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The Commercial Aerospace Industry

» Efficient, reliable and safe air transport is vital to global economic growth

* This leads to growing demand for global connectivity

www.flightradar24.com
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Planning for Growth

—— * Many requirements to support continued growth of
—— aviation, for example:

* Partnerships
e Improved access to airports

* Innovative solutions to baggage and security processes, cargo handling,
and other activities

 Air traffic management reform to cut delays, costs

* Accounting for growing effects of environmental impacts due to
aviation

* New technologies are creating new possibilities in flight
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ASL Challenges in "Green™ Aviation

* Aircraft Fuel Efficiency

e Aircraft Emissions

e Aircraft Noise
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Aircraft noise comes from many sources
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B737NG Noise Recordings [SEL] at South Far
Monitor, Aug. 2019
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Significant variations in measured noise observable for similar aircraft
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ASL Requires System Approach

* Analysis of community noise

due to aircraft on approach Flight Procedure
and departure requires

requires an integrated system
consisting of the aircraft and
flight procedure

— Flight procedures describe of how
the aircraft will fly

— The aircraft flies that procedure, its
performance determines the 3-D
flight profile

— Aircraft source noise is dependent
on the aircraft and the flight profile

Aircraft
Performance

3-D Flight Profile
* Altitude & Position (time)
* Velocity (time)

* Thrust (time)

* Configuration (time)

Aircraft Source
Noise

Full Flight Procedure Community Noise Analysis
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Framework for Analyzing Aircratft Community Noise
Impacts of Advanced Operational Procedures

Flight Procedure Definition

!

Flight Performance

e ™
Aircraft
Aircraft Definition — Paerformance
Module
\ J

Flight Profile
Generation Module

Flight Profile

=

Internal Engine Performance

Population Distribution
Airport Geometry —>

Aircraft Noise Module

Single Event Overflight Noise

Fleet Schedule

Noise Impact Metric
Calculation Module

!

Community Noise Impact Assessment

Altitude

Velocity &

-+ Configuration

Thrust



UC| Aircraft Noise Modeling Methods

ASL

Noise-Power-Distance Models Noise Source Component Models
* Noise interpolated from data tables * Models describe functional relationships

* Useful for simulating many approach and between noise components & aircraft

departure events and lateral procedure * Enable analysis of detailed flight
adjustments procedures, inputs extensive
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Distance from Source

Data Mining Derived Models

* Models associating surveillance

data, weather, and airport noise
recordings

* Depends on availability of data
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Example Advanced Operational Approach and Departure
Procedures Examined with Framework

* Approach procedures:
* Continuous Descent Approach
» Steeper Approach
* Delayed Deceleration Approach

* Departure procedures:

* Departure Thrust Cutback

* Noise Abatement Departure
Procedure 1 & 2

* Lateral Adjustments
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Example: Steeper Approach Concept,
Adjustment to Thrust and Altitude

Altitude (ft) High thrust
High engine noise

High thrust

High engine noise N _/

yd

Ground track distance (NM)

Example: Thrust Cutback on Departure Concept,
Adjustment to Thrust and Altitude
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Example Advanced Operational Approach and Departure
Procedures Examined with Framework

* Approach procedures:
* Continuous Descent Approach
» Steeper Approach
* Delayed Deceleration Approach

* Departure procedures:

e Departure Thrust Cutback

* Noise Abatement Departure
Procedure 1 & 2

* Lateral Adjustments

.

—
—~—
-
—
-~
-~
—~—
=
-~

>3° glide slope

~§~
-

Example: Steeper Approach Concept,
Adjustment to Thrust and Altitude

Altitude (ft) High thrust
High engine noise

High thrust

High engine noise N _/

yd

Ground track distance (NM)

Example: Thrust Cutback on Departure Concept,
Adjustment to Thrust and Altitude



The Delayed Deceleration Approach
Concept



Xg Delayed Deceleration Approaches (DDAs)

Conventional Approach vs. DDA

* Initial flap speed velocity held as long 4
as pOSSible during approach to |ower i spee N => LowFonms o Sample flap 1
drag and thrust requirements

* Shown to yield fuel burn reductions

Sample flap 2

 poadsay

|
1
|
 Final approach
e
|
|
|
|

* Need source noise modeling to
determine overall noise impact:

Distance to touchdown

European A320 Flight Data Recorder AnaIyS|s (S|m|Iar for B757 & B777)

 Lower thrust levels reduce engine onguaes 0
noise 5 B TR

+ Delaying flap/slat deployment oo
reduces flap/slat noise : 2.

* Higher velocities increase airframe N WO W T W ;

Distance to touchdown (nm) 40 2i5 210 1i5 1i0 . 6

Distance to touchdown (nm)

noise

From 5 to 95 % of the flights

- From 25 to 75 % of the flights
3 flights with lowest fuel burn
3 flights with highest fuel burn

Power (%N1)
2

'""';:';d"""-'QS”"'léd"""-15 B
Distance to touchdown (nm)




UCI Flight Profile Generation
ASL Radar-Based Approach and DDA Examples, B737-800

ASDE-X Radar Altitude and Velocity Data of Boeing Modeled Profiles for a Boeing 737-800
737-800s into RWY 4R at BOS in 2017 — :
10000 6000
Initial Descent Segment >
5 4000
8000 =
S =
7000 g 2000
| ILS Glide slope
g 6000 Intercept
§ 5000 Final Approach Segment 0 : =
= Observed 250 —— A
< 4000 Stabilization = flaps 1
. E Point >_ 6 flaps 5
s Minimum Height for 8 _E 200 } flaps 5 B ﬂa;:slo
2000 | Stabilized Approach b S flaps 10 |ap"s 15 A
o Radar Departure Tracks Criteria (1,000 ft) = 8 flaps 15 ec it
1000 F Mean Altitude Profile &, < 'g 8 flaps 25
£150 | —==Delayed Deceleration
0 A | | \ . = ;
-30 -25 -20 15 -10 5 0 -—=Standard Deceleration PR
Ground Track Distance (nmi)
-30 -25 -20 -15 -10 -5 0
300 ) v ) y r Ground-Track Distance (nmi)
Deceleration Segments Constant
Velocity and
Configuration,
250 : After 80
Stabilization

= E e60f
é’z”ZOO g‘g

3 s £40]
-‘5:150 ®

____Groundspeed Profiles
100 Converted to Indicated Airspeed
Sample Delayed Deceleration Profile
= Mean Velocity Profile
“~ Sample Early Deceleration Profile
O Assumed location of flap/slat deployment based on velocity
1 L i L

-30 -25 -20 -15 -10 -5 0
Ground-Track Distance (nmi)

50 -
-30 -25 -20 -15 -10 5 0
Ground Track Distance (nmi)

* Flap, slat deployment assumed to occur at 10 knots below max safety speeds for each configuration
* Must decelerate early enough to assure stable approach criteria



UCH
ASL

Noise Benefit of Delayed Deceleration Approaches
Overall Noise Reduced by Delaying Flap/Slat Deployment

La max Under the Flight Track for Boeing 737-800s

Standard Deceleration

100 i !
—All
——Engine Total flapls 30
90+ Fan flaps 251
——Core Vo
— Jet flaps 15
—~ 801 Airframe Total f53n¢ 105 !
Q —Slat f o o
= — Flaps o oy
é 70+ Gear flaps5 1 !
b= ——Clean Airframe ¢ ' |
i flaps 1
60 ' -
50 \ H
40 . : ]
-30 -25 -20 -15 -10 -5 0

Distance to Touchdown (nmi)

LAMAX (dB)

Delayed Deceleration

100
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701

60 |

50 ¢

—AII ‘ ‘ ‘ flaps éO
—— Engine Total i
Fan flaps ‘251

— Core flaps 15! |
— Jet .
Airframe Total flaps 19 P
——Slat flaps 5
—Flaps flaps 1;
Gear i

——Clean Airframe

40
-30

Noise Impact Comparisons

-25 -20 -15 -10 -5 0
Distance to Touchdown (nmi)

L Flaps 1 vs No Flaps Flaps 5 vs
8 | No Flaps
N @ / A
> = approach
& X6
_ <
v = .
o < Continued
| g 4+ configuration Procedures i
= deployment the same
-e g between
S B /—);\ stabilization slats
© O 2 L . |
c 3 point and
'S g touchdown
n =~ /
O L
-30 -25 -20 -15 -10 5 0

Distance to Touchdown (nmi)

* Modeled with component
based noise modeling

* Reduce noise by delaying
deceleration and thus
extension of flaps and



UCI Example Noise Benefit:
ASL DDA vs Standard Approach for Boeing 737-800

6000 - ] LAMAX Delta at 60 dB Contour
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Target of Opportunity: Flight Demonstration

ASL DDA Added to Planned 3.77° Steeper Approach Demonstration

ATLANTIC CITY, NEW JERSEY AL-669 (FAA) 19115
Rwy ldg 10000
At S RNAV (RNP) Z RWY 31
308° | poiEle 75 ATLANTIC CITY INTL (ACY)
WV GPSRequired. Procedure NA at night i %
asg  For uncompensated Baro-VINAV systems, procedure MISSED APPROACH: co"'“b o 2000 on track 308
NA below -13°C (8°F) or above 54°C (130°F). to WEREK on track 259° to KOVEC and hold
ATIS ATLANTIC CITY APP CON | ATLANTIC CITY TOWER GND CON CINC DEL
125.725 316.15| 124.6 327.125 120.3 239.0 121.9 284.6 127.85 353.775
PANZE,
R-5002C R-5002A \,\Z\i (RNPO,
MISSED APCH FIX A
R-50028 1035
,é?é &
(A
/ ~
A569 Pr re NA for arrivals
ot PANZE via
OWEREK A294 229 northeast bound.
gt oY .
= [+ N /)‘??‘9’4,.,
m ) e,
» A28
£ o
< 212 o
*
z A
S
8 3.77° final
g descent
8
c 3
Z Deceleration from 230 / /
8 knots to Flaps 20 Speed .é?é\ L.arge radius tL.Jrn Fo e
. »?Q minimize G load in higher __|
(1AF) than normal speed turn —]
. S5~ 7 JENGA
Procedure NA for arrivals SEA ISLE quo\\ 270K
on SIE VORTAC airway SE ‘Lg o8
radials 333 CW 131, (RNP 0.50)
2000 WEREK KOVEC 140 124%
tr Ir Procedu 3
1 308° (:, 259° (“) sl & 2 ®
NA
VGSI and RNAV glidepath not coincident STEVV
(VGSI Angle 3.00/TCH 69).
PRSTY , —1 2000
1700// 30%
\ Rwal <
GP 3.00°
/ 1700 TCH 52
4.9 NM 6.1 NM
CATEGORY A B C | D
RNP 0.30 DA 408/60 345 (400-1') TOZ/CLRwy 13
HIRL Rwys 4-22 and 13-31
AUTHORIZATION REQUIRED REIL Ry 31

ATLANTIC CITY, NEW JERSEY
Orig-8 27JUN13

39°27'N-74°35'W

ATLANTIC CITY INTL (ACY)

RNAV (RNP) Z RWY 31

NE-2, 02 JAN 2020 to 30 JAN 2020

= ecoDemonstt‘ator

240 knots

Large radius turn to
minimize G load in higher
than normal speed turn

PRSTY
Flaps Flaps Flaps 20, E :
1 5 GearDown 3.77° final
y_ .Y L descent
{ ~~

Deceleration from 230
knots to Flaps 20 Speed*

*Length of deceleration segment dependent on aircraft weight, wind, and weather conditions
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Flight Demonstration

Modeled Result

Flight Altitude and Velocity Radar Data*

Continuous

Indicated
Airspeed (knots)

100

80

% Maximum
Thrust

-25 -20

2,000 ft Level Off

3.77°

X Gear Down

-15 -10
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Modeled Thrus
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-20 -15 -10
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t

—t—d e ]

-5

0
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{30 Bass River ' OV
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Eggé—fta;;uo[ Port Republic 70
ITE;::R;) Galloway
(10]
tell Manor
Equf.)w[]asr'?iEr Pleasantville ¥ \ o
Atlantic Ci
Somers Point
bin City
Ocean City
o ACY RWY 31
Modeled Noise of [ 6o
69 nmi Demo Test Result

Sea lsle Qitv

*Altitude, Track, and Velocity Radar Data Obtainable from Flight Aware
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Flight Demonstration Modeled Result

* Baseline flight procedures into Seattle airports for comparison to demo test

modeled results

* Baseline: Early deceleration & flap deflection, standard glideslope:

Flight Altitude and Velocity Radar Data
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%4000 Level Off i
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= 2000 1
0 . : .
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<
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S

Deflection flaps 20
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X Gear Down
-30 -25 -20 -15 -10 -5 0
Ground-Track Distance (nmi)
Modeled Thrust
100
80
60 -

% Maximum
Thrust

0 J
-30 -25 -20 -15 -10 -5 0
Ground-Track Distance (nmi)

LAMAX (dB)
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Warm Beact ©)
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B Road-Canyon
nbank ol Creek :
m e Granite Falls penat
Beverly Beach
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\i/ Lake Stever
Freeland - whighey R e
Island” QR Vest Lake
= QRS ievens M
Clinton 65
Mu @ Three Lakes
; ®
nsvil Snohomish
Woods Creek o
it @) Mill Creek . - Monie = Sultan l\:/}[
Paine Field Airport  §
Lynnwood N — .
@Modeled Noise of

. Mountlake
6.9 nmi Terrace

Baseline

Rt
Shoreline Bothell

*Altitude, Track, and Velocity Radar Data Obtainable from Flight Aware



Future Work



UC] Data Modeling Approaches

ASL

» Goal to utilize empirical
noise data to develop
data-based validation
of existing noise
models and noise
mitigation potential of
advanced operational
flight procedures

* Depends on data
availability

¢ )
Rwy 22
RNAV Path

Remaining

28 "\.,22; 23 Seattle Noise
A % Monitors
J

Example Noise Monitor Networks at BOS (RNAV 22L) and SEA (SEA ILS 16L/16C/16R)

Observed Data

\

Modeled Parameters

\

Noise Data

Aircraft Data

Environmental Data

Aircraft Performance

SEL at Monitor Locations

Aircraft Type

Relative Humidity

Takeoff Weight

Aircraft Operator

Northward Wind

Aircraft Configuration

Altitude Eastward Wind Takeoff Thrust
Lateral Position Temperature
Groundspeed

Flight Path Angle




UCI Integrated Advanced Air Mobility (AAM)
ASL Operations/Noise Analysis

* Various AAM configurations
proposed in industry

* Noise assumed to be a critical
aspect of these new AAM
configurations

 Community noise impact will be
a function of configuration and
how vehicles are operated

Source: SMG Consulting

e Desirable to update noise
modeling tools to enable
analysis of AAM vehicles and
operations
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ACL Conclusion

* Framework developed to model community noise contours propagated
over various types of approach and departure procedures and for
different types of commercial aircraft using different noise modeling
approaches

* From these results, more types of procedures could be analyzed to
minimize community noise exposure over modified departures and
arrivals with new emerging vehicle technologies, and availability of data
can help to improve modeling methods



