3'd FABEC Vertical Flight Efficiency (VFE) Workshop — 7 DEC 2022 — Nice Airport
Aircraft Energy Management in the TMA
Insights into the SESAR prOJects DYNCAT and ALBATROSS
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or why the vertical problem is a lateral problem

Martin Gerber, Technical Pilot Airbus A3207,.F|i7g'h’t Operations Engineering
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This morning on the way to Nice for the FABEC workshop...

...something went wrong from a VFE perspective

@ Altitude

8:08AM 8:15 AM

Maximum speed brake descent over Nice... ... followed by 2 min high-thrust level flight

We have some work to do!

LUFTHANSA GROUP 3rd FABEC VFE Workshop — 7 DEC 2022 — Nice Airport
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Energy Challenges from Top of Descent to Touchdown

Trying to find the root causes
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https://www.navblue.aero/product/optimize/
https://aircraft.airbus.com/en/services/enhance/systems-and-airframe-upgrades/efficiency-sustainability-systems-upgrades/descent-profile-optimisation-dpo
https://www.airbus.com/en/newsroom/press-releases/2019-03-airbus-delivers-first-fans-c-equipped-a320-to-easyjet

Why is it so difficult to perform idle descent within TMA?

Without accurate information about the distance-to-go (DTG) no idle thrust approaches

Without information the
vertical profile often
depends on pilot's best
guess! -
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Today’s situation: variability on lateral path length in TMA

Solving the lateral path uncertainty problem to enable idle thrust approaches

Published Procedure:

Heathrow: radar vectoring after IAF Frankfurt open path STAR Dublin: Point Merge
5 O SASS S Pt OFaTs 4 \ 1 i T smns = \; Dur :
| ; \;Fsgsvgggg;g e || x ’ mmji“\;&“m ‘.
HDE!S MAX 220KT 'Q;"? )’}:’

o, S\ A » = [ Ven ident
\ \ LAMBOURNE -
g\ s 7000 D115.6 LAM o0
DVINGDON Y8 1 554 D11 LAM y e | Ao ) L
13 N A Y, : It 742 / \ i i va:'m:‘w
L= o AM e | - ) ertical
- 7000 [ ey R273— 263 & D-ATIS < PETIX 3A (ATC). o N 00 X)MAX 210KT -2 1. Actual
@ W 7000 \ ¥ . | S a— & directe
N 7o~ 3 | eclearol | , 1338 | é"/ “
\ = R Heathrow D) \ (1918 ‘ g 2 2.Pilts
\ Y { 1 hcedure for \ 3 comply
iy lear of El Y I‘ constry
\ \ 1
D19 BN \ Heathrow T L Dubin ]
A ) Pt A = MAX 180KT , 55 5 ! 4 ‘.
“ = - A 1 ‘ ~
N E“Zf‘. LONDON 5 /700 Mo ! Heathrow G RN 4 /

s * | p1zsLoN o0 | m@ 10  JEGLC i st B /
LT D41RR ek O . )
beTOre IAR TG hgge DR pasion & (BNN;LAMJW ! Holding Speeds " / !

- 9 £269° ! A2 MAX holding speed o
L'ﬁ' 005 IRA D3IAR o500 | /3000 = | and including FL14G [
O p751RR D10IRA ! AtFL150and above: 5 @
Fa1g D8.8LON A § holding speeds appl %, 56y | KEPOR " 2200
S0 o 5 ' ES T j ol i
= 3 8 1d
BIGGIN g = J D ARVOK
N | L7 !
D 115.1BIG 4 (FAWUR 2A/28, PETIX 3A/3BYFL110 2042 f oot 31 |
/ /na9517 | 1/ %1 W 1598 i
539 / 7 ] I i (2077 /000209, 1 : \
: « § % = | n 52 1 At S Ter N 1700 .
=: R27 .?g ) 1310 i R J / | SEWVE beh . | 7 39 ;
y o ) Gebetta "
ng)‘é‘;} ﬂ CoN K B ,t—yﬁ”/,m.’: 'L‘;" I ‘(/ |20(5 FL145 U .l da | HPSORIN | AL
Y - ’ ! 5 § 70 " Fi135 z 3024 T
D11 0K / i | S 0 | fE== 1852 i 3 é SORIN i - A% 4
Do BIG ,/ 050 : L S | ™ |2 I ™= ; / [ A SN . | 2 - ElE  —

) EIDW rwy 28 - Cluster: 4 ( avg ASMA time : 10.74)

Real Flights:

EGLL rwy 27 - Cluste}: 1(avg ASMAtime:16)

EDDF rwy 25 - Cluster: 3 (avg ASMA time : 4.47 ) EIDW rwy 28 - Cluster: 1 (avg ASMA time : 0.25 |

IEDDF rwy 25 - Cluster: 1 ( avg ASMA time : 0.51)

' TR | 7\ i

High intensity

EGLL rwy 27 - Cluster: 4 ( avg ASMA time : 11.62 )

High intensity

LI SwWISS

Low intensity

Low intensity

High intensity

Low intensity
Source: B. Favennec, S. Guillemot, E. Hoffman and K. Zeghal, “Introducing Dynamicity in the Terminal Areas”, Eurocontrol, AIAA Aviation Forum, 15-19 June 2020

LUFTHANSA GROUP

3rd FABEC VFE Workshop — 7 DEC 2022 — Nice Airport



6/15

. . ] SUPPORTED BY 4
From EFB-Demonstrator to Avionics-Integration sesar

JOINT UNDERTAKING

SESAR Projects for «Perfect Green Approach»: Development of Pilot Support Functions

VLD 2 ALBATROSS EXE-03, 2020 - 2023 N

2 Idle thrust approaches with Electronic Flight Bag (EFB) pilot assistance
concept s/w LNAS (Low Noise Augmentation System) on A320neo in
regular revenue operation

= Closed-path WPT sequence for ILS RWY 14 in LSZH
= Dynamic flaps and L/G extension to stabilize at 1’000 ft AGL

,,,,,,,,,

Version: 24.4 2022.03.31 | ApprDe: 2018.07.18 m .

EFB concept software LNAS
Exploratory Research DYNCAT, 2020 - 2022 1 o
»- Development of Flight Management System (FMS) prototype function DYNCAT " ¢

e == EASY .. GREEN

DYNCAT (Dynamic Configuration Adjustments in the TMA) based on
LNAS concept

= Distance-to-Go (DTG) / Requested Time of Arrival (RTA) /
Permanent Resume Trajectory (PRT) function

= Energy cues for pilot

- Predictions
Reference descent profile

FMS prototype function DYNCAT

LUFTHANSA GROUP THALES # @ Empa R i P ﬂ SWISS
DLR Miaterials Science an N

Building a future we can all trust d Technology



https://www.dlr.de/ft/en/desktopdefault.aspx/tabid-17433/
https://www.dlr.de/ft/en/desktopdefault.aspx/tabid-17217/

Analysis of Current Operation at LSZH Lot

Combining ATC voice data, full flight data, wind data, traffic data and noise measurements
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DYNCAT

,,a/&ﬁe EASY... GREEN

Analysis of Current Operation at LSZH

Impact of ATC instructions on VFE
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Analysis of Current Operation at LSZH

Impact of ATC instructions on VFE
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Descent and Approach Strategy

Trade-off between fuel consumption and noise reduction

Low noise strategy

> Minimise Speed E Min. Fuel Pareto front
— Reduce Speed before height ® / ® approaches
7
General strategy 'O .
a) Engines in idle < "~ avoid!
b) Minimise drag l
/’/ 0

Minimal fuel consumption

inimi : : balance,d"
= Minimise flight time g

Min. Noise

— Reduce height before speed

Fuel [ka]

- Optimise noise close to the airport and reduce fuel consumption further away!

- Energy-balanced approaches = lower noise exposure & less fuel consumption.

LUFTHANSAGROUP T HALES ‘#;?R @ Empa sy (B ATSWISS
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DYNCAT
— o——pmrt=?
Descent and Approach Strategy -%d
Full idle thrust approaches: different vertical profiles with different speed profiles
a) Glideslope intercept @ FAF: variable vertical b) Glideslope intercept 2 FAF: speed-
deviation before DECEL and variable G/S speed: dependent vertical offset and minimum drag
Current DYNCAT prototype implementation constant speed with flaps 2 @ glideslope
lndg\?izct;i?):tlcvae: ti)(;al Extended 3° glidepath ALT [ft]
absorbed S 11000
- \\\ 10°000
g DECEL 1 h . 9’000
g T 8’000
DECEL 2 e 7000
1000 LSZH14 DECEL 3 6000
5’000
Distance to destination (NM) T 4’000
3’000
‘.___:lAgressive strategy 2'000
| DIST NM] 30 25 20 15 10 5

In approach, speed

deviation canbe [ - Deceleration may be tactically initiated by

e ATCO for separation purposes while still
enabling an idle descent profile between IAF
Distance to destination (NM) and touchdown.
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DYNCAT

FMS Prototype Development e
Building Blocks for Idle Thrust Approaches

Permanent Vertical
deviation symbol
to support altitude
management

Optimised Continuous
H—— i Descent Approach (CDA)
to reduce noise footprint

Adjustable Permanent
Resume Trajectory (PRT)
based on ATC DTG or RTA
information under vectoring

Dynamic flaps sequence
and pseudo-waypoints
to support the energy
management in approach

.m\
DYNCATe o

Al — O GREEN

DYNCAT factor
to reduce the PDB
conservatism

Extend/Retract speed
brakes message
to avoid excessive and
noisy application

Optimised Distance
To Go and Margin
to support an efficient

flight OPT DTG

MARGIN
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Prototype Testing: Scenario gz AT
Real-time piloted simulations in Toulouse on Thales FMS Test Bench, 21-25 March 2022

Real World FMS Test Bench
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Prototype Testing: Results

Fuel & Noise Reduction

Engine thrust in the arrival phase

Top of Descent
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DYNCAT facilitates the anticipation of the global energy dissipation strategy while enabling idle thrust profiles.

It reduces noise emissions and fuel burn. Balanced approach with noise trading in the far distance.
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ALBATROSS

SESAR VLD 2 ALBATROSS

Exercise 03 — Demonstration of Idle Thrust Approaches in Revenue Ops on A320neo

= Simulation model adaptation to A320neo flight
physics

= HMI improvement validation

RILAX SEQUENCEN

¥

44 Evaluation pilots

=~  Temporary ATC Procedure for ILS RWY 14:
Skyguide approved a temporary closed-path e EOUEN
waypoint sequence with different default speed Gl

T el
45 40 35 30 25 20 15 10 5
DIST to THR [NM]

A/C data
schedules (so-called “Albatross Sequence”). t TEMPO SOP t EFB HMI interface

=~ Phase | (Jul-Aug 2022): Reference flights — closed-
lateral path with target speed 170 kt at FAF
without LNAS pilot assistance system

Zviien

> Phase Il (Sep-Nov 2022): Flights along closed 8 s
lateral path with LNAS pilot assistance system ™ = §
> Results expected for January 2023 ATC Pilot Aircraft

LUFTHANSA GROUP skyguide 4#;; LT SWISS
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Recommendations to ATC for Idle Approaches

Support with accurate information about the distance-to-go (DTG)

Provide more information and make use of flexibilities:

=~ More reliable Distance-to Go (DTG) information:

. «Cleared for the approach via WPTxx, WPTxy, FAF»
. «Expect 40NM track miles»

= Flexibility in ATC assignments for speed and altitude
wherever feasible. Rather use targets than fixed instructions
for rate and speed:
. «Descend when ready»
. «Start reducing speed to reach 180kt at FAF»
. «Reduce speed 200kt or less»
. «Maintain 160kt or more»

. «Follow the speed constraints on STAR»

. «Expect FL 100 at WPT x»

. «You are in sequence behind heavy at 10 NM final»
. «No traffic behind, do you prefer own line-up ?»

LUFTHANSA GROUP 3rd FABEC VFE Workshop — 7 DEC 2022 — Nice Airport
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Follow-Up Project: Combining ATM Side & Airborne Side

Solving the lateral path problem to enable idle thrust approaches

FL200
FL180

| Performancs
TLo0p Meduil
FL180

Low Perfor
FL200 —
FL180

Dynamic Route Structures
for closed-path PBN
clearances

Landing Optimized Runway Delivery
(LORD) with Final Target Distance
(FTD) Indicator to maintain high
capacity

LUFTHANSA GROUP

RILAX DCT ZH4
REACH RAMEM
WITH SPEED 180}

New Structures
& Procedures,

Enhanced
Avionics

~—— ADS-C EPP downlink of
additional pseudo-waypoints

(e.g. point of deceleration) to
display aircraft capability /
RTA capability

3rd FABEC VFE Workshop — 7 DEC 2022 — Nice Airport

r N D
continuous lateral path indicating the PRT | | visualisation of flaps & gear sequence

together with pseudo

. . .ﬂzp setting points | Indication of optimal
=

distance to go and A/C
margin with regards to
this optimal distance

OPT DTG
MARGIN

On-board energy management
function & permanent trajectory
based on ATC constraints
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Follow-Up Project: Combining Airborne Side & ATM Side

Solving the lateral path problem to enable idle thrust approaches

1)

2)

3)

4)

LUFTHANSA GROUP 3rd FABEC VFE Workshop — 7 DEC 2022 — Nice Airport

The current DYNCAT FMS prototype is embedded in the scope of a fully operational
concept which has to be further developed in the next step of a follow-up project
(DYN-MARS: Dynamic Management of Aircraft Configuration and Route Structures).

The lateral path determination on board should be extended to consider different
Permanent Resume Trajectory (PRT) options and to enable PBN procedures within
the TMA.

ALBATROSS EXE 03 to demonstrate feasibility of closed-path PBN procedures with
reliable and predictable aircraft speed schedules. Paradigm shift from purely tactical
vectoring towards “less-invasive” air traffic management in TMA while maintaining
high capacity.

If combined with on-board energy management functions and extended datalink
communication (ADS-C EPP), closed PBN procedures will a) lower the noise footprint
compared to lateral path spreading with purely tactical radar vectoring and b) at the
same significantly reduce fuel burn.

LT SWISS




Fank you for your attention

Questior 5/)/
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