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Abstract

This paper presents a concept of in-
vestigating helicopters in limit condi-
tions, as this will make it feasible to
estimate dynamic parameters of the sys~—
tem when transgressing admissible limits,
and utilizing computer aids, laboratory
experiments on a2 research simulator and
flight tests of extreme character,

1, Introduction

The important problem for the safety
and development of a designed and opera~
ted helicopter construction is its resis-
tance to transgressing admissible limits.
This means that the destruction of the
system should not occur suddenly, and that
the controllability of the system would
be preverved, thus making it possible to
execute a safety manoeuver, Should, how-
ever, a substantial transgression of 1li-
mits of the system take place, then the
survivablility of persons on board of the
helicopter should be ensured.

The philosophy of designing the con-
struction in such a way is being develop=-
ed reogntly, and has already resulted in
significant practical benefits, although
the investigations are being concentrated
on the final phase /effects of transgres—
sing system limits/ pertaining to the pro-
cess of destruction of the helicopter
structure /1/.

The article deals with the problem of
development of the phenomena which pre-
cede the final phase, including the in=
vestigations on the controllability of
the systen,

This is for the reason that conside-
rable reserves exist in that area which
permit to increase the safety range of
operating the helieopter by utilizing in-
formations about the investigations of
extreme character, The complementarity of
such investigations and the investigations
of system destruction should substantially
influence the safety level of the helicop-
ter, as well as its operational efficiency.

2. Concept of transgression
investigations

To define the area of investigations
more specifically i1t will be helpful to

x/ Lat, transgressio — in narrow meaning: orossing, in a byoader sense:
boundres, infringing law and regulations, exceeding one’'s own limits

petence,
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outline the aoncept of solution for anti-
cipated problems, There are features they
share in common oyntained in the notion
of transgression™ , For they refer to a
process taking place near the limits, si-
tuations when limits are exceeded, esti~-
mates as to a possibility to return from
beyond the limits. Also they embrace the
reasons for exceeding limits such as con-
trol error, system failure, breaking ru—
les forced by circumstances or delibera-
te as a result of investigation procedu~
re, Finally they cover cases of uninten-—
tional transgression in extreme situa-
tions,

Fig.1 illustrates the issue of trans-
gression depicting possible runs of a
controlled process which effects phases
n, n+l1,,,., where respective limits and
areas could be desoribed as:

- limits and areas of risk ~ when limit
proximity essentially affects the sys-
tem data so that the way of control
has to be modified by this proximity;

- admissible = when having the limit
exceeded it is still possible to return
+0 the original process by speclal way
of control with no process changes ine-
volved;

- failure - when following limit transe~
gression damage occurs to the system,
yet it is possible to interrupt the
process safely using emergency control
technique at the cost of inability %o
continue the process as intended before;

-~ grash - when following 1limit transgres-—
sion the system becomes uncontrollable
and, if going on, it may destroy the
systenm,
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Selection and proper arrangement of
trang gression issues encourage the attempt
of transgression as investigation method
under limit conditions. Exceeding the fole~
lowing limits, that is transgression, is
the best way to discover and to specify
the kind and position of those limits,

It provides information on either incre-
ase or decrease in the intensity of dan-
gerous of transgression and spaces bet—

ween suoccessive limits,

The introduction of system transgres—
sion as investlgation method will permit
the following:

1., strict establishment of its limits /by
confirming or denying thelr existance,

2, detection of its weak and critieal
points,

3. reliable estimation of its limit data
and adjustment,

Interdisciplinary approach gives a
chance to conduct investigations in a
proper direction by introducing the ele-
menis of control theory, models of opera-
tor s actions from engineering psychology
as well as desceription of multi-purpose
and multi-phenomena models of control
objects, Failure of automatic system con-
trol under transgressive conditions cone
trary to numerous cases of effective gys=
tem control performed by human operator
in such condltions support, due to inter-
disciplinary approach, a concept of the
use of the system antﬁropomorphic adjugte
ment for transgressive investigations,

The invegtigations referred to the hum
man~pilot, his extreme capabilities and
flexibility of limitations on the one
hand and to the machine~helicopter on the
other, For investigator, when unaware of
all phenomena taking place in the system
and negleoting the influence of handling
dynamies, becomes arbitrary in selection
of oritlecal flight phases, simplifies
their models and considers the dynamiocs of
a helicopter as an isolated object.

The investigations concetrated on the
course of tasks assigned and operation
of the helicopter systems in selected ori-
tical £1light phases and under overcritical
conditions,

A system was developed of transgres—
give investigations from analyses 1o ex=
periments coverign:

1. investigations in conventional time on
close mathematioal models of pilot-he-
licopter configuration with the use of
numerical methods and computer techniw
ques,

2, laboratory investigations on simulator
in real +time as an intermediate form
before going over to the real object,

3. investigation on the real object inoclu=
ding helicopter, measure equipment and
‘orew,
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In the case of investigations on c¢lo-
sed mathematical models the handling mo-
del reflecting pilot s decisions and
execution is combined with the model of
the object or systems operation thus
making it possible to investigate the
pilot-helicopter system simultaneously.

Helicopter simulator of a flexible
hybrid=-type construction equipped with
a stand for ergonomic investigations per-
mits versatile tests of the pilot-heli-
copter system in real time, The simula-
tor eircuit is additionally provided with
a model of automatic control based on
handling models for investigations in
conventional time, This allows to inves-
tigate the concept of anthropomorphic
anto~pilot and facilitates training of
extreme flight conditions using infor-
mation on transgressive control provided
in £light director system,

In order to reduce risk when testing
transgressive conditions in flight,
alternating investigations are intro-
duced of isolated phases, Empiriocal si-
mulation of hardly explored phenomena,
simulator training and theoretical ana-
lyses are used here, They are combined
in a uniform program so as to conduect
tests as olose to the system limit cone
ditions as possgible at risk margin not
exceeding that involved in conventional
investigations,

3, The model of handling=-representa-
tion of helicopter flight

Any flight assignment can be presen—
ted in the form of a flight profile com=~
posed of manoeuvre sequence N, Any n~th
manoeuvre can be distinguished as flight
phase subject to fixed set of rules apply-
ing between time tn up to tn+1' A 1limi-

ted set is available to compose any flight
assignment consisting moduli, The modull,
when solved, give solution for an assig~-
mnent provided that the £inal data of a
preceding manoeuvre are introductory data
for the following one,

Manoeuvre representation consists in
calculation of time runs of alterations
in heliocopter flight data and in esta~
blishment of control function for the
assumed rule of manoeuvre execution, For
this purpose an inverse assignment is
executed in closed model converting the
manoeuvre rule into extreme allowable
impulses controlling in relation to the
ground, Translated into the system con=-
neoted with helicopter they make it pos=
gible to specify necessary control fune
ction, The solution is conducted step by
gstep in discrete system, A gection of
£light assignment of a uniform passage
technique /Fig,2 items n and n+1/ is
devided into a sequence of constant +ti-
me sections i, i+1 for the assumed time
interval A+,
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2, Diagram of adopted designations for
overflight of geotor “ng. ¢

The development in the models of human
behavior starts with psychological inwesti-
gations of the operator s aotivities., They
have resulted in psychological model re~
vealing the notion of an operational ima~
ge, that is, internal model.

In the couxse of the complex control
process pilot s anticipation provides ine
formation on £light data in the nearest
future, Thus it enables him to estimate
the difference between the actual and
intended levels of state vector and maw
neeuvre rule indicates the direction of
changes in control vector,

In anthropomorphic handling model feed-
back and reactions based on pilot's antie
olpations are parallel elements of the
control process, The feedback system fule
£ils the assignment and stabilizes the
system whereas the anticlipation system,
which is normally intended for more com-
Plex problems,serves to establish the
intended and flexibly corrected state
vector to which feedback sysitem is sub-
Jeocted, According to such an extrapola~
ted run feedback system performs its con-
trol funetion for the nearest moment, An-
ticipation 4is a permanent process interfe-
ring with control decislions depending on
ourrent condltions, position of limits
and run of the actual system state vector,
For the pilot's mind is involved in anti-
cipation process which is neglected by
investigations, This process embraces
consequences of intended 1limit control
changes being nelther mere projection
of ewents nor advancing penetration of
disturbance, The basic group of pheno~-
mena covered by such an antiecipation in
1limit £1lights refers to the dynamiocs of
changes in state vector limits and to
evaluation of antioipation limit time,

The crucial need to control the system
in extreme conditions is to develop the
helicopter model control so as to main-
tain required control run in relation %o
limitations, This makes it possible to
effect different variants of exceedeng
limits,
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Models of anthropomorphic control
fall into several types.

In the first variant of control in
1limit flight conditions with a provision
that the envelope of selected system 1li-
nmits is not exceeded, calculated control
impulse Az, /target impulse/ must not
uxceed selected system state 1limits,
This is why in each step and for each
element it 1s necessary to caloulate
set of upper and lower margins of sta-
te veotor AXyy = Xyy =% and

AxLi =X =Xy as well as differen-
tial quotients AD,, = Ax°j/ A z‘:’1

for the assymend individual control
impulse Az"y /form relation Z2 = GX =~

equations connecting control vector 2
with state vector X - a proper change
in state vector Ax°, oan be caloula~

ted for A zoi/. Form calculated set
of control margins Az, ju = AxoUi/ P Dij

. W0
and Az jL =A% Li/ A Dy 3 the minimum

control margins A'szyL min are selec-
ted.

The conditionslA zjl $ ,A ZJU’L minl
when fulfilled make it possible to seocu=
re the objective within system capabili-
ties and to fly "along limits" without
exceeding them, The prineiple of limit
run between allowable limits have been
presented in Fig,3 where 3z, Zpqs Zyos

Zros Zy3e 213 depict envelopes of top
and bottom limit control impulses for

the handling model — index 1, helicop~
ter - 2 and environment - 3, On section
AB control run z/t/  is efﬁefted or
the condition lAzj < |a zy02" min| ,

the remaining area corresponding to
lAzjl = IAZ;)U’L min! « Shaded area in-

dicates the area where flying and con-
+rol are considerably affected by limit
proximity /risk area/.

3. Diagram of a limit run,

The second type of control deals with
the models of exceeding limits. Having a
problem of control along 1imits developed
it is possible, at any time, $0 exceed
the limits, They can be exceeded elther
by intentional control according to the
rule corresponding to structural capabi-
lities of the system element and assambly.



Also it is possible by changing the en
vironmental conditions,

The third type is advance control,
The handliIng modeIl represents the pro-
cess of complex decisions concerning
£1ight program check /evaluation of per-
formed manoeuvre and passage to another
£1ight phase/, detection of system failu~
re and serious distrubances and, as a re-
sults, proper modifications in %light
program /alteration inAX _/ and the way
of its execution. Any decision as
to the choice of flight program modifica-
tion when approaching serious disturban—
ces or inentional change in control veeo-
tor requires an adequate representation
in the model of anticipation process,

Therefore, it is necessary to calcula~
te exireme possibility of changes in ade
Justment range so as to penetrate the
area in which the process will continue
in the nearest future, At the same time
some features of extreme changes in
adjustment r e have to be taken into
oonsideration /Pig.4/.
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Disturbance magnitude should be conw-
verted into magnitude of necessary chan-
ge in state vector AX, Thus a premise is
obtained to estimate to moment being a
starting point of the control system re-~
action to compensate disturbance, To do
this, it is necessary to esitimate time
which passes from the onset of the sys-
tem action using 1limit control capabili-
ties up to the moment when alteration in
ad justment range equals disturbance mage~
nitude AX , This time is 1imit time in-
dlcated in Pig.4 as t __., Symbols

Xq9%p, 493 g20X 20Ky 30% 1 5 8T refer to top

and bottom limits system state /model of
ocontrol system, object and environment/,

All the elementary control actions to
cause required change in state vector AX
are mostly anticipation ~ type control
processes, The handling model then repre-
sents characteristic way of handling in-
cluding action impulseAZ  which initia-
tes alteration in state vector into
required direction and advance counter-
action of controls AZk to impede move-
ment so that the required level of
alteration in state vector A X could be
achieved,
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The fourth variant_ of anthropomorphic
type control Jeals with decisions to mo-
dify flight assignment if, for instance,
an unexpected fallure ooocurs to the sys—
tem, Unlike static type decision proce-
sses /as known from literature/, those

~ processes must be synchronized with flight

dynamics due to considerable time limita-
tions, The pilot then is forced to modify
£light program by selecting the ready
flight procedures, The heuristios of
assignment structure like this have to be
mastered by the pilot to be employed
automatiocally. Making a model in such a
case conslists in seleotion of a proper
sequence run, Having a proper assignment
structure selected, the decislion sequen~
ce 1s focused on selection of dynamic
data for respective sequences,

Pig.5 illustrates the functioning of
feedback circuit while in successive
manoeuvres the system compensates the
error of the ocurrent and garget state
vector without exceeding the limits
imposed,

9
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5, Illustration of £1light solution
"glong limitations" on the mgle
of a nermal take-off of the heli-
copter: a -~ funotion of oontrol
impulses, b ~ run of change of
paraneters of system state,

The assignment, it was provided, had |
to be effected to the assumed fligﬁt PYO=
gram using the limit system capabilities,
The limitations assumed were: the use of

maximum engine power Pr max and maximum

thrust Tyer /stream stall/ when maintain-
ing the limit control data /4 v of 8/ s

/d@'y/d’c/max and @ v max® Flight prog-~

ram has been presented in Fig.5 as a set
of altitude = alrspeed combinations at
the end of each flight phase, They have
been indicated on a ourve z/%/.

In control sequence from stiock displa~
cements to hellcopter displacements
causes and effects are subject to tﬁe
following scheme:



[8os § /=4 3T f—va, 8 J—

—?/az,ax/—4>fvz,vx/-¢>/z,x/ where: &

displacement of collective pitch lever,
& . = stick displacement in the plane of

symmetry, 1?o,qT ~ displacement of con-

trol disc /collective and cyelical incli-
nation piteh/, 3,099, = dccelerations

in helicopter system as immediate /non
inertial/ result of control action
az,ax - transposition of accelerations

into system connected with the ground,
Vx,vz,x,z - alrspeed and displacements

of helicopter as a result of accelera—
tion effect in time, Accordingly a,

and a_ accelerations have been assumed
as input control impulses in the
model, the remaining data have been cal-
culated,

Fig.5a shows control impulses run, It
oceurs that the minimum impulses a_ or
a are assumed as limit values.
ng.Sb 1llustrates entrance in the folw
lowing limit ranges of respective heli-
copter assemblies /4 - f£light with maxi-
mum pitehing, 2 -« initially flight close
to stall conditions and then at the en-
gine maximum power, 3 and 4 - f£light with
maximum powexr/,

The effect of predictive system in the
handling model is illustrated in Fig,6
for fast elevation to spot hovering at
intended altitude /typical NOE -~ "nap-
of-the-earth" - manoceuvre /5//, In a sime
ple single-parameter vertical helicopter
movement the elements to be considered
are introductory vertical acceleration
and subsequent speed reduction so as to
maintain hovering at 10 m above the
ground.,
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Example of functioning

of prediction circuit in
the manoeuver of helicop-
ter vertical jump.

In order to establish the starting
point for braking vertieal movement it
is necessary to calculate the lower limit

6.

of system adjustment for each step /Fig.l4/.

The advance control action /point Bo in
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Fig.6/ for time tgr permitted, with the

aocouracy of numerioc solution, to brake
climbing speed at required altitude of
10 m /point B/.

4, Dynamics of multi-element discrete
helicopter structure

A helicopter model was developed in
the form of multi-element discrete struc—
tures such as: rotor blades, fuselage
structure, models of exelting force ge~
nerators /e.g., drive, elements of active
or passive vibration isolation/, connec—
ted to one another by joints /e.g., blade
attachment joints/, The dynamics of the
whole system was solved by means of sys-
tems of equations of motion correspon-
ding to each sub~system., The systems of
equations were next connected with equa-
tions of constraints,

It is assumed that the wole system is
moving unsteadily in relation to inertial
system connected with the ground x_,¥.,Z
and is subject to deformations 07" e 0
evaluated in system xm,ym,zm

connected with selected sub-systems to
whioch due to their digitizing local sys—
tem X 49 ¥ 39 Zm,i are assigned in

each i-%h point of the concentrated
element state vector,

Fig.7 illustrates mutual interrela-
tions tetween the system element in gew
neralized coordinates, where q 1is ge.-
neralized displacements, P 1s generali-
zed force, ¥, is positionzl vector of
coordinates system of m-th element,
fﬁm,m+1 is positional vector of joint

connecting elements m and m+i, T
’

is positionzl vector of i~th discrete
point in the system connected with m~th
element,

which are
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7. Diagram of ocounnections of the siructure
of deformable elements of the helicopter,

Equations of motion for m~th asgembly
in generalized coordinates following left-
sided separation of linear elements assu-
me the form: M§ + A4 + Cq = P/t/, where
M is inertia matrix, A is suppression



matrix, ¢ 1s stiffness matrix, P/t/ is
generaiized force being a noun~linear fun-
ction of aerodynamic loads, kinematic and

force inputs resulting from joint reaction,

gravity forces, control and friction loads
and force generator inputs of equipment
installed on the Lelicopter,

The solution of this system of coup-~
led equations representing non~linear
relations of the heliocopter dynamics is
extremely difficult, Modal coordinates
when introduced, make it possible to oﬁ-
tain for the system of n degrees of
freedom n independent differential
equations of a single degree of freedon,
And this is one of efficient means +to
solve the system, Each equation in modal
coordinates was solved using Runge-Kutt
fourth-order method.

Uniform air f£flow round the helicopter
is disturbed by velocity field induced
by 2 system of wakes generated by the he-
licopter rotors /main rotor and tail ro-
tor/, lifting areas /wings, stabilizers)
fuselage flow round and atmosphere. tur-
bulence,

Velocity field generated by rotary wa-
ke depends on wake geometry whioh is sha-
ped due to the way of its creation and de-
formation in disturbed medium ozused by
all disturbing factores, The whirling
surfaces induce velocity field V/x,y,z,t/
solved by integration according to B{oi
and Savart rule,

Results of investigations of the he~
licopter dynamlces under transgressive
conditions can only be reliable if the
model is tested in well~controlled oire
cumstances close to limit ones and espe-
oially ocarefully are checked those phe~
nomena /model fragments/ which sre essen~
tial to the system behaviour when excee-
ding limits, Below is presented the out-
line of verifications, global and partial
alike, of the system mode] by comparison
with methods use by world s leading he~
licopter manufactures, flight tests and
by comparison of numeric solutions with
analytical solutions,

Studies /2 and 3/ deal with compari-
son of calculation methods developed by
the world s leading helioopter manufag-
turers of which methods provided in /3/
are considered the most advanced ones,
The rotor hypothetiecal data provided in
/2 and 3/ have been caleculated using the
method desoribed here in order to verify
the data,

In order to estimate the methods an
extreme case has been selected with
stream stall on returning blade and come
pressibility phenomena on attacking bla-
de /Il1 90° = 0,9/ and at partioular rotor

s
position against the air flow round, It
has been agsumed for high £light speed
/M = 0,33/ that shaft inclination against
the stream is Xy = 0.
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Flexural loads reveal conformability
for 211 methods /2/, Deformations and
torsional loads as much more sensitive
indiocator of the method quality show con—
siderable disorepancy from one result to
another, Good uniformity of results have
been attained for improved methods /3/,
ineluding IL method /Fig.8/, where codes
of respective companies assumed in dia-
grams for different calculation methods:

MIT -~ Massachusetts Institute of Tech~
nology

UARL -~ United Aircraft Research Labora-
tories

BS - Poeing Stall Method
IIL - Aeronautical Institute /Poland/

0 g0

270 0
v}

8, pistridutions of dlade iip
torsional deffexion with re-
latien te the asimuth;compa-
rison ef metheds /3/ and IL.

Using 1L method calculations were made
for the cases tested in flight, The re-
sults are shown in Pig.9, In the drawing
distribution of torque moment affecting
helicopter blade root in steady flight
has been shown »
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9, Distribution of blade twisting mo-

ments at the blade root, Rotor of ACR
type, horizontal flight, V = 140 km/h,
Comparison of results of the flight
tests with the result of caloulations.
Visible is the decay of initial condi-
tions for the second torsional form
/about the 8~th harmonioe/, through
about 2,5 of rotor revolu%ion.

This verification of calculations and
tests is of particular significance for
it concerns low torsional stiffness blade
type ACR /4/. Extreme sensitivity of ocal-
oculation results, in partioular for tor-
sional deformation, to method errors
/even slight/ and errors in data set for
the rotors of %this type with simulta-
neous conformity of calculation results
and test results testifies to positive
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method verification,

For various frequencies of blade ex—
citation and various suppressions the re~
sults of numeric program solutions have
been compared analytical solution of fun~
ction type y = Ae**cosVwt, Fig,.10 shows
comparison of solutions for suppression
A = 25 at frequenoyV= 18 <for solution
stepA¥ = 59, Caloulation results are not
practically different from accurate so=
lution to V = 18 for AV = 50, Greater
conformity /strict coincidence of nume-
rie and analytical results/ is obtained
with decreased step AV = 2,50,
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10, Inspection of the correctness
of the solution of the differen
tial equations system of blade
movement; a ~ numeriocal s0lue
tion /IL/, b ~ analytioal so—
lution,

5. Examples of investiéations
of transgression nature

As examples of trans-
gression type investigations below
are given the following: by means of an
acourate simulation model - simulation
investigations of aeroelastic problems
of hingeless rotor, injuries of tail ro-
tor blades and sailing of the blade; in

flight-maneouvers after failure of power
plant,

The first example pertains to a hingee
less rotor, wherein by/inertialess/ re~
ducing the collective pitch, a 1imit
chord instability of FLT /FiapALag-mor~
sion/ type was initially introduced, and
next, the limit of the divergent flutter
of the blade was exceeded /Fig.11/. The
investigations of the possibility by
means of re-~increasing the collective
pitch are illustrated in Pig.12,

The second example deals with inves~
tigations of two~blades teetering tail ro~-
tor, in the ewent of one blade's tip being
damaged, Those cases are concerned with
investigating the consequences of rotor
damage which may cause exceeding of the
limit of a respective type /Fig.1/. The
results of changes in the condition of
the system when the blade tip has been
injured on about 15% of length, with loss
of mass and bending of the trailing seo—~
tion, are displayed in Pig,13.
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14, Investigations of sailing of the bla-
de, Distribution along the radius and
with relation to the azimuth: a,c =
deflection of the blade z/m/, b,d =
bending moment out of plane iy /Nm/;
a,b - wind w = 15 m/s; c¢,d -~ wind
w = 30 m/s; Yo - relative’ direction of
Ehe wind onflow, 1~level of tail bo%m,
- 1limit of value of bending moment,
The third example is displayed in
Fig.14 where are shown the resulits of
investigations of sailing of the blade
during starting of helicopter rotor with
angular veloeity W =0,05w s Where the
velocity of level wind has™™ peen selec~
ted as the escalating medium for limits
transgression, Successive limits concern
deflection of the blade tip /to the tail
boomj and the values of bending moment of
the blade root following impact against
the limiters which restriect blade move-
ment, The target of the investigations is
the assessment of the controllability of
the process in order to avoid the colli-
sion of the blade with the tail boom by
adjusting the relative direction of the
wind onflow, the position of +the control
system, or else by introducing proper de~
sign approaches /lifting the angle of the
blade back-up/.

Investigations of pilot-helicopter cone
figuration in conditions of power plant
failure include tests concerning determi—
nation of limits of safety zones where it
is feasible to safely carry out landing
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manoeuvers or to continue flight after
failure of the power plant,the so-~called
HV zone /"height-velocity" - due to their
determination in co-ordinates altitude ~
velocity/, tests of interrupted take—off
in result of power plant failure, and
cases of power plant failure dur ope-
rations performed by a helicopter in ho=-
vering flight, and at low air speeds
/rescue work and flying crane operations/,

Pig.15 shows the safety zones whioch
it is necessary to obtain, by employing
the method of successive repeating for
determing the optimal manoeuvers of sa-
fety for various inltial conditions at
the moment of failure, In order to get
well acquainted with the stereotype of
dynamical control of the helicopter,
following power plant failure, for va-
rious initial conditions of its occur-
ring, it is necessary to train the indi-
widual phases of flight and the complete
manoeuvers of safety on a simulator,

15.Types of limits of
zones HV /equivalent
of Fig.1/. As the
criterium adopted
was the admissible
landing speed /exam=—
ple for heavy 1lift
helicopter - failu-~
re of two engines/,
Zones: 1 = soft lane
ding, 2 -~ hard lan-
ding, 3 - admissib-
le crash landing,
4 - area of cata-
strophe,
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16.I1lustration of antieipation processes
and automatic landing on the diagram
of helicopter autorotational landing
£light paths, 1 -~ autorotational des~
cent, 2 - flare, 3 - manual control,

4 - solution in real time, 5 = solu-
tion in accelerated time /limit f£light
path/, 6 -~ decision point for begin-

ning of flare, w -~ admissible landing
speed.
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Suoccessively selecting the initial condi-
tions of altitude and the rapidity of fa~
ilure ocourrence, and performing the ga-
fety manoeuver of landing or departure,
it is possible to determine the zone 1li-
miting polnts, Utilizing the cirocuit of
anticipation for investigation the limit
possibilities of the system, as well as
the circuit of automatic control /see
Fig.16/ 1t is feasible to relatively
eagily determine and master the techni-
que of pilotage in the more diffiocult
linit phases,

By carrying out a transgression by
means of a simulation model, and next
on an investigation simulator, it is
possible to estimate the position of
successive zone limits in order to esti-
mate their reciprocal position, as well
as simulation area, and also time reser-
ves and the degree of risk cumulation
which influence the process of making
decislons, and seleoting the type of
safety manoeuver,

Similar problems are encountered when
investigating interrupted take-—offs of a
helicopter the power Pfailure, The artic—
le only points %o the estimation of effec-
tiveness of pilotage technique modifioca~
tion in the course of such a take-off,
The classie failure /considerable lowe-
ring of Plight path/, do not warrant an
adequate level of flight safety, and
this reason it is suggested to modify
the technique of take~off, consisting in
inoreasing the rate of olim in the ini-
tial phase and fly away, following engi-
ne fallure, by applying the technique of
minimum rotor revolution /lesser lowering
of flight path/, The illusiration of com—
paring the classic technique with the mo-
dified one of vertical take~off /in the
example without utilization of rotor ener~
gy in the phase of vertical olimb/ is
presented in Pig.17.
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===

ower sys-
en failu~
re

M,
of1

power sysiem
failure

==

20

15G

\x g
A N

" [ 100 10 #fm]
17. Influence of modofication of hand-
ling technique on flight path du~
ring Interrupted vertical take~off

M - modified technigue,
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The effectiveness of introducing li-~
mit simulation investigations is illus-
trated by the results of modyfying the
pilotage technique of emergency mano-
euver after power plant failure of the
helicopter when performing flying crane
operations, When applying classie tech~
nique, the helicopter being initially
violently lowered, after reduction of
the collective pitch, requires much free
space, already occup{ed by the assembly
stand and appliances, as well as by the
drpped load, previously hoisted, and by
miscellaneous objeots in
the surroundings, It is, therefore, indi-
oated to search Pfor new techniques of
sarryling out safety manoeuvers in order
to reduce this area,

Pig.18 shows the procedure of chan—
ging the flight parameters in the fun-—
otion of time with one engine inoperza-
tive /failure/ by means of a modified
technique of flight /first acceleration
then correction of the collective pitch)
witch speeding up,.the r,p.m. at the rate
of auU/dt = 2 m/s /tip rotor speed
U =wR/., An estimation of the possibi-
11ty of colliding with obstacles has
displayed in Fig.19, Visible are sub~
stantially magnified /as compared with
olassic method/ the areas in which the
presence of obstacles does not imperil
flight safety,

:'.-.o‘,: 200
0% 10 mis? 180,
walt,mis g0

10

120

o0
a, @il 80
20| 60
207 o)
wi I
0

0
|
200 10
-305 -0

aooelmtign without deore.

n oollieotive pitoh
Jettisoning the lead

tine of pilot°s resotion

18, The course of alterations
in heliocopter system data
following failure of one

engine by & modified hane

dling technique,



49, Flight paths of the hellocopter
following failure of one engine
by a modified handling teohni-
que,

6, Summary

The offered hypothesis of introducing
transgressive investigations of helicop-
ters is internded to evaluate, after pas~
sing through the system 1imits, the de—
velopment of dangerous phenomena, as well
as the means of attenuating thelr effects
by appropriate controlling or by intro-
duction of design modifications,

The advantages resulting from utili-
zing the accurate information image -
obtained by the aforementioned means -
about the antinipated states of the sys-
tem, of extreme character, of a designed
or operated helicopter, may be signifi-
cant particularly when new design appro-—
‘aches and unconventional techniques of
control are belng introduced.

Utilization of simulation ald and
model extrapolation of the system state
for overextreme conditions, considerably
reduces the costs and risks involved in
£1light tests of 1limit charaester,
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