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Condition monitoring and diagnostics of machines
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General guidelines D&

* Condition monitoring and diagnostics of machines
[Z& 175 Data processing® FiALIZEIIZTRT £S5
[Z. DADNBAGET D6 DDANIET VIR ITHNn
bHo CNZEOSAZIEE T H-ODELBLIEIEL
95, CDBZADRBEDEICEHOTNS,

« XISZIEMAET HT-OIZ, F4IZRI 1D
(Fig.6)IZDWVTERBAL . CORTT —4LED R
ZERBAI %,

X#k1: “CBM Fundamental Research at the University of South Carolina: A Systematic
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alarm QEHEZGZLNEINEHD)

@ E@EAIBa:E—Fb\‘ EDCl Fr-lFEDaEEDUEHEED

B3 DICRL I ETENERDITEIEZET 5, HA
(Health Assessment: L1LIRREH DT THEZEH T 5H)

® IXNTDZIMET—FZMELT. IRXTOHEE—F
[Zxf9 % RUL (Remaining Useful Life) %3k &%, PA
g;ognostics Assessment: VATAD B ERAREZIEELLEGE R FAT

® YRATLDBEREFZRO-OICHELT I3V %)l
~Ed9 %, AG (Advisory Generation)

15

-21-




5. ANJaTRX—MDHUMS

1. #FHEADEHLN A (1990F K ~)

2. _%Eiﬁﬁ’i—#ﬁ& NENEND (ATTEFLE

3. KE(ELIZEE) ACBMERIEIZFHIFTT
jt/zﬁi’ll'ktﬂﬁlaaﬁta*sﬁéb\wéo (20054
~  B{EFIL)

4, REFDTAT T 0SST. COST-A

5. THA -\ RT v 0RE D K (ADS-
7973 &)

5(1) *FEFEUH-600D) HUMS

AT LBE (K5)

sHUMS I&, KBITHEMES & G”“;s;s’m B
RTLEM S RT LRSS, e N\ —_
S RT LIS EESH & W= i
B — DT —SEED. e T K
MPU (Main Processing Unit)(Z a MPU .
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“Utility of the IMD HUMS in an Operational 5 ATFLEBEHR

Setting on the UH-60L Blackhawk” by Ray Dora et
al, Presented at the AHS 60th Annual Forum,
Baltimore, MD, May 7-10, 2004 &) 17
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“Application of the IMD HUMS to the UH-60A ot -4
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Figure 3 — Location of IMD HUMS On-Board System (OBS) Compontn]t§
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1. RITELOMELE

2. (FEFH)uI@EDOMEL

3. EEBEETOER

4,

BRI AFDEIR

5(3) KFEETIXZHUMSD A1) yRIE
REVEFER
« HUMSZE [T AZENFIEEZ1008LL ED
UH-60A/L(X8) xR IZL T, EEFEDEREKED
FxxEIZFAEL-,
. B E%ﬁnJréLIEO)‘F%HUMS’E ﬁ‘*'d‘%);t

T. BEINERT HEFFXITATEES : Non-
Mission Capable for Maintenance (NMCM)

rate H%16.2%H 510.9%~E5.3%EHESN
B EMERETET-,

s ZDIEI. BlIEIHOEFEIRAMDEFSL
KEH27T=,
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Aircraft

Aircraft Represented Per Month

120 HUMSEERIEesr BDT—4
100 H [EE
[
80 | i H - HHHHA
60 ! | | L LA M Filtered Data
‘ @ Adjusted Total
40 : M ‘ M i i alulml
' | BY IL—F
20 ; : ‘||~ 2 | ]i n n TEE
0 ) o BH B B PR 083 B B3 B OE O o Bl B g T 3 p 2 IE | B2 B |!I | R I B o P O JTl

0
[T AT\ R S T B T - RPN R S I N
Month
K8 2004478 M52008FE8 A FE THAERITHUMSE ZE 5 T LI-#E 10080 T—
ANLEFLURIDT—2 AT IL—) EEFLUBOT—2BY IIL—T)&EDL%

“Comparison of HUMS Benefits — A Readiness Approach” by Joshua C. Hasty et al, AHS 65th Annual Forum,
Grapevine, TX, May 27-29, 2009 &) 22

|mu

5(4) XEIZHITAHCBMIHELE H &t

+ 2004412 ABIZKEEPH*&E(DoD)lZLogistics Transformation
Strategy (for Achieving Knowledge-Enabled Logistics) ZF1TL 7=
(EA)

o ZOOHT,3DM Key Logistics Concepts T7HH5H,

— Focused Logistics (FL)
— Force-Centric Logistics Enterprise (FLE)
— Sense and Respond Logistics (S&RL) Z12 T,

FLIZEZE/EEICHULTA, FiE. 8 -MeE A EREY I Z1ThNnd K5
AT HEAEY | FLEIG{EER DOV AT AREE IR T HT-5H D HE]
BTSSR . S&RL(iEi%JfO)ﬁl]E%ﬁﬁbf”knowledge”’élﬁﬁqLT“#U‘E
DYDAZITTT Chrd,

. rCBM+J [FFLEQBESTIATLADPFD12ELTEHONTLNS,

Condition-based maintenance plus (CBM+). The CBM+ initiative covers a
varlety of technologlcal and business changes designed to create a new maintenance
environmentin DOD. Projected changes focus on the vehicle platform with automated
embedded sensor-based technologies providing standardized data in an integrated
data environment. These initiatives include enhanced prognostics and diagnostic
techniques, failure and trend analysis, electronic portable or point of maintenance aids,
serial item management, Automated Identification Technology, and data-driven
interactive training.

23
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Department of Defense ARMY AVIATION

CONDITION BASED MAINTENANCE PLUS (CBM+) PLAN

Logistics Transformation 29 NOVEMBER 2004

Strategy

Achieving Knowledge-Enabled Logistics oo DALt S AT
0DCS, G4, DALO-SMV

10 December 2004

E A X B

e DoD®) “Logistics Transformation Strategy” Z 527 .
*[ZEE (X “Condition Based Maintenance Plus

(CBM+) Plan” (XIB) ZF1TL 1=,
* CBM+ Plan M H T, Transformation M EI|3E B Z (3
Time Based Maintenance (TBM) A\ CBM [IZ#84T

SHACEICF TR RGEFZHLIRZSDH
) e

« £L. K E?’J\.Q) BIEZFERLLOET DL,

TFEx%D<Y, WE7 Science and Technology
(S&T) ~DF EHEMEDLZFAIEESALY,
« B NASA, FAA, EEXRIGEZLDIMBZERD.
2008&75%2016&?‘(’&390)71—7\ S5 (. £
NENEEETRERZEST-.

« 712 I DBEEFEREY. RBRIHD25% .
MMH/FHD 8%3. . MTBRD 10%E . FELI R
BD10%LL LB Thd. (IQ% E)

Ll_l
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2010 S&T Goals
Technology Demonstrations*

Propulsion Drive Systems Electrical & Wiring Structures Rotors & Flight Controls &

+Bearing PHM *Planetary “Wining prog Fatg : m Hydraulics

P ~n Gear Fault 4 Chafing Damage Detection sMechanical

*Component RUL s\ear 2Eleotriont Darmagy D o Prognostics
Detection Component Detection >

*Power Prognostics Prognostics *Blade Damag Pump/ tor

Management Non-M Detection Prognostics

*Demonstrations will be conducted using full-scale components tested to flight load conditions.

9 AviationS&T Operationsand Support Program Goals

“Operations Support and Sustainment Technology (OSST) Program to Enable Condition Based Maintenance” by T. Baker
and C. Ferrie, presented at the AHS 65" Annual Forum, May 2009 @Grapevine TX V)

« 2010 BEZZIT NIV TIEENEEH T 51-
& D E A% Technology Demonstration Program

Z{E-o1=,

o ZTXZ0SST (Operatlons Support and Sustainment
Technology) 7 A9 7L EFE SN,

¢ OSST7’ 0V 7LD EIXK10S R

o —AH.VOAIRF—HTIX, BAHED7 DY 7L%F
COST-A (Capability-Based Operations and
Sustainment Technology-Aviation) EFEA TULVS,

¢ COST-A7 R FLDMEIXR1 1B LUV 12518

c WTHID70YFLLIREHEITHT ) 1))
—?ﬁ;b\AHS Forum GJEHEI\JWS@‘ ‘/EIJ®C E{ %éhmf%\éo
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AATD Metrics

25% Fewer
Inspections

<10% False Increased
Removal Operational
Availability

Drive Syu.ml Electrical Power Rotors and Dynamic uyd.nuu.;, and
and Wiring Components Flight Controls

Propulsion
Technology Demonstrations
1. Bearing PHM 7. Gear and bearng
2. Erosion PHM prognostics
3. Rottng component S5 Flanetary gear fault
RUL detecton
4. Power 9. Non-metallic debris
5 m“WEMlm 10. Corrosion detection
11. Wireless dagnostic
6. Continuous power
assurance modue

K10 AN)L#D0oSSTFaS S L

21. Mechanical controls!
bearing prognastics

22 Pump and actuator
PrOgNOSLCS

12. Winng prognostics/
chafing

13, Bectncal
component
Prognostics

14. Fatgue damage
detection

15. Balkstic damage
detacton

— Usage covered in
Rotors

16. Hub component
diagnostics

17. Biade damage
detection

18. Usage 23 Hose chafing

drect Joad detection
measurement (yoke)

19. Usage

drect load

measurement (pich

knks, boost tubes,

mast)

Simpified Usage

Monitonng System
(SUMS)

20,

“Operations Support and Sustainment Technology (OSST) Program to Enable Condition Based Maintenance” by T. Baker
et al, presented at the AHS 68th Annual Forum, May 2012 @FortWorth TX & b)

SAC Mature & Verify Dem Val
COST-A [echneloav Integration; PHM SIL Test
S Usage & Loads System Reasoner = =
Timeline  yopitoring System
Physics-Based g"g”“z" :
Modeling TOgnos P
PHM SIL Dev Yoptiision/
Tech Focus Crack, Corrosion, Drive Test
Impact -
Areas gete?uzn Reasoner &
Propulsion Decision Support
Adv.D&P
Drives Algorithms Subsystem
Reasoner
tra Sty Wireleas Subsyste Whirl Test
ubsystem es T
Rotors Sensors Diagnostics & Technology
Electrical Optical Prognostics Development to Enable
VMS Communication Capability-Based
Backbc Operations and
Sustainment “ by P. R.
Reqts Tech PHM SIL Bates et al, presented at
Defined Lockdown Ready Complete the AHS 68th Annual
YV Forum, May 2012,
Subsystem @FortWorthTX &t

2010|
11

SOJLRF—# COST-A7'DYFLMD TR

2011

2012 I
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K12 Sa)lAF¥—%t COST-ATO4 S LD BEEE

Metric | Insp/FH | MMH/FH | MTBR False Detection
Removal Time
Goal 50% 12% 15% 5% Max 10 FH
Decrease | Decrease | Increase Min
Prop 0 1 21 <5 -10
Drives 48 4 13 <5 >10
Struct 54 3 5 <5 =10
Rotors 73 27 14 <5 >10
Elec 0 0 B <5 >10
VMS 49 1 (27) <5 >10
Total 57% 23% 19% <5% >10 FH

HEERELTIZHY., EITTHNILHOSSTORiTHSEITLI=,
SHITFIZIEHER T DBELGERNABEOAESLERAICLE>TLSHEDIE,
RTDRNEVEBETIVERELGEDEHRIERL S FRITHEMICKY ., BiFtk
A17%E EL., ‘é%l:%ﬁﬁiﬁﬁ@iﬁﬁﬁ‘éb—@)rﬂ.tﬁ‘”@%étbf:o

VMS: Vehicle Management System

“Technology Development to Enable Capability-Based Operations and Sustainment “ by P. R. Bates et al,
presented at the AHS 68th Annual Forum, May 2012, @FortWorth TX & V)

6 Design Standard Handbook M %1

* ADS-79-HDBK “Aeronautical Design Standard
Handbook: Condition Based Maintenance for US
Army Aircraft” Z22009F2 B [CFEITL . BENET
hRZF1T
— ADS-79 17. Feb. 2009
— ADS-79A 17. Dec. 2009
— ADS-79B 16. Jan. 2011
— ADS-79C 12.Jan. 2012
— ADS-79D 07.Mar. 2013

* 300R— ALY Handbook [FFE A FEESN TH
YRS HIREITEO>TETWL D,
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Y—RF(RILFIF7U I3V ARAZ)RED
BGHHMEZRETSHIE,

— Y IR—FRJ KLY (Support Vector Machine:
svM) & B 2 #1E < v 7 (Self-Organizing Map:
SOM)ZHE A EHE =/ 32— 525 (B15)
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BHOEERHEX R TE-IEEEZE (H16)
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mancing Vertical Flight Technology in Demanding Environments”
~ KRS U 7= ERTORE ~
NRF—
9/\‘ AgustaWestland Dr. James Wang (yp)
=24 nelicopter  JOhn Garrison  (CEQ)
(L eoesnve  Leanne Caret  (VP)

€ eurocorTer Yves Favennec (CEOQ)

LOCKHEED MAW Dan Schultz (VP)
BTl Mick Maurer  (CEO)

AHS Forum 69th & SUBARU
CEO/SJb el

TARARNY 2 aBBEERAXA—D—DER

*“ProjectZero " &L D EEREBFEMO R R ERUABOINRELY T4 %
N, fERL T A,

7" AgustaWestland | - srBIR D =812 “Project Zero 738 TELWHINEIEROBES .
[ AFTBER & 1T > THX,

ERARICHEAN. BICAREOs L BEOHREBIET.
*E=ATDBell525 (I R D EEE 21— —DBERE+HDICRBLIZBETH S.

-ChITOEMBI. TOHROTERIC BRSBTS WAENBRSNL,
QL BOEING | -5 %3 FFTENHIBSNBERTECH 3 HEIZ ML HAZZO T
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‘Re B ORb MAEDLSEEELEAYITE— OREELS D PO
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HFHEL T (HEAK-MAX) .
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F&1iis8® (Operations 1)

#84%: Simplifying the Rotor Smoothing Process in a Military Operations
Environment
& US ARMY
‘TWedge ] EFE[EN DT LRIZEAM/RIL—EDEAFI0- NSO REART I HE,
BAFEVTINTGORIE, PEE, M) L ZTE T CHRETHH. [Wedge | X HTIEE

DNDHTHA-OERFER L. FESHLIZHELNH S,
*AH-64 ., H-47. H-60M D #%{A CHot. Cold. Dry. Wet. Sand. SnowIBRIECOEEILF,

Wedge ER{T{RHEE (Boeing B — 2/ IL&Y)

AHS Forum 69th
) (o) @SUBAFIU
> FiiiEEE (Structures & Materials |

% : An Integrated Approach to Rotorcraft Total Survivability and
Operational Durability
Fax: US ARMY. Sikorsky
CNFTOEFHEDZEZRITRADEBEEECZTOEGEMOBEEEZSOHT:
"Total Survivability” &W5EFZ B DEMATTA—FIZETHHAE.
-"Total Survivability” [XUH-60% LLESRAR—ZMEL T U5y a-T—41,
ANk AT EET—2) 1 AT TR -T2 REEh 5,

Fully Active Vibration
Suppresion

Fly-By-Wire with
Advanced Flight
Control Laws

Durable MR Blade

Cockplit Airbag
System
Durable Composite

External Energy Attenuation
0y Alrframe Structure

Lightweight
Fuel Cells

Xtet
With High Impact Landing Gear

Integrated Prototype Configuration
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#8%3: Future Transport Helicopter (FTH) Transferring Military Requirements

into a Dual Use Transport Helicopter Concept
F3x: Eurocopter

‘NATOAMEEIL TW A ER/ RRAEL o DRBICLERSEH LD TEHFEHRIE

ANJaFTE—ZET ST OBE,

(95902 D=3 TREINJBBAQOBES L. [SA47 A0 2XAMER1E
BEEHLTHY. KTATSLEIDEI0ETH2EERELTATSALIZLESTHAS,

Future Transport Helicopter (FTH)
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1. US Navy/USMC Special Session
— J$RBEETE. H-60, H-1, K#fTEE A, H-53, V-22

2. BR
— Agusta Westland. American Eurocopter. AVX. Bell.

Boeing. Lockheed Martin, MD helicopter. Sikorsky

3. Technical Session
Operations I “S-97 Raider Adaptive Survivability”
DeRosa, William Eadie, Erez Eller (Sikorsky)

1. US Navy/USMC Special Session A=BET

@® 2013 PEO(A) Perspective
— {5 HEHE (FVL: Future Vertical Lift)
2030 EMNSHEEL DMH-60R/ SO EFEHEIEMH-XXIZRTE
-EiEEAHDHAFVL CBALIERIZ, BEEA DEHEEEELI-MH-XX CBAZ X} H
SFEICMH-60TIER BT HREN. F—-TU/AO—FHLMNITH
—X(BERFOTI/A0— K54/ —
-EEHERAOEMBEE(EY— AT FMRE BE. BE. B AXEBEH. BEE---)

‘ DoN Future Vertical Lift?

O Rotary Wing Popuation

“AAAARARBANEAAAGARNEARRAAKRAANRAE
KEEC R ETE AIEE D Future Verical Lift(3 7

PEO(A): Program Executive Officer, Assault and ASW Programs  FVL: Future Vertical Lift
CBA: Capabilities Based Assessment  RFI : Request For Information  ASW: Anti submarine Warfare
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1. US Navy/USMC Special Session

® H-607045 5L

—SH-60B/F — MH-60R/SA () B £ A\ k4%

78 N RS i
SH-60B 73 (90) ~20184 ASW . ASUW. MEDEVACS
SH-B0F 27 (33) ~20154 ASW. SAR. MEDEVACS
HH-60H 35 (35) ~RE OSAR. ASUW, MEDEVACEE
MH-B60R 160 (125) ~2030F ASW., ASUWEE
MH-60S 228(211) ~2030HF SAR. CSAR. VERTREPE

—MH-600) Capability Roadmap — ZPEA=2X . BEDEE AL
MH-60S"* =20 mmEEHEEE . |EIviav/\vsr—2
MH-60R" * * Ku/\>»FF+—41)>% . ARPDD

MH-60R/S3tiE - -+ 2564 FO4 Y hgE

ASW: Anti Submarine Warfare

(C)SAR:(Combat) Searchand Rescue
ARPDD: Automatic Radar Periscope Detection and. Discrimination

ASUW: Anti Surface Warfare MEDEVAC: Medical Evacuation
VERTREP: Vertical Replenishment

1. US Navy/USMC Special Session

AHSEET

® H-17045 4
—UH-1Y., AH-1Z 50K R
NG 5 T = %
i O REREES | O AEEES STER
UH-1Y 74 (59) 119 (89) 160
AH-1Z 31 (23) 65 (42) 189

—UH-1Y/AH-1Z %388 3£ 18 32 85%

SEATXE. #H, dE. AR 2R MIRIZHFS

® KifEERKIOISA

—IREREVH-60N, VH-3D 2014FE M SREBi Tt

— B RSREIZRI[TRFPE2013/5 51

—VH-3D&{E -Carsond L—F 1ZA&AEGCERAIA

—VH-60NZ{E TP 23 (T700-401—T700-401C)

A YRTYT T L—FK

avIEYRNT YT L—K

RFP : Request For Proposal

VH-3D Carson7 L —F
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1. US Navy/USMC Special Session A=BET

® H-5370455L4
—IBH#MH-53E./CH-53E—I&RFH . TE . AIEE, R ExRKE#Ek
— Xk EBEBEMNERPOCH-53KIL. BiEH FRB I —X
—2014FE T aIZHIFRIT. 2019F(CIOCEFE

Large Mi"’A’zu l:.:‘w;almm Composite Main Rotor
)

Power Unit , /,mm,m Now Tail Rolor Head  Blades
hy!

Fly by Wire (FBW) New draulics
. \ A~
» }_,L ‘

flight controls
ThreeT-408 7332

Int ine Air. ; y y 7
(EAES) T 0 120inch

sl a0 = wider cabin
egrated Vehicl 1 > .!. &

——— Aircraft Survivability

\ Equipment

Refueling @ /

probe

Glass cockpit Ballistic Self defense Single, Dual, Triple hook
protection ‘weapons

Improved landing gear

mm?ﬁi"“ Large composite sponsons
CH-53K 1=
CH-53K th_F 5t Es
10C: Initial Operational Capability
5
1. US Navy/USMC Special Session P

® V-2270455 4
—ETERH BERKR 3605 BE 4018 FHRIEHRE 506
—REDEREHIIEHLET2104
—V-2212 £ %R E . MRERAYMEREN -+ CH-46EDLLE
—FROEHRLEARADHERER
Capabilities: Present — Future
Multi-Mission Applications

f-Deploy Capability (350 nm)
= e

if-Deploy Capability (1760 nm)
& L mmm

‘Advanced Weapons \

Airborne  Sunship Extended Range Growth
Early Acrial Tanker

. Waming  coastal/Border Patrol

~“_Reconnaissance/ FUlIE

/v Surveillance
§ \',,'\‘

St o echnology Insertion

Electronic Warfare

& Enhancements
* 6 Functions of Marine Aviation
+ "New Magic”

, / + Intl Interoperabili
CH-46 (7D &v-22 () B 2REREEND s \ ~/ : =

V=22 DZARERE
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2. BxR

® Agusta Westland ® American Eurocopter

Project Zero

® AVX

JMR MPS Utility Operational Suitabiity

AVX JMR$ T SE 5 #

RSB DS

Bell 525 Relentless V-280 VALOR
ARFEBRER
® Boeing ® Lockheed Martin

AH-6i S-100 Unmanned K-MAX
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2. B ASEET

® MD helicopter

o 7 v o EMESS:,NGY
/i . ;

S-97 Raider Sikorsky/Boeing e s

JMR i fif AT MIROBO

Technical Session S-97 Raider Adaptive

Survivability

® Operations Itvi 3kl “Sikorsky S—97 Raider Adaptive Survivability”
ZZ Suzan DeRosa, William Eadie, Erez Eller (Sikorsky)
U
—KEFEOH-58%HRDAAS (HEETAY)FTEIRIF(Z
FEEREzO0—4, HEAT Vv v TORSHEADS-97 RaiderZ B FK A
— 2014FEHRATFE
— AASIHIREE R CERDREETHA L FEOBZERENRIT
HHETEEL. BRGERICHIETESLIIZERE
—HER D £ F 5 (Survivability) | ZB8 3 BKey Attributes
R, IRGRIME) . BENE. FBW, TURGIRHERA.
Zx—)LE—D B E A, MR OMEREET. N\ —FRM A IXER

AAS: Armed Aerial Scout
CDR: Critical Design Review

10
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Technical Session S-97 Raider Adaptive
Survivability ASEET

® BIAHE

= =

| JLvoaE-1n-7 |

7 0747 IRENHIE

27w kRRILY Fly By Wire

— 3 - N

IS5y FRTORS

‘L’?’é  [EenmE

o P (S ERTS)

0
AREAE T EffE

AR R0 PFRD
YAy DIRIEEE

ay vk

HKEE(D, YL AFHETRT—2A0%

"

Technical Session S-97 Raider Adaptive
Survivability

SHSEET

® PUHZRAUOME LT, BIEHE(OH-58D) - E A ol gEEE FE LhER
SRS FSET SRBIRCRE TSI LT, BATARE N OH-58LUE L L

$.97™ Route
Short distance, less time

| OH-580 Route
BEr Longer distance. more time

40% Coverage 97% Coverage

SOUADa LA TRC AR BECLZHIEF RN 2R
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UETY, SEHEHYMNESITSTVELE,

FUJTFEN Fz=9 o2 400300
fuac:
@ US Navy— USMC AHS 69th Special Sessions DVD-ROM

@® Suzan De Rosa, William Eadie, Erez Eller, Sikorsky Aircraft Corporation
“S—97 Adaptive Survivability ” Procsedings of the American Helicopter Society, 69th Annual Forum

CRBE T OO0 E L
LIk
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AHS FORUM 69t Z/m#
J11IFF 2L T 3660
EA fH—

AHS International 69t Forum
SRS

ER25FE7H128
JNIBE TEH(RASH
=8 @B

Kawasaki

-54-




FORDH
69 ¥

- -,
gL BXx

1. Alexander Nikolsky S22 :&E
"On Blade Control of Rotor Vibration,

Noise and Performance
Just Around the Corner? "

2. Special Session
US Army Aviation Program Briefings

Kawasaki

TORDH
69 ¥

PHOZ)

AL
as 2 -3

1. Alexander Nikolsky S22 %8

Kawasaki

On Blade Control of Rotor Vibration,

Noise and Performance

- Just Around the Corner?

i

EEE IVUHUKE Peretz P. Friedmann #(i2
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1. Alexander Nikolsky ER =&

EEOBME:

- CNFETICHE SN TEF-On Blade Control ${fid#4
*OBCOYZalb—ary RURB/ET KA DERA

- B FLER B U AR AT A BR

-Bonf-mR

FERADEE

3
FOROH
69 ¥
\ W s 1. Alexander Nikolsky 524 /® ll—{( Ki
75, OBCIZ D M?
AT ADIREEBEE DHH>EHRELGREE A—2—
!
A—42—DIREZERHADSEHIEN . RN GETTO—F
ek
+ No effect on airworthiness
+ Low power consumption
4
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1. Alexander Nikolsky ER &R /&

Kawasaki

- Actively Controlled Flap -
INEWISYTTHRSHY @ @
M5y T A =5 /

-Active Twist Rotor

EmnERAIL X
g':ujj Bql:a U _:/ ?;'II:Q.COMIOI\“\; \\‘\
BEMGEE N <

- Microflap and Gurney flap @ ——
NURIBK, AT/ ——
B R jE}_/ il

1. Alexander Nikolsky E2 &4 /® “

| a—

FOBCH fffI=xt L. EFE X F4Modeling&Simulation, CFDE#T. AR RER
ZOAERFDNTHON BEARBEROEREMEBEIINTE

] L

e

2o Tal—Tay Mircoflapc> CF DA Active flapd /1 Z AL

SMART Rotor®

ATR Blade®
BRI B
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1. Alexander Nikolsky FR &4 E

Kawasaki

Bonf-sg
-ﬁﬂ%@?b FIZEE~, Active RotorlZ &+ 27 F ma s $h 5.

-BEFEOO—4—(C OBCHﬁﬁ’éLﬂﬂﬂ'éiﬁAd)xﬂ%lﬂEEE’]'Cﬁ)")
BEABROHEEEDIZEATIL—TIR- O ZAT LELTEHFT Z20ELHD,

BB TCONRGEERETAEINEILINDDH S,
On Blade Control [IfEEICETLNSDMN?
FEHRITEASA TGN, GBE? (EHS.ORXMNED. EE LEDERH)
—Large ScaleCOBREZIHHNNE

R AERFEIIRR URTFLATIL—a EfiNARE
TILVAT—)LCORERIZIEX, KELEEHAME,

17 ﬁﬁ "
- R—)LHEBRTH/RLONSIKERIE. £XIZ “Gold Mine"

Kawasaki

2. Special Session

US Army Aviation Program Briefings
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2. Special Session H

US Army Aviation Program Briefings Kawasaki

PROZNIZ. AL J¢
RAT 2T~ 23,2013 ¢

BE
- KEEETim Crosby 4% (Program Executive Officer for Aviation)IZ& %
EEMZRORKICETE. §% O HREE S5 FF. Future Vertical Lift#Z v

B TAY S LRR— v — (TR BIRRKRESER DB OB

UH-60 Program

CH-47 Program

UAS* Overview

Aviation Systems

Non-Standard Rotary Wing Aircraft
Armed Scout Helicopter OH-58F
AH-64 Update

*Unmanned Aircraft Systems KT BEHEITD 2 Eh . Tim Crosby F LM
ipadZ {F-1- TVLETORATH T,

TORDN
69 ¥

2. Special Session R

PHOSNIZ. AT )¢
" A US Army Aviation Program Briefings Kawasaki
KEFEMZEHOIELILETE

£ T7E 2013 Sk 2018

BHE OH-58D OH-58F

W AH-64A/D AH-64E

% F& UH-60A/L UH-60L(Digital)
UH-60M UH-60M
UH-72A UH-72A

LETheS CH-47D/F CH-47F

BEEE C-12 Future Utility Aircraft
RC-7.RC-12 EMARSS/RC12x/JointISR

PN Raven Digital Data Link{5&
Shadow Tactical Common Data Link{t &
Hunter Gray Eagle

10
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2. Special Session H

US Army Aviation Program Briefings Kawasaki

EXEADS, BiE#ETOBrown OutlZH 43
RITEZEDEREUVEHIREDOILX

BHEEDEE

UH-60 Phase1~3&EXBERIICERA/EE M E
CH-47F BlocklI &R

OH-58F Nose Mounted Sight

Aviation Systems T®D %

BRERREIR M

11

2. Special Session H

US Army Aviation Program Briefings Kawasaki

Non-Standard Rotary Wing Aircraft

£ BHTOREFRBEXEITHH. AEECRBES AIC
FER DAYITHEERTHREEITI. XREAFAL TN

2010 AS0. FIHZRE INFREY
RE LFERICMZR AFDO IFAET7 L/ aREY A IOVETE
13hEIZHE K

MD-530F AH-6i Bell407 &

12
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2. Special Session H

US Army Aviation Program Briefings Kawasaki

Armed Scout Helicopter OH-58F

FE CREER/EREICHSINTIVA0H-58D 368#%
OH-58F 368%#£& & Armed Aerial Scout (AAS) TEZHZ 5,

FREOEE: TIo%)IL-aysEyh BIEAARNOHEEERMEMRL,
Nose Mounted Sitei& &, HUMSZ

WE JOMMAT15#105THIRIT 25#ERF4ARICMA
SYDEFERAIE 2016/90DF E

NASATORERFEEGER  14ft x 22ft/ERE. 37.7%ET L TEE

13




F38EIEHIRF = .*
B~V =27% TH-480B] RE%
B2 b B ARk AL R = B A

T E S pe—

L.
-

-62-



fgiE N1 27 % TH—480B

Il

Uk

-63-



KR EES 4
Smart UAV Overview

Dr. Ki Hoon, Chung (Korea Aerospace Research Institut)

Smart UAV Overview

Aug 29, 2012

Jai Moo Kim
Director, Smart UAV Development Center

Korea Aerospace Research Institute

-64-



Smart UAV Program Overview

To Develop Smart UAV System with Innovative Technologies
Including Data Link, Ground Control and Support System
Unmanned Vehicle with VTOL and High Speed Performance
Smart Capability such as Autonomous and Sense & Avoid Flight

Type of Unmanned Aircraft : Tiltrotor Vehicle Selected
After Trade Study With Candidate Vehicles

SUAV Program Overview

SUAV Program Major Milestone

July, 2002 March, 2012
Phase | Phase Il Phase lll
2002)| 2003|2004 | 2005| 2006 | 2007 | 2008 | 2009 | 2010| 2011

: vy y y y y
Milestone SRR SDR PDR  CDRI CDRII  TRRH

Pre-Con. Concept.  Preli. Detail  Man./assembly/Ground Flight | Redesign Flight i

l Pre-Concept Design }-J \_ Smart UAV

Flight Test

Smart Technology

[ Conceptual Design !
Implementation

‘ Preliminary Design }-— | | Full Scale

Flight Test
Detail Design




SUAV Program Overview

Performance Required
Vertical Take-off and Landing Maximum Speed : 500km/h
Length :5m Maximum Endurance : 5 hours

Payload :40~100kg Maximum Weight : 1,000kg

Typical Mission Profile

Alt.
(km) cruise (400km/h) @ alt 2km
Rini

climb to cruise loiter (>3hr)

5% Ywaf reserve
: § fuel 0.5hr
Loiter

A a . a a
\ fC
23§ Ground Support

\ X 4 -

1hiy el

il

ata Link

!;1 -7 y.:.‘
@ o Airborne
Mini SAR Q Data Terminal

A

EO/IR UHF-band
Pavload EEEEEEEEEEEEEEEEEEEEN
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SUAV System Overvi‘nw

« Concept of Operations

CFD Application in Aero Design

> S-A Model (Turbulence Model)
» Dynamic Overset Grid

TILT=90deg.COL=8deg, V=60km/h,RPM=1605

-
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Unpowered Test (TR-S4) Unpowered Test (TR-S5) Unpowered Test (TR-S5)
June ~ July 05, KARI-LSWT Aug ~ Sept 05, KARI-LSWT Oct 05, KARI-LSWT

T m_wm
; . AWM

Dynamic Test (TR-S5) Download Test (TR-S5)

Oct 05, BAR-LAMP Jan 06, KARI-LSWT Oct 05, Jan 06, KARI-LSWT

SUAYV Platform Design — S&C, Propulsion

Flight Control
Development of 6DOF Nonlinear Flight Simulation Program

Analysis of Static/Dynamic Stability
Development of Autopilot
Evaluation of DFCC E Performance

Propulsion System
Selection of Engine : PW206C Turbo Shaft Engine
Provide 2 Different Shaft RPM Optimal Operation of Prop-rotor

Design of Engine Intake
Design of Light/Highly Reliable Fuel System

Flight Simulation

ﬁ <aREEE T
h— nﬁaﬁ?

— |




Design & Integration of Smart UAV

Flight Control System

» Fully Autonomous Flight Controls including Takeoff and
Landing

» Dual Redundancy
> Fault Detection

i I i I i )
0 a0 a1 &0 Bl io0 120 a0 i
k|

SUAYV Autonomous Flight Controf Logic Automatic Conversion Flight Algorithm
1

Design & Integration of SUAV

Data Link and Ground Control Systems
> Min. 95% Reliability in 200km with Dual Up & Down Links

> Aircraft Control, Data Link Control, Flight Information Display
and Management, Mission Planning, Fault Detection, etc.

SUAYV Operational Beam Patterns SUAV Ground Control System
11




Development of Small-Scale Vehicle "E

Full Scale vs 40% Scale of Smart UAV

Small Scale Flight Test Motivation
Reduce Risk in Full Scale Flight Test
Understand Realistic Feature of the Tiltrotor Vehicle
Train Test Pilots




Flight Test for SUAV

Autonomous Takeoff and Landing
Speed/Altitude/Direction Maintain Mode
Full Conversion Flight

Point Navigation

Pre-Planned Navigation

Emergency Return Mode

TR-6X Development

General Characteristics
Span:3m
Tiptotip:4.5m [ NAR 94 23 2 100 | wonEEEEmnels
MTOW : 200 kg +
Payload : 20 kg +
Power Plant : 55 Hp Rotary

Performance

Max Speed : 240 km/h
Cruise Speed : 200 km/h
Mission Speed : 165 km/h
Mission Radius : 60 km +
Ceiling : 4.5 km
Endurance : 5.5 Hr +




v

chnology Transfer to Industry *

Sikorsky's chalienge to Bell at show

Sikorsky goes
full tilt with

Korean UAV

Sikorsky is apparently entering
the tiltrotor unma;

it

wsky Innovations booth T d ¢ c hip in

the company’s new X the Lye

I
Institute | veloping the r
velop- | achieved first flight in2
smiart unmanned air vehi orsky
yw for about nine years.




KARI Tiltrotor UAV’s

TR-40 TR-6X Smart UAV

Wing Span 20m 30m 5.0m
Width 28m 45m 6.8 m
MTOW 50 kg 200 kg 1,000 kg
Payload 10 kg 20 kg 90 kg
Power Plant  Reciprocating Rotary Turbo shaft
(Max Power) (15 hp) (55 hp) (560 hp)
Endurance 2 hrs 5.5 hrs 5 hrs
Op. Radius 20 km 120 km 200 km

Loitering
Speed

Max. Speed 180 km/h 250 km/h 500 km/h

130 km/h 165 km/h 250 km/h

Autonomous

Autonomous SCAS Flight

Tests -
Flight (2008) Flight( 2011)

Uses

Remote sensing
Aerial surveillance
Oil, gas and mineral exploration and production
Scientific research
Military application

Search and rescue

71 / LAEH =28 / AIE-_MP‘ Mx/“‘ o] &

@- Lol " A IJ&

WAl &g miet Bt/ AR BE

AE / WEUOE ZA FINFRAIE HAl EWETT N




Summary

KARI has developed Smart UAV system since
2002 with 100 million USD fund.

Full automatic flight test started in 2008

SUAV demonstrator flight test completed
SUAYV s the fastest VTOL UAV in the world
Korea became the second country in the world
to make successful flight of the tiltrotor

Prototype Development Plan

SUAYV prototype development is being planned
Customer establishment
Modification to fit ROC (environment, operation concepft)
Prototype manufacturing
Ground and flight tests
ILS design : Low cost & affordability

International Collaboration Welcomed




Thank you.

- g ord i o
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(0388/11 NOTAMN

Q RJJJ/QRTCA/IV/BO/EW/000/999/3948N14053E056

A)RISS B) 1103120036 C) UFN

E)

ALL ACFT FLYING WITHIN IWATE AND AKITA PREFECTURE ARE REQUESTED TO
CONTACT FLW FREQ AND OBTAIN INFORMATION FROM JAPAN SELF DEFENSE
FORCE

CALL SIGN : HEAD WORK

FREQ : PRIMARY 138. 05MHZ SECONDARY 123. 1MHZ

RMK/EXC IFR FLT)

(0389/11 NOTAMN

Q) RJJJ/QRTCA/IV/BO/EW/000/999/3929N14056E044

A)RJSS B) 1103120036 C) UFN

E)

ALL ACFT FLYING WITHIN MIYAGI PREFECTURE ARE REQUESTED TO CONTACT
FLW FREQ AND OBTAIN INFORMATION FROM JAPAN SELF DEFENSE FORCE
CALL SIGN : OFF SIDE

FREQ : PRIMARY 123. IMHZ SECONDARY 138. 05MHZ

RMK/EXC IFR FLT

(0395/11 NOTAMR 0392/11

Q RJJI/QRTCA/IV/BO/EW/000/015/3829N14056E044

A)RISS B) 1103121111 C) UFN

E)

ALL ACFT FLYING WITHIN MIYAGI, IWATE, FUKUSHIMA PREFECTURE ARE
STRONGLY REQUESTED TO FLY AT OR ABV 1500FT

RMK/EXC ACFT ENGAGED IN RESCUE OPS AND IFR FLT

F) SFC G) 1500FT AGL)
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SPECIAL OPS OF TFC INFO SERVICE WILL BE CONDUCTED AS FLWS:
1. CALL SIGN : ISHINOMAKI INFORMATION

2. FREQ : 123. 45MHZ 247. OMHZ

3. OPERATOR : JSDF-G

4. SPACE ON SERVICE : 3NM RADIUS OF 382720N1411828E
(ISHINOMAKI-SHI SOUGOU-UNDOUKOUEN,
ISHINOMAKI-SHI IN MIYAGI)
ALT 2000FT AGL OR BLW
0. CONTENTS OF INFO : TFC INFO AND OTHER INFO FOR SAFETY
6. RMK : () ALL VFR ACFT ARE ADVISED TO CTC AND TAKE
INFO
(2) ALL VFR ACFT ARE ADVISED TO PAY SPECIAL ATTN
TO THE OTHER TFC

=

F) SFC G) 2000FT AGL)

MEEHREP 2 O RFAE

UHFx1)

[BERTE]
MEP20ICE3XE

..ll!!(VHFx1
HEB:BEBOA

! ORHEE REI/744—2av
= | OME® 123.45MHZ 247.0MHZ
Lo OMEER ERRAETESEDLE
by (382720N1411828E) &
RLETIEEINMORE,
*$ith2,000ftLLF

(H23 !E**!ﬁ) | [emememeaEnAm:/-54307)

Y

h%ﬁ/\!‘#ﬂi (

h 7 3
Le PP 2NN S ) £7%.3
WL B

- 149 -




<FHBHEC> GRS TRBAIREIICR T D 2R E) |

BEERICRMELL
B S HLRITHR T DM ZE &

BEGHATIRO G T+ A—2 a0 TOHERY R VHE

3.13~5.11DRIMZE EH £E

F1=3=t
wEEH
uZBH%
u ER-ELEH
u REH

RAEAKRESMEZEHERENMN DR

FYNRIZHE DM ZEHERZ
BANZTH-HDIRE

- 150 -



<P RS TR AR IR T D 2R i E) |

KIREKEFERL-MEBE
BICAMITERHT H=0IC

Mg ZEE 52— (R =
ENEETSIRBEXEELETIE
ok By SEETE THE TERT S

INCANL: ek i
mZ=ERDRERFNF+5

1. RRICERPLIA RS+ 3 EREH 0T
L EEAE RS - T TR DBOEBREOO O
B H S — () 1B E D&

2. 'Ia#& ’é;b‘t%%@%%%ﬁ%*ﬂﬂ?ﬂ ZERELTULVELVED,
HIB T EBEDDRENELN TV
75\( i;ﬁ%ﬁ%%@f?%ﬁ%ﬁ“ CIREBISERELTEEKEZS N T
3. Eﬁﬂa‘ﬁi&%@*ﬁb%@@*&ﬂhﬂ%&t75\ bETéﬂlﬂ’CO)
EBEOMENLGE D ZEITOH. KEXRAEICFEEL
T, *&EJJEE%%ﬁAuﬂ*“tJSI | oikE ﬁﬁ%ﬁ’%ﬁ%ﬂ%ﬂ
J?J’%F’él'z L IFCHRSEHKICRRISEDGEMSIETRA

B - B-REWEEMEECOVTENTNE-B-ZD
JE?E FRETBLTHIRE - Cim i3 2 BE B EY A

- 151 -




<P RS TR AR IR T D 2R i E) |

LR EMDBFZIRET NE

1. AJaFa—nEd-FEOHMALLT, 5H58MRTIE (RNAVA)
ELTTENEPRISAOEECERLERTESLSICEBHET
5(ERTALFEZ AN, BETHEZEHIChEMKT AL
HEMDESGEE,D, BRBEORITIHS O EDEHETE (FZ
[ZRH MR ZEERN) THARANLEELL GLIRITEAR)

2. SHET. K- REfE mathE0ESR R0 &IZLUT
DIhigk (R1TIH) TERZRET SLENHS
dbimiEE R ithig - B BT A0

bl = B RITHE L

B  NAEDEEICINA TAREERTIHED

SR thisl /R 1T 5 . BAERRITIE D

IS KBR st : / \EREF3 7 (BRIHEELBHRIh TLD)
mEMhE: EERUSREROED

Jup R AR IS - SEHRITIS - b L 22 R D

EAEE I HLEBKETHEIC
[HhigifiZE 22— (IR FF) 128 E

o BEFBRIEICHIBHKEHBEEERLTLSA, BRShIEHE
THEOHE - HiEE FathEOESHNEXMEBICHZS-H. E
b, BA3R. PIE- Wi, A, HE, AN EREMIEFD LB EICE)
DA)ATA—FDEHEERBET 55D St 2— | ZFEH
TEASSICENEBETHALBOBKHE CHREZHET S
COMELA—IZIX, EFTHERBEADA)ITI—EREEDEH
BMHIEEH 5T 5. TELTED T LHEHEL, OBMKERO—THRH,
QEBNDBEAEDRE . QEHBE~DEHEOERIHH AR, OXH
BEORBADHEHROREETHS
Mgz 2— &, NI T2—HBESI D gL dbE E B
(BHAEMEES)NZOEEICUIRICEAREFTOEELTHELS

« BROFRIZHAMMEILIZDOLTIE, FRIEIZHEESEZBA5]
ST ERY LA, BEICERTSEEE. ERE—FEOERERSF
ECDHiEMZEE A —ICELHLTIEBZHETESLSICTS

- 152 -




<P RS TR AR IR T D 2R i E) |

TELI=/N\MOYRFDEEE &£

~—HBE R

1. BN TEI— DB E
PVEIOHBRMIE. XRROXIET, ZERADIE., BUOFRETH = 1GTIZ&K-T
[EFAREIX60KIREEIIHoT-EB NS
INEINY T E—([FRDEDHKIZELSSH
SBEIEEPA—/N\—T—R b H o1
hEIAYTE—, SETITRBRLECENEVZIEDER R THIANEN DD TIHELIMNE
DECLTz - B RIAY T4 —ZF(EF AR
EEERBBICEVROZAEHELZBREITILELDHD
SEETUWIP VS RAOERE ERTELVATLEBELE

2. EQOERITEADEXRIETOEAICES

EDERITIHIIFTBRITBETELZVE, BE(JILEEZEAR T TEHIMRITL. VFR
EHENEZITEDEANEATEHELE MM B EENELLI-AEINNT
EXAYINSY

CHENINENESIHOEHEREDIIRHEFBO -, FIZWIE VORI TERTEL I o110 . T’H
DELIREN R THHT-

CRERRLE R X RBRITIBEF(RET RNE- -RNAVIZ LA ERITIBIELEZTOIRE

FRAANYR—FTD
/N ESE RIS AR R

FINEIANY DT E—D
HWHERIIEER

- 153 -




<FHBHRC S TR AARREIAC BT D2 Rhim®) |

th/NB T UAMEFE ALY
SRR R—ETDIE R (OH-6)

-

I

FIORITEMEREL = BIEFT~ D BRFIZ2H) (OH-6) EOMITRIRE

/NI TLAMEFFH KLY
R EA) R—ETOEMA (UH-1)

i

E d
3A25BICEIRITHEARELZILAMX O IUTEBEFT~ D REHK AN TET
BEREFBfxiRMH

- 154 -




<FHBHRC S TR AARREIAC BT D2 Rhim®) |

B E BB ERAMEHOH#R
(FERL1E ~224F)

520 514514
0

510

500

490

480

470

460 4

450

440

430

420

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

BhE B EMNDIER

O BEHETHE. RiE REE rmBtESFT
DHEEIL, KFFRFHFNEK

O ERKDELEMOMBICMAT nFEBL
Ao DMEEBMN ARG AFIZ T D

(BLBEEROELRZTTOANITI—RBEMEEZZRKRIC
ERATESRHA)

- 155 -




<FHBHEC> GRS TRBAIREIICR T D 2R E) |

B LEhE (KEWXE) REMD
AT RZ—THER

7
i

= B E T s

- 156 -




<P RS TR AR IR T D 2R i E) |

(BEEFEINYITE2—H)

1. AHAKDOAYATR—HhSD K
6B FHZDE=F) YT THREHRED
=<1k

17 HO800A HUH-60JATHDE=RY) 4

THEHREN TN >=-=OMKERE

17H0948h 54 M RK (£930t) EhE

2. BRERBEHROY-TIIFAEFAK)

[RFH (F%RKEE) TEAKD
BEICISEZRGE M oF=D

- 157 -




<P RS TR AR IR T D 2R i E) |

BAMZEZAGHO-EREK?

 HIEE - 2acssmEsT s

* BEFAREFHBRLECOREAMENORELEDOFREEEHTLVEL REED
#5%)

* ABAYEZEILRETOEMEFFIRNT DARLGE - - BIREIHZFT TOEMZE
a9 BIL—ILHELY

B BN MRICE O ELERICRABE

* MHAYEIEXE - MSHREICLDEMBENKRETE (RAEMT HRMKHIC
FOTILEREER)

* ERTELEMERMNBENGN

* FHRKEHE TOERINRA TETLVEL (FIFRBRTA L)

P s A b A — D SRR SRS D

Y BEIEER (Mishap Rate)F FITAETORITEIETULVELD T, EEEREAEL
Y EEMISE TOERRBREITOTERE, o

Y BRFETELIHBEENEV(EEAENIMEBEELUR) - BRFEDEH
* oY —EH-REHEHOEODORAO—FRANEN - BRI ETEGL

BESEOHR (FAMEHEBMAMZER)

=l

500

) 4 o o -
=] =] =) =] =]
=] =] =] =] =]
2 & »

Class A or B Mishaps par 100,000 Hours

=]
=]
=]

100 4

' Global Hawk
i h Hunter
-'.l .\.
T A
F-16 § " A,

A

Shadow

100

1.000 10,000 100,000

Cumulative Flight Hours

FIGURE 4.3-2. MISHAP RATE COMPARISON.
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A OTREE K]

ToT47 Eifif : ARERICE#T SBVIEE{ERICHED
HHC(Higher Harmonic Control)
IBC(Individual Blade Control)

FIT47 2597
TOT4T YL A
FIT4T 53T

18w TR BERE - K ERAT R QR F{ERICH 2
ERTRY
EET Rinfs K
EETEIJL—FFEER
A EA—S BB

BAEAYaT4e EI3TEEFHES YINEBE asa=F—L3 75Y ER2543F8H 7

HHC:
Higher ( szi;; SR R 3

. | BRI &k V) 7 B
Harmonic ‘& %%bg E(b+1) QizEphs
Control -

JE[BER swashplate

IBC: IBC 7HF2T— ../ :)
gr]glc\ir;dual (: ; IR S DR R SR L
Control [l# swashplate ﬁg%@%&ﬂ%{ﬂu«wﬁﬁﬁ

BAEAYIT4HE HI7EAEHNHRE YINREBHE asa=F—2av TS558 ER2543A8H 8
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BEOT7IT17HlT (2/12)

Active Flap

Active flap

SRR

+ o HEEERESE SO OB EE
ISR MTERERY

Active twist 72F T —4
Active Twist

Active twist 7OFaT—4

IROBEHRL
RIG RIS X LA BT R

BEA)IFEHE EITEAEHNHMES vYenEHE 1324230759 ERE2543H8A

FOT4THICEHBVIEE EFHAD=X L
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LEWLEE0HEIRE

N

JL—F /G ERD
BWXRICKEBVIERED
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DEZRICKD xr
BEOHE BVIEE
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DROEEEZERT B,
x
2 B: REWNEE
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BiREBLIRE
BN ARGEEEEIERTE S,
TOF1T—2HhEERBTED,
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JL—F-EvFa o
WHFAT-EwF
12 BRAIL—F CoFAashOo—1
10 (AL T4 T EvF+H ) wa.FuF
c LA/
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TOT1T B EBROTL—R-EvFH

729747 -O—4-akA—)L

¢, cos(¥ ~ )
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a,cos' ¥ +b sin P> a, cosn't + b, sinn'¥
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+ch
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HA v EvF

[1 Vi /X\>( :1;9%4:*-1:"‘;&
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EREIL—RN-EyF
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TOT47 B ESBEOO—% - N LANDEE
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BVIEHGE DRIERITEEICnrevD 7 I T4 T RIEEBSEIIBE DT L—FHEA

1 EiwaE meze BRAIL—F-EvyF 7HT4T-0—%-avr0—0
L= EpV:SCL o« V2C, o (Vy +V sin¥)?[6, +¢, cos(¥ —¢,) +c, cos(n¥ —,)]

o C,+C sin W +C,sin 2% + C, sin 3V ). 74547 Bifffoff THHIE
[r C,smn¥+C,,, [sin(n —DY¥ +sin(n + l)‘l’]+ C.. [sin(n -2V +sin(n + 2)‘?] ]
T T4 KiffonDA IR

NIV

collective, cyclic&H (2L T Bz bre-trimE

1 (cyclic) 0 (collective)

2
3 2 1 (cyclic) cyclich AL 3 B 1= re-trimE
4 3 2 7L

BEAYIT4HE EI7TEEAWMES vYINREBE 232=4—130F5Y FR2543F8H 13

AL T i

swie, (EEREBIRTSIR . Foo A/ 8 M E iR B—
%IE fa(swept back): EFEMHREF—Mdd. Mach tuck, HSI(High Speed Impulsive)EE#£H0
1R v (parabolic): Rif || FE BB ABE/NATRY YIRS 5
JL—R&RIZE>TMA —EE—ERHEENGEOEKX
T—/\(taper): FERES MO —Hilb /)T MHEE B
EmEERL EE L D4R L
TEf(anhedral): RimBEEMEEZ TA—FEREST—HE RN T ERES. BVIEESE

ﬂ]«
i . | Leading-edge
Swept rgctangular H t: d 1 1 y
%Ide ﬁp : Swept tapered tip ] D wept tp ]
|; |

Westland
BERP tp

N O (Ref.1)

"‘\
BEAYI742L EI7TEERPTARS vvNEHY asa-4H—1a3275Y FER254£3H8H 14

Sikorsky 'growth’
blade tip :
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AV 1)
i, (EEEIL—FEERR-a Rishk ary

ZZTlZ. &L TBERP(The British Experimental Rotor Program)7L—F %R,

NEZEAIRETHGHAERHREH L FILE—A MR

BinARECHEEREROER
R IR < &S £ Fr ) R 1l

RAE 9648 RAE 9634 Low AoA

Yo =12% Notch Ve =8.5%

T
1
‘ H /] High AoA

Tip vortex

RAE 9645 (Ref.1)

te =12%

Notch vortex

BEAYITSHE HITEEHHARE YNREE 2S2-47—2a>T5Y LR2643F8H 15

133 7 Bl
Al ZA—2 0k

lapan Aerospace
Exploration Agency

b - c T osIESE
FRERIMIAELEIZ LD &/ ADIEX

P Mach tucklZk DO FE— LR FTEER
$5(2750ft/sec LA L B ZM=0.021 F

900 — 1

800 Noise Limit
°
c
S 70
3
RECIEIEE ] 600 Acceptable Tip Speed Choices
200~220m/sec$ 500
656~ T722ft/sec ‘.g 400
] 777 7. BREIKEICLD
cg 500 L [ Stored Kinetic Energy Limit | Stk R R A
i= 200 B (Zu=0.50k
‘g F—rO—T g T
T 100 B—HEEEIRILEFLNTE
R | | | 1 | f | | j
0 20 40 B0 80 100 120 140 160 180 200 220
Forward Speed (knots) (Ref.2)

BEAYITHGE EITERAFRE YvNREBE 2=2=45—23 758 ER2653A8H
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FOTA7HEMDIEE

TOTAT TINMRA

EiRBEZELIE30ICREL, TL—FOEMHBLYE
RESHLBEW - ToOT4T 2597, POT147-%7)

il Al

BEEERISELET 7747 RO EBFE T (K18, IRIE. &
BROBAEHLE)ZHE B TL—FREEDZRL=FHA
JL—Z IR
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BEA)I72HE EI7TREFAFRRSE vYINEBHE 5245 —ar 758 EfR25FE3A8H 18

- 186 -




< P> FB3TIEIE RIS TJAXAIZRT 5~ U 2 7 ZBEERIBA T 7 7 4 7 Bl o5

BRKTIT4T-T5vTHED
Eﬁ ﬁ& Uﬁﬁg Eiliﬁ (Ref.3,4)

BEAYITaE EI7TEEFWMEL vYINEHE 2324 —23 TS5 ER2543H8H 19

HE (14): EXTHT47 2597

ATIC (Japan)
2000 Whirl tower test |
assumed GW=3.5t

28 hour operation

Eurocopter
2002 Whirl tower test 3
assumed GW= 3.5t i)
10 hour operation '
2005 Flight test —
BEAUSTSGS HITEEPFRS Y7 BB 32z

v

br—2avJ5Y FR2543F8H 20
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e BR (214) :EZEXT7OT47-25vF

Boeing
2003 Whirl tower test
assumed GW= 2.7t

13 hour operation

BEAYIT4E EITEEHAMES vYINEHE a3a=4—1a 759 FR2543F8H 21
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JAXADITHITIT417 25T LR

B F R BFE ST DT REFT
BT EMRICH T SRR

BEAYITHHE E37TEEFHRE YNARHY aSa=4—230T5Y FErE254£3H8H 22
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ZRED
1. AFQIRIE- BB - HE/ASA—2EL-BEETH

5. BVIES A ERT AR CNELAFEETERINS

IL—FOEDBERIEEZERILT S,

2. AFDTRETE/N\TA—2EL-ZEEERHT . BVI
BEZEERTAIRICHELRIL—FOREEChER
$FB5DITRELREV S -E—AV DN —F - R BT 1
112,

3. DILOBHERMIS, AFBIBEERETIZEEZAD
H#HREHRTET D,

BAEAYa74HE EI7EEAHRE YINEEBHR asa=4F—1a3 75 FE2543A8H

Bkt =
| R=5.8m
i 08R  0OR |
| C=0.4m | | |
h G'_J[:____:—:'(___ o 1_ I :h_'_ _T _: \:_
| | | _7_'!
Airfoil=AK420G ! ' Airfoil=AK100G
transition
TL—F#% % : 4
RimEE : 200m/sec @ 100%rpm
Emie 1 AT2
R_LY : -10deg. fi¥
O—3#h : 3,500kgf
AT &4 ] VA

BAEAYIT72iE EITEEFAWMRS YR 2Sa—4F—13>F5Y FR2543H8H
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JL—FLDESE . BEROEE

1. AFEBNC&STL—FEIRELL = 1.5deg.
BEDRRARBREREICE < (HART, ATIC)

2. AFRIEE =2/rev
FOFLI—3DRBBENNTDOBRKY,

3. BRI Y -E— AU RERREL T L —FEIRESL

1&@7(‘[|:L'C779’-:.I—’5’ DBLENTZHTESS

BAEAUaT75E FI7TEEFAHRESE voNEERE 2325 —1a30T75Y FR2543F8H 25
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= 40 80 £ 5 = 20
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s 35 : cuZ
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EL Y- E— AU ROVNBHICHETED,
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JL—REOBEEMY (4/5) : AFRNNVHBABE
REERDEH R
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ERTIT47 - 25T HED T H

i R=5.8m |
E rres 0.7R o.zIaR :
“@‘—j:::::: """" 1 | =
| o.Ic \ .
POF4T 2597
EZE :10% FL—FEZE
y YAVZ :10% TLU—F# &
ANV EREIE :70-80%7L—FH&
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Active flap amplitude (deg) Active flap amplitude (deg)

BVIORETDHEABTEHFICBNT, £HRELTERELS:
AFDREETTEMEA 6deg. N T L—FRIFZE LI D BIRE
1.5deg. #EML. TORFICTIFLI—INRLESHIRE
ELP - E—AVMI1L.ONMTH A EERER L,

BEAYITSGR BI7TRRAFRE YINEBHE 252=4—23vT5Y FR254E3A8H 32
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BEREAE BEIRE
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ERTIT17-25v7 DEREIEAFE (1/3)

x10

Japan Aerospace
Exploration Agency

Displacement amplifier

Active Flap

0\ o] o

blade root \/ Active Flap blade tip
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BAAYIT4HE EI7TEEHAMESE vYINEBE 2324 —130 59 LR2543F8H

%)
W

. BRFOT47 259y T DOEEERE (3/3)

AT H-HDER

Integrated one -pieced displacement amplifier
A

% o
3 Kevlar fiber

Hinge point

Push-pull’'linkage Active Flap

Elastic hinge AFDELTER

To Active Flap

Elastic hinge

BAEAYaT4tE FEITEEFAHRES vYeNERE a3a=4—2a3r 759 FERi2543H8H 36
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JAXADITITZ I T147 25T hEFH

EXREFF BEmat

AERBAR LT DI REETE

= = Al iR = 8 1T A1 sE R

BAEAYIF4EE EITEEHAWMEE VYINREE 032 =-4—a TS5 ER254388H 37

H &

1. BEEERRFICBVWTEEEA., R/ RREEZER
LI=EHT. AR LEEXRTIT47 - 75T #EN
BIEIZHEBNT A EEFETT S,

2. TOT147-73v7DEBTHESNDIECEZ N
=R - Y 5.

BEAYaTAE EITREFATRS YINEEBE 2324 —2a TS5 ER2543H8H 38
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Displacement amplifier
2 Piezo actuators

|

]
-

Linkage

Active Flap

BAEAYIT4E ES7REAMRE VINEBE 2324 —a TS5 ER2543A8H 39

/~ Dimension "\

1 Wind Blade span : 1m

I:’ressure Displacement Blade chord : 0.4m

ransducer sensor Airfoil : AK120G
Active flap

»
I 'r_lﬂ
i g ﬂ_ﬂ span : 0.58m

\ chord : 0.04m/

Actuator displacement
Hall sensor Input voltage

BEAYIT4E SEI7TEEATHRSE vYINEHE J32=45—230TF5Y L2546 388H 40
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EEEEAL YOS
(Kulite)
Active Flap
o.‘s*_l._atlu;‘_a_t;.i_;zcli.o o 00 : ZM 400.0 mm
0 10 20 30 40 50 60 70 80 20 100 % c
— —
—~ 't
17 gauge type 4 absolute type

BHO—FOIEEEEZNBS ORI BRELDOT-H.,
EEFEEEHEYZETL—REDHATEL,
A EERTHAIT I T47 75y LICHEE

BAAYIT4GE EITEARGAWMASE vYINEHR 2Sa—4F—arT5Y EF2543A8H

41

EiEATOFERR
(FHRAIKY)

JIBETL 1mx1m EZFERASE

BEAYIT4E BI7TERHAHARE VINREBHE 232=4/—2arT5Y ER2543A8H

- 198 -




< P> FB3TIEIE RIS TJAXAIZRT 5~ U 2 7 ZBEERIBA T 7 7 4 7 Bl o5

HEREH

Blade Active Flap S

M| a Oar” Freq. FefT 4
(intended)

0.472.5 |6 deg 2/rev** Hover

0.55| deg 2,3,4,5/rev BVI
0.70 2/rev Max.
speed

*Oar: Active flap amplitude

Active flap deflection=04r*sin(War)
n=2,3,4,5
War : Active flap azimuth

**q/rev: equal to 5.5Hz

BEAY)IT4ipE EI7EEFFARE YINEHE 2324 —30T5Y FERi2543H88H 43

Actuator Input
Voltage (V)

Actuator

displacement

(mm)

Output of

displacement
amplifier (mm)

Active Flap deflection
at mid span (deg)

BB R BVI &H

-

-

M=0.55
Alpha=2.5deg
Active Flap
Frequency : 2/rev (11Hz)

Input voltage :

Test condition \

400+600V

/

n
P I

3

time (sec)

BEAYIT4iE EITEAEFTES YINERE JSa=4—2a30 75T ER2545388H 44

0 008 01 012 02 025 03 03F 04 045

TOT47 25y e ARG
? BiE{E6deg. #ERK
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P14 - 25y TR ARIE

> 8

3

—~ Hover

L s &

2 W

= BVI

g 1 n

2 Max. speed

= 2

(4]

=

2 0 1 1 1 1
0 1 2 3 4 5 6

Active flap frequency (/rev)
TOT47 2%y TRAREDBIZE
6deg at 2/rev active flap frequency
ZHover®k & [EHE A (BVI)EH TER

BEAYIF4HE EI7REFAFARS vINEHE 2524 —23075Y ERi254388R 45

Active flap deflection
—o— -5.3deg —o— -b5.1deg

—a— O.4deg —a— 0O.2deg
—A—  6.8deg * —A—  7.2deg

Active flap deflection

0 20 40 60 80 100 0 20 40 60 80 100

Chord (%c) Chord (%c)

BT —FOIEEER NS DR -BRELICEST
BRGFEERENT—RE/LIENTE,

BAAYaT74HE EI37TEEAWRS YINEME 2524 —2av 5 ER2543[8H 46
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ERTIT17-I5VTHBOELD

1. POV 747 - 725y TieARIED HiE{E6deg at 2/rev
active flap frequency ZHoverR U EEEE A (BVI) 5§
TER L. ARLEEXT7IT1T7- 75T HBENEIEIC
EBI9 AT ERAELT =,

2. 3~5/revDBVIEHTERTE-7IT147-75v7 A
RIE(X5.2~5.7deg TH 1=, BE - IREMEB TERSh
B3/revbA L TOTOT4T - 75V e BIRIGIZ /SN
O, NI+ EDGERERETH S,

3. TIL—FLEDHTHEL AR THAITIT147-75v7 L
ICHEREBEL-EEEENEOYICEHST, BHfra—FD3E
EEZNBI ORI - BRELLEIT L TERGIEEE
FENT—3%/HEMNTES,

BAEAYIT4HE EITREHATESE vINREHY a32=4—130F5Y ErI2543H8H 47

TN RT—)LLTZ
RFAHBRETL—FH
\ 777__’(j' Qj%ﬁd)ﬁﬁﬁ'l':‘:ﬁﬁ'é?#ﬂﬁ (Ref.y

BEAYITSHE EI7TEEHAFRE v N\RB# 2S2=4—2a0F5Y FR2543A8H 48
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FIOT47 3T DEE

Active Tab

Rotor Blade

Active Tab

B IZEB
Active Tab
ey R

BIEOEHEEE . TZEEENRICKYIL—FEHEIUO—ILT S
CETRHEERICHEELGBVIRE SIRBZER

FREED D REGHICFYO—LEEHETIFEHILT
\.tﬁ-JkiFﬂEﬁﬁ?E'Gwﬁ’s"éﬁﬂﬁ y

BEAYIF4EEe E37EEMATHES vYINEBE a4 —2a3 759 FE2543A8H 49

TOT47 - 3T HREE

2DBHHERAEER 2002) /" CFD 2002~

2D Wing

ERATHIE
kU
I B oD BRI 3

—

Tab

\4

/2DE s ELFEER. 2003 )

Gear-crank
e I | Bl
E&n 7—9

DC component
[D—G’Jﬂﬂ“ﬁﬁ 2004, 2005, 2006

BAEAYIT4E EI7TEERHAMES YINEDE a32=4—23 759 FEri2543H8H 50
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TOT47-27 QO—4 @R

1O —425%iE

i ' RFoia Active Tab
1 Ik
717')3/7’1. S > | HHCE—%
{ 3 B 2 |'sua‘-z'noo
FY-FUT+
O—%B88

NIRR :Hingeless O—4EEH :1200rpm (Max.)
TL—F#H# 2 TL—FRLYTFIF :0°
A—248% :1m FOT4737

TL—FREE :0.12m B R ¥ :20HZ(2/rev)

BR :NACA0012 IRIE  :24mm(max)

BEAYDT4GE EITERRHIFIRE vYINREE a2 —2a 59 ER2543HA8H 51

BROHME
FH747 8T OO—SBESERHE
O—4RRAHEBRT. 7571

Japan Aerospace
Exploration Agency

104 T 3T DEERBRENEE
¢ P N
* &l
@103 .--PT’.?."’.-a S N P——
E‘ * *
%102 . 2.9dBDEEE HIHEE N
T e 2dBOREE EHAY 71
= 101 . 4
100 BREERNE X
0 90 180 270 360

AT{I#H (deg.)

BEAYITaGE BITERATARSE YINEHE 1Z2=4—23LT5Y FH2543A8H 52
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RDRTYTELT

LETCRUERBRERICEST.BARLETITAT 4T
A—2BEEEICHL THEETH S ENEIETET -,

f=2L. CORRARER X T IT47 - 2T DEXRRESELEIC
BEZEVTL 80, 1HA—2Z%EBEDERLOTINE
IR 100m/seciEENDHE FEEH TCOFMTHo1=,

&Y B AL T S TR

=YY/ R—)LLTI=E MBI L—F-0—52TD
B EUEFRERIC LA MEEEL TLVS,

BAEAYIFEE EITRBRFAFRSE veNEEE 324 —2a30T55 FLI254E3A8H 53

T T47 37 HBERREDEE

1. BETHEHEDOIN —F-FTI2LB.
IVIN R —ILEHITET S
ERRABRERTL—FA
TOT147 - 3T EREIB B DL = 5% EH(2009)
2. BELETOT4T7 - 2T7BREBRIBOS X T LR (2010)
3. PUOT47- 47 BREIEEOE1IREERV
BN SR BR ET A TESABRIC K S VE BT RERT I (2010)
4. 7OT47-3TERENIED 25 1E(2011)
5. BifEERERETH A BRI & S EBITEREFTAM

BEAYIT2HE EI7EEHARARSE vYNEBH 33245 —2aV 758 ER2543A8H 54
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FoT47 - 57 BB D A XEERE

E##1: ETV-FOFa1xz—45 + EEED
& #2 . —R-E—42 + FiDHL

B #3: V=T -F—F + N )LIS5VY

&4l #4 : BREIL/AR + /AR

RDADDBRAMDFEF LD LIRS KLY,
-EEIR TOEREIREA
-iFHE D DR
-FOT47 - BT ELL O FIEEE S
BRSNS YA X

(&% #1ETIT47 - 2T OBBBEELTRAT .

BEAYIT4e EI7TREFAHRRE vYeNEEE O34 —230T75Y ERi2543H8H 55

W EE# ETV-TOFa—5 + BiEELD

Blade tip—>

LT |
#cgve _ _gillit:j:) ': J: ['J jj 9 @j(mgfi*mﬂﬂ]ﬂﬁg

| BEEET BT HT4T AT T LR
EVNTHF2I—8 T CERK AR

Piezo

ETV - 7O9F1IT—3NHYA4X
Double armed (:a)t%é.li,g}}")j&jl/_PEW
amplfer ~~~ (0.12m*0.15=0.018m) [ZUXsh B & A

R ATEREE
Counterweight for

centrifugal force |
cancellation

Active Tab

BEAYIT4E EITEEATRES vINEHE 2Z32=4—232T75Y 25453 F88H 56
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FOT47 - 3T BEHE O RT LER

Piezo actuator casing -~
.'/’ 3

L
-

\\

Double armed

amplifier
A
Blade .
= Active Tab
Pivot

BEAYIT2E EI7TEEAMRE YINEHE 232=47—230T5Y FR2543A8H 57

BAAYIT4GE EI7ERAMRE vYINEHE 2524 —1arF5Y ER2543A8H 58
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FoT47 5378

|~ =
RE

BEAYaT4E EI7TREHAMERSE VYINREHE a4 —2a30 758 ER2543H8H 59

BEFTHIL—FETIT4T-2THK

A—4/7L—F FITAT- TP

TL—F#:2 TE: BE

NT R teetering AR\ 80-95%R
O—423%%:1.5m Z={ii: 12mm (10% Blade chord)
EiR: 0.12m HYFHT & 10deg (BB TIT)
BEZ!: NACA0015 FEEE: 2rev

EmER: 55 80%R %’

aLY: -8deg. &2
A—5EER%: 1300rpm (Mach scaled) & el }“‘

] / Minimumdisplacement
/ AT 12mm
Blade aximum displacement

Active Tab
NACA0015 10deg. anhedral

BEAYIF4E EI7EEHNWMRE YINEBE aSa=45—13a TS5 ER25563A8H 60
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Japan Aerospace
Exploration Agency

FOT47 - 3TERE

Push—pull rod v ' Piezo actuator

(% Double armed amplifier

<2

i (\&G{\qe '
\ ' \ Anti—C.F. member
\ Eddy current sensor for

Counter weight ™ Pivot Active Tab displacement

BAEAYITEE EI7ERAMRE YINEEE 2324 —2a TS5 FRi2543F8H 61

Japan Aerospace

 ZOT4T7 -3 REEO E 2 R

BEAYITSHE EI7TERERAHRE Y/N\REBE 3S2=4r—2arF5Y Epi2543A8H
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f Test condition \

Active Tab

Frequency : 2/rev(43.3Hz)

Amplitude : 12mm
qut voltage : 72+82V /

- 14
0T A s w—
N7 A W A |
B= ® l \ / \ [ | 797757 %Eo
§‘F’2' \ / \ /| emEcsszmmeEs
2 \ / \ /
g \/ \/

0 10 20 30 40 50

Time (msec)

BEAYIT4E EI7TEEHAMESE vYINREE 2324 —13 759 ER2543H8H 63

FOT4T - 3T BEDELD

1. POT147-37BREi#ELL T, 4B BMERMAE
RHL. ThoDFEFFERTLBRFLER.
LYV -PHOFrT—5+EEEL D
AL,

2. RELI=7OT47 - 27 EREISB O S EHERICKY.,
2lrevT1AMMAD BRI ZZERL . SRETERZ M-I M
TEzo cITEH T BWVFUVFI—2-/N\JTHEZE
fIZ{5EEHIC. 7OT47 - 2TERBIEEZ T L—FAIC
IRENATRERR YA X2 B &Ha[REE LT,

BEAYITSGE EI7EEPAHRE vINREBW 252=4/—2a> TS5 ER2543A88 64
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Japan Aerospace
Exploration Agency

BVIIEHIFiEZZ S0
TOT147 BT AR —FHIHE] ®ers

2 Multiple
cp - ,')'r lower surface blade
N T~ . surface
of—+ . Signal conditioning

pressure

B0 180 270 30

1
v ;|
S (dng}M\ —i| A/D amp
ACpmay GW, ﬁ
¥ '-,_vﬂ"""'{rppersurface I Control law I
BVI
Ensemble Noise
averaging inimizati
Control object is Datareductionto
ACpmax ACpmax
representing BVI -
| Controller | —
! Active Flap phase

BEAYIT2iGE EI7ERHHARE vYINRBE 232=4—130T5Y FR2543A8H 65

wEOLEE

Japan Aerospace
Exploration Agency

104
m 103
T
-
5 S .
s . 2.9dB DELE 51 618E 71
S e 2dB OB EHAY 1
S 101

@\‘ ' P b7 4T BT EE
100 . g N i 5
" - . o 56 WIEFATRIMEE AR S E 5
AT{I48 (deg.) SEATER

BEAYDTEGE EI7TEEFMARS YINRBE 2S2a=4—2avT5Y FrR2543A8H 66
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FOT47 3T HREE

Japan Aerospace
Exploration Agency

2DEBMEARER 2002 / CFD 2002~ )

ERATHIE

A FEAoNE

\4

(2DE M ELFSER. 2003\

Gear-crank
| BB E
BIET—4
n 7_9

DC component
AO—4%EFZER 2004, 2005

BAEAYIT4EE EI7TEEHNHERSE vYINEEW 032 =4—1a 5y EH2543A8H 67

M N
a \v JL—KLEE

1$KEI SEE TOHBVI

BAEA)IF4HE EI7TRENMRE YINERR 2524 —13V)T5Y FEri2543H8H 68

ZHEBIL—FTDHOBVI
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JL—F EAD HELTD 1/2
2
Cp loiv_er surface &’ = max( ACP () \

1

1 \ ~ W pmax

AC, () = Cpy) = Cp i)

D 90 180 270 360
P (deg.)

m l//l- - Ulf—l =09 deg.
-2 v
ACpmax MJ ] M/"J '\- B P-I

3 Cp =

I J; upper surface \_ q J
-4

BVI

JL—FREEHOBMNELETHSACpmax(E,
BVIRZ IR T 5DICHENLERTHS.

BAEAYIT4iHEe EI7EEHTRSE vYINEHE 0324 —2a0 55 LRI2543[88H 69

TL—FFREEHDOREADELTOENE (2/2)
ACpmax & SPL D#EPES
ATRIARIZH L TR GGERZTRT

AT phase (deg.)

0 90 180 270 360
-05 : : : 104
©) k. o oo
*
. o' no-AT
_____ _‘_’___DO_AT____ 3103 PP ey o SR
|
ACpmax 2 5 %
101, $ o @102 3
. 4 *
* = *~
=101 2
. *
Maximum BVI relief effect Maxi : ducti
15 100 aximum noise reduction

0 90 180 270 360
AT phase (deg.)

ACpmax »' BEEBIROER = HEAN ELTHAMTHS,

BEA)IT2E EI7TEEHATRE vYINEB# 2S2=4/—2a>T5Y ER2543A8H 70
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| D B i

1. BVIRMFEZELTHEDGIEEZERTESTIL—F
FETEHZFEAAHELTHWSEIL—THEHEIZE
TS5,

2. 1MO—42REBICL->TEH{EIh-BVIZEFE LA
AR T, FIL—THEHED BN SFHIEHBIOFEE.
IR HEZEFHET 5.

B&EA)IT74igE E7EERHHESE vYNEEE 03245 —2a0 75y EH2543A8H 71

| Dw

TOT47RMERT HHEEHM~DER :
BIERTVT47 B O BT (AR, RIE. B EERMTSHE,
B2 2 R EEAL T HRBDORITEHATEICHIGFAIRETHEH L,

AZzHEANETEIN?

B E--- Up-link BN DELLD i ERETAIDIGEE
BEOEREN, ERAEOERSLE  BERETIIDES

TJL—FREEN---FHRIEEOE S EDOH THETE

BAEAYITSiGE EI7EEHAMRS YINRBW 2S2=4—2avT5Y ER2543A8H 72
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JAXAIZE 15 HIHBIA TR R DRI

3 HEIA 5
2003 | SR EOTAIDODLDEFELRIL
2004 B Lt

.

2005 | FL—FREEHN (12Dt Y)

: 3

[ 2006 | JL—FREEND WEOEY) ]

BAEA)IF4EE EI7TREAWMRSE YINEER 2324 —13VT5Y ERI2543H8H 73

‘Global Model: T-matrixD ZEEH D ERTE
L, =2,+16,, AT phase (dog.)
W AOEE | |
_|cosd,; @?———— *T_._: _____ _ -
gz{smﬁbﬂ} I '.‘
p— .| i vt ot s
J=ZW.Z +0'W,0, +AO'W, A0,
Z =ACp,..

IV, : weighting matrix for Z
7, : control input representing Active Tab frequency, amplitude and phase
W, : weighting matrix for #
4 ¢, : the difference of ¢ between successive control cycles
W, , - weighting matrix for 4 ¢,
BEAUDT4GE HI7TEAEAMRS YINEDE 232=4—230759 EM2543HA8H 74
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O—54JE F5ER (1/5)

Japan Aerospace
Exploration Agency

Pressure

1-bladed rotor system transducer

Potentiometer

Counter weight—

Pre-amplifier +
Slip ring

Hub type :Hingeless Rotor RPM:1200rpm (Max.)
Number of blade :1 Blade twist: 0deg.

Rotor radius 1m Active Flap

Chord length :0.12m frequency:20Hz(2/rev)
Airfoil :NACA0012 amplitude: 30deg.(max)

BAEAYIT 4SS EITERHMAE YINEEHR d232=-4—a TS5V TR2543A8H 75

O—4EREER (2/5)

Japan Aerospace
Exploration Agency

1/4 chord

Hall sensor Pressure transducers

Pressure transducer
Blade
Collective pitch axis

fixed t‘c: Hub Torque tube Active Flap

Pitch link

Crank arm

l to:Swash plate Blade with Active Flap

Drive mechanism for Active Flap

BEAYITAE EITREFHMES VYINREE 232=45—13a>T5Y FER25453H8H 76
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O—45EFEER (3/5)

80% 85% 90%
. )

-r\‘ Leading Edge

g
N— %ﬁ
L)

6
14
8
[ 9 | .
X Trailing Edge
Upper Surface .
ctive Flap
Trailing Edge
| i I'4 4| g Edg
16 \+
15 13
14 12
2 2
: 1 ‘-'/ Leading Edge
80% 85% 90%

Lower Surface

EhtoyEE (OEFIEI6ER)

BEAYaT4iE HI7TEARHAMRE vYI/N\REHR 252=4—30T5Y Tp2543A8H

77

O—4 & RFER (4/5)
HEREH

Vw=18m/sec
A—A[E 5 #=600rpm
collective=8.3deg., cyclic=0deg.
A—4:d A =2deg.(nose up)
Active Flap

Active FlapZ i E &

O 5 =05 cos(PQ—9,)
#R1E=18deg.

reduced freq. aE
FE s #1=20Hz(2/rev) k=0.12

{fi148: 0 to 360deg:

Active FlapD R (ZAFGIFEIZD LN TER

BAEAYITSE HI7TEEHAWARE YINEWHE 2S2=4r—2avT5Y FER2543A8H

78
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No.1

- No2 [T
= X =
qEilES s S
Nos =3
Nos [
No7 B3
Nos =
. No.9 g
L
No12 =
No.13 % oo | = gu!
No.14 o
=—
Noss mmm——] T
4kH No.17 g
Z No.18 =
’ o —
4sec samplin =
\
p g Hallt2 43
Ryvia
NRILAR T4 .
- - -_— s o . = 1/rev signal
e\
No.1 —
A oz =

10kHz,
4sec sampling

77 TH-0H

BEAY)IT4E EITERHHARE vINREE a3 -4—1a T5Y LR2543A8H 79

ERENEYZERAVEETEBAHEAZTLA

Z2RIL—FED

| 7o717BBE—4

EEnE | | xa@Ecwss

—| A/D Hamp |}

p— j Mq A

BVI

T '; upper surface
V

B KR il A

J | 7opInEs  |(JAXBE)

¥

| ACpmax~DIEH#RIE |

BVIRRZRET
% A CpmaxZ il il
HEET S,

[ 4

BT ERavr—5

T T4 (48

BAEAYIT4E EITEREFHMES vYINERE 232=45—23a>T5Y ER25453H8H 80
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Open Loop Control Closed Loop Control
i 118 e SPL| 1 04 12 S
% 116 [—e=—24 teh 08 %
:‘l‘l( A 0.6 é 2 /-d\ " :
ﬁlnﬂlljj = Ch2 % 112 BV hmin / \ 04 (E:. [ T 108 %
= >k‘ N 2 - SPL tafget %
110 L 02
B—OEAE UMD S onl N / . 4’zﬁ/&\/ w S
*&)T: ACpmaX 106 02 04 104
0 90 180 270 360 [ 2 4 6 8 10 12
118 oy A 0.2 14
5"6 A ‘cmL,A 08 5 0 “\ A 112 %
1 114 06 £ 8
ch1e 5 I\ L. /W 21 & /A.-‘\/\ -
D 12—V imin 3 02 ™ H\W 1o P
’3 110 /\\50( \ 02 ,""/ e N1 ‘E
o esx oo ) i [ sl N
W n/@ = 1 \y) 0 / 'SP target =
7 5
1—1—7}—1 'wo 90 180 270 36002 g o 2 4 6 8 10 ‘IZW6
s Trailing Edge _ 118 +SP 1 0.8 110 -
% 16|—5=2C 08 s s %
e Tralling Edge g 114 /A\ 0.6 é ) / v\ E
b 3/“ Ch20 G 1 BVHminy ‘\\ 04 §_ 4 SPI target . 0
“ /:f 21 v 4 p
@\‘ %::’ / Leading Edge 3 b £ \ oo = = 02 o E
0% 5% o0 S e - ° s
Lower Surface o ACpmax tatgefT | -
ey = = pe mJ’J 0 2 4 6 8 10 12
Active flap phase (deg.) Control cycle

BEAUITSGE HI7TEAEAHRAS v/ \REE 232-4—230TF59 FR2643A88 81

FIEA N = BEHOEREHHERDHT- 8 ACpmax

ConpoindnG) o ACp,_ (ch2)+ACp 3fchl9) +ACp,  (ch20)

Open Loop Control Closed Loop Control

118 1 0.8 110
—— SPL

116 |—e—Compound-ACpmax{ch2,19/20)

0.6 i

ﬁ
-
=]
&

Mic#1 SPL (dB)

ASPL_E&T'Q_

A ]
A Nt 7

0.4

R
110 — - \‘\/. 0.2
ACpmax target
\ 0.2 P g 104
70

ACpmax

Mic#1 SPL (dB)

108 w 0

106

02 0 102

0 90 180 2 360 [1] 2 4 6 8 10 12

Active flap phase (deg.) Control cycle

BAEAYIT4GE EITEEFATES vYNERE 2S2=4—230759 ERi2543H8H 82
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Hl R DFEELD (1/2)

1. BVIRAIFEELTIYENGIEEZ LR TEHEHLE
DITL—FFREEHZEHEADELTHWSEHAIL—FFIE
RIOBRAHEZTW. U EZ 2T LELEEOATAT
AL EHCEN AT REGFIBRZREL .

2. COBRL—THEUNARIFLENEEZE>TTZIT4T -2
Sw i 8& A Cpmax® BE{EICINEL ., FOT4T =75y
TOEREEBENERRKBEETTRIETEHLEHEAL
T:o

BEAYITSE EI7TERHIHRE vYINEBE 232-4r—230T5Y F2543A8H

83

HEHADEED (2/2)

3. EARBPIOERTFST/AXAHNEALDTLNIL—
RREE A EHAIE S [Zensemble 1% HriT. BVIFRAN
FEELTEDLGHEETHS AComaxZF KT HLET,
FEANELTHEEICAWSIEETTREICLT=,

BAAYIF4HE EI7TRENMERSE YINRERE a32=4—230 759 ER25453HA8H

84
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SED [ZDLVT (1/2

— F(D7 L— Fil'i?l:F %E’E‘(Blade Vortex Interaction Noise) |

" CPRHRF AComax, B EHHOHI O BIfR B — T MR
Cp ? /) lower surface LLL B El’g’ 0N ™ [ | Bi’&ACBmax(D | |me
i I - //\\ of Bfol mEmcER ||
Rl b 180 20 30 o - L o9 < ¥ ¥ @
= i | Rotor azimuth (deg) : /\ BVHER 02 Y >ME I ‘NE
2 ' X 1 == T
ACpmax -3{‘/“" | NJJ " \\,1 M!?’( " 0. = = .% 104
“ vMpper surface = bl L el]d
Y, i HHEHE 0 102

0
BVI 0 9% 180 210 360 9 ¢ % ¥ & 0 B

o1 RIL—F-0—2IZHTHTL—FREAE AR T—4H 5 HH LI-BVIHELR A ComaxEEH L OHRIF34L,
ACpmaxTHLNABVHEFINRBJEADHHCHIAE & (-0 TEERILI-BVIEEER R BRADHHCEIEN B —HT 5,
oO— 2R BOFBASHHCEIADAEHEH AL, ACpmax ZHIEIA N ELFFAN—THIE R T LEWE 1BRTL—F-0—
SERARBRTHEL BT ERER .

BAEA)IF4E4 EI7TREAMRSE YINEEHR a32=45—1a 59 Ep254583HA8H 85

SEDOEREICDOLT (2/2)

| BRMA—5-TL—FDBVI | 1RIL—F-O—4TlE, TU—F A B BMICSRL-BVIA ERET 5

Japan Aerospace

CoB R DHTHT=M ERBIL—F-0—2H T EBVIEEBE DZ AT HIcK
il YT 5. I
-06 ~ [0 EHRBTL—F-0—20OBVHERLL T KT L—F -0—42T/ONI=K57%.,
p Yool TU—FBEE BRI TF—5h SHE LT AComaxE B2 EIXTERLY,
0.8
\"Q"I }‘ SO, EWBIL—F-0—3 Tk, TL—FREAENDEBHEARIMLA
" aEEcEAF © LEELOHEBNFELNSBVIERBEARE,
Ik BE M
S OB\-I %0 180 270 360
Rotor azimuth (deg)
073 ZNIWWZN, AZV] W2V, + 65 wel, + AOTpyeAO,
o= o= 9
1= ;gﬁ%’%@ﬂg%ﬁmi'é I | ssm0o—rame O—5ERO  EEORME  FiEstermo
= | | e ArevigsE tEMLTs  ECERBM
HERBLTS *BMETD
| s [
I ZN: Pl-.C‘Pl-CVpLCVP-I-CVPS-C'PE-C‘P?‘-C‘PSJ7 I
‘ V= [Fz4cos ,FZz4sin 5 Fiacos . Fxasin ,F:l'-lcas Frasin Mxs Mrya ]T I
V=AM M. DB = M s’ /

- M M S S S e B e e e e

BEAYITEGR EI7EEFHMARS YINRBEBW 1S2=45—23vT5Y ER2543A8H 86

- 220 -




< P> FB3TIEIE RIS TJAXAIZRT 5~ U 2 7 ZBEERIBA T 7 7 4 7 Bl o5

1. Leishman, J., “Principles of Helicopter Aerodynamics”, Cambridge University Press.

2. Prouty, R, “Helicopter Performance, Stability, and Control”, PWS Publishers

FOT147 - 25y EH
3. Kobiki, N., Saito, S., Fukami, T., Komura, T., “Design and Performance Evaluation of Full Scale On-board Active Flap
System”, 63rd Annual Forum of American Helicopter Society, Virginia Beach, VA, May 1-3, 2007.

4.  Kobiki, N., Saito, S., “Performance Evaluation of Full Scale On-board Active Flap System in Transonic Wind Tunnel”,
64th Annual Forum of American Helicopter Society Montreal, Canada, April 29-May 1, 2008.

FOT47 5T BEE

5.  Kobiki, N., Saito, S., Akasaka, T., Tanabe, Y., Fuse, H., “An Experimental Study for Aerodynamic and Acoustic Effects of
On-blade Active Tab”, 31st ERF, Italy, September 2005.

il 40 51| B2
6. Kobiki, N., Saito, S., Fuse, H., “A Study of Closed Loop Control for BVI Noise Reduction by Multiple Pressure Sensors”,
33rd ERF, Kazan, Russia, September 11-13, 2007.

BAEA)IF4E EI7TREAMRSE YINEEHR a32=45—2a 5y ER2543HA8H 87

CRIHE T /NG

D
-221-




<P H3TRIEGINER el S EB v AL TF o —2 ) a7 K |

201343F8H
BAEA)IT5—Hs HITEEFMES

SEHEBEFHIILFO—EFAYITS
— S —ARANY—DEREESBOEE —

FEXFEFR - AFETFHEFEZFT
BT B {5 [eX
http://mec2.tm.chiba-u.jp/~nonami/
nonami@faculty.chiba-u.jp

I




< Fg# > FE3THEGINIFE S TR a A ER v L TFu— 2~ a7z

AEF2 AN AT LOBEEN
Rt Kot

HRYE—| 28 s R hFEEERE
HFHEFRY) k28 D B G5y

EE A OBl OS5
Y7 =R =4
5l A8 A

- % "
A % I 127750 8 —e——— Ssan

EMEBRUICR
B i Bl i

AN

ERSHA ZOEERUAV
SR v —HE MR- Eg AT A EiITEBEEZILTY L L
UAVoOsE2EEHMARTOHASERE

1o &l ) IR 5

4 BREEANITIOREBRDOSH

2001 2002 2003 2004 2005 2006 2007 2008 2009 210 2011

1< | F-h-F-vay, —
? PHRSMRITES |t s T
2 " $
SFAORA SKY-SURVEYOR BB MR StadilBA, o . o
EOR-HRA&i SEN BB FURYY-2, STEAGLEAVS)YY STEAGIE  LJMVEA "7'““““2“““ m%“;‘:m 5;;%“;;;?
LORRHRRE HERARZSit Hyky  RERSRD Ll :
5 DHAFHLMI
R&D of UAVs A 4 e r
".l
Agtt13— i
NAVRRY 17 ﬁf‘j;tamm : ,‘ r)";(
RE e

ERARME (ol Go-SURR HACGEA  EMMERAR AR-0-RG o8-
NETTONRS N7SBA BRMMRY R ORORERE OfoiTEeE
)

1 M

HEEERAANYD

WLmEE : 128 § St A
ERRSELARE W °§*5§;§*{‘£§1 QIWUAY ¥

AJE-F Pioncerd-ATBA  GearsSMPHA

RETRH

FRREH RIS T LA RIS

AEFrLLYISM

- 223 -




< P> FBITEEINIES TR aH VEI v LT e — A a7 F

« B, BERTIILFO—IANYOTINFEZE
AN EZEIZHEATNS

Iy

microdrones Ascending Technologies dragayfly

Md4-200 Falcon 8 Draganflyer X6

DIl DIY Drones MikroKopter
Spreading Wings S800 ArduCopter Hexa MK Okto XL

K

:Fﬁﬁz3fﬁ5ﬁ 4E

- 224 -




<Pl > H3TRIE B IER [RaB TN ET~ L Fn—2 ) a7 H |

;WA a¥h

2 )IIBT  m=EE

TILFA—EINYIATEDORREHFE

« HEFEFEO—AM?

Quadrotor Hexarotor Octorotor
@
% | 2%
0q® 00
YA X 1 1.24 1.50
& 1 1.5 2
(FTARSE—FE)
=Xi&N 1 1.5 2
TEE 7L HY HY
10—2DfE S—HIEEREE 32— R RS
BEHmi2yo 1 0. 97 0. 89
¢ P 0. 63

(10&O—4)

=225 -




§i Sur\(eor 0‘ :

2R 770 mm 2R 770 mm
28 350 mm 28 350 mm
REEE 1691¢g SR 2380g
(XY FUERL) (NYFUIRL)
BR YFH LKy vFTU BR NFey LYY T
FeeThSE #9155 FATISHE #9154
R4 O—-FOWTURL) 1100g ~AO—-FYFTUEL) 1500 ¢

2K 1150mm MS—-06LOEREESRE
25 230mm - REMNTH
iEEE \vF | 2180¢ WAVE R 3 24} {Vxe
UE<) RITISME Z309 & IER
~RA4O—K Oty |  5000¢ - FRBERANTIO—-KATH
FTURL) AEVWVESLEDRE

- 226 -



Sky = a0

Ground . B F—2 - #ikiERE

-

YATLZEOTOY 7HE

\




<P H3TRIEGINER el S EB v AL TF o —2 ) a7 K |

[ 3 RSN ]“\%T Ui}/i IMU

[ 545 J«--[ b HEEMCU }«-S-Fl'» SEEY
S

hutter \.
NTSC Command  yagr |
Pulse UART GPS
[ BELa—4

Y
S o UART s Analog
RCL»—/\ THRIFIEIEAMCU |
X3
PWM

X6

(At Y ﬂ}

Y
[ a=ated N X A

p.

N=K 7 (FE#KE)

TILFO—BAYITIDFZE B F
PIN—FD T IER (FIHEE)




<P H3TRIEGINER el S EB v AL TF o —2 ) a7 K |

15 f fromt

(B) (€

2hFO—2AY A7 20ORITIRE

TILFO—EIAN)ITIDOMERFHFE

pith E B IR 7 (X-Monitor)

X-Monitor (Defaulty

Mak Lk

MAV St

Flizht Wed=

Powmer Roll Pitch
(Thrust)  CAieren?  (Elovator) (Ruddev

Tput :

Leesing

(Comment

FAME T REG WD A

State Garn=cied Health : (MERNNERANARA] 2012/094‘30 215819 - MhV Monitor F28h
ok

Ceatral M:d= I 7:=§7\7_1))L

Fropo:
[—15'2"0— {—l?ﬁir FTBZ'EI— FTW
Switchseate: (] [ 0 0
J—f0— — 00—
[0 [TRD [Te [T
swichstate: [ [ O 0

BRI REES
DIARL /DRGSR

Manitor Lo

£020 - DisutSound ST
el
i muat

L3

PO

irk A

'J‘J k? (PMND 53709)
b N

70
usH}n#ﬂ‘ﬁ.‘)ﬂ‘Ua’th
35 - U r% R@I)‘U;‘th

TLET |

ta 1 "
L 00 00 10 30 00 0 Loswd
z 00 00 10 30 00 0 Loew
3 00 00 18 0 00 0 loshd
1 00 B0 18 30 00 0 Lok
2! 57C5 USB?II?W‘R_QD‘U&EM s 1 a Ceadnd
& 00 Q0 10 30 0D 0 leekd
i 00 G 30 20 0D 0 leekd
B 00 Q0 19 3 00 0 Lokt

|

7O0tA

nJik-BE ek

Clovam vehary o
[ B i :
= 5 PERTRLL . & . M35 eawa: T awwe
7 5 Trajedony Lrgh SAEe [ de |
‘h* : e e i el ) G

HsEliR » RITEHE 797 (MissionPlanner)

- 229 -




<Pl > H3TRIE B IER [RaB TN ET~ L Fn—2 ) a7 H |

DIARAUIRTE-FE O RE

ERTYANETZ 2T NE-FEOBIERE
FLYZa7VE-FBOBERE

ivW?n—a«U=7aw39wﬂﬁ»—7

Task MUOIERIER =) BELREL
U ............ BEBLE7 1— KI5y 7@8ELEOER

2 [T
, ™| Position Transf, :
Trajec. | Vy ., |Controller—'"—» Dyt T}d | Atittude
SEIEE |y | Quter-Loop Inversion—ds|Controller
Vg ‘ flq [fmmer-Loop
| EBYE=F ] ‘ 1Ly
position and Euler angles
velocity and angular
velocities GPS data

i accelerometers
igyroscopes
1 imagnetometers

i Euler anéles
! and:
‘accelerations

ETIN—ADIFRERITHEAROZ FIRMR

-230 -




<P H3TRIEGINER el S EB v AL TF o —2 ) a7 K |

VEaAL—2DEFE)
P A L—EDNEEME

» EFEDZIEIE

» BERFDEEIDIRET
pIRHENL—=2
yIERANL—=2Y

P B IERREEETIL

P SLEL, B RIBEDERE
p—RA—KREANETENME
» HIEDEIR

» ANEE-RE S

DRalb—3DFHFE
« VAL —E2DER

[ 3D Display Software

T State Values

Ec:_x?] Monitor \
(Ground Station Software) )\ — =
e
K :
Manual Control Data State Values 4 3

X

/ State VaIu%
-—[ Communication Interface ](—

Manual Control Data

Controller ’ ‘
:[ (C++ Program) Model ]:
AL l

Sensor Data >

imulation Software (Simulink) \ o : ‘:_

==  Embedded Mathematical B

o MCU el :

2, 4l [Motion, Sensor) * p—y——
"l Source Code ) WS AT LY ILIN

-231-




Fre=h

< P> F3TIRE BT It

MNAERB LT —F N oS

2hFO—42A) A7 20T OREREIN

-_ TTom-2.5kg  1.5kg
I

115cm-=-2.2kg
150cm-2.5kg

MS-06LL 6

HEETLe | A-ffe | TODHL | BET S X EEq BEein-ko| [EEe
AR-Dronee Parrote 4o Sdem *+ 380ge EE ] {he

‘QDOOSXQ'?’W agﬁi 4o 6dem + 670g+ 980ge GiBo
Pelicane Technologies+ 4o bdeme 500ge Jio
Falcon8e | 3= 8 8em - 1.3kgs | 500ge e

Drsganflys Koo | DORVEL 8¢ 106cm * 1.7kge 800g~ T He |

SD 2.5 Eagles| Service Dronee 8¢ 95cme 1 0kge I
MK-4- | MK-Kopters 4o 48cm + 640g~ 0.5kge e
MEK-6c | MK-Kopter- 6o 56cm - 1kge 1.0kge L
MEK-8+ MEK-Kopter~ 8o TTem + 1.3kge 1.5kge L
MD4-200¢ | microdrones¢ 4o T0cm + 800g= 200ge Jito
MD4-1000¢ | microdronese 4'3 100cm *+ 2.7kge 800ge Jae

Skg
10kg

Altitude 1]

Morth-South Position [xa]

W

P

East-West Position [r]

=232 -




<P H3TRIEGINER el S EB v AL TF o —2 ) a7 K |

E—a3oF T Fr—I&b
4%D—9f\'):l7°90) B 12 il i

—
v v

17 70mm (H)x 35mm(W) x 45mm(D) @ a

aaaaaaaaa

Rt

Actual MA with markers Markers detected + Center of Gravity

=233 -




2 T ESREH~v L Fa— ) a7 Y
*f.;rf N )
= . ¢
= ‘v T
= Bm
s

Edge detection
using IR sensors

Step 3

Step 4

=

e o '

Step 2

Descent mode
using GPS and
ultrasonic

;<1m

IR sensors

ground

Step 1
Waypoint

navigation
using GPS

Launching
point

-234 -




< P> FBITEEINIES TR aH VEI v LT e — A a7 F

S —-A~NAY—a)—=T7 L
EXEOA -V v+ N HERET

NONAMI LABORATORY %

Robotics and Systems Contfrol Laberatory
L | GBAT | MR | A= | 7rER | UvE o

S Y —A_AAY—a Y= F A
EFEEETEHILTA—Z
UAVDERMEICA TS5 - A
t%-ZLtnm EZEHS
50Dt %E, MEDOREDLEEDD
FERFIOSTHE

EERIELUKRKEB/NEREEE  ERCHATRER
H LU DD 5T $RET i

e

(O023uSv/h LT
(023uSv/h#B~10uSv/h UTF
@ 10uSv/hiB~25uSv/h LT |
@ 25uSv/h#Z~38uSv/h LT |9
O 38usv/hiz g

Q) BZmITRL <L O ~ © ssETRRERRELIL
O BEHREERUEERERIELSIL

E3. 3= Y —RAY—H AL DB RAH IV TIH

-235 -




<FHBHEC> H3TEERINI S [eeA S ER~ /L Fu—2~Y a7 7|

e — 0o 5
; ) R EREI00mAS D
SEVEEORSREATYLEATNS,

g

Cal P

Ll il B

T e '
| | Bi

S e o N ’
BRHLAIL [ | 2 BRALAIL iy

DIER:2% Pt i | DEH:15% [ spmman oy s
O ---0.23uSvmmF(E§£HNﬁb&JLJEO --023~050u5vm @ ---0508~075usvm @ --0758~1.00u8vm |
@ ---1.0082~1.2508vm Q© ---1.258~150u8vn O --150~17508vm () -++1.758~2.00uSvm
O +++2.008~2.25pSv/h . +++2.25u8vih~3.00uSv/h Copyright (C) 2012 EBA JAPAN Al Rights Reserved.

=236 -




<FHHE > FEITREFIEES T S AER I~ L Fa—2 ) a7 H |

aAY) =7 LRI &8
PR ILNEEITHALTEE. EAT.. KF. UIEHED
FEFEE 1’*1*%'](%%1!:{—.%)

P DNEMEEE4DDMIEIIEIZLDA—IL
DN\ MRFITCOE R —ARAMV—-Dx
BEOERIE

PR EAF. K. AEEEOS T HES
EL-ary— T LDERT

» ERAIE B mib TR RGIEFEE. TTAE
%“c%'l‘il‘]J:ODEE'—%R7I—7C‘O)5='EEEEE'C%%

»%%ﬂ&l FAHBRITEROESE. ZHRTIRE

%".%ﬁb\bn%E'EO)EET &

MS- 06%/\\17-')3&@

2 gE=A =
FOfRfET — L
g

< SEIRD TN
[S&YNYTYD
BEEOY IR
\iﬁﬁﬁﬁi

SEDNYTURMAR—ZEETTS.
*ﬁ"%ﬂ’i'f;:.;fi’\‘—f".,-;filiifﬁﬁgl-?ﬁh—fﬁ&

- 237 -




<Pl > H3TRIE B IER [RaB TN ET~ L Fn—2 ) a7 H |

MS-06/H/\ ‘JT'J&?@
\ tr;‘,,?i\ 5 7”?’&

e

>
ZDHISADRITRER S E LB D E 5
INYTRBEE

NYTUBABZDREICEYTYRZRAR—ZN
B,
AL DM AR 717

> TH—OFIEFx
AYR— H-'r"f—$'v7’

TV B = KT B AT E
& GPSICEBITA AR

=l
Wi

-238 -



<P H3TRIEGINER el S EB v AL TF o —2 ) a7 K |

A—bF1—>OHEDERIC K S THIEHE

CNETOFE
Step. 1 Step.2 Step.3 Step.4 Step.5
| 2FsEE | || siessETL SIS 0954 | | eewE
RATHRER F1—=24 r Fa——32 EHAH TR r
chh EDFEE
Step. 1 Step.2
SZFAERE B EIE
P i P misae [

> BERTHIEE TICHDEE - F5DHIR
> BIEIEROMED UICHTERUSIEEEROF 1 ——>Oh'ahE

&:i—

. SRAFLAOSEISHEEEEL f.".fii
s T ILOEHD SRRt ETHEID—

AL REIE AT G

RAO—F1kg=15%-305% EMRIT A&
RAO—F1kg-309-60 MMiTRAEBHE
RAO0—Fb5kg=15%-305 AT &
R O—F 10k g+ 15-304 MM Ti 4
R EREE

A EEy F R

NSV a—MERE G

- BRI EGIRERITEGE

Ny T R B 3T

=239 -




<P H3TRIEGINER el S EB v AL TF o —2 ) a7 K |

SN B
(FRRETHS15-1)

20

T T
BNCAY BEERGOEDOEEHEBRES 27 AEHE Uk
FIMGIER S R BR O B ERE R TE 3.

ANRAEIAPEFICSIBAD T

- 240 -




<Pl > H3TRIE B IER [RaB TN ET~ L Fn—2 ) a7 H |

SRFSLAM%E Hi L= EAT 0 B #IR1{T#H #

=241 -




<Pl > H3TRIE B IER [RaB TN ET~ L Fn—2 ) a7 H |

1

'

'

i
w
—

[w] wamn g

- 242 -



<P H3TRIEGINER el S EB v AL TF o —2 ) a7 K |

MEMS{L

=243 -




<P H3TRIEGINER el S EB v AL TF o —2 ) a7 K |

FEOHERE

* SZH AR Y- )= T LICESET—IL DY

INARFITHERMNS TLUA)L O TR
—7"*/«(/&—&3:/‘!:;6“%5950351 ]

BELEEPHFTOEBIZE DEBEiTDE

s EAEOIFEEMEEILEIZHELWNE0D
YTzt RIZE R

- BELGEEELMAMRUVREHZEERLER
AT LDFESL

 BEINENBTORMOERLELRIZEDH
SEBEHR DS RS HOMH

* RERIDGHEDEE~ADEM

o

TR P OO B R X
LLE
- 244 -




ESNEPeS T ~

MEAT  ERK JCAE12H 15H
WIE ERE 104E 7H 6H
WIE SERE 124 6H22H
WIE ERE 154 7H 3H
WIE  SERE 184E 45 28H
IE YRk 214F 8H 4H
WIE  SERE 224F 45 24H
WIE PRk 264 5H13H

HIE & Al

(% #)
W1k AHRRT TEANY 2724 (Japan Helicopter Society))] (LAF A &£vv))
EMEFRT %,

(B &)
B2k AWHRE KA a7 ROERERAEEITORRICFST o720, ~V a7 2
(CTREHEERERATICBE 9 % AT, AR, BEYE. RUE. HERF. EALECNCAWSE, £T
DB DT DTEBOTEVA L, FREDZ S, KBMAOREE - 4 FERZROEE
T L EEANLET D,

(B HRE)
#3835  ABHESOEHEEHRBIIHFEROMFEE LT D,
ﬁ%A J AHSI (American Helicopter Society International) DFEABRY, A, W
AR S RIROE S HEHIEDL 2 FHAHIET 5, A AEEIT, YO FMFZE
FHEARE LTS 5, SHYEFIE, Y %f£ﬁ$@$¥§ﬂ?f T 5,
A= OFEERIT, SE/EAT NI

F2E = A

(B DEK)
H4%:  AKWaiE. BARIEFEDO AHSI OIERE, FERE
Ao BhEEME S > THKT 5,

,DHH
N
~
i
‘o
S
Tjt
5
~
>
i
S
<
Ny

(R D)
¥55 AWmaofAZ=EIR., E2A. FASA, BUhsA, KOAESE, AR’
EARB, BHEBEANERE, KOEBEWEARENLRD,
O E=EBIX, AHSI 2BOBREZHA T2 b OB LOARBRICASHIAELZ N LEFEST
mu%Zf;%)@
@ FHEZEBIX, AHSI 2EOEKZ AT 2 D0B LUOARBSICASHIAEZ R LHFES
VC%EEKEk L/Tulu&bgj/bﬁ_%)o)
@ —HEVHEEBEIEAZRIZ, AHSI 2BOEKEZAT 5008 L OCARRICARHIAEE
R LS TRA A OHBBRIEARRE L L TROLNTEAN,
- 245 -



@ BEEBWOICEEASEIZ., AHBES0 BICER LABSOEE 284 5 A
WIZIEN,
® 4EZBIX. IEDOBREDORML., K%A®EMEW&U%L \CHRFICHEE 7 i 0N B - T
EZBE LTETHIHGELWERD LN D,
(MAROBE)

ek HIROKFITHY L, AREMETLHLOEIMEOHIAELZ, RRICEHL, HES
DIKRBE/RIT T b, T, MRE2MLET L bOERIIEOHSEZ, SRICIEHL
DR U ECANTANAN

(%)
Bk AHRIE. RENABEOBENIIKT DL RITAND -T2 LRO NI GE. BHE
DTHREDOIZINERAT D ENTE S,

(2B DR
FeSk  RAIR. ROTNTOEHIZRET LM R OHFEORIR & 5 1 5 1R 2 Fo,

(2B D0EK)
Bk RAIE. ROBBZHA I,
O YHRKEORE, BEXTED BN FEHIINED Z &,

HF/IE & B

(%EB)

105k AWk, kokBEEZB<,
2K (PRESIDENT) 14
Bl (VICE PRESIDENT) 2 4
WA E (MANAGEING DIRECTOR) T4
# = (DIRECTOR) 4
B4 4% (AUDITOR) 4
##HE (PROGRAM CHAIRMAN) 1 4
#Ed (MANAGER) 4
A R—3y FHY (MENBERSHIP /CHAIRMAN) 1 %
U=y 44 (LIAISON MANAGER) T4

4, 4 %@ (ADVISER EMERITUS), & (ADVISER) ##< 2 LB TE 5,

(BfE)

F115% FALBEEROHE, BEAIL, AR ENEME ZHE L. SEOBRE IR DK
RBEBTCINERET S,
2F. AR, HEEESIOHFORRIZL S,
BERE, A=y FHETNNCY =Y Y ORIRITSENMT
MRS LS EMEMT D,
LB L OEEIT. 2. RESERBRENOHREIND, AEEME- 3@, BE
KT®%%%%0T h%%nﬁé Fz, 2E, BISEREE ThRVWIEE, FllcaED
HEIE RN B > BT 223
ﬁk\ﬁﬁ$u&é kaﬁibt BDBITHEDORITIL., ZOHE, BEEO/REICL -
TIRE L, BEEFOHAIZITRE TERET D,

- 246 -



(F=51)

H122% HEOMTHIX, 2 »HFEETDH, B, BISRICELTT 24096 1 4% 1 IR
HIEH SN D,
B L. Bigk., BEERBOTHIIFHTEE DK OHIF L 45,

(k%5)
H135% HEIITROBE 212177 5,
O 2EIF, ABSERELT, 2EE2HEL, 20EEICHT U0 ETEA D
SRITRES, HEROEE LD,
©@ BI&EIZ, 2E26EL, 2EFRH D L X3, TOBEE2MRITT D, 2B, 2 405
LELLDPDORIBENA LV N—y THYZ2Z TR, $70, BISREIIRPESE O
Ehn,
WALERE, B, HESAHR L, RS OEREICED 2 AN FHEEARET 5,
@ WAEEFEITIX, ROEYZRIT D,
%%ﬁé
AR
AR Y
JR AR Y
[ Y
1T
BAHY EATE ISR 1 ISED LY 2L oG A0 L IR T L, A oiE
HIZOX, AEWNCHESZMIET 5,
A=y 7Y (BIaE) 1. SEOHEMCBT 2 AR 2 L2371 5 &4k,
SBAEEMERERET 5,
Vx> YL, ENIICE T 20 BIREES & O HacH, W /IBIRORIKIZEE D b
MEREREIL, REHYETHEFELME L, AHSOEEICE LT, MY EEHEEOREL
T HEARFEEZ BRI LETT 5, £, BFELEE L, KHYFTHFE L OPFE LT
Do
ML, REEL VRSN EEETTO,
EERIIAHEORFPNEEIITRb WD Z L 2 AT S,
%ﬁﬁﬁkioﬁﬁi ZOEFEICEHLTCERZERT S5, £o, BRITHE Y HEHHE
DL L TR FEEZNRDL T ENTE D,

e @ e

6()@

(HER)

Flagk HEXT, LBISUT, 2R/ IHERET 5, B, 4 FEMIT, BRI HE
TE D0, HBRIZBINTTE 22V, HEZORBRIT, 2FEEF - BIF O aFf > TH
AVAY VAN

(BEZ)
B15% WMERIT, LEISU, BERPINEHET S, V=Y YT BESICHET
DN, BRIZIFIZINTE 20, BERORERIT, EBRFOEPE LR > THRIZLT 5,

(P
H16k AMROEEICNHEZLE L TOHGEFHF2OREICLIY TNEED D,

- 247 -



BAE RIKOTEHE

(=)

BITR RAF, KoKk ERERBETHY ., REEBEZ Lo Tl L, FAlE L THERE
WCAST 3 7 AUNICEENHEL, ROFHEEZHHETHLOTHD, 7L, EHEIDY
BERDLE FLEBORK 3 7O 1UEOLON, HEARL TR LI & &1,
SRITHERICRSEZRE L 2T ude b,

O B OEH I N

@ HEIDOUEE

@ TEEOWHE

@ ZTOMBEENBEL, HESTHLELRO-HE

B SENSDOREFIE

WX, 2R OBYEO R UTEERA 22T U L,
R DOPFRITHE LI-SBOZHRIC L D, ERIT. BERBOGEOHRRE TN L Z &
NTED,

&

17TH)
F18% AWML, BELSOKREEZE T, ES - BESZEET 2130, Ao BICH
STEREDITEEITH) Z LN TEX D,

HhE & F

(2D%E)
F19% AR ORRIT, BWhWRE, BRIELOFNEME > THTD,

(2%&)
#20% 2EHOMINIT, RICEITO,
O Eoha%iX, #4801 0 10,000 LA EOBESEZMAT 5, JFRAIE UTHFEEIZA-T
37 AUNIC Z N EIT 5,
@ WEHEEIT, HESOWRHEICIY ., LEIS UEEHBINT S,

(SFHEE)
H21% AHEOSHEBIIFEAH 1 ANOEEIH3IHBETOL LT 5,

(=)

F225c AH=ORFHT. BRBHYFARE R HEY L TT O,
DI AR OEAZ R LT, EMRSICSFHREZITV., KRE/BL b D ET D,

HE6E M Al

(#h7)
234 WHIKIOR I, ERRILHE 12 A 15 BB NERTHED LT 5,

Uk

- 248 -



121 HLYFERFCRIT IS (B, FEECOVWTTEEREY)

By W

o R, BHES EOIFRS. RFrlREES K OERRZE B2 % O B O SR
RO, INHDOEFEIZHONTOHEFFEEVER LIRTFET D,

o RS OREREEERT L, BEOLEREORTEHA D,

o AR, BURUIRRICHET 2 2 OMORE, SixaEXHEENS

£t

RESNT-EEEZZITT D,

« REEFROED,

. ZTOM

B
e
A
[bun]
LE

o FHOITELZVIRET D,

o BEDOR—LR=VOERENET 5,

o FHEA N A (R, Rl SE) 45,

o BREEERBEZEET D, (T—VA47 A, BHEES, NRIEEH%)
o NS OFRLFEFZRY £L DD,

[

24

« HP OfERRIZH /1T %,

o B 1EISHEERT D,

Pt +H24 o BEBHR (T—HATR) BIEKT 5,
o R DI L A& “eLibrary™{b 3 5,

« HP 2B LIEET 5,

o XSMIRBIREREET D,

o IKEEGET D,

. FhEEDS,

. ERNICBIT 2BEKBE L OB AR 5,
. T

JRHRAR

« AHSI %
[EIFRE Y o MESRESIE
. T

. Heli Japan HEFE2 3%
1794y . THST &0
. T

- 249 -



201 4EEEBHESBA4E

~

EAEBEER)
No 4 g RFEH - TR () S
T4 -7+ L g T 104-0033  HUAUAR 4B 111-3-2
1 |—-v—-7]1 ﬁi;ﬂ&ffﬁﬁ““ffiﬁ NAX b /L7
T A— R e - 03-3555-3621  FAX : 03-3555-3627
] 15 T136-0082 HUETEMLIRXE A4 T B 7541
2 | #AH MR 1 w1 Uk WA~ R— N
MZEFEERNTE E3E : 03-3522-0647 FAX : 03-3522-1853
jij\;} B . T107-6119 AR A AAG10-1
Bl vk |® ﬁgﬁ@ﬁﬁ ANEARENR BRI 19FFLEFT8 5
) " 6 0 03-5414-3408  FAX : 03-5414-3328
/Bt T504-8710 Mk B IR A 5 I rfa ) IR T 1
4 | IR EE T2 5 izl N =—
BT & E3F : 0583-82-2246 FAX : 0583-82-6320
. - n T 420-0902 ] Uk ] 17 ERE/ 8- 10
s 1250 7T | Reweiee iy b
- e EEE - 054-265-6611  FAX : 054-265-6166
LI T604-8511 FUARTTH 9 X pE ) HUSJFNT L
6 | RS ERERT 1 AL T e
HATE #HE E3E . 075-823-1375 FAX : 075-823-1472
W —x 4 F P T 412-0048  # [ B AH B T AE 733
7 = 1 > e "
777k IR &L 0550-89-8680  FAX : 0550-89-8682
2 5 T 181-8571 HLAUER —JETT KIN6-11-25
8 | Yy o= 1 =y VAL N
B Bk EEE 1 0422-33-1321 FAX : 0422-33-1444
HE 544 T100-8383 A AARTIRLHXILDOWNI-6-1
9 | HrRHA S 1 fiize - MR
MiZEsE "R E&E : 03-3286-0351 FAX : 03-3213-2405
T b T gt 5 T 480-0297  Z AL PUAR HIFALE AT
10| Varx—%]1 ﬁ%&wﬂﬁﬁ VLE 4 il R ZE RN
— B2 e I 0568-39-1191  FAX : 0568-39-1173
RA[Es P T100-6077 HEHSHEXH#ERI2-18-1
11 | &A1 = 1 RIS S B D JREJIA —A FEL
HRECER EEG - 03-6711-8231  FAX : 03-6711-8238
. s T151-0051 HAUESEAT X TFBK - 475-20-11
12 (Tf) A E‘ﬁi;ﬂiﬁﬂ B L R— L3 0 1
e AL - 03-3356-0649  FAX : 03-3356-8769
/N 5L - . S T 2.1 0.
. i’ﬁ 118 ) F’i fgﬁiﬁ? T 144-0054 ST K H X g7 7 FHH 3-19-9
e S Skou I 03-3731-2131  FAX : 03-3738-3134

- 250 -




No % Fr % RFEH - g (&) HAEAG
e N T 453-0862 EHIRAL d R A X
ET LU= if S
14 iijﬁjﬁﬁ/ 3 mﬁ%ﬁ,ﬁiﬁ ST L 7601
e AT 052-612-8071  FAX : 052-614-0046
Sy T IRE R T 504-0814 iz B IRA5 75 SRk I
B D R ST
e 6 0 058-371-3443  FAX : 058-371-2738
FranTe e T102-0072 HEHESTACH X AR HIE3-4-4
I I o 1 A5E L IR
e EaTE - 03-3265-6747  FAX : 03-3265-6748
D T107-0062 HEHERHEXFEH L1-1-1
2 S " . .
S DRl Y R e W T ILE L PAR20kS
e HEE  03-5785-5970(Y) FAX : 03-5785-5964
. Pk TEARRR T101-8980 HEHSTLH XA IH4-14-1
Sl
g | IR e BAEFUDX £ /L 11T
= AR R E3% . 03-3365-9162 FAX : 03-3365-9165
) =k _ .
{%;%%W$§ﬁ 5= | T320:8564 MEARSGANE TGN H111
19 | BERLRE |5 ) et .
(M2 B 6 0 028-684-7528  FAX : 028-684-7600
N '—'—'B
@ggﬁf%ﬁ%%ﬁﬂ T141-0021  HUECHSIIK | Ai4-5-37
20 | A N s EP‘“%ﬁB;EﬁEﬁ AL BHEEL 3 F
f; yj;jj' f—?ﬁ VY| FBEE : 03-3492-2972 FAX : 03-3492-2973
e T 662-8580  Ju i L B i 7 R ET9-52
21 | WHELM 1 “‘;;”‘%ﬁﬁgiﬁﬁ &
T L B35 - 0798-63-1052  FAX : 0798-63-1061
NA Ty ", T460-0015 4R H R AIFAT3E 155
2| o H ELSF
e 35 - 052-321-8755  FAX : 052-321-8758
— : IREF T T105-0011 HUHBHEIX Z AR 2-4-1
23 ;fﬁ%fi%?? 1 Y AT AR — B £ =7 ELA-12F
i E3% : 03—3437—8761 FAX : 03-3437-8775
mHH B
Bhfds - FFH R A A > T 455-8515 A4 HETTHEXIKITIT10
24 | =ZEETEMW 5 FLZE R
A~V a7 7 EAE EE - 052-611-8005 FAX : 052-611-6426
i
\/%' _ L
—E LY T“é& ;;C%Sﬁ T 247-8505 fhZ43) I oA T AT /2 345
25 *\ 1 A AL
2 %ﬁ%émx“ EE - 0467-42-5752  FAX
W & T 438-8501  F i URA% [ 7387 H 2500
NP-3 4 3 S N H by = =
06 ;;)7/ % H b ) i*ﬁfﬁ%xpﬁ UMS %= A
Fﬁ%’vﬁ;rs . a6 0 0538-32-1170  FAX : 0538-37-4259
Pis ] =]
NI ES T190-0153 HEHR® & 2 BF i/ ME 238 H
27 | BAIT BN 1 W25 - R T

BT

HHan © 042-503-0072 FAX : 042-503-0082

- 251 -




(EAEBI=A)

No.

K 4

%

1

R fa

- 252 -



JHSH T

& R

() IHSTHRFIZEZEES
Bl & &

W
Bl & &

WALEE (REEY)
(f) #HEE
WALERE ({REEY)
WALEE (REHY)

HALEESE (L)

WAEEE (EEREY)

e
e
e

FHE
(FF) IHSTHRFEES
FHE
FHE

e

B AR

et (EPRHEY)

R ({EifHy)

i

() Ao "—2 v H

201 3FEXRELE

W) =%

L s

BE BF
WA B

A

H 228

IINE,

3

4

)s]

AN Rk

~

FH TR %

groB ok

Bifi KRR AT DR W2

BER T () T /S =— SRR
W () =7 — i)

N (B) 5 o /S =— Bl
~Y 37 5 RE

DA AT BT BT TR R

SHEETE 0K WLTs L
DHHZE R I~ Y 27 S BT

HATATHE (BR) 2T i an 265
HEM RN PIfTEET RS P

BLETE KR MZEFTHED o~ =— MEEEEHD
HE (U a7 ¥ —Hii)

FHMLZE T IC B AR IZE A

BT B ge 7S v —>7" 224) « T v a ) —4
(GE) BEIKL 2T AR N —F Ry 7 g ) —
7

HARKS: BETSE0 MUZesE TR &%

BhfE HANAFTEAES BB BT SB1BR S8 25 etk

a—paFEZ—y R0 (BR)

SEBATES BN SR B

g H M (BR) MUZS AT BHAAEE Bl R

s R () R
T NFEEIHE (B BT UMSHEHEER B
i

EEETE () MZEFE o S=— MR
WE (U 27— )

FHIMZZ AT TE R SEEE T2 AET
BRI AT DHgE 7 NV —7 B3 7 v a v EENEA

FHIMZE AT TE R SEERE T2 AET

IR 2T DHFE 7 v —7 BlEREEE 7 3 0 BEMIEA
CHEETE (B MZETH SRR Pz s

AU a7 ZEME FHEER B

JIRETH (BK) HlZETFHD o 3=— B
Peftr g B BRI AR SRR

- 253 -



JHSHIE,
g (AR Y)

e ()

Yy oY
EHAMEFEEES

~N) a T e

H A 22 R

HAMZE TP

TEIER  (SIAC)
524 (IHST)

42 (IFRWFZES

JEA G5B
(K27 52—~1)

SR
WZERFEAR)
it
(BT 5 22)
RHBH T
(B55e~Y)
ARt 2
~Y H— MR
AALTPEAZE 25
AANZE 52

FEAE FoA

s,
e

P B

il

A
T H

U5t

B

Bm

o
O |

I Im
=

s

o

pro® ok

LT () iy s i=—
WIZERR R~ ) 27 5 — R £

(BR) =7 m /38— h—X FEBE R

BifE AR BTN AR AR IR
(BR) Vv b WLZemIgfE = —
BidE B A

FHMZEHTEB R M7 07T KT —T
DREAMS7'm ¥ =7 hF—Lh ¥ Twx—Ty

RIEHESERSE T SFRMZe TR #g

HIRMIE (BR) MUZE SR SEAET BEARHLAR AR Heffr = RACEE

H AR ZE RSB
NPOIEARKE~VIFEPER Y U —2 (HEM-Net) B

FHIMIZEMTIEB TR T Z2AER
BACIRT BANITE 7 N—T 22 0) « §Be s v a ) —4F
) BIKS 2T LW7E 7 NV —7 RliREEY 7 2 a ) —
.
(BR) F AL kit

FHMZE W TE B AR LA
EL S AT b - BRI T V—7" FgeEEk ) — % —

M2 ITRE RIEE T e ST AT —T
DREAMS7 ¥ =/ N F—Ah T —T%

HRMEE (B EEMISCRLES SRR
FHMUZE AT TE B SEREE A2 AT
FEHEAETT AR N

BT R AL 408 %

HIRMIE (BR) MUZE SR 2EAET BEARHLAL S Heffr = RACEE

- 254 -



JHS# Ik K 4

B M

A AR O
E& il eSS S
B (RgiEy) s g
B () ik %
B (FReEHY) BE W
R EA B
B (EREHY) AR T
(Gf) AHSARegional Directors

M (EREY) g %

(Gf) AHSEHBHINZ B
(Gf) AHSATRegional Vice Presidents

JELFH] R ok
T KM FHZ
B H] LIS I S
B H] 2NV
B RHERAE ) A E
B H] [P IRN%2
] mEE IEA
JEH] =% =
JEH] IEST 1

g Bk

WRORS: 4587
AHS H AT
AHS H AT

SERTE () MzFi e
%ﬁfﬁﬁ%%g%%ﬁf\ Jyarx &%]“%B

IR 40 7% %
() FAh Bk
MR B B 2Tl TR 2R

FHIMUZE T TE A FEEE A2 AT
AR R TN

MHITZ 7 & A~2— R 3 AT N AR BkEs
AHS H AT
WK TERFER MZETEH LEER 4585

CEHTERARE Al EBEHEE S 2T LR R
el R

AHS H AR

H AR ZE RSB
NPOIEARKE~VIFEPER Y U —2 (HEM-Net) B

v hIAN) aTrZ—P—E X () EEM
FHZE I B A

a—nmayy— EHE T RS P
fzeEp e P, A
NPOE AN RA~ VBt % >~ FU—2 (HEM-Net) PEE

- 255 -



201 4FERELE *‘

JHS# Ik AV groB ok
= R Fri i JIRFEE TSEMRMTZE T2 0 o N =— BARATER
AU 3T YRGS MR
B & & wl =5 B TEMA A T N = — 2SR
Gf) A n"—y T i (U a7 2 —5ih)
ﬂ:_/l
B & & L SR FHIMTZZ I TEBA FERERE A2 AT

BRI B o v — 7 FFEHE 7 v a ) =4
Gf) BIK> 2T 27 V—7 ElisEEE 7 v a U —

5
AL GRrsii) ZNIT S JIGFEE T3 22 2 0 o = — B lTAE
) HER ~Y =7 s AR R
WALEF (GEEY)  Eh 2a SRR USRI - T KA A
~Y = 5 R
WALEE (RAEHY) M A BRI A2 -t R T S £V kA e —
2 B

AR (L) wil =E% B TR AE T I N = 2R TR
R (U =72 —Hdi)
WAEESE (EERHEY) L SR FHIATZE T TEB SRR A2 A
BARRRAT BART IR FE 7 NV — 7" FEEH 22w s va ) =4
Gf) k> AT 27NV —7 [Alis3EE 7 v a v —

i
piiike ZH % HARKY: BT 2258 LR 8%
piiike ik b b Bk BRRSSEBREH  FHASH FEMRN o EaFmsss
PR TN EE ITNRA e~ aFz—x - Dy

SEGAH A MRAE TR

SIS Bm & 1 B ATPERRAT 22 S ARED ALY ERGEE R

ik BE BF 27 N R

ik WA (fE Y N FEEREN S E B R UMSHEHEEST BA AT
figes

Bl JUCE B LE TR ZETEH D o= — 2Rk
W (~Y a7 2 —Hi)

A HE Al B KRR & A7 LT IZET 0 Trft iR

g (R ) SRR DI B T3 BRI 22 o /S = — B
U a7 2 EREHED BRAERGE R SRk

g (i) a2 CZEE TEMBAET - FH R A A AR
~U a7 FHEER T

W (AR S) T BT 78— b — X R

- 256 -



JHST
Epdr (RHH )

wref ([EERHEY)
wpef ([EERHES)

HR
i
R
FR

HREE

VY 4HY
A HAMZEEEEEES

~) aFFEE

HEPERE (SJAC)
[E424 (IHST)
[E448 (IFRWFZER

(K7 2—~1)

SR
WZRERER)
Btk
(BT 5 22)
RHH (HET)
(B~ D)
AR 2
~Y K= MR
AL 2

g
i ot
A A ZE =

H

g Bk

B Lz o= —
ZepiR et~ U =2 77—kt Td

LRI R 2 A
Hefhs 25 ABF%E S L —7 SR 7 > 3 v BITHIER

FHMTZE BT ST B R A TS AHR
IR AT BiFGE 7 N—7 [Rlin#Efgt 7 v a v EEMER

S5 L A LR AIERER R AR
v ba el 7 v s = —
S5 BT

FHMZEI TR IR W22 e T DT —T
DREAMS7'w ¥ =2 FF—Lh T vx—Ty

RBRRESIRS: T SFHZE TR 2%

1 H IR ERAZE SR 26D B ARG T nE PRAEE R

H A ZE =R P
NPOiEANKZAAN Y Fiber v U —2 (HEM-Net) Bl

FHMUZENT ST R A IZE AR

Bt Bl ge 7 v —=>7 W E s a ) —F
(3f) IR AT LR T NV—7 [nlfinFEfr 7 a0 ) —

v

-2 % EkiE

FHMZENITER SRS 2T n T T L7 L—T
DREAMS7' wn ¥ =7 hf—Lh 73— ¥

51 F A R EEAL A 1
FHIMTZZ A FE B FEERE A2 AT
HREHEETS AR
BIfRFE 4078 %

1 AR ERALZE AR AR s EARE= R

- 257 -



JHSHE % K 4 B %k

B

e ) O ] [ SWNE SR E- 3

AR AT F= AHS H A3

B M GREHE) Moy g AHS H A3

Ao R (EmEEY) ek 2 ZEE T EMRBOMT - T R A A MIZEHE R

A~ a7 Z B RER

B R W) RE A POt R 40 B %

B M R A A Hkstk

B M (EREY) N 175 AR B AR MiETH LEs FRRE
(3F) AHSAH[Regional Directors

B (EREY) RE R AR ST FE A MIZEAET  SEEHEMERD RHTA R

(3) AHSAEH K U'Regional Vice Presidents
() AHSAMEIMNZER

w o Bk MHI= 7 B A= 2 2 AT W ARG Bk
B M Rk Fiz AHS H A
B N BRKY: LERiFert MiZesw LEHIR 42580
B N SR TS AW EFEHEE S X7 A /UERT
e A R
B URHEY) A EC AHS B A
J# il i P H AN 22 R s PR
NPOEAREA~Y i %~ kU —2 (HEM-Net) P
B M HiE EA T R T ANY a sy —— A REM
B M =% H T 2SS B FE R
oM L LT RA e ANY AT =R« DX SURT RS A

iz e BE, FFRER
NPOEANBEA~Y Ffir v VU —2 (HEM-Net) #H4

7 i R IER Bi R v AT L TR 22T TR Bux

- 258 -



AA~D 75 e WER

o | = E . o Wrets % o - . -
R w2 o TR Renils % AHSHF&KME F
ERNGH=E 1) ) b % b1
~ o PPN
1989 12.15 BRRLWELKE _ 3.16 %ﬁgfﬁ%j;;gﬁgty gy | 313 Prowy & QIgET) L T RISA
s .= A 2.16 2 MIEFEMZEFH I P RTT L A " A .
1990 (%%E\ s - 718 W1 BEGITIAS N EE L 2T 10.5 Sikorsky #5/AHS £ £ Buckley K HAXE SRENERUSRENE -
JIIKF 2 T2) (ZZEET/NMETHE) (B A ) GElE R L) 1h7(42 4, 49%)
1991 1 5.99 JIIE T AL 7.19 B 2 RIEFIFES 2. 7 % 3EIEFIFES 10.24 ¥ a—7 THK Schrage #id% AATE SEHNEKROEENSR
' " (& 8 T 540 = SERT) (BHfE R 22%) ~25  (ERUKZE E2EE) 1154, 11.9%)
9.18 #f 4 [RIEFIFES 2.5 %5 EIEFIFES 12. 4 kFE® ATCOM Carlsorn K
1992 | 2 6.23 JINGE LA (= 2T/ T CGRECKZE L - 28) (JAXA §L22 i R 2777) -
By
(E+&ET) 7.6 772 AMZEFEHUSEAPhilippe K
- 9.10 £ 6 [RIEBIRFIEE 2.15 B 7RIEBIFIES (f PR ) G AR 1
1983 | 3 6.18 HEELAH 1105 15 T 5 T 50) GRS E2HE) 1118 ~9F=—% v T Ham B AASTE 2RSSR 14
(B R F4%)
11.8 A VU —TF 2 FXGessowsi #iF (=258 THER)
= 7.22 8 BIEFIIER 2.24 H 9 RIEFINITES
1994 | 4 6.3 EELETAM (b - & BRI P ) (FAXA Wi 7 £ 27) 1111 HWEES Tl - Wi & B i -
g % Frske~U a7 7 5l (RETEeEr)
(Z#=ET)
e 9.29 5 10 [EIERINFITS 2.23 %11 BIEFIMIES s E _ .
1995 5 6.19 —ZEE T AL O I B T 453) i B A 3 TR 11. 2 NALEIFERE Gaffey KR(EHMPEL L) —
- " 10.24 5 12 HIERINIIES 2.14 % 13 BIEFINIES NS \ .
1996 6 5.17 —ZEE LA (55 T e BT OV BT 5T 55) 1.20 Yi—Y 7 TH KCrawford X (ZZ58E TA4H) —
EE AfF
(B R 4%
\ e e 10.24 %E 14 [ EFINFIES 1.23 % 15 RIERIAIES
BIERIES =y () _ _ i o — —
1997 | 7 6.6 (R EBEIEM (= 25 R BLE D) (e |- B DR S HE )
o517 EE IR 4.91 Helidapan 1998 [~V =7 % el & B
1998 8 76 Ve 10. 2 B 16 [EIEFIMFES 2.19 (88 o A Vi:/ Iy ~23 ) (G RIER B)IERSES) OHX 251 — L (B i ge A58,/ )1 IRy 8 1)
EN ' - (8 LE T4 = WAIERT) o ) e P) 12.22 Yo xF—{Wang K : Howard Hughes Award
ez o (AR B &)
R e . R W BORAZE 50 — B2 A
1999 9 GRIEZD 616 A A=T 10.26 5 18 [RIEFIHFFES 3.23 %%‘E*%ﬂ@%ﬁAZOOO 4.16 2Ltk Rozhdestvensky FHE A K—4EF58
' - (b - B A PR BP0 ) PSR TAS0 (B AR BT BR ) S-02 iR F — A (ZHEET)
SRR E Y T A R) .
: Robert Pinckney Award
; . e W IR E
St ” 11.28 % 20 [FIEBIRFFES 2.23 % 21 FIEBIRFFES 1.23 A Y—7 2 F K Schmitz #i% ) (=
2000 | 10 | (e | 622 JIWEIAH (|- P R ) B ) R LRE. KBENIZE /IR ZEH) (115 T AKE) S92 BT — A(CEET) .
: Agusta International Fellowship Award

259




o | = E o Wt o . . .
R e ey T 8 FERGE S AHSHERKE =
BRG] =) =S A Z=
w001 | 1 | o ﬁgﬁﬁg T ize T 1129 % 22 EEFITES 2.28 5 23 EIEFIRFSLS 198 KBES Johnston Fo(= 2 TAH) KA FE R BRIAE
grway |4 ” (v~ FBHAL) (8 PR/ R~ U = 1) 8 = T TR
I~
A E o A g - e T A (e i 11.11 Heli Japan 2002 [~V =7 X% oM & | &M El K—SRFHIE
2002 | 12 (5L T) 6.28 MTZEfE — 3.13 5 24 [RIEFIFFIEE (FEE K) 13 B+ B AR A b o 4 —) (U $hsd 5 O A0 A)
(=17 A 10.31 5 25 [MIEHIHFFES 3.19 &5 26 MIEHIHFFES . e
2008 | 13| (e gy | g WOEELIAEEL (4 S 7 7R ET) (i (IR kD) - ek 3t K-nE=R
e - 2.95 % 28 [RIEFIFES . - it -
IR 2 A 12.17 5 27 [BIERFINFIES ! . .s JA2004 ~Y a7 K - B3I J— £E mAa@ik4EER) — 4528
2004 | 14 e —ZEE LA e ot AT e et A o TS Ny a7 2zl Ry | 10,7 o ; AR
(Z£#&ET) 1 (Bt T B AR R SEAER 55 3 BFZERT) ) G R (v 7 4 i) H A2 B0
Hn Bk S e L R 12.16 % 29 RIEGINFTER 8.31 < ¥4 K Friedmann #f%
2005 | 15\ oy | 719 77 REMTAA (=27 T/ T - (= 28 T A4 -
11.5 HeliJapan 2006 [~V 27" &% O &
T — ~17  fdy - B5SE) (A BEBRSEY)
10. 3 =55 TEY! nN= Jipe . — =5 T e e T e ) 14
- ; . SOOI 3.15 % 31 [IEFIRFZES 113 Jt7 7 AMZEFHA I Philippe 5 . .
2006 | 16 | Lo o | 428 SZEETRRAM eV (JAXA aﬁ%ﬁ%né:%m&@bﬁ%;ﬁ? ) Gl ) | é‘jﬁ:”a’) JAXA AR TR T o & —) PH #e K- A
) N A PV . o
CEREK) 9.7 FEEMZEMHRKEI® Pingi Xia K
CRAEIRZEARIE % v o /R R T2
2007 | 17 717 WRRFESeEEL 11.20 5 32 [MIEHIFIEE B B _
Hafirge e o & — (B i A [ S R i)
7.23 A HHZEF LT Dr.Hongyi Xu
ey - 4.17 B 33 BIEBIMIES (JAXA SR E et o % —)
2008 )\ 18 T RARFILERE N (GEEHF AL E L) 10.3 77 A% - yzAb7/ #1: Dr.James M.Wang o
YA W (GIREES )
(EAmL) g IHST(EEEA~Y a2 7 Z — 2 pF— 1)
2009 | 19 1 SEEIMEE L — — — =B 3
Heli Japan2010 #{E & B2
4.26 JAXA FAAMMZETH BN | 9.27 5 34 MIEFINIER 11.1 Heli Japan 2010 [~V 227" % 0 Seitt il & A
Sl el IR Bty s — (50 A K ST - ~3 HAA KEY =75 1) IHST fifZ= i
(FHZEmF
%Eﬁ%ﬁ%*ﬁ) 617 = L g A Jepen . e A AHS %%%%E MR R Flater EE 7%[3\3
9011 91 g}Aﬁi iﬁ;ﬁiﬁ‘m:%ﬁﬁm 10.31 H?EE*@%?%@;Z e — 2~i§ 2012 1st AARF (Busan, Korea) Mike Hirschberg K —stft:
- - * WO %508 —4%28
e A 10.18 5 36 [MIEHIFIEE 3.8 i 37 EIEBIMITS
2012 ) 22 6.15 MZZ=M G5 1 00 B T A ) (o~ ~FEBHAD) - -
HE ER
(B R FA%)
ot e e A =3 \J‘ﬁﬂﬂ 22 Ki
9013 | 23 719 Ty F g 12.5 5 38 [EIEFIFIEE B 11.26 #EHZEFHPZEET Dr.Ki,Hoon,Chung _

(2 - A A e T P )

(JAXA T2 T H BT > 2 —) -

260




<EA=BA>
ESBROEASBESE 5D
CAHSA 2 —F 2 a FARBOEREAT 2B LIOABZICASHIAZE LRI LHEST
AR FT2 77,

(R

) AA~Y 272 HE HASEHRAE

F H H

AN A.‘\"

XKOHDHMITLZAIE TH.

AN

R (50 7878) @ 3%

REKS % MAERE  HARER
AR (TS

HER BiE it

il

v
/

ATECTEH (FAELBTOALOERAT, EERICHETAE®RE CRATSW)
AT - %
B X
ehk
BHEE S X
{FEFT @ %
TEL : X% FAX :
E-mail : %

EASSCIEH (FTREL I LHE, SRAOKIEF IS VEEA)
TER 7 X
Ed
TEL : % FAX :
E-mail : %

AARNY a7 2y, EAERORMEICET2EE CUT,  MEAFREEE SvwnET. ) 28EL,
ALHH (http://www.helijapan.orgiZ#B#) (CE D SNT=AREO BRIV, BAJOERICLE 228N CTEAF
WAL CHEE T, SO AFRIY, KESTHICH -7 B ERICHLERFMPENICB W TR LE 7.
BL, BABREEEFELBRFEIHICHET 254 3REET. 2EOEABTRIIEASOFEEKH OB L ICRE
L, HAERE EMOORFORETER - HICEOET. HAFR~ORET 72, M, %A, KR
OO DICEI R EEZ2HE L ET. KAOREND DA, I3 REEES 235 FIHEICHET S
Lo rhE, BEFCEAFREZBREITIRIELERA. BETIMEABHROBTR, FTIEE/ZEHIBRIC & %
LTCIE, A= NVFERILT7 77 A TAESEERE CITEK TSV,

ARHIAEZ L, FHERICFAX, E-mail, & L <IZEETIE TS0,

T504-8710
st R WL A% 5 I i ) LI 1 25
JINGE TS e TH by v S=— IR ~U a7 # &N
HANY a7 2 F5R N
TEL : 058-382-5259
FAX : 058-382-9265
E-Mail : jhs@khi.co.jp

261




BEESBESE : 10,000 (18H7=0) )
AW SO HNCER L, KBS OIEEEZ ZHE L W20 55,

AN a7 2 BB RAE

F A H

<4y A - Qe

(47T 51E9120) B

Mk (&t 4

AW IS

Pl

(EAT
TEL

—I

FAX

E-mail

AES 0¥ M, FH 1a=1r5M)

GRS
(e - IHAE)

KIEANBIEBIIAREORA - EREHL TRA TSV,

AARANY a7 2 Haid, EAFROREICETLEE (LT, MEAFREEE) EvnET. ) 2HEL,
ALK (http:/iwww.helijapan.orglZH8i#) (CED BILIZALZO BN, B AJO RIS LI 2 EPHN T A
WAL THEET. SEOMEAEHRIT, RESERIZHI -7 B OERICHERFEFANIZB W TR LET.
BL, EAEREGEEFEI6REIEICHET 2581 RE 7. SEOMABTRIIERSOEEREH O b & ITRE
L, EAE#REZEMENSRFOIRIE TERE - #EHCE O ET. BAER~ORIET 7 v 2, WE, %EA, Y
ORGIEDT=DIZES e G Z# UET. RAOREND D56, I3 AERARGEEE 2L LIHICHET S
BaERE, FEFIEAEREBREZIZRELETA. RETIHIENEROBTR, FTEEZITHIBRICOE
LT, A—NFERIET7 77 A TCASEERE TITERL FIV.

AHIAEZ TR, FHEMICFAX, E-mail, b L <IZEETIEMF IV,

T 504-8710
Mg R B A5 ST ) 1R T 12
JINRFEE T3St MIZEFH D v =— HINAEH ~U a7 2 3&EHBN
HARNY a7 2 R A
TEL : 058-382-5259
FAX : 058-382-9265
E-Mail : jhs@khi.co.jp

- 262 -




<EARE>

—BEASBRUBERASBERR 5

L AHSA v 5 —F 3 2 SRR E AT B 5 R URBAIC AR A S E R LHER TR
RE,

) AR~ a7 s e EASERIAE

AN A‘\"

4 1 H
XKD HDOMITVHEE T

AN

KRR % iR A2 H
FfR (S 4 0%

RFH A 1 3K

e
T}
=
P
i3
il

LS S TR
B« X
ERT %
TEL : 3% FAX : %

HANY a7 2y, BAEROREICET 258 (UUT, HEAEREREE CWnET. ) 28EL,
4K (http:/Awww.helijapan.orgiZ48i) (2D BRSO HEZIBY, BRI 2B 72 8PN T A
WARELCHEE Y. SEOFRAFRIE, ASERICHI -7 BHOERICLERFEENICHS O CHA LET.
BL, FAEREEEEI6AFEIECHET 250 13RE 1. 2BOFEAERIIASOEIMAEH O b L ITRE
L, BAESRE EMENOERFTOIRECTELR - #FFCEDET. FAFR~ORET 7R, W, LA, KR
OB IED T DI B Z#H U E . AAORBERH D256, F3MAE RS E2R5FHIHCHET
BAEBRE, BEFIEAEREBRE TR L EHA. FETIREAEROBR, TEEIIERICoOXE
LT, A—AERET 77 ACTALSEERE COEE TS0,

ARHIAEZ L, FHRICFAX, E-mail, & L <IZEETIE TS0,

T504-8710
st B WL A% 5 I i ) LI 1 2
JINGE TS e TH by v S=— IR ~U a7 % &N
HANY a7 2 F5R N
TEL : 058-382-5259
FAX : 058-382-9265
E-Mail : jhs@khi.co.jp

- 263 -




BOBEASBESRE : 10,000 (—HH7 1))
CAHEOHRICER L, KB OWEB %2 3HE L T2 Zd 27,

1) BA~Y TR B R AR
4 A H
K45 ' fl A
(YT HIEH1Z0) B . fikioe
HIR (1) 4
R4 3%
PRk
HIHE A%
fEp T
TEL
FAX
E-mail
A= B = Il (1n=17M)
i
CELAS I )

KIEANBIEBIIAREORA - EREHL TRA TSV,

HANY a7 2y, BAEROREICET 258 (UUT, HEAEREREE CWnET. ) 28EL,
24K (http:/Awww.helijapan.orgiZ48i) (2D BRSO HEZIBY, BRI 2B 72 #iPH N T A
WAL CHEE 3. SEOEAFERIE, ALSEKICH- 7= BHOERICHEARFEFHNICE LR LET.
HL, EAEREELEFLIOSREIEICHET 254 3REET. SEOBABRIIASOFEHREH O L L ITRE
L, BAESRE EMEN»OERFTOIRECTER - #FFCEDET. FAFR~ORET 7R, M, XA, KR
OB IED T DI B Z#H U E . AAORBERH D256, F3MAE RS E2R5FHIHCHET
BAEEBRE, BEHICANEREF R IR LA, BETIEANEROB®R, FTEEITHBRICOEE
LT, A—AEFET7 727 A TREFERE T IHHK TS0,

AHIAEZ TR, FHERICFAX, E-mail, b L <IZEETIEMF IV

T504-8710
Mg R B A5 ST ) 1 MR T 12
JINGE TS e TH by v S=— IR ~U a7 % &N
AARNY a7 2 FHR A
TEL : 058-382-5259
FAX : 058-382-9265
E-Mail : jhs@khi.co.jp

-264 -



<AHSA v Z—F v aFLEB>

ZORMICEZIAALTFAX CTEMTIIIASTEET, /2. AHSA v X —F T 3 F LDk
— h~—V(http//www.vtol.org) N H A T A L TOHIAAL TEET, RAOERHIE, F
BRH LIEBI 0BFEE TBVWEbELZE N,

EASBEASHIAE

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 Annual Dues United States International Member* Total
Regular Member $65.00 $85.00
Regular Member Age 30 & Under ** $40.00 $60.00
Retired over 60 ** $35.00 $55.00
Active Military $35.00 $55.00
Student Member $25.00 $45.00
Joumal of the AHS Print Only (optional) $45.00 $65.00
Joumal of the AHS Online Only (optional) $45.00 $45.00
Joumal of the AHS Print & Onlme (optional) $50.00 $70.00
Journal Online (All Other Back Issues) *** $20.00 $20.00
VTEF Contribution-Foluntary $25.00 $25.00

* International Costs Include Mailing
**Birth date required
Wk Standard Online Publication must be purchased with back issues

{To be eligible for student dues you must be a full-time student for the upcoming school year and include the name of your
school. Students receiving full pay and allowances are not entitled to this rate.)

Name (Prefix, First, Middle Initial, Last, Suffix):

Street Address:

City, State, Country, Zip:

Telephone # (office/home): Fax #:

Employer/College:

Job Title:

Birthdate {mm/dd /yyyy): Required for Retired over 60 and Age 30 & Under Membership

Email address:

Applicable AHS Dues:_$ Sponsor:

Payment Information:

_ MasterCard Visa American Express Check Total
Credit Card Number Exp. Date: SEC#
Applicant's Signature Date:

Send Checks to:

American Helicopter Society
217 N. Washington Street
Alexandria, VA 22314

Attn: Liz Malleck. Director of Membership
AHS International
217 N. Washington Street, Alexandria, VA 22314
Tel: (703) 684-6777 FAX: (703) 739-9279 Liz{@vtol.org | www.vtol.org
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AHS International Student Membership Application

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

Benefits of a student membership:

1. Vertical Flight Foundation Scholarship
2. The Jowrnal of the American Helicopter Society provides an avenue for publishing papers
3. Networking opportunitics for employment
4. Complimentary registration for student volunteers at the annual Forum in exchange for session attendance
5. Student Chapters increase knowledge, offers challenges and provides fun social activities
6. Student Design Competition and Lichten Competition Opportunities
AHS Annual Dues United States International Member* Total
Student Member $25.00 $45.00
Tourmal of fae AHS Print Oxly (optional) $45.00 $65.00
Tonmal of the AHS Online Only (optional) $45.00 $45.00
Joumal of the AHS Print & Online (optional) $50.00 $70.00
Journal Online (All Other Back Issues) ** $20.00 $20.00
VFF Contribution-Foluntary $25.00 $25.00

* International Costs Include Mailing
** Back Issues can not be purchased without a standard online subscription

{(To be eligible for student dues you must be a full-time student for the upcoming school year and provide the name of the
attending college or university. Students receiving full pay and allowances are not entitled to this rate.)

Name (Salutation, First, Middle Initial, Last):

Street Address:

City, State, Country, Zip:

Telephone # (school’home): Cellular #:

College: Required for Student Membership

Job Title:

Birth date (mm/dd /yyyy):

Email address:

Applicable AHS Dues: $ Sponsor:

Payment Information:

MasterCard Visa American Express Check

Credit Card Number Exp. Date:

Applicant's Signature Date:

Send Checks to:

American Helicopter Society
217 N. Washington Street
Alexandria, VA 22314

Atin: Liz Malleck, Director of Membership, AHS International
217 N. Washington Street, Alexandria, VA 22314
Tel: (703) 684-6777 FAX: (703) 739-9279 Liz{@vtol.org | www.vtol.org
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AHS International - The Vertical Flight Society

Application for Corporate Membership

Corporate Membership Classification (Please check one and enclose apprpriate dues.)

Class A Gold: Greaer than $110 million [ Annual Dues $23,500 80 Representatives
Class A Silver: Greater than $105 million [0 Annual Dues $18,500 60 Representatives
Class A: Greater than $100 million [ Annual Dues $12,500 40 Representatives
Class B: $50 million to $100 million [ Annual Dues $ 6,250 30 Representatives
Class C: $10 million to $50 million ~ [J Annual Dues § 2,950 20 Representatives
Class D: §1 million to $10 million O Annual Dues $§ 1,250 15 Representatives
Class E:  Consulting Firms,

Government Agencies, Associations  Less than $1 million O Annual Dues $ 500 10 Representatives

Company Name

(Please supply information as you want it to appear in AHS published materials)

Corporate Mailing Address:

City: State:
Zip: Country:
Telephone: Fax: Website:

Corporate Description: Please provide a 100-300 word description of your company’s principal vertical flight activities. Include general information on products,
services, and senior management personnel for listing in AHS published materials. NOTE: You may supply company description under separate cover.

Sponsored By (Individual)

Attn.: Liz Malleck, Director of Membership
AHS International
217 N. Washington St., Alexandria, VA 22314-2538
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