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Abstracts

After the signification and problema-
tics of the classification in mechanics
of flight having been explained a short
survey of the historical development of
flight mechanics is given, Further the
questions of a classification method ba-
sed on the predicate analysis are discus-
sed. A clasgification in flight mechanics
is then proposed in two stages, The first
stage comprises the basic classification
of flight mechenics as of a science. The
topic of the second stage is the classifi-
cation of phenomens which are dealt with
in flight dynamics as in a part of flight
mechanics., The classification is supple-~
nmented by definitions of the contained
concepts and terms.

l., Introduction

The existing evolution of sciences,
especially of the natural and technical
ones, has acknowledged that one of the pre-
conditions of their systematic and effecti
ve development is & clasgification of the
searched objects and phenomena in the gi-
ven discipline into a specified and clear
system, For the purpose of it a classifi-
cation method may be used by which this
clasgification is done according to cer-
tain attributes of congeniality and accor-
ding to specified rules into a system of
classes and groups, With a classification
also a precise statement of the sense of
various terms is connected which are com=
prised in the respective classification
gystem and to which also unique equiva~-
lents in different languages should be
joined to facilitate the international co-
operation in the given discipline.

Flight mechanics deals with study of
motions of alrcraft and of their parts in
connection with causes of these motions,
The clasgification system discussed in
this paper is limited just to mechanics of
atmospheric flight, This is sn epplied
gcientifical discipline which utilizes
knowledge not only from mechanics of rigid
and deformable bodies and from aerodyna-
mics, but also from theories of propulsion,
from theories of control, cybernetics, bio~
mechanics, applied and numerical mathema-
tics and system theories, see fig.l.
Flight mechanics keep evolving unceasing-
ly in accordance with development of scien=
tific disciplines, the results of which it
applies, and also according to the prow
gress in the engineering of aircraft, the
motion of which it studies, Therefore the
clasgification and terminology in flight
mechanics should be in relation to those
gciences which it applies. Flight mecha-
nics has & very broad use beginning with
the aeronautical research and finishing
with pilots training, see fig., 1. In the

classification thus also the view-points
of spheres should be taken into account
which are using acquaintances from flight
mechanics, Especially some convenient cri-
teria should be emphasized for to judge
quantitatively the classified phenomena.

Already from the beginning of flight
mechenics approximately in 1920 attempts
were made to classify this discipline
what can be seen from the enclosed list
of picked out referencies, enclosing books,
monographies, requirements, standards and
vocabularies, The progress in disciplines
applied in flight mechanics and the pro=-
gress in the development of aircraft have
got so far that it seems to be beneficial
if the existing classification in flight
mechanics would be eveluated, supplement-
ed or even changed which should be dcne
on an international basis, The useful-
ness of it is confirmed by the fact that
on the 23rd meeting of the Subcommittee
ISO/TC 20/SC 3 “Terms and symbols in
flight dynamics" held in 1978 in Paris,
the Czechoslovak member body was put in
charge of preparing a proposal of a clas=~
pification of basic terms in flight me-
chanics which after discussions and apro-
val should get a new part of the Interna-
tional standard ISO 1151 "Terms and sym-
bols in flight dynamics", To this aim a
new proposal of basic classification (46)
wag elaborated in 1979 based on studies
in ref (9 and 45).

In the presented paper, in contradict-
ion to ref, (45 and 46), in the classifica-
tion method the predicate analysis is
used which makes possible to describe
phenomena qualitatively. The enclosed
proposal is just one of possible solu-
tions and deals with a more detailed clas-
sification than is the basic one in (46).

2« Short historical survey

In its first beginnings in 20th,
flight mechanics was set into order of
applied aerodynamics, see e.g. Bairstow
(1?. But in a good time, it was consi-
dered as a selfreliant discipline which in
the English literature was usually call-
ed "Dynamics of flight", see e.g ref,

(5, 18, 22, 31), with exception ref, (24),
where the term "Flight mechanics" was
used. In other languages the following
terms are usual: in French "Mécanique du
vol", see ref, (39, 66), in German "Flug-
mechanik", see reff~(355, in Russian "Me-
chanika poleta" in (40) or "Dinamika pole-
ta" in ref. (14, 25, 27, 38, 43 and 46),
?nd in gzech "Mechanika letu'", see ref.

13, 48).

Already in the oldest references one
can find the flight mechanics to be divi-
ded into "aircraft performance" and
"flying qualities", see e.g. ref, (3, 10,
12). In the book (45) by Etkin, the
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flight mechanics comprises also "aeroelas-
ticity" which at that time usually untill
now is considered to be a selfreliant ap-
plied discipline on the boundaries between
flight mechanics and aircraft stress ana-
lysis, see e.g. (16, 23). Aercelasticity
comprises elastic motions of deformable
parts of aircraft as are wing, tailplanes
and fuselage, These motions can affect

motion of the whole aircraft and on the
contrary the aircraft motion can affect
elastic motions of the aircraft parts,
Therefore in recent years a tendency is
evident %o consider the effect of air-
craft structure distorsions on flying
qualities, see ref. (21, 29), and espe-
cially to solve flying qualities and
aeroelastic qualities of an aircraft
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simultaneously by using a complet mathema=
tical model, see e.g. ref. (47).

In flight mechanics text books also
chapters are usually enclosed which deal
with necessary aerodynamic data and also
with coordinate axis systems, with orien-
tation angles of these systems, with
transformation matrices of vectors compo-
nents and with various kinematic relations,
gsee e.g. ref, (22, 31, 47). In accordance
with classification in classical mecha-
nics, in such last mentioned chapters
tkinematics of flight" is in fact dealt
with which term however is not usual, The
rest of chapters in the books are then
dedicated to the proper “dynamiecs of
flight" which comprises problems of air-
craft forces equilibrium at steady and
unsteady flights, see e.g. (6).

In bibliography one can find also
books dealing with "experimental flight
mechanics”, see e.z. ref, (3, 11, 44?.
They usually comprise chapters about
instruments and methods used at flight
measurements of kinematic and dynamic
quantities and about special methods for
evaluation of recorded velues of the mea-
sured quantities. From the beginning a lot
of attention was paid to corrections of
gystematic errors caused by nonstandard
conditions of flight measurements, These
corrections were usually called "reduc-
tions to standard conditions", see e.g.
(11). In the recent 20 years a lot of
works wasg published sbout parameters
estimation of mathematical models for va-
rious motione of a&n aircrafi by using
flight measurements data, see e.g. (44,50%
These works have created a basis for iden=-
tification studies in flight mechanics,
see 6.g. (52), which are of gnoseologicsal
nature, because they investigate the iden-
tity of chosen attributes stated in flight
on an aircraft and of the same attributes
stated from the corresponding mathematical
model and from the estimated parametersa,

Besides the basic classification given
above, the classes "aircraft performence"
and "flying qualities™ are in literature
further divided into subclasses, groups
and subgroups, Dendtminations of these clas-
ses and subclasses are at the same time the
denominations of theé“respective phenomens.

The topics of the class "aircraft per-
formance®" are extreme values of the flight
veloeity of an aircraft centre of gravity
(c.g.) and geometric and time characteris=-
tics of an aircraft c.g. trajectories. In
the book (24) by Wiele aircraft performan-
ce is further classified into *"point per-
formance" or "steady performance" and into
"integral performance" or “unsteady perfor-
mance", In the "point performance" a stea=
dy or quasi-steady motion of an aircraft
c.g+ is dealt with, for which the motion
equations are algebraic (e.g. extreme velo-
cities in level flight, rate of climb etc).
In the "integral performance" one deals
with an unsteady motion which is described
by differential nonpartial equations, The
denomination "integral®™ is used because it
econcernes with a motion between two speci-
fied points of an aircraft trajectory which
are in & sufficient distance of one from

the other point, e.g. the motion of an
aircraft at take~off or landing,., Besides
basic performance, enclosing maximum and
minimum velocity of flight, rate of climb,
celling, range and endurance, and take-off
and landing distance, in the reference
(17) also a subclass of general performen~
ce characiteristics is considered which is
called “manevrennost" in Russian and could
be put in English as "mobility". This sub-
class is determined by curves families
describing the dependence of load factor
components on the Mach number,

The class “flying qualities" deals with
characteristics of an esircraft motion,
both translational and rotational, which
follow external or internal disturbeances
of a given state of flight or follow dis-
turbing a flight equilibrium by means of
aircraft controls, They are thus quali-
ties which characterize preciseness, easi=

iness and security when utilizing aircraft

performaence by pilot to reach a given
flight goal, see e.g. (51) by Mooij. With
proceeding time the topics of this class
were affected strongly by development of
control theories studied in cybernetics
end by progress in system engineering., In
recent years an aircraft is being conside-
red to be a controlled system comprising
a human pilot or autopilot and other con-
trol devices, stabilizing or damping ones
or devices which are often called "active
control®, see ref, (51) and figure 2.

From the early beginnings of flight me-
chanics development this class "flying
qualities" was used to be divided into
subclasses "atability of flight" and
"flight control qualities", see e.g. (1, 2,
3, 4, 6, T, 10, 12, 18, 29, 41, 43, 45)
and others, In the first subclass one deals
with a free motion of an aircraft after an
external or internal disturbance of an
equilibrium flight without this motion
being affected by pilot s controls. A na-
turel motion of an aircraft is thus consi-
dered. In the second sybclass en aircraft
motion forced by pilot s controls is con-
gidered., Already from the beginning the
subclass "flight stability" was based on
the elaborated stability theories, espe-
cially by Ljapunov, see e.g. ref, (33). In
gtability theories there was stated a sta-
bility definition which is used even now
and which in a simplified form reads:

A body motion is considered to be stable
when after a disturbance it recoveres and
approaches without any external interven-
tion nearly the original motion', The sta-
bility is characterized by damping and by
oscillation period or frequency when the
motion is a damged oscillating one. The
subclase "flight control qualities" was
developing with control theories develop-
ment a8 in terminology as in its topics,
see eog. I‘efo (4’) 6’ 18’ 21, 22’ 29, 45,
51), The £flight control qualities are cha=-
racterized by static and dynamic effects
of controls on an aircraft motion.

Bven in older works of flight mechanics
the flight stability was used to be divi=-
ded into "static" and"dynamic" gtability.
This classification however cannot be con-
gidered to be correct from the stability
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a) OPEN LOOP (IN POINTS A,

theories point of view because there
exist jusi one stability that means the
dynamic one. "Static" stability is cha-
racterized by coefficients of static sta-
bility, longitudinal and directional,
which belong to aerodynamic derivatives.
Being just aerodynamic concepts they give
an information about existence of a reste
ring force or moment originated after a
flight condition disturbance, Existence
of the static staebility is thus a neces~
sary condition but not a sufficient one
for the flight stability to be assumed,

According to Malkin (33) one can consi-
der the stability of a steady flight or
of an unsteady one controlled by a pro-
gram, If the initial flight is a rectili-
near one the stability can be, as a mle,
divided into longitudinal and lateral ones
(but not trensverse one). In curvilinear
flights interactions can exist between
longitudinal end lateral quantities which
do not admit of the foregoing dividing of
stability,

Acoording to (33) an initial flight
disturbance can be "small" and one speaks
about a "stability in the small", or it
can be "large" and then one speaks about
a "stability in the large", The stability
in "the small" is of great importance be-
cauge it allows to linearize equations of
motion and therefore to simplify a theore-
tical solution and also an exXperimental
ascertainment of stability characteristic.

OR A,); b) CLOSED LOOP

A flight condition disturbance can be one
at the beginning of an experiment (a cor=-
rupted f£light) or disturbances may be
continually acting as in a flight in tur-
bulent atmosphere (continually disturbed
flight). .

In references (7, 17) there is distin-
quished between a stability with fixed
and free motivators while in the book (10)
the author distinquishes betwegn & stabi-
lity with fixed and free pilot s controls.
The relation to the pilot s controls is
convenient from a pilots view-point whilst
the relation to the motivators concernes
the aerodynamic point of view. The digtin-
quishing between fixed and free pilot's
controls or motivators is useful when jud-
ging the stability by means of control
forces or by means of control deflections,
In flight, however, even with a sgimple
control gystem a motion of a motivator or
of pilot’'s control is affected by friction
and play in the control system. These
circumstances will get even more complica-
ted when a booster (22), a stabilizing or
damping device or active control system
(51) are incorporated in the control
system, see fig. 2.

The cybernetics influence on stability
theories shows itself in recent years in
the fact that an airplane is considered
not only as an open loop as it was done
3n past time but also as a loop closed by
pilot, humen or automatic, see e.ge. (29,
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45) and fig.2. The work (32) deals with
transfer functions of & humen pilot, whe-
re also results of correlation research
between stability cheracteristics (damping
and period of oscillations) and pilot
opinion rating (POR) by means of Cooper s
gcale are also given.

The influence of control theories is
the most obvious one in opinion on flight
control qualities. Already in text books
from 60th, see e.g. (17, 18, 22, 29), an
aircraft is considered to be a mechanical
controlled system having control input
si%nals and aircraft response output sig-
nals.

Ostoslavekij in (29) concernes with
two sets of controllability problems:
controlling of an aircraft flight on a
programmed trajectory and controlling to
eliminate effects of random disturbances
on a flight equilibrium, The both sorts
of controlling are performed by primary
controls and throttle is used only to
control an aircraft on a trajectory given
by & program., At some manoeuvres the cont-
rol process can be divided into specified
elements, at other manoeuvres all the
controls are used simultaneously and com-
plexly, as it is e.g. at take~off and
landing or in spin, see e.g. (12, 48).
Likewise stability, even flight control
qualities may be divided into longitudinal
and lateral ones, eventually also into
transversal and directional’ ones.

An other approach, which is often used
in basic cases of control qualitiesg, re-
sults from distinguishing of pilot s con-
trols effects upon static and dynamic
ones, see e.g. (12, 17, 18), To the sta-
tic effect is adjoined "static flight
control qualities", in English often
"controllability", in French "manoeuvra-
bilitév" and to the dynamic effect is ad-
joined "dynamic flight control quelities",
in English "menoeuvrability", in French
"maniabilité", The control system activity
can be described either by pilot s control
or motivator deflections or by control
forces or hinge moments of motivators.
Prom a pilots point of view control for-
ces are of the greatest importance. Some
recently used concepts and characteristics
(e.ge the trgnslation from Russian "fol-
lowing pilot & controls") are now being
often replaced by concepts and cherascte-
ristics from control theories, see e.g.
(26, 32, 34).

The static flight control quality is
characterized by changes of control de-
flections or control forces which are ne-
cessary to provide new steady flights
different from the original ones, see e.g.
(7, 9). The dynamic flight control quality
is characterized by dynamic responses of
an aircraft to standard shapes (step, im-
pulse or harmonic) of time dependent counr-
seg for control deflections or control
forces at a specified initial steady
flight conditions., When an input control
quantity course is of the step shape then
the response is called the transition func-
tion (indicial admittance), When the time
dependent course of an input quantity is

harmonic then the response is determined
by & frequency transfer function, see e.g.
(52). Characteristics of response functions
are defined in control theories,

The effect of internal changes of an
aircraft configuration on its steady t,
gee fig. 2, can be considered to be again
stetic or dynamic., The static effect of
an internal change (e.g. lowered undercer-
riage) is characterized by a deviation of
the new steady flight, if it exists, or
by a control force change, the original
gteady flight being unchanged., This quali-
ty is in German called "Lastigkeit", see
(54), and in Czech "ti¥ivost"., In the case
that in new conditions an aircraft can be
trimmed for a short time by primary con-
trols, & further problem of "control trim
ability" by meens of secondary controls
emerges, what means an ability to meke the
respective control force permanently zero.
Dealing with a dynemic effect of internal
aircraft changes the transition aircraft
motions are studied at various conditions.

When solving problems of sircraft flight
stability and of flight control qualities,
not only the term "aerodynamic derivativet®
but also other terms are used, e.g. the
aerodynamic term "aerodynamic center" and
flight mechanics term "neutral point", 'dy-
namic point%, "static and dynamic margin',
"eontrol dicriminants", see e.g. (31, 34,
66), At certain value of Strouhal number
(reduced circular frequency) considering
nonetationary flow around the alrframe can
get necessary. Due to this fact instead of
eerodynamic derivatives the aerodynamic
frequency transfer functions must be used,
866 e.8. (52).

In Airworthiness Requirements in the
chapter "Flight" a classification of flight
characteristics into "performance" and
"flying qualities" is usually used. But
there is not enclosed & precise specifi-
cation of these two classes., As for equi-
valent terms in various languages a unique
explanation of some terms is not assured,
e.g. "mechanics of flight" and *"dynamics
of flight", It is very surprising for
instance that terms derived from the word
"manoeuvre" have different significations
in French, English and Russian, The "sta~
tic flight control quality"™ is called in
French "manoeuvrabilité" and in English
"controllability", the "dynamic flight
control quality" is called in French “ma=-
nmmné"mdemnm"mmwwwnb
ty". "Manevrennost"™ is in Russian used for
"mobility". In Prench and English a gene-
ral term for "flight control qualities"
is quite miasing,

3. Problemetics of classifying based
on predicate analysis

During classifying one can proceed in-
tuitively by considering similarity of ob-
jects and phenomena. Bul there suits more
an intentional approach by a convenient
classification method,

In flight mechanics classification one
concernes not with distinquishing objects
and phenomena by quantitative scales bui
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Set of predicates: p orp,q9 (n=1,2)
P class P q class
1 1 1 1
0 2 1 0 2
4] 1 3
m = 2" 0 0 4

TABLE 1 - PREDICATE VERITY TABLE

with classifying by qualitative descript-
ion of phenomena, To this aim the clas-
gification method is convenient which
utilizes laws of statement analysis based
on Boolean algebra and theories of sets,
Such a method was reported by Watanabé in
1962, see (30),

For a set of searched phenomena it is
possgible to propose according to the clage
gification aim a set of statements which -
describe properties of the clasgified phe-
nomens or relations between them., In sta-
tement analysis such statements are call-

termines an m number of clasgification
classes being at most 2B, These classes
should be of such a property that elements
comprised in one class can not be enclosed
in another class because the classes are
disjunctive subsets of a set of searched
objects or phenomena.,

If a predicate is veritable its verity
value is 1, if is not veritable it has the
verity value O, In the most simple case
which is dealt with in this paper one can
suffice just with basic predicates without
considering composed predicates that can
be created from the basic ones by logical
operations. An example of a "verity table"
for sets of predicates at n = 1 and 2 is
given in the table 1. The classes describe
independent phenomena just when matrices
from predicates values are regular. In
this example the fourth cless is thue de
pendent on the first one, ‘

A method of predicate analysis is ap=-
plied in the following chapters in the way
that there is proposed firstly a clasgifi-
cation point of view for to create predice-
tes for the considered phenomena set. In
some cases even more than one classifioca-
tion view point can be considered, Then
clagses are being proposed for verious

ed "predicates", An n number of them de~ independent combinations of verity values
Science or |Classification s berity " Diseinli
Y. romiagl Predicates p , q ,r Discipline or
discipline |view-point ! ? plajr class
basic J: space and time 1{0|- flight kinematics
. quantities q mass 1{1l]- dynemics
Flight
mechanics working P | theoretical methods 1/0j= ] theoretical géiﬁgﬁica
methods q experimental methods Oil]=-| experimental
position and position and orienta-
p : . 110}~ ! tion characteristics
Flight basic orientation
kinematics | quantities | time kinematic
al, time changes 0|1]- | relations
. motion of aircraft as 1lo
P|l® a mass point - | performance
motion o
model | motion of aircraft as complex flying
Ml . O1l}~ P
q|o| @ nonrigid bodies qualities
Flighg o system
dynamics ©| characteristics of 1lo
. P|o| aircraft trajectory = | performance
user 8 needs |-

q facility and safety of | 01|~ | complex flying
flight operation qualities
determining of flight flight

p characteristics by 1|00 | measurements
measurements

Experimenta}
flight_ gnoseological model parameter estima-| parameter
jmechanics q tion from measured 011|0 | estimation
flight data
identity verification ololy | identity

r of aircraft and its verification

model behaviour

TABLE 2 - BASIC CLASSIFICATION IN MECHANICS OF FLIGHT
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of predicates.

4, Basic classification in flight mechanics

The view-points of a basic claggificea-
tion in flight mechanics and the respective
predicates are given in the table 2. As for
flight mechanics of an aircraft there is
proposed with relation to classical mecha=-
nics to use as clasgsification view-points
the enclosed basic quantities and also the
utilized basic working methods, In classi=-
fication of flight dynamics (which is con-
gidered to be a more narrow concept as is
flight mechanics) also two pointa of view
are used which are the model (equations)of
motion and the users needs., But in this ca
se the both ones result in the same classes.
For disciplines and classes following from
the considered predicates gsome ghort defi-
nitions sre further proposed.

Plight mechanics of aircraft is an applied
gclence whic eals with motions of an
eircraft in atmosphere, It is divided into
"flight kinematics® and "flight dynamics™.
Beaides that it is alternatively divided
into "theoretical" and "experimental" me-
chanics of flight of the aircraft.
FPlight kipematics being a part of sircraft
light mechanics studies probleme of an
aircraft motion considering just space and
time without account to causes of motion,
It is divided into classes: "aircraft posi-
tion and orientation characteristics" and
"kinematic relations”.

The first class comprises particularly
problems of coordinate systems in flight
mechanics, problems of determining orien=-
tation of an aircraft in space and pro-
blems of transforming components of vector
or tenzor quantities from one to another

coordinate system.

FPlight dynamics being a part of aircraft
ght mechanice studies problems of an

aircraft motion with account to causes of

motion which are forces and moments acting

on an aircraft being congidered as a non-
rigid mass bodies system., This class is
divided into two subclasses:"gircraft per-
formance" and "complex flying qualities",
Theoretical flight mechanics is a part of
aircr 1light mechanics which concernes
with the laws of aircraft motions and with
general properties of these motions. An
aircraft is considered as a nonrigid bodies
system, This class comprises hypotheses
creation of mathematical models for air-
craft motions too,

Experimental flight mechanics is a part of
aircraft flight mechanlecs in which aircraft
behaviour 1§ determined by experimental
methods. From gnoseological view~point
this discipline can be divided into three
clagges:"flight measurements", "flight mo~
del parameters estimation" and "identity
verification of behaviour of an aircraft
and of the respective model", These three
classes are in fact also stages of an iden~
$ification process of the chosen attribu-
tes of an aircraft flight and of the res-
pective model, see (52%.

The class "flight measurements" enclo-
gses from the methodical view-point the
following subclassges:"instrumentation for
flight measurements®", "flight measurement
and evaluation methods" and "reducing of
measured data to standard conditions", Ac~
cording to the measured objects this class
"flight measurements" can be divided also
into measurements on an aircraft, on a dy=
namicelly similar model and on a flight sji-
mulator, The class "estimation of flight

Class or [Classifica- . Verity
subclass |tion Predicates p , q, r R , Subclass or group
view-point 9
flight p point of steady flight | 1{0|- | point performance
trajectory [ | : .
N large trajectory inter- s
interval q val of unsteady flight Olli~ integral performance
Perfor- basic performance cha
mance importance |P «| racteristics l|0]- basic performance
for flight |—
operation ?| extreme geometrical and
9| & time characteristics 0{1li{~ | mobility
o} of trajectories
o
gross motion of s s et
ot 3 1li0]- flyi
Complex motion P| | aireraft ying qualities
flying model — o
ualities fine i i . P
q 9o eiast?gt;ggtgf aircraft 011 |~ aeroelastic qualities
(4]
free (uncontrolled) . ca s
Flying o1 o] aircraft motion after 1|0f- flight stability
g motion a disturbance
qualities model | ]
a forced ajrcraft motion |, | flight control
by pilot 8 controls ' qualities

TABLE 3 - CLASSIFICATION 1IN

FLIGHT DYNAMICS
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model parsmeters" (from data measured in
flight) can be divided according to types
of methods used which differ due to neces-
sary informations a priori,

A survey of the basic classification in
flight mechanics can be seen also from the
figure 1 which amends the table 2,

5. Classication in aircraft flight dynamice

In contradistinction of the basic clas-
sification in flight mechanics as in o
science discussed in chapter 4, in the
present chapter the classification of phe-
nomena in flight dynamics is dealt with
according to their propertiés. The classi-
fication view-points and the respective
predicates are given in tables 3 and 4.

In the class "aircraft performance" the
predicates are proposed on the one hand
from the view-point of a flight trajectory
interval and on the other from the view~
point of flight operation. In the class
"complex flying qualities" and in the sub-
class "flying qualities" the view-point of
an aircraft motion model is considered, In

the group "flight stability" one can con-
gider four alternative view-points for pre-
dicates proposing. In the group "flight
control qualities™ the same predicates

and subgroups result from the pilot s opi-
nion view-point as from the view-point of
the menner of using primaxy and secondsry
controls, In the subgroup "basic flight
control qualities" predicates are proposeqd
from the controls effect view-point and in
the subgroup "trimming ability"™ from the
point of view of the sort of controls used
to trim,

To the classes, subclasses, groups and
subgroups resulting in the tables 3 and 4
from the considered predicates short defi-
nitions are proposed as follows,

Aircraft perform denotes kinematic cha~
racteristics of flight trajectories traced
by an aircraft of given mass and configu-
ration, at a given propulsien thrust and in
given atmospheric conditions, Here an air-
craft can be considered to be a mass point,
Alrcraft performance is interesting for
aircraft users of all sorits.

Subclass {Classifica- . Verity
or tion Predicates p, q ,r blale Group or subgroup
group view-point
: open loop 1|0|~ | open loop .
:gg;gn _E_ system stability
q closed loop - | ctosed loop
initial disturbance, ol- corrupted
sort of small or large stability flight
disturbance q continually acting ol1l- of gggta?g:ély
disturbances flight
Flight
stability sort of p initial steady flight 10| steady
initial | stability| f1right
flight controlled flight ac- - of
a cording to the program o1 g{ggﬁ:mmed
fixed sq s . .
pilot's Plo pilot's 110]- :;ablll' fixed| 515t s
controls controls A con~
state q : free Ol1l}- | with free trols
) p|?®| simple flight condi- 1|ofo | besic cgg::ol quali-
Flight pilot | |©| tions
control opinion ot complex control
qualities ggntrol q || complex manceuvres ol1{o qualities
s ]
operation [ PP . P c ez
o| ability to trim trimming ability
manner r o | inner perturbations 001
P static effect of ol- controllability
Basic control . primary Bilit
ffect . controls manoeuvrability -
control e q dynamic 0l |- :
qualities dynamic responses
utilization of primary . | flight conditions
Trimming 3§§tr§{ P short-term control 110 trimming
ability 2:§g to i;- utilization of seconda- olil- control force
ry long-term control trimming

TABLE 4 - FLYING QUALITIES CLASSIFICATION
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"Aircraft performance” is divided into
"point (local) performence" and “integral
performance” and on the other hand into
"bagic performance" and "mobility".

Point performance denotes momentary charac-
Teristics of an aircraft flight trajectory
at a steady or quasi-gteady flight of an
aircraft of a given mass and configuration
and at a given propulsion and atmospheric
conditions,

Point performance comprises extreme vaw-
lues of flight velocity, maximum rate of
¢climb and minimum rate of descent, further
minimum values of curves radii and maximum
values of centripetal acceleration or of
load factor.

Integral performance denotes kinematic cha-
racteristics of specified flight trajecto~
ry intervals between some initial and final
points at a given law of time dependance

of flight kinematic quantities and at a
given state of aircraft, propulsion and
atmosphere,

It encloses for example take~off and
landing distances, ceiling, range and endu~
rance. Further also minimum time for cure-
ves needed to change flight course by a
given angle, extreme geometric and time
characteristics of varioua aerobatic ma-
noeuvres belong to integral performance.
Basic performance denotes kinematic cha=-
racteristics of flight trajectories which
are of importance for aircraft operation.
Mobility denotes extreme geometric and ti-
me characteristics of flight trajectories
at given flight conditions which are not
enclosed in basic performance and are pos-
gible and allowed in aircraft operation,
They are for example maximum values of
acceleration or of operational aircraft
load factor.

Complex flying qualities are characterized
by motion qualities of an aircraft conside-
red as a system of rigid or nonrigid bodiés
which affect security, precision, easiness
and agreability of flight operations and
which are therefore of interest for pilots,
passengers and other members of crew.

They comprise gross translational and
rotational aircraft motions and fine rela-
tive motions of rigid and nonrigid parts
of an aircraft,

One can divide "complex flying gualities"
into "flying qualities" and "aeroelastic
qualitles" of an aircraft, This classifi-
cation 18 possible when even one uses a
mathematical model which describes contem-
porarily both sorts of qualities including
their interactions,

Flying qualities of an aircraft are charac-
terized by properties of a “gross' motion
of the aircraft as & whole, which are
translational and rotational, free or con-
trolled, and which affect security, easi-
ness and agreability, with which an air-
craft is able to perform its flight task,

They concern with responses to external
or internal disturbances of flight equili-
brium and with airocraft responses to con-
trolling its flight by means of primary
and secondary controls, From this view-
point one can divide "flying qualities®
into "flight stability" and "flight con-
rol qualities",
deroelastic qualities of an aircraft are
characterized by motion qualities of elas-
tic parts of an aircraft which affect
flight security, easiness and precision
of its controlling.

Aeroelastic qualities have a static
part which shows itself as distorsion of
elastic elements with a respective effect
on flight control qualities and also a dy-
namic part which affect life of an aircraft
gtructure and which can result in undamped
oscillations of elastic parts of an air-
craft and can threaten its integrity.
Flight stability of an aircraft is charac-

erized by qualitlies of aireraft responses
to external or internal disturbances of
flight equilibrium,

A stable time dependance of an aircraft
response is characterized by the fact that
deviations of values of flight kinematic
quantities due to an equilibrium distur-
bance decrease without pilots activity.

FLIGHT CONTROL QUALITIES

[

l

BASIC CONTROL QUALITIES COMPLEX CONTROL QUALITIES TRIMMING ABILITY
l 1
_ I | I 1
CONTROL STATIC CONTROL DYNAMIC FLIGHT CONDITIONS CONTROL FORCE
EFFECT EFFECT IRIMMING TRIMMING
CONTROLLABILITY MANOEUVRABILITY- | .
-DYNAMIC RESPONSE!
CONTROL FORCE CONTROL
L LOADING DEFLECTION
AT STEADY AT TYPICAL
FLIGHTS CONTROL INPUTS

FIGURE 3 - SCHEME DIAGRAM OF FLIGHT CONTROL QUALITIES CLASSIFICATION

1048



According to Lagrange and Ljapunov there is
presumed that deviations after a distur-
bance will become permanently less than
any little value ¢ a priori chosen to
which relates meximum allowed initial de=-
viation h where £<h, Flight is assympto-
tically stable when a flight deviation af-
ter a disturbance diminishes to zero, i.e,
when the "disturbed flight" approaches a~-
symptotically to the "undisturbed flight",

According to view=points given in tab-
le 4 flight stability can be divided into
four subgroups as follows: a) stability
at open and closed loop of an aircraft
system; b) stability of a corrupted flight
and stability of a continually disturbed
flight; c) stability of a steady flight
and stability of a flight controlled by a
progrgm; d) stability with fixed and free
pilot 8 controls,

Item b) comprises flight in turbulent
atmosphere where regponses occur to random
gusts without pilot s action at an open
loop or with controls activity at a closed
loop (autopilot, gusts damping). At con-
tinually acting disturbances the flight
stability is assured when the respective
flight is assymptotically stable.

As for an initial disturbance it can
be small or large, Thus a "stability in
the small" or a “stability in the large"
can be considered, see chapter 2.

As for iftem c¢) at a straightline steady
flight the stability can be divided into
"longitudinal™ and “"lateral" ones, but the
static stability coefficient is said to
be "longitudinal" and "directional",

In the item d) this classification loog-
es its importance if in the control system
a lrreversing element, as e.g., servocontrol,
is enclosed.

Flight control qualities are characterized
by properties o% an aircraft motion which
is forced by the pilot by means of the ain-
craft controls at minimum needed workload
of the pllot.

In function of input control signals
one can consider geflections of pilot s
controls or pilot s control forces acting
on the same which are decisive from the
pilot s standpoint.

The purpose of aircraft controls is of
two kinds: firstly to lead an aircraft on
a prescribed trajectory and secondly to
eliminate unwanted effects of external and
internal disturbances of aircraft equili-
brium,

"Flight control qualities" can be divi~
ded.into "basic control qualities", "com-
g%:x control qualities" and "trimming abi-

Y.

Basic control qualities of an aircraft

are characterized by properties of
aircraft responses to simple controlling
actions at steady or quasi-steady flights
at a given state of aircraft, propulsion
and atmosphere, These responses can be
considered according to their character to
be equivalent to static or dynamic effects
of controls,

Therefore the "basic control gualities”
of an aircraft flight can be divided into
"gtatic effect" of controls which can be
called also "controllability" and into

"dynamic effect" of controls called often
also "manoeuvrability" or “dynamic respon-
se“.

Controllability or static controls effect
is characterized by ability of en aircraft
to fly at various steady or quasi-steady
flights by means of primary aircraft con=-
trols at a given state of alrcraft, pro-
pulsion and atmosphere, The static effect
of primary aircraft controls is dealt with.

Controllability is limited by maximum
allowed control forces on pilot s controls,
by extreme motivators deflections and by
dangerous flight states (stalling, criti-
cal flight velocity).

As a measure of controllability one can
consider e.g. at a restilinear steady
flight a control force change needed to a
10 per cent change of flight velocity or
at a quasi-circular flight in vertical pla-
ne it can be a control force change needed
to produce the load factor 1 g.

But extreme values of kinematic parame-
ters of steady flights from the set of pos-
sible steady flights belong into the class
performance.

Manoeuvrability or dynamic controls effect
is cheracterized by properties of aircraft
dynamic responses to typical time depen~
dances of control deflections or of control
forces on individual primary pilot s con®
trols at a given state of aircraft, pro=-
pulsion and atmosphere, As a typical cone
trol input one can use a step function,
impuls function or a harmonic function.
Begides the wanted primary effect also an
undesirable '"secondary" effect can take
place (e.g. by deflection of ailerons).

A response quality can be evaluated by
the form of transient function or of fre-
quency iransfer function of kinematic
quantities describing an aircraft response
according to the usual criteria from con-
trol theories.

Complex control gualities are characteri-
zed by aircraft responses having a shape
of various complicated manoeuvres resuli-
ing from contemporary deflections of seve-
ral controls where these deflections are
expresged by more complicated time func~
tions, Here e.g. control qualities at take-
off and landing, at aerobatic manoeuvres,
at stall and others are dealt with,

Trimming ability is characterized by pos-
8ibility to trim the effect of internal
aircraft changes by meens of primary and
gecondary controls, As an internal aircraft
chaenge one can consider a propulsion
thrust disturbance, a change of geometric
configuration or a change of sircraft mass
and of ite distribution.

Trimming ability can be divided into
"flight conditions trimming" and "control
force trimming",

Flight condition trimming ability is cha-

rac%erizea by & possibility to trim & cor-
rupted flight equilibrium due to an inter-
nal disturbance the trimming being done by
short-term utilization of primary control.

A conirol force observed by the pilot
on pilot s controls after a re~establish=-
ment of the original or next possible
flight condition is a measure of "control
force loading" (in German "Lastigkeit",
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in Czech "tiZivost"), This control force
loading can be limited by requirements,
Similarly, this can be said about deflect~
ions of primary controls, see figure 3.
Control force trimming ability is charac-
terized by a posgibility to diminish con-
trol forces on primery pilot s controls
40 zero by long-term utilization of secon-
dary controls. The mentioned control for-
ces have resulted from trimming an inter-
nal disturbance of aircraft equilibrium or
after changing the original steady flight.

In conclusion of this chapter some sup-
plementary comments are amended,

Steady or quasi-steady flights are con-
cerned with in "point performance" and in
"gtatic effect of primary controls" oxr
"controllability", But topics of "point
performance" are atiainable extreme values
of kinematic quantities describing trajec-
tories which are belonging to the set of
possible steady flights by effect of air-
craft controls, In "controllability" on
the other hand one deals with conditions
at which various steady flights can be rea~
ched from the standpoint of controlling.
This means that necesgary changes of con-
trol forces and pilot s controls deviat-
ions are here considered., Therefore "point
performance" is not ldentical with "con-
trollebility".

According to mutual relations of flying
and seroelastic qualities of an asircraft
the both sorts of these qualities can be
calculated either separately from the be-
ginning or simultaneously as "complex fly-
ing qualities" by means of one mathemati-
cal model including mutual interactions,.
But at the both approaches the "complex
flying qualities" can be divided into
"flying qualities" and "aeroelastic quali-
ties" when utilizing the results in prac-
tise to evaluate an aircraft behaviour,

Alrcraft responses are coneidered with
both in "flight stability" and in "flight
control qualities", But in both of these
cases the causes of responses are of quite
different nature, Thus it is necesgary to
supplement the term "response" always by
a detailed description of this cause,

6, Conclusion

The proposed classification in flight
mechanics and the suggested definitions of
basic terms in flight mechanics are only
one of possible solutions, In the propossl
the historical evolution of flight mecha-
nics and of sciences applied are taken into
sccount, There is also left space for fure
ther evolution in flight mechanics result-
ing from progress in aircraft development.
Sometimes it was necessary to use English
terms corresponding by vocabulary to the
semantic sense of described phenomena
without any intention to inforce their
utilizing in the English terminology.

In preparing the proposal of classifi-~
cation the predicate analysis have been
chosen to give as far as possible a time
invariant frame for progressing flight
mechanics,

The “classification has been performed
in two stages. The first stage comprises

& basgic classification of flight mechanics
being a scientific discipline, The second
stage encloses the classification of phe-
nomena being objects of studies in flight
dynamics, i.e. aircraft performance and
complex flying qualities,

The goal of the clasgification and of

the given definitions for basic terms is

to

facilitate mutual understanding of spe-

cialists from various countries and dif-
ferent aeronautical branches at aircraft
searching and developing end especially

at

interpreting airworthiness and other

aeronautical requirements, Besides this
the classification should create a bhasis
when producing criteria evaluating quanti-
tatively aircraft performance and complex
flying qualities,

The importance of a convenient classifi-

cation in flight mechanics can be seen

also from the fact that this clessificetion
has been included into the plan of interng-
tional standardization by ISO with the aim

to

create a further part of the standard

IS0 1151 "Terms and symbols in flight
dynamics",
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