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Abstract: The article deals with the features of calculating the vector and matrix parameters of a discrete-
continuous model using the vector and matrix parameters of a discrete-lincar model in a wide range of operating
modes of a nonlinear object of management. The results of the application of the proposed approach for creating
a discrete-continuous model of an aircraft gas-turbine engine are given.
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Annoranusi: B HacTosied ctatbe pacCMOTPEHB! 0COOCHHOCTH PACUETa BEKTOPHBIX U MATPHYHBIX MAPAMCTPOB
KYCOYHO-HEMPEPHIBHOMH MOJCIH C MOMOLIBI BEKTOPHBIX M MATPHYHBIX MAPAMETPOB KYCOYHO-THHCITHONH MOaCIH
B IIMPOKOM JMANAa30HC PeKUMOB PabOThl HEIMHCHHOrO 00BbeKTa yrpasacHusA. [IpuBeacHBI PE3yabTaThl MPHUMC-
HEHH TPEIJIaraeMoro MoaxoJa MPH CO3JaHHH KYCOYHO-HENPEPhIBHONH MOAETH aBHALHOHHOTO ra30TypOHHHOTO
IOBUTATEA.

KinoueBsble ¢J10BA: HETMHCHHBIH 00BEKT YHPABICHUS, KyCOYHO-THHEIHHASN MOJCb,
KYCOYHO-HENPEePbIBHAS MOAENb, IIHPOKHIi IHAMA30H PEKUMOB PabOThI

1. INTRODUCTION

If we develop algorithms for detecting, localiz-
ing, specifying, and countering failures of digi-
tal automatic control systems (DACS), as well
as for evaluating the robustness of these systems
and algorithms, it is necessary to use linear
models of nonlinear control objects [1]. The ma-
trix parameters of linear and piecewise linear
models are estimated by transient processes of
nonlinear models of managing objects [1], [2].
The matrix parameters of the discrete-
continuous model can also be evaluated by the
transition processes of the nonlinear model [3].
In addition, the vector and matrix parameters of
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the discrete-continuous model can be calculated
using the vector and matrix parameters of the
original discrete-linear model. The discrete-
continuous model, in its turn, makes it possible
to construct various new discrete-linear models
consisting of an arbitrary number of linear mod-
els, which can alternate each other with arbi-
trary frequency, for example, at each step of
DACS operation. This paper describes the fea-
tures of calculating the vector and matrix pa-
rameters of a discrete-continuous model using
vector and matrix parameters of the original dis-
crete-linear model in a wide range of operating
modes of a nonlinear object of managing.
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2. NONLINEAR, LINEAR, DISCRETE-
LINEAR AND DISCRETE-
CONTINUOUS MODELS
OF NONLINEAR OBJECT
OF MANAGING

A nonlinear model of managed object takes the
following form [1], [2], [3]
)'r.:f(x",up,wp), (1)
where xP is vector of state, uP is vector of man-
aging, wP is vector of external impacts, and f is
nonlinear real vector function. The coordinates
of the state vector (state variables) of such an
object of managing, for example, an aviation
gas-turbine engine (GTE), are rotor rotation fre-
quencies, temperatures and pressures in differ-
ent sections of the flow-through part of the en-
gine. The coordinates of the control vector (con-
trol variables) are fuel consumption, variable
geometrical characteristics of the flow part of
the engine, in particular, the critical area of the
jet nozzle and the angles of rotation of the fan
directing equipment and the compressor. The
coordinates of the vector of external impacts
(variable external impacts) is the angle of devia-
tions of the engine control lever (control action),
as well as the height and speed of flight (varia-
ble external conditions). The constant control
action and the external conditions included in
the swP, vector determining the steady state of
engine operation (operating point), which corre-
sponds to the vector of steady-state values of
control variables suP and the steady-state vector
of state variables sxP.
In a small neighborhood of an arbitrary steady
state, a nonlinear control object can be approx-
imately described [1] using a linear model in the
form of normalized deviations from steady val-
ues

=AR-x" )+ B~ u"), @

where
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A and B are matrixes of dynamic linear model
for observed steady mode.

For steady values of normalized deviations it
takes the following form

(x“—sx“): S(u“—sun ),
0= A(xn—sx" )+ B(u" —u" )

®)
(6)

From where the matrix of static linear model is

S=-A"'B, (7)

Thus, we have

B=-AS. (8)
If the discreteness step is small enough, then at
discrete points in time we can approximately
assume that

xn("m):xn(’k)*‘

AtA[x"(!k)—sx“]+AIB[u"(Ik)—su"], 9)

k=0,1,2,... corresponds to discrete moments
of time o, 1, t2,..., at that %+ = fx + At, where
At 1s discreteness step.

The set of linear models for all selected steady-
state modes is a discrete-linear model

in Tl A (xn TPy Xn ) _|_r'l...rm B (un _n ...r,,; un ), (10)
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k=012, (11)
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where

ﬁun

s 1

f‘l“"'”;uﬂ _ -_“ : (13)

rE(Les B L sro R, )

5B (14)
and Ri,..., R» are equal to quantity of choosen
steady values of each from m variables of the
equation.

Vectors of normalized steady values of varia-
bles of control .u" and state variables x", as well
as matrixes A and B, involved into transition
matrixes I+ArA and ArB of discrete-
continuous model [3], in this case can be deter-
mined as following

=+ (e ), (12)
X =g 4 G gt et gh ) L16)
A=""n A+ 07 A= A) (17
B B4 9(,,; B B), (18)
0<0= 9(u“ o i © 'y )< 1
||;-....,-”;un <[l < "i—a g,
Fe(,R),.7 e(l,.R ). (19)

3. CALCULATION EXAMPLE
FOR VECTORS AND MATRIXES
OF THE DISCRETE-CONTINUOUS
MODEL

To determine the vectors and matrices of the
discrete-continuous model, the vectors and ma-
trixes of the discrete-linear model of the two-
shaft double-circuit turbojet aviation GTE are
used [1].

In this example (environmental variables), the
altitude and speed (Mach number) of the flight
of the aircraft (FA) are equal zero (ALT = 0,
MN = 0), the values (control impact) of the de-
flection angle of the engine control leverage
correspond to the operating modes of the GTE
from the maximum ( oyee = 68”) to the minimum
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(ouce = 15°). Four control variables (m = 4) cor-
respond to the fuel consumption in the main
combustion chamber G, the critical area of the
jet nozzle F., the angle of rotation of the fan
directing equipment @na and the angle of rota-
tion of the compressor directing equipment Qpak.
Five state variables of the control object (n = 5)
correspond to the engine rotation frequency #,,
the engine compressor frequency 7., the braking
pressure behind the compressor P.*, the braking
pressure behind the turbine P/* and the braking
temperature behind the turbine 77*.

Let us assume [1] that the normalized control

variables #; and ) change consistently with

the control variable u/ , that is, approximately
simultaneously these variables are on the
boundaries of the neighboring acting areas of
different linear models that are part of the dis-
crete-linear model. Therefore, for all these three
variables, let us to considering only R; = 9 se-
lected steady-state values for the variable u; .
At the same time, the number of different con-

sidered steady-state values for the variables u;

and u, equal to 5 and 7, respectively, since

ones remain unchanged at the other working
points.

Let us also assume that the control variable u,

changes in this way so that the number of se-
lected steady-state values R = 9.

Thus, the number of steady-state modes of op-
eration of the considered discrete-linear model
are R1R> = 81.

Vector and matrix parameters of the discrete-
linear model, which is the source for creating a
discrete-continuous model, are given in [1].

The vectors of steady-state values of control
variables and state variables, as well as matrixes
of linear models in the considered example, take
the form
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The acting areas of linear models, involved into A("‘uln >ul>" Ul ul="u} ):’1 A4
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In figures 1, 2,3, 4, 5,6,7,8,9, 10, 11, 12, it is
shown the transition processes for normalized

control variables u', u;, u;, u,, normalized

n n n n

state variables x', xJ, x;, x;, x; nonlinear
and discrete-continuous models of GTE as well
as derivative of normalized state variables for
transition processes X; for nonlinear, discrete-
linear and discrete-continuous models of GTE at
changing of values of deviation angle of the en-
gine control leverage from value corresponding
=68°) to
value, corresponding to minimal operation
mode (a,,, =15"), and further in contrary. That

to maximum operation mode (a:p_‘,'1

is, for example at falling or acceleration into
closed-loop DACS. A number of the transition
processes’ point is N = 601, a discreteness step
is At =0.025 C. The deflections form real object
(so called “errors™) are calculated for each vari-
able using either first or second technique
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4. CONCLUSION

A technique for calculation the vector and ma-
trix parameters of a discrete-continuous model
using the vector and matrix parameters of a dis-
crete-linear model of a nonlinear control object
1s carried out.

The basis of this technique is an approximate
representation of the static characteristic of a
nonlinear object in the form of a set of n = 5
three-dimensional surfaces (in fact, these sur-
faces are five-dimensional), or rather, a set of n
= 5 three-dimensional variety R> = 9 discrete-
linear broken lines, the each of this set corre-
sponds to the selected constant value of one
from two considered (from four available) con-
trol variables (Zu;, r,=1...,9).

The errors of the discrete-continuous model for
some of the state variables are larger than the
errors of the discrete-linear model, but at the
boundaries of the acting ereas of different linear
models included in the discrete-linear model,
the values of the first derivative of the state var-
iable changes much smaller.

The results of this stude can be applied to the
development of control algorithms for nonlinear
objects, which can be approximately described
using linear, discrete-linear and discrete-
continuous models, as well as algorithms for
detecting failures of sensors and equioment of
DACS.
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