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Since the start-up of the HELISIM project (building of a Eurocopter training centre nearby Marignane plant) at the
beginning of 2000, Eurocopter has highly improved its knowledge and its expertise in tuning flight loop models to
match up JAR STD 1H Level D requirements. Three of the four simulators ordered by HELISIM are now Level D
qualified by DGAC (AS 332 L1, AS 332 L2 and AS 365 N2), and the last one (EC 155) should be by the end of this
year. After four years spent in flight loop model development and tuning at this level, Eurocopter has well measured the
importance of the pilot judgements which have to be included in the tuning process. Indeed, beyond the technical
challenge which is first for the flight loop model to match up the strict requirements tolerances, the views of the pilots
in charge to evaluate and check the simulator had also to be satisfied, as much as possible. These both hard constraints
asked for the development of methods to analyse the pilots' judgements and bring solutions while ensuring the respect
of the stringent requirements of the level D qualification. This allowed designing the best realistic flight loop model in a
wide operational flight envelope. Level D training simulation flight loop tuning is now a part of Eurocopter activities
which goes beyond the HELISIM project since simulators for the Tiger helicopter are under development, a project
based on the NH 90 should start very soon and several others are nowadays foreseen.

Introduction

Eurocopter has put a lot of effort since many years in
the helicopter simulation domain and has finally
developed HOST , a generic helicopter simulation tool
(Ref1). HOST has been designed as a modular
software which allows to easily develop and plug new
models and has also the capacity to be automatically
adapted in a real time environment. When the
HELISIM project started, the choice of HOST as the
kernel of the future level D training simulators was
natural since it had demonstrated its accuracy and its
reliability as engineering simulation software. Its real
time capacity is daily applied in a lot of EC simulation
activities: embedded software benches, engineering full

Figure 1

flight simulator SPHERE ...

Even if HOST is the result of several ten years of
development and researches, the complexity of the
helicopter flight mechanics goes with some inaccuracy
in physical modelling such as rotor wake interactions.
Since HOST is a model of knowledge, it had to be
adjusted to get all the required tests inside the very
restrictive tolerances of Level D standard and, in the
same time, satisfy pilots’ judgements.

The main objective of this paper is to present the global
tuning process and methods applied by Eurocopter to
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develop level D flight loop models for HELISIM
simulators. A quick presentation is made of HELISIM
Training Centre and of the requirements of a level D
qualification, and allows to better know the context of
this new Eurocopter activity. Then, general information
is given about the required reference flight data,
method and tools which had been applied to develop
and adjust helicopter models. To conclude, the main
lessons of this experience are presented and especially



how a helicopter manufacturer can contribute to a level
D qualification success.

HELISIM: Eurocopter Training Services

HELISIM, a joint venture involving the helicopter
industry (Eurocopter), the simulator industry (Thalés
Training & Simulation) as well as a military training
specialist (Défense Conseil International), was formed
in 2000 to operate Eurocopter helicopters
simulators. Two convertible Full Flight
Simulators (Figure 1) that can receive four
cabins of the Super Puma Mkl (AS 332 L1),
Super Puma Mk2 (AS 332 L2), Dauphin N2
(AS 365 N2) and N4 (EC 155) were ordered to
be installed in HELISIM premises in
Marignane, nearby Eurocopter plant. HELISIM
can be seen as a helicopter training academy
since, beyond these four FFS, all the means
needed for pilots' training are available there.

The main shareholders (TT&S and Eurocopter
manufacturers) were in charge of the
development of the simulators. The Eurocopter
part included the delivery of actual helicopter
equipment and of the data package, which is a
quite usual task. For the first time, a helicopter
manufacturer with a flight mechanics expertise,
has been also in charge of the development,
validation and qualification of the flight loop
model that has to simulate the behaviour of the
helicopter, including the engine, the AFCS, and
the control kinematics. The development of the
motion and visual systems, the integration of the
simulators and their qualification were assigned to
TT&S. A level D qualification target was specified by
HELISIM to provide their customers with the best
training quality and especially to allow the type rating
qualification of pilots in a simulator instead on the
actual aircraft.

Three years later, in 2003, three of the four cabins
ordered were level D qualified and the fourth is
planned to join by the end of 2004. During the first
year of operation the 30 employees of HELISIM
provided 4000 hours simulator training to more than
500 pilots coming from all the world but mainly from
Europe. 7000 hours for 700 pilots are forecast in 2004.
The reliability rate of the FFS is 99 % and the
customers (50 % civil and 50 % military) give 100 %
of an "excellent" or "good" rating to the training.

Such a success can be explained by the main following

reasons:

e level D allows to replace flight hours by simulator
hours and the real helicopter is still available for
its missions, while risks of incidents during
training flights are avoided.

e The pilots can train in conditions that they
probably never encounter in the real world,
especially for failures conditions.

e The simulator ability to be quickly initialised in
any flight condition increases the training hour
productivity. For instance, landings on an oil rig
(Figure 2) can be quickly repeated and no time is
lost in repositioning for approach.

A level D simulator not only replaces flight hours but
allows training that cannot be done in the real aircraft.

Figure 2
Oil rig approach (HELISIM — AS 332 1)

Training simulators level D standard
requirements

Two major standards are used to qualify helicopter
training simulators. AC 120-63 was first derived by
FAA from airplane simulator standards. JAA later
started from AC 120-63 to develop their own standard,
JAR-STD 1H that was first issued in 2001, at the same
time the HELISIM development started.

These standards provide harsh requirements such as a
replica of a real cockpit, all controls and displays
accessible to the pilot running exactly like in the real
aircraft and obviously an in-flight behaviour very close
to the real helicopter one. The fidelity of the simulator
is validated by checking both quantitative and
qualitative requirements which are needed to
demonstrate the best possible behaviour in the largest
flight envelope.

Quantitative requirements are defined for each part of
the simulator and a large set of tests are described
especially for the flight loop model: quantitative
requirement are used here to demonstrate the accuracy
of the flight loop model in a defined flight envelope.
Required flight tests data are to be used as a reference
and demonstrate that the helicopter trim, response and
stability are the same as those of the real helicopter.
These requirements only involve the flight loop model,



and the necessary tuning can efficiently be done by
developers out of the simulator using an off-line
simulation tool.

The qualitative assessment of the simulator is as
important as the  quantitative  requirements
demonstration. It involves the whole simulator and
allows to verify its behaviour in a very large flight
envelope, including domains where flight tests data
cannot be provided and only pilot judgement can be
exploited.

Both are necessary to guarantee the fidelity of the
simulator. By matching the flight parameters inside the
strict defined tolerances the quantitative requirements
bring the objective proof that the flight loop behaves as
the real helicopter. Nevertheless, there could be a risk
to have a flight loop model perfectly compliant with
the flight tests but that would appear to a pilot to be
very different from a real helicopter. Indeed, the
differences inherited by the limitations of the simulator
environment can induce pilot reactions different as in
flight. For instance, the load factor cannot be hold
during a stabilised turn and visual system delays, even
if limited, can induce PIO'. Moreover, training needs
requires a large flight domain that could not be fully
covered by a reasonable set of flight data, as well as
features for which no reference data is available.
Lastly, most of the quantitative tests only address the
helicopter behaviour in the vicinity of a trim point and
transitions have to be checked in the whole flight
domain. All these reasons give a great importance to
the pilot judgement. This is acknowledged by the
standards that put qualitative and quantitative
assessment on the same level.

A dedicated flight test campain

A special flight test campaign which covers all the
quantitative requirements imposed by standards has to
be done. Such a flight test campaign requires high
accuracy and rigour since it governs the final results.
Especially, the measurement scattering has to be much
smaller than the required tolerances. Such a scattering
can come from:

e  Measuring apparatus accuracy and noise.

e Different flight meteorological conditions.

e Slightly different helicopter aerodynamic
configuration.

All the flight tests have to be done with only one
aircraft, without modifying the measuring apparatus,
which implies a reduced time window according to the
helicopter and pilots availability. For this first phase of
the project, teams will have to analyse and validate
very quickly a very large amount of data. Only the use
of home made dedicated software and the experience
of Eurocopter engineers in charge of the project has
allowed to succeed this step.

! Pilot Induced Oscillations

Flight loop model tuning process

Eurocopter flight loop model

Eurocopter has decided to use its home made model
HOST as the kernel of the flight loop model. This
software which has been developed for several years
integrates a high knowledge of helicopter behaviour
and asserts itself because of its reliability, its adaptable
structure, and its quality. It is widely used in design
department to study various aeromechanics problems
of the helicopter and of its components : static and
dynamic loads, rotor design, performance prediction
and handling qualities analyses. Using HOST in a real
time environment had been planned since the early
software specification. Working with HOST, the flight
loop model integrates an engine model, a flight control
system model" and a control kinematics model.
Although HOST is able to include all these parts of the
helicopter, the choice was made to develop the engine
and FCS models outside HOST in order to ensure high
accuracy simulations by using re-hosted embedded
software or external models based on detailed data
packages. All these models also manage the
malfunctions and failure modes required for a training
simulator.

Tuning process

The tuning process (Figure 4) used by Eurocopter is
directly based on the standard requirements which are
used as a guide (Ref 2). Indeed, the part dedicated to
the flight loop model defines quantitative requirements
and a subjective validation process. The quantitative
requirements essentially cover the two branches of
flight mechanics which are performance and handling
qualities. The tuning process integrates in the same
way these two aspects according to a logical approach.
The dynamic response tuning can only be done when
the model behaviour in steady state conditions is close
enough to what is expected according to standards. The
model has to be first tuned to ensure that performance
and trim satisfy the tolerances. In the same way,
introducing pilots into the tuning process can be only
done when quantitative requirements are close to the
expected level.

However, this way of working with pilots is slightly
different for ground operation tests such as taxi or
brake effectiveness. The experience has clearly shown
that the ground behaviour adjustment is very sensitive
and especially depending on the simulator environment
such as motion and visual systems. That implies to first
tune according to pilot's feeling before using the
reference data and finalise a satisfying compromise
between pilots judgement and the required quantitative
tests. This method proved to be efficient and the
adjustment asked by the pilot brought the model close
to the recorded behaviour. This special treatment of the
ground tests can be understood. HOST is not so
intensively used in such conditions than in flight and

i RCS
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the natural model behaviour might imply more
intensive tuning than usual flight conditions.(Figure 3).

Why tuning is needed

Although HOST is a state of the art helicopter model
including all the knowledge of Eurocopter inherited
from research and development activities, additional
adjustments are mandatory for a level D training
simulator. Particularly, tolerances applied on the
checked parameters are very restrictive.

For example, we could list some difficulties in finely
modelling the different interactions between the rotors
and the body, the problems put by the low airspeed
flight and with the wide angles of attack or slideslip,
the knowledge of the rotor flow in all the conditions of
flight. The resulting modelling inaccuracies are known
and mastered during typical applications by the design
office. This is however far from satisfying all the
requirements for a level D simulator and tuning is thus
necessary.

Once the model tuning process is achieved and a good
compromise between quantitative and qualitative
evaluations has been reached, a final adjustment step
relieves to realise the official documents used as a
reference for the qualification (POM"™ and QTG").
Indeed, even if once the tuning process is achieved
most of the standard quantitative requirements are

f“ Proof Of Match
" Qualification Test Guide

satisfied and all pilots' remarks are taken into account,
additional adjustment is needed to get a perfect
matching for all the parameters, even for the ones for
which tolerance have not been defined. This is done in
order to demonstrate the correct trend and the correct
level of couplings. This last step starts when the flight
loop model behaviour is close enough to the real one
according to quantitative requirements and when the
pilots' evaluation covers the whole flight envelope.
Indeed, such adjustments have to be minute enough to
ensure that the flight loop model behaviour will not
significantly change. For this last step, pilots are
involved again to verify that these additional
adjustments do not modify the global behaviour.

Designing a high fidelity simulator

Insertion of a pilot in the tuning process

Eurocopter test pilots are involved very soon, as
mentioned before, in the global tuning process, since
ground operations tuning starts with collecting
pilots' opinion. Furthermore, collecting information
from pilots' view and using it for model tuning must be
started as soon as practical. It allows not only
identifying possible malfunctions, but starting a rich
technical relationship between pilots and engineers
which is essential for the success of the project. Indeed,
pilots' feeling can be affected by the simulator
environment that differs from the real world and even
sometimes appear to be inconsistent with the
quantitative tuning. The basis for a dialog has to be set
as soon as possible in order to quickly identify the
origin of a problem or of a different feeling.

The pilots should work as much as possible as they do
during a real helicopter development. The flight
domain to be explored (such as low airspeed flight
around hover condition, or autorotational behaviour...)
and the manoeuvres to be flown have only be detailed
to the pilots. It is then up to them to identify possible
problems when they feel a behaviour that is not that of
the real aircraft. The pilot involved in such a mission
gives his comments during the test. Once it is achieved,
a common analysis is made by flight loop model
responsible and by the simulator manufacturer in order
to identify which element of the simulator can be the
cause of the reported problems. The problem is to
separate what comes from flight loop model
malfunctions and what is due to the simulator
environment and, consequently, find the way to
improve the simulator behaviour by applying the
effective correction.

It is worth emphasising that this collaboration between
test pilots and engineers is all the more effective since
it extends similar activities in the frame of the
prototypes development that are addressed by the same
teams in similar conditions. This highlights why the
helicopter manufacturer is well placed to adjust the
flight loop model, who has both a special knowledge of
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the behaviour of the helicopter and the experience of
flight test pilots and engineers co-operation.

Sometimes, no corrective action is needed, just because
the pilot changed his mind after testing the same
situation on the real helicopter, or because two
opposite pilots' opinions have converged to a mid point
of view after some additional tests. Useless
adjustments which could probably have made the
simulator worse can be avoided.

Furthermore, involving pilots in the global tuning
process brings a considerable help to confirm the
model behaviour inside areas which are not totally
covered by the flight data or not covered at all. Even if
the flight data base is rich enough, it does not allow to
cover the flight envelope in a continuous and
comprehensive way. For instance, a helicopter
behaviour validated for two given airspeeds against
flight data might be incorrect inside the transition area
between these two speeds. The flight test pilot, thanks
to his special knowledge of the helicopter can point out
the problem and allow engineers to correct it.
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Figure 4
The whole flight loop tuning process and associated means (Ref 2)

Subjective assessment is also mandatory to tune the
simulator in domains where no flight data is available.
This includes failures such as tail rotor loss, prohibited
areas of the flight envelope or usual flight conditions
not addressed in the flight data base (hot or cold
weather for example).

Here is an example of the help brought by Eurocopter
test pilots who detected a malfunction that could not be
detected by the use of flight test data only. During a
validation mission, the pilot was complaining about a
strange feeling of decelerating around the speed of 70
knots during accelerations from hover to maximum
level flight speed. After this manoeuvre was repeated
several times, in different visual conditions and by
pilot, the problem was settled and investigations were
started to look for the probable source of such a
phenomenon. Off-line simulations made think that one
of the parameters involved in the final adjustments
could be the cause of the problem. It was set to zero
during another validation test that allowed confirming
the deceleration effect had disappeared. There was only
to find another set of parameters to bring back the tests
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The danger in considering
pilots' feelings is that they
can contradict the
quantitative tuning.
However, HELISIM experience shows that it was
always possible to find a compromise with a correction
which allowed the model to stay inside the tolerances
applied on quantitative tests. It was sometimes not
easy, like in the case of an unstable flight condition for
which the pilot got a worse feeling in the simulator
than in the real helicopter. This impression was the
worse when visual conditions were limited. The Dutch
roll mode for the Super Puma Mkl with SAS OFF
(Figure 5) is a good example of this kind of problem.
The flight loop model was first tuned according to the
quantitative requirements that include a test designed
to demonstrate that the Dutch roll period and damping
in the simulator are close to the flight data. Pilots did
not especially complain about this unstable mode by
flying in VMC" and concluded that the simulator was
handling like the real helicopter. However, when
conducting the same test in IMCY, the pilots
complained that the model was too unstable and too
difficult to manage. For both tests the flight loop model
was unchanged and only the external environment was
modified. The distorted accelerations provided by the
motion system and the delay introduced by the visual
system might be the explanation. When flying in VMC,
the pilot is helped by good visual cues whereas he has
to rely on the instruments information only when flying
in IMC. Even if he is taught not to take care of the
accelerations, different feelings in the simulator and in
the real aircraft make his task more difficult. He
reported he was unable to stop the Dutch roll
oscillations and asked for a higher damping to
reproduce the helicopter behaviour. The tuning that
was made was however out of the standard tolerances,
the damping being much higher than during the flight
tests. A compromise could be eventually reached as the
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Dutch roll for Super Puma Mkl (AS 332 LL1)

damping was tuned at the maximum value allowed by
the JAR-STD IH. In this case, the subjective
assessment had clearly driven the way quantitative
tests had been adjusted.

Sometimes, pilots feeling leads engineers to a deep
research in the whole flight loop model, and not only
inside HOST kernel. That is what happened to Super
Puma Mk2, for which engine model had to be
corrected after pilots were complaining about a strange
behaviour of the simulator in hover condition inside
ground effect. During a validation mission to explore
the low airspeed flight envelope, the simulator was
moving left and right around the yaw axis while
hovering inside the ground effect. Nothing was found
inside the HOST kernel to explain this phenomenon.
However an analysis of the engine model turned out a
malfunction in bleed valves assessment. Once this
point corrected, no more strange behaviour in hovering
inside ground effect was detected by pilots.
Furthermore, this action helped us to understand why
small steps of power could be observed in flight and
were not reproduced by the simulator: the bleed valves
threshold of sensitivity had to be tuned. This
experience shows the difficulty to determine the exact
origin of the pilot's criticism in order to apply a
correction which both eliminates the default and avoids
to degrade the behaviour of the simulator.

As seen before, the pilots' view is not only necessary to
correct strange behaviours due to flight mechanics
model, but can also be very useful to detect possible
malfunctions included in control kinematics chain.
Indeed, flight mechanics model tuning is not dependant
of AFCS model since this model is based on the real
AFCS software for which dedicated interfaces have
been implemented to work with the flight mechanics
model. Therefore, for the same external conditions, if a



problem is detected with AFCS ON and no complaint
has been registered with AFCS OFF, that means that
the solution has to be found outside the flight loop
model. Eurocopter has always applied the principle of
no modification in AFCS laws.

Performing the trajectory tests

JAR STD 1H defines tests which can be assigned to
two main categories:

e About 60 tests called "static tests" are used to
demonstrate the correct trim and performance of
the simulator.

e About 60 tests called "dynamic tests" are
dedicated to check the simulator's handling
qualities.

In this latter group a set of 7 tests, which are called
"trajectory tests" (Figures 6, 7 and 8), is not directly
used for tuning but to control, as an artificial pilot
evaluation, that the model behaves like the real
helicopter. Indeed, standard defines a tolerance of 10 %
for control positions that allows controlling the model
and keeping the checked parameters inside the
tolerances. These tests cover important basic
manoeuvres of taking off and landing in several
conditions (landing OEI, rejected take off OEI,
autorotational landing...)

Typically, the tolerances applied on each controlled
parameter are the following:

Airspeed : 3 knots

Vertical speed : 150 ft/min
Height above ground : 20 ft.
Pitch attitude : 1.5 degrees.
Roll attitude : 1.5 degrees.
Heading : 2 degrees.
Torque : 3 per cent

Rotor speed : 1.5 per cent

Tolerances applied on heading and attitudes may vary
with test. All these tolerances only allow very small
deviation from the manoeuvre flown on the real
aircraft. These tests make sure that the flight
manoeuvres can be flown in the simulator using very
similar control strategies.

They can also be used during the flight loop
development process to control the behaviour of the
model in a quite large flight domain since these
manoeuvres make the airspeed vary between 0 and 70
knot and the vertical speed from descent at 1000 ft/min
to climb at 1000 ft/min.

Special tools have been developed to quickly retrieve
stick inputs that allow to verify the good behaviour of
the flight loop model all along the tuning process.
These tools provide an interactive GUI'" that allows
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the user to fly the model and launch algorithms
dedicated to automatic optimisation of control
positions. Experience has shown these tests were very
helpful in tuning the flight loop model because they
address many aspects of flight dynamics in a
significant part of the flight envelope. They are used
more or less like a virtual pilot judgement provider.
When all tests are brought within the standard
tolerances, then the flight loop model is almost at the
required level.

This enforces the importance of this kind of tests to
globally check the helicopter behaviour. Eurocopter
envisages in the future to increase such a validation by
realising complementary tests like slow continuous
acceleration / deceleration up to VNE, descent and
climb flight limits, left and right side flight limit, turns
up to the maximum load factor...

Conclusion

After three official level D qualifications in 2003,
Eurocopter has gained a real expertise in flight loop
model tuning for training simulators. This expertise
relies, for a part, on a helicopter manufacturer
knowledge of flight dynamics, but also on the
availability of dedicated processes and methods. The
latter involves especially a continuous co-operation



1j37n Balked Landing/missed approach (Landing) 1j37n Balked Landing/missed approach (Landing)
AFCS: ON Fikch Roll Yaw _ WEIGHT:3755 kg CG:399 m ZPATS I OAT:222 oC AFCS: ON Pikch Roll Yaw _ WEIGHT:3755 kg ©G:399 m ZPA75 1 OAT:222 0C
365N2 6315 ARRIEL1C2  Flight:6 begin:091433 end: 091458 365N2 6315 ARRIEL1C2  Flight:6 begin:091433 end: 091458
Height above grou nd (ft) Ground speed (kl)
%
250 |
200 | 70
150 | 50 i . )
100 |
. . .0
[] 2 4 3 [} 10 12 i 16 8 20 22
TIME (s)
L Tol Flight Model 10
20 Pilch attitude (deg)
[} 2 4 6 8 10 12 14 16 18 0 2 2%
15 | TIME (s)
10 Tol Flight Model
5 | Torque (%)
o 80 que (
[
5 n
-10 60
[ 2 4 6 8 10 12 14 16 18 20 22
TIME (s) 50
Tol Flight Wodel A
40 | s
15 Bank attitude (deg)
. 0 |
10 |
2
5
0 o - - ~ 0 L i i F
- [ 2 4 6 8 10 12 14 16 18 20 2 2%
5 TIME (s)
10 Tol Flight Modal |
A5
[ 2 1 6 8 10 12 14 16 8 20 22 200 Rotor speed (1pm)
TIME (s) r
Tol Flight Mode| 380 |
ing atti 370
w0 Headling attitude (deg) L
as | 360 |
wo | G Ll ,
25 | - § - a0 | e Tl e T
260 | 330 | )
255 | 320 |
250 R LU L i L L i i L i i
0 2 4 6 8 L 12 L 16 L El 22 0 2 4 6 8 10 12 14 1 18 20 2 2%
TIME (s) TIME ()
Tol Flight HModel Tol Fight Model
Figure 7 Fi 8
igure

JAR test 1.j.(3) - Balk landing / Missed approach OEI
AS 365 N2 (Checked parameters)

between flight mechanics engineers and Eurocopter
test pilots who have the best knowledge of the
behaviour of the helicopters to be simulated. Dedicated
tools have been developed to increase the efficiency of
such a process which requires the management of a
large amount of data by several people at the same time
and the capacity to quickly complete a lot of time
simulations and identification computing.

The quantitative part of the standard requirements
brings the objective proof that the simulator behaves
like the real helicopter and guarantees that the tuning
has not just only be done to satisfy the pilots' feelings.
But as flight test data cannot cover continuously the
flight envelope of the helicopter, the quantitative
approach is anyway completed by a qualitative
assessment that involves the pilots in the tuning
process. The flight data used for objective tests are
critical and this must be kept in mind during the whole
flight test period. The involvement of the Eurocopter
test pilots and instructor pilots from the simulation
centre was equally of high importance. This allowed to
guarantee the best behaviour of the simulator in a large
flight domain and a good coverage of training needs. A
helicopter manufacturer like FEurocopter has the
advantage to gather pilots perfectly knowing their

helicopters and engineers that are used to work
together. It allows analysing and solving in the best
conditions all the possible problems.

The activity of HELISIM, rapidly expanding since its
creation, demonstrates all the interest aroused by this
new means of training helicopter pilots which is called
to be developed. Eurocopter, sharecholder of HELISIM
with TT&S, is nowadays ready to develop new level D
simulators which are more and more required by
customers.
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