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What‘s new about the Fourth Generation?
+ Fighters will be more powerful yet easier to fly („carefree“) 

but
- tremendous degree of information will be available
- scenarios will be more complex

pilots mental and physical stress is increased
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And the pilot?

• He must cope with
– flying his jet
– maintaining SA
– operating his system(s)
– communicating ...etc

fulfill his task efficiently 
under high G whilst maneuvering
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- has been existing for a long time (e.g. Ju-87 Stuka/P-51)
- 9 g and more since late 1970s 
- pneumatic systems,  pressure breathing under G
•• MAX „G“ LONGER AND MORE OFTEN MAX „G“ LONGER AND MORE OFTEN in 4th generation

The High-G 
problem
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GOALGOAL
• Relaxed 9 g
• Full Protection

SolutionSolution
as as of of todaytoday

– Full coverage 
anti-G trousers

– Positive 
pressure 
breathing gear
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+ very good g-protection 
(although „relaxed 9 g“ 
not achieved)

o Bulk
o Comfort
o Effects of Pressure 

Breathing?

- severe arm and foot pain
- delayed effect upon rapid 

g-onsets

THE REALITY SHOCK
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Here comes the „Libelle“ option

– Brilliant, simple principle

– Long development history
(Yeager, Atlantis Warrior)

– Swiss „go“ in the 1990s

– Early German involvement

– High degree of maturity

� A promising alternative 
� at the right time
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The potential benefits of The potential benefits of LIBELLELIBELLE

– AutonomousAutonomous operationoperation
–– Instant gInstant g--protectionprotection
–– Low pilot fatigueLow pilot fatigue
–– Absence of Absence of arm arm painpain
–– Communication Communication not restrictednot restricted
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BUT

Centrifuge and flight trials 
gave evidence that

• „active pilot“ is required

• special, adequate straining 
technique is mandatory

• traditional M1 is counter-
productive
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Operational TrialsOperational Trials
with with 

AntiAnti--GG--Suit „LIBELLE“Suit „LIBELLE“
on MiGon MiG--2929
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OverviewOverview

•• IntroductionIntroduction

•• Milestones LIBELLEMilestones LIBELLE

•• Hot Weather Trial at Nellis A/BHot Weather Trial at Nellis A/B

�� ConditionsConditions

�� ResultsResults

•• SummarySummary

•• Tactical AdvantageTactical Advantage

•• Way aheadWay ahead
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LIBELLE GLIBELLE G--MultiplusMultiplus

LiquidLiquid--filled Antifilled Anti--GG--Suit  (2,5 ltr in fluid muscles)Suit  (2,5 ltr in fluid muscles)

••autonomousautonomous

••independentindependent

••full coverfull cover

••instantinstant
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Milestones LIBELLEMilestones LIBELLE

Oct  2000Oct  2000 -- Presentation at SAFE SymposiumPresentation at SAFE Symposium ��

Oct  2000Oct  2000 -- Integration Study EF 2000Integration Study EF 2000 ��

Jan  2001Jan  2001 -- First Flight on MiGFirst Flight on MiG--29 Trainer29 Trainer ��

May 2001May 2001 -- Centrifuge/Flight Training Centrifuge/Flight Training 10 MiG10 MiG--PilotsPilots ��

Jun  2001Jun  2001 -- Demo to EF 2000 Partner NationsDemo to EF 2000 Partner Nations ��

Jul   2001Jul   2001 -- Test Flights at Nellis A/BTest Flights at Nellis A/B ��

Sep  2001Sep  2001 -- SP + UK SP + UK AssessmentAssessment TrialTrial �� IT in MayIT in May
Feb  2002Feb  2002 -- Long Term Trial on MiGLong Term Trial on MiG--2929
Mar Mar 20022002 -- High Altitude ProtectionHigh Altitude Protection
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Operational Flight 

Test
(Phase 1) Training Flights

(Phase 2)

Operational
Evaluation

(Phase 3 & 4)
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LIBELLELIBELLE
Hot Weather TrialHot Weather Trial
Jun 27th Jun 27th -- Jul 16th 2001Jul 16th 2001

NELLISNELLIS

PrePre--conditionsconditions:    :    Centrifuge TrainingCentrifuge Training
4 Training4 Training SortiesSorties

MissionMission:: Hot Weather TrialHot Weather Trial
•• in operational in operational flight conditionsflight conditions
•• extreme extreme weather conditionsweather conditions

ConductConduct:: 43 43 Sorties flownSorties flown
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ConditionsConditions

TempTemp:: 24º C 24º C -- 46º C OAT46º C OAT

GG--Load maxLoad max:: 9 g for 20 sec9 g for 20 sec
6 g for 40 sec6 g for 40 sec

GG--Load averageLoad average:: 7,5 g 7,5 g -- 8 g for 10 sec8 g for 10 sec

AircraftAircraft:: 6 MiG MiG -- 2929

Pilots:Pilots: 4 with LIBELLE4 with LIBELLE



Mar 2002 

GAFCOM

German Air Force German Air Force CommandCommand

ResultsResults

GG--ProtectionProtection:: comfortable comfortable up to up to 9 g9 g

Thermal StressThermal Stress:: -- equivequiv. to. to standard equipmentstandard equipment
-- with with cooledcooled liquid 30 min/ 45º Cliquid 30 min/ 45º C

DurationDuration:: 6 6 hrshrs 25 min( 2 25 min( 2 sorties sorties + + briefingsbriefings))

PilotPilot FatiqueFatique:: lessless,, lower lower heartheart raterate ((160160))
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ResultsResults

SizingSizing:: essentialessential

PainPain:: no arm pain - no foot pain

MobilityMobility:: restrictedrestricted

DonningDonning++DoffingDoffing:: 1 min 30‘‘ to  2 min1 min 30‘‘ to  2 min

CommunicationCommunication:: not restrictednot restricted
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ResultsResults

Con‘s:Con‘s:

• Sizing & Fitting

• Mobility MobilityMobility



Mar 2002 

GAFCOM

German Air Force German Air Force CommandCommand

SummarySummary

�� GG--ProtectionProtection

�� CommunicationCommunication

�� Thermal Thermal loadingloading

�� PainPain

�� IntegrationIntegration
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SummarySummary

�� NewNew Straining TechniqueStraining Technique

�� PhysicalPhysical FitnessFitness
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Tactical AdvantageTactical Advantage

�� Enhanced combat effectivnessEnhanced combat effectivness

�� Higher Sortie Higher Sortie RateRate

�� IncreaseIncrease of of flight safetyflight safety

�� SurvivalSurvival post post -- ejectionejection
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Way Way AheadAhead

•• TestingTesting
��EjectionEjection Trials, Trials, SurvivalSurvival Trials Trials 
��IT Evaluation Test on MiGIT Evaluation Test on MiG--29  05/200229  05/2002

•• HighHigh AltitudeAltitude Protection Protection started started 02/200202/2002
•• Qualification Qualification for MiGfor MiG--2929
•• NBC ProtectionNBC Protection

�� Integration Integration intointo EF 2000EF 2000
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TrialsTrials

High Altitude ProtectionHigh Altitude Protection

Feb 2002Feb 2002
•• 33 ChamberChamber Flights up to 65.000 Flights up to 65.000 feetfeet
•• 99 RapidRapid DecompressionsDecompressions 58.00058.000 feetfeet

CentrifugeCentrifuge

asas of 13of 13 MarMar 20022002

Total runs - 137137 in 2001/ total 614614
Max Gz - + 9 Gz for 61 sec
Push/Pull man.   - - 1.5 Gz/+9Gz
G-onset rate - + 5 G/sec
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TestingTesting

WindblastWindblast -- 600 kts600 kts

Water SurvivalWater Survival -- FR / NL / USAFR / NL / USA

Flight TestsFlight Tests -- Lw MiGLw MiG--2929-- 88 88 sortiessorties
FF--16 RNLAF, 16 RNLAF, 
FF--16 USAF, T16 USAF, T--38 USAF, 38 USAF, 
Mirage2000 Mirage2000 -- 90 90 sortiessorties

GAF GAF CertificationCertification -- June June 20032003
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QuotesQuotes

Squadron Squadron Leader Hargreaves Leader Hargreaves -- RAF Test Pilot:RAF Test Pilot:
„ The Libelle „ The Libelle suit proved suit proved to to give excellent protection give excellent protection 

up to and up to and inclincl. + 9 . + 9 GzGz, with a , with a limited amount limited amount of of trainingtraining....
....Arm ....Arm pain pain was was eliminatedeliminated..
........Fatigue levels were noticeably minimisedFatigue levels were noticeably minimised.“.“

Major Major Jacobo Jacobo Lecube Lecube -- SPAF Test Pilot:SPAF Test Pilot:
„ Easy-to-perform Straining only required to sustain load
factors higher than 6 g‘s.

Allowing clear communication during long high-g profiles.“
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Why GE AF needs new Anti g-Solution ?

ConventionalConventional AEAAEA-- Systems Systems 
-- arm/arm/foot painfoot pain

-- thermal stressthermal stress
-- pressure breathing effectspressure breathing effects

leadlead to:to:
- loss of communication under high-g in combat

- operational limitations
- combat aircraft capability restricted
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Questions Questions ??
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Pneumatic Anti-G
Equipment

LIBELLE

Basic Principle air as compressible
medium leads to an
uneven pressure
distribution

non-compressible
fluid: optimised
pressure distribution

Time Delay up to 2 seconds due
to mechanical
components

instant protection

Thermal Discomfort high, because of
rubber bladders

low, due to the use of
air permeable
material

Arm Pain experienced mainly
in conjunction with
PPG; can hardly be
tolerated by pilots

Libelle arm protection
eliminates arm pain
completely.
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DifferenciesDifferencies
SWE Tactical Flight SWE Tactical Flight combat suit combat suit -- LIBELLELIBELLE

Full Full Coverage antiCoverage anti--gg--suitsuit -- single Combisingle Combi
Chest counter pressure bladChest counter pressure blad.. -- nilnil
Flight Flight jacketjacket -- Flight Flight jacketjacket
Oxygen mask Oxygen mask for PPGfor PPG -- nilnil
AntiAnti--G G valvevalve -- nilnil
PPG PPG regulatorregulator -- nilnil,, only for PPAonly for PPA
Warning SysWarning Sys -- nilnil
Immersion suitImmersion suit -- standardstandard
NBC NBC garmentgarment -- not yetnot yet
Material Material Nomex Nomex DD -- Nomex Nomex DD
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Questions Questions ??
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