
1 KU
Xy = ——x3 4y
ch chEn

Using equations (3), we construct a structural
diagram of a system in the state space (Fig. 2).

We assume that undetermined system parameters
Kte, Rieq, Ro, L1, Ly and Ly, change in intervals

Kg=Kgen(1+ Pk, 0%, )3
Rieq = Riegn (1 + PR, SR, )5
Ry =Ry, (1+ pp,dg,) s
Lieq =Lieqn (4 P, 81, )3 )
Ly =Loy(1+pp, 81, )
Lip =Ligy I+ pp,01,),
wherepKfc s PRy, PRy» PrL PL,» PL, ar¢ the

relative values of the coefficients of variance of

undetermined parameters g , 9 Rieg * dg,, © Lieg *
6L2 and SLIZ .
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Fig. 2. A block diagram of the rotor flux linkage channel
in the state space

We replace each of the parameters (4) shown in
Fig. 2 a block diagram. The result is a structural diagram
of a system with parametric uncertainty shown in Fig. 3.
We proceed from this block diagram to the vector
equations of state in the operator form:
px =Ax+ Byw+ Byu ;
Z=C1X+D1]W+D12u; (5)

y= C2x+D21w+D22u ,

where
_ R2n R2n 0
L2n L2n
R R
A= 0 _ 'egn leqn ;
Lleq n Lleq n
1
0 0 -——
L ch
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ch

Dy=[0 0 0 0 0 0 0]; Dy, =]0]:

x = (x1, X, x3)T is the phase vector; y is the 1D output
vector by which closes feedback ; z=(z|, z»,..., z7)T,
w=(wi, Ws,..., wy)| are the respectively the input and
output vectors of uncertainty shown in Fig. 3.

The obtained equation (5) corresponds to the transfer
function matrix P(p), which is the standard form has the
form (6):

A B B
P(p)=|Ci Dy Dy |. (6)
Cy Dy Dy
It contains known and does not contain elements of
uncertainty.
The matrix transfer function containing the
uncertainty of the form (7):
) Kp, 0 0 0 0 0 0
0 o L 0 0 0 0 0
eq
0 0 dp 0 0 0 0
leq
Alp)=| 0 0 0 8z O 0 0 (.7
0 0 0 0 9§ 0 0
12
0 0 0 0 0 9§ 0
2
0 0 0 0 0 0 dp
2

It defines the relationship of the vector w(p) with the
vector z(p).This relationship is described by the
expression of matrix w(p)=A(p)z(p) which displays the
system of equations (8):

w =08k, 715 Wy =8, 23
W3 :SRlqu3; Wy =8R224; (8)
Ws :6L1225; We :6L226; wy :8R227 .
This system of equations is obtained by Fig. 3.
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Fig. 3. A block diagram of the rotor flux linkage channel
with undetermined parameters

Thus, a mathematical model of the channel of the
rotor flux linkage in the space of states with parametric
uncertainty is built.

Synthesis of optimal stabilizing K(p) control was
conducted by a mixed sensitivity for the object P(p) the
uncertainty A(p).
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The block diagram of the object P(p) with
uncertainty A(p) and the controller K(p) is presented in
Fig. 4.

The numerical solution was carried out at the
following values of the original data with 73=0.001 s;
Ri=2.65 Q; R,,=2.0 Q; L,,=0.186 H; L,,=0.189 H;
L15,=0.179 H; 6=0.0996 corresponding to the induction
electric drive with motor MDXMA 100-32.

A (P) [=—

1 P(p)
u y
K(p) =—

Fig. 4. The block diagram of the object P(p) with uncertainty
A(p) and the controller K(p)

Quality controlled system by means of three
weighting functions [9] attached to the object P(p). In the
process of solving the mathematical model of H,-
suboptimal robust controller is obtained. Its stripped-
down strictly proper transfer function K(p) (at a frequency
of w.=46.6 rad/s of one of the weighting functions [9])
has the form

5.016-10°(p? +148.963p+1.0612-10%)
P311.451.10% p? +1.262.107 p+3.532-107 - @)
Using the algorithm of the ancient Greek

mathematician Euclid, we expand the transfer function (9)
in the continued fraction [8]:

5.016-10°
1
P*0.6963 . I

4
10 _197p+

» (10)

1
0.5709 1
- +

4
10 osep4t
-

where r=0.2879-107

Structural circuit of the regulator corresponding
fraction (10) is shown in Fig. 5. It consists of three
integrating and four proportional units.

Fig. 6 shows curves (solid lines) obtained by
simulating transient rotor flux linkage in the Robust
Control Toolbox (Fig. 6,a) and the Simulink (Fig. 6,b)
packages with a single step change reference variable, and
the curve in Fig. 6,b is constructed with the assistance of
the controller block diagram shown in Fig. 5. As
expected, the two curves are identical at steady state. In
transition mode, they are slightly different from each
other in character and speed the flow of transients and
overshoot are about 25%. This overshoot is easily
eliminated by the aperiodic links with transfer function
1/(0.32p+1) on the right side of the setting unit setting
signal (dashed line in Fig. 6,0).

Similar calculations were carried out with various
combinations of increased or reduced in 2 times uncertain

parameters. Here, transient deviations from nominal
curves were not observed.

1
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Fig. 5. Structural circuit of the H,-suboptimal stabilizing robust
controller
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Fig. 6. Transients of the rotor flux linkage
in packages Robust Control Toolbox (@) and Simulink (b):
the dotted line — overshoot 0 %; solid line — 25 %

Conclusions.

The technique of structural synthesis of robust
stabilizing control regulator of the rotor flux linkage is
proposed, H,-suboptimal block diagram of which is
presented in the form of connections of easily integrated
and proportional parts of the same order as the regulator
with a strictly proper transfer function, and takes into
account the parametric uncertainty of the control object.

The results of the simulation of transient processes
in a variety of packages MATLAB confirm the adequacy
and small sensitivity of the system to parametric
perturbations.
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