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Abstract
On February 25th 2004, Japan Aerospace Exploration Agency (JAXA) and Mitsubishi Heavy Industries,
Ltd. (MHI) conducted a crash test of a Mitsubishi MH2000 prototype helicopter. This is the 2™ helicopter
full-scale crash test in Japan. The test conditions were 7.5 m/s vertical and 9.6 m/s horizontal velocities on
to concrete with 2.7° nose-up pitch. The test article was suspended under a 22m length [-rail-beam with a
trolley which was installed on the position of main rotor head. The rail beam, whose one side was fixed to
an arch frame and the other side was hoisted by a crane, was inclined at an angle of 36° . The test article
slid along the rail from the height of 9m and it crashed to concrete floor. The helicopter was instrumented
with 140 accelerometers on the structure, seats, and ATDs (50lh percentile anthropomorphic manikins). 45
strain gauges on the structure and the seats and 6 load cells on seat belts. Photographic data were collected
with standard video cameras and high-speed cameras. Crash data of the test will be used to validate a

computer simulation of the full-scale crash test, developed by using a nonlinear transient dynamic finite
element code LS-DYNA.
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2. ZEEIONY AT YRR 2. MHI's Helicopter Development & Applied Technologies
(1) SH=60] Development of SH-603
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3. Examples of Advanced Technologies

WZDWTEFHE LD, {k 4%%0)%%{2;@%% z = CFD analysis for complete rotorcraft
+ Overset grid method has been developed to apply
M fifiﬁ B3R BZTTT@BThﬁ 1% 3 {4:3}%) G Do to rotorcraft CFD but it takes much time because
N of interpolation data between grids.
( 1 ) IEIf’lE fj& CF Dﬂ*Tﬁ(D 5 ;%EE) = Cartesian grid method with moving surface is
D$E(n$&@/\$& CF Dﬁq:*}:r 1 EWMSE Yz developed to analyze complete rotorcraft easily.
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Bell / Agusta’s New Products
Bell / Agusta Aerospace Company
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e BA609 has advantage in long range (500 nm)
missions that require vertical flight operations

e BA609 has time advantage over all helicopters
over 50 nm (twice as fast)

Data analysis:
Boeing Co. Canaan Group Aero Strategy



Seat Miles per Year
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BA609 has
turboprops

runways for take-off/landin

much higher cost than similar sized
and business jets, but does not need

BA609 offers potential for significant time savings
over fixed wing for ranges 50 to 500 nm avoiding
time consuming ground travel for security/privacy
conscious customers

Data analysis:

Boeing Co.,Canaan Group,Aero Strategy
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Performance —

Characteristics —

E

= Speed 275 kts

= Range 750 nm

= CAT A operations

= § passengers

= All weather (IFR, known icing)
= 25,000-ft ceiling

= 50% quieter than any other helicopter

= Highly maneuverable; easy to fly

= | ower pilot work load than any other helicopter

= | ower maintenance than medium/heavy helicopters
= Fits in same space as 576 or Beech King Air series

lying in helicopter mode

- 15 degrees

e




> Fuselage pressure tests to 8.1psi
(Requirement for 8,000ft cabin at 25,00ft is 5.5psi)

> Flight control system software
development for full conversion
flight

» Return to flight planned for late 2004 in USA & 15t Quarter
2005 in ltaly

= Certification is planned for 2007

» 3000 hour flight program with four aircraft to include:
— Hovering envelope
- Conversion corridor

- Airplane envelop




MAIN DATA

Max TOGW with Internal Load
Max Useful Load

Max Standard Fuel

Auxiliary Fuel Tank

Configuration
Passengers

6400 kg
2778 kg
1270 kg

400 kg

IFR
12/15

14110 1b
6124 b
2800 b .
882 Ib A
I T

All Systems Duplicated
& separated

Main Systems On Upper deck

!

3024m /g 02ft
357mi 117N

4 98m i 16 338

1253m /44 4GR

18 B8m i 54 83%




MAIN DATA

Cabin Compartment Volume 8.0 m3

Baggage Compartment Volume 3.4 m3




40 : ; : . -
AS365N3 EC 155B1 S-76C+ AB 139

MCP / MTOW

power considered at Sea Level / ISA

3000 ——

‘E 2000 | ]

1000 +—

AB139 EC155B1 AS365N3 S76C+

] ISA ISA + 20 «

TOP @ MTOW

Temperature at Sea Level: 15° C and 35° C

766 —



~-m

v Four take
have besn ;3%&
{X%E:QH &ma

OEI Max Service Ceiling

4000

3000

2000

1000

6400 kg

3600 m

AB139 EC155B1 AS365N3 S76C+

MCP OEI @ MTOW
ISA

helipad:

2%

OF!

vOALTERP put 18° nosq
at 4% and drop N
arrest th

v %é{“m}v r attitude
Eé’m iy
descernt

v ?’ss’éaée‘zﬁi;ﬁzéﬁéfégg
o climb

Cat "A” (Class 1) from
slevated helipad
@ MTOGW

Procedure from ground and o

2 oot 10° nose down o
initiate climb acceleration

inlmum of 90% i

~ TDP

< 70 ft
> 35ft




At Max Gross Take- Off V

* Maximum cruise speed (TAS):
<166 kts (SL ISA +20C ) 150 kts (SL ISA +35C)

ISA + 35°C.,

Transport of a Squad of 10 Equipped Troops
(100 Kg Each) Over 260 nm at 140 kt

MNeight of 6,400 kg
(14,110 Ibs):

» Cruise speeds in excess of
160kts can be maintained using
only 75% torque up to 6,000ft

1600 -

1400 -

1200 -

1000

Payload - kg

800 -
600 -
400 4

200

ASSUMPTIONS

- ISA, no wind

- Cruise altitude: 2,000 ft

- 140 kt cruise speed

-Tank capacity STD: 1,270 kg
-Tank capacity AUX: 1,670 kg
RESERVES

- 10% en-route

- 30min. holding

0 T Ll
0 50

100

150

200

250 300 350 400 450 500

Range -nm




NH 90 Technological Innovations
Professor William SPROGIS,
Strategy Deputy Vice President, Head of Market Research

Eurocopter

Japan Aerospace 2004

Helicopter Seminar
Professor William SPROGIS,

Strategy Deputy Vice President,
Head of Market Research

Eurocopter

NH 90 Technological
Innovations




FRANCE PORTUGAL

PORTUGUESE
INDUSTRY
PARTNER COMPANIES' SUBCONTRACTOR

PARTNER COMPANIES

TWO WEAPQN

SYSTEMS

B~ o
A Tactical Transport
Helicopter: “TTH”

BEBREAYDTS
A Naval Multirole
Helicopter: “NFH”




fits ¢

Modular Sherical
Fully Gearbox ~ Elastomer — Winch  apy
composite [ADEC Bearings Single
structure . Pilot
Infra-Red
s Weather
Single, Radar
Fixed Stabiliser
Rear . Quadruplex
Ramp Diamond Fly By Wire

shaped Monitoring and Radar
fuselage  Diagnostic System

BICHEERE., il ey EEAALS)BitoEAs
Plus: Interoperability, Commonality, ILS design

Slidedoord
Cockpit doorld
[z amiek |
Two sliding

doors and two
cockpit doors

HRDGEWRIFET 2R ]

Unequalled accessibility

s
EA%

slide doorBRR B TR R 140k CRITH §E: FLIGHT WITH SLIDING
DOORS OPENED UP TO 140 kts

slide doorBiBRIR R (28R B0KtE CRF%H: OPENING/CLOSING SLIDING
DOORS UP TO 80 kts

&




BEEMOF A ADVANTAGES OF COMPOSITES

o it B 1% Corrosion free

° $hE OF M Reproduction guality o BRI R 2 6« Infinite life
° &L VR A GE ) Better fatigue strength o BAVEEM  Enhanced
© BB UM & B0 A B HI R Weight and No. of parts reduction survivability

o ZER (BHEL) Passive, mechanical
c BREBIBICHLTAFESBEDYRIE ] No risk of

failure compared to active system

mounting plate
ahenision.




(ENHI...

AR E— R F a2~ LEMRH TITANIUM M/R HEAD INTEGRATED WITH MAST
BT LB OB~ YUY 8 U~ ELASTOMERIC SPHERICAL BEARING AND

DAMPERS
%%f%%@@%ﬁ%%mm@& TOLERANT DESIGN
< ARMDBEER T V-F (YVWFE I AKEE) (4 COMPOSITE

BLADES (multibox structure)
- EEAE R REDUCED NOISE LEVEL
<PV RNIVRIEMDS TR H B -
TRACK AND BALANCE SUPPORTED BY M

EDNHI...

@IV G R ﬁ?%(?@i VU FADECEEH)

CHOICE between 2 ENGINES RRTM322-01/9
BOTH WITH FADEC

T700/T6E1

Rﬁmﬁﬂ Eﬂﬂwﬁﬁ RATINGS {5%& iﬁvglﬂ Eﬁﬁ; RTM322 can be fitted
Eﬁﬁﬁ% ﬁ%&&'ﬁﬁﬂ . , ; with sand filter




(E)NHL..

AT 1000 m -ISA + 15°C

MAXIMUM GROSS WEIGHT 10600 kg AGW 11400 kg

TYPE MISSION GROSS WEIGHT 10000 kg

MAX CRUISING SPEED 305 km/h 164 kts

ECONOMICAL CRUISE SPEED 260 km/h 140 kts

MAX RATE OF CLIMB 8.7 mis

HOVER CEILING IGE - ISA 2960 m

HOVER CEILING OGE - ISA 2355 m

MAXIMUM RANGE 800 km 432 nm

FERRY RANGE 1200 km 648 nm

MAXIMUM ENDURANCE 4 h 35 min

RADIUS OF ACTION 300 km 162 nm
(with 2000 kg payload, 30 minutes reserve)

TRANSPORT CAPABILITY >2500 kg

OEI RATE OF CLIMB (MCP) .75 mis

OElI EMERGENCY RATING safe landing or fly away




A4y €18 - Reduced Pilot Workload

*Head up / Eyes out

*Ease of Piloting (FBW)

Simplified displays (e.g. Power)
*Only essential information displayed
*Automatic reconfiguration

ETOEHTT
YU v {1y b8 ?*%?’3\5?%
Single pilot operations in all
conditions ...

(ENHL.. &

Bashiglnksiz:
Avoid being detected

z@*ﬁﬁé %lfjm R)s ’?;’iﬁﬁa g.r.& c&&a c;si?g
If detected, avoid being h|t

WL Th, LAELy RS
If hit, avoid being downed
B é_«?vt:&}%

- fff‘ﬁésg @3@33\3
if downed, survive the crash

Bt R HEFI O Survivability by Design =
FHAETO RS T :Ready for an other day on the battlefield

vf

%,




(B)NHI,

| NOETRTT: Alrcraft designed to fly NOE, among obstacles at very low
height to avoid to be seen/shot.

- S BB 1 - 188 EPower margin, Agility f
{5 FUES1E : Areraft designed with reduced signatures

- FAXEL PRI, EEE MBS, XEWAKTEE SR OHR:
Radar Cross Section, Diamond shape, 100 % Composnte
structure, no large lateral flat panels

- SRR S ER : Reduced IR signature,
| IR Suppressor,

- o] v; j} . 1 i
pﬁ“ﬁs.ﬁ?& mtﬂ&ke %’rﬁlﬁrex ajﬁs

“2BWMELL DS
2 englnes only

- {£8% Low Noise, Low RPM, Blades design,
Upper side Air intake and exhaust IR SIGNATURE"(w/sQr)

BTt e . VERSUS AZIMUTH
- EAE-ITLY RS R ' > or S ENG
Visual, smokeless engines

VLR UYATLSEREE T CRMEnIzdO K3 E

[ 7 e s A D B R

Agility for evasive manoeuvres

R il ~1 TTH

- Radar Warning receiver
- Missile Launch Detector
- Laser Warning Receiver
- Chaff and Flares

ton): NFH

- ESM special processor
- Chaff and Flares
- Radar Warning receiver

- Missile Launch Detector
- Laser Warning Receiver

NH90 hard to hit




FBW:Fly by wire controls {4 channels)

TR IR BT L HE5E - Multi-box blades
structure

HEOLEM., 35329 :Multi redundant and
systems segregation

BREE I~ b&%4E"Y : Armored crew seats and
Cabin

k54558 MGB dry run 30 min. IGB, TGB 4
hours

BNIY-Yo T i i3 Bk 405 : Self-sealing
and Crashworthy tanks

NHSOIE OB HMELY, BICEV AR FBW)LBEHASEO - EHELTLET:
NH90 provides more redundancy (FBW) and
damages tolerance (blades) than competitors

A BEHOMWREYN
= e e Threat Assumption:
'N.r([ LA f¢§“‘“ &0tz Altitude: 30m
Sy s Firing Distance: 200m
Taiﬁfrid to reene®
requirements P i e
- Armoured 4 e

Vest

Curtain

Protected Volume within Threat
Envelope

Protection against projectile: |Weight:

cal. 7,62 mm metal jacket 18 kg/m?

cal. 7,62 mm AP 28 kg/m?




(E)NHI

L-STD1290A0N E -

=P
5T
Fully compliant with MIL-8TD

1290 A

@

ma

D999

sz’

BEANUTNAT—IET

A truly maghwm“&y helicopterFull scale crash test
performed

=

w ey

PR DA LB R BB OYE -
Suppott equipped with intermal fuel
lines and electrical harnesses

- Fuel tank 250, 400 kg
- 20 mm Gun

- Rockets

- ATAM Mistral

- MARTE MK2/S

- Penguin

- MU 90

- Stingray

- MK46




EDNHI.....

S84 % : CLIMATIC CONDITIONS
- 40°C to 50°C
Sand
Rotor starting / taxiing up to 60 kt

Hover 45 kt crosswind

Hail

Snow

Lightning (ACV 136, Mil Std 464)

Continuous Icing

& #3595 : COMBAT CONDITIONS
N.B.C. from early design
Continue Mission after NEMP
HIRF (600 Volt/m )

Battlefield environment

A7 EOL/ MR R 57  Optional Left external fuel
tank jettissonable

74 At :1 Hydraulic + 1 Electric hoist: 270 KG,
Cable length 80 m, Variable Speed

R4 4 7 Nose
integrated :

-360° coverage
Search & Weather
radar

- Infra-Red camera




Future Technologies For The H-60 4‘

Sikorsky Aircraft Corporation
Keith L. McVicar

Future Technologies For The H-60

Keith L. McVicar
Manager — International Advanced Design
Sikorsky Aircraft Corporation

(203-386-5196)

Sikorsky
© Sikorsky Aircraft Corporation 2004 iited Tochnotogfes Gampary




UH-60M Walk Around

Propuision linprovements

HIRSS ~ TT00-GE-7010
Engine

BB Ko

aviondcs Basseline

Increased Lift and Range* @ Operate on, ifegrate with Dig &
Reduced 0&S Costs* Batiicfield y
Increased R&M* B Long-Range Precision Navigation H
Standardized Fleet B Open System f’\f'chi:ecfiiie Allows u
K - Growth Capability =4

Increased Survivability . N
#  Exhanced Survivability through k]

Rotor brake Provisions Situational Awareness

]
24

*Compe}red to UH-60A

Y

Standardized f
Reduces Obs
GATH Compiiznce

~ fong term

nee livipact
Digital #apping Capahifity
Data Transfer from AMPS
©2 & 8A Interoperability

© Sikorsky Aircraft Corporation 2004

Sikorsky
P
93-29-02

UH-60M Integrally
Machined Structure

UH-60M Airframe Design

New & MH-60S Modifi

MH-60S Common

- UH-60L Structure

© Sikorsky Aircraft Corporation 2004

integrally Machined Structure

ed

Slkorsky

A Untiad Technotogies Campany




UH-60M Airframe Design

Lower Frame Assembly

UH-60L
23 parts

244 fasteners

UH-60M
9 parts

56 fasteners

Sikorsky
© Sikorsky Aircraft Corporation 2004 Alnitact Tochnotogien Campary

UH-60 Evolution Strategy

1=60M P3I Provides:

Sikorsky

© Sikorsky Aircraft Corporation 2004 Al Technaiogion Carrpany

— 82 J—




to the UH-60M and provide recommendations for

Objective:
Evaluate potential product improvements

implementation

I/Q Proposal

L+

(Imple

Mid Term

» Advanced Fuel Cells

Long Term

+ Additional Composites
* Advanced Survivability Features

Composite Airframe Parts

Fly By Wire
FADEC Engine

Improved Flight Dynamics
— Advanced Rotor Technologies

ITEP Engine
Improved Main Gearbox

© Sikorsky Aircraft Corporation 2004

07-11-02




'H-92 Components Designed For H-60 Retrofit

Growth Composite Blade

Fly-by-Wire

Drive System

Fatigue Tolerant
Main Rotor Head

Sikorsky
© Sikorsky Aircraft Corporation 2004

Ainited Tochnologiss Campary

BLACK HAWK 2020

Pilot Mode Operations

Fixed
- 2 Pilots H°riz°rT‘ta.:
+ 1 Pilot H-92 Drive Train, al
Autonomous Head, Increased Length

Advanced Self

Blades, Tail Rotor Protection Equipment

ITEP
Engines

Fly-by-
Tailcone
e ‘ Extension
Upper Deck ;
Avionics Bays
(Benefit of FBW)

Larger
Fuel Tank
Added Step

Advance_d Tanks
Composite
Cabin

Forward

Cabin

Extension Sikorsky

© Sikorsky Aircraft Corporation 2004 A United Tochnologies Compary

— 84 —



;w_rﬁ
o
i

e

AH-66 IRAD, Army

and Navy MANT]

Advanced Materials / Material Forms

‘echnology
ST
Tool-less Fiber
Assembly Placement
Integral Composite | |
Co-curing Fittings H-60 Lower Fuselage

© Sikorsky Aircraft Corporation 2004 R United Tachratogios Campiny

Slkorsky

Composite H-60 Tailcone

© Sikorsky Aircraft Corporation 2004 RiirRed Tochnilogfas Gampary

Sliorsky




e

. Slkorsky
© Sikorsky Aircraft Corporation 2004 AUrited Tochnorogies Gampary

Proof Of Concept Composite H-60 Tail Pylon




Composite Airframe Technology Summary

Affordable Composite Airframes
RWSTD ~ A New Way of Doing Business!

Integral Co-Cured, New Materials Mfg. Processes
Knowledge Rules & Forms & Simulations

Conventional
Sheet Metal Design: Benefits:
* High Part Count ‘Weight Reduced
 High Assembly Costs *Recurring Manufacturing Costs Reduced
o Weight Penalties . Component Part Counts Reduced 10-100 fold
« Tol I VS ‘ Quality ~ Direct Digital Tooling/Design Interfaces
oierance issues ) Supplier Base a Strategic Resource
* Rework Issues sNon-Recurring Costs Reduced
e LCC Design/Development Cycle Times Reduced
Corrosion -Life Cycle Costs Reduced ( e.g. Corrosion Eliminated )
Fatigue
Slkorsky
© Sikorsky Aircraft Corporation 2004 Rlred Tochnaogias Campiny

Rotors — Next Gen Technology

Technology Enabled
Rotor Configuration
Enhancements

Active Rotor
Control Concepts

%
1

Slkorsky
© Sikorsky Aircraft Corporation 2004 A hnomgen Gampary




Integration Technology

i oy,

Fly-By-Wire

Advanced
Flight Controls
& integrated
Sensors

Advanced
Cockpits

Slhorshy

p Sikorsky Aircraft Corporation 2004 Riiitod Techsopion Gampary

Fly-By-Wire (FBW) Technology

+«  Weight Reduction

~ Allows Increased Performarnce or Payload

* |mproved Safety

— Advanced Control Laws

— Level 1 Handling Qualities
« Day, Night, DVE
» Throughout the Operational Flight Envelope
— Reduced Controlled Flight into Terrain (CFIT)

«  Improved R&M
*  Reduced Manufacture Cost
* Reduced O & S Cost

* Reduced Vulnerable Area

CH-53E
landing in
Afghanistan

Sikorsky

© Sikorsky Aircraft Corporation 2004 Kt Temologa Gampary




FBW Benefits Summary

Eliminate Ballistic Targets

80% Fewer Control Parts

Lighter Weight
Current UH-60 FBW UH-60
Reduced Cost Of Ownership:
Flight Control Recurring Cost Reduction
Direct Maintenance Cost Reduction
Sikorsky
© Sikorsky Aircraft Corporation 2004 Aited Tochnoioghen Garepary

Real World Product Improvements

3X
2X

Today Future Today Future

Payload Improvements Range Improvements

Today Future

O&S Cost Improvements Sikorsky

© Sikorsky Aircraft Corporation 2004 RlniscToomniiogies Gampany
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Research &

1950 | 1960«

19701

1990w

20004+

] e
Lot ]
P |

|14 | F2 || Pxsacx |
| usaam |
| sH-600 | | XsH-60K |

BN 3T 8 KSH-GOK

oo S

Research of Cont

5 o

rolled AeroelasticityTechnology

ROLOENDIGCBEREEBNICHIBL. RBELROEEGEZALIED

ENHERMZRRET D,

Controlled aeroelasticity technology improves maneuverability and speed performance by maintaining
appropriate wing surface pressure distributions and morphing intended wing shapes.

{n$:3-4.9

Conventional Steering

BBOSYICLDBINEN |

Lift increase by traiing edge flap

ontrol Surface
Movements in
Right Roll

2T R

Aeroelasticity Control Steering

Lift increase with main wing

EBICLD
BINEN
T
Tuist by the leading ecge fap 1o o — o
AR5y “RIS Y

S

e . I y
CLdalh Twist by the traﬁ%iﬁg&g ?ao




Objectives

=L
EREEDEEMI
BEERF30%

Apply Con
Materials for 30%
Weight Reduction

. BERRORPEER
~ Fiber Crentation Model

.

N

30 Composite Components™
VR iE A ae

OFBERUEER OREERRMHEE QKERERNERDSS
Root Fitting Root Fitting Actuator DPIF 1T ~5

Self-Repairing Flight Control System (SRFCS)

BREEONE BRESICLDBEBECE

D ELIIBETERBEMITHERRRL.
ZEl - FEMEE LS AMITHIHE S e M -
b 2k 2L

Self-Repairing Flight Control System main- R ?F{Bf@&?m N u tigfdiswﬁ_t‘ it
tains flying quaiities and improves flight ) orhepanng - Safety and Survivability
safety and mission survivability in damaged B : (Reconfiguration) Enhancement
conditions of an aircraft, t/gz@ ]

BB - i G

Damage / Failure ¥/

Oamage ure “1\\.\\ /

nner-L.oop
Robust
Controlter

Y2 —




Objectives

Cabin Volume Protaection

o ZRRIR |

i%ﬁlmr

: initial Peak G Reduction
NPBIRTE (E—-0/FE) DER
EI%WWI:HD# CDFBDU

mm@m@
[ 3/ 13IFEFOHEES

/v?f% )

mEREE

Future Conc

ness Mods

U&NY% SHRIUIE

RS

_Final Stage

%ﬂ% 0)5?]%(1%?&‘:)

NipEE

initial shack

1IGCK

tgue Strey

19504« | 1960aw« | 19704+«

1990=w | 20004
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AHS Membership Application

To become a member of the American Helicopter Society please submit this form with
your annual dues payment. Your membership will begin the day your payment is
received and processed.

AHS Dues Regular - US and Canada $65.00

Regular - International $80.00

Miltary Personnel $35.00

Retired over 60 $35.00

Student - US and Canada $25.00

Student - International $45.00

Journal of the American Helicopter Society (optional) $15.00
VFF Scholarship Contribution (optional) $10.00

Send to:

American Helicopter Society 217 N. Washington Street Alexandria, VA 22314
(703) 684-6777 FAX: (703) 739-9279

Name (First, Middle Initial, Last):

Street Address:
City, State, Country, Zip:

Telephone # (office/home):
Fax #:
Employer/College:

Job Title:
Birthdate(mm/dd/yyyy):
email address:

Applicable AHS Dues:
Sponsor:

Credit Card Number (MasterCard/Visa/American Express)
Exp. Date:
Applicant's Signature Date:
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H#EST 2024599
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T 455-8516 R4 B X KLHET 1 0
—ZEBETLE A EEMETE AT ARAER
~Y a7 EE
HANY a7 2S5 R

TEL: 052—-611—8006
FAX: 052—-611—-—6426
E A —JL : kiyoshi_sakura@mhi. co. jp
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