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ABSTRACT
This paper is the result of a series of experiments Lo
identify parameters of a model for an object ¢ a systemd using
methods based on the theory for acheiving optimal control of a
system ¢ or objectD. '
The advantages of sclving this dual-preblem in flight

dynamiecs, by the use of one and the same method are demon-
strated. The dual problem being that of model identification
and control optimization.

An example is given. Namely,model identification foar

coaxial helicoplter motion during a manceuvre in a vertical
plane, using one of the optimal contrel thecory methods.

I. INTRODUCTION

Experience in the field of contrel systems design has
clearly shown that Lhe development of any conbrel system 1is
reduced to solving two interconnected tasks: - task of creating
an object model and of developing a contrel algorithm corres-
ponding to the given model and the given purpoese of Lhe
functioning system. For a given system ( or objectd) parameiric
identification may be carried out at the same time as systen
control oplimization.

Though a lot of work has been done 1in the field of the

control system Cor object? model identification {1...41 1in this
case helicopters [ 1 1 by the progress of the identification
theory and practice new tasks appear and get solved. One of

such probklem is that of an integreted appreoach to ths solving
of the flight dynamics two-sided task i.e.nodel identification
and cantrol oplimization.

The investigations carried out proved the expedisncy of
applying the same methods to idenlification tasks as to control
optimization ocnes. Optimal control theory approximnation methods
are considered to be promising as they may successfully be
applied to both linear and non-linear models. One of such methods
will be examined below namely the methed of succeszive improve-
ments in control [ 5.6 3 based on V.F.Krotov theory wvalid in
general conditions adequate for optimality.

The use of this improvement method permitied tLhe
development of the method for model parametric identification
by means of a run of experiments. This method is applicable to
linear and non-linear models. Non-lineality is a feature of
helicopter dynamics models,

The second distinctive feature is the use of a run of ex-
periments permitting a decrease in the effect of random faclors.

The third distinctive feature 1z tLhe continuity of both
flight dynamics task parts ¢ fig. 1 2 which in practice reduce
the volume of calculations when zolving the task as a whole.
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II PROBLEM IDEFINITION
It imw assumed that a run of experiments was made

regarding the cobject in meazuring control wvector U (LD, arch
part of the object state vector itime variabkles:
yliLDd = L XiCtD,...XLCtD...X LD > Ce 1o
m
XLCt) = FC t, XL'[JV A D l=1...n e )

XCt3—- N dimensional representatlion phase vector;
UCt>—- N order control vector;

YCLo- R R = N order measured paramesters vector,

A -~ IS dimensional representation corrected parameters veclor;

M -~ number of experiments  number of modes at testing 2.
The problem consists of determing vector A so as Lo

minimize the functional which consists of the sguared diffe-
rence integral values of the measured C Xr 2 and calculated
¢ Xc 2 phase vector values corresponding to selutions of (2D
equation systen:

k
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Dj is the weight ceoefficient of the phase state j component.
Further, the functiconal minimum is found in a similar
way to the solvution of the control optimization tasks i.e. a

conjugated syatem C vector—-functiond is determined by solving
an auxiliary equations system
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The initial conditiens for integraling the auxiliary egua-
tions system (40 for the identification task are zero:

w C LkD = O
A

{
Correction of the unknown parameters vector A is similar Lo
the control correction when solwving the control optimization
task and iz done by iterations:



Ai= Aj, + BAj A 4 S
U 1—1
Jj= 1.0, = i- number of jteration;
A correction may be done both at each step ( parameter A
varies in timed:
M aHl
SALC L D = K. E T I O =
] a7 ;
and integrally: .
M . 6Hl
6A3,=Kj T j_é_ﬁm_ dt N A
l=1 L 3
H

2.1 Peculiarities of the problem solution
The problem of @ vegtor 4 definition is solved when one
of Lthe following conditiens is acheived:

a2 - convergence of the calculated functional value with
a predetermined degree of accuracy:
I, - 1.
e = i L4 < .
1 I, - T
i m
(b2 - convergence of the componsnt <f the parameters of
vector A to the nearest approximation:
A - A
J, J.
s = m__ll_ﬂ_mm.__]'_:.{‘w =~ £
aj A @}
3. m
-1
(el ~ integral convergence of the parameter of vector A Lo
the norm:
Al ; Al—i .2
e o= = = A= .
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2.2 Weight coefficients

The necessity of specifying welght coefficients D (30
in the parametric identification problem is dictated by the
physical meaning of the problem to be solwved, since the
helicopler motion parameters change within different limits.
Thus, the change of flight speed is measured in the order of
one to tens mss, the change of rotor angular speed is measu-
red in the order of 0.1 to 0.5 radss, the change of a maneu-
vering helicopter altitude ~ of up to a radianm estc.

Since the total functional consists of several compo-
nents (23 il is neccessary to specify the weight of each
component according to the engeneering evaluation of this or
that parameter, which is important in the mode examined. So,
for example, if for practical reasons, the following devia-
tion values are taken as equal Lo 1 mss for flight speed;
0.05 rad for pitch angle; ©.1 radrss for main rotor angular
speed, then corresponding values of weight coefficients must
be selected to conform to the following ratios: Di: Dz: Da =
1: BOO : 100 | Since the sensitivity of Lthe problem change
in one  or other of the components of @ tLhe vector state,
depends on the values of weight coefficients, it 13 guite
evident that engeneering experience will e necessary
to evaluate correctly vector D



2.3 The method application algorithm
Az Lthe components of the veclor determined are not one-

dimensional, two types of improvement algorithms may be
applied:

ad The method of successive elimination of sach of the
components of the vector,that is the one component of vector
A 1= determined, A1 for example, C(Lhe rest A are nol
changed i.e. in formulaes (B> and (7) the corresponding coeffi-
cients are taken equal to zero: Ki =06, j # 1 3 and the
calculation iz done by convergence in £1 or in £ Then the

cbtained val
mined etc.,

for one parameter,

e

is recorded

and the next parameter is deler-

so at sach step the correction is calculated only

After the determination of the

vector A

last component the calculation returns to the first component
Aj (i#1D values and so it goes on up to the tolal

A with new

converdgence in vecitor A.

In fig.

2 the changs of the

func-

tional and the corrected parameters are presented according
to the iterations in the process of minimization, upon the
given diagram:

BY  The method of parallel determination of components
with a simultanecus c¢orrection of the corrected parameter
veclior components. As” ths computing practice demonstrates,
thiz method: is rellable enough and works faster than the

first one,
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ITY IDENTIFICATION OF A COAXNIAL HELICOPTER MOTION
MODEL. IN A MANOEUVEE IN A VERTICAL PLANE
The analysis of the flight test results of a helicopler
performing manceuvres in the vertical plane ¢ steep climbs,
dives ) proves that though the integral parameters like
overload are rather well represented by the model, but. the
fiight test results demonstrate some difference as regards
the flight speed, pitch angle and main rotor speed values.
The problem demands determination of the vector of con-
stant coelfficients, correcting the calculated values of the
coaxial helicopter motion equations coefficients, for the
vertical manoesuvres.

3.1 Motion equalions

A ctoaxial helicopter motion model developed by the Kamov
Helicopters Scientific & Technoleogy Company, 18 used as
a motion model. Due to the asrocdynamic symretry of the coaxial
helicopter, the side motion may be di sregarded, which
considerably simplifies the systlem.

The eguations are written in the right side coordinate
system related Lo the main rotor sharfti,

Accepted designations:
Vi, Vy — flight speed componenis in respect to the
main rotor shaft related axes;

o ~ main rotor angular speed;

& - plitch angle;

@, - main rotor setting angle;

w_ ~ angular speed of rotation arcund OZ axis,

X, Y ~ components of forces acting upon the hell-
copter and referred to the heliceplier mass,

Mz ~ moment in respect Lo OZ axisg referred Lo
the helicopter inertia longitudinal moment,

M — main rotor shaft torque referrsed to the
main rotor inertia polar momenil,

QKAB - enginé moment on the main rotor shaft re-

ferred to main rotor inertia peolar momant;

&z ~ main rotor resultant force deviation angle
at lengitudinal control;
@ — main rotor collective pitch angle.
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Engine operation eguation considering the operation
of the main rotor speed governer:
e 1

dAMK _
dt B Tas  C M} 4
The model implies some non-linear dependences, i.e,
— dependence on the plitch angle of ths force of gravity
components projected on to the axes;
- dependence of the main rotor thrust and torgue upen  ths
main rotor spesed ( main rotor angular speedd,; '
- dependence of the forces and moments upon the flight speed.
It iz necessary Lo calculate the wvalues of tLhe
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coefficients Ar o, Az, Az, A4, Ao
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so as to reduce the difference between the model and flight
tests.

3.2 Specification of basic standard dependences
The folleowing motion parameters obtained from flight
testing are accepted as the mozt valid ¢ ref. fig. 32
flight speged ¢ Vi3, pitch angle ¢ & 3, main rotor revolutions
C n J. Execept for these standard dependences, the change of

control corresponding to each of the modes ¢ ¥s 2 iz also
taken from the flight test results. In Lhe example pressnled,
those modes are gselected for identification, where only the

longitudinal control changes € the valus of the colleclive
pitch angle iz not changed in the process of the node reali-
zationd i.e. the control vegtor is onedimensional.

The number of modes accepted as basic standard according
to the flight test results, is egual to B,

So, in the sguation system describing helicopter motion
in the vertical plane, orders of control vectors and correc-
ted coefficients etc. following are defined:

Mu =1 - control vector order;
N =7 ~ initial eguations system order;
=z =65 ~ corrected parameters vector order;
R =3 — changed parametiers vector order,
M =5 — number of experiments.
Based on the flight teszt results (fig.3) +1he basic
standard dependences are defined for calculation - change in

rotor resultant force deviation angle, change in flight speed,
change in pitch angle and rotor change in angular speed.

The dependences obtained for five calculated modes are pre-
sented at fig. 4, where time is egual to zero al the beginning
of the longitudinal control change in each mode.
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Fig.3 Change of the helicopter motion parameiers in the process
manoseuvre

of performing steep climb
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The minimized functiconal is written in {form of:
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whers Dj - welght coefficient in the functional component:

D1 ~ for the filight speed, Dz - for the piteh angle, Dz -
for the rotor angular speed.

The weight coefficients D, Dz and Ds valusz rela-
tionship for the condition of the guantitative value compa-—
rability in the functional components of deviationzs from
preliminarary determined i.e. light speed AVx in 1 mrg,
pitch angle A% in .05 rad. and rotor angular speed An in

0.1 rad-s : Da=i, De= 500, Da= 100.
To illustrate the above, the relationship of the func-
tional components Als , Alz Ala at. selected weight

coefficient values in the process of the functional minimi-
zation when gfolving the problem starting with different ini-

functional

Fig.S5 Functional and its components change dependences at
various initial wvalues of corrected parameters
C Ao=0. 3, === Aoc=ZD)

tial values Ao = C. 8 and Ao = Z, ils presented at f{ig. I.
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3.3 Identification results

The results of the calculations on the corrected para-
meters vector delermination are presented at fig.B in the
form of comparing the helicopter moltion parameters calcoculaled
change at one of the modes and the flight test resulis. At
the same ffig. & the changs of the motion parameters defined
upcen the initial ¢ noncorrected 2 helicopter motion moedel are
marked for the purpose of comparison.

To illustrate the importantce of performing the run of
expiriments to solve the identification task, Lhe scalter of
corrected coefficients values at identification is shown for
one mode only and the result for all the five modes
is giwven. The identification deviation at each of the modes
separately is from 10 to 20 % for wvaricus ceoefficients.
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Fig.G Comparison of motion parameters obtained through the
model Cinitial and identified) and flight test results

However it should bes kept in mind that the initial modes were
selected carefully enough and did not show any explicite vioc-
lations of ths mansuver performance conditions Capproximately
equal maximal longitudinal contrel level and itls change rate,
constant collective pitch etc. 2 which explains for a consi-
derably small scatter of resultis.
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takle 1

corrected parameters

modes
Ay Az Az Ay
1.1dentification for
each mode separalely
mode 1 1. 205 0. 978 0. 8ER 1.107
node 2 1.85858 0. BRa7 0. B0 O, 5o
mode 3 1.017 1,043 O.a57 1.016
mode 4 1.249 1,192 O, 2o5 1. 358
mode 5 1,340 G, 205 O, 2Bs 1.219
2. Jdentification for 1. 216 1.00 Q. 200 1,155

a run of five modes

3. Maximal deviation values
at identification for
each mode separately (as 16 11.3 10.6 i4.8
a ¥ of the identification
result for ths rund

IV CONCLUSION

The use of one and the sams mathematical apparatus  for
the selution of both general flight @ dynamicz tasks 1.e.
for the object motion model identification and the control
optimization ceonsiderably reduces the volume of compultations
in solving problems because of Lhe possibility of a consedqu-
ential program application for solving the both parts of
the problem the model description in particular.

From the practical point of view an importani feature of
the proposed approach is also the possibility off identifying
a model not only by means of one experiment but by a run of
experiments which increases the degree of the model adegquacy
due to the averaging influence on random parameters.
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