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4743 o817 2Are e K 1 \RI




oy

&2l gt S| (Rotary Wing Aircraft) (Def. of ADS51 HDBK)
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1 J|(Fixed Wing A/C)
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3| ™M 2| (Rotary Wing A/C)

2, =4 & HMUE =<H AIAE0l sAl0l €

OF
S

O

&0

= MO

Ol, Mo

N
—

0l

i
(H0

ok

A

|_

DIGE

§

1 et Cherel

=4¢
Hot= E23

o

SRS

=EIRS]

> /W2l 24
> = ZHO0lA

tél»/\

iof

R0
KI0
Bl

[lig
K

Kl
<+

ioD

AN A

P
A

g0

X

=0

- =
— &

P

o}

2> A XUILE=EL 75%E AHAl

©3/ TG IIALS &

6/43




BE1917) vs. 11497

o254 EREE)
Hover Endurance (minutes)
W= 20% AUW
&éb Helicopter [
120 A\ — HisH= ¢
&‘7 Compound -
80 - .
Tilt Ho?:or .
Tilt Wing

40 - \__&j—/ Lift Fan
| o=} Jetlift

* 200 400 600
Maximum Speed (kt)
<HMAteldld &= dlu> <V-N & & H|u>
d4s ¥ E4 gclESH DED]
=X 01&ET ts UUINMOZ 2lts
(Vertical Take-off/landing) (Harrier2t 22 Jet lift )| 0| A B Dt S)
HIXt2| H & (Hover) s UUINMOZ 2lts
S Egeh A s UUINMOZ 2lts
M= Hl8 S4100kes 0l3hH) | ES LIS
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Key Design Requirements:

— range/payload, hover, integrated weapon system, stealth, day and
night/ all weather operations, survivability equipment,
crashworthiness, cost

O/ D=2
— T/ oo o
_ MU BELs, 22AR/RE, INE, U, 2Al, A5 S

Key Design Requirements:

— cost, safety, reliability, payload, environmental protection
(noise/emission), cabin noise/vibration, utilization rates, all weather
operation(IFR, anti/de-icing etc.)

- HEA vs. AFEA
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<Flight Path Profiles for Noise Certification>

(FAR Part 36 Appendix H, 2004)
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<Noise Limit & Levels of Current Helicopters>

(Pike, A and Hwang, C., 2000)
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TRANSMISSION

AERODYNAMIC INTERACTIONS
Blade / Vartax (BV1)
Tail Rotor/Main Rotor Weake

ENGINE EXHAUST

ENGINE
COMPRESSOR

TAIL ROTOR
Rotational
Broadband

(GWHL Seminar, 1999)

< BLADE-VORTEX
INTERACTION.._

TAIL ROTOR
UNSTEADY LOADS.
INTERSECTION WITH
MAIN ROTOR WAKE

H S|, ADVANCING ELADE
THICKNESS, LOADING,
SHEAR STRESS

B/V INTERACTION

/ RETREATING
" BLADESTALL&
> - % > ’li .\‘ .“-. L \ A \

5 .--?ﬁ ENGINE
ARD I e SOURCES

portt
~ MR HARMONICS M
/ TR HARMONICS
- /[\ ——BVLHSI

NOISE - S .M __ -~ BROADBAND
¢ N NOISE
! /—EN."INE
FREQUENCY

(Edwards, B. et al. NASA CR2002-211650, 2002)

<Helicopter Noise Source>

O =2H, Mel=H
— BVI(Blade-Vortex Interaction), HSI(High Speed Impulsive), Broadband S

—

0 ANE, SAA

2HS

oin
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[ql] 317 25d 54

Piétnn engine exhaust noise (engine firing harmonics)

' Tail rotor rotational noise

otational nois L.

301 / Gear meshm; Ylse
; .: o\ ' % / ~.; :_- \, N

Gas turbine engine noise -
compressor noise
20

T

dB

10- /

y Y4 hain rotor broadband noise
Main rotor rotational noise Transmission ngise

or Main rotor broadband noi
< ain rotor broadban nmse>

Tgil rotor rotational ngise

-
Compressor noise

1 ! |
20 100 1000 10000
FREQUENCY Hg

<Spectrum Characteristics of Helicopter Noise>
(AGARD-R-781, 1990)

Q ﬁE-IIEE-I E/C\—Dl

=
S
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— ApproachA| £22
— F/O(Level Flight) 232 1

I=

cl=2H &

%) Loading Noise
% Broadband

~___

Thickness & HSI Noise

Ay, )

Blade Vortex Interactions

)

<Directivity Pattern of Main Rotor Noise>
(Edwards, B. et al. NASA CR2002-211650, 2002)

S0 0HY =28 91

S0 32
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Q =S 9HH(PNC)
- ViV, BAMAY, WY (H5 2 2E S8 S0l 2 >4 | &AHAl 1)
: (ANoise Level) a 20log(W*Vt3* A0-5*B-0-3) (pike, A. et al., 1981)
— Tip Shape Modification (vu, Y., 2000)=» Tip Vortex Strength & Core Size, Mis-distance

ol

Leading edge
Square tip Ogee tip TAML';I“E Flow spoiler
tip
¢
Trailing edge

Nozzle Jet

Swept-tapered Sub-wing End plate
tip tip tip

End End
view view
Parabolic Tip Elliptic Tip Bulge Tip Vane Tip

— Uneven Spacing (Edwards, B. et al. , 1996)
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O s=& ZE(ANC)

— HHC(Higher Harmonic Control)

— IBC(Individual Blade Control)
+ Active Actuator in Pitch Link
¢ Trailing Edge Flap / Active Flap
+ |eading Edge Droop
+ Active Tab
+ Active Twist etc.

<Active TEF Whirl Tower Testing(Boeing)>

O JIEt &Y™
— Blowing(Passive or Active)
+ Spanwise Blowing
¢ Chordwise Blowing
— X Force Control
— Flight Path Control(NAP)

<Chordwise Blowing(Univ.Glasgow)>
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7] <=3 - 2§

Boeing AF/ATR Rotor

Dia. = 34 ft. Dia. = 13 ft.

Vibration Reduction
BVI Noise Reduction
Performance Improvement

Vibration Reduction
BVI Noise Reduction
Performance Improvement

Piezoceramic (PZT) Stacks

PZT Sheets

I‘(

\ \ctuators
\— Integra! Balonce Weight

AER Blade Section With Actustors and Flevon

Access Plate Frame

Balbar Accoss Plate

Active Elevon Rotor (AER)

Swashplateless Rotor

Dia. = 23 ft.

Flight Control
Vibration Reduction
BVI Noise Reduction

Electromechanical

17/43
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A ATAL - FAD)

QO A-160 Hummingbird
— Boeing A Z&HE|HAIAEAF Ol =
- 2006 2AHF Z2H
— DARPA = 0| &
— 300hp CI2AIXI
— HZ2AI2t24~48A12t 22 S HE| 2000nm <Hummingbird>
- ZIU=SS : 140kts
- zZIUIO0ISSE : 24,0001b
— ZH : DA 36ft, 650ft/s(50%V)

QO [RQ-8A]=>[MQ-8B] Fire Scout
— Northrop GrummanAf
— 2004E Dt Al EMDAIE = 20082 10C
— Olofi=Z L o3
— E3EZE : Schweizer M330 JH X
- Z =% : 150Kkts
- ZIUOIESE : 22,8001b=>3,1501b

- 26 : FZ271t(3H=>4H)
<Fire Scout> KARI
18/43 ©35/ 8O/ IIALS & i



=AY - F213 7| (UCAR)

O =8g=% >160kts, & =8tT 20,000ft, & &

Fully Autonomous
Swarms

Group Strategic
Goals

Distributed Control.

Group Tactical Goals

Group Tactical Plan,

Group Coordination

Group On-Board
Route Re-Plan

Adapt to Failures and,
Flight Conditions

Real-Time Health
Diagnosis

INDIVIDUAL

Remotely Guided.

ACL

1990 2000

<Autonomous Control Level>

<Northrop Grumman Team>
. Sikorsky, Kaman &

Current UAVS

Bt > 700km

<lLockheed Martin Team>
‘Bell S

. FYoz

FY03  FY04 FY05

FYO6 FY07 FY08 FY09 |

CANCELLED

IGECR N Concept Development & System Trades (4 Teams)

<@ SRR/ Downselect
m Preliminary Design (2 Teams)
’Design“ iew / D¢ lect
’ Design <@ First Flight (“A” model)
1 Review |
Phase IV System Maturation |
First Flight MS B
Technology Maturation Activi (“B" model) |
Army/DARPA Tech Base

<Program Schedule>
: 20094 TRL7, 2012& 10C

19/43
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3l ely] Rof HZ =3k

QO AHS62(°06) Straight Talk from CEOs

(b Jeff Pino, Sikorsky )
— X2 Technology™ Helicopter
+ Hover S & = Xl, Fast Fwd Flt.

— Full Spectrum Technology

— Scalable from Small to Big

— 062 2 Prototype
Q AHS61(’05) Nikolsky Lectureship(W. Sonneborn, BHTI)

“Quo Vadis (US) Helicopter Industry?”

- 0I=2 /712 : R&D 21, Rapid Prototyping

+ A380(FItHrs 2,100) vs. V-22(>10,000 to date)

— MAYV(Golden Plover), UAV, Compound Helicopter, JHL
QO EU : ACARE(Adyvisory Council for Aeronautics Research in EU)

— 6" FP(’03~’06) 840MEURO/ 7t FP(’07~'13) 2,500MEURO
Q US Industry

— VH-71, ARH, LUH, PRV, H1, V-22, JHL, CH-47/UH60/AH64 Upgrade

9 2
20/43 ©3/ X IIAIS E KIII\RI



oA - F5/2w(1/2)

O ZHolA

— Inflow Model : Linear, M&S, P&H(Dynamic) etc.
— PVW : Landgrebe, Kocurek & Tangler, Vortex Ring etc.
— CAMRAD J/A = CAMRAD II(Johnson’s Aeronautics)

+ Johnson : Momentum to FVW(Vortex Element)
— 2GCHAS = 3GCHAS(+RCAS)

= FLIGHTLAB(ART)

¢ He: Momentum, P&H, PVW and FVW(Vortex Element)
— CHARM(CDI)

* Quackenbush & Wachspress : FVW(CVC)
— CRFM(WHL)

+ Beddoes : Indicial Method(1%t Generation)
— Time Marching Free Wake Method vs. Relaxation Free Wake Method
— Hybrid Method

* Perturbation/ Surface Transpiration/ FVA(LCM/SCM)
— CFD(Direct Wake Capturing)

¢+ TURNS/ VCM/ DRP/ Compact

+ Overset or Adaptive

ONERA/DLR “CHANCE” - 61

21/43 ©35/ 8 S IIAIS K/l\RI



el L T8 /42(2/2)

QO ASolA

FW-H(Lighthill & Curle & FW-H)
Lowson and Farassat Formulation(1A/2/3)
Kirchhoff Method
¢ Kirchhoff Surface
DEAF(WHL, Monopole+Dipole+FT correction)
+ FW-H Based + Atmospheric Absorption + Ground Reflection
+ ACROT(3" Generation Indicial Method)
PARIS(ONERA)
¢+ FW-H Based(FVW(MESIR)+Prediction of Blade Pressure(ARHIS))
AKUROT(DLR)
+ FW-H Based(Beddoes 1t Generation Method(S4))
WOPWOP(NASA+), RAPP
¢ Farassat Form. 1A of FW-H
+ FPRBVI(Unsteady Full Potential) +
*+ PSU-WOPWOP(FW-H Surface)

NAL/ATIC (Catch-Up) - 7

22/43 ©3/ X IIAIS E K/l\RI



SAATHE - S5 EDY

QO Helicopter Noise Modeling
- gESH MAl A2 0=+ 0US &elSH + XA
- B ASEEISEA Y Ha 2L EXNOISHEEH S
Q Noise Modeling Tool
— INM 7.0
+ Volpe National Tech. Center, INM 6.2(10004{ Jif DB) + HNM 2.2(16 74 DB)
- RNM
+ Wyle Acoustics Group, 7§ DB(CH-53, CH-46, Bell 412 S)
— HELIACT(22 s14 (& 25) HAMSTER(AS SHUI0IH =Xl 25)
* QinetiQ(Farnborough), OIS 2 &, 222 Al&Z 1 DB
QO 1UXt 22 & Tool
— ANOPP(A/C Noise Prediction Program) : |2 J|
2 ROTONET(NASA LaRC) : 3| & 2! |
— COSMIC-LEW-13778(NASA TP 1913)
o HIHI| A& JIM, UM, HE), S S
o HOl2 W, HIMZEA, Shielding Correction
+ Noise Metrics : EPNL(SPL, PNL, PNLT)

23/43 ©3/ X IIAIS E K/l\RI



) A7 HE -

) A8 S4es -

¥ |

Pt.3 =l A7 &=t

(A IBY T -F=Aa)

"/ Korea Aerospace Research Institute




o2 AlE>

K
|+
il
| ©
V
U U
o o
T T 1| 0
W) omf ) I B |3
w| |5]]" ~ |
0 ~ m | | 0 m =
A Js| fow] |- | | %0
i Ok K il i
| | | | | |
1 A
// 4o DN ! WA
RIS
| KUl
0[0 m
N\ <
<F D PJ____
e T 1o U
0 Jo =2
| - TR
N’ m \ _uu_ oD
\ﬂ .uw.=_ V H_.__.
q J
S
T 3
5
e T (T =0
iz |z
:A =0
M ol 0 i
=4 |ro mur; hil
op = < A3
,i \4 00 0 5
BRI M.ﬁ_v M
A\
VA_ Y

©3817 2l AL EF

25/43




A iw T2 AA1(2/4)
2%

(EH#l : EPNdB)

HIZ=Z E3x| ICAO 214k OOz

(Flight regime) (Measured Value) |[{ICAO Requirement) | (Noise Margin)
0|SA|(Take-off) 92.0 96.9 4.9
ZZH|3A|(Level Flyover) 91.7 95.9 4.2
S EI2A|(Approach) 97.7 97.9 0.2

KB BI| ASHE>
Flight Direction

M I3 H= =11 Ad

O &HHE &8 dlblol & Ref.) Hwang, et al., 27" ERF 2001, KSAS-1J v.4 n.1 2003 ! s /

150 [ : : L . L

a8
120
17e
e
1nas
1o
[li4:]
105
1025
10D

o8
120
175 [:
ns | 100 |-
1125 E
1o
1075 F
s | 50

1025 r
100

vz

B | 0 [

= | 100 [ N NN R A

[ 5 A
BR
g

[ ] A
R

S0 100 150 200

=

100 200 -150 1o 50

og!
07
o
v

<XHMIGH 22H 2AH <& SPLAE @ J|IE ZH vs. AAZ AN Z2E>
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T=F 27 (3/4)

O B4 (OMLE )

! 3 z| - é 2 3
i 1 HE
| -
|
|
(E)Anhedral Angle a@
-

95% R] 100% R
J

) }

y = Zhe 84% R B6.6% Flf

@

=2%FJ|=, Vol. 2, No.1, 2003
27143 cao A s K TR

oo

Ref) 0|25, & ™ 4,




AAS =2 E AA(4/4)

<XHNICH 2cl0IE JE/ZE A 2 ME>
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L-l

L
E

Bl A A|(2/4)
- =
Faraeme bers Ioidial Size | 151 Clhuomge | Zod Chamge | Srd Change | $ih Chunge | Final YVidoe
F |B 10
@ |Riim) 0.55 .57 E::;.
m (i) 4O7E 0.0k 0.1
Whma'=] 2007 2094 - HLR g—
B |EPL JGdl T 3508 351442 ]
1 |Twistides) -5 - PTiR
: Airfail MACANOLY | NACALED]2 —
e |Pitel Foamnge MiA =& 1-td5 -20-+A5 =21+ ATURES
Ll 0.55 . - .
rlifm] {143 = a1l Pld E
rdiim] MiA MiA HiA 0.lls
T¥ |e56m) MiA MNiA HiA 07 —
w |Taiin) MNiA MNiA HiA T
© (T NiA MiA HiA MIA 0.0 - i
¢ |Lalfiim) 0385 (. 38005 0. 3408 . .35 1airkits
) 0,044 . . (ST if Fan
Eelfm] 053035 . - g5
al{de=) g 4 - -
raim) 00275 . - . :}
3 Ry 168 . 01923 LLBFd FA
LA (s {1 LR | . - (.14 .
: L2{ns 0044 0.05693 - - 0.4 - >
L3mijs 0325 024255 0. 3408 - 0.35 -
Ladimi -0.0815 Wi LR 0.128 0.17

Moke & - nocams e vale wsed eane &= the ket

Ref.) Hwang, KSAS-1J v.6 n.1, 2005
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AL "dw AA(3/4)

A JHEHIS2tE SdI0lS) & 6lH| ol & (Lewy et al., JASA, 1992)

i

W, Ak

B

<Noise Spectrum of Even Spacing Rotor>

- SR - Wik
L ]
Lol . i Bralians am
. lhogoued
sk i
! | L1 i
a i FET L]

Fregiifuey, UEETZ

<Noise Spectrum of Uneven Spacing Rotor>

(4)

40°

(6)

S X8z <XES HAS o>

| &, 8&d 5, &22FD|=, Vol. 3, No.1, 2004 n
©3/F O IIALS i



AL Bl H HA(4/4)

< /oh 4> <HIZ/ZE>

<HMIXtel digd =24 (X &h)>
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Sectional Thrust Coefficient

Inflow Ratio

B &

_ﬁi
%
dlo

o Flight Test
-------- Yang et al.
— — — Ahmad etal.
——m®—— Time-marching Free-Wake

" /R =0.60

0.04

onzf

o2k
amf

06 f

1 1
180 270 360

Blade Azimuth (Deg.)

- Mangler & Squire 1
o Mangler & Seuire 2
v UMD FYW

Linear{Drees)
Experiment e

Present FYW

-08 -04

1] 04 0g 12
*R

34

Inflow Ratio

-002

004

-0.06

0.04

~

ooz

7]

=

Linear{Drees)
Experiment

- Mangler & Squire1

o Mangler & Squire 2
« UMD FVw

Present FVW

=7 =i

s -08

04

VR

Ref.) AHS 2004, 2005, 2006, KSAS 2005, 2006 S

0e

Pressure(Pa)

------- CFD result
Experiment

B BRI

ES 15
Blade Azimuth (deg)

Pressure(Pa)

Present Result
Experiment

Pressure(Pa)

B 1o
Blade Azimuth (deg)

—=====~ AFDD
Experiment

% oo
Blade Azimuth (deg)

Ref.) ERF 2005, 2006, KSNVE 2006 S
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KHPAFY

B KUHE To A AFS =21 UH-1HS UH-60P<9] =7+=17]

UH-1H KUH UH-60P
9,500 lbs 2+ 00,000 lbs 22,000 Ibs
12.6 m 00.0 m 15.4 m
= 2.4 m 0.0 m 2.3 m
B KUHE 2355, 35470 A4 @58 5 7 755 15 23 55
s o 7L S HZE
e st 140 kts O] & 000 kts
SE Al 2 A2+ 0] &t 0.0 Al 2t
HAeln s 5,000 ft Ol & 0,000 ft
=HNAMASE 500 fpm Ol 4&f 0,000 fpm
S/ 2= 35 kts Ol &t =

35/43 ©3/ X IIAIS E K/l\RI
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AAE b 12 -

O AA 47 A=F(E5, 7H4 S)wko] A=
— =T 8029867, U]j? 8629729, U1 304305, USRI = 72371 (029°03]
= Fast Follower®| A Innovative Leader® Paradigm Shift7} 243] &+

Ref.) Ol LtcH, KITA, 2005.9

O 1A} 1] 192 vo] el At
- AAY 2% AR 130] A1z 29 /Yol 4
L
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