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Abstract

Handling qualities should be expres=-
sed in engineering terms, Early assess-
ments of handling qualities were based on
measurements made during elementary evo-

lutions.

Inspection of the block diagram co-
vering the loop pilot-control system -
aircraft shows that the evolution of hand=-
ling qualities requires consideration of
many factors, One of the most important
being the pilot work load.

Modern study of handling qualities
is made in two different ways. One of them
is an experimental way, using assessment
by the test pilot and trying to correlate
the pilot rating with engineering data.
The other way is theoretical. It is based
on the inspection of the transfer func-
tions of all the elements of the block
diagram and tries to use these transfer
functions in order to evaluate the ease

or difficulty of piloting the plane.

The two methods are complementary.

I. INTRODUCTION

The dynamical behaviour of an air-
plane can be studied in two different
‘cases:
~ pilot out of the loop,

- pilot in the loop.

Pilot out of the loop motions are
those where the pilot applies.well defined
inputs and lets the airplane respond ac-
cordingly to its own dynamics, This defi=-
nition encompass not only motions follow-
ing a step input control deflection, but
any motion produced by programmed control
displacements when the program has been

chosen beforehand and cannot be modified

accofdingly to the obtained response.

Computation of pilot response in
this situation is possible by means of the
well known equations of motion. The estab-
lished theory defines important motion
characteristics, such as
- time constants affecting divergence or
subsidiences,

- period and damping factors character-
ising oscillatory modes,

- amplitude of response following step

inputs.

The theory .provides the means to
calculate these characteristies knoving
the aerodynamical coefficients of the air-
plane, its mass and its ipertie moments.
We call them mechanical motion character-
istics,

Pilot in the loop motions are maneu-
vers where the pilot wishes to perform a
well defined evolution and applies inputs
which are at any time determined by the
way the plane fulfills the programmed mo-

tion or keeps away from it.

II. DEFINITION OF HANDLING QUALITIES

Handling qualities are airplane prop-
erties or characteristics, which influence
the precision, ease and safety with which
the pilot is able to perform the maneuvers
and tasks necessary to the fulfillment of
a specified program. This definition,
given in ref., 1, concerns obviously the

case pilot in the loop.

The first aim of handling qualities
studies is their identification and their
definition in engineering terms, The sec-
ond is their numerical evaluation, and the

determination of values leading to a satis-



factory airplane, Such values may be in-

cluded in requirements edicted by the user,,

the customer, or any official authority.

I remember I belonged, forty five
years ago, to a group (CINA) edicting
handling qualities requirements and they
found that the only way to write these re-
quirements was just to say that these
characteristics, not identified at that
time, should allow the pilot to fulfill
his progrem with precision, ease and

safety.

Great progress has been made since
that time in the development of require~-
ments, This first stage consisted to select
some elementary motions, and to appreciate
the handling qualities in function of meas-
ured quantities criteria such as
- the force that has to be applied on the
stick to develop & normal load factor of
n =2 (F = 45 dnow in ICAO-PAMC),
~ the roll velocity p which can be pro-
duced by & full deflection of the ailerons,
- the time necessary to obtain a bank angle
of say, 30° when a given force is applied
on the control wheel.

The user experience indicated values to be
incorporated in the requirements. These
values varied with the kind of aircraft

concerned,

Our aim is not to compare require-
ments existing at a given time, Such com-
parisons have often been made. A work made
by the group 'Incarbone' has never been
published for security reasons, while other
studies, such as an analysis of military
and civil stability or control specifica~
tions, made by the Douglas Aireraft Co.,
led to a published report (ref. 2}, This
report compares the CAA specifications of
1953, with the US MIL F 8785 specifications
of 1954, amended in 1957.

Nothing can.hinder a country to a=-
dopt its own Specifications for military
aircraft, but uniformity of requirements
are desirable for commercial planes, as

the certification, granted to an aircraft

in one country must be valid and accepted

in any other., This supposes equivalent

technical requirements,

Establishing such requirements
should have been the task of ICAO, Polit-
ical reasons did nevertheless not allow
ICAO to legislate, this organization could
only produce "Provisional acceptable means

of compliance" (PAMC).

A "PAMC" referring to handling qual-
ities and published in 1965 (ref. 3) is
8till in the process of completion; addi-
tions have been proposed at the spring

1968 meeting in Amsterdam (ref. b),

The former American specifications
have been modernised, and mention is often
made in technical publications of the

recent evolution of MIL F 8785.

The way of thinking used in working
out these modifications, made it clear
that there is doubt about the possibility
of defining the handling qualities of
modern airplanes, by the results of some
measures made while performing & small

number of elementary maneuvers,

The research work made in order to
find more accurate criteria has produced,

as by product, a handling quality theory,

III, THE BLOCK DIAGRAM

We appreciate better the situation
when we consider the block diagram of the

system human pilot - controls - airplane,

Intelligence of this diagram 1S nec-
essary to study aircraft métion in the
"pilot in the loop" case (see fig., 1, next

page).

IIIl.a The Program

The program of the prescribed ma-
neuver is defined by a set of n time de=~

pendent variables a e , while the

a
actugl motion of thelplane 5?11 be defined
by a set of n time dependent variables

a1 ses B Mathematicians like to consider
each set of these variables as the compo-

> >
nents of vectors ap and a,
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III.b The Environment

The atmospherg in which the airplane
flies is subject to changes of air veloc-
ity and air temperature., The environment
will be characterized by a set of m per-
turbations w; ... L considered as compo~
nents of a vector w. The symbol ¥ is chosen
here as the main perturbations arise from

wind fluctuations.

III.c The Control System

Any aircraft is fitted with a con=-
trol system which becomes more and more
sophisticated., One end of this system is
fermed by levers, wheels, pedals, on which
the pilot acts. These organs may be called
'manipulators', The other end consists in
control surfaces called 'motivators' by
some UK scientists, Thelr deflections are
represented by Gi' which may be considered
as the components of a vector 3. These
deflections produce aerodynamical moments

which work as inputs on the air frame.

III.d The Propulsion System

Mention of the propulsion system
must be mede, This system develops & thrust
T dependent, among other variables, on the

throttle setting, & -

III,e The Air Frame Behaviour

The air frame receives inputs pro-
duced by deflections of the motivators, by
changes in the thrust applied by the engine
and by perturbations coming from the en-
vironment. At any time, the time derivative
of the motion vector & is a function of
- the vector a itself,

- the thrust vector %,
-

- the control deflection vector §,

- -
- the wind vector w,

The dynamics of the air frame may be

represented by a matricial equation

a = (a)a+(a)F+(D)w+(w)3 (1)

where the matrices (a) [Z) (D] [w) are ma=
thematical models of the dynamical proper=

ties of the air frame,

III.f The Human Pilot

The human pilot, responsible of the
fulfillment of the program, acts on the
manipulators. He receives a lot of infor-
mation. Accelerations provide him physi-
cal feeling. A display of instrument pro-
vides him the numerical values of most of
the variables a. (air speed, climbing
speed, angular velocities) or of integrals

of these variables (attitude, altitude,

lateral inclination, heading).



External view of the outside world
{(when available) indicates him his posi- |
tion relative to the horizon or to impor-
tant spots on the earth surface. These cues

are, in fact, integrals of Ialdt.

Logical information is produced by
radio communications. These informations

may decide the pilot to alter his program,

Taking all this information into
account, the pilot Acts on the manipulator
by the *way of applying forces F and pro-

ducing displacements s,

For some manipulators, for instance
the stick, the applied force F and the dis-
placement are tied together, either by
natural reaction of the control system due
to hinge moments, or by an artificial feel
device, Experience shows that the relation
between F and s where it exists, plays an
important role in the assessment of

handling gualities.

On other manipulators, as the throt-
tle, the force 1s independent of the posi=-
tion. In any case, a constant break out
force may generally be needed for the dis-

placement of any control.

The force F and the displacement s
of the manipulators are outputs of the
pilot's cerebral or muscular operations,
They will be symbolized by ci or cz, the
c® being the outputs acting on the control
system, and ¢ those acting on the engine.,
They may be considered as components of a
vector Z. They are not only dependent from

the difference (a-ap), but also from some

;J/Amticipation made by the pilot about the

previsible effect of its output.

Incorporating all this in a pilot

descTibing function Y, we may write

¢ = ((E-E)

The pilot output © acts as input

either on the control system or the engine.

III1.g The SAS

A look on the block representing the

control system shows that the components

'¢® are nevertheless not the only inputs

working on the control system, The air-
plane is often filled with a stability
augmentation system, SAS. This system pro-

vides inputs € wvhich are error signals
. 2 a.-aj
£i i Tlp
where e, is the reference value assigned

to the SAS, This reference value ai may

be equal to aip but sometimes it may be

different,

III.h Working of the whole System

The inputs cz provided by the pilot
and the inputs £ provided by the SAS act
on the control system to produce through
linkages, actuators or electrical devices
the displacement % of the motivators. It
may happen that the inertial forces devel=-
oped on some parts of the control system
by the accelerations ai may influence the
output of this system, The masses acting
in such a way are called Bobweights, Sum-
ming up all these actions, we define the

deflections either by
3= [T at

and a matricial equation (3)

T = (c)3%(s)2+(5")n

or on a more simple way by

3 = (c)2%+(s)e+(B)a
This depends on the accuracy of the avail=-

able model of the control system,

The case of the engine will be dealt
with in a similar way; the SAS may act on
the engine (automatic throtlle), but an
action of & must not be considered, So we

write

=11
]

[# at (4)

(])e%+(z)¢

H{e
[}

or a less accurate formula, if we do not

consider the derivative of T.

The motion of the plane is defined

by the system of equations 1,2,3,4, where



the pilot describing function is certainly

the less known,

The describing function Y charac-

terises the pilot behaviour. It is a
result of training and previous experience.
As said before, it may incorporate antici-
pation of what the aircraft response will

be.

It is of coursgse hard to evaluate such
functions in numbers, Scientists dealing
with human engineering have nevertheless

developed some means of establishing them.

A flight program, defined by ;p(t),
will not be completely realized when the
environment develops random perturbations,
¥. The actual motion a(t) will become dif-
ferent from the programmed one a_(t). The
quality of pilot action will be ﬁeasured
by the root mean square (rms) of the dif-
ference a-ap. Thus, for any flight program
and any aircraft, there will be a relation
between
- the pilot describing fumction Y,

- the root mean square of (a—ap),
- the power spectrum of w, characterizing

the environment,

IV, IMPORTANCE OF THE PILOT WORK LOAD

How can we make use now of this com-
plex relation for the definition of hand-

ling qualities ?

Depending on the ease with which the
pilot fulfills his program, the handling
qualities are in relation with the work
load of the pilot. When the pilot must be
attentive to many signals and must act on
many manipulators, or exert forces nedring
the maximum he can develop, in order to
perform a flight program with a small rms ,
he will not be satisfied. He will consider
the handling qualities as unsatisfactory.
So, it appears that linking the handling
qualities of an airplane with the work load
of the pilot, is a reasonable point. The
pilot function Y describing the pilot be-

haviour will be less complicated when the

the handling qualities are good, than when

they are bad,

This does not resolve the problem,
but it makes clear that all the matrices
included in eq. 1 to 4 will influence the

handling qualities,

V., THE CASE OF FAILURE

That is not all. One should also con-
sider what happens when there is a sudden
failure of an engine, or of one of the
mechanical or electrical components of the
control system. It is possible to evaluate
the probability of occurence of every pos-
sible failure., The plane must still be
reasonably safe to fly, although the pilot
work load may increase considerably in
such an emergency. Handling qualities may
become less severe when the probability of
failure decreases, This conception increases
tremendously the number of cases that must
be dealt with, and makes writing of com=-
plete flying qualities requirements a com-

plicated matter,

The revieed MIL F 008785A, or the
"Concorde” handling qualities (ref. 5) spe-
cifications are good examples of this trend.
They make also use of some concepts devel-
oped recently while trying to establish a
handling qualities theory.

Vi, THE MAIN QUESTION

] We shall consider here only the main
case, when every system of the block dia-
gram is in complete working order, but we
must face the question: How will it be
possible to determine then handling qual-
ities better than by considering only a
limited number of measurements made during
elementary maneuvers, as this was done
during the 1935-1950 period ?

There are two ways to deal with this
question: Experimental work or further

theoretical study.



VII, EXPERIMENTAL WAY

The experimental way, which has been
used since the beginning of aviation, con~
sists in asking the pilot's opinion. Ques-
tionnaires have been established in order
to make the pilotfs opinion more reliable,
Two processes, initially developed by
George E, Cooper and Robert P, Harper,
have been amalgamated into & unified method

where the questions are clarified in such
& way that the resultant pilot rating be=~
comes as free as possible from any subjec=-
tive element (ref, 6), Everybody knows that
the pilot rating varies between 1 and 10,
1 being the optimum and 10 characterizing

an unflyable airplane.

Such a refined flight test technique
can only be useful to the scientist if he
finds a correlation between pilot rating
and airplane characteristics expressed in
engineering terms. This correlation can be
obtained by tests using
- ground based simulators,

- variable stability eirplanes,

- flying simulators,

In any case, it must be kept in mind that
the pilot rating will depend on the dif-
ficulty of the prescribed mission and on
the environment. When comparing pilot
ratings of different planes, it must be un~
derstood that they are obtained while per=
forming the same missions, in the same en-

vironment.

ViI.a Ground Simulators

Description and discussion of ground
based simulators are beyond the scope of
fhis paper, Let us nevertheless state that
they reproduce, in an imperfect way, the

physical cues acting on the pilot,

VIIgé Variable Stability Airplane

Variable stability airplanes are
those/where an adjustable SAS sensitive to

"a gnd q, introduces xelations such as

6e = K« 6e = Kyq

and changes the total derivatives

A5
dcC aC BCm
=il T n +K1 38
da da s el|a
L e
I~ b |
de BCm aCm
-z =z + K
da_  |?7a 2138e
§ q
L ] e

The same may occur with the deriva~

tives C C ., through

28® Cng® Cep® Cert Capr Car
SAS systems sensitive to g, p, and r,

VII,c Flying Simulators

Flying simulators, sometimes called
TIFS (True In Flight Simulator), are for-
med by the addition of a computing unit
such as that used on a ground base simula=-
tor, and an airplane., This means that the
computer §s carried on the aircraft, The
aerodynamical data, feeded into the compu-
ter, correspond to the matrices (A)c ves
of the aircraft to be evaluated, while the
matrices (A]t of the actual aircraft used
for the test, depend only from the air-

plane configuration,

A8 the ground based simulator, the
pilot develops inputs that act only on the
computer unit, but there is something more.
It is requested that the airplane should
materiaelize the motions determined by the

computer, Let a be the compo=

1,c° 32,c cas
nents of the computed motions; &1,t'a2.t"'
the components of the airplane motion,

detected by appropriate sensors, The errors

- 8a

must be minimized, Each error must there-
fore act on a control governing mainly the

concerned variable of the actual airplane,

This means that it may be neceséary
to increase the number of controls acting
on the plane. Controls exercising forces
X,Y,%2, must be added to the classical con-
trols producing moments L ,M,N. The control
deflections may be important but experience
shows nevertheless that a classical air-
plene can practically reproduce the beha-

viour of a new project.
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Figure 2 : see opposite page

Figure 2 shows at the same scale a
Convair 300 and a SS8T. The Conveir will
certainly not be able to fly at & super-
sonic speed, but in the domain of speeds,
it can reach, it is eble to simulate the
behaviour of the SST. The same principle
allows to simulate VTOL flight, through

the use of helicopters.

VIII. RESULTS OF THE TESTS

These three experimental processes
allow to change progressively the most im=-
portant aireraft characteristics; the
ground base simulator allows, in addition,
to simulate a fixed level of atmospherical

turbulence.

It has beern shown that increasing
the rms gust input, the pilot rating be-
comes worse, Figure 3 shows the rating of
a set of configurations where the variable

elements are:

Low turbulence

Medium turbulence
High turbulence

— o —

= the turbulence,
=~ the parameter Tw
of the Dutch Roll,

Assuming a constant environment, the

\\way of experimentation consists to select

aerodynamical or mechanicel parameters and
to establish,a correlation between them

and the pilot rating.

When the number of variable parame-
ters is limited to two, the loci of equal
pilot rating can be drawn on & two dimen-

sional diagram,

For longitudinal motion, the first
choice of variable elements comnsists in
natural frequency mn and damping factor §
of the short period oscillation., Figure 4
indicates roughly what happens vhe? these

parameters change.

v
56
-
©
3 -
34}
2 -
|
o L L1 | Ll
02 04 06 08 1,0 12
| g
Figure 4

Such tests are in progress since nearly
ten years, N
The conception of areas limited by

the values of two mechg:}cal characteris-

tics, and corresponding acceptable
handling qualities is al:E:Ey\included in
the MIL F 008785A, as it has already be
shown in AIAA published papers (refs 7

and 8). Experimentation has nevertheles

shown that the results obtained for a given

“family of airplanes, in changing only the



characteristics acting on “ and { are not
universal, The results obtained on a fam=-
ily of planes (planes of similar size and
performances) cannot be extended to planes

of another family.

Reference 9 contains a survey of
the state-of-the-art in 1968, presented to
ICAO,

The scientists working in this field
try to identify ambng other well defined
characteristics, those which seem to in-
fluence directly the pilot rating. One of
them, related to the longitudinel motion,
is n_,» the normal acceleration due to a

change of angle of attack.

The study of lateral motion suggests
that more than two variable parameters

should be considered.

In addition to the wy and § of the
Dutch Roll oscillation, an important char-
acteristic is the ratio of amplitudes of
perturbations in ¢ and B associated with

Dutch Roll, Figure 5 shows curves of iso-

rating for ¢ = 0,1, when wa and the para-
ac, bpv?
meter L, = ———_——— changes, Locli of equal
8 aB 2Jx
% are indicated” (ref. 10)}.

Wy rad / sec.

J

] L ! | L 1 1
0 -10 -20 -30 -40
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Figure 5

Nobody can predict, at the present
stage, how many characteristics will have

to be used in order to get wide correla-~

tion between pilot rating and combination
of these characteristies when airplanes
of different size or performances are
compared, The iso=-rating loci obtained
will only become relevant if the number
of characteristics that has to be used is

small (three or four, maximum).

It is worthwhile to remember here
that the longitudinal control of the clas=
sical airplane gcts in an indirect way.
When more lift is needed, the entire plane
must develop & nose up pitching motion,
which is produced by a decrease of the
1ift acting on the tail, Evaluation tests
show clearly that aircraft configurations
including straightforward 1ift control,
deserve a far better pilot rating than the
classical ones, when landings are simula-

ted.

IX, THE THEORETICAL WAY

The theoretical method uses the
transfer function of all the elements of
the block diagram, It is based on the as=
sumption that the human pilot behaviour
can be expressed by a transfer function,
in the same way as the behaviour of other
blocks. The well established servomechan=-
ics theory allows then to calculate the
motion of the aircraft with the pilot in
the loop; it becomes possible to find how

a piloted airplane will react to any input.

A theory of handling qualities has
been built on this principle; it is for a
great deal the achievement of a team

working at Systems Technology Inc.

A lot of publications have been made
by the leaders of the team, MM, McRuer and
Ashkenas, Their quotation would need an
important part of the space allowed for
this paper; so, we gquote only ref, 11,
which seems to be the foundation of their

work.,

The subject 'Pilot Dynamics and
Aircraft Handling Qualities' has been

developed during a two days symposium in

August 1968 at Los Angeles. This shows



that there is no hope to deal with the
subject in some minutes. Let us only re-

call following features,

A general form of the pilot transe-

fer function is

—rs (Tig*1) (T2 +1)
Ke -

cC. =

i a-ap)

(T3s+l)(Tgs+l)
where K is the gain,
T, and T, are lead time constants,
T3 and Ty, are lag time constants.
The degenerated case, without any lead or

lag, becomes, of course:

e; = K(a-ap)

Criteria which are not shown by the early
handling qualities studies can be devel=-
oped by consideration of the pilot + air-

craft loop.

Let us consider a pilot deflecting
the allerons 8, proportionally to the bank
angle ¢. The transfer function of the

closed loop

N,82+N;s+N;

¢(s) = K § (s)

D,s“+D3s3+D,82+4D; 54D

can be characterized by a root locus plot.
In the considered case, the numerator and

the denominator have each ome & complex

root. Let

o°+,jw¢ be the root of the numerator
(the zero)

ad+jmd be the root of the denominator

(the pole).
When both roots are not very different, one
of the roots of the transfer function will
follow a locus joining the pole to the zero
when K varies from O to =, This locus is

always described anticlockwise,

If W,

right side of the j-axis (fig. 6a). The

<wy the locus will pass on the

system will become unstable with increasing

gain K,

For w, < w

d ¢
6 b), A stability criterion will thus be
w, :

a

this cannot happen (fig.

< 1. This criterion is already incorpo-

10

Unstable Stable ‘>Unstable

raq

N

We/ /g < 1

Figure 6

rated in modern specifications.

This is not new, it is known for more
than ten years, but it is worthwhile to be
remembered as it proves the possibility to
draw some handling qualities criteria from
the poles and zero of the transfer func-

tions and the aerodynamical coefficients,

The physical interpretation of the
criterium is easy. Roll control inputs,
proportional to bank angle errors, produce
at the same time, roll and yawing moments,
These moments produce and sustain oscilla-
tions in roll and in yaw. The latter reacts
on the former through the eirframe coupling
derivatives, When the eilerons develop what
is generally called inverse yaw, the yaw
oscillation generated works egainst the

roll oscillation.

It is more difficult to comply with

w
o

d
direct yaw, than with msilerons devel=-

the criterion < 1 with ailerons devel=-

oping

oping adverse yaw,

The very simple case described here
is &n example showing in which cases insta-
bility of a normally piloted airplane may

occur.



More complex cases may be studied;
every aircraft motion can be evaluated:
the consequences of any control law used
by the pilot, taking account of leads and
lags, can be presented in the form of a
root locus plot, permitting the unstable
cases to be discovered.

X. POSSIBLE DEVELOPMENTS

The discovery of possible cases of
instability does nevertheless not solve
entirely the handling qualities problem.
One should be able to predict the pilot
rating by inspection of the root locus, or
of the other diagrams developed by the
theory, for instance, the Bode curves.
Research is necessary in several ways, in
order to progress in this field. Several
aspects of the problems involved must be

shown,

The first of them is the following
one, The description of the pilot by way
of a linear transfer function does not
provide a definitive representation of the
pilot ectiom., Important, yet unpublished
discussions occured during an AGARD meeting
held in March 1970 at Ames Laboratory. Many
European scientists are sceptical concer-
ning the possibility of obtaining a mathe-
matical description of a human being, valid

under any condition,

On the other hand, we would like to
recall here what is stated in a paper
written in 1961 by two experts:
Wasicko {ref. 12):

Koven amd
"Without an adequate
understanding of the pilot's inherent
adaptive, optimizing control capabilities,
it is difficult to expect that the systems
approach to flying qualitieis will be suc-
cessful, Without this apprcach, however,
flying qualities rsquireme;ts will prob-
ably follow the erratic de:velopment pat-

tern of the current militery specification',

A
Is

second question is the following
there a relation between the dif-

felt by the pillot, when he has to

one:

ficulty

develop & chosen transfer function, and the

11

values of the gain K and the time con-
stants T which are included in this func-
tion? We think this may be the case, as
the lead factors, such as (T;s+l) are the
result of & sense of anticipation, which
must be developed by training and neces-

sitates mental work,

It may also be possible that the T
may vary with the forces F thaet have to
be developed on the manipulators: heavy
controls will correspond to increased T

in the lag terms.

So, it seems possible to us that
given values of the gain X and the time
constants T, appearing in the pilot trans-
fer functions may be associated with pilot

rating.

This gives us the possibility to get
a step further. The prediction of the pi=-
lot rating, by inspection of the root lo-
cus, cannot be based on the mere knowledge
of instable roots, but it could depend on
the pilot's transfer function which is
necessary to realize correctly the pro-

grammed motion,

Let us consider the whole system
represented on the block diagram fig. 1,
where every block is defined by its mathe~-
matical model, Consider a variable input,
either
1) a flight program involving non steady
motions, or
2) random disturbances acting on a plane
trying to perform a steady motion.
Following calculations will be possible.
When the pilot tries to comply with a
flight program, defined by Ep(t), it is
possible to calculate by analogue computa-
tion, the reel motion a(t), corresponding
to any pilot transfer function. The root
mean square (rms) error between the real
motion and the desired motion may be found;
relations between the rms error and the set
of constants defining the transfer function
that the pilot must develop, can be ob=-

tained.



We know beforehand which rms may be
accepted. If we assume that there is a cor-
respondence between the time constants T
(eventually also the gain K) of the pilot's
transfer funetion, and the rating, a set of
calculations would give an idea of what the

pilot rating would be.

In the second case, the random dis-
turbance is characterized. by its power

spectrum,

Existing theory gives the possibility
to evaluate the power spectrum of a-ap,
knowing the square of the transfer func-
tion and the power spectrum of the distur-
baence. Here also, the relation between the
two power spectra will depend on the pilot

transfer function.

This means that the necessary trans-
fer function to be developed by the pilot,
if the power spectrum of the disturbance
must stay under a specified minimum, cen

be found,

Such results would enable us to pro-
ceed a step further: Varying the aerodyna-
mical characteristics of the plane, how
should the pilot rating of the pilot

change 17

Objections raise immediately., One
does not see, at first view, how certsin
factors influencing the ease of pilot opersa
tion, such as the guality of the informa-
tion displayed to the pilot, will be incor-
porated in the transfer functiom, The
questionable validity of the pilot trans-
fer function becomes also a strong objec-
tion,

The reader may perhaps think that
the proposals we make here belong to dream
and fancy. In fact, they are possible de-
velopments of the theoretical research work
in progress, concerning handling qualities,
but we agree that sﬁch calculations will be
more a means of understanding the facts
than a means to predetermine them with

accuracy.,
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XI. FINAL REMARKS

AB can be seen, we did not describe
nor discuss specific handling qualities
requirements. More information can be
found in an excellent peper written by F.
0'Hara (ref. 13). We showed only how the
drafting of such requirements has evolved
with the growing of our knowledge of
flight dynamics and how this trend will

continue.

Informaetion obtained through the
experimental way should be chegqued by the

theoretical research.

Much work continues to be done in
that field and the efforts of all will
certainly contribute to avoid, in the
future, the birth of aeroplanes having

inadequate handling gqualities.

This is, after all, the main prob~

lem we are concerned with.
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