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ABSTRACT

The Dauphin Grande Vifesse (DGV) is an upgraded version of
the X380 experimental helicopter designed to gather
aerodynamical data on conventional helicopter rotor behaviour
af high cruise speed,

X380"'s new rotor and upper fairings had proved successful and
had affowed this helicopter to be flown with ease and increased
controtiability of the boundaries of the production Dauphin N1
flight envelope with standard engines. The vibratory level was
also found to be lower than that of the standard Dauphin
atthough the suspension system had been locked.

The bauphin Grande Vitesse is equipped with 2 ARRIEL 1X
power plants, each developing up to 660 kW (884 shp) at
standard seq level, arelnforced (1200 kW: 1667 shp) maln gear
box, new servo controls and hydraulic system and o teinforced
structure,

Special care has been devoted to streamlining, with parficular
attention to protuberances.

The fin is equipped with an elecirically frimmable rudder to
reduce the power needed in cruise flight and oblique climb as
well as to improve yaw control in autorotation.

The Dauphin Grande Vitesse started its successiul evaiuation
fricls ot the beginning of March 1991 and eventually broke the
200 Id barrier while bedting the world speed record in the E}
class on 3 km distance with 372 km/hr (200.86 Kki).

This paper covers the aircraft description, developmental and
fiight envelope extension tests, test resulls and interpretation
and, finally, the lessons learned from this programmae.

This paper covers the aircraft description, developmental and
flight envelope extension tests, test results and interpretation
and, fingily, the lessons legrmed from fhis programme,

1. INTRODUCTION

Although the press essentially focussed its attention on the
speed record, the Dauphin Grande Vitesse (or DGV for High
Speed Dauphin) was not set up as d record breaker,

DGV is, basically, a research aircraff infended to gather
ceradynamical dota of high speeds, faking advantage of its
predecessor's archifecture to ease the design of the next
helicopter generation.

This task is part of Eurocopter policy as regards the generail
enhancement of helicopter technology and design.

8eing g fundamental resecrch fask, the DGV programme has
been partly funded by the French Official Services (Direcfion
Generale de I’Aviation Civile (DGAC) ard Services Techniques
daes Programmes Agronaufiques (STPA)) which then had the
opportunity to have the helicopter tested by thelr own pilofs
from Centre d'Essais en Vol (C.EV.).

2. AIRCRAFY DESCRIPTION

DGV can, at first glance, be identified by ifs 5- blade rofor with
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parabolic tips fully infegrafed within the global upper deck
fairing. It Is not different, up fo then, from Hts Dauphln X380
predecessor (Fig. 1)

NEW ROTOR AND UPGRADED MGB

UPGRADED ENGINE

NEW CONTROLS

NEW RUDDER SPECIAL STREAMLINING

Figure 1. General View

Looking more carefully, one can notlce some changes in the
fall (Fig. 2y which now bears a rudder and smalier empennage
endplates: considerable efforts were also devoted to fuselage
and fairlngs streamiining.

TRIMMABLE RUDDER

Figure 2: Yaw Confral System
The laifer characteristic Is not usually noficed since a ¢lean
alrcraft tocks naturalas # should always be, but with a
considerable amount of work!

The most significant evolution, however, is not visible,

In order to reach the objectives assigned. the Instafled power
was Increased by nearly 20% with the new ARRIEL 1X engine
while the maln gear box permissible torque was Increased by
30% by uprating the last epleyctic stage. A full set of modifl-
cations was thus infroduced Including for the main pard

- Structural reinforcements
- A full hydraullc systern change

the latter because It was Impossible To cover single hydraulic
fallures at the boundaries of the scheduled flight envelope with
the existing system,

Howewver significant these modlfications may appecr, they
were conducted with minimum costs and delays becouse they
had been scheduled from the very early X380 stages. Space
reservations, minor modiflcations In X380 deflnitlon and even
flight testing Insfrumentation could then be introduced af the
maost favouragbie time,

When summarizing the evolutions introduced during the X380
or High Speed Dauphin programme. one ends with a vittually
new MGB/rotor/control system, Including 3 patented helicopter
technology Iimprovements (Fig. 3)

NEW ROTOR HEAD INTEGRATED NEW SWASHPLATES
NEW DAMPERS ROTOR - MAST (PATENTED)
(PATENTED) (PATENTED)

NEW HYDRAULIC NEW SERVO UPRATED
GENERATION AND CONTROLS EPICYCLIC
DISTRIBUTION STAGE

Figure 3: Rofor and MGB

The X380 programme was technology oriented: DGV was ifs
logical performance - orlented follow-on.
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3. FLIGHT TESTING

During its 25 hours of flight testing, the alrcraft covered an
envelope that had not previously been explored (Fig. 4 and
gathered considerable data which alfowed the analysis of
varfous phenomena to be conducted successfully. The most
Interesfing of these were related to:

- The influence of rudder In varlous flight phases

- The Influence of rotor RPM on performances

- The influence of Mdach number on performances

- The accuracy of the performance and vibration models
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Figure 4: Flight envelope

3.1 influence of rudder in various fiight phases

Every conventional helicopter needs to unload its tail rotor
systern In crulse flight to save power, generally via the vertical
surfaces supporting the fail rotor. The fenestron system ltself
Includes a real alrcraft-type tail.

On the one hand. these vertical surfaces allow satisfactory
power saving at thelr dimensioning speed and help unload the
fallrofor/tan of iInfermediate speeds but they tend, onthe other
hand, to create a parasite momentum when auforotating with
substantiat forward speed.

A friple advontage can be expected when fiiting ¢ rudder:

.Optimizing the rudder’s setting in forward flight can elfher
Increase (below findimensionlng speed) or decrease (above
fin dimensioning speed) the fin's lateral U o minimize the
power required at the tall rotor, Performance is then improved
in fwo ways:

a.The total alrcralt drag is reduced because the rudder’s drag
Is far below that generated by the fail rotor system

b.The power saved can be re-routed to the main rotor, thus
enhancing pefformance.

Optimizing the rudder’s crulse setfing has ailowed gains up to
5 kt at iso- 1000 kW reduced power or a 75 kKW saving at 1so-
175 «t (Fig. 5).

2.The same reasoning applies in climb, where the rudder, when
correctly set, allows a 7% increase in the maxiroum rate of
climb with all englnes operating compared to ¢ configurd -
fion equivalent fo an absence of rudder (Fig. 6a)

Gains are also to be expected in One Engine Inoperative (OED
conditions. Saving being propoitional to speed, there is o
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Figure &: Crulse Advontage

marginal Intetest in Category A’s first segment where speed is
low. However. d substantlal increase In Category A's fake - off
welght can be expected when the second segment is the
limiting factor (Fig. 6b),
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Figure 6b: RO.C. advantage

3. Using the rudder to cancel the Iateral tift while auforotating
allows for a considerable increase in yaw authority whatever
the forward speed may e, The VNE limif existing inauforotation
can then be cancelled (Fig. 7).
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figure 7: Auforotation advanitage

3.2  influence of rotor RPM on performances

The optimization criterlon that was selected was dviinimum
Power Required»,

A nurnber of flight tests wete underaken ot various rotor speeds
ranging from 335 to 365 RPM to evaluate the effects of this
criterion. The general rend that was established was that DGV's
optimum rotor RPM Increases with speed but It 15 not yet clear
by how much, because of couplings with other asrodynamic
effects. This point Is still being studied,

indeed, numerous problems prevented using In very high
speed flight what was believed to be the optimum RPM. These
problems were chiefly related to:

1. Control margins and mainly collective pitch travel, although
this had been Increased

2. Stress on engine/gearbox couplings. Should the experiment
be continued, these standard ARRIEL parts could easily be
replaced since they wete considered disposable In this
experiment because of their simpliclty and relatively low
cost,

3. Maxirmum main gear box torque. Higher RPMs were used to
increqse the power transmiffed without overeducing the
MGE's fatigue life

4, Engine regulation margins

Despite those limitations, DGV objectives were reached as
evidenced during the speed record. The rotor speed for this
flight had been setf to 357 RPM.

3.3 Influence of Mach number on performances

Allthings belng equal. the effect of temperature on performan-
ces via the Mach number Is one of the significant lessons
learned during the DGV trials.

Incleed, tests did prove that the sole application of p/pQ

deparametering was no longer sufficlent for perfformance
calcuiations af high speeds, In fact, the Mach number in-
fluence is to be taken Into account from 120 ki,

This phenomenon can be summarized ¢s follows:

1.drag is diverging to a specific Mach value in each airfoil
composing o blade (Fig. 8)

2. The rofor zones where the dirfolls are exceeding this vatue are
influenced by flight conditions (speed and 1otor RPMY as well

as femperatuce via the Mach number, VA T by definition.

Figure 8: Zero-lift drag of Dauphin biade airfolls

The temperature’s varlation has liftle effect while the speed
remalns tow because the evolutlon of the related Mach number
changes the airfoll CdO only slightly, Beyond 120 ikt however,
the CdO divergence value Is exceeded in some rotor zoneas
because of temperafure varlation and this leads to excessive
power consumption.

3.The rotor disk zones affected by drag divergence are
presented in Fig. 9 at 90, 150 and 200 ki speed as well as 0°
and 20°C temperature. If can be noted that the deviatlon Is
significant!

--------

TAS = 150Kt

Figure 9: Rotor disk zones with diverging Cd0 (iso CxMP}
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Those same zones are presented at Iso - Mach in Fig. 10ina DGV
flight configuration at 4180 kg corrected weight, 20°C outside
temperature and 90/200 kb speed.

TAS = 200Kt TAS = BOKt

15C MACH

Figure 10: Rotor disk zones with diverging CdO (iso-Mach)

4. Flnally, the necessary power curve caiculafed in two DGV
flight configurations at 4150 kg conected welghf and 0/20°C
outside tempercture are presented in Fig. 11.

75 KW 7

T=0C
//
sl
<
‘4/
—

Figure 11: influence of Mach number

The deviation plotted amounts to 75 ¥W at iso- 190 & speed or
somewhat more that 4 kt af iso- 1200 kW power

The Integrality of fhe DGV flight tests at high speed was nafurally
processed with due consideration for these facts

3.4 Accurgcy of performance and vibration models

The calculation models were permanently readjusted throughout
the test friais.

1. by modification of the caleulafion modes whenever a new
phenomenocon could be explained

2. by adapatation of the eguations’ coefficients as a function
of the test results

As a comsequence, the curent models offer satisfactory
calcuiation/flight measurement correlations. They are
considered usable at the speed ranges being explored, with all
the more confidence since they are close to the measured
weight, alfifude. femperature efe.

Model aeccuracy is thus betfer than 2% as regards DGV
performance catcutations and it is estimated that it should
remainwithin 2:5%forthe calculations of those weight envelopes

different from that of DEV.

The most speciacular, inthat it probably was the least expected.
result Is the quality of the vibration measusements correlation,

Vibrations are generally more difflcult to predict because to the
complexity of the rotor head exciting forces and moments’
prediction model (R85 with flexible blade) must be added the
complexity of the fuselage’s finite element modet and the
extreme delicacy of the fransmissibliitles” evaluation in anmysli-
tude and., mainly. phase.

Fig. 12 gives an ideda of the results obtained. However, If must
be noted that the latter are slightty readjusted in amplitude by
the flight measurement points.

PILOT SEAT (G2)

XXX NR =337 RPM
+ ++ NR =350 BPM
0.83— « »» NR=343 RPM
000 NR =358 RPM

NB: DGV SUSPENSION IS LOCKED

FLIGHT TEST
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Figure 12: Vibration rmodel aecuracy

4. THE WAY AHEAD

DGV demonsirated that the performance and technology
necessary o design a new civit high speed helicopter are now
famitiar,

indeed, performance and stress estimation proved quite cor -
rect and the essential new parts suffered very liftle damage as
shown in Fig, 13.

DAMAGE (%) NE: 100% DAMAGE = PART TO BE REFLAGED
25 l WORLD SPEED RECORD FLIGHT
LOW AP FLIGHT " LEFT
20 ] — ENGINE
¥
COUPLINGS
' i
l PARTS
15 I L] Gl M—
— et
ol ! /
! MGB
F
5 ] — ENOINE 1
’ / V/ ENGINE 2
oLt - T
5 10 15 20 25

FLIGHT HOURS (H)
Figure 13. DGV damage
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Howewer, some fields still need to be Improved and, in particular:

1.

Nolse, either Infernal or external. Is an important concern:
DGV recently completed flight test frials intended to measure
external nolse (ICAQ) af varlous alrspeeds and rotor speeds
(as low as 325 RPM).

. Vibratlons, a prime characterlstic s far as comfort Is concerned:
DGV2 has been fasked to flight test an active suspension
system ot high speeds by 1994,

. Integratfion of new concepts: These, Including new blades, a
damage tolerant main gear box with new materials and
rucider control laws shall be flighttested Ina new demonsteator,
The latter will gather every concept vaildated separately and
Is also almed af exploring high manosuwrabllity af high speed
and maximum take - off welight.

This Demonstrateur Tres Grande Vitesse (or DIGV for very high
speed demonstrator) shall be the ultimate follow-on of the
X380-DGV family. lt Is scheduled before the end of the century.

No decision Is in sight regarding a commerciat high speed
offspring of DGV although It can be cerfain, as speed history
shows (Fig. 14), that the next generation helicopters will crulse
faster than the current ones.

SPEED (KM/H)
400

|
F
WORLO SPEEDRECORDS .y
(3 BASIS) 7
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300 / BAUPHIN
ug
ug) I
”}F PUMA. _  COMMERCIALAS
ﬂg:.i,_ ARCRAFTS
200 l P
AOTETTE 2
100 ¥ =
1930 1950 1970 1990 YEARS

Figure 14: Speed history

The fulure of fast cruising helicopters Is, in any case, relafed to
a commercial intetest in speed But that is another story!
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