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The three types of fully
flight-data recorders and
systems have been designed for a

vears, in Hungary.

The paper is offered on the problems
arisen in the course of using the flight
data recorded by new =systems for diag-
nostic purposes through the identification
of the mathematical models of aircraft
systems and engines.

The problems occurring in the courze of
practical application were the following:

- problems of model-formation,
- data processing problems,
- evaluation problems.

theoretical and
for solving of

The paper gives some
practical recommendations
these problems.

1. INTRODUCTION

The three electronic
flight-data recorders with computerizeld
display and gvaluat.ing systems {(DAR-2",
SIROM®, TEMES ) are designed primary to
replace the =oviet made optomechanical and
digital recorders u=sed on—board of a

series civil and military aircraft.

types of fully

Having the reliable data-processing
methods the recorded flight data can be
used for diagnostic purposes, too.

There were developed and investigated some
different types of mathematical models can

be applied for this aims through their
identification from the Trecorded flight
data.

The goal of this paper is the demonstra-
tion of the problems arisen in the course
of creating the mathematical models and
their application for diagnostic purposes
in the new data recorder and evaluating
systems.

research there were investigated
the automatic pilots and the

During
the engines,
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hydraulic actuators®’? of elevators. In

this paper the problems are demonstrated
on the example of us=ing the data recorded
by system DAR-2 for diagnosis of engines.

2. FLIGHT DATA RECORDER DAR-2

2.4. Introductory remarks

In the first stage there was developed a
new on~board data acquisition system to
aircraft Tu-154  known as DAR-1. Trial
testing of this system proved that:

= The instrument is suitable for rec-
ording engine parameters reliably and to
an accuracy one order of magnitude higher
than that of conventional on-board instru-
ments.

- On the basis of more accurate data
recording a qualitatively new engine
diagnostic system was realized by omitting
some parameters and adding a few hew ones
Ce.g. accelerationd.

- The new diagnostic system would
enable the engine thrust, operating times,
and overall consumption during a flight to

be determined and measured to a much
higher accuracy than before.

Utilizing the experimental results
obtained with DAR-1, an improved version,
DAR-2, was built for mass production. In

actual fact DAR-2 might be considered as a
simple on-board computer. It collects and
records the parameters indicating the
condition of the engines and ensures that
these are evaluated in the airline ground
processing center. It is based on the
present service =mystem of the plane, it
does not require any additional detectors.
With only slight modifications, it can
also be used on other types of planes to
replace the old types of data recorders.

2.2. Description of the system

The DAR engine diagnostic data acquisition
system was designed to continuously
measure and periodically record the main
parameters of NK-8-2U aircraft engines and
the accompanying flight. diagnostic data
(Fig. 1>. The device i= located in the
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making a subsegquent averaging possible.

= Monitoring mode III. and the end of
measurements

After data recording is completed, the DAR
again monitors the revolution speed of the
turbines and the real speed. If the
rotation speed of at least two engines
falls below 45% or the speed below 200
km/hour, the program will store the actual
on—~board time <{as the end of the engines’
operation? and the amount of fuel consumed
by each engine from start till standstill.

At the end of each day the data cassette
i= replaced by an empty cassette and the
used cassette is returned to the airport
computer center for data read-out. Having
been averaged and filtered, the parameters
are written into the central database
where they are available for any data
processing operation.

3. THE MATHEMATICAL MODELS

3.4. General information

The investigabion—modeld, in fact, is the
adequate representation of the information
reflecting the essential characteristics
of the real system examined, or the system
under design. In thiz respect, the models

to be applied can be classified essen-
tially in five groups of different levels
{Fig.2>.
level models examples
semmi-empiri-|description of aero-
1 cal, dynamic charac-
approximative|{teristics
simple thermodynamic
2 static model of engines
eng ines
3 dvn ; description of
ynamiac aircraft’s movement
examination in ope-
ration of servo-
4 unstes=sdy- mechanisms and the
-state characteristics of
flight control e.g.
angle of attack
. con=sideration of
8 stochastic stochastic effects

Fig.2. The classification of the models

According to our research there were
investigated =some models of first three
levels. Finally there are the three types
of the engine models to be developed with
the aim of establishing the technical
state identification and diagnostic sys-
tems for the aircraft. On the one hand,
the engine =should be described as a
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such a
the
the

dynamic system. On the other hand,
model i= required which - with
knowledge of the variations in
operational characteristics of the engine
- i= suitable for the possible close
localization with diagnostic purposes of
the element giving rise to the variation.
While the third model is required for the
examination of fuel consumption conditions
of the engine.

The models should be developed in a line-
arized form according to the general rules
of model-formation® with the principle of

application-orientation taken into consid-
eration. In the first case, the principles
of the state-space method , while in the

=econd one, those of the diagnostic model~

-formation can be applied conveniently.
When forming the third model, either the
fuel-consumption equation associated with

the torque-equation depending on the tech-
nical state of the engine and describing

its dynamics is applied, or the approxi-
mate, semi-empirical relationships des-
cribing only the fuel consumption are
used.

3.2. The dynamic model

In a general case, the dynamics of an
engine can be demcribed by state vector x
depending on the structural and operation-
al characteristics p of engine, the con-
trol vector wu, the vector of environmental
characteristics =z and the noise vector £:

x{td) = fGe,u,p,z,L) + ox(x,tXx , [& 5]

where t is a operational time and o iz a
noise~transfer matrix.

In fact, instead of (L), an output signal
vector y proportional to the former can be
measured:

yLd) & FOup,z,td + oylotdly . (2D

Instead of ), 2O, linearized form

iz used very often:

their

AdtIx(td + BLOudtd + CLd=Ld +
+ GulLIEx(LY , (3ad

x{(ty

vy = HWIRY + DALdudtd + FLd=zdd +
+ Gy LOgyvt), 3b>

where the elements of vectors X, W, Z, V¥
are the deviations from the specified in-
itial values of the given characteristics;
the elements of matrices A, B, €, D, F, @
represent. vector p in a hidden form, and
they are changing only slowly.

Inasmuch, the matrix elements and z change
only slowly with time, and y iz inde-
pendent. from i, then =et of egquation (3D
can be written in a more simple and a more
widely known form, too:
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Fig.1. Layout of the on-board diagnostic

data acquisition system

instrument rack of the plane, its
operation can be monitored and controlled
from the cockpit, on the LED display
indicator=s built into the flight
engineer’s panel.

DAR receives some of the parameters to be
measured as digital data from the =service
data acquisition system MSRP-64" and from
the control desk, and the rest of the
parameters are analog signals from the
detectors in the engines.

The measurable and recordable data are the
following:

— digital data: identification number
of° the plane, flight number, date of
flight,, start~up time of each engine, time

of measurement,
throttle lever position,

stop time of each engine,
initial mass;

- analog data: barometric height, indi-
cated air speed, true air =peed, Mach
number, parameters of esach engine (rpm of
low-pressure turbine, rpm of high-pressure

turbine, temperature of exhaust gas,
vibration level, momentary fuel consump-
tion, o©0il temperature, gquantity of fuel

consumed up to the time of measurement,
overall fuel consumption from start-up to
stop), on board power =upply, ambient air
temperature, angle of pitch, take-off
acceleration.

Recording operations can be initiated
automatically during take-off (‘CLransient
measurement’> or by pressing a key during
flight C‘steady measurement.’, DAR
provides for the protection of the stored
information until it is read out. The
easy-to-exchange, semiconduct.or memory
data cassette is periodically changed and
taken to the computing center, where the
measurement data are read into a computer

via a cassette interface and a standard

(V-24) serial line.

The diagnostic data acquisition system can
also be connected on-line to a computer on
board the plane. This real-time data
transfer {together with a suitable
program? enables more rapid and accurate
ad justment of the engines.

Calibration of the data acquisition block
takes place by means of a calibrator
connected to the instrument instead of
signal source outputs= during ground
control. The calibration program displays
the =erial number of the uncalibrated
measuring channels.

2.3 Data collection
The hardware lay-out, the detailed de-
scription of operation the environmental
conditions and reliability of the devel-
oped system is discussed in the ref. 1.

The =system DAR can be operated in modes:

= Initial data collection
Upon switch on, the system
self-testing and records the
pitch and the signal of the X-axis
accelerometer from the high-accuracy
gyroscope of the artificial horizon in the
cassette.

performs
angle of

- Monitoring mode 1.

The software program monitors the engines’
rotation speed and the true air speed. I
the revolution of the high pressure
turbines in at least two engines exceeds
50% and the speed is more than 200 km-s/hour
{i.e. the plane takes off), the on-board
time and the initial total mass previously
set on the control panel are recorded as
initial operational data of the
engines.Monitoring of the acceleration i=s
then started and in the meantime the DAR
system continuously summarizes the
momentary fuel consumption of the engines
until touch-down.

- Dynamic measurements

If the acceleration reaches 0425 g <(this
only occurs during take~off)> during the
subsequent 7 seconds DAR will record the
acceleration wvalue 200 times, the engine
parameters 20 times and the ambient air
temperature and pressure once (transient
measurementD.

= Monitoring mode II.
The program monitors the height
and speed threshold values of 2000 m and

600 kmshour, respectively.
- Static measurements
After the threshold wvalues have been

reached, data recording can be started at
any time by pressing the pushbutton. It is
for the flight engineer to decide on the

appropriate flight situation. During the
recording, all the above listed flight
data and engine parameters are written
into the cassette eight times, thereby
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(L2 = A x(L) + B ultd + Gx Ex(td , 4ad

yetd m H 3Ct) + Gy LydtD <4b>

The deterministic dynamic model of
engine NK-8-2U vas developed and
investigated by Santa

2.3. The static model

The mathematical model to be uzed when
processing the static measurement data is
contained in equations:

f<y2 = @ 5>

which is written on the basis of physical
connections between measurable <(external>
characteristics V' and unmeasurable din-
ternald characteristics X describing the
technical state. The Diagnostic model con-
sits of the linearized functional rela-
tionships occurring between the measurable
{y2>, and the non-measurable (x) character-
iztics, which nevertheless describe the
state of the system elements:

K*sy = B 8x w6>
where 8y and 68x contain the relative
deviations:

8 . ymeast yg . (SX . xmeas.- x()_ . (7)
y y 2 P 3
o o
from the etalon (ecalibrating standard>
values (yo, x 2 corresponding to the
diagnoﬁstic operational duties, while Kak

and B are constant matrices consisting of
the elements obtained by linearization.
The =set of equations &) is called the

mathematical diagnostic model of the
system examined. It can be  seen that
provided diagnostic model D is  known
from set of equations
wt #
8y = (K B>8x = D 8x >

then &x can be estimated on the basis of
the measurement of 38y.

The formation of the diagnostic model can
be carried out according to the principles
similar to those de=scribed in the
foregoing, ‘?l}d the following steps =should
be observed ":

construction and
The engine

- Investigation of
operation of the diesel-engine.

was disassembled into it= functional
units.

- Establishment of the non-measur-
able characteristics Jd{internal ones) des-

cribing the state of the individual units.

- Determination of the coverage of
measzurable characteristics.

relationships and
between

~ Setting up the
equations giving the connections

the measurable and non-measurable charac-
teristics and the individual functional
units with the help of the fundamental
physical relationships.

- Linearization of the relationships
obtained by ‘the method of matching-point
linearization.

- Reduction of the number of
linearized equations by re-arrangement and
substitutions.

into
model

= Re-writing the
the form according to
equation.

relationships
diagnostic

3.4. Generation of the diagnostic model

During the research there were instructed
three mathematical models™. One of them
was an analitical model generated from
geometrical characteristics, the second
one was on empirical model examined on the
basis of +the theoretical and technical
data of the engines, and the third one was
a statistical model identified on the
basis of real operational performance
data.

Here we show the generation of t.éhe charac-
teristics by second model ™’ ’ (Fi§.3.)

based on the method written in the Refi.

The practical
figures created by
University of Buclape-s‘t,1
nondimensional characteristics analogical
types Jjet engine=.<(Fig4 - 7. For calcu-
lation, the input data were taken from the
information given 11)31 aircraft producer and
guided in the Ref 7 The used assumptions
and the actual %,alculat.ion process  are
written in the Ref”’*%

relationship drawn on the
experts of Technical
from the =et of

Some results of using the generated model

are shown in the t.aé:less 11‘.5 and 2. These
results were applied ™’ ’ in the iden-
tification procedure developed for diag-

nostic purposes.

4. FAULT AND FAILURE DETECTION

4.4. The aim of diagnosis

According to our practice, the possible
space of state vector (L) can be divided
into some different parts, into sub-spaces
of the

- normal operation,
pre=scribed nominal levell;

= normal operation with parameter devi-
ations, (operation with anomalies);

- operation with parameter
which reduce the operational
quality;

= operation with failures which make it
needless to stop the operation,

- operation with failures
accidents.

{operation on the

deviations
safety and

producing
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List of abbreviations used on Fig. 3.

cc

: combustion chamber,

o s comb parameter related to combustion of
é : flow coefficient, fuel,
A t relative flow coefficient, cons parameter related to fuel consump-
Cp : specific heat of given gas, tion,
F ¢ thrust of engine, d : duct of =secondary flow,
f<Ad> @ gas dynamic function, diff : diffusor,
g : airflc?w through a given cross-cut ed : cross—-section at exhaust duct,
of engine, ¢ . fan
Hfu : caloric value of combusted fuel, fu ; fue.l,
Lo theoretically required volume of 5 " gas,
air for perfect burning of one unit h i fﬁght altitude,
of fuel mass, , hp : high pressure,
m : bypass ratio of th? engine, . hpe @ high pressure compressor,
m : relative yypass r§t1o of the engine, het @ high pressure turbine,
md : gas dynamic function, ip : low pressure,
N : speed of given rotor, lpe : low pressure compressor,
P ¢ pressure, . lpt ! low pressure turbine,
q{Ad> : gas dynamic function, " . mixed gas,
SFC  : specific fuel consumption, mdp @ mixing duct from primery flow =ide,
T : temperature, mds mixing duct from secondary flow
\4 : velocity, side,
W specific work <{energy for one unit e . parameter of primery flow,
of gas mass), X s : parameter of =mecondary flow,
X : energy split between the primary op . specific parameter,
and secondary flows of engine, N ! total,
x ¢ relative energy split, to : take-off parameter.
o : coefficient of excessive air flow,
1) : 1 + SFG ,
® : velocity coefficient, . Table No.l. Results by the model mentioned
® : adiabatic exponent of given gas,
4 : pressure ratio,
n{AY : gas dynamic function, ™ _mu,.' o o ambient tors
& . pressure 1OSS ratio Of given part’ e sensltivily matrix ol ambdient parameters
of engine, [ Element (1;1) here means: &7, /6M ]
n : efficiency. ifj EM &1, 5P, EF syl 1 pe
L g Fi R Eppe | 03073 | 0.1799 0 0.7948 | 2.1345
List of indices used on Fig. 3. 6T, | 02479 | L0228 | 0 0.2147 | 1.3043
° : section before the diffuser, Goms | 0.3897 |—04567 | © | —~0.5678 | 4.67139
1 : cross-section before the fan,
2 : cross-section.after the fan, The sensitivity matrices of inner parameiers
3 croas-section after low pressure T -
compressor, i 1 by Silipe Ehpe | ENcoms foce
4 : cross-section before the high pres- 8Ty, 0.6616 | ~0.5067 |—0.2335 | 0.2345 | —0.2066
sure turbine, §Ts 0.1307 | —0.9830 |—0.1917 | 0.0943 |—0.4135
& : cross-section before the low pres- EGomma |-0.5%09 | —0.4425 | 0.5303 |—0.1052 | 0.0189
sure turbine, e -
S : cross-section after the low pres- i/j Enpt e Sbguct | Enao | i
sure turbine, oMy, 1—0.7334 0.7431 0.3825 0.7934 |~0.2136
? : cross-cut after the mixing duct, 6Ts  |—1.5743 |-0.1071 | 0.1744 | 01391 |-0.3715
8 : cross-cut after the exhaust duct, 6Goome | ~2.8793 | —0.1657 |~0.7751 |—0.5224 | 0.1579
a : air,
Table No.2. the elements of diagnoctic matrice D*
i3 3M 83To 3Po SHf u 8Nl p SNhp 8Tsp SGsp cons
6nf 0.7304 -0.3833 0.4883 -0.7689 -1.1107 -0.0780 -0.92186 0. 7863
Snf 0.2158 -0.0482 0.3418 -0.2123 -0.1386 -0.4903 -0.2181 0. 2127
Sn!pc 1.1674 -0.3943 1.1128 ~1.1400 ~0.5381 ~0.3765 -1.5658 1.14086
nlpc 0.6886 -0.1111 1.28911 ~-0.8708 -0.4121 ~1.14485 ~1.1042 0.86733
Sﬂhpc 0. 1800 0.0480 -0.1435 C. 15826 C. 8598 0.8833 -0.2238 -0.1820
thpc 0. 29158 0.0878 ~.04800 0.2873 -0.3744 0. 7218 0.2802 -0.2878
('SﬂhpL 0.1074 0. 0810 C.58538 -0.1065 G. 8894 0.0685 -0.6318 0. 1056
Gnhpt 0. 0166 0. 0384 0. 1330 0.0183 -0.1174 0.2903 -0.2658 -0.0175
Bnlpt 0.0472 -0.00468 -0.0886 -0.0451 0. 1008 0.68513 -0.2718 0. 0421
snlpz 0.28709 -0.0180 0.6472 -0.26807 -0.5536 0.0286 -0.8B1886 0. 2627
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The warning levels of the diagnostic
systems should belong to the crossing of
the state vector x<{LD trough the
boundaries of these sub-space.

So, the fault detection in a strict =ense
can be designed for the detection of
these types of states. And the actual
failure detection can be connected with
the technical system only after the
signal given by =state detection.

On the other hand, in the course of
processing the measurement data for
diagnostic purposes, the main objectives
are the following:

= approximation of data,

- collected data homologation,

- =ensor failures detection,

- prediction of system failures,

= determination of deviations in struc-
tural, operational and service character—
istics,

- statement of serviceability,

= possibly close localization of the
eventual failure (system~diagnosticsd.

4.2, Fault detection

A fault is appearing if the deviation in
the system parameters or in the state
vector is greater then the limit calcu-
lated on the basis of the prescribed
level of the =safety and quality.

The fault detection can be realized by
using the static or dynamic measurement
data collected in the normal operation of
the systems

The fault detection recommended in ref'’
i= based on the process model
sikl = p:y[k] + Ap ylkl + CIK1 ,  <44)

where =fkl is a =scalar observation, po is
the parameter vector of the system in the
normal =state of operation, Ap i=s the
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vector of the structure variation depend-
ing on the faults or failures.

Parameter vector pum of the model

T

[k] yikl 45>
SM[k] =P, b4
can be obtained through classical on-line
identification procedures based on the
following equations

pM[k+ﬂ = pM[k] -
elkl W ylkl

— ?\‘ p »
vy [kl W yikl

46>

where A i=s a scalar relaxation factor O <

A < 1), W is a weighting matrix, elkl is
the prediction error
elk] = p:; yikl] ~ skl 47>

The d?ecision procedure of the fault detec-

tion realized through the identified
system parameters pwm is based on the
hypotheses analysis of the decision
theory.

When the environmental characteristics are
changing very slowly (z{t)=Az=dLIx0), the
state estimation observer of the linear
dynamic systems type (3,4 iz described by
vector equation:

x#fk+1] = (A - DGO xfk]l + B wflkl -

- b ylkl , 48>

where D iz the matrix of the
observer.

The influence of fault type i on the
state condition can be taken into account
in the state space model*® in the follow-

ing way:
x(k+1} = A xfkl + B wulkl +
+ L mikl + 6 nlkl ,
L 1 X

gain

49>

where mi iz disturbing characteristics of
fault. having effect on the state condi-

tion, Li influence matrix of fault "i".

The fault detection can be solved through
the design of the gain matrix P based on
the following equation:

elk+i]l = (A - DG elkl + Li. m +
50>

In principle, gain matrix D should be
designed separately for each type of the
faults.

+ 6@ - P> pixl

The fault detection can be realized by on-
~line way, too, if the diagnostic matrix
D in the static diagnostic model 8> is
well-defined stable matrix. In this case,
the warning level connected with the
deviation of the internal characteristics
.

5x = D 7'sy 51>

5. THE PROBLEMS

The developed diagnostic models were used

in the evaluation of test flights and
experimentéal ones, identification proce—
dures” "’

The methods to be applied to the
processing of the dynamic and static
measurement. data differ fundamentally from
each other. Since in the course of static
measurements, the number of the measured
characteristics is usually fewer than that
of the characteristics to be determined.
Therefore, in such cases, only methods
applicable to the localization of the
values <{of minimum position) belonging to
the extreme of the multi-dimensional
error-criterion-surface area can be used.

The problems occurring in the course of
X . . 18-46,19

practical application were the

following:

5.4. Problems of model-formation

- Lack of a-priori information

There iz not a sufficient amount of
primary information for the models to be
formed on the basis of the new aspect,
there are no performance data, and
characteristics-curves available to ref-
lect. the dynamics of jet-engines NK-8-2U
on a corresponding level, and there is no
information obtained on how the engine’s
characteristics change as a function of
operational conditions, the time of opera-
tion and the possible failures. During the
research we had been connected with the
producer of engines and finally some char-
acteristics of compressors and turbines
were given to us. (Fig.8.D
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Fig.8. Characteristics of the low pressure
compressor given by engine producer
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- Incomplete theoretical knowledge

E.z. when forming the mathematical model
of jet-engines NK-8-2U, it is unknown to
what proportion the energy demand of the
low-pressure compressor is shared between
the primary and secondary flows, since
only one part of the compressor operates
in the secondary flow, too. This problem
was =olved by using the curves shown on
Fig.8. generated in Ref'®.

= Linearizability

The conditions, the limits of the
applicable linearization are not clear
enough.

-~ Separability

Linearized equations of the models de-

scribing the state of engines are gener-
ally separated from the models describing
the motion of the aircraft. However, the
boundaries and the conditions of such
separations are not known well enough.

5.2. Data processing problems

- Accuracy of measurement

The accuracy of the present board data
collecting system which was used before
developing the new system is not satisfac-
tory, the displays can often contain as
much a= 5 - 10 % error.

= Discretization

It should be thoroughly examined what
discretization and sampling-time belong to

the identification of the model. In the
present data collecting systems, even the
important, dynamically varying character-

istics. are discretized only with 2 - 4 H=z
sampling, which is not sufficient accord-
ing to our examinations.

= Conjugation

The sampling of the system is performed by
successive request, in case the request
interval period is long, then the time-
-differences occurring at the measured
values of the individual characteristics
should be taken into conszideration.

= Measurement noise

Beside the additive stochastic noise
aggravating the measurements, also the
linear dependence of the single columns of
the measurement data matrix-array should
also be reckoned with. (Fig.9.>

5.3 Evaluation problems
- Accuracy, reproducibility of identifica-
tion procedures

Identification procedures involve
enough number of errors, and even
case of the same procedurs,

deviations could be detected

identified values.
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- Deviations in the parameters of the

basic model

It is the propriety especially of the
mathematical diagnostic model that due to
the maintenance, ad justment, repair or
component replacement., the diagnostic
matrix elements entering into the model
are subject to changes to a measure com-
parable with the accuracy of the identi-
fication procedure. For example, during
the operational processes, the character-
istics and performance data of Jet-
-engines NK-8-2U can be changed 8-12 % as
compared with the values given in the
nominal, operational documentations and
technical specifications. (It can be =een
on the Fig. 10., too. The calculated
deviations in the characteristics are
changed uncontinuously after maintenance
of engine.)
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- Selection of the basic zone

Especially in case of processing the
static measurement. data, the values to be
identified are =searched within the zones
given previously, while the procedures
investigating the extreme, minimal values
of the error criterion, e.g. the gradient
method, often run out to certain extreme
values of the basic zones, boundaries.

- Diagnostic value

It i= especially important for the
application of diagnostic purposes that
the identified factors of the =selected
models should have the corresponding
diagnostic values.

6. RECOMMENDATIONS

On the basis of our examination results
achieved so0 far, the following recommen-
datiorlsagfg'ﬂ,ade for bridging the problems
arisen :

6.4. Theoretical methods
- Imitated experiment with the aim of
developing the models to be identified

Eg. to develop the mathematical diag-
nostic model of type (8> required for the

application of DAR system, previously
there were developed three mathematical
models of the jet-plant, with help of

which we tried to compensate the lacking
information.

- Preliminary determination of the diag-
nostic value

Already in the course of developing the
models to be identified, the diagnostic
value of the factors entering into the
model was studied with the help of

imitated experiments of both statistical
and sensitivity theory types.

6.2, Practical methods
- Development of new systems for the more
ob jective collection, recording and proc-

e=szing of flight information.

- Preliminary, wide-sphere data processing

Filtering the measurement results, detec-
tion of linear dependencies, eventual
stochastic approximation, homologation of

the measurement. results.

- Development of new identification
procedures.

- Detection, in practice, of the rela-
tionships between the variations of the
identified factors and the actual tech-
nical state.

It is possible only after the more

wide-spread application of the methods.

= Application of a duty apt to learn

According to our examinations, the state

observation and diagnostic systems on
board should, in fact, first learn the
ob ject. examined, and only later on, they
could signalize the deviations from this

state of the system learned as a standard
one.

7. CONCLUSIONS

In this study, the application of the
flight information collected by on-board
data recorders for diagnostic purposes is
discussed. The mathematical models appli~
cable to testing the operational condi-
tions of jet-engines and determining their

operational state are introduced. When
investigating the diagnostic and identi-
fication applications of the information
recorded in the operational testing and
collected by the on-board data-collecting
system DAR, we =studied the applicability

of the models recommended.

Here were described the problems aggra-
vating the application of flight informa-
tion for diagnostic purposes, and were
summarized the recommendations contri-
buting to the solutions given to this
problem as based upon our multi-year
experiences.
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