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ABSTRACT

This paper describes the Westland method of using a helicopter engincering
simulation, controlled by a pilot model, for dynamic performance and rotor
load prediction studies. The reasons for using a pilot model are explained
and current and future uses of the models are given. The aims and
philosophy of pllot modelling are presented and the method of use for
performance prediction studies is outlined; including the methods used to
validate the model, and to generate the performance data for inclusion in
the rotorcraft flight manual. The structure of the Westland pilot model
method is given and the capability of the methed is illustrated by
examples.

1. Introduction
Helicopter manufacturers are required to promulgate airfield

performance data in the rotorcraft flight manual. The data must be based
on flight test experience, but some means of interpolating between the test

cases 1s necessary. To generate the data base for all of the conditions
required for certification, Westland use an engineering model of the
helicopter, controlled by a simulation of the helicopter pilot. The

purpese of the computer model is to accurately predict the flight path
which a helicopter would follow, when flewn to the flight manual technique,
in & given set of circumstances, T¢ achieve this, the pilot simulation has
to observe the same vehicle limitations and piloting constraints as the
human pilot.

The need for dynamic performance models is not new, nor is the
method described here. The earliest Westland dynamic performance model, of
which I am aware, was used to determine the take-off performance of the
Wessex 60 Series 1 in the 1%860’'s. It was written in Elliott Autocode for
the Elliott 803 computer. From this first model, a suite of two-
dimensicnal (longitudinal symmetrical) flight path simulations evolved.
Programs were written, in FORTRAN, to model the Lynx and Seaking, and
numercus manoeuvre specific versions were used during the Westland 30

certification process, By 1985 the code was becoming outdated and
expensive to maintain and work was begun on the creaticn of an entirely new
and completely general longitudinal flight path simulation. This was

written as a modular program which would lend itself to the simulation of
new manceuvres, by englineers not fully familiar with all aspects of the
code. The rotorcraft was fully described by the input data sets and the
model was able to simulate any conventional helicopter type, flying any
longitudinal manoceuvre. Now known as HAPS - the Westland “Hellicopter
Airfield Performance Simulation”, the program is used for all of Westland's
longitudinal flight path prediciion work.

Also in 1985, discussicons between VWestland Helicopters and the Rovyal
Aerospace FEstablishment (now DRA Aerospace) 1dentified & requirement to
study a manoeuvring helicopter rotor. It was decided that a new simulation
should be created: to investigalte roter behaviour and performance in
manceuvres, for the prediction of design loads, and to confirm stabilily
augmentation system features. Previously, rotor load cases were run by
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defining a manoeuvre using a slmple simulation medel to establlsh Lthe rotor
conditions, and Lhen examining the rotor behavior using a separate analysis
program; cach condition requliring up to twenty minutes of run time. As Lhe
analysis of a complete manccuvre was a Lime consuming and expenslve
procedure, only essential cases could be consldered. The proposed new
analyslis program, which 1s now known as the Coupled Rotor Fusclage Model,
or CRFM, would overcome these difficulties by incorperating a manocuvre
capabllity, with significant improvements to the roler analysls program.
By coupling the dynamic sysicems of the rotor and fuselage, using complicex
rotor modes, the analysis would accommedate the effects of hub motion on

rotor load and vibkration prediction. As the intention was to analyse
manoceuvring flight, an algorithm was required to generate the contrel
inputs to "fly" the sgimulation through manoeuvres, After reviewing the

possible alternatives, the Westland piloi model method was selected, and
work was commenced in April of 1989 to extend the logic used in the two
dimensicnal models, to the much more complex task of controlling a full
three dimensional simulation. The resulting CRFM pilot model, which is now
running but has neot yet been wvalidated, is known as the "Helicopter

Manoeuvre Simulation Manager" or HELMSMAN. It has been written as a self
contained module which accepts vehicle response as input and generates
control positions as output. A more complete description of the Coupled

Rotor Fuselage Model can be found in references 1 to 4

2. Overview of Pilot Modelling

There are many reasons feor using a pllot model. Simulationsg
controlled by pilot medels are inexpensive to run, easy to modify, give
repeatable results and eliminate the wvariabillity inherent in piloted
simulations. By removing ithe human element from the control 1loop, they
obviate the need to run the helicopter simulation in real time; this has
several advantages. A simulation which can be run at faster than real time
is of great benefit when generating data for the multitude of cases
required for flight manual charts. On the other hand, the ability {o run
at much less than real time is an absolute necessity if you wish to use
affordable computers to run complex medels; hence the need for a pllot
model to control the CRFM f{for rotor loads predictiens in manceuvring
flight. Furthermore, pilot meodels give the user a clear insight into what
is going on. The engineer has full contrel over the simulation, can change
any vehicle or handling parameter at will, and can repeat cases as often as
necessary. Because the simulation can be run on a workstatiocon, without the
need for a cockpit, pilot, visuals etc., the ability to study manoceuvring
flight c¢an be made available to the engineer, at his desk, at very
reasonable cost.

At Westland, the Aerodynamics Performance Group use helicopter
engineering simulations, controlled by a pilot model, at almost every stage
of vehicle development. The suiltability of the programs for parametric
studies make them wvaluable tools at the prelimlnary design stage; f{for
example, when sizing the main rotor for acceptable vertical reject
performance. Once flight testing gets under way, the ability to try out
handling techniques, and examine the conseguences of wvehicle limitations,
can be used to forewarn the flight crews of any potential problems. Areas

of high risk can be analysed in great detail. For this work, the
performance predicltion simulation 1is complementary to the pilloted
engineering simulation. As the vehicle development cycle continues, and

certification testing begins, Lhe use of the dynamic performance prediction
models becomes intense. At the beginning of the certification process, the
models are used to optimise the plloting Lechniques for hest performance.
Preliminary charts are produced, as a target to ailm for during the
certification flying - the benefits of thls should not be underestimated.
As soon as the handling techniques have been approved, and the model has
been vallidated against the flight test results, the simulation may be used
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to generate the extenslve datasets which will be plotted to produce the
dynamic perfermance charts in the rotorcraft flight manual.

The models have also been found to be highly suitable {or rescarch
work. The HAPS program was recently used by Westland, in a study for the
United Kingdom Civil Aviation Authority (CAA), to examine the o¢ngine
failure performance of helicopters operating to offshore platforms, An
example of a HAPS generated engine failure flight profile is presented in
figure 1.

Computer generated pictorial
representaion of HAPS predicted
flight path and fuselage attitude

Figure 1 : HAPS predicted offshore platform flyaway.

Earlier this year, HAPS was used to calculate the engine failure
performance of the Lynx Mk.9 and it is currently being employed teo study
the airfield performance of the EHIO! in support of the certification
program. Both HAPS, and a HELMSMAN controlled blade element model of the
EH101, are used from time to time for vehicle development studies; for
example, to predict contrel range reguirements, blade lag ranges and
transient torgque requirements, In the future, the Coupled Rector Fuselage
Model, controlied by the HELMSMAN pilot model, will be used to calculate
helicopter dynamic performance, to determine stressing cases, and for the
prediction of rotor performance and loads in manoeuvres.

The primary aims in creating pilet simuiation models are:

a) To observe all of the vehicle and piloting limitations which would
constrain the performance of the vehicle when flown by a human pilot.

b) Thereby to generate realistic flight paths.

3. Method cof Use of pilot model conirolled simulations for performance
prediction studies.

When creating a dynamic performance prediction model, the first
action 1is to create an aircraft input data set for the helicopter and
engine combination to be modelled. In the early stages of an aircraft
program no flight wvehicle will exist, and the most that can be done to
validate the model is to compare the steady state power requirements with

other thecoretical predicticns. At this stage the simulation will only be
used for preliminary design studies or to make Initial performance
estimates. When flight testing begins, the alircraft input data set is

brought up to date, to Iincerporate any changes, and to model any special
equipment on the test aircraft.
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The steady state performance of the model iIs confirmed by means of a
power carpet match and, If avallable, an analysis of the power breakdown.
At Westland we aim to achleve as clogse a malch as possible to the measured
power carpet, using the basic power predictlion model. Then, for performance
prediction work, we use a look up table of correction {uactors to give an
exact match to the measured power carpet. For power avallable we use a
look up table of installed power, obtained by running the onglne
manufacturer’s deck, with allowances for installation losses.

At the same tlme, consideration is given to the manceuvres Lo be
flown. The technique required to fly each manceuvre is analysed and
complex manoeuvres are broken down into phases. For cach slage of the
manoeuvre, the pilloting and vehicle constrainits and the logic switching
triggers are identified and the manceuvre subroutines are coded and tested.
When developing code to define a handling technique it is beneflicial to
involve a pilot. A workstation with good graphics capability, which can
run the simulation and display the vital performance parameters in real
time, has been found to greatly reduce the time and cest associated with
this task. Experience has shown that the run~time displays should present
information in an analogue form which can be guickly and easlly assimilated
by pilois and engineers, A representation of the cockpit instrumentation
and elther a simple outside world view or a time histery trace has been
found teo work well (see figure 2). As there is no requirement to include

Figure 2 : Interactive display.

the human pilot in the contrel loop, the specifications for the display
resolution and refresh rate are relatively low, which helps te keep the
hardware costs down. Once the basic manocuvre has been programmed, time is
spent in optimising the handling technique for best performance. Abuse
studies may alsc be made to check the variability characteristics of the
chosen technique and thereby to establish the size cof the required safely
margins.

Manoeuvre f{rials are {lown to determine the performance of the
vehicle and to demonstrate to ithe certification authoritices that the
specified handling technique is simple to fly and gives repeatable
performance. It is qguite likely that, for one reason or anolher, such as
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visual cuelng or alrspeed indicator behaviour, the handllng technique will
change during the trials and that the final technique, which wiil be
described in the flight manual, will differ slightly trom the initlatly
defined technique. For this reason 1t 1s useful to have the capabllity to
update the model, and re-issue the target performance charts, during the
trials. The move from mainframe computers to workstations which can be
transperted te the trials site, should make this easier.

With the vehicle steady state performance confirmed by lhe power
carpet match, and measured dynamic manceuvre results available:; the
accuracy of the modelling of the vehicle dynamic response, the fidelity of
piiot medel and the validity of the complete package as a performance
prediction tool, can now be verified. The vehicle dynamic response model
is wvalidated by comparing the predicted vehicle response to attitude
changes and control inputs, with the measured responsé of the helicopter on
flight test. The method is to run the simulation in a matching mode, so
that, instead of the pilot model generating the ceontrel inputs, the
fuselage attitude and cellective stick positions measured during the flight

trials are fed into the program as input. The resulting prediction of the
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Figure 3 : HAPS matching of a Lynx hover f{lyaway manoeuvre.

helicopter response 1s then compared with the measured responscs of various
key parameters in order to asses the fidelity of the dynamnic response
model. The comparison is achieved by displaying the measzured parameters on
a computer screen and overlaying the predicted traces, as they are
generated by the simulation., Figure 3 presents a HAPS matching of a Lynx
hover f{lyaway manoeuvre,
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It should be noted thatl, when the simuiatlon is run In matching
mode, there 1s no feedback of vehicle respongse to the pillet model; the
simulation 1s open loop. Any change in the flight conditions, such as may
be caused by varlatlons 1n wind speed etc., which are not recorded and so
are not modelled, will cause the predicted and measured {light paths to
diverge. It is necessary, and permissible, {for the engincer conduclting the
matching to make slight adjustments to the input collective and fuselage

attitude to compensate for minor wvarlations in conditicns. For example,
provided the limits of collective Lravel are not reached. collective may be
treated as an internal parameter - it does not limit the performance - in
practice, the pilot (and the pilot model) will adjlust colieclive

interactively, as required, to sustain some other limiting condition, such
as rotor speed or engine torque. Because the simulation does not attempt to
model every aspect of the test conditions, the accuracy of the medel can
only be proved by matching a number of events and checking that none of the
parameters show a consistent error ~ though a certaln amount of scatter is
accepted as inevitable. Obviously, the higher the gquality of the flight
test data, particularly the steadiness of the atmospheric conditions, the
easier it is to validate the simulation.

Once the steady state and dynamic accuracy of the vehicle model has
been proved, the validity of the pilet model must be confirmed. In the
first instance, the time history traces produced during the flight trials
are analysed to confirm that the handling technique, in terms of the pitch
rates and accelerations used, and the speeds and heights at which events
are initiated, etc., have been correctly defined. The accuracy of the
simulation as a performance prediction tool is then proved by attempting to
reproduce the flight test resuits. The program is run with the pilot model
“"flying" the simulation to replicate the actually flown technique, (i.e.
using the measured attitudes and rates, if they differ from the prescribed
technique) and the model is validated by comparing the distances, drop-
downs or whatever is relevant, with the measured results.

The medel 1s intended to predict the performance of a helicopter
flown exactly to the 1laid down technique, in ideal conditions, with a
steady wind blowing horizontally at the specified strength throughout the
manosuvre, etc. This state of affairs will never apply in practice. The
margins required by the certification authorities (wind factors, flyaway
ground clearance, rig miss-distances etc.) are intended to allow for
variations f{rom the nominal conditions. When developing techniques, the
predicted scatter in performance, due to technique abuse and other factors,
must not be bigger than the relevant safety margins. The corcllary, is
that the margins set by the certification authorities, should be a function
of the repeatability of the manoceuvre. If the margins are significantly
larger than are required for safety, the helicopter’s paylcad will be
unnecessarily restricted. It is important therefore, that the handling
technigue laid down in the flight manual can be repeatably flown by a pilot
of average ability, 1.e. that small amounts of technique abuse do not have
a significant affect on performance. The ease of flying the technique is
evaluated by the company and certification test pilots. The repecatability
of the technique 1s one of the factors which is looked for when testing,
and when validating the complete model. The ideal is for the predicted
performance to lie close to the centre of a small scatter band of [light
test results. A significant benefit of using a pilet model 1s that it is a
relatively simple matter to conduct the necessary parzmelric studies to
check the consequences of technique abuse.

Only when the flight testing and cecmputer wvalidation fLasks are
complete, and the certification authorities are sstisfied Lhat the
simulation accurately represents the performance of the aircraft, may the
program be used to run the multitude of cases required to create the
dataset which will be plotted to produce Lhe dynamic performance c¢harts in
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the rotorcraft flight manual. For this work the graphics capablility ol the
model 1s not required and 1s swilched off. The simulation 1s set up to run
as a background task - often over nlght - and will calculate the
performance for every requlred combination of alircraft welght, altitude,
temperature, wind speed, and obstacle helght, etc. A separate suite of
computer programs 1s then used to plot the simulation output data,

4. Structure of the Piloi Model

Both the HAPS pilot model and the CRFM HELMSMAN are modular computer
programs written in  FORTRAN, with PHIGS graphics subroutines for
visualisation. The logic is intended to mimic the thought processes and
actions of a human pilot. The pilot model is called at each time step of a
simulation run and, using position and rate informatien from the vehicle
model as input, it calculates the control movements reguired to achieve a
specified piloting task. A separate channel of logic is used for each
pilot controllable axis, i.e the pilot model considers the pitch, roll, vaw
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Figure 4 : HELMSMAN logic flow and calling sequence.

and collective inputs independently. The pilot medel adapts to changing
circumstances and observes any relevant vehicle or pileoting limitations.
If the 1immediate piloting goal cannot be achieved without excecding a
congstraint, the pilot model will amend the manceuvre in a logical way.

The Westland pilot models simulate the activity of a helicopter
pilet at three levels. The top level of the loglc can be Lhought of as
modelling the conscious decision making activity of the pilot. At this
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ievel the pllot knows what the oblect of the exercise Ys, and {orms a
strategy by which the desired end result may be achieved. The strategy s
implemented by setting a serles of immediate plleting goals, such as
achleving a particular speed and rate of climb. Goal switchling cccurs as a

manceuvre develops or in response to unscheduled events. For example the
logic will switeh as each sub~task is achieved and in response to an engine
failure or torque limit exceedance. At the sccond level., the loglc models

the sub-conscilous acltivity reguired Le achleve the immedicle piloling goal
set by the top level loglic. If the top level logic sets the goal of {lying
in a particular direction, the seccond level logic will specify what the
present rell attitude should bhe, in order to go from the current heading to
the farget heading. The Ilowest levels of the leogic can be thought of as
modelling the instinctive "stick and rudder" motor skills of the pilot.
These subroutines generate the control displacements reguired to achieve
the required attitude, torgue, rotor speed etc. See figure 4.

What follows is a description of how the pilot model is implemented
- starting with the lowest level subroutines and working back up to the top
level logic.

The lowest level subroutines are simple feedback control loops which
use error signals to generate a control deflection which, when input into
the helicopter medel, will result in a vehicle response which tends te
reduce the original error. The feedback control laws generally consist of
a proporticnal term for good transient response, and an integral term to
eliminate steady-state errors. An error rate term ands/or an attitude rate
term is sometimes used to to improve the stability.

The lowest level feedback control algorithms are called by handling

subreoutines, Each handling subroutine has been written to achieve a
specific piloting task; they are the main modular building blocks of the
pilot simulation model. The handling subroutines combine open leop and

closed loop algorithms, and they are called both by the top level logic and
by each other. For example, three separate subroutines have been written:
to attain and maintain a specified vertical acceleration, vertical speed,
and height. They may each be called directly from the top level logic to
generate the collective contrel inputs required to achieve the relevant
flight condition. The vertical acceleration subroutine uses a feedback
controller to adjust the collective pitch so as to achieve the reguired
vertical acceleration. The vertical speed subroutine uses an-open loop
controller to specify what the target vertical acceleration shculd be, in
the next time step, in order to smoothly attain the reguired vertical
speed, The vertical velocity handling subroutine then calls the vertical
acceleration subroutine to generate the required collective control input.
Similarly, the height hold subroutine specifies the vertical speed required
as a function e¢f the height error and then calls the vertical speed
subroutine, which in turn calls the vertical acceleration subroutine, which
generates the control input. As another example, censider the operation of
the subroutine tc attain and hold a specified airspeed,. In this case the
logic adjusts the target pitch attitude in response to the rate cf change
of airspeed and then calls one of the lewest level subroutines to generate
the longitudinal cyclic stick displacement required to match the

helicopter’s attitude with the target value, The maximum pitch attitude,
pitch rate, and pitch acceleration wvalues to be used in attaining and
holding the speed are input as data items. The operation of the logic is

illustrated and explained in figure 5.

The top level of the logic consists of a sulte of manoeuvre specific
subroutines. Each of the top level logic subroutines monitors the progress
of a manoeuvre, ohserves the vehicle and piloting limitations, and sels lhe
immediate piloting goals. The logic altemptls fo achicve a gpecilfied ond
result, as programmed by the user. The purpese could simply be to turn
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onto a heading at a glven rate and alrspeed; or 1t could be Lo land on an
offshore platform, on a gusiy day, wlith an englne fallure at the luanding
declsion point. As with the handling subroutines, the top level logle
subroutines can be written as modules, so that very complex manocuvres can
be modelled as a sequence of simpler events. The HELMSMAN and HAPS models
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Figure 5 : Pilot model subroutine logic.

attenpt to {ly the desired manceuvre as accurately as possible but, like a
human pilet, the pilet model will modify, or even abandon the manocuvre If
vehicle or handling limitations are exceeded. Consider the case of an
engine failure on take-off - the "all engines operating” technique will be
flown up to the moment of engine failure recognition (which could be somc
time after the event, to allow for the pilot intervention delay time) - the
piloting goal will then change, and the top level logic will eilther execute
an OEI continued take-off or landing. More subtly, the logic will modify a
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manoeuvre to obscrve a vehlcle limilalion. In a steeply banked turn, the

[T

pilot model will medify the manocuvre to observe "g" limits or ongine

torque limits. In this case the pllot model will not tly the manocuvre
exactly as specificd; the speed or helght may be allowed to vary in order
to observe the mere critlcal limitatlons. The flight path gencrated by the

model will however be realistic and will be close to that which a human
pilot would have to follow in practice.

HAPS and HELMSMAN read in all of the manceuvre specific simulation
paraneters as data litems. When execuling a take-off, {for instance, the
aircraft weight, the wind speed, the take-off decision point (TDP} height
and the target speeds etc., can all be varied without making any changes to

the computer code. To generate the data for the creation of the flight
manuzl charts, the simulation is run repeatedly. with cach parameter
incramented in turn. All of the relevant input and output parameters are

autoratically recorded for each condition, and are written to a file ready
for plotting.

5. Pilot Model Capability

The CRFM HELMSMAN is still under development but, to illustrate the
current capability of the model to control helicopter simulaticns, a

demonstration manceuvre has been programmed - see fligure 6. A black and
white representation of the colour interactive display seen by the user,
was given in figure 2. For demonstration purposes, the vehicle model used
here is not the complex CRFM, but a simpler blade model normally used on
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Figure & . Demonstration Circuit.

the piloted EH101 engineering simulation. The demonsiration begins wilh
the relicopter in the hover above a runway. A take off is performed and
the helicopter is flown around a right hand circuit to approach and land on
an elevated helideck using an offshore platform technique. From the hover
above the deck, an offshore platform take-off is performed, with an engine
failure recognised Jjust after the TDP leading to a flyaway. The pilot
model then takes the aircraft around a left hand circult, restores the
failed engine and flies a normal "all engines operating" approach to the
runway; returning te the hever at the point where the demonstration began.
A tirme history trace for the demonstration circuit is given in figure 7.
The circuit height, bank angles, pitch and roll rates, ground tracks, wind
speed, etc., are all data items which can be varied. The numbered cvenls
on figure 7 refer to the numbered positions marked arcund the circuit shown
on {igure 6.
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When used for rotor load prediction studles, the CRFM/ZHEIMSMAN will
model manoeuvres of much shorter duration than demonstrated above. For
example to model limit load cases the pilot model will manocuvre to achlieve
a specified flight condition. Performance prediction studlies wlll
involve elements of the demonstratlion manoeuvre, such as the Lake-of s and
landings. There are other possible applicaticns however, such as the
prediction of noise feotprints, where elaborate manoesuvres, similav to the
full demonstration, may be required.

SEE FIG. 6 FOR KEY TO NUMBERED EVENTS

® .
S o5y o (O ECIERE @ ® ® _ e (OROIEEINRO I I 9.
& = 20 l ! E 17 1] T TROTOR SPEED
e ol £ } l E Ly N | FUSELAGE PITCH ATTITUDE
é 1 9 ] ¢ /Jw'-\ P o b »-[ FJ\_"\LLA\"L“.. P ]. } OSI‘EHON
2 ]E e MR ESE=t T
5 : l ] P
é ° 5100] ; teeeer] Ry [ T~ __ | IRUE AIRSPEED
2 o ca e A : [ "‘}\4\! F
j g ] AR e N mAA | LA | [ FUSELAGE ROLL ATTITUDE
§360 2 l B = ; = =
. = - AIRCRAFT
o £ EE T O
o g ol ¥ = : )
2 os] B E i s | FoRE &'aFT cYCLIC POS.
< | T -30 ] ! Ao Ml ] LATERAL CYCLIC POS, T i
z g 305 A R I S |
g o A | P e e : COLLECTIVE +
- o j 0 o 2 > = P I ot W U |
T 1 = YT
. 1007 o L - ENGINE TORQUEL|
5 3 % ya Y ) e
gl & N w - MR
X — ENGIN i
2 £ 1000 /] FAILURE E ¥
o %9: - \
= 500 i ! !
3 » b e oL WHEEL HEIGHT
= o A NS RNWEE
¥ 399 119 159 199 239 279 319 359 399 430 479 519 S50 S99 639 €19
Figure 7 : Computer generated time history trace for
demonstration manoceuvre.
6. Conclusions .

Westland use helicopter engineering simulations, controiled by pilot
models, for rotor loads and performance prediction studies. The method has
several significant advantages.

Pilet models generate realistic flight paths, which can be exactly
repeated as many times as necessary; the models are therefore ideal for
parametric and technlque abuse studies. Pilot model controlled simulations
can glve Lhe user a very c¢lear insight into what is going on ~ the englineer
can analyse an event in detail, and knows, all of the time, exactly what
the "pilot" 1s "thinking" and doing.

Because a human pilot is not included in the contrel loop, it 1is not

necessary for the helicopter sgimulation to run in real time - performance
models may be run faster than real time for chart dota production, and
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complex medels may be run at less Lhan real Uime for such things as rolor
lead prediction studies. By making it possible Lo run complex models on
low cost werkstations, the melhod makes helicopler engincering simulation
affordable.

At Westland, the 2-D HAPS program is usced for vohicle design and
development work, for predicting the helicopter’s dynamic performance prior
to testing, and to produce the data far fiight manual charts. The Lhree-
dimensional CRIFM will be uscd {or rotor and vehicle design work and, in a
simplified form, for dynamic performance prediction studies.
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