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ABSTRACT

A Teasibility evaluation of an airborne electronic device
that automatically identifies the helicopter transfer
functions is presented.

The helicopter frequency response to its impulse response
fiight test data, is computed by a dedicated microprocessor.
The software involed implements an adaptive algorithm that
matches  a preselected helicopter frequency model with the
computed frequency respeonse. This yields the best linearized
madel approximation to the actual system transfer function.
For the selected set of state and control variables, the cor
"responding numerator and denominator polynomial transfer
functions are computed in real time.

The basic theory of the adaptive strafegy and identifjica-
tor unit implementation are described in the paper.

The simulation results prove the feasibility of the in-
flight identification digital process as an useful tool in
solving helicopter stability and control problems.

1 - INTRODUCTION

The continuing development of helicopters covering
wider flight envelops has given rise to new and different
stability and control problems. In addition, operational
requirements impose more stringent handling characteristics
particulary for military helicopters. With regard to this
it may be cbhserved that the constantly increasing speed of
attack helicopters means that the time available in making

"a run te a target is becoming shorter. Consequently high
degree of tracking accuracy is required to insure a reaso-
nable prcbability of successful attack; ease of tracking
depends on stability and control characteristics inveolving
more stringent requirements as well. Thus stability and

- ontrol problems are continually present in a new heli-

‘sopter's design and many of them are such that their so-
lutions are to be found only through flight testing.

To solve these problems, a self-adaptive digital pro-
cess for helicopter transfer function in-flight identi-
fication is propesed.

By recording the transient response data obtained in
flight pulsze testing and computing the ratic of the in-
put-output Fourier Transforms,cne obtains the helicopter
freguency response.

A linear mathematical model structure, wich we assu-
me to be the most realistic for helicopter dynamies, is
matched, through a numerical cptimization process minimi-
zing quadratic cost function, with the measured sysiem
frequency response observed in a specified frequency
range.

The results of this eptimization procedure will be
the best helicopter linearized model reflecting, in a
specified frequenc§ range, the most realistic helicopter
dynamical characteristics.

The feasibility of the identification process propo-
sed here results from the enormcus progress in micropro-

cessor technology, allowing a drastic reduction in the
time required to perform the I/0 basic arithmetic ope-
rations inveolved in the spectral processes.
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Furthermore the computational time required for Fou-—
rier Trapnsform computations extended to cover a large
number of frequency points does not constitute, at the
present technoleogical state of art, a problem for a real
time frequency response computation.

The first two sections of the present report are
dedicated to the basic mathematical concepts regarding
the algorithms used for the helicopter fregquency response
and for the model identification numerical processes.

The "identifier" digital unit block diagrams, as it
has been proposed for its actual implementation, and the
basic specification for its constituent parts are descri-
bed in the third sectiocn.

The next two sectlicn are devoted to the Agusta
A-109 transfer function identification from actual flight
test data. -

2 - HELICOPTER FREQUENCY RESPONSE COMPUTATION

The heliccpter frequency response is derived as the
ratioc of the system response y(t) and the correspondent
input forecing function r(t) Fourier Transforms:
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Developing the complex exponential appearing in the
Fourier integrals and assuming finite value for the upper
integration limits, the following expressions for Y{®)}
and R{td) are obtained:
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and the system frequency respconse will be given in the
from: '
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where M{(@) and @{®) are respectively module and phase
of frequency response.

The equivalence of the steady sinuscidal and impulse
transient response methods requires that the input for-
cing function frequency spectrum contains all the fre-
guencies required in the correspondent sinusoidal steady
measurements.

Sampling the input forcing function r(t) and the
system response y(t) in a finite number (N} of uniformly
spaced time intervals (TS), the spectral function Y(o)



and R(@w ) are computed as Discrete Fourier
Transforme {D.F.T.) of the corresponding func-
tions y(k) and r(k}:
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The D.F.T.'s wich are periodiec with period
27 /Ts‘ are evaluated for a same number Nd of

points selected for the identification pro-
cess. )

The sampling time T plays an importan: ro-
le in obtaining an exact replica of the correspon
dent continuous Fourier Transform and to avoid
spectra aliasing.

An appropriate estimation of the input for-
cing function characteristic {shape, magnitude
and. duration) is required for satisfactory analy-
sis results.

With regard to this the heliceopter -dominant
time constant, derived from a preliminary dynamic
investigation, must be assumed as a reference in
pulse width prediction whereas the pulse magnitude
must be taken to have an energy content making
the helicopter response measurable, with the re—
quired resolution, by the helicopter sensors.

3 ~ IDENTIFICATION PROCESS

As previocusly introduced, the helicopter mathe
matical model at given flight condition can be iden
tified by a process matching a specified transfer
function structure,the referente model,with the sy-
stem frequency characteristics observable in the
meusured frequency response.

The reference model (M) must be representative,

in a selected frequency range,of the helicopter do-—
minant behaviour described, in the complex plane,by
dominant real or complex poles p.{i = 1,2,...,n)
and zeros %.{J = 1,2,...,m); an additional exponen—
tial delay term {¥), taking inte account the trunca
ticn effects on the full order system model, may he
included.
The transfer function of the reference meodel:

m
.l_l {s -2}
M(s) = K J...;_;_.].'....._._..____J_ E-TS
(s -p)
i=1

can be expressed in terms of first order time con-
stants and second corder undamped frequencies and
damping factors wich are collected in the model pa-
rameter's vector x assumed as variable set in the
adentification process.
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The minimization of quadratic cost function {F)
involving the reference model, expressed,in the fre-
quency domain, in terms of the variable parameter
vecter x, has the purpese to force the reference mo-
del M{®,. , x) to the sclution x fitting the measu-

= —opt

red frequency response G(ﬂk) {i=1,2,00e, Nd).

In a digital process, governed by a sampling ti
ne Ts' the cost functicn is formulated in discrete
‘formsa:

Ng

k§
F= IG(COi) - n@, x) lao,

i=1
referred to a specific state and control variable tran
sfer ratio. The optimization strategy is implemented

by the Davision-Fletcher-FPowell method using,for the
k-th direction search p(k), the following algorithm:

p (k) = - H(K) g (&)

where H(k} is a particular positive definite matrix
and g(k} is the cost gradient vector computed at
the time at which the k - th descent direction is se
lected; a quadratic interpolation method has been
adopted to solve the line-search problem.

The rate of convergence of the single xis para—

meter vector toward the correspondent optimal value
is strongly influenced by the reference model struc—
ture and the number of frequency points handed in the
D.F.T. computational =stage. Faster convergence to

a prescribed accuracy bound, which can be estabili-
shed in terms of the same expected cost function or
gradient terminal values,means shorter computational
time contributing to a real time identification
process feasibility. The processor throughput
characteristics play, with regard to this,an essen-
tial role. The identifier implementaticn proposal

is considered in the next section.

4 ~ THE JDENTIFIER IMPLEMENTATION

The helicopter model identification process
is implemented in a digital device, the identifier
unit, installed in the tested helicepter. The tran-
sient data from the sensors detecting the heli-
copter's state and control variables invelved in the
identification process are multiplexed, converted in
digital format and applied to the identifier input
ports.

As indicated in Fig. 1, the identifier is essen-
tially a central processor unit using real time
high speed microprocessors to solve the D.F.T.and
cptimization algorithms discussed above.

The identifier's performances have been emulated in a
computing unit employing processors of the same class pro-
posed for the preliminary design stage, in which the dedi-
cated microprograms were prepared and successfully tested,

The simulation was performed working on flight test
data of the helicopter Agusta A - 109.
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5 - SYSTEM SIMULATION

L.

Self identification process principles.

The real time automatic identification of the bare Agu-
sta A 109 transfer function is the basic objective of the

simulation.

The actual helicopter impulse response,relative to the
flight test condition specified in Tab.l,is given in Fig.Z2.
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Table 1. Test flight conditions.
HELICOPTER: « v vnranesasesnnense .. A 109 A
WEIGHT:....... it entaisnaunannaes 2600 Kg
C.G.LONGITUDINAL: v v 0svvnn N .. 3457 mm
C.G.LATERAL:...... Carerressarsssaa 0 mm
ALT.PRESSURE . cessvantrstansnsaas 2300 ft
[ TN W R I A ¥
M.B. RPM:..coveennns trressasarten 100%
FLIGHT CONFIGURATION: Guardia di Finanza

. N® 14, LEV 130 Kts
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Figure 2, Input

data . assumed

in emulation.
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The simulation bleck diagram of Fig.3 shows the
program FURISP for the spectral process applisad to
the 1I/0 tize funtions. The INENTE program represent
the softwere implementing the adaptive identifier.

The frequency respons? data iz the cutput of the
FURLISFE program and is displayed graphically in Fig.4.
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Figure 3. Simulation flsw diagram.

& MOD(dB}

The frequengy response range explored in simulation
was selected to ¢aver the helicopier short period rigid
medes .,

4 third order transfer function, ineluding the roll
sottvergence and dutch roll poles and a zero relative
to the Dank sngle-lateral gyplic control transfer funce
tion, was assumed a4 the referesnce model in the iden.
tification run.
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Figupre 4. Froguency domain simulation
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The parameter involved in that model are indicated
in the transfer function:

(s -z)

M{s) = ¥ s 5
(s—p)(s” + 2 Q'mns +@ )

In Tab.2 the parameters resulting from the simula-
tion are ccompared with the corresponding available da-
ta obtained in-flight—testing.

Table 2. Agusta A 109 Lateral dynamics - Bare configu-
ration ~ Flight cond.: ALT.PR. 2300 t, LEV

130 Kts IAS
Ref.par.’ Available flight Identification
medel test data results
2
K N.A. 3.54 deg s /perc.
z N.A. -2.62 g1
p N.A. -0.79 s-1
' 0.27 ) 0.28
@y 1.91 rad/s 2.25 rad/s
1\3 T 3.33 8 2.91 g

N.A.: not available

In the Fig.4 and Fig.5 the simulation results are
compared to those derived from flight test data.

6 — SIMULATION RESULTS DISCUSSION AND CONCLUSION

The simulation results indicate that a fairly good
matching exists, in the selected frequency range, a-
mong the predicted model's parameters and those compu-
ted by the emulated@ identifier unit. The emulation com~
puting time shows that, for a class of processors we em-—
ployed, the complete identification process can be per-
mormed in real time for a low order model and for a li-
mited number of spectral points.

It is worthwhile to emphasize that a choice of a low
~order truncated model, when augmented with an appropriate
3delay exponential term, does not mean a drastic accuracy
degradation in model identification. This is because the
optimization process always has the effect to inject on
it all the basic spectral information carried by the
measured frequency response in the selected frequency
range. In order to make clear this concept, suppose
that the Fourier Transform of the system impulse respon-
se contains some spectral components belonging to aero-
lastic effects originating from flexible rotor blades.
Furthermore asgsume that the selected frequency range in-
cludes, besides those relative to rigid modes, the fre-
quencies invelved in the amerclastic effects. I the re-
ference model is proposed as a truncated version of the
full corder model in which the pertinent high frequency
modes are present, then the resulting optimized model
parameters will be reflected in the basic rigid and
elastic mode characteristics. This yields a realistie
'aercelastic model.
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Figure 5. Time domain simulation results.
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Increasing the model complexity in this case impro-
ves moderately the system modeling accuracy but at si-
gnificantly greater computational time. A preliminary
experimental judgement, based essentially on the abser-
vation of the cost function's or gradient's trends in
the optimization precess, helps to reach, for the par-
ticular problem at hand, an appropriate compromise
between the model complexity and the needs of a real
time implementation.

It is authors' feeling that the use of faster pro-
cessors may simplify consistently the realtime pro-
blems.

Further studies with regard to this are in pro-
gress and the results will be presented in future pa-
pers.

From the above it can be concluded that a fairly
accurate helicopter model identificetion can be obtai-
ned in flight testing with the identifier unit proposed
in this study. This may becomesa very useful experimen-
tal tool to solve stability and control preblems for
high performance helicopters.
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