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2. US Army Aviation Program Manager Briefings

Apache Attack Helicopter (AH-64)

Improved Turbine Engine/Future Vertical Lift (ITE/ FVL)
Unmanned Aircraft Systems (UAS)

Cargo Helicopter (CH-47)

Utility Helicopters (UH-60)
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2. US Army Special Session :

Improved Turbine Engine / Future Vertical Lift (ITE/ FVL)
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2. US Army Special Session :

Improved Turbine Engine / Future Vertical Lift (ITE/ FVL)
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2. US Army Special Session: ! ‘*,

Unmanned Aircraft Systems (UAS) 2/2 f‘*‘

Gray Eagle M@ REE LK
EAEENLAR. FHEBOMBERA 45 BiR- W8 HRIEN TEIUASD R h BEITH 3.

(BEHIBAD N oté%- %ﬁ BRI RO 24
S oz Ee o /3408, CSPHD,
: ﬂ}%*gt%gw +DPFHE M BTN (40%) STARLitelZEIPBREE A 2T L
& 7S5 IRUIILOVOEEATE—20 TS50 2L 0%}%@%/{%%@%%%%@%@
® ARC-2317 7 FENELIZD« I L v DIRA Sl 5
S ?é%i:ﬂ/%%lwwma&bmt flogs S on) CelHD,
B O AL

& FaTLO—LDOANLTAT 13O0 DEE s %%7%?73*7»?7&% CSPHD
- : . ‘ — | EBRTSaE: 201748 ~118 STARLite SAR/ GMTI )
‘EFRE: 2018558
RQ-7Bv2O % B
J0Ow 43T 2 Gt
- BAhELE - BRERE HTORIT8E
- {E8RIE L . =
- EEE ST EE%’&E Eﬁgﬁ%ﬁ ——
&g % ~ - GPSE{EA T ol HETS: TTD S
;J%iy 3 ggxt 1 —43(SMC) M LT, SEGPSF s 3 DR
- BIEEATRD
- :yta'—mizagnmx : L—Y —F 4 %—7 /:&%
- HEERMAE L EHBEL —F —FUH R —U B BOWE
JE 15 ik

- VOIP%E7 + 0% TR Y HAVODEEI L — (27— A Ry DA OB T
- 1528597 152A(JTRS) | 212

A EEATILS " lhrm/ w.ga-3si.com/gr: \-eaglexualﬁ 1017§657EM§
3 1V V5 TR SraW i 05 =5 1) Jzinonline,com/aviat

rq-?'b-shadow 2-upgrade’k V3IM0ITEEATE M i T 13

2. US Army Special Session :
Cargo Hellcopter(CH-47)
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2. US Army Special Session:

Utility Helicopters (UH-60)
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US Navy/Marine Corps :Special Session

(1) H-53 Heavy Lift Helicopters

(2) H-60 Multi-Mission & V-22 Joint Program
(3) Light/Attack Helicopters

(4) Future Vertical Lift

3. US Navy/Marine Corps Program Manager Briefings

3. US Navy/Marine Corps Program Manager Briefings

KBEOHRBNORITRTTAT I LOBRK, StEFNBNHENT-.
(1) H-53 Heavy Lift Helicopters

(2) H-60 Multi-Mission & V-22 Joint Program
(3) Light/Attack Helicopters

(4) Future Vertical Lift

£FTOTSLEL FTEDREGEE (T, IEFRICEH L TLSHRFTHoT=.
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3. US Navy/Marine Corps Program Manager Briefings

(1) H-53 Heavy Lift Helicopters

Greg Drohat (KiBE, Heavy LiftA)aT7 42705 S LDEITA—v—) hin, BEFDH-
53E (CH-53E &R U'MH-53E) M 5CH-53K~ D 1TIZ 8 1+ 5 ER# A A CH-53K D B S #E 4K
RERIDITERBANSH o=, CH-53KDRAREMNIER IZEA TS EERFLI-FRRTH o1
@ CH-53KADBITIZH T 2 #

A ELT. DEFENDH-53EM381E EQBETFDH-53EA D CH-53K T &AM
BhEnt-,

DOBEFDH-53EMD &1L
*Recovery Plan
— R0 EE
— MR CRHENETE . BAREBENDETADRAL
Fleet Common Operating Environment (FCOE)
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3. US Navy/Marine Corps Program Manager Briefings

(1) H-53 Heavy Lift Helicopters
® CH-53KADBATIZHITHEEHA (5 E)
QBEETEDH-53EADCH-53KH: T D& A
-PBL (Performance Based Logistics)
— SRR OREEER L
-IETMS (Interactive Electronic Technical Manuals)
—BBENIY =27 IILEBFIL (CH-53KIZHM SN SEFI a7 IILEER)
‘CH-53KDEELGL AT L IR, FRIMRIEHREE) ZCH-53E~IEM
—CH-53KD#MAITIEZ . /A Ay EEFELE A LR AT LEER
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3. US Navy/Marine Corps Program Manager Briefings

(1) H-53 Heavy Lift Helicopters
¢ CH-53KMDBAREH KR
20154108 #IRAT
- 20164108 Initial Operational Assessment
- 20174%3A Low Rate Initial Production Approval
- 20194 Initial Operational T&E (test and evaluation)
- 20204 Full Rate Production

3. US Navy/Marine Corps Program Manager Briefings

(1) H-53 Heavy Lift Helicopters
¢ CH-53KDRFREH KR (K E)

-ih EEER
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—RE. REFREEZOEBHAREZEME D 2018FEMHDICET FE.

- FRATEAER
—44585EE T
—RITTOANO—THE KAERST T (175KtATHERIT . 40ktHEHE R U EERITH)
—Initial Operational Testingh'20164F10A 25T
—FARFRBRAIMEETRREAHILITH
— BRI K2 EMAILTTE
—Low Rate Initial Production|&26# (FY2017~FY2020)
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3. US Navy/Marine Corps Program Manager Briefings

(2) H-60 Multi-Mission & V-22 Joint Program
G.Dean Peters V4§53 CKiBE, ASW R ERUEHFREH TOY S LDEIRK) hibH-60£V-22
DR EFTEIDERBAN H 1=, H-60(X60RDBHFEETE . V-221Z DN TIFNE G HEBHE KA ER
HSht-,
& H-60M KR
277N
—MH-60R: ENAEE T &EOVE, RBRMAIZ2018FEEEZFE.
-RIEDRFEEE
— 20144, M197 20mm GunhEOC:ZE B (MH-60S)
— 20144%~20154% DRL (Digital Rocket Launcher)/APKWS (Advanced
Precision Kill Weapon System) EOC:Z % (MH-60R/S)
— 201611 A }EE L AT LDIOC:E /L (MH-60S)
-BAFE P D ET
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7£(1) EOC : Early Operational Capability, IOC : Initial Operational Capability 10

3. US Navy/Marine Corps Program Manager Briefings

(2) H-60 Multi-Mission & V-22 Joint Program
¢ H-60D KR (FEEF)
*MH-60RMD 5 & D BFEETE
—FEF=HRIZDNT

R_E :SWPI(Mission Computer Open Architecture)

20254 : Platform Open Architecture & A

2025~2035% : Open Architecture 7R ARRE A1 [A] £

20354 BRARLLT. RAMEEAMR LL=Open Architecturez
MH-XXIZ3E& A

—MHAEHIZDONT
S5FE%~105% MAFEHEMRTEZEER
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3. US Navy/Marine Corps Program Manager Briefings

(2) H-60 Multi-Mission & V-22 Joint Program
& V220 KR
340N AN FE (SBMVH2884E, CVAY52#%)
- FRATHFRH350,0008 RS & AL .
EHE KB EBRI60HE . KEESIME, KIBE 484 . BAR1THE
IS ARZITIL. TR AF)ADNEKRERLTINNS, EDTE,
‘CMV-22 CKIBEA) (F2020F ZF)SHEFAA . 20214F(ZIOCHD F 7E TIRFR < EH
LTLS,
7E(1) Initial Operational Capability

3. US Navy/Marine Corps Program Manager Briefings

(3) Light/Attack Helicopters
John Marino & CKBE ., Light/AttackA)aT7 2705 S LDEIR R—Tv—) hbUH-1&
AH-1DERARERE A A LB DN TERBAA B 1= ERKIRIZ DL TIFFOCHDE AL
KR AR LISOVWTEIBEFRREPOICFHEARESN .
¢ Program#f &
BRI
— UH-1Y 10C(":200848 A .FOC :201643A
— AH-1Z 10C: 201142A.FOC :2020%

"REDANUE
— AH-1Z 8T A AKTFEICRBASNT -,
— AH-1Z Z2#5%F 1084, #HAF634E
— UH-1Y Z2#97F 1608 . #hAF 1464
B AR
— AH-1W HBZ 618, U 2aL—5228) . Lo
— AH-1Z INFRXZ 128
7E(1) 10C: Initial Operational Capability, FOC: Full Operational Capability
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3. US Navy/Marine Corps Program Manager Briefings

(3) Light/Attack Helicopters
€ AH-1ZEUH-1Y D @t
85% M EBRMHBETHY . ARMERIZDHA S TNBENT L,

& GEhm EETE
IFAA PR DBEARIZ OV TR N H 1=,
"EBFHRATLOM L
Link 16t i
CBEEIoAO—TJHK(UH-1Y )
-FAREZEM
—JAGM (Joint Air-to-Ground Missile)
—A/M-9X
iEVATLDM E
- UASHI| 1
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3. US Navy/Marine Corps Program Manager Briefings

(3) Light/Attack Helicopters
€ MRGB (Main Rotor Gear Box) E Rl a2 kit
BELGRINTHLELTRNM SN BEITRDESY.,
FuTICKAEGEOEEERTRK1205FL
-MRGB®D A BIZERE L IEEE (6E) DT—2Z2 AL T BIEOETEHENIY
R—RUMMIBH . HFAVKR—RUPOENLEHET S, LS50,
— F B % Bl
—BELaVR—R U rDTROY AT LDESZEREE
—BRER AT LI T S8mE&/NME
*20164E5 8 LUBE . 22BNV R—F 2 b O ERS L EEBEL . 390075 K )L ET000MMHZE
HIBL 1=,

19



3. US Navy/Marine Corps Program Manager Briefings

(4) Future Vertical Lift
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3. US Navy/Marine Corps Program Manager Briefings
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3. US Navy/Marine Corps Program Manager Briefings

(4) Future Vertical Lift
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3. US Navy/Marine Corps Program Manager Briefings

(4) Future Vertical Lift
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Advanced VTOL :Special Session

(1) Bell Helicopter V-280 Valor

(2) Sikorsky-Boeing SB>1

(3) Lockheed-PiaseckiARES

(4) Aurora Flight Sciences Lightning Strike

4. Advanced VTOL Air Vehicle Design

4. Advanced VTOL Air Vehicle Design

HEHAMNLEEMVIOLOFAFERREFICONTERNH 1=
(1) Bell Helicopter : V-280 Valor
(2) Sikorsky-Boeing : SB>1
(3) Lockheed-Piasecki : ARES
(4) Aurora Flight Sciences : Lightning Strike

LD, [Advanced VTOL Air Vehicle Design]tzvi 3> Tld, INATO Next Gen
Rotorcraft Capability Study |&REL TNATOIZH A AT AR R TEFH| 2D T
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4. Advanced VTOL Air Vehicle Design

(1) Bell Helicopter : V-280 Valor
Ryan Ehinger (Chief Engineer) SRR DV-280 DB E L EW DEREAN H o 1=, FFE
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2019F ETRITEIZ E e,
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4. Advanced VTOL Air Vehicle Design

(2) Sikorsky-Boeing : SB>1
Steve WeinerK (Director) M oSB>1D#EERBAMNH o1, V-280LE5Y | RREEH KR
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4. Advanced VTOL Air Vehicle Design

(3) Lockheed-Piasecki : ARES
John Piaseckifk (CEO) Mot B LEW DERBAN H 1=
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4. Advanced VTOL Air Vehicle Design

(4) Aurora Flight Sciences : Lightning Strike
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6. Technical Session
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6. Technical Session

6. Technical Session
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6. Technical Session

BLUECOPTER™ Demonstrator:

the State-of-the Art in Low Noise Design
(5% : Airbus+t)
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6. Technical Session

Future Advanced Rotorcraft Drive System (FARDS)

Full Scale Gearbox Demonstration
(523% : Bell Helicopter)
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6. Technical Session

Thick-Walled Composite Cylinder Fabrication to
Support Composite Rotor Shaft Development for
CH-47 Chinook
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6. Technical Session

The most recent Rules on Fatigue and Damage
Tolerance - Application and Challenges at Airbus
Helicopters
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6. Technical Session
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elocity . > for rotorcraft, design
Impact, FOD, high temperature e foole
all weather structures, welding, ; = :

studies e
processes
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DLR Rotorcraft Research Facilities

High Performance Computing

Helmet Mounted Display

EC 135 = Inflight
Helicopter Simulator

Rotor
Test
Facility
H/C for
Research == DNW-
Simulator | LLF

i DLR

DLR.de « Slide 11

Institute of Aerodynamics and Flow Technology

Department Helicopters — Research Focus:

Braunschweig (Head: Thorsten Schwarz)

* Numerical prediction of rotorcraft aerodynamics and aeroacoustics
Multidisciplinary design and optimization

* Pre-Design

« Development of noise abatement flight procedures

» Simulation and design of wind turbines

Géttingen (Head: Markus Raffel)

» Experimental and numerical research for physical phenomena

+ Active and passive flow control

» Development of optical measurement techniques for helicopters
* Noise footprint prediction and noise impact of fixed wing aircraft

i DLR

66



DLR.de « Slide 12

Outline

Helicopter Research at DLR

* Numerical Simulation of Helicopter Aerodynamics

Numerical Optimization of Helicopters

Helicopter Low Noise Flight Procedures
» Measurement Techniques for Helicopters
* Wind Turbine Simulation

* Conclusion

i DLR

Aerodynamics of the Helicopter

interactions

‘:,_.P:\\
N Phenomena affect

high Mach
effects

strong tip * performance
vortices > l * loads
dynamic stall « vibrations
A * noise

separations

= CFD most accurate prediction method
= CFD has to be adapted to the specifics of rotorcraft

i DLR
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CFD solver FLOWer

URANS solver for structured grids
« first large scale flow solver of DLR (in use since 1995)

— well adapted code for Helicopters
under development until 2016

reference code for future CFD developments

Features
+ finite volume discretization
27 order central/upwind discretization
+ 4 order PADE scheme
* Runge-Kutta time integration, Dual-time stepping
implicit residual smoothing, multigrid
0/1/2/7-equation turbulence models
+ overset grids, deforming grids

« applied by Airbus Helicopters for analysis of rotors and
complete helicopter

%4

CFD Solver TAU

* URANS solver for hybrid, unstructured grids
* Finite Volume method 2" order

» Advanced turbulence models, e.g. RSM

* Hybrid RANS/LES

» overset grids, mesh deformation, adaptation
* Linearized solver, adjoint solver

» Interfaces for multidisciplinary coupling

» Applied in European aircraft industry,
e.g. Airbus, Airbus D&S, Airbus Helicopter,
RRD, ...)

* Research platform for European universities
and research organizations

— large scale use for fixed wing aircraft since 2006
— helicopter rotor simulation capability since 2014
— ongoing validation activities for helicopters

# 4

e O

TAT
l‘,‘k
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Coupling CFD with Flight Mechanics

* Rotor controls (“pilot inputs”) have to be trimmed to desired flight state
large blade motion due to blade dynamics and elastic deformations
FLOWer and TAU are coupled with HOST from Airbus Helicopters
» Coupling method: periodic coupling

(= loose coupling, weak coupling or delta airloads coupling)

[FLOWer / TAU]

+ Blade Element Aero * Grid Deformation
+ corrections by CFD * Flow Computation
* Rotor Trim (©) * Rotor-Loads

+ Blade Dynamics (B, {)
+ elastic Deformation

t | Blade motion

N
\

i DLR

DLR.de « Chart 19

Fluid-Struktur-Trim-Coupling

Example: ONERA 7AD-Rotor
* Flow Conditions: M = 0,204, MTip =0,617

* Hexahedral grid: ~6.2 million points M [ 5 -]m
+ Excellent agreement between TAU and FLOWer  **'] Z e
i ] EXperlm‘ental 3 . _]

o | [

. &t

4 \\k somalunomeantuonseslucssepnloe s A
GDQA ' -y

=

T—v— 6, FLOWer Experimental |
—%— §, TAU ]
—A&—— §, FLOWer | ) - ] ]
—4a— §,TAU i 4
——®—— @5 FLOWer i
— 8 §TAU

B[]
8g[°]

3
Trim cycle
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Fluid-Structure Coupling - Isolated 7AD Mainrotor

Blade pressures and dynamics

08 .
L] Blade 1 I Experiment
e  Blade2 oal—F— HOST(Trino) |
] ——o—— FLOWer .
045 Aamsthi= g

|
srna =g W E 7AW S/4AN

N s |

Torsion (elastic) [deg]

0.2 il
04 ‘ IG’O’KHEHj*
’ GOAHEAD L TC3
TC3 16 ;I'-"‘; torsion —|
cpMa® ‘ ’r/?; 0960
06 Y=30° [ ] | i m
Y/R = 0.975 ‘g 5 100 150 200 250 800 350
Psi [deg]
085 0.2 04 06 08 1
“x/e[1] Elastic Torsion at r/R = 0,969

* Good Agreement between FLOWer and TAU
« Differences due to missing interference effects of fuselage
» 5/rev frequency content of the elastic torsion not present in the simulations

i DLR
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Transition Prediction for Rotors

» Laminar flow reduces power requirement
of rotors

+ Transition mechanisms need to be
identified

* Impact on rotor power to be quantified

Approach

Laminar Turbulent
» Coupling of CFD with boundary layer l

(low drag) ~ Transition (high drag)
>

method and empirical transition criteria
+ Tollmien-Schlichting -~ F
* Cross-Flow instabilities =
» Attachment Line Transition
+ Bypass-Transition

— " — —

* Implemented in FLOWer and TAU Pradicted laminacHiow

CFD (FLOWer)
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Transition Prediction for Rotors

Example: 7AD-Rotor in fast forward flight , 1=0,42

Mach number
(~ Re-number)

Transition on a rotor in fast forward flight

* Varying inflow has significant impact
on transition mechanism and extend of laminarity
* power: -3,7% , thrust: +1,4%

Upper side of rotor Lower side of Rotor

laminare

Lauflinge

# TS: Tollmien-Schlichting, LS: Laminar Separation, QSI: Cross-Flow Instabilities,
DLR BYP: Bypass, ALT: Attachment Line Transition
Vig = . N v e J A .
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Validation for Active rotors

+ Actives rotor have actuators allow higher harmonic control
» higher harmonic blade pitch angle (HHC/IBS)
+ active twist
* blade flaps
* Active Rotors have a great potential to reduce noise and
vibrations, and to increase performance

» Higher Harmonic Control (HHC):
Pitch = Pilot-Control input plus HHC:
0 =064+ 0i.cos¥+ 05sin¥ + O3cos(3Y — AY)

HART Il

ﬁialed Sount

Baseline Blade Surface
Pressure Field
o s

Validation for Active rotors

» Actives rotor have actuators allow higher harmonic control
» higher harmonic blade pitch angle (HHC/IBS)
+ active twist
* blade flaps
+ Active Rotors have a great potential to reduce noise and
vibrations, and to increase performance

* Higher Harmonic Control (HHC):
Pitch = Pilot-Control input plus HHC:
0 =064+ 0;.cosV + 05sinW + G3cos(3Y — AY)

HART I

DLR-JAXA Cooperation from 2010 — 2016

‘ Radiated Soun:

+  Objective: improve knowledge and tools for advanced e . Preseurs Fra
active rotor technologies /’\ :;

*  Common Test Case: HARTII experiment i - .
(Higher Harmonic Control Aeroacoustic Rotor Test)

» Validation by cross comparison of CFD-results <€

- *
 DLR: CFD-solvers FLOWer, TAU ’
«  JAXA: rFlow3d e

with HHC
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DLR: FLOWer - Increased prediction accuracy

* Implement 4! order accurate PADE-scheme in
structured FLOWer code

» simulation of HART Il BL case on grid with 103 million
cells (grid resolution 0.1 chord)

* Fluid-Structure-Trim Coupling with HOST .

» Acoustic peaks greatly improved with 4" order mesh in

:‘Blades with 2™ or

scheme with 2" order mter‘ ;

ContraSt tO 2nd Order ' |Fuselage with 2™ order scheme with 6" order filter
™ AmplltUde of BVI-Peaks similar to experiment . |Background with 4" order scheme with 6" order filter|
Mesh for HARTII test
0 -4

Ax=10% ¢
Q=0.007 NN T

omega: 0 04081216 2

Ax=10% ¢
Q=0.007 I TN

omega: 004081216 2

2nd order accurate

DLR

33

DLR-JAXA-co-operation
TAU - Fluid-Structure-Trim coupling for Active Rotors

» Extend Fluid-Structure-Trim coupling for Higher-
Harmonic-Control (HHC)
» Simulation of HART Il test cases with 2" order
accurate TAU solver
¢ Baseline case
*  Minimum Noise case
¢ Minimum Vibration case

computational grid

DLR (FLOWer) ——+—— DLR(TAU) —+—— DLR(TAU)
/R=0 87—*— DLR (TAU) —=<—— JAXA (rFlow3d) ——=<—— JAXA (rFlow3d)
MMR=U.00 . JaxA (rFlow3d) — Experiment —— Experiment

Experiment
o1 01F 0.1F
0.05 0~°5

= % = =

= ol T 0 =

o o o
-0.05 -0.05 -

0 % T80 370 360 0 % T80 270 0 0 —30 8o 370 380
Azimuth angle, ¥ [deg] Azimuth angle, ¥ [deg] Azimuth angle, ¥ [deg]
Baseline case Minimum Noise case Minimum Vibration case
DLR d .
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Outline

Helicopter Research at DLR

Numerical Simulation of Helicopter Aerodynamics

Numerical Optimization of Helicopters

Helicopter Low Noise Flight Procedures
» Measurement Techniques for Helicopters
* Wind Turbine Simulation

* Conclusion

i DLR
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Challenges in Rotor Optimization

Simulation Challenges: !
= complex low field needs to be resolved maxmummstalledpower """"""""""
= Fluid-Structure-Trim Coupling mandatory

= Excessive simulation times: Single rotor
simulation about 1 week on 24 cores

total

Power

Optimization Challenge:

+ Small number of design parameters induced

» Multipoint Optimization: Hover,
Forward Flight

= Multi-Point Surrogate based optimization tail rotor

—

Hover Flight Speed max speed

parasite

i blade
i profile
|
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Rotor design parameters

Design parameters % -
*  Twist - ]gT
+ Chord X\_
* Anhedral Radius " 4
» Sweep
. L
/ :

7

| /

quarter chord \

f‘ /
tip chord

tip

tip airfoil

<

root airfoil

i DLR

Helicopter aerodynamic prediction tools

Fidelity Low Fidelity Mid Fidelity High Fidelity

Model Momentum or Blade  Free-Wake Panel uRANS (CFD)
Element Theory Methods

25

—1-7AD -
-
20 |[H=0463 = - +ER§TO )L.
=i >

S

*
w15 (048 ==
i 2—__,/0_384
===

10 0341

0.05 0.06 0.07 0.08 0.09
Cr/o

Use Performance Interference effects Detailed analysis
Flight mechanics Risk mitigation Optimization
Method HOST*, S4 UPM FLOWer, TAU

Accuracy global (with tuning) interferences

Speed wum/h e

DLR AT i

* Airbus Helicopter€or
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Multipoint Variable Fidelity Optimiztion

é_// Single Fidelity Optmization

[ ’ * Universal Kriging

&) = fEpory + (X)
Tin(®)= f(®)

Variable Fidelity Optimisation
+ Hierarchical Kriging
A LoFi:
Jn @)= fi(®) Ve (X)) = f@Dpory + €Lr(X)
5 o HiFi:
AT X R —. .
)?‘,i’ Yvem(X) = p J1pm (X) + epp (%)
. =b ol In-House
ra 0X IS also . . . &
Jinished> valie for Siballe faity Optimization suite

i DLR
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Single Objective Optimization

Rectangular blade (7A-Rotor)
4 Design parameters: twist, anhedral, sweep, tip chord

Flight State | Best Variable Fidelity Method | Time saving | Rotor Power
(L CEEEES) reduction

Hover 1. Blade Element + FISUW 2% 7.1%
2. Euler
3. RANS
1
2
3

Cruise . Prescribed Wake 83 % 5.9%

. Euler single Blade
. URANS

L. Hover 0. Cruise
R=075 optimized optimized
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Application example: five bladed rotor
- Parameterization

15
10 design variables T ik
) B e O S R £
— Twist (5) 04 o
— Chord (2) ok XlllIlllllllllITIlIIIIIEIIIIII||‘|‘ 5< t” ; N g
— Sweep (2) o ‘ : ' g
_ Anhedral (1) B e
. . 9]
« Parametrization based on 8 o 02+
VoW anhedral e
NURBS xw< chord i s —0-48
. - . _10|| =4 sweep SRR, SO WO W</ - W =
» Constraint on pitch link loads o[ e ! % oS
« Structural properties of blades o Ieeepteiisl ] ] §
adapted by Scallng |aWS 03 0.4 0.5 0.6 r/&] 0.8 0.9 1.0 g i
70% R 70%R
Simulation Fidelities: Baseline || Example
- Low m top view i top view
Hover Euler RANS ke R
l back view | back view

Cruise Prescribed Wake uRANS

i DLR
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Multi-Point Rotor Optimization with 10 DeS|gn Variables

1.35g

% —
| 70% R .x Xyl ’, , surrogated front
X8 L X |eve Pareto Optimal
| 444 Constraint Violators ||
g <! xxx All Samples
top view §1-2° x| OR® Basell.ne :
S : * .
£ 135F R 450 LoFi samples
jol i H Pr—
70% R ®110f bsnassim i 150 HiFi samples
—— [ ! % %
[} ® X : : :
back view T 105p i T *
% B x _ .
- r 1.00 + x g @ i ¥ %
Required ' Forward | F Sedwm a B K g2, xx .:’x.
- 0.95 i
power -5.9 %

L K — 1 L
0.98 1.00 1.02 1.04 1.06 1.08
Forward Flight Performance

o
ofF
s

Overflight noise: -3.3 dB

70% R

top view top view

| 70%R | 70%R /

‘ back view | back view
Required | Forward | Required | Forward
‘#7 power 4% v A , power | +8.0% @ - ‘
DLR Overflight noise: -1.1 dB i ; Overflight noise: +9.5 dB
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Helicopter fuselage drag reduction

+ shape of fuselage is defined by functionality
(backdoor, radome, winch, etc...) /
* large count of design variables and back door

geometrical constraints

+ Single design point

= gradient based optimization
using adjoint

i DLR

DLR.de « Slide 61

Adjoint based optimization process

CAD
Contruction Table

Design

Value Variables
/Gradient

CFD | Adjoint ] SRR

Parametrization
\\ Mesh //
Update
Free Form
Optimization method: Deformation

* DLR’s RANS solver TAU (CFD and Adjoint)
* Line Search Algorithm with Conjugate Gradients
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Adjoint based Fuselage Optimization
Application Examples

Fuselage of Robin-Mod-7 geometry Airbus Helicopters
“Bluecoper” Demonstrator

Back door shape

Baseline

CAD
21.8 %

left: Initial EC135 back door design by DLR
right: final Bluecopter desig

i DLR
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Design of fast rotorcraft Clean Sky2 -

* The maximum speed of conventional helicopters about 150 kts = 280 km/h
« Airbus Helicopters develops the compound helicopter “RACER”

» speed: 220 kts = 400 km/h

« first flight expected for 2020

» development within European funded Clean Sky 2 Project

* DLR and ONERA are partners in the aerodynamic and aeroacoustic design of RACER
« first publications at the AHS- and ERF forum 2018 expected

RACER

ONERA -
#’DLR ==t J &) AIRBUS

H AEROSPACE LAB

HELICOPTERS

# s,

r
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Outline

Helicopter Research at DLR

Numerical Simulation of Helicopter Aerodynamics

Numerical Optimization of Helicopters

Helicopter Low Noise Flight Procedures

» Measurement Techniques for Helicopters

Wind Turbine Simulation

* Conclusion

i DLR
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Noise Abatement Flight Procedures

Helicopter Noise has an important impact
on public acceptance of helicopers
— criterion for certification
— stringent noise regulations for urban
heliports

Two possibilities exist to reduce noise
— new helicopters: low noise design
— existing helicopter fleet: Noise abatement T =
flight procedures

Noise abatement flight procedures )

— avoid flying over noise sensitive ' —
(residential) areas l"“’

— avoid noisy flight states

continuous main rotor
impulsive noise

‘maximum main rotor impulsive noise

= Optimization method needed fried egg“-plot of noise emission
(Source: Fly Neighborly Guide, HAI)
i DLR
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Optimization of Noise Abatement Flight Procedures

« DLR tool chain ,SELENE" for the Optimization of | Definition Flight
noise abatement flight procedures Trajectory
* Objective function: reduction of noise imact .*
; ) N Calculation of
* Tool Qhaln based on Iar_ge dat.a base with - © Flight State
Hemispheres representing noise characteristics -g 1
s Selection of
S hemisphere
!
Noise propagation
to ground
£300 so% 4o %
Left: prediction of R
noise emission " ‘°§ 1"
right; optimized - il
flight trajectory 0 g =8

-4000 -2000
$1 (m) : distance to landing point

DLR.de « Chart 74

Derivation of Hemispheres

Extensive Flight experiments Numerical prediction
* 43 microphones over a 700 m diameter -« significantly reduced effort
disk for capturing of noise dlrectlwty « but may miss certain noise features

due to insufficient modelling

IB2VBIRRRLBBE
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Flight Test result with EC135

+ Area reduction inside red contour of 13%

Reference trajectory Optimized trajectory

total 140 microphones

total 217 microphones

y [km]
y [km]

x [km]

i DLR
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Outline

Helicopter Research at DLR

Numerical Simulation of Helicopter Aerodynamics

Numerical Optimization of Helicopters

Helicopter Low Noise Flight Procedures

* Measuring Techniques for Helicopters

Wind Turbine Simulation
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Airfoil-Testing in DNW-TWG Wind Tunnel

* Validation of helicopter airfoil design by wind tunnel experiments
* Model with 30 cm chord (= scale 1)

+ equipped with sensors for pressures, forces and accelecations,
hot film sensors for transition detection

Particle Image Velocimetry (PIV)
Pressurized Wind Tunnel allows for realistic Mach and Re
+ unsteady Airfoil pitching with realistic frequencies and amplitudes

i DLR

DLR research helicopters EC135

* 4-bladed rotors, R ~ 5m, vtip = 211m/s (EC135)

* HSIR camera installed in building next to taxi way,
7.5m distance to blade tip

* Ground runs with zero thrust, hover IGE case

iDLR / i
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Backward Oriented Schlieren Technique

BOS detects density gradients from

differences of two photos

 Acquisition of undisturbed

reference and measurement image

* Mapping of images to compensate

for eventual misalignments

» Stepwise cross-correlation

between images

+ Semi-automatic 2D vortex

extraction and spline fitting

i DLR

BOS detects density gradients from

differences of two photos

* Acquisition of undisturbed

reference and measurement image

» Mapping of images to compensate

for eventual misalignments

» Stepwise cross-correlation

between images

* Semi-automatic 2D vortex

extraction and spline fitting
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Backward Oriented Schlieren Technique

BOS detects density gradients from

differences of two photos

 Acquisition of undisturbed

reference and measurement image

* Mapping of images to compensate

for eventual misalignments

» Stepwise cross-correlation

between images

+ Semi-automatic 2D vortex

extraction and spline fitting

i DLR
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Outline

Helicopter Research at DLR

Numerical Simulation of Helicopter Aerodynamics

Numerical Optimization of Helicopters

Helicopter Low Noise Flight Procedures

* Measurement Techniques for Helicopters

L ]

Wind Turbine Simulation

i DLR
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Validation of TAU for Wind Turbine simulation

International MEXNEXT-Workshop

» Workshop to validate tools for aerodynamic
predictions and to research aerodynamic
phenomena

» Organized by International Energy Agency
(IEA)

+ 18 Participants from 10 nations

Test Case:

* MEXICO-rotor

* 4,5 m rotor diameter:

* tested in DNW-LLF 9.5 x 9.5m? wind tunnel
* very compete experimental data base

i DLR

MexNext — Mesh

Grid dimensions:

Total: 29 Mio. pts
Overset grid (hybrid): Cylindrical background + 3 x blade grids

BLR ,g;,/
oy
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MexNext TAU CFD simulations — Results

Viunne=24.05 m/s

r/R=0.82 r/R=0.92

10000 "/R=0.25 i 1/R=0.35 _ 1/R=0.60
Wilcox-kw

'.
'5000\ \ Menter-SST
,\ i i I , Exp.
; I §
5000 0250

———

P - Py (Pa)
=}

i X (m) 0.250 X (m) 0.

Menter-SST
Suction side

separated flow area

i DLR

P

Tool chain for Wind Turbine Design and Analysis
6tructural Design

Aerodynamic Analysis \

Mass and
Sl O SIMPACK
FE-Model FlexModal -
Geometric Stiffnesses

Kinematicand
Deformation
Variables

Surface Loads

Optimizer

\

ﬂ:osts and Mant

prediction \

CAA

Schallfeld
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CFD solver THETA for Wind Turbine Aerodynamics

* Flow about wind turbines is
incompressible

* incompressible CFD solvers
advantageus

* better accuracy
* reduced simulation time

= apply DLR‘s CFD solver THETA

* THETA is variant of TAU for
incompressible flow

+ originally developed for combustion

« significant enhancements for wind X veloclty: 0 2 4 6 & 101214

turbine applications (overset grids,
transition prediction, ...)

+ supported by extensive validation

i DLR
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Conclusions

* Rotorcraft research at DLR covers a wide range of disciplines to make helicopters
better performing, more passenger friendly with reduced environmental impact

» High effort required to develop tools for helicopter aerodynamics and acoustics
+ Optical measurement techniques will provide further inside into aerodynamics

» Wind Turbine simulations benefit from synergies with Helicopters but require specific
knowledge and effort

+ Availability of good validation data critical
* DLR clearly benefited from co-operative research with JAXA

Outlok:

+ Validation of TAU and acoustic tools for complete Helicopters in free flight
+ Optimization of Helicopter rotors including noise and improved structural modelling

* Trilateral cooperation DLR-JAXA-ONERA on rotor optimization foreseen
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Ministry of Land, Infrastructure, Transport and Tourism
Civil Aviation Bureau of Japan

Y CDU)

BAAYIDITIHRE FnODEFHARS
20185 38238 (&)

EIRBEneRRaansiEmki:R
HEMEBS

Civil Aviation Bureauw Ministry of Land, Infrastructure, Transport and Tourism 0

MTSAT Satellite-based Augmentation System —

1. SBASOEFREIR
1. ZBPDSBAS

2. BlRPDSBAS

3. MSASDOERE (1717)

4. iz ASBASZ EM N OEIRINR

Civil Aviation Bureau Ministry of Land, Infrastructure, Transport and Tourism 1
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WAAS(KH)
(Wide Area Augmentation System)

o EATE: KERBHEZE(FAA)
o RmMAL. 75Rh. #4V1, b5 CTHREMEAELPY 200885
o 20174§5ARME. 4422 DLPILPVEXENE

® GPS-L1,L5I=#KL =DFMC-SBASE B #

July 20, 2017(FAA HP) |
[ Approac [ [ Total Number of
h Procedures

| Total Number of
Airports
| 1857

: LPV 3815

| e 474 626

Total 2331
Fi fa

MTSAT Satellite-based Augmentation System

ERPDSBAS

EGNOS(EXM) Z
(Europ it y Navigation Overlay Service)
o WAZH:ESSP(EGNOSH—ERTO/ (%)
(RRMAEDANSPA EICHRL TL SRR AN
BMADEEEMREGNOSH RIBEE

WL, TUZERALTOS.

201549 , LPV-20004—t B4 s
201654 A VMM T-M1KE OFRERE i
LPVERRBAL. MIAMARDELILSIE
EHLEVHE

201747 A B, LPVA316%, LPV200#t

48/ AEME
GPS,GALILEO®M2J& I # /L 7=DF MC-
SBASEMSH,

Implementation Status

) Operstional

7| Planned

Select airiine

AL e
dhipon B Hespor

MSAS(B %) ~fzfz
(MTSAT Satellite-based Augmentation System)

o AFEE BF HER

o WEMEERNPATERS

® 20158127 ABMTSAT-20 1§ (727 LPRNER) ~B1T

o 2020FICMTSATASME -
ENE~BEFE :

o RFFHHDFMC-SBASD — N
M (H2T~) — g

® RN Aparsach sning 10 oipons

U AR AGErCREA corvg 75 aors
& RNG Aopronch seveq 22 aicots
v BskRIS fmaing 3 wpaie
* RNV senving 37 arens

GAGAN(/F)
(GPS Aided GEO Augmented System)

o EAER: AUREBOM(AA]) & 4V FFEFRBMM(SRO)

® 201442 F (IR AENPATRAI B

o AUFHIMAMRELI-BHFORMEY LT XLEHREL, REEOZERTERERRICE
WTHMRE TEEL MO R E Rt

® 201544 FICHEBIEAEAPY -1 ~B1T

o PN MET7STHRAOIUTHAEHE

® 20194 % BB E N MO ERI-DOL\TSBAS
snaumttam

[TU7 xR Eal —a]

Mini

Civil Aviati

Bureau

v of Land, Infrastructure, Transport and Tourism

SDCMW(RA7)

(System of Differential Correction and Monitoring)
o EREHK.OVT

o HERBEERREMT. 2205 FTISERAMBETE
® HWANKOITHELLTGPS.GLONASSEFE

KASS(®E)---#EP

(Korean Augmentation Satellite System) s o

o Emif REERE *

® 20165108 SLALRH » LET L

® 2019FE. F—FF—E R E G £

® 20224, LI EMGHICIIRERETE

(LPV-2000 2 $t % 1)

S 4/
n-,{,s;e-/

-
S ———

K/ASS

K-S8AS coverage

Magic SBAS(F—ARM) 7 =2 —U—5UF)- - RIERER
o kK A—XFFUTERE

® 2017ENL2NEN T TRIIRBERE

o i RV GMV. BRI OvF—FI—FU ME AU Y Uk
® L1-SBAS,DFMC-SBASERHEFE

Civil Aviation Bureau

MTSAT Satellite-based Augmentation System

12. BRPOSBAS

SAFIR(72Yh#hiR) - - - BHE

(Satellite navigation service for AFrica Region)

o SERE(K:EGNOSTIUH

® EGNOSA—ZMSBASTT 7\hitist
2HENS—TEHFE

® 2023%R. NPA~LPV-20004—E X
ERUTE

SAFIR

BD-SBAS () - - - HE R

(BeiDou SBAS)

o EREH FE

o h[EME(CSBASHSEF

® HENROITMHELLTGPS, BeiDouk ¥
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MTSAT Satellite-based Augmentation System —

1.3. MSASOEBHE (1717
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MTSAT Satellite-based Augmentation System B
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MTSAT Satellite-based Augmentation System B

2.2. REAMSASDERE
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MTSAT Satellite-based Augmentation System B
34 YN YIaL—Y 3 VisR
(Y3aL—y 3 viERAH]

Availability [¥]
W 0000000~ 50000000
| ]

z

lo.

50000000~ 60000000
% 60000000~ 70.000000
70000000~ 80000000
80000000~ 90.000000

> LPVIZ, BARDEZELEHETERTELRAH,

DL s -

> LPV200(%, dEEBR< AT TERTEDIRAH, S G o
92000000~ 93000000

W 93000000~ 94000000

XEMEOREXRE S L

-
= o

96.000000~ 97.000000
12 97.000000~ 98000000

LPV(AHUEIEHEAERIAMSAS) LPV (XHIMSASHERER L) LPV200 (HAMSASHERER L)
| | | ' | | 'gﬂ | .v ‘ -, " 2 JU . ,,:

MTSAT Satellite-based Augmentation System —

35 LP/LPVICRIDTERATRE (3

H30 H31 H32 H33 H34

4 ?
—— ik 0ER

EUR7L | i
ITA —
DR 1:‘

TELITAAA

MTSAT%

FIALE L 7=SBASH—E X DR #
SBAS
(MSAS) iE AT-2;:R1 A

HABUES
Sz

FALE | | R EEXEMEERIALL
?;/;; e / 3 0 Y SBASH—EZM#RHt (NPA)

MSAS)

EXTH B A M N EXRESEEFALE
5 ) LP/LPV St RER B0 (TBD) 1 SBASH—E RO

TH A
tEAER £ il / - /1 lenew) [reD) /

Sl 0 L Y

Civil Aviation Bureau Ministry of Land, Infrastructure, Transport and Tourism 19

b .

99



WKHASBASA~Y a7/ # FHLPVEEEA D
B R IZ DN T

HWAKHENITT—F2 74 HHE EX

100




NTTDATAa

Global [T Innovator

. AT A—FILPVETHE A QBSRRRIZ DT

XSt NTTTF—474 FHES

BEET
PFHEX BAKHNTTT—474 E—BXH EHY)1—a iEy)

s RITAXRAEBEER)
- ERUTHEBEFEMZE-RNAV), EEBHE(RNP AR-PinS){ET
o BEFEME -RNAVRITARDERFH(H20EFEE ~)
o BRI RTH X RETTHEEL

. REAAREESFORE
B R (LR LEOBABRE S CRABARHIBES
AE)
AYITE—FHBRAT S R (RATAREE - PinS - RNP2BEEDFE)

L

o TREFRNAUET o (RXEHUIRET) IS EREE 00

~EAERAAOUL L~

LR R
MTLARS (%]

avmamen

i
—&

O NTT DATA i Corporation NTT DaTa

101



ABDF7OTUE

AN)IATE—LPVIEFEHEADERFERKRICONT

. ANJaFa—HiSREALFK
. N)aAF2—RALPVEAARXDEKIZHITHEE

7E 1K 5
. BRMIzH+EA)aT72—LPVEABEE O
S+ DFBAN
V. E£&&
© NTT DATA i Corporation 3 NTTDAarta

AN)aZda—HRirHaEAAR

NTTDaTa

102



AT —FEFREATRDEE

HEAAFR | S=7 FTES—ay ¥
7z | VOR#EA N IEREEEA
#ix [ILSEA HLERAIREIER
GPS & (ABAS or e
. LNAV SBAS) EFETEA
RNPEA LPV(APV-I) APV
GPS & SBAS —
RNAV LPV(LPV200) RBEEA
fii% GPS & (ABAS or .
o LNAV SBAS) EHEEA
PInSEA [ pyvapva) APV
GPS & SBAS —
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APPROCHE AUX INSTRUMENTS
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PinS# A DFELE

AT E—F RNP#A (EEHE & #E) -ANNEX14 Instrument RWY DEH £ ET- T REH Y
RNAV#EA A R PinS# A “proceed visually” EEEBREI A VK
MOwnmLNAVMWUMA)<: -
“proceed VFR’ N X—=/V—

BHREIT A

PinS # A

(down to LPV MINIMA)

"Proceed Visually” 55

"Proceed VFR” A=

EEESBREIT A+ TX—N—BBET A+
& = ‘“
DONLON/Int! ’ﬁ_

NEUMN

P

Helicopters destined to a N
should proceed VFR via th{
Throgs Neck Bridge and rq
clearance from Lo Guordid

Proceed visually from CRANN
or conduct the specified
missed approach.

‘‘‘

MAPLEHSREAICE VWV TERMEERBTELL 2B EITEABTERB LG TAEE L LA,

© NTT DATA i Corporation 7 NTTDaTa
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“Proceed Visually” A= “Proceed VFR” A=
EEEREITA VK IRXR—N—BRET A
AR 120~ R— MR LTERE BHEOAY) R— hZERETTEE
BEMEDEY | BET HAY KR— FDOFATOF & USafety Areah’ EkESEICBET A EHLL
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RN H D ALEBHIP 5 L
BERITES O | MAPLLIRED BRRTEAFIS OV TLEEYEFHEZITS | MAPLLIED BRRITHRLS OEF
EEMIRTE MRETITHOREL
MAPtABEDE | VMCTHL THEBTES, 2L, MAPLETIZH | VFROT®H, HERSRIKE
BEH ELERMREORBLILE, (VMC)THAVENH D
Sty ara=atest3mr 0250 * FATO... ZDLZIZHEWTH/AY V5 E 1 I3EMED
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A 3T —FEBEADIELE(LNAV ELPVY)

95%KFE |95%FEE | Vertical DH
RE BE Alert Limit
EREFHEAN RNP3£ A, PinS#EA 220m
(NPA) (LNAV = =)
g : =250ft
FEEHAE A | RNPEA, PinSH# A 16.0m 20m 50m
i = A (APV) (LPVE =<, APV )
FEEHEA(PA) RNP# A, PinSi#£ A 16.0m 6.0m~ 35.0m~
(LPVE =w, 4.0m 10.0m =200ft
LPV 200 (SBAS CAT 1))

“LNAVELPV-EEAMOHA F o ADHE
- APV | £LPV 200 : EEARD Y A T LMREEZHDENSDHDEL
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< T AV - LPV LNAV
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Observalions | Hemarks - quIGaC

© NTT DATA i Corporation NTT DaTa

105



ANJaTa4—HALPVEAARARXD
BRKICHITH&ELR
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A1) 3 T2 —RLPVEEA KD TE KT (FRM)

FRIzEBITHAYaF
2 —FHitsmEA AKX DR
ERRIL. EGNOS User
Support™y = FR—(Z
THRTHENTES,

a3 b
https://egnos-user-support.essp-sas.eu/new_egnos_ops7resources

O NTT DATA i Corporation

HOME » RESOURCES & TOOLS » LPV PROCEDURES MAP

In this LPV map, a record marked as ‘Operational’ means that it has got an EGNOS based procedure approved for use by the corresponding
y, the for the has got an EGNOS Working Agreement (EWA) in force and has notified
the promulgation of the procedure via the proper EWA channel to the effect of the in the Any

different to the previous is considered as ‘Planned’. LNAV/VNAV procedures are only shown if approved for SBAS operations and if no other

- LPV procedure exists at the same runway end.
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A1) 3 T2 —FLPVAHE A D% TE K5 (BRIN)

- EER 201843812 B%E
HEHH sHE
LNAV/VNAV | APV-Baro 11045 =% 105
— APV-| 2925 =K 5015 =
LPV200 994K 127H R
« A1) j’g —
HEEH FtEh
RNP# A | LNAV T—2 &L
LPV(APV-I) 453 45
LPV(LPV200) 15K oA
PinS# A | LNAV 28; 0A =K 8A
A1) R— b 15 57A =R
LPV(APV-I) e 045 045
A1 R— b 25 oA
LPV(LPV200) | Z&; oA 0/ =R
A1) R— b oA oA =

) BRBEICHAS EFREHITDEL, PinS #A(LNAV)ASE T EMM?
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A1) T2 —HLPVEADERERFI(APV )

Tt A 1ZE I Kd Lk v [T B eI
RNAV H (GNSS) RWY13R | (Donauwoerth) A B
(RNP;EJ\ APVI) Lo AYR—k E=3 B
AP N RNP APCH 294° Z T :
(PINSEA. APV I) |

Procedure réservse aw usagers syt signé
un protocole d'accerd avec ls SNA-SSE.

Frocedars reerved forusers who signed an
agreement protocol with SNA-SSE.

[s ][]0

I [ I |
05K08 | mnsec | 228]207] 181
‘ Rt of descent (11.0%) [nrmw [ 'eos | 780 #s1]
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A1) 732 —RLPV#EADERTEHI(LPV200)

" APPROCHE AUX INSTRUMENTS ANGOULEME BRIE CHAMPNIERS
Fudli—ids '3 » GosT=T srunentsprach
(Angouleme Brie Champniers)22i# P ﬂﬁ%‘%
RNAV (GNSS) Y RWY28 e . : o L]
(RNP# A, LPV200) /Jizi“:g?\
E A &)

)

ALT/HGT 4
Distancas ‘NM
At
1 kol I
FAF WFSF
AP : Monter vers BULZ, puis touraer & droite vers
BUALL, puic 4 droite vere BUATS, pat sore BUAYE ot vers 1
220
N !
cotrde. MAPT / (158 7 H v
| vz | X
Missed APCH: Clnb lo BU412, (hea tem right 1o ‘ att I 150
BU414, toen turn right to BUATS, thee to BUATE 2rd 1> | fus | 1118}
. 2 |
|
= 5 34 I3 =
RVR a2 VIS in rvtms. REFHGT ATTHR.
= WP ENR 15
Bd sa 0t ) 0 [ o)
FATMAPT 34NM | dme 2nin®7 2mins4 20 &2 2min22 2min22 2mn 'S
NSP (i) o ) w5 %0 50 5 [
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LPVEADEREWKRCKE - 2HAAK)

+ REOQAPIZATERTONS(ARALPVARORIE, FAAD™Y = TA—JIZTHE

RBIHTENTES, =1L, ZBEINYR—FE - BERE/NYITE2—RIITH-
TLVELY,

https:/mww.faa.gov/about/office_org/headquarters_offices/ato/service_units/techops/navservices/gnss/appro

aches/
WAAS-Capable App F as of March 1, 2018 WAAS-Capable Airports as of March 1, 2018
(by Procedire TYpelAimort Type). (by Procedure Type/Airport Type)
RNAV (GPS) App Total RNAV (GPS) Airports Served | Airports Total Airports
(Non-Part139 | (Part 139 Approach (Non-Part 139) | Served
Airports) Airports) (Part 139)
LPV 2,446 1,440 3,386 LPV Procedures 1,416 478 1,804
+ Non-ILS airports - 1,838 . 52 - 1,890 + Non-ILS runway - 1,103 -2 - 1132
« ILS airports « 608 + 1,388 * 1,996 = ILS runway * 313 - 449 . 762
LPVs w/ 200" HAT 310 ) 999 LNAV/VNAV Procedures | 1,346 474 1,820
LNAV Procedures 2303 530 2,833
LNAVAVNAV 2332 1,440 3772 LP Procedures 422 72 494
GPS Approach
LNAV 4448 1,791 6,239 | @Ps standaione P [3 4
Approaches
LP 561 94 655
Note: Number of GPS Stand-Alone will continue to decrease as Ihey are replaced
GPS Appr by RNAV procedures
GPS Stand-Alone 61 4 65 « GPS Stand-Alone Approaches (MS Excel)
« LNAV Approaches (MS Excel)
+ LNAV/VNAV Approaches (MS Excel)
I- LPV Approaches (MS Excel)l
ke
O NTT DATA i Corporation 16 NTT DaTa
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o AFFRNPHEA DR EIRT
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BEEH KREDAIPIZATREATWSAYD T
APV-| 288745 2 —HALPV# A [£15 3K (Grant CountyZE
LPV200 99975t BIE—EALA7)D%
= A\ I) = 7’9 i
BEFH
RNP#A | LNAV 3R
LPV/(APV-I) 15
LPV(LPV200) 0B =
PinS#A | LNAV 7e; 25
A1) R—k 45K
LPV(APV-l) | Zzs# 0H=
~YR— b 0=
LPV(LPV200) | Ze; oA
A R—k 0A=
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LPVHE A DEETERRCKE - E2HEAAR)

KEICIEAISMDEBIZK YAIPIZATREING L TFEAHAEA A (Special
Instrument Approach Procedures) | MEET 5,
PDRINGVNEBELTE, UTOEREY

> BMECEEEREGCENERAELTERELTWS LG EDEHBT, FAEF

NELNTWLNDI L

> REODERBRNETo-HIGEARTHSZ L. e
FELHERAAKXD—BICOWTHETROV I IR—=VICTHRTLHIIENTE D,
=12 L. DHZ: EDEFHMIETBA,

https:/mww.faa.gov/air_traffic/flight_info/aeronav/Aero_Data/FIt_Procedures_Data/

RICKDEEEITHT HAYIT2—ARNPEARFIAR, ANJR—FIHT S
PINSEARFSTIAXBRESNATLSLDD, EDS3HLMAXMNPVE=IZET S

(] = o S S TR S

WINNESHIEK COPTER RNAV

ACE 1A DECORAH COUNTY MEMORIAL [1A04 (GPS) 339 ORIG FAA
WINNESHIEK

ACE 1A DECORAH MEDICAL CENTER _|1A04 GUVXI ONE DP FAA
MERCY HOSPITAL

ACE 1A DES MOINES MEDICAL CENTER _|1A82 CENLI ONE DP HICKOK
MERCY HOSPITAL COPTER RNAV

ACE 1A DES MOINES MEDICAL CENTER  |IA82 (GPS) 148 ORIG HICKOK
MERCY MEDICAL COPTER RNAV

ACE 1A NEW HAMPTON CENTER 1AS0 (GPS) 038 ORIG FAA
MERCY MEDICAL
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s Btk EL. BERICOVTIHLPVEADEANEA TS,

o BB AAYaITLEA—FALPVEADEAIZEEDS, PinSHEA
[CDOVWTIESEBETEMNT HH?

s (AHEAFR)REIZHBITEIAN)IATE4—RHALPVEAF1FXDOHE
ESh T3, PinSEAIZOWTEH6ARDH,

o (FEAHAAKX)IPINSEAIZDVTIHE00ELDAXMNBREFHA. 1=
L. AREBMLHMLRATh TLEL S, LPVEZIZHTHIAR
L {FEN::

AT A=K BLPVEA I MBIZ I TTEE, EALHFY
HATOEBVLERBREIXZRICH?

> R R?

> EE?

> ERmEICERE?
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- EEEZRICOVTIE2015F12AMLRAITERZITL. 2017FE8ANLR
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GNSS Low Flight Network (LFN) for HEL o e
GERMANY VA Y e :
Jovzs, 3 o E g 2 ".c’-\"-: GERMANY
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. .5 - 'LL o L B .
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. LSs01 2 - MD!
(REF ENR 1.1). e T T e . isin |
© 4 ox LS106 (130 C,u'." o ot \f
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15202
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_ o Y Al | B s /A
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15103 - ° § fa \
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st TSI e \
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Route [Route Usage Notes]
Designator
{RNP Type}
Significant Significant Point Remarks
Point Name Coordinates
{RNP Type} Track Dist Upper limit | Minimum | Lateral | Direction of cruising Controfling unit
MAG {NM) / enroute | limits levels {Airspace class)
Lower limit | altitude | (NM) 1 I Remarks
KY257
/. ME103 4707 279ND0D08 07051 E
102/282 102 FL 185 5000 f ACC Zurich {C, E}
4500 # TWR/APP Emmen {D}
£ LSTO1 4704 58.1 NOO8 21 31.0E
051/232 36 FL 185 5000 ft ACC Zurich {C, E}
4500 f TWR/APP Emmen {D}
£ LST02 470708.3ND08 25451 E
052/232 40 FL 185 5000 f ACC Zurich {C, E}
4500 f TWR/APP Emmen {D}
4 LST03 471000.7 N D08 31 31.7E
066/2468 45 FL 185 5000 ft ACC Zurich
4500 {C.E}
. OSNOG 4711425N008 37 361 E

XERZEHADHDEREEE

© NTT DATA i Corporation NTT DaTa
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s EEERBRORITICIE. RAAERMERICEIEEN
WHE

s BHIHD12BETICA—=IL, L LT LB EEFETERT I
ENH 5,

« BFEIHEEYORITAREBBABRLNA TS, EfHlH
LEERNIEESND

« IFR 254 TS50 DRENRDE

« 7:00—16:30D D H (Tl fE
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A1) R— FADPINSHXDEEK

*Inself/BEANDPINS LPVEADHBREFAH REGAOANERATELEAT
HB1=H. AIPIZIZARTET)

EGNOS User Supportz IR—UTOART—2ICENIE. 2018F LI
[ZRNPEA(LPVE=T)1A. PinS LPVEATTERXNBESNEIFE

Id Procedure Date
ICAO Name Status Type Runway type Publication
LSHI |Bern-Insel Hospital Operational |Heliport 083 PinS 23/07/15
LSHC |Chur Kantonsspital Planned Heliport PinS TBD
LSHG |Gampel Planned Heliport PinS TBD
LSHH [Nottwil SPZ Planned Heliport 136 PinS TBD
LSHL [Luzern Kantonsspital Planned Heliport 071 PinS 2018
LSHT |Lugano Ospedale Civico Planned Heliport PinS TBD
LSHV |Lausanne Hospital Planned Heliport 295 PinS TBD
LSHW |Winterthur Kantonsspital Planned Heliport PinS 2018
LSHZ |Zurich Unispital Planned Heliport PinS 2018
LSIK [Interlaken Planned Heliport 079 PinS TBD
LSME [Emmen Planned Airport 22 LPV(Hel) 2018
LSMF [Mollis Planned Heliport 071 PinS TBD
LSXO |Gossau Planned Heliport PinS 2018
© NTT DATA i Corporation 25 NTTDaTa
Inself/FE~ DPInSHEA
[ T ok © )| cRALEBEOEHEAIZLELTL
’1‘ D12.0 IBE {%’o 2081" N g 518, PinSEADE AIZERL TH
INTEB BIRKI o BMMRVLEMhol=1=8. Inself{BR~AD
X‘“ P ,%%f,’:’fés PinS LPVit A D& 8 F#(AIPIZ
% ABNOR EARET)

g

&

STRlAlGH'I:-lN I.‘ANDH:IG
LNAV

LPV

MDA(H) 2380'(482’)

MDA{H/23°I '(403’)

Vis 1200m

m—-v0N

Proceed speclal VFR from INSIL
to Heliport - 094° (0.65nm)

=
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12 ) 7I2HE 1T D EEERE EPInSHXDER

20118ELY, ENAV(H—E R 7O/ 4 —)-ENAC(LFaL—4—)B
KUAYATE—A—h—LHART, EEEIFREBESIUAYIT2—
FALPVEADREN-HOTOC I EToTEY. F5ACLEEHEZ &
BT HESEIFREBIARKY139 IRNPYNRT TIZATRIA TS,
2014FEIZETEVTHIBAILR Y —EANPInNSHAXB LIV ESER
ERDERETC DOV TENAVER W Z i, HZARDEAFIIAIr Green
2t (HEMSEfi#E).
-EGNOS Workshop2016(201649 A Bif#)(= &1+ BAir Greentt D F
RICEDE RFAFIETLTWLWRL00, UTOREMSTOD I
BELTWS,
-RATRELFTEINA 2 T7ME L BICRESAG
-EABITAXSPBNTOKERBEREMEERZFALTLS
-IFRAXVBEFBENFEFTREISA TS

i : EGNOS User Supportrgz FR—ODAHFRX—ETH.
lStatus:Planned]. IDate Publication:TBD J&ZE>THEY., EEAFRIZIE
EH>TLEWNEEZLONS,
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GARDENZ B 14 k(20104E-2015%)

GNSS-based ATM for Rotorcraft to DEcrease Noise

B BEEHEO-HDAYITE—IFRAXOREBRRITICE S M EIT

(b= —XZEEIZH UV TER)

-PinS #EA-HFEHARK

-‘BEREDEMICHEZRIZTILLB AT I—DEA-HREZITOIEN
TELLOLHERADRTE
-RELEETOI7AIVIZE SNV -RAE8(5.2° \REBREAET AV /4K
UL T4TIYTERITEROBB(BEETER) TS

EHBRRITET AVMIBVLTIEA =IOy EFMSD
Hy TN TIZ&kY., BEITRITT D EMNTE,
KkFE-BEAMEDIZ. KEBINSYIBRER DM,

BRET AN ZATLRIT)IZENTE, /S1OvED
D—o0—FIEZBARETH T,
IFRTRITISEEEBEMI L TERT HEMNTE -,
B DO R - EEADVFREEEF LM,
CEHERRIR) VT REETIBEN LT,

- EEOEERBEICHEESEI LMo,

DTLEUTF—YavERIYKRY
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FMooTao o k

HEDGEZO x4 bk La CerdanyaZei#i (R R4 )IZ§H 1+ BPinS LPV#A. Interlakenf®mBEA~ 1 /8y K (R4 R)I2H

(2009-2011) (+ 3PinS LPVif A £ 5%5t, RITHRBRZEEME.

HEDGE-NEXTZ7O Y x4/ b | : EEEEEGNOSAPVHEAZ, ARA U+ R—=F UK AL RIZTHRET 5.

(2012-7) CALBTOAY 3 T2 —SBASH 73 3 PHEAHK(SOAP)ICHEMT BB ERNAVIEE & 5
EY B

s GPSE K USBAStE U H—%#FERA LTz, AU T4 —HREA(PINS RNP-ARHEE) DB
F-HR-RIAZISICED D,
L. BREEENLHIATOAN S, BRIETH,

NAScClIOZOYz Y b * PinS APCH# & UDEPDRITFEER(R A R)

(2012-2014) - PinS DEP - RNP APCH - RNP1ZE ORITER(E—5 ¥ )
s A3 T —REEETH PinS APCHE & URNAVI ORITRER(R <A V)

ACCEPTAZO Uz % b (1)CrucesflEA U R— (AR A V)IZEI+BPinS LPVHE A

(2010-2013) (2)Ciudad RealfEBEA 1) R— k& & UAImagro (R < A )2 &1+ B PinS LPVEA
QDHRITRIEETEELI=HLDD., AFRIZZEST,

PROUDZ7OYz o b+ Lorenskogf&bz(/ L™ =—) : A1) 3 74 —PinS RNP APCH to LPV minima# & U'PinSH %

(2014-2016) Ullevali&Bz(/ JL™2 =—) : A1) 3 7% —PinS RNP APCH to LPV minima
SamedanZE#(R A R) : A1) 2 T4 —PinSIEFERNPAREFK S K U~ Y3 T4 —PinS
RNP AR A

Churf&Bg(R 4 R) : A1) 3 7% —PinS RNP APCH to LPV minima§ & U'PinSH &
Samedan-Churfi] D &= ERZE(R 1 R)
| #IBOBIDERBRRATH v >~ — 2 E R,

= WTFRDAERXLAIPADLARIZIEESTULVEL,
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> EEGIZEEBICEITHFRORELESVFEFHNZHA~NDES
EEROERTE, FEFEETOIFRRITOERBICITEZRDOE
BEAME
SRITIER/ S —ERZREINIEOMEERRTESN, —H
[ChIFILGEBBRENABC AL BSETDOAYR—MIMLTEIR
P& TLES,
r ERAENRONSF XD - RITRE-HHFEEROIRXLA
HIOWT(RBBRBEOHBAZEETILENELD)
r ERFfRAAN)R—IRLEFNOER
y EQFSBRBREHDHLET. NAOVMIRRERD TG
ADEAZTICENTEDIN ICHETIHRE BHE

= BARADBAICRLTHREDEREBICER TS REMH
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- BEIEEALPVEAIZERMEKRELZSHEBRER A
e —A. ANJaTA—RHLPVEAIERMELEKXELBSFXDOREICEE-

TWa,

« RALATIHEFIZERIZHITARNPOIESERBAATEHN. &5

[CPINSEANMBFXDBRENSELBRITONDTFE,

« BEIZAYITE—ICEBRNPEASLIUPINSEADEETOD LY

L

FEREESN-LOD, EDFEAENRBETIZESGM o1,
TOVIOMOREBEEICEVL TR, BfE CTXBEATVLDO0,
HEOEHOLEMNER LOMEN M EHEh TS,
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BEHYIZ: BERADZEAIZRITT

s BEDEZAH, BEATIEIAYIATEI—IZLBIFREMEFDELDAHEY
RSN TR, LIzA>T. SERBRIZCEWLNTAYaT2—FH5
HEAZEATHICHEY. MM EREDOREICETT SR EELH D,

> BITHELOBBEOREMEE -2/ BEFEDNRIE)
> EHER

> BAE

> BIE-ER

> [REA

y MITHAAR-HISFERE

= BREOBRROI=HICIE. EHl-EME - A—H—FH/AJKR—
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JHS (AN a7 ZHa) 13, AHS CREANY a7 2 5%8) O AARSE L LT 1989 4£ (%
FROCAE) IZAISZ S VTR, ~V a 72 BE 0P R OEES L OEBENRIEB 2 5 D EANIC
B~ a7 2HEIROBREZHNE LIciEB 2 CWET, SRETEL D 20D TR,
TWA RN E | IEBNAE AR EINRARIEN Y T EMER A E L ET . ~
Va7ZZ2zR0ET_XTezRELTEHLTWET,

29 LT, JHS OB 2 B ICHE D T X 7= EE A O, BREBRITE JITH%Z O A ARIZ
BIFLZAN)aFZORELZOHEDENS>THRE CTlEHY EFHA, 2T L7HROB LI JHS
FHOTHE 2o CTIHRBEINTZABICONTA v F E2a—FRTEDOANERY O Z N
LTWEd, AEFZE0HE5EE L THINBEREZ ZHEMWELET,

PEI IR HPEk Ut (BUF, BIEMESK ) 8B L Tk bh/ 1989 4£i2, JHS %
BINSLTE A NR—DEB—ATT, 1998 FEENL 9FEEITTESFREELZHEDOLN, S HOHS
DFFE-FBIZIR DWW EE, BIFES JHS OFEM & LT, £7258& NPO iEARBEA~Y JHEE TR
v b U —2 (HEM-Net) HHEK QRN —ftHEN B AR ERFSHEFEL LCIEER T,
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B0O105. BK117, -3/l 206B. 206L. 204B. 212, 412, 214B, 214ST. MD900, F'=—=<_ %
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