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ABSTRACT

Since the first installation of a Fenestron tail rofor on
an Adrospatiale Gazelle in 1968, o great experience
has been acquired by Eurccopter on this concept
thanks 1o the 4.9 miflion hours of flight logged by the
Gazelies and Dauphins.

This has aliowed 1o clearty defing the main fines of
R & D during the fast ten years for improving this
concept which, by nature, has greatly confributed
reducing the number of accidents due fo tail rotors.

These proceedings briefly remind the performance
and the fechnologies used on the first Fenestron
generations and specify the resulfs of the Research
and Development work conducted ot Aérospatiale
and then Eurocopter, ONERA and France Saclay’s
anechoic wind tunnel in the gerodynamic and
acoustic fields:

- Effect of reduced Mach number of blade tip on
performance, weight and noise level,

- Improvement of the figure of mert (o typical
parameter of Fenesfron efficiency) and maximum
thrust owing fo:

. the develfopment jointly with ONERA of a new
range of girfolls with a spanwise variable refative
thickness,

. the use of o stafor downstream of the rotor in
order to straighten the outcoming flow and
retain the qirflow rotational energy.

. the optimisafion of the air duct geometry in
order 10 improve the diffusion ratio.

- Minimization of the overall dimensions of the ifems
installed within Fenestron air duct in order fo
improve the aircraft noise level, performance and
overall drag.

- Opftimization of the rotor-fo-stator distance, the
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number of blades (rofor and stator) and the blade
angular pasition in order to drasticolly reduce the
Fenestron -generated noise.

This new archifecture so-called Phase -Moduiation
Fenestron allows to not only reduce the noise level
emitted but also distribute the acoustic energy of the
pure and shrill sound of the first generation Fenestrons
over less audible lateral frequencies.

This work has been validated by wind tunnel and
whirlstaond test as well as flight tests aboord on
experimental Ecureul! like oircroft,

The way the results have been applied to the
Eurocopter's new range of fight helicopters will then
be presented. So, the EC 135 will be equipped with
the Iatest generation of Fenestron, wich will provide
it with outstanding performance in afl flight cases.
Moreover, these procesdings will present ol the
precautions faken for limifing the Fenesfron -generated
noise 1o the new reguiatory requirements with margins
(ICAQ -6 dB) while reducing the acoustic nuisance
of the first generation Fenestrons.

Lostly, all technological aspects specific to the EC
135 Fenestron will be dealft with. This Fenesfron
features an excelient reliability, @ reduced
maintenance and g low production cost withy

- The optimization of the architecture of hubs,
blades, stafor and TGE/statfor coupling

- Overall dimensioning (Control foads, service life
fimits, ...

- Materials and processes used for the varfous
componants.

in conclusion, thanks to the research work conducited
during the last decade and the experisnce galned
on the first generation of Fenestron, Eurocopter Is
now fn @ position 16 propose for the EC 135 an anfi-
torque rotor solution featuring the best compromise
allowing fo meet the various safety, reliability, perfor -
mance and external noise requirements.

1. WHY A NEW GENERATION FENESTRON FAN-IN-
FIN TAIL ROTOR ON EC 135 7

The Fenestron is not o new helicopter tail rotor
concept, in fact it has been used as ¢ production
item by Eurocopter since 1968,

From its very first infroduction into service, the
Fenestron has been recognized as significantly
improving the safety ievel.

Moreover, the reguiatory requirements together
with customers’ requirements on noise-generated
troubles lead the manufacturers to look for still more
silent concepts. These goals have earty been taken
into accountin the design. 5o, the best compromise
in terms of both safety and noise hasled Eurocopter
to select a new-generation Fenestron concept to
fulfill the EC 135 aircraft anti-torque function.

The EC 135 a 2.5 tons range aircraft, has been
developped by Eurocopter Deutschland with
Eurccopter France participation for the tail unit.

In fact, this new Fenestron generation Is different
frorm the previous in that it fakes advantage of the
experience gained in service (4.9 x 107 fiight hours)
and the results from R & D efforts made during the
last 20 yedars.

The following presentation very briefly states which
is the Eurocopter’s experience within the Fenestron
field. Some of the R & D results obtained during the
jast two decades jointly with ONERA, CNRS, ... are
given hereinafter,

This summary more specifically deals with the test
results obtained on the Margnane’s balance rg
and at Saclay’s CEPRA 19 anechoic wind tunnel.
Lastly, the technology selected for the EC 135
Fenestron will be presented together with the
aerodynamic thrust and noise performance.

2, EXPERIENCE GAINED ON PREVIOUS FENESTRONS

In 1968, Eurocopter was the first helicopter manu-
facturer in the World to assess and then introduce
a Fenestron on the Gazelle aircraft to replace the
conventiondl tail rotor, Ever since, the Gazelle has
logged 3.6x 10° fiight hours and the Dauphin which
also uses the Fenestron has logged 1.3 x 10 flight
hours since 1972 (See Fig. 1).
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Figure 1
Such asignificant number of flight hours has allowed
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Such asignificant number of flight hours has allowed
to appraise the advantages and disadvantages of
various fechnologies in terms of maintenance,
relicbfity, cost, acoustics and operability in varied
environment conditions (fransport missions in the
North Seq, military missions in Europe and Africa -
Chad war, Desert Stormn,... - Sea surveillance mis-
sions) and for 2- and 4- ton aircraft. This extensive
experience dallowed to precisely define which
research onentations had to be followed (Fig.2:
Demonstrators) to eliminate the previous drawbacks
(shrill effect, reliability, power consumed,...) while
retaining the concept advantages (safety, global
noise, maneuverability, vulnerabliity,...).

900 MM DIA. -

[ CUIIPDSITE

Figure 2

It shouid be rerminded that thanks to the Fenestron
concept, the operational safety has very highly
been improved compared to those helicopters
equipped with a conventionaltailrotor, The Fenestron
has proved its capability of allowing a safe landing
after losing the anti-torque function due to the
rupture of a component. No personnel’s injury on
ground due to the Fenestron has been recorded.
The number of accidents involving impacts, trees,
power fines, wires or obstacies in the vicinity of the
helicopter working areas is considerably reduced.

When comparing the rate of accidents due to the
tail rotor, according to Eurocopter’s statistics, for 1.5
to @ ton dircroft, since their first infroduction into
service (Alouette, Ecureuil, Puma, Super Puma) and
according to the US. Ammy statistics (OH6, OHS8,
AH1, AH64, UH1, UH60 from 1968 to 1988), it can be
noted thcf itis of the same order of magnitude, i.e,
75%x10°%and 7.4 x 1079/ flight hour, respectively
(see Fig. 3).

For lightweight helicopters, the distributions of the
causes for such accidents (Fig. 4) can be cancelled
thanks to a shrouded tail rotor preventing impacts
with ground or trees, contacts with personnels,

impacts with foreign objects in flight and durng
aerial sling work. A great number of these accidents
can cbviously be prevented using a conventional
tait rotor as fitted to the fin in a very high position.
This is the configuration generally adopted for
heavy-lift helicopters.

Figure 3

OPERATIONAL ADVANTAGES |
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FENESTARON PREVENTS AT LEAST 80% OF T.A. MISHAPS

Figure 4

Eurocopter's own statistics show that the rate of
accidents due to the tail rotor Is approximately
twice as low for heavy-lift helicopters as for
lightweight,

Such a difference can very probably be explained
by the higher position of the tail rotor from ground.
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Therefore, it can be noted that using a Fenestron is
muchmore safety efficient than a tait rotor mounted
at the top of fin since the rate of accidents (those
which caused the qircraft total loss, people death
or damage whose cost amounts to half the price of
the helicopter) for Eurocopter’s gircraft equipped
with aFenestron is 0.8 x 107 %/flight hour. These values
show that the Fenestron is a much safer concept
than the conventional tail rotor.

However, it appeared that it was still possible to
improve this concept In numerous fields such as
perfomance, acoustics, safety, maintainability, A
second research line has been defined in order to
improve the aerodynamic performance of the
Fenestron (selection of rotor biade airfolls, shroud
geometry, ...) without increasing the power to be
fransmitted to the tail rotor system. It seemed also
that the shrill noise emifted by the first generation of
Fenestrons could be a nuisance to the human ear
for those communities living close to heliports.
Therefore, research activities have especially been
conducted with a view to eliminating this ear
nuisance while frying to reduce the overall noise
generated by the Fenestron,

Aerodynamic improvements

In the early eighties, special effort was focused on
the Fenestron’s aerodynamics. The rotor, previousty
equipped with NACASI type airfoils, was set with
new advanced dirfolls providing a higher fift both
with less power consumption {ref 1 and Fig. §). OAF
airfoll biades, developedin cooperatfion with ONERA,
have a spanwise varable relative thickness, and
have essentially been designed with a view fo
increasing the load at blade tip, so as to produce
the maximurm depressure level on the shroud and
delay the blade tip stall as far as possible.
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Figure §: Fenestron qirfail C; max improverment

instead of blunt support ams, a stator was designed

to get power from the switflow alongwith suppressing
pure tone sounds ermerging from the support ams.
Fig. 6 below shows that the flow has been almost
completely stralghtened with these stator blades,
thus gaining from the fiow rotational energy by
creating an extra axiat thrust, and recovering pres-
sure.
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Figure 6: Influence of stator blades on flow
rofating angle ot the diffuser exif

The inlet and the exhaust were oplimized to produce
a maximum suction and a maximum diffusion while
delaying separation, respectively. Alihough the
optimal angle of diffusion was found to be 20° (as
in cument subsonic diffusers theory), the diffuser
angle is actually limlted to a practical angle of
about 10° (Fig. 7).

indeed, higher diffusion angles experienced flow
instabilities in the presence of the main rotor woke
in hover. This effect has been evidenced on early
versions with the bottom aft fenestron direction of
rotation which had been forsaken because of poor
performance in fail wind in ground effect,
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Figure 7: Influence of diffuser angle and sfator
blades on fenestron performance

As shown in fig. 8, these modifications led fo a
substantial gain : an increase of +7% in maximum
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figure - of -merit and +37% in maxirmum mean blade
load coefficient, as compared 1o the present 365N
Dauphin’s fenestron. Moreover, stall is delayed and
the range at which the figure-of-merit remains at
maximum is increased.

CONFIGURATION | {(FMImax |{CimImax
(1)—{ 365 N1 (REFERENCE} | 0.71 0.825
(2)—{ WITH GUIDE VANES | +4.2% | +26%
WITH OAF AIRFOIL,
PM ) D~ decTioNs + G vaNEs| *70% | +37%
0.8
04- ® @6
0.2+
0 T 1 1 1 1 \ -
0 62 04 06 08 10 12 Cy

Figure 8: Fenestron performance Improvements
(tull scale ground tesfs)

Acoustlc improvements

In 1992, a set of experiments, aiming at investigating
the effects of different devices on the emitted far
field noise of a light helicopter fenestron, were
perfomed by Eurocopter France, under the financicl
support of SIPA (French Aeronautical Programs
Department).

These investigations dealt with the practical study of
the phase modulation concept, the quantification
of the noise effect due to tip Mach number
reduction with attention to performance, the effect
of stator position on noise and performance com-
promise, the geometrical effects of foreign objects
such as a transmission shaft ploced in the exhaust,
and piloting effects in forward flight such asyawing,
speed, orloading compromise between the fin and
the fenestron,

The program was divided into two parts : hover
characterization in the open air, which represented

150 hours of experiments, and forward flight
charactesization (300 hours of experments) for
representative flight cases for the EC135 such os @
fiy-over at 0.9 Vm or an optimal climbing at Voc in
the CEPRA1Z anechoic wind tunnel, Saclay (France).
The experiments described herein mainly refer to
the hover case.

A 850mm diameter wide fenestron equipped with 8
advanced aifolled blades and a statorwas mounted
on top of a massive bench (see fig. 9), blowing
downwards, 3.60m above the ground in order to
avoid recirculations and ground noise reflections.

Figure 9: The fenestron on the whirl fower,
Marignane, Sept, 92

The stator was equipped with 10 blades, the trans-
mission shaft playing the role of the 11th one in order
to avoid major interference with rotating blade
passing. Stator blades were placed in such away
that they minimized interaction. Two different rotor
heads were avdliable : the former with equally
spaced blades and the latter with an uneven
seftting of blades to generate phase modulation.
The stator blades were equally spaced and the
distance from the rotor could vary by 1 chord. The
shaft position could aiso vary In the same range and
shells were built up to orfificially increase the shaft
diameter by a factor of 2, when adapting them
around it.

A pole equipped with 3 microphones, one 45°
above the fenestron plane (3). one in the fenestron
plane (2) and one 45° below, was rotating from 0°
1o 180° azimuth around the fenestron, at a distance
of 3m from the center head. The portion of space
covered comresponded to a half-sphere below the
fenestron, asin certification conditions (see picture
below). Acoustic sighalswere recorded continuously
and a real time treatment was done for a sample
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of 6426 points in the 0 - 6.5KHz fregquency range,
each 5° in azimut.

Figures 10 and 11: The fenestron on the whirl
tower. and the ccoustic setup

At Cepra 19, 25 microphones were placed to cover
a portion of sphere from azimuth 45° to 135° and side
angle from -45° to +45°,

Figure 12: The fenestron in the Cepro 19 anechoic
wind tunnel, Saclay, Jan. 93

Nominal conditions referred to hereafter cover the
tip Mach number M =0.565, fundamental frequency
foﬁ72 Hz

PHASE MODULATION EFFECT

Breaking the symmeftry of rotating systems to reduce
noise is a rather old idea (ref 2-3-4-5). Recently,
Léwy (ref 6) theoretically established that the overall
sound level (in Sound Pressure Level) isindependent
of blade spacing. providing the specium generated
by a single blade is flat enough. Mainly, the acoustic
energy, initially concentrated on several pure fones
(among them the blade passing frequency
B*omega), is spread out over multiple tfones,
according to the modulation chosen.

Consequentty, the sitong blade passing frequency
pure tone, responsible for the characteristic «shrill
noisen of the fenestron, which emergesin the range
of frequencies where the ear sensitivity Is at maxi-
mum, transfers a part of its acoustic energy towards
other frequencies, mast of them lower. A subjective
effective noise reduction may appear since the
«shrill noises is replaced by a more dishibuted nolse.
Therefore, more harmonics are less significant since
their frequencies or emergence are low ehough 1o
benefit from a de-emphasis in A-weighted noise
level (dBA) and mainly perceived noise level (PNLT
unitsy,

Figure 13 illustrates the effect of phase modulation
on the fenestron for nominal conditions at the hover
comesponding thrust.

. 2000 4000 6000 . O 2000 4000 6000
: fraquency (Hz}

Figure 13: Spectra comparison between the
moduled fenestron (right) and the conventional
one (left)

The conventional fenestron spectrum is dominated
by those pure tones emerging high above the
broadband noise, at frequencies multiple of the BPF
(Blade Passing Frequency). Moreover, the BPF tone
is dominant (between 10dB and 1508 higher). On
the confrary, the modulated fenestron exhibits o
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much richer spectum, parficularly in the low
frequency range.

Another benefit from this modulation is to
concentrate the acoustic noise level towards low
frequencies : in the presence of a main rotor, these
tones will be embedded in the main rotor spectum
and will not therefore emerge any more, thus being
de-emphasized thanks to A-weighted noise levels
or perceived noise levels,

The effect of modulation on signal directivity is
shown on fig. 14
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Figure 14: Modulation effect on global noise level

The conventional fenestron radiates noise in different
selected directions with a gap of 55 dB to & dB
between the lowest recorded level and the highest
one. On the confrary, the modulated fenesiron
radiates noise with a gap of 3dB {0 3.5dB according
to the direction. This results in areduced subjective
noise annoyance : people are more sensitive to
variable noise levels than to monotonous ones.

Lastty, this figure shows that the overall noise level is
even reduced : though modulation effect mainly
acts on subjective noise and not on overall noise,
1 dBa could anyway be saved.

These frends have been checked in forward flight,
too ; modulation effect acts in the same way on
spectum, exhibiting a 1 dBa reduction atlow speed
essentially.

EFFECT OF TP MACH NUMBER

So far the compromise between noise level and
performance is acceptable for a given helicopter,
an easy way to reduce the overall noise level is to
reduce the tip Mach number. This could be reqlistic
without much perfformance pendaliies, thanks fo
aerodynamic improvements performed on a previous
stucly (ref. 1 and § 1),

From a nominal configuration, three different tip
Mach numibers were selected on the modulated
fenestron :

Mto = 0.665
M1 =05 (- 11 %)
Mt2 = Q.441 (- 22 %)

Results are shown below:

GLDBAL NOISE LEVEL (d BA)

5 48a

[N
*

0.2 0.4 0.6 0.8 18

Figure 15: Tin spaed effect on golbal noise level

For a given mean blade ioad coefficient (Cyp). the
A-weightednoise levelisreduced by approximately
3.5 dBa for a reduction of 11% M; and 6.5 dBa for
areduction of 22% M; (average values on repetitive
experiments). Thisisin agreement with the commonly
used approximation of the loading noise varying like
&iogh;, dominant noise source for a fenestron.

In forward flight, it has been stated that the effect
of Mach number reduction, though important, isless
impressive : instead of a S0og(dMi/M1) law, it follows
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a dbiog(dMt/MD) law approximately, which gives
approximately a 2.3 dBareduction for 11% reduction
on tip Mach number.

STATOR POSITION

To reduce noise due to wake interaction between
the stator and the rotor, the stator was positioned
about one chord downstream from its nominal
position. Fig 16 below compares noise levels (in dBa)
between both configurations versus thrust.

kGl.!.')ﬂa\L NOISE LEVEL (d 8A)

0.2 .04 o 0.3 1Cim

Figure 1&: Stator position effect on global noise
fovel

For a wide range of thrust, experments show a 2 dB
decrease of noise level. Performance was measured
at the same time : no change was observed.

A position of the stator far downstream could lead
1o animpossibility 10 set the statorinside the exhaust
while keeping advantage of the diffusive guide
vane, with a short optimized exhaust (cf §1) to
minimize drag SCd.

Again, in forward flight, the reduction in noise level
is reduced compared with hover : It goes down to
1.5 dBa.

SHAFT POSITION

Usually, the transmission shaft is a rather big cylindric
element producing a major potential noise, since it
is embedded in the rotor wake, close to the rotor,
due to mechanical constraints.

Diameter and position from the rotor were
investigated. Doubling the shaft diameter has a
major negative effect for hover (+ 1.5 dB at low
thrust), while the effect of sefting the shaft one
chord downstream of Its nominal position is not
obvious, may be because this shaft is already thin
enough.

This result points out that minimizing obstacles
downstream of the rotor needs to be taken into
account early in the development phase to avoid
nolse and mechanical conflicts.

Forward flight measurements showed that the effect
of obstacles In the duct decreases as forward
speed increases, which is rather logical since, In
forward flight the fenestron acts as a «holer Qs
speed incregses, §

To sum up. experiments proved that ¢ reduction of
at least 6 dB along with an improved subjective
noise can reasonably be targeted on an dready
advanced fenestron without perfomance penaity
forhover. However, for forward flight, these gains are
slightly reduced: they fall down to 4.5 dB
approximatety,

To gain even more In dB for forward flight, effects of
loading according to speed and yow were
investigated. They showed that they could give a
large potential of nolse variation for all speedsin a
certain range of thrust,

Finally, noise measurements of the Cepra19 fenesiron
in forward flight showed a potential gain of about
-6 dB compared to the conventional fenestron
used during those experiments.

3. THE EC 135°s FENESTRON

.Butucoptsr

[EC 135 FENESTRON TAIL ROTOR|

Figure 17
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The EC135 fenestron will benefit from most recent
odvances achieved in the qerodynamic and
acoustic fields, 1o propose remarkable performance
while paying a special aftention to environmental
constraints, In that sense, thisis the very first fenestron
tobe developed under such stingent specifications.

Asrodynamic improvements

To match those specifications, the OAF advanced
airfoil fomity has been chosen. Also, a stator has
been placed In the exhaust, and special care was
put on minimizing necessary obstacles size in the
duct. The diffusion angle has been defined for the
best compromise between performance and side
wind manceuvrability, according to the results
obtained during the research phase (ref. 1).

These improvernents lead to a 7% increase of the
figure-of -merit in the positive range of thrust, while
delaying stall. Indeed, the maximum mean blade
lcad coeefficient has been increased by 37%
compared with the NACAS3 qirfoil family used on
the Douphin fenestron, as stated in § 2. Moreover,
compared 1o an advanced conventional tail rotor,
this fenestron exhibits a much better performance.

FIGURE OF MERIT T agT
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P CTR:
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0.2+ FOUR BLADED TAIL ROTOR

a4 g T g t T T
0 0.2 0.4 0.6 0.8 10 12
MEAN BLADE LOAD COEFFICIENT 6T/204
Om = Feraul i<

Figure 18: Isofated tail rotor efficiency

Also, the OAF girfolled blade provides a very iow
Cmg thus contributing to almost eliminate static
confrot loads.

Acoustic Improvements
Results obtained duiing the investigating phase and

presented above can be applied to compare the
estimated emitted noise (in dBa) for the EC135

fenestron with that measured on an Ecureuil
demonstrator (350Z) advanced fenestron during an
in-flight noise campaign performed in 1992,

The procedure of evaluation accounts for:

- geometical differences : diameter, chord, stator
positicn, shaft diameter, airfoil, modulation

- kinematic differences : BPF position, blade tip
speed

- performance differences : reduced mean-load
coefficient (Cim) for each flight case, fiy-over
and take-off speeds

This Ecureuil fenestronis close to the EC135 fenestron
in its overall description, though a litfle bit smaller,
The rotor is equipped with 10 evenly -spaced blades
{advanced aqirfoils), a stator and a thin fransrission
shaft placed a little it closer to the rotor than on
the EC135. The main difference comes from the tip
speed : 200m/s on the Ecureull and onty 187 m/s on
the EC135,

On the other side, the EC135 fenesfron, 1000mm
diometer wide, is equipped with 10 modulated
blades and a stater specially designed and placed
to minimize noise interactions, while optimizing per-
fomance and mass balonce.,

Moreover, its BPF is tower than that of the Ecureuil
fenestron, which can bing it some cdvantage in
noise units when in presence of Doppler effect in
forward flight (no 1/3 octave slip) or for pure sound
corections in the presence of the main rotor,

Compared to the Ecureuil demonstrator (which is a
lighter aircraft), predictive results obtained for the
EC1356 fenestron speak for themselves: for hover,
noise (expressed in dBa for an isolated fenestron)
should be reduced by 2 dBaq, while in fiy-over, it
shouid be 1 dBa less, and comparable for take- off.
This could lead to a dramatic increase In operators’
possibilities, as it is recalled in figure 19a below :
reducing ncoise level by 1.5 dBa means a 40%
increase in the number of flights and a 0% reduction
of noise contour area

(see Figure 19b).

Besides, improvements infroduced by the modula-
tion effect on subjective noise should be greatly
appreciated by the human ear : people around wil
not any more be affected by an aggressive «shill
noise,

Figure 20 gives comparative emitted noise levels
(in dBay) for isolated tail rotors equipping different
helicopters.
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Figure 19a: Increcse in number of flights
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Figure 19b: Neighbourhood noise contfours: 1 take
off/hour

As shown on Fig. 20a and 20b, the EC135 fenestron,
as far as the total gross weight is concemed, is a very
quiet fenestron, compatible with the ICAO -6 dB
certification requirements, as targeted durng its
development, and in the noise level range of the
NOTAR system. Moreover, as stafed on Fig. 20a. the
fan-in-fin concept leads to ¢ reduction ¢of the
overall noise compared to a conventional tait rotor,

Technologic impraovements

The technology retained for the EC 135's Fenestron
has already been proven in operational conditions.
Though this Fenestron involves no new technologies,
it features numerousimprovementsresultingfroman
extensive experence in service so as to obtain an
excellent reliability from the very early
productionization of the EC 135. The best cost-
weight-reliability compromise for this Fenestron size
leads to select light alloy blades whose leading
edge is protected against erosion by sand-laden
atmosphere, As a matter of fact, while the resistance
o erosion in Europe proves satisfactory, it appeared
too low during CHAD's war,

Compared to the resistance of the Gazelle’s blade,
the sand erosion tests show that the skin selected for
the EC 135's blade provides at least a 30% greater

EPNdB
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Figure 20a: Comparative noise fevels (EPNAB)
for different tail rofor generations

NCISE (dBAY

TAKEOFF ESTIMATIONS
- 5 dBA
AASJ;‘»SN'I
ate As3s0z O @ cci3s
4 [7] notar
MALS (Xg)
.............. ottt et
1606 2000 3000 4000 5000
NOISE {IBA} FLYOVER ESTIMATIONS
a
- $ dBA 2\ AS36581
-
ASI507
T O @eciss
3 noTAR
MASS (kg
ettt ettt Attt
1000 2000 3000 4000 5000

@ esimATION EC135

[} MEASUREMENTS MOS20H - NOTAR

Figure 20b: Comparative giobal rofational noise
levels (dBA) for different taif rotors helicopters

resistance. Since the EC 135°s blade chord is [arger
than the Gazelle (40 mm against 50 mm respectively),
the blade stail margin for the same size of defect is
more important on the EC 135’s blade., Moreover
thanks also to the RPM reduction, an improvement
ratio exceeding 2 is expected.

Furthemnore, a very special effort was made to
reduce the control loads and associated reactions
on biade bearngs, which of course results in weight
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saving but also increases the reliability of items such
as blade pitch hom spherical bearings and Toron
Joumal bearings that make the blade tum about the
pitch axis. This was achieved with blades featuring
not only better aerodynamic characteristics but
alse, an advantageous low Cm , coefficient and an
optimized setfing, which contrdbutes to reduce the
control loads. Then, the position of the blade pitch
horn on the leading edge very significantly
contributes to decrease the confrol loads.
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Figure 21: EC 135-Conlinuous pedals forces

in addition, chineese weights were optimized in
order to obtain static confrol loads ¢close to 0 daN
within the curent pitch ranges. Lastly, in order to
reduce the franslent control loads the feedback ot
the joumal bearings was reduced compared to the
Gazelle or Dauphin by Increasing as much as
possible the embedment between both beanngs
whose selected technology is that of the Dauphin.
This transient control loads reduction is all the more
great the pitch bearings diometers are smali.

So, the friction loads are reduced, which therefore
decreases the dynamic loads.

The technology used for the tension-torsion straps
Is derived from the Gazelle which has largely been
proved and has shown no failures in 3.6 100 flight
hours. In order to facllitate the maintenance and in
so far as the Fenestron inside diameter allows, one
rmetal tension-torsion strap per blade consisting of
several ships with a small thickness and different
widths so as to reduce the torsion stiffness as far as

possible is used.

All five actions, i.e. low blade Cmg optimized
chineese weights, iarge embedment between both
blade joumal bearings. geometry of tension - forsion
straps and optimized position of the blade pitch
hom, result in quasi null control static loads and as
low dynamic loads as possible within the curent
pitch ranges (see Fig. 21). The calculations have
shown that with all these opftimisations the sfatic
confrol loads tevel isreduced by $0% in comparison
with a non-optimized Fenestron, Conceming the
transient loads, we have a reduction of 50%. The
flight tests will allow to decide on the usefulness of
a servo-unit,

These low confrol loads have allowed to oversize
largely the control bearing which is located inside
the tail gearbox and ubricated with the TEB oil. The
lubrication of this bearing and the flowing of any
chips to the magnetic plug, which was made very
eqsy, were especially taken care of,
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The hub and the spider are machined from a drop
forging, which provides it a good low-cycle fatigue
strength under cenfrifugal loads. This technology is
derived from the Dauphin which proved the reliability
of such a concept compared to a stamping which
caused problems on the first Dauphin versions (Fig.
22 and 23).

Nifrided and ground tooth gears as combined with
the use of a mineral ol give the tail gearbox a very
high reliabiiity, A very special care has been taken
on TGB maintainability by cancelling any adjustments
when replacing spiral-bevel gears. Since the effects
of variable casing dimensions on tooth contact
pattems and the accuracy of tooth surfaces have
perfectly been controlled, it has been possible to
eliminate the spiral-bevel pair setting shims and any
possible replacement of a pinion does not require
returning the gearbox to the factory, which
considerably reduces the maintenance cost.

In order to make easier the operationalmaintenance
procedures, the main components of the
mechanical set are interchangeable without
balancing or setting. So the biades are individually
balanced and the length of the tail gearbox control
rodd Is calibrated, which aliows to replace either the
tail rotor or the fail geartbox without adjusting the
control channel.

The Fenestron airframe assembly (shroud, duct and
fin) is in compound sandwich (Nomex honeycomb,
glass/carbon hybrid cloth, high temperature (180°C)
and non toxic resin). This is composed of four parts
(see figure 24). So lt avoids the intergranular and
atmospheric corosion and the faligue cracks in
comparison with the metallic Fenestron. The damage
tolerance is improved (10 pick-up points provided
by the stator blades, siow cracks propagation
speed (less shapes to inspect, increased sensitivity
and repair damages criteria (20 mm)). At last, the
mean time between inspections is greater,
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Figure 24: Composite fin

CONCLUSION

The EC 135's Fenestron is today's best solution to
ensure the anti-torque function of this helicopter, It
tokes advaniage of the very extensive experience
gained on the Gazelles and Dauphins and the

R & D activities (OAF blade airfolls, stator, shroud
geomelry, phase modulation, rotafion speed
optimization, ...) camed out durng the last twenty
years which give the EC 135'sFenesfron remarkable,
so far unmatched, gerodynamic performances
while cancelling the ear nuisance generated by the
shrill noise from fommer generation Fenestrons.
Moreover, the technologies retained for the various
components of this Fenestron dllow to reach very
high reliability levels, which cuts down the
maintenance costs that are all the more reduced
as special efforts were made 1o facilitate the
maintenance operations.

So. the EC 135's Fenestron is a major step into the
tail rotor field which maternalizes all the experience
accdired from 5 x 10° flight hours and R & D resuits.
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