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The Eurocopter X³ Hybrid Helicopter
Making high-speed cost-effective

Jean-Michel BILLIG
HELITECH – SEPTEMBER 28th – IMPERIAL WAR MUSEUM DUXFORD
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Eurocopter X³ Hybrid Helicopter

History of Eurocopter’s high speed helicopters

Objectives of the X³ program

Selecting the X³ configuration

Creating the X³ prototype

Flight test aims

First results

Flight test plan

The future
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Flettner FL185   1936   approx 50kt
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BO105 HGH    1975    218 Kt

Principal Characteristics
• Faired main rotor hub
• Large wings
• Skid tubes removed

Lessons Learned
• Spoilers required to 

descend
• Windscreen strength
• Flutter
• Blade track split
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Gazelle SA349-2   1977

Principal Characteristics
• Wings to increase load 

factor

Lessons Learned
• Need to add spoilers to 

achieve normal 
autorotation
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Dauphin Grande Vitesse   1991  201 Kt

Principal Characteristics
• Fired main rotor hub
• Cleaned fuselage
• Reduced rotor speed
• Uprated gearbox

Lessons Learned
• Importance of faired rotor 

hub
• 200kt barrier for the 

conventional helicopter 
configuration
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Objectives of the X³ Program

Cost-effective high-speed flight
Realistic configuration for real markets and real missions
Helicopter-like operations

• Helicopter versatility in hover
• Helicopter mission versatility
• Helicopter autorotation characteristics
• Minimal aircrew training
• Use of existing heliports

Low environmental impact
• Low noise
• Low downwash
• Low fuel consumption

Payload / Range
• Superior due to efficient helicopter rotor

…and all at an AFFORDABLE COST
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Rejected Candidate Configurations

Blade tip propulsion with propulsion propellers
• Noise generated by bulky motors on blade tips

Pusher propeller plus tail rotor
• High power through long rear transmission shaft

Ducted steerable pusher propeller
• High power through long rear transmission shaft

Conventional rotor with turbofan propulsion
• High weight and fuel consumption

Tandem rotors
• High complexity – good for transport but not best for speed

Tilt Rotor
• Complex mechanics, asymmetric vortex-ring, high downwash, low hover efficiency

Contra-rotating rotors
• High vibration due to very rigid rotor, poor hover efficiency, rotor head resistance
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X³ Configuration Criteria

Good hover performance requires low disc loading
• Existing conventional rotor

Rotor speed reduced at speed to avoid advancing blade drag
• Large rotor RPM range

Wing to unload rotor to avoid retreating blade stall

Auxiliary propulsion to avoid low lift/drag ratio at speed
• Turboprop efficiency of propellers
• Props and rotor driven directly from main gearbox
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The X³ Technology Demonstrator

Modified
Conventional Propellers 

for
propulsion and anti-torque

EC155 Main Rotor2 x NH90 Engines

Dauphin
Fuselage

Modified
EC175
Main
GearboxSpecially

Constructed
Tailplane

Specially
Constructed

Propeller
Gearboxes

Constructed mostly using existing components
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Test Program Methodology

Working in total secrecy within the factory for 2 years

Extensive simulation to test configuration and to design controls

Smallest possible team including the finest experts

Validation of the concept in undisturbed environment

Flight tests conducted at Istres test centre for secrecy

Military registration and full secret cooperation of the authorities
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Aims of the Technology Demonstrator

Proof of Concept of:
• Aircraft Control and trim strategies
• Anti-Torque and yaw control
• Propulsion
• Rotor speed governing
• Power management system



13

O
rg

 a
cr

on
ym

 /
 n

am
e 

of
 a

cc
ou

nt
ab

le
/ 

na
m

e 
of

 d
oc

um
en

t 
/ 1

,v
.0

 /
 /0

3/
10

/2
01

1/
  

  
   

   
   

   
   

©
 E

ur
oc

op
te

r 
rig

ht
s 

re
se

rv
ed

 

Results of Phase 1 – Sept to Dec 2010

Achievements
• 185 Kt   at   500 ft
• 12,000 ft
• 60°bank angle
• 2 g
• 12 Flight Hours

Handling qualities
• Hands off stability without autopilot or fly-by-wire
• Simple trim control of propulsion
• Easier to fly than conventional helicopter

Problem overcome
• Feedback oscillations in wings during first flight only

• Solved by use of flex-ball control element
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Results of Phase 2 – Started April 2011

• 232 Kt in level flight
• The design aim was 220 Kt
• Only 80% of full power was used

• 25 flight hours total by the end of May
• Hands off stability without autopilot or fly-by-wire
• Very steep climbs at up to 50°slope
• Higher speeds are clearly within reach
• Preparation for display at Le Bourget Air show
• Daily flight at le Bourget Air show
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The future

Transpose the proof of concept into the 
product family
Which weight class is optimal for this 
configuration
Define which types of missions are most 
suited:

• SAR
• Distant Offshore
• Attack
• VIP

Validate 
• mission cost-effectiveness
• Cruise and hover performance
• 50% more speed for…
• 10-20% more vehicle cost
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Eurocopter X³


