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«  Okande upplevda problem med buller kring Arlanda —
klagomal fran “grannar” it NI TN i A R i (

Alboksy
W

e Fornyat miljotillstand — juridisk process - forlikning —
stottning av forskning - CSA etableras hdsten 2015 — 50
Mkr pa 10 ar

» CSAstyrelse:
o  Trafikverket
o  Swedavia

o LFV
o Transportstyrelsen
o KTH
«  Ansokningar “deadline 1:st Call” 30 April 2016 )W ® lands

«  3(1/2) projekt beviljade medel, SAFT, Brantare, INFRA, ~ FBN 55 dBA ) -
(ULLA) FBN 65 dBA FBN = Lpeqanrs) l€VEIS With noise

. events at night weighted with a factor 10
permit and during evenings a factor 3 (~ DNL)

Riktvarden Flygbuller SNV: 55 dBA FBN (utomhus)

(utomhus: 70 dBA,,*, Inomhus: 30 dB Lpeqeans) €ller 45 dBA .,
nattetid )

70 dBAmax
max16 ganger max 3 ganger
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2. Kopplingen mellan Buller och Hallbarhet
FN:s, och vérldens alla landers,17 globala hallbarhetsmal:

Ingen fattigdom Ingen hunger Halsaochvalbefinnande B0d uthildning far alla Jamstalidnet Rentvatten och sanitet

-y,

Héllbar energi for alla \ Anstandigaarbetsvilkor  Hallbarindustri MInskanulamIIknel Héllbarastader och Héllhar konsumtion och /
\ MIIBICDI'IIJII'“SH“W&XI innovationeroch \ samhéllen produktion
infrastruktur / /

Bekampa Havochmarinaresurser  Ekosystemochbiologisk  Fredligaochinkiuderande  Genomidrandeoch GLOBALAMALEN
klimattgrandrinoen mangfald samhallen globaltpartnerskap Fer hallbar utveckling

FN:s utvecklingsprogram, UNDP: http://www.globalamalen.se/om-globala-malen/
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...(forts. 2 Kopplingen mellan Buller och Hallbarhet) ‘
CSA

Hur kopplar Bullerfragor till FN:s nr 3 av de

Globala malen: "Halsa och valbefinnande” ?

"3. Sakerstalla att alla kan leva ett halsosamt liv och
verka for alla manniskors valbefinnande i alla aldrar”

2011 WHO studie: “Burden of disease from environmentah
noise. Quantification of healthy life years lost in Europe”

Hélsaochvalbefinnande
| termer av “Disability-Adjusted Life-Years (DALYS) i Europa
tillskrivs “omgivningsbuller” ca 1.6M DALYs per ar (I férsta

hand genom hjart-karlsjukdomar kopplade till buller)

« Jamfort med, DALYs (i Europa per ar):
“luftféroreningar utomhus” 1.5M DALYs

\ “trafikolyckor” 3.7M DALYS (rankad W

D.v.s. Buller ska inte reduceras till en fraga om endast komfort !!!

Hur minska bullret kring vara flygplatser? CSA:s SAFT-projekt mfl. Innovairs arskonferens i Innovatum Trollhattan 20 sept. 2016




A

3. Bakgrund -flygbuller idag och i framtiden l

Sustainable
Aviation

Antal flygpassagerare i Sverige per ar, 1974-2014 (killa: Trafikanalys)
35

w
o

« Flygtrafik i savéal Sverige som internationellt bedéms 6ka

n
o

* Forvantad ljudreduktion hos nya flygplan tenderar att plana ut

« Okad insikt kring bullereffekters inverkan pd manniskan har
hojt engagemanget hos allmanheten och tillsynsmyndigheter

Miljoner passagerare/Ar
o 5]

]

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Ar

—
<

\/1 }1 X3-Noise
)
Noise Reduction Objectives & Technology Paths

1. Nya atgarder kommer att kravas for att klara av framtidens = =3
bullerkrav ]

EC Mid-Term Goal

2. Behov av att battre forsta och simulera flygtrafik/ljudutbredning
for att finna de effektivaste séatten att astadkomma buller-
/storningsreduktion med dagens och morgondagens flygtrafik

2010 Solutions:
f

Technology
Breakthrough

Decibels per Aircraft Operation

—
ACARE Goal
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4. Finansierade CSA projekt (2016-2018) lCSA

eeeeeeeee

| den forsta utlysningen, 2016, har CSA styrelse med Trafikverket
beviljat foljande projekt medel (2-ariga projekt):

« SAFT, verktyg for Studier-Analyser-Slutsatser-Atgarder

« Brantare, studier av effekter av brantare inflygning pa buller

 INFRA, studier av "hela systemet flygtrafik’ med syfte att finna
dppningar for bullerreducerande atgarder

e ULLA, Ljudmatningar pa flygrorelser (endast forstudie beviljad)
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5. SAFT — malsattning ’CSA

« Etablera ett simuleringsverktyg som tar hansyn till hela kedjan:

« flygbanor — flygmekanik/drifttillstand — individuella ljudkallor—
atmosfarsberoende ljudutbredning — bullerkonturer/tidssignaler — studier —
slutsatser — atgarder

« Effektiv hantering av berékningsnat, bullerkartering och bullerhandelser i
tidsdoméanen

* Mojliggora framtida flygtrafikstudier m.a.p buller

- effekter av operationella forandringar, aktuella eller typiska vaderférhallanden,
optimering av bananvandningsmonster, nya flygplans-/motorkoncept, nya
landningsbanor, ...

» Generera ny kunskap och sprida denna, bygga natverk inom svensk flygsektor
genom samverkan mellan industri, akademi och myndigheter i syfte att finna nya
vagar for att reducera effekter av flygbuller

« Starka svensk forskning: Langsiktighet — " "

ett ramverk for implementering av metoder utvecklade
pa svenska hogskolor och universitet
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il 6. Simuleringsverktyg jmf med integrerade metoder R...
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38 OCH KONST 9%
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Man brukar skilja pa: "Integrerade metoder” ("Segmentation methods”) for
flygbuller typ INM, ECAC doc 29, fran: "Simuleringsmetoder” (SAFT)

Simulation tools Integrated tools

Typical application Single event operations Combined fleet, yearly mean

Separated from propagation Merged with propagation

Sound source Semi-empirical, physics-based Measured

Frequency and space resolved No spectral and directivity info available

Very good OASPL data found in the open ANP-

Source data availability Limited open data available database (Noise-Power-Distance. NPD-data)

Sound propagation Yes - separated from sound source No - not separated from source

Studies of noise abatement flight _ : - I
9 Yes - Possible to simulate No - or very limited possibilities
procedures

Yes - Possible to simulate (as well as .
. . No — not possible to extract
listening tests based on these)

No - not included (ANP/NPD data established

under certain “standard atm. conditions”)

Time history for noise events

Atmosphere impact Yes - Possible to include

Yes — possible to simulate new aircraft
or engine concepts

Computational time Computationally more “heavy” Computionally fast

New technology studies No — not possible to include
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/. Det planerade simuleringsverktyget SAFT l

VETENSKAP ié
38 OCH KONST 9%

Uineat®

@©
T
a}
e KTH input >
3 :
£ _ +«—— CTH input > . P il
g Ta Pas Var TKE, ... as fen's of altitude and time (and lat, long) Meteorologlcal d.ata I ?'I_IC a ali] |
c = (atmosphere profiles) I- Topography
8 1" Ground properties |
= T T \Ayoe 1 T T, - Population densit
- WP1 WP2 WP5 , L _opvainfensy |
c . . . . .
= Flight operations [ Flight mechanics & Sound Noise mapping Studies:
§ 7 & Study Input : Engine conditions sources || (+sound synthesis) : - Operations
. I L— - , I- New engines
(] -
S oo o om L | e e = = P R i e
3 I AC/Engines/Load | | I Detailed trajectory | I sound intensity at 1 m, I | Sound spectrumand I |
= I Flightpath, 1|l data: 1| Ly 1m(@,0,t, ... %) I | SPL time histories in | : ________ -
| Operation 1|1 -flight conditions 1 | k=indexindividual source | I ground grid 1, I Noise Effects I
g I procedures |I|I -engine conditions | [i.€.engine:fans, turbines, | === 7 7 7 7 7 7 | _ I :
e = I (approxi_alt., lat,long | | | ((;hterm:)((jj%nami(t: a;n?_ rov;/ I JIZ:\sdlng Zr:;ralrframe. flaps, | | Noise mapsand | : ) S\lj:lﬂg[;[ons I
ata at different stations v -
§_ L - - |r_ne)_ S B I Bt I I9=source specifiq data I | Spectra/time records | ‘ I
= | basically related to geometry | j in individual receiving | I Information and
o ] and flow-/thermodynamic I points. I dissemination of |
] FDR - data jconditons — I j Metrics: Layu, ASEL, | I knowledge !
EPNL, ... I :

WP6 = System architecture/interfaces, In- and Output data, Testing of complete chain

WP = Project management Work and time plan
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KT}%% ...forts. 7. Det planerade simuleringsverktyget SAFT on
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WP6 = System architecture/interfaces, In- and Output data, Testing
’ SMHI forecast CFD models Hirlam/Arome | WWP7 = Project management Work and time plan

supported by local meteo-models and | -~ o T o= _I
'(ADralft)TooIs to L meteo-data from FDR (Flight Data Recorder) | | Meteorological data : St?rt(;c;(g;?:lﬁhy :
- ———————r === (atmosphere profiles) ) .
- Ground properties |
——————————— - Population density
WP1 wpP2 | WP3y WP4} § WP5 , L " :
5 Flight operations Flight mechanics & Sound Sound Noise mapping Studies:
Q= & Study Input Engine conditions sources propagation (+sound synthesis) - Operations
Z ! I i 1 ! - New engines
o L -—— === === = = L e e - .
3 -I_ — — L — — — — | Airframe data, Static(geometry):I === _h_l - == | |
2 |, Manuallfy defined ,  _Ac manufacturer material : I imELI-rzgntZtrirc])?]rs,Sof I _——— — — L
orfrom | _ implementationsof | — — — — — — S -
I Flight simulation tool ! I Engine Design data (geo.) I | NASA-ANOPP semi- : I Ray-tracing + : | Primary step:
_ |1 (e.g. Airbus — PEP) - Public literature I ' empirical models : I PE-tools (e.g. ' ! Google Earth used forI
s | or from I'I.- Certification data I I constitute a base. I in-house KTH- ' 3D-presentation of :
< 4| Real flight data from ' IDynamic data: I | Newer models FomwL tools). ! I iso-dB contours and
2 || FDR (FightData | I Aircraft flight simulation tools | I included step by step. ! | L1 fiight trajectories !
2 Recorder) 'l (e.g. Airbus PEP, GISMO Chaimers) ; ! : 1 Automatic (kml-format) :
S [ i — - : ' | Handling of moving ground-grid
= I - Engine simulation tools 1! source incl.frequenc . eneration fromI I d .
g | (e.g. GESTPAN Chalmers, Gasturb) ~ | 1req Y | g, . I (Se(_:on ary step: |
S I or directly from [ I change dug to Doppler | I given trajectory , Time record I
e - FDR-data L shift. | T T T~ | processing in Matlab) |
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Flight operations

& Study Input

CSA

Centre for
Sustainable

...forts. 7. Det planerade simuleringsverktyget SAFT l

Olika vagar for att skapa flygbanor for given flygplanstyp:

« "Standard Procedures” fran ANP-databas (i implementering av ECAC
doc 29 1 SAFT)

PEP (Airbus Performance Engineers Program - flygsimulering)

 Egna CTH verktyg

 BADA (?) Base of Aircraft
Data — Eurocontrol ("alla flyg-
planstyper”)

 FDR- Flight Data Recorder
Verkliga inspelade data!

1

o Goo/glc earth
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Engine conditions

...forts. 7. Det planerade simuleringsverktyget SAFT l

e Collect public data of engine

« Estimates on the technology level = Bypass duct | e ]
« Data made available in engine _—
certification tests | e | } _
« Implement compiled data to model the e | el ] , , , )
engine in an engine performance tool et ot et ‘5 S e FelE e T e R
Sl S| eddal e Gl o fBle Ele Do falo a8
e CTH tool GESTPAN (GEneral ol Lo e el Slel T e e) le)T le,
Stationary and Transient Propulsion P
ANalysis) - acquire thermodynamic ‘ ]b;:;:‘;ﬁ:'f::;iii::ce ‘ | ! ‘
cycle performance data 1 rottont peed e orauebloce

 Match engine model with open data —
in design and off design pts

 Link with aircraft model

* Run aircraft + engine performance
model engine design to establish
necessary data

GESTPAN (GEneral Stationary and Transient Propulsion ANalysis)
Typical Turbofan component model schematic
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Flight mechanics

Collect weight and geometric
data of aircraft configuration

Establish the aircraft
performance in a number of
mission segments defining lift
and drag estimates as
dependent on the current
configuration of the vehicle
(clean, flaps settings, landing
gear down etc.)

Use tabulated engine data to
perform simulations generating
noise source input data

...forts. 7. Det planerade simuleringsverktyget SAFT 1

CFM56-7 DAC

MODULAR DESIGN

cfmj) -

THE POWER
OF FLIGHT

ST e
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...forts. 7. Det planerade simuleringsverktyget SAFT cSA
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Sound sources

High-pressure  High-pressure

Fan compressor turbine
Engine:
Typical semi-empiric source Fan
expression:
b Compressor
) Combustor
<p2 > I D(6.¢) F(St)
471:R*2 (l—M;x‘ C059)4 Turbine ls_g;vfipressure
[1* nondimensional acoustic power Jet Comressor Sompustion Low-pressure Nozzle
9 directivity function Nght path
F spectral shape function . T
Airframe: A

M., Mach number - A W
R*  nondimensional physical propagation Flaps \ Il

distance R (normalized by wingspan) A ‘ ’
0, d polarand azimuthal directivity angles Slats ’"""'"""'"“‘-‘f.:\l.';.c;éf.;.ea.sxance ' l

I Rudders —
St = _JL (1-M..cosH) h— —
M.a., (Boundary Layers) ‘-{;j‘:‘j‘:j-‘::

f frequency . G

a,, ambient sound speed Landlng Gear " N ij%\

L characteristic length of sound source B :
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Meteorological data
(atmosphere profiles)

Measured

Profiles recarded by balloons

..forts. 7. Det planerade simuleringsverktyget SAFT

Comparison measured and predicted atm. data

Measured

Profiles recorded by balloons

11h25
12h39
1o = ——13h3g
14h53
3 e
Hirlam prefiles —_ — —
i 7 —_—
11h25, \ 11h2s . ; i =
12has ™ 12h3g.
—— 13n38 10 \ — yahss a 20 40 80 80 100
14h53 h \ 14h53 Relative humidity [%]
I T
emp
Py
g -«
4 \ Profiles recorded by aircraft
™, 107
Py 2/ N 11h37-11:51
Y N : 13h07-13h17
i g : 8 14h25-14h32
o 20 80 60 E o 20
Temperature [ C|
EF =
Wind 5 <
I 4 Ty
=
speed =
' [
] . é
20 15 1 5 o 5
Wind speed East [mis]

Height [km]

Predicted

Hirlam profiles

T 11h25
i 12h39
——13ha3s

14h83

20 w0 60 80 100
Relative humidity [%]

Hirlam profiles

11h25
12h3g!
—13h3g
14h53

10 5 0 5
Wind speed East [mis]
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FKTHY Sound propagation

VETENSKAP
<8, OCH KONST %o

Manscett

AxX -

Examples of input data: .

Topography (static data) — _;2

X km

Effective sound velocity (dynamic data) \

-12 -8 4 a
T

T ) I T L) 1
1000 34,3
341
40,8
340.8
340.3
340, 1
3.8
3.5
3383
3390
el
6.5
8.3
FE6.0
#A

ST =M
=Ty =M

5
=
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Examples of output from ray-tracing and different field methods (PE)

5

3 X HIO—mMI

—

n L o

I X HI0O—mI

o
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... Sound propagation I ...forts. 7. Det planerade simuleringsverktyget SAFT

T
-S50PB

-55H
-60H

-70H
-75H

A 'SOURCE HEIGHT..S00 m:.... . . JEPE]
e bbb GRPEA
-es{f Y8
2 6 8 10 12 14 16 18 20 22
RANGE km
N SOURCE . HEIGHT..1000 m . . JEPE
6 8 10 12 14 16 18 20 22

RANGE km



... Sound propagation

Dash Line: TAIL Wind
Solid Line: HEAD Wind
-

80

OASPL, dB
El

60

50

70

80 %0
Flight time, s

...forts. 7. Det planerade simuleringsverktyget SAFT

Turbulence

(direct) sound
illumination

sound shadow —
weak diffuse sound illumination
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frTH: Noise mapping

VETENSKAP ié
38 OCH KONST 9%

Uanmead®

...forts. 7. Det planerade simuleringsverktyget SAFT

Example test of SAFT pre-study functionality:

Grid related to ground track
Noise map for a A320-200 (engine CFM56-5) approach

Noise source given by a "retrofit’-method based on ANP-data, i.e. source
not based on basic physics (thrust simplified to constant 5kibs)

Underestimation of EPNL-levels due to lack of approach-noise source
data in ANP-data base

o >
Balsta
{

WESERS

DB AT A
75983 50
7048 (N)TEx
65dB(A) max—%

2 o
60dB(A)max Kimsta
Lennartsnas 45dB(A)max#

Lo k‘;

5 Jallhalls %

Jarfalla” ¢
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%KTHQSEE .. Noise mapping ...forts. 7. Det planerade simuleringsverktyget SAFT
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St

dB(ASEL)|

=

[|[55 to 60][aBiASEL)
50 to 55][aBrAsEL)
[45 10 50][aBASEL)]
|40 to 45||dB(ASEL)|
[[5t0 )
[l 30 to 35][aB(ASEL)]
[l [25 to 30][aB(ASEL)
0 25]fvey)

—C00y

™~

= @
=] =1
=1 =1
=1 =}

W
2
=]
2

peaple exposed within respective hand

2000 -

/

Turnk

1000 -

S0 55 60 B5 il 75
Sound level in ASEL, bands spanning 1 dB

Exempel skillnad | bullereffekt (antal utsatta for viss ljudniva) vid
translation av flygrutt
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8. Exempel pa existerande system for
vaderberoende ljudutbredning

Prognosverktyg
artilleribuller
utvecklat av

UIf Tengzelius
och

llkka Karasalo
KTH-MWL

(Film for stor)
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https://www.kth.se/sci/centra/hallbarluftfart/invigning

CSA Workshop 3 oktober 2016

Centret inbjuder till en workshop om flygbuller den 3 oktober kl 9-13 pa
KTH Campus Valhallavagen pa KTH i OpenLab, Multihallen, Valhallavagen 79.

Program

Del 1: Presentation av tre CSA forstudier

09.10-09.40 Forbattrade modeller for flygbuller som @ven inkluderar effekten av vader o vind — Projekt SAFT-
Ulf Tengzelius, KTH : Farkost o Flyg

09.40-10.10 Minskat buller via brantare landning - Projekt BRANTARE, Bengt Moberg: Vernamack AB
10.10-10.40 Hur hanteras buller av Luftfartsystemet eller — "The Blind Men and the Matter of the Elephant” —
Projekt INFRA - Pernilla Ulfvengren, KTH : INDEK

Del 2: Inbjudna foreldsare

11.00-11.30 Algorithms in the sky: How to design an optimal airspace?- Valentin Polishchuk, Linkdping U:
Communications and Air Transport systems

11.30-12.00 Future aero engines and noise prediction- Tomas Gronstedt, CTH : Tillampad Mekanik
12.00-12.30 Why is aircraft noise more annoying than other transportation noises?- Mats E. Nilsson,
Stockholm U, Psykologiska institutionen, Gosta Ekmans Laboratorium

12.30-12.55 Sustainable knowledge production: The relation between quality, internationalisation and travel-
Nina Wormbs, KTH: Avd. for historiska studier

12.55-13.00 Kort summering och avslutning

13.00-15.00 Lunch med Mingel i Dome of visions

Anmalan till work shopen sker till Karl Bolin, kbolin@kth.se, ange "CSA Work Shop" i meddelandet.



