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Abstract

The paper deals with investigations in the dynamies of the pilot~helicopter system
ungéer extreme conditlions, considering cases when the following limits are exoeeded., The
primary objectlve is to evaluate helioopter loading and handling technique under the
assumed condltions, The moope of investigations covers simulation analyses on mathemati-
cal models, aimulator tests and flight tests,

Introduotion

The paper desceribes lnvestigations in the area of complex pilot—ocontrolled dyna--
mic systems under extreme conditlions ag indicated by the structural limits of their res-—
pective parts and assemblies, Keen competition imposes increasingly rigorous requirements
to be met by those systems so as to exploit all potentiel ocapabilitiem, Frequent cocca-
8lons of near-limit operation make the user control them ag preolsely as possible and
congider the risk of exceedeng the adminissible extremes,

To deflne the area of Investigétions more specifiocally ot will be helpful to aub-
line the conoept of sgolution for antiocipated probleyé; There are features they share
in common contained in the notion of transgression™ , For they refer to a process taking
place near the limits, situations when limits are exceeded, estimates as o a possibility
to return from beyond the limlita, Also they embracge the reasons for exoceeding limits such
ag control error, system fallure, breaking rules forced by oiroumstances or deliberate
as a result of investigation procedurs, Finally they oover ocases of unintentional trans..
gression in extreme situations, ’

Pl illustrafes the issue of transgression deploting possible runs of & controlled
process which effeots phases n, m1,..,., where respeotive limits and areas could be
desoribed asn:

~ 1imits and areas of risk — when limit proximity essentially affeots the system data
go that the way of control has to be modified by this proximlty;

- admissible — when having the limit exoeeded 1t is still possible to return to the
original process by special way of control with no process changes involved;

- failure - when following 1limi%t transgression damage occure -to the systém, yet 1t is
possible %o interrupt the prooess safely using emergency oontrol technligue at the
cost of inability %o conbtinue the process as intended before; .

- crash — when following limit transgression the system becomes uncontrollable and,
if going on, it may destroy the system,

Selection and proper arrangement of itransgression lssues encourage the attempt
of transgression as investigation method under limit oondlitions, Exoeeding the following
limitas, that is transgression,ls the best way to disocover and to speclfy +the kind and
position of those limits. It provides information on elther inoreace or decrease in the
intensity of dangerous phenomena, feagibility of recovery and safely manoeuvres, conse-
quences of itransgression and spaces bebtween succegslve limitis,

x/ Lat, transgressio - in narrow meaning: orossing, in a byeader senge: orossing
boundries, infringing law and regulatlons, exoeeéing one g own limite and com-
petence, %he issue of transgression was developed as & theory by the French
soolgloglst Marcel Mauss and, as a dootrine, 1%t was presented in "L Homme et le
Saore" by Roger Calllols giving the foundation for interdlsolplinary synthesls
of transgressive problems.,
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: o The introduction of system transgression as lnveatigation methed will permit
2o fle followings:

T4, abrict establishment of its limits /by confirming or derying their existance,
- positicn and character/,
02, debeotion of i%s weak and critical points,
.. 3, reliable estimation of its limit data 2nd adjustment,

¢

i Interdisciplinary approach gives & chanoce to conduet investigations in a proper
Y direction by introduocing the elements of control theory, models of operator s zotiong from
engineering psyochology as well as deseription of multl-purpose and multi-phenemena

models of control objeots., Failures of automatio system control under tranogressive
gondltlons eontraxry to numercus oases of effective sysitem combtrol performed by human
“operator inm such conditloms support, due to interdlseciplinary approach,; a2 conecepid
of ‘the uoe of the system anthropomorphic adjustment for itransgresslve lnvestigations.

This paperdeals, in porticular, with analysis and lnvestigation of the dynamics
of heligopters under extreme flight conditions, It covers both theoretlcal analysis
and emplrical investigations on real systems,

The investigations veferred to the human-pilot, his exlreme ozpabllities and
fleoxivility of liwmitations an the one hand and to tﬁe machine~helicopter on the
other. Vor investigator, when unaware of all phenomena taking place in the syoten
and neglecting the influence of handling dyuamios, bevomes arbltrary in selection
of oritical fllght phases, simplifies their models and considers The dynamlos of
ahelicopter as an isolated objleot.

The investigabtions oconcentrated on the gourse of tagks asglgned and operatlon
of the lielicopter systems 1n seleoted oritloal £light phases and under overcritienl
conditions,

Simulation, anlytical and emplrical methods were widely used throoghout all
investigation phases refleoting 1limit conditlons much more, if not totally, safely.
They were employed to Investlpgate the least explored phenomens,

A ocystem wag developed of transgressive investigations from analyses teo experi-—
ments covering:

1s investigations in cenventional time on closed mathematical models of pllot-heli~
oopter configpuration with the use of numerical methods and computer technigues,

2, laboratory investipgaticns on simulator in resl time as an intermediate fomm
tefore golng over to the real objeck,

3. investigation on the real abject ineclnding helicopter, measure squipment and
crew /test pilot, back-up pilot, observer and board mechanic/.

In the case of investigatlons on olosed mathematleal modelg the handlling model
reflecting pllot s declsions and execution is combined with the model of the obje.’
or systems operation thus making it possible to invesblgate the pilot~helicopter
sygten simnltaneously,

Helicopier simulator of a2 flexible hybrid-type consbruction eguipped with
a stand for ergonomic invesiigobtlons permiteo versatlle tests of the pllot-helicopter
aystem in real time, The simulator cironit is addltlonslly provided with a2 model of
automatice control based on handling models for investipgations 1in conventional time.
Thin a2llowg to investigate the concept of anthropomorphio auto-pilet and faclilitates
training of extreme flight condltlons using information on transgreasive conbrol
provided in £light director syaten,

In ovder %o reduge risk whea testing transgressive oonditionsz in £iight,
alternating investigations are introduced of lsolated phases, Empirleal simulation
of hardly explored phenomens, sinulator training and theoretloal analysea are ugsed
here, They are combined in a unlform program so as to oconduot tests as olese o
the syster Limlt conditions as pomsible at risk margin not exceeding +that involved
in conventional lnvestigationsz,

The model of handling—-representgtion of hellcopter fiipght

Any Tlight assignment oan be presented in the form of a flight profile composed
ol manoeuvve geguence N, Any n—th manceuvre can be dlgtingnlished as flight phase
subjected Lo fixed get of rules applying between time + up to b, 4. A 1imited oeb
ig availatie %o copmpose "any flight assignment conslstifly moduli, T The moduli,
when golve i, give golution for an assignment provided that the final data of a pro-
ceding mar seuvre are inbtroductory datn for the following one,

Manoe vre representatlon oconsigts in oalemlation of vtime runs of altersiticns
in helicor er fiight data and in estaoblishment of control fanotion for the an:
rule of wr woeuvre execution, For this purposge on inverse agsignmment lg exeoui.d in
olosed mol 1 econverting the manceuvre rule into extreme ailowable impulmes conbreiling
in relatic Lo the ground., Translated 1nto the system conneoted with helicopter they
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make it possible to speclfy necessary ocontrol funotion, The solution 1s oconducted step
by step 1In disorete system. A sectlon of flight assgignment of a nniform passage teoch—~
nigue /Fig.2 items n and n+1/ is divided into a sequence of constant time seotlonsz

1, 1+1 for the agsumed time interval A+,

Anthropomorphiec gbructure of the handling model

The development in the models of human behavior starts with pasychologieal investi-
gationsg of the operatior’s acktivities, They have reasulted In psychologioanl model revealing
the notion of an operational image, that is, internal model,

Especially interesting is the model of pilot’s activities desoribed by Cavalla /1/
which attempts to dlverge from transmittanoce model,

In the course of the ocomplex ocontrol prooess pilot's antiocipation provides infor-
mation on flight data in the nearest future, Thus 1+ enables him to estimate the difference
between the actnual and intended levels of state veotor and manoceuvre rule indloates the
direction of changes in gontrol vector,

In anthropomorphic handling model feedbaock and reagtions based on pilot’s antioi-
rations are parallel elements of the oontrol process, The feedback asystem fulfils the
aggignment and stabilizes the system whereas the antlcelpation system, whioch is normally
intended for more complex problems, serves to establish the intended and flexibly correc-
ted state veotor to whioh feedback system is subjected., According to such an extrapola-
ted run feedback system performs 1ts ocontrel funation for the nearest moment, Antigipa~
tion is a permanent process interfering with oontrol deocisions depending on current gon-
ditions, position of limite and rum of the aotnal system state vector, For the pilot s
mind is involved in antioipation process which is neglected by invesatigations, This
prooess embraoes ceonsequences of Intended 1imlt control changes being nelther mere
projeotion of ewents nor advancing penetration of disturbances, The basle group of
phenomena govered by snch an antioipation in limit £1lights refers to the dynamlos
of changes in state vector limits and to evaluation of antiolpation 1limit +time,

The erucial need to conirel the system in extreme conditlons is to develop the
helicopter model control go asz to maintain required ocontrel run in relation ot limita-
tions, This makes 1t possible to effeet different variants of exoceeding limits.

Models of anthropomorphioc control fall into several typed.

In the first variant of control in limit flight conditlons with a provision that
the envelope of selected system limlts 13 not exceeded, caloulated control impulse
Az, Jtarget impulse/ must not exceed smelected system state 1imitse, This 1z why in
eaohjstep and for each element 1t is neoessary to ocaloulate get of upper and lower
margins of state vector [;in = Xy = Xy and Asti = Xy = X4 88 well ag differential

quotients A Di;j = A xoj/A z°i for the assumed individual control impulse Azoi
/from relation Z GKE/ a proper change in state veotor £5x°i oan be caloulated for A zoi/.
Prom calouvlated zet of control mg.r%ins Az‘.“U = AxOUi/ FaY Did and N ZijL = A xoLi/ A Bi;}
the minimum control margins & z,° ! min are selected.

The conditions'é&zj|SQ]Cssz'L min| when fulfilled make it possible to seoure the
objeotive within system oapabilities and to fly "along limita® without exoeeding them,

The prineiple of limlt run between sllowable limits have been presented in Filg,3
where Zyqs 2pqs Byps Prov 239 Z, 4 deplet envelopes of top and botbom Llimit contrel

impulses for thehandling model - index 1, helicopter — 2 and enviromment - E.
On section AB gontrol run z/%t/ 1s effected for the condition L&z |E§ L;zjun mini R

the remalning area corresponding tol[&z I =| Ag U’Lmin[. Shaded area 1lndioates the area
where flying and control are oconsiderably affeotdd by limit priximity /risk area/,

The second_type of conbrol deals with the models of exceeding limits. Having a prob-
lem of control @long limits developed it is possible, at any time, to exceed the limits,
They oan be exoeeded either by intentional control acoording to tﬂe rule corresponding
to struetural capabllities of the system or by causing failure in gelected system element
and asgembly, Also 1t is pos&ible by changing the environmental conditions,

The third type is advance ocontrol, The handling model repreasents the process of
complex declsions concerning flight program check /evaluation of performed manceuvre
and passage to another flight phase/, detection of syatem faillure and serlous dlstur-
bances and, as a result, proper modifiocations in flight program /alteration in X_/ and
the way of 1ts execution, Any declslien as to the cholee of flight program modi-
ficatlon when approadhing serlous dlsturbances or intentlonal change in control vector
requires an adequate representation in the model of antlcipatlon process.

i}

x/ equations connecting conbrol veotor 2 with state vector X.
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Therasfore, it 1s neocsssary to caloulate extreme possibil'iy of changes in adjust.-
ment renge so &8 to peneirate the area 1n which the proocess will continue in the neares:
future, ﬁﬁ the same time some features of extreme changes in adjustment range have o

be taken into consideration /Fig.h/

3 esary change in
1pturbance magnitude should be converted into magnitude of necessary ohang

stateDvec%oz AE, Tﬁus 2 premige is obtained to estimate to moment being o sfﬂrting
point of the control system reactlon to compensate distuarbance, To do thia, x?’?s
necegaary Lo estimate time which passes from the onset of the system actlo?mu51ﬁg
1imit contrel capabilities up to the moment when alterationuin aéjuétmengiJg?geh .
equals disturbanos magnitude A Xn‘ This time ig limit time lndioated in Fig.h as s
3 X 2 { 3 X i top 4 mits of syntem
Symbols  Xyqs Xy 4s Xyos Xy 00 XUB’ X3 Tefer t? top and bottom 11 oy
state /model of control system, object and environment/ .

411 the elementary ceontrol actlona o couse re%uiiaddigange énlsggte v§°t2reﬁii

5 ied ion -~ tyre control processes, The handling model then represénis
iﬁgrgg%g%{s%?glgggag%ohandlggg inclading actlon impulse ALy which initiates alfera?ion
in state vector into reguired direction and advance countreactlon of control & aﬁ to
impede mov-ment so that the regulred level of alteration in state vectorAX could be
achieved.

The fourih varlant of anthropomorphic type control deals with decisions to modify
flight assignment if, for instance,an unexspected failure occurs to the system, Uniliks
static type deoision processes /as known from literature/, those processes must be
gynchronised with flight dynamics due to conglderable time limitations, The pilot
then is forced to modify fiight program by seleoting the ready flight procedures,

The henristics of assignment strueture 1like this have to be mastered by the pilot

to be employed antomablenlly, laking o model in suoh a case consists in seleoilon

of a proper sequence run, laving a proper assigmment strucbture smeleoted, the declsion
gegquence 1s focnsed on seleotlon of dynnmio datn for respective nequences,

Flg.5 illustrabes the funobtlioning of feedback olreouit while in suocessive
manceuwvres the system compensates the error of the current and targebt state vector
without exceeding the limits Imposed.

The apsigoment, it was provided, hnd to bhe elfected Lo the assumed Tlighi program
uging the limit system onapabilitles, The limitatlons assumed were: the use of maximim
engine power Pr max and maximun thrust Tkr /stream stall/ when maintaining the 1imig
control data /a'Jo/dt/max’ /ﬂrSQJGt/max and{Fy mAY

ted in Fig.b as a set of altitude —~ sirspeed combinatlons at the end of each Piight
phase., Thev have been indicated ou a ourve 5 /t/.

. Flightrprogram hag been presen-

In control sequence from stick displacements to helicepter displacemenis, causes
and effects are subjeol 4o the following scheme:

¥ 18 x""‘D"D‘o’ J.Vmb Brot By 2y

H

a —i=V —{
y B 1=V o, Vx Zy X

1

wheres O o dloplacement of collective pitch lever, S x = gtick displacement in the
plane of symmetry, &To"&v — displacement of control disec /oollective and cycliecal
inclination piteh/, a . éxo — tooelerations in helioopter aystem as Ilmmediate

/non inertial/ result of control action, a a - transpogition of accelerations
into a system connected with the ground, Vx’ ¥
of helisopier as a result of acceleranbtlon effect in time,

A
X, % - alrspeeds and displacements

o

Agcordingly o and o accelerations have been asmumed ng input econtyol

™

Impulses in the modél, the remaining data have been ocaleunlated,
Fig.52 ghows control impulses run, I% coours that the minimum impulses 2, or o

are agsumed 2s limit values, Tilg,50 illustrates entrance in the following Limli
ranges of respective helicopter assemblies /1 - flight with maximum pltching,

2 —~ initlally flight close %o ztall oondltions and then at ‘the engine moximum power,
3 and 4 — Tlight with maximum power/. ‘

The effect of predictive mystem in the handling model is illustrated in Piga.b
fgr bob up - fast elevation to spot hovering at intended altiﬁudex7¢ In o simple
single-parameter vertical halicopter movement the c¢lements to be conmidered are
introductory vertical acoeleration and subseguent speed reduction so as to mainktain
hovering at 10 m above the ground,

In order to estallich the astarting point for braking vertioal movement 3t is
necessary bto caleulate the lower 1imit of system adjustment for each step /Fig.4/.
The advance control action /point Bo in Fig.h/ for time tgv permitted, with the

accuracy of numeric solution, to brake climbing speed at required altltude of 10 m
/point B/,

A

x/ typieal HOE /"nap—of—the—earth"/ manoeuvre - bob up /6/.
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Dynamics of multi-element dlgerete heliecopber struoture

A hellcopter model was developed in the form of multl-element dlscrete structures
such ag: rotor blades, fuselage structure, models of exolting foroe generators /e.g. drive,
elementa of aotive or pagsive vibration isolation/, connected to one another by Joints
/e.z. blade attachment joints/. The dynamics of the whole system was solved by means of
gyatems of eguations of motlon corresponding to eaoch sub--sysbtem. The systems of egquations
were next conneoted with equations of constraints,

It 18 assumed that the whole asystem 1a moving unsteadily in relation to inertial

system conneoted with the ground x , ¥ , 2_ and is subject to deformatlons evaluated in
system x , ¥, , 2 which are et o oonnected with seleoted sub-systems to which

due to thelr digitizing local systems X 19 Yy g 2 4 are agsigned in each
t1—th point of the concentrated element state vectol: My My

Mg,7 1llustrates mutual interrelations between the sygtem elements in generaliszed
coordinates, where q 1s generalired displacementa, P 1s generslized foroe, T ig posi-
tional vector of coordinates system of m—th element, ¥ _ . is positional veBtor of

. doint oconneoting elements m and m+d, fm 3 ia pogi-~"""* tional veotor of i-th

dlsorete polnt in the system conncected wi%h m=th element,

Equations of motlon of the helicopter system elements

Tquations of motion for m—th assembly In generalized coordinates following left-
sided separation of linear elements assume the forms:

Me + Aq + Ca = P/t/ M/

where M iz inertla matrix, A 1s suppreasion mabtrix, ¢ 4ia stiffness matrix, P/t/ 1s
generalized force belng 2 non-linear function of aerodynamlio loads, kinematlio and force
inpots resulting from Joint reactlon, gravity forces, contrel and }riction loads and
force generator lnputs of equlpment {nstalled on the helicopter,

The molution of this system of ocoupled equations representing non-linear relations
of the hellcopter dynamies 1 extremely diffioult,. Modal ocordinates, when inlroduced,
make it possgible to obbtain for the system of n degrees of freedom n independent
dlfferential eguations of a single degree of freedom, And this ls one of efflcient

means to solve the system,

By a proper selectlon of transformatlion matrix - so that lts columns are
M—orthonormal vecbtors of free vibratlons of non-suppressed system, and substituting

_ 9 =r€ e/
where: ¢ — vector of modal goordinates, and then premultiplying the system of equations
in generalized coordinates /1/ by 'L we obtaln the following system of eguations:

ruls +r'T/\r-% rrtery =0t B /3/

whiech can be transformed into:

mE o+ A"g e = /Y /0l
where ' -

it o= rter o= I; A= F‘T/\F; c* = ,FT (- I /5/
that 1s into the system of n eguakions of a single degree of freedom

% A 1§ 3t Cpq = Qi/t/- 1= 1,2,40ayn /6/

Using predictive Integration to solve this system in time 4, t+At 1t is possidvle,
having accomplished each oaloulation of modal coordinates veotor, to establish veetor of
the primary generalized coordinates from the formula /2/.

Each equation in main coordinates was solved using Runge~Kutt fourth-order method
%o determine ¢ = £/t,,8 5, ¢ / according to relation
i 1’13 i
€3 = /% =~ Aifs - eypy /7
gtarting with the assumed initial conditions for + = to, Y =§’o and § ::YO
while shifting from ti to ti+1 = ti +At the following procedure was epplied,

Time interval was divided into p sections 1,2...k...,p of a magnitude
A\tk = tk - t, =O<k£xt and then the system of equa%ions vag solved p-time

»

% k= oty
’ . k “
/J/ €k+1 =€i +‘/_\'b0&k z a;},n‘gn /8/
n="1
I

2N YRR RV 21 J,nYn

=
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where Jj and ¥ - successive equations J = 1,2..,p; k = 1,2...p; n - index of term
coefficlents in following equation n = 1,2,,..k. X

The oondition 1s that in each equation 2; 8y = 1
. n= ’

Disturbance of air flow round the helicopter

Uniferm air flow round the hellcopter is disturbed by veloclty f£ileld induoced
by a systen of wakes generated by the helicopter rotors /main rotor and tail rotor/,
1ifting areas /wings, stabilizers/, fuselage flow round and atmosphere turbulence.

Veloclty fleld generated by rotary wake depends on wake gecmetry which is
shaped due to the way of its oreation and deformation 1ln disturbed medium caused by
all disturbing factors,

The whirling surfaces induce velocity field V/x,¥,z,t/ according to Blot and
Savart rule i
_V-=Z Jjérxftxdl,

n="1 Fn

where n —~ 2lement generating Fn—th whirling surfaoe /blade, wing, eto./, d1 -~ length

of walke element of rotation curlA M, h — projeotlion of distance from elemeniary
rotation curl %o the point in which induced speed is determined.

Model wverdlleatlon

Resul ;s of Investigations of the rotor dynamies under transgressive conditiong
can only 1 @ reliable if the model is tested in well—contrelled clroumstances cloge to
1imit ome: and -especizally ocarefully are checked those phenomena /model fragments
which are :8sentlal to the system behaviour when exceeding limits.

This shapter includes the outline of verifications, glohal and partial alike,
of the sy: em model by ocomparison with methods used by world s leading halicopter
manufactn: s, £light tests and by comparison of numeric solutions wilth asnalytical
golutions,

Gomparisor of presented method with the methods nsed by the world ‘s leading
manufactuzers /2,3 ' :

gtudies /2 and 3/ deal with comparison of calculation methods developrad by the
world”’s leading helicopter manufacturers of which methods provided in /3/are considered
the most advanced ones, .

The rotor hypothetical data provided in /2 and 3/ have been caloulated using the
method deseribed here in order to verlfy the data.

Codes of respeotive companles assumed in diagrams for different calcnlation methods:

ARC Ames NMesearch Center

BHC Bell Helicopter Company

BY Boeling Vertol Company

HII - ilughes Helloopters

KAC Kaman Aercspace Corporation

LCe Lockheed Cglifornia Company

MIT fiegsachusetts Tnatitnte of Technolegy
OR Office Hational d Etudes et de Reserches Aerospatia’es
SA Jikorsky Aircraft

UVARL Uulted Alreralt Tesearch Laboratories
B3 Poelng Stall Hethod

IL Tustytut Lotnietwa /Poland/

In or’er to estimate the methods an extreme case has been selected with stream
stall on returning blade and compressibility phenomena on atiacking blade /m1 ap? =0,9/
and at particular rotor position against the alr flow round., It has been -
aggumed for high flight speed /.f*= 0,33/ that shaft inelination against the stremm
ig X = {1, .

W :

Tlexural loads /Tig.t/ reveal conformability for 21) methods, Deformations and
torsional loads asg mach nore sensitive indleator of the method guality show *conside~
rable descrepanoy from one result to another, This especially applies to methods /2/.
tood uniformity of results have been attzined for improved methods /3/, inecluding IL
method /Fig.9/.

Chieck of method reliability by comporigon with flight test results

Using IL method cnlculations were made {or the cases tested in filight., The vesults
are chown .n Mig,.10, In the drawing distributlon of torgque moment affecting helicopter
blade root in steady f£light has been shown.
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This verifiention of calculations and bests ls of particular signifioance for
it concerns low torsional stiffness blade type ACR /4/, Extreme mensitivity of o2l-
culation results, in partlenlar for torslonzl deformation, to method errors /even
slight/ and errors in data set for the robors of ‘thia type with simultaneous oon-—
formity of ocaloulation results and test results testifies to positive method veri-
Tioation,

Check of numeric soluticon of blade motion equatlons by means of analityoal molution

For various freguencles of blade excltation and varlous suppressions the results
of numeric program solutions have been compared analytioal smolutlon of funcion type

¥ = Ae 7 jooab’ﬁﬂt. Fig.11 shows ocomparicon of golutions for suppression A = 25 at
frequeney ¥ = 18 for solution stepAY= 59, Caloulatlon results are not practically
different from accurate solution to V= 18 forAAV: 50, CGreater oonformity /strict
coinoldence of numeric and analytionl results/ is obtained with decreased ﬁtepA1P=2.5°.

LDxamples of simulation invegtigatbions of robardynamleos in transgression condltions

This chapter covers examples of investigation possibilities, by means of an
acourate simulation medel, of the dynamlos of hellicopter rotors in transgression
conditlons.

The flrst example pertains to a hingeless rotor, wherein by reduoing the collechbive
piltch, a limit chord instability of FLT /Flap-Tag-Torgion/ type was initlally introduced,
and with further reduotion of the pitoh ~ the 1imit of the dlvergent flutter of the
blade was exceeded. The Teasibllity was Investlgated of returning into the ranges
of stability Ly re—~inoreasing the collective pitch., The enclosed dlagrams 12-14 dlsplay
the methods of observing the system in conditions of transgression,

By /inertialess/ reducbtion of the ocolleotive piftieh the chord inatasbility of PLT
type /Fig.12/ was belng crezted, whole with further reduction of the piteh, the limit
of the divergent flutter of the blade was exceeded /Fi§.13/. The investiga%ions of
the posiibility of returning into the rangea of stability by means of re-lncreasing
the gollective pitch are 1llustrated in Fig.1i.

The seoond example deals with ipvestigntions of a two-blades teetering tall
rotor, in the ewent of one the blade g tip being damaged, Those ocases are concerned
with investigating the congeguences of robtor damage which may ocause exceedeng of the
1imit of a respeclive type /Fig.1/. The results of changes in the condition of the
system when the blade tip hos been injnred on about 15% of lengbth, with loss of mass
and bending of the trailing section, are displayed in Pig.15 and 46.

Investigations on the gimulator

On an investigntion simulator /Pig,17/ it is fensidble to investigate isolated
nanoceuvers iun normal, extreme, and overextreme conditions of f£light, flight tasks,
as well as oertain closed proﬂlems, such as determinatim of operatlon limits, estl-
mation of flylng qualities — using subjective soales of esbimatlon, Investigation
of pilot-hellcopter conflguration from polnt of view of ergonomles, or of processes
of control as performed by a human, All those invesbigations can be limited to inves-
tipations exolusively 1in terms of real time or they can be extended by analyszing
gelecoted and registered fragments in conventlonal +tlime, :

Izolated manoceuvers, heing partlcularly adaptable to investigating on a simu—
lator, inolude the following: braking, Jumping over an obstacle, safety manceuvers
of ali kinds following power plant failure, such as landing or fly away with one
engine inoperative, Repeatable exeoutlon of a selected manoeuver enables - by means
of the method of successive approximationg - to optimlze the technique of control
in oreder to utllize the 1limit posgibilities of the systenm,

The purpose of invegstigations on a simulator of training charagter is to check
the reality of analytieally elaborated control %techuigques, and to earry out training
of crews in flight in order to master the correct control dynamios,

The monitoring on a simulator of new problems, connected with flying helicopters,
and solved by other moans, constitubtes a reliable check of the correotness of the
proposed solutions prior %0 conveylng them onto actual systems.

Investipgation of system behavior in conditions of transgression consists mainly
ln resetting the system in seleoted fragments of the performed limit manoenver or
of oontrolling the system beyond adminissible limits, and in observation of con-
sequences of {that operation, chlefly the rate at which the dangerous effects are
building up, so as 1o have fne poeaibility of estimating the limit of risk, admi-
ssible limi%, failure 1imlt or limit of eatastrophe, The analyeis of the vector
of a posteriorl state in conventional time is — in this ocase ~ the principle of
investigations.
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The posolbility of observing on a screen in real time the peramebers of helicopter
movemants permits to investigate the problems of antloipation of helicopter piletzge,
By introducing ascelerated cmloulations of limits of changes of stete veobor in time
jnterval from the current mement bto the 1limit time, 1t ip feawmible %o estimate She
momaent of m2king the declsion as 4o when o begin to change the veotor of sitate io
degired magiitude,

Plg.1E illustrates the concept of sueh invesilgeaiions Ly the example of landing
of an autorotation helicopter when the pulling-off phase im computed ln an seoele~
rated soale of time, and is exsouted ir limit mode in real fime in the interval from
gurrent moment up to braking the rate of desoent down to the =zdmisslible. In tha event
when the suselerated courze of 1limlt trajectorles on the soreen debermines sclely the
soquence of the line - the passive infeormation constliutes for the plilot an indication
88 to how 2nd when the "next® manoeuver should be initiated,

Limit investlgatlons in Z1light

The invaestigatlons in flight, of limit type, apart frem the measurement apparatus
/board and ~n the ground/ regictering the heliocopter dynamie paramesters, invelve lnstal-
1ing of such apparatus whioh permits %o measure funoctioning ef the pilot; This enablas
4o estimete both his abllities as operater and the degres of risk caused by the limit
gltuation, This esquipment also sérves to monitor the elements of pilletage of antlol-
pative nature.

A oavlographlio spparatus was mounted to examine the fizstion of the pilot’s
eyesight, while his psychophyzilogloal rosctions can be estlimsted by a spocial set
whioh serves ‘o measura the Ffoellowing: -

1o EEG, according to whioch 1t im posilble to esiimate the degree of exoltatlon,
freguency of heart contractionsg, snd selectlon of Korobtkov tenes when mesauring
arterial pressure,

2. ventiliation parameters of the lungs /number and volume of cuccesaibe inbalations/,
3, arterisl pressure of the blosd,
4o Foroe ef conirel stick ggueese,.

The ocwlographic apparaius, in sddition to xoutlne applioation fo ssitlmaie the
ergonomic werk of thg pllot, slsc serves to analyze the antlolpative prooesses,
because ‘the operator . eye, prior to taking the declsion of ochanging the control
veokor, is the first o reveal  +the intention ~ it penetrates the area of futurs
events,; the so-oallaed orlantation mrea., Baslpg on this assupption it 18 posélble
to estimats the tlme of predictioen, 1.0, the timé inberval from the moment praceding
$he visual pesnedration %o the moment of changing the control veocter,

The apparatus for measuring the psychophysieal reaocticons is mainly veed to esti-
mate the lovelks of paychophysioal stress which iz the dlsoriminant of the degree of
risk during oxeoution of a flight task.

Ths ohief role in the problem of reducing the exocessive degree of visk iz per-
formaed by an adequate ptruoture of the program of investlgations, crested in scoordance
with the principle of optimiuatlion of risk gredation when passing over to swceeaslive,
mora @iffiocult phases of lnvestigation,

Joining the f£light tests with simulation invegtigations leads to reduction of
the risk o 1imi{ tests to sn adminissible level, Inclusion of simulstien inte the
investigation system covers the following:

1. numerioal simulaiion— introduction of inltlal limlt investigstions of the tests on
2 olozed model in conventicnal time 4in order to determine the admismible limdte,
to deteot the oritloal peints of the test, and to elaborate the adeguate investie
gation technlques and techniques of oontrel, which tend %o utilize the regerves
of the sysgtem when it is necermgary to¢ inoresse the safety margin in 1limit situaidlons,

2, training in rezl time involving plleitage technlgues specified in the test on en
investizator flight simulator, indlspensable for mastering and siersge /in mind/
an ajeguate stereotype of dynamio contrel priex o golng over te experiments on
an aotual ebjeot,

3o empirlienl simuletion of oritical phases of the test in conditicns safer than those
resulting from the realizetion of the ocomplete task,

5, simulation of the test by moauns of 8 verifiod /by resulis from i%em 3/ olosed model
and extiapolation of results for extreme and overextreme ocondlitions. :

Exemples of tranggression in experimantal invesiigatlons

Three types of experiments have been selected as exaemples 1llustrating the
problemeg of {remsgresgion in flight tests of helicopters
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1, investigeting the dypsmics of pilet~helloopier eor .guration in Fiylpz lew nbove
the ground in the contingoncy of power plent faliuvrae,

2. investigating helicopler turnover during takoe~sff ox lending on sieping 4errain,

3. investigating 1imit mancouvernbliity of & heliospher lu hedgohopping.

11 these oxpevimentn, being signifioanily wisly sre excellsndy Slvcolaye of
~-ranggrezslion preblems /muitiﬁuaa of overlappling limlta of the syabtam, necossity of
neobaring sefety mavoouvers sfior iransgression, @.g. in the event of power plant
foilure/ they piross the necegsity far an inbegral appreach to ths pilet-helicopier
anonfiguration /by a visible and squivalent influones on the position of Yinita both
of the pilleotage prrametors aund thowe of the helleoptoer/, aud jusiliiy the adeptad
method of investligations: siternaic cenduoting of ezpeviments and girulatlon investi-
gationg /thesretioal and laberstory/, & woll as sinulaiien extrapelation of superie
veniz for extreme conditions,

Invegtigations of pilot-heliocepier ceufiguretlion in ¢enditlens of peower plamtfailura

Those investigabtions inelude bteshsg conoerning deborminsiien of Timite of safely
monag whore 1% is femslble Yo szfely onrry eot lavding mavoouvers or o contlons
fiight after failure of the power pisnt, the so~oglled IV szone /Tholghievelooiiy® -
aue to theilr deseraimation in co-ordicsnten altilitude = veleoity/, tesis of luterrupted
toke-0ft in rogult of powel plant Tallure, znd cospes of power plamt Fellurs during
aperations performed by & heliocopter im hovering flight, end at low alr mpeeds /racosue
werk and flying orans operztions/.

Hodel lovestigetlons by means of & cloned simnloticen model determine ths oournas
% the veobor of mitate in the Tunption of time Lor veriocus bHypos of pafeyy NODRTars
oftor a failure of the power plont, fAusiysis of theseo wourses Informs shout the
guocenslon of time pheromena 1n the neuralgleo pelnin o7 mepoenvers, timo balouve,
nid the iilke,

Indigpensable oimo is tho simulation ostimatlicrn of mdnicsidbie time of nsv-resotion
folloving power plant failurve /before the robter revolviions drop bolew the adnl-sibl
Dy moang of simulaition it 1s zimo nodepsary %0 oexyy out gobimation of the pessilbility
of & vortex wing being formed, an

Uslng e simtlation model it isg Toesnlblie to debtermine tho limiin of o sufobty pone
of helioccpler operstion in which the Failure of the ypower plent synsryuensly gpecifies
the possidbiiities and means by wolch the snelety menscuvers is pevformad,

- Flg.19 shows {he safety cones which it is uneocassery e eobbaein, ty erploylng the
methed of suocossive repeating for determining the opbimel manceuvverz of safely Lfox
verions initinl oconditlons at the moment of faliure, In order tsg et well moqualinted
with the stereotype of dynamloal contrel of theo helisopter, follewing power plont follura,
Tor variourg initiasl oaznditlorns of itm ccourring, it is neoessary te traln the lundiwidpal
ases of £1ight ond the couplete monoenvers of gafety ovn o slawlsior, Svsosssively so-
s5ing the inltial cenditions of altituds and the vapldity of feilurve agonvyenoa, and
performing tho safety manosuver of Xlonding or departure, 1t is peswdble T4 Jeolbermine
the zone Uimiting poluts. Utilising the olreult of aunbtiaipatlien Tor Investigsting tho
timit possibilities of the system, s3 well as the eiroult of sutomstic control fowee
Pigei5,22,23/ it ig Fenslblie Lo relatively eanliy determime 2nd masier the tochnlque
0 pllsiage in the mere dlfficould Iimit phaszes,

The Inltisl £light teots inelude investlgations of 4ho meore 4284
Tiight selected during the simulation snalysis by wmeans of & oloseld madel, carried
out 1n gendltions cesier than during the ezsondlel fooht fihe so-o0siled empiricn) simie
lation/, Their purpese is to detect phenomenn which avs eithor nofereseen or ispozslble
te model, =rd also to provide materlial for veziflicaiion 6f methomaidisal aodals. Thouo
wil1 De dnitisl phoses of pafely meunccuvers at glmulsked Failure in the visinlty of cona
idmit, =0d trying Go Tly throvgh a vorbex wing in crder $o egtimabeée the possibiiilty of
zvading b, end {0 estimate the conbyrelliability of the helloopier when fiving throuvgh
Yhe rliog, a20d trials %o land futerctsiionally en redused alr mpeed in tha vieinity of
the polint of inmturecotion of owrves LHV snd ULV /recording of gitote veotor -~ Flg.20,
aouiogron « Pig.21/.

=1y phones of

Yobermination of aystem 1limits by exlzaopolation of ftost conditions forx 1linli condlitions

Iy carxying out o transgression by mesns of s simelotion model, snd noxi on an Invege
sigetion simulater, it iz possible to cwabimate the posiiion of successive zone limits
in oxder to estiance thelr reclprocal position, as well ap simulotlen areas, and alco
fime remerves ond the degree of risk ouvmulntion whiech influence the proosss of melking
decipliong, and selacting the type of safety manceuver,

Tronsgressions ¢f suooeasive liaite performed on & simiator during an epergoney
ngneeuver Tollowling the helloopter power plant fallure im hovorlmg £1light, are die-
dleyed in Fig.24, This casc coneexrnz landing from the lower Limit of HV mone; the 1imid
of admissible landing spoed determives the 1imlt of nowmel operaticn of the helicornter;
Turihor 1imits pertein e hord lsnding and eafe oresh,
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By nmodyfying the pllotage technique so ag to optimisze The flow of energy in
the system and utillze 1is resgerves, it iz pommible to significantly reduce the
Tisky zones.

Investigations cazrried out on 2 simulation model have indicated that better
utilization of energy ocan be obitalned when emergency manceuvers are carried ont
in 8 more dynomlo manner. fGathering speed with grestex pliching, and greater puli-up
%n pﬁ%lﬁngmup phage is duoldsive in & gubstantlsl meagure for reloocting sone Llimits

Fig.25/

During the fly avay manoeuver it 18 feasible to reduone the span of levels of
energy flow Ty continuing Plight on reduced r.p.m. Such & medifioation of fiy away
{technigque affords a conslderable golu in the form of & Ilemser drsy in maximum £1light
depcent from the moment of faillure /Fig.26/.

Similsy problems are engountered when investigating lnterrupted take-offs of =
helicopter due %e power Iallure, The artlele only points to the estimatlen of elffseoii-
venesg of pilotage technique modofication in the courase of guch a toke-off, The cisgsic
teohniques of take—off performing, and partioularly of safety manceuvers after engine
Pajiure fooraiderable lowering of fllght path/, do not warrant an adequate level of
f1light safety, and for +this reason 1t ls suggested to modify the technique of take-off,
congisting in lnoreasing the rate of olimb in the initial phase end £1ly away, fellowing
engine failvre, by applying the technique of mindmum rotor revelnitlons /lesser lowering
of Tlight p&%h}e The i1ilustration of compering the elassle technique with the modified
ane of vertical ilake-off /fin the example without utilisatlion of rotor energy in the
phage of vertiosl elimb/ 1is presented in Flig.27.

The effectlvenese of introducing limit simulation investigetions is illustrated
by the resnlits of meodifying the pilotege technique of emergexncy manhoeuver efter poweld
plant faiiuwre of the helicopber when performing flying crane operations.When applying
classio technique, the heliocopter being inltially viclently lowered, after reductlon
of the collestive plieh, requires much free space, already ocoupled by the assembly
gtand and appilances, as well as by the &opped load, previeusly helsted, and by miscel~
laneous objects in tﬂe surroundinge, It is, therefore, indicated %o mearch for new
tochniques of carrying out safelty manceuvers in order to reduce this area,

Por the haliocopter mass which, after Jeltilsoning +the load, Little exceeds the
emply welght, the moment of inertla of the robtor ineritlal system 1s relabtlvely high
and the 7.p.m. drop Tor this maes, resulted in the first phase of flight after loss
of power due fto failure, is substantially leeser than for the take-off mass, It 1g
thug pogsible to manipulate more freely with the time interval of energy eccumulated
in the rotor, se thalt in the first phage of flight, after & Tfmilure, the halicopter
gonld be displaced as Tor ng possible from the operational pite and gathor ppeed while
belng silghtly lowered, For & modified pilotgge technique -~ meetlng thoge requirements
- it was agssned that after the fallure and after tThe time in whieh the pilloet dces nol
react /~1 &/, and after Jjetltisoning the load, during 2-3 s, with the colleabive pltoh
not reduced, and by pltchlng the helioopter fﬁy pushing the control stick/ an impulse
Torwards was oaused. Next, by a2 suitable ochange of the cellectlve plteh and thrust the
rotor revoluitions lovel was esitablished at the eoptimal valus for the next phasew of the
Mangeuver,

Fig.28 showe the procedure of chepging the filght parameters in the fanction of
time with one engine lnoperative /fallure/ by means of a modlfied teohnique of flight
/2iret acceloration, then reduction of the collegtive plieh/ witoh speeding up the
T.D.m, A% thr rate of au/dt = 2 m/e? /U = w R/, in estimation of %the possibility of
coliiding wlth obetacles has been dlsplayed in Plg.29. Viglble are substantially
maghified /aw oompared with olassio method/ the areas in which the presence of shstoo-
ler does nobv imperil PTlight safety,

Investigating heliocopber turnover during take~off and landing on sleping terraln

The turnover investigotions conmtitute a8 different lssue - =g gompared with ihe
trausgreasion invesilgations of HV zones and %alke-offs - although they alesc deal with
transgression, but their charmoter is more stationary, and the contact of the helicop-
ter with the ground bed presents other regearch problems. The nultitnde of overlapping
linmits /turnover, sidealipping, roll-down/, llmitations of blade swinging, llmits of
ungtable equiilibdrium, irreversibility of building up of dangerous phenomena alber Lrang-
gressling each of the llumits, the necessity of elaborsting mafety manceuvers followling
the transgresasion; all that oreabtes problems whioch are common wlth those slgnalized in
tpglinggﬁduoﬁion as belng charaoteristlio for transgression ftypioal display of limitc
= L &

In order to verlfy the members of the model which are difficult to be preclsely
nathematically represented /this peritnins chiefly +o retor aerodynamlces/, the equation
¢i turnover hos been solved by simulatlon method, For this purpose, the phases of he-
licopter turnover were investigated on flat tarrain, during whioh the veotor of sinte
of the gystem wss belng registered: the position of the ocontrol system elemenis, an~uinr
positicn of %z helicopter, vevolution of the helicopter rotor, blade flapping angle,
components of reaction foroes meting on landing gesr wheels, and oomponents of vertioal
reantlons aoling on main landing gear wheels by meanz of tensomsirlo moales /Fig.31/.
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Those investigaiona resulted in the estimation of the rate of builld-up of dangerous
phenomena in the vioinity of turnover limit and durlng its transgression, and alse of
the techniquea of performing safety manoesuvers for pravention of turnpver,

The last phase of-empirioal investigations covered landing operations, and engine
and rotor stoppage, as well as starting and take-offe in conditliens of natural sloping
of terrain, in various sonfigurationa with relatlon to the slope /up the slope, domn
the slope, wlth R.,H, and L,H, side to the glope/, with varions loadings of the heli-
copter /mass and poaition of masa center/, with various values of wind veloolty and
direotlon, as well as for various tnolinalions of the 8lopsa,

By means of the vefified simulation model ~ posalbilities were estimated of exbtending

the admissible limlts by:
~ reduoing the minlmum collective pltoh
- increasing the ranges of maximem dispiacaments of the oyolic pitoh of the swash-plete,
inoreasing ground bed roughness,
inoreasing the wheel braking moment and blooking the wheels
inoreasing the turnover angle /particularly when dealing wi%h ftajl® turnover by
changing the balanoce/,
introduolng elastioity in the flapping hinge,
:grring the helicopter in pnrking grounds during starting phase, and prior to sbtopping

e rotor.

Investigations of the limit manoeuverahility of the helicopter in low flying /hedgehopping/

The inveatlgations inocluded analysls of problems pertaining to investigating low
flying of the helloopter ologe to the ground, the so-called NOE /taking place, for
ingtanoe, when performing agrioultural airborne operations/, Limit possibilit{es of
thelr executlon were estimated, with maxlmum utilization of funotional and struotural
regserves of the pllot-helicopter configuration,

The proximity of the ground makes such flight risky owing to the possibllity of
helicopter oolliding with the earth or with obstacles on the ground, The exlstenoce of
dangerous zones inaide of whioh flying is not reoommended oreates additlonal risk in
the ewent of power plant failure in thosze zones, Such faots are responsible for a signi.
fiocant inorease of requirements conoerning both the pilot who fllies in those oonditlone
and the helioopter, and espeocially 1tz dynamloe qualitles, Nearly each flight ia featu—
red by such oharachteristioc manoeuvers as: soramble, quick stop /norxrmal, eideways, rever-
sal/, jumping over an obstacle at low speed V = 76»90 km/h, encountered in egrioultural
airborne operations, and at medium speed V = 120-160 lkm/h, eémploying the technique of
maximum sltitude when hedgehopping, and the teochnique of minimum altitude over the
obstaole, symmetrilaal hopping, as well as those involvling ohange of direotion, agri-
eultural wingover/pedal turn , turns to a target and in = specified direction, sialom,
and menoeuver of S5 +type, bob up i,e, 2 rapid ohange of altitude in hovering §light,
and hlt the deck - sudden descent with a sharp passing over te low flying,

An example is displayed in Fig.32-34 for agriowltural returns, The coulogram signa—
lizes advanced moments of visual penetration of future arems of the flight ocourse, The
technigue of performing returns has been utilirzed for the most effeotive modification
of the braking manoeuver - braking by means of return, The reduotlon of braking distance
as oompared with previous teohniques is manifold, &nd morecver a slgnificant bank of the
helloopter with relation to the obstaole reduces the risk of oollision of the blade tlps
with the obstacle, and reduces the indispensable braking distance by the radius of the
rotor /Fig.34/.

Predlotion prooeases in gontrol of the system during performing limit manoeuvers in
low flying /hedgehopping/

The proocess of prediction in low flying oconcerns gontrol advanace aotions fe,g. de-
olsion to begin braking, or jumping over sn obstncle, or levelling out/ from the point
of vlew of forming the :Elight rath, &g well asg by means of energy ln the system,
In 1imit low flying, the current phese, in addition to the reguirement of being ocor-
reotly performed, must be a phase whioﬁ prepares the system for the best poskible ocarrying
out of consecutive phases, The predlotion 1imit time will reaoh those next phases in .
whioh the effeot of operations in the ourrent phase will be eubject to dissipation,
Partloularly important are the energy—consuming and energy-negative elements of the ma-
noeuver,

In the first case -~ it is necessary, in the preceding phages, to exeouls ocontrol
in suoh a manner that 1% would be poasible in the critioal phase to utilize the maximum
of components of the system energy /e.g. by cumulating the energy of the helipopter rotor
to increage the rotational speed of the rotor, and by stimulation of the available power
along the maximum gradlient of acpoeleration, and — 1f necessary -~ chenge of alr aspeed to
the vicinlly of energy-eaving zone/; in the mecond oase — the preparation of the systenm
for absorptlon of povwer /e,g. by reducing the rated rotationsl speed of the rotor, or by
malntaining the air speed in such ranges that will enable substantial absorption of power,
acoelerations — medium speeds/,
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Inveat . gatlons of prediotion proocesses are extremaly deffloult sinoe they
.pertain to “bought prooesses and lmaglnation, but in sgome degree the oounlographio
measurenent: and measurements of pmychophysllogicel parameters permit fto penetrate
into the na ure of anticipation processes and control thereof, and in particular
it is Teasl le to looallize falrly precisely the moments of making sdvanced decislionn
as to contr i1 operstions,

By oon =ring the eyesight fixation paths on coulograms with the time wans of
the vector ¢ state, and anmlybing the advance of visual penetration of the dirplay
of antlcipa :d changes of the syztem, 1t is posslible teo estimate fairly scourstely
the 1imit + ne of antiolpation /eee FPig.20 and 33/, In some manoceuvers, in which
the prediot ! 1imit change of the veoctor of siate ls not commeoted witﬂ the necessity
of visual p rusail of the area of future events, it is practiceble to utilize the mesgn..
remants of ;Syohophysilogiocsl parameiers /bullding up of smiress prior to cccurrence of
the risky phese/,

0f the rvhymiloiogical parameters, the frequenoy of heart contractions proved %o be
the momt sensitive indloator of physical and emotlonal burden during £light. The meagu-
rement of arterisl pressure, although not reflecting the dynamios of changes oocurring
in flight, wade it possible to deeply inspeot the behavier of the ¢ironlatory system
in seleoted flight ocnditicns, The exsminations of minute ventilation of the lungs

and frequency of respilratlon constitute a source of informetion about the degres of
load oaused by flight. :

The investigations point te the fact that the greatest psychophysloal lozd on
the pllot iz 3inourred by those manceuvers in whigh the prediction processes must be
carried out very precisely owing to the irreverslbiliiy of consequences, partloulsriy
dangerous wien the 1imlt time is incorrectiy estimated, Such came has been observed
during the manoeuver of lowering and low levelling out /hit the deok/,

Summary

The presented hypothesis on the sdvisability of introduoi~g transgression as
a method of investigating complex systems, such 23 heligopters ~ in result of whioch
1t is feasitile 4o aschlieve & signiTioant progress in the development of solenoe about
the subjeot of investigatlons - has been supported by providing adequate examples of
the investigatlions,

The oronted system of transgrescsion investigations, including the set of simulation
models of the pllot-helicopter configuration, the laboratory sitatlon of the heliocopter
investlgation gimulator, as well as the prepared procese of limlt flight tests of hell-
copters, enable in a large range the realization of the presented problem in an effeo~
tive manner and with edequate precision required in thet type of research,

Bue to & holistic approach, with an interdisolplinary comnection of the subjeot
problema, 1t vwas possible 8,04 %o work out an integral model of the helicopwer ns a
multielement elastioc struocture controlled by sn enthropomorphlc model of pilotage,
end to build a hybrid laboratory statlon —~ imitator of 1imlt prooesasez of the pilot—~
helloopber configuration, and s safe executlon of numerous and multilateral Flight
tests, inoluding the ays%em of transgression investigations into these flight tests
whioh were featured by & partlounlsrly high degree of riek,

The performed proceszes for verifylng the produced mathematical medelwn and systems
whilch subst:unted actual objeocts, confirm the llkellhood of utilising the aforementioned
syatem, ag & multi-role device for investigating the helicopter system.

The herein mentioned examplies of techuiques and types of investigations as well as
thelldmit csges of helicopter flight signalize the researoh poseibilities of the sysienm
and the chavaoter of achieved results,
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