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AVIATION SUSTAINABILITY CENTER
Motivation Of AED I

« AEDT is the heart of the FAA/AEE’s environmental

too_l suites for assessing fleet wide fuel burn, .
emissions, and noise impacts ﬂEDT Development Strategﬁ Reduced Takeoff Thrust Increased Takeoff Weight

« As AEDT sets the global standard for environmental
impact analysis, it is under continuous improvements Agile Development Depa rtu re PI‘OCECI ures Depa rtu re PI‘OCECI ures
to implement the best modeling methods and data T By Capability Enhancements in AEDT Capability Enhancements in AEDT
« FAA is interested in quantifying uncertainties in AEDT | |
output due to uncertainties in input parameters >print 2 PPNt « Airlines use reduced takeoff thrust when possible to save engine « AEDT estimates aircraft weight via stage lengths and assumes a
- - maintenance cost 65% load factor
Objectives _ . Y i  Reduced thrust departure procedures are implemented in AEDT 3a - Airline data analysis results from ASCENT Project 35 indicated that
‘ !Derform V&V for new met_hods and functionalities . New AEDT Functionalities to model the real world procedures more accurately these factors led to underestimating the weight consistently across
implemented to AEDT sprint releases — BADAY Features + User can choose between 5%, 10% or 15% thrust reduction level stage lengths
- Identify and quantify major contributors to output . BADA4 implementation of procedural  Reduced climb thrust Is alse Implemented which depend on takeoff thrust + The alternative (increased) weight departure procedures are
Ly mmm departures and arrivals . implemented in AEDT to better model the takeoff weight
uncertainties - Encryption of BADA 4 data » Reduced take off and climb thrust lead to p New weights are average of current and next stage |engthg
. Identify gaps in the tools functionality and areas for Sep 2017  AEDT 2d Release - BADA4 with reduced thrust and alternative « longer ground roll, shallower climb, and increased cumulative track length . The highest SL weight does not exceed MTOW
Dec 2017 AEDT 2d SP1 Release weight departure procedures » Increased fuel burn, decreased NOx . . ,
further development * BADA4 implementation for sensor-path - Decreased noise contour width and areas for all stage lengths and dB levels Th.e ?Itematéve (;ncreaSEd) dvlvelgtlp]t departure procedures lead to
Project Status Mar 2018 AEDT 2e Release E. Climb thUStl taPe;: , . Increased or decrease contour length depending on dB levels . 122;2222 y ?L?QI gﬂ:na;ena dal\rl]Oxeng
_ Sep 2018  AEDT 3a Release ~ EMISSIONS AANa1ySls Tediles
Phase Il August 2015 _— January 20 16 Enhanced nVPM methOdS for CAEP nVPM Red d B737-800 AEDT WTS VS AVERAGE ROUTE WEIGHTS h
- - - - Standard eauee Full Thrust vs Reduced Thrust 180.0 Boeing 737Max8, Stage Length 4
Parametric Uncertainty Quantification of AEDT 2b , Rfadﬁ;y network designer in AEDT GUI . -
Phase II: April 2016 — March 2017 - Emission concentration display for non- oo }:J 3 " _—
I losi t N : 3y .; 8 .
V&V and Parametric UQ of AEDT 2c _ Noise Analysis Features g [ Pl Thu R S
Phase I1I: April 2017 — Auqgust 2018 . gyll?(amic grid fcf)r non-tt:I_B metrics = 000 Rediced : oty 5€, ..¢.:. et £ 6ooo
NT P » Bulk creation of operations £ w00 Thrust : . &3S g.v...._ﬁ. .o .
Finalized AEDT 2b UQ Report for publication . Detailed noise results report = ‘;&’Eg: IR I
V&V Of AEDT 2d and Ze — Other FeatL_lres 2000 W vedy °23 . . ~—— STANDARD
Phase IV: September 2018 — August 2019 S M e || = R e || o e
Parametrlc Uncertalnty Quantlflcathn Of AEDT 3a Full Thrust ’ (.mm“a;e Ground Tl_;(:k Distance [n::i] 1200 , o oo oo oo oo oo o Cumulative Ground Track Distance (ft)
V&V of AEDT 3a and 3b

BADA4 Vs. ANP Idle Descent Non-closing Contours

 To test the BADA4 model in AEDT 3a, a study was created to compare BADA4 and » For arrival operation, ANP and BADA4 e PSS SKATLA AL T Capability Enhancements in AEDT
. . I I = = = 7000 - QESAA- . 1 ——— 70 @ANP e
ANP with respe.ct 0 perfor_mance, fL.IeI burn, SmIsSIons and_ noISE r_esults_ differ mostly in idle descent segment ) R (cf:::: S i - In old AEDT versions, if a contour is not fully covered by -
 The study consists of 41 aircraft which are major commercial, business jet, and . . . | IRE RS - - .
e o due to different equations/coefficients el — » a receptor set, it cannot be generated
general aviation aircraft and have BADA4 model used in thrust calculations % o, dle Descent Region 2L  In AEDT Zd, the feature of non-CIOSing contour was
» Fuel 85:524?5”&5 el burn o by 12,69 i due to th ol o ) implemented which allows open noise contour to be
. eparture ruel burn Is greater by 12.6% on average whnicn IS due to the e BADA4 model a ways take into < 000 ol ' | " " enerated and displaved
implementation of the 250 knot limit using 10,000 ft MSL instead of 10,000 ft AFE o 0 IS [~ ——BADM 4 . 'gl'h fribut : P . y . d ion |
« BADA4 arrival fuel burn is 7.6% less on average deceleration in the descent Segment 1000, ; " " - ol |2 o .f"l T ] h €a 'frlhu €so nOI_Se/IemIiISIOnS IspferSIOH ayefr Can_
- BADA4 h r performance model which results in mor rate fuel burn resul : Cumulative track distance (nmi) : show If the contour IS closed or open for a specific noise
_ | as better performance mode ch results ore accurate fuel burn results while ANP does not, thus BADA 4 2 | | | | _ ovel P P
* Noise Resu_ tS _ _ _ _ _ _ A340-642 Emission Results (ANP vs BADA4) ’ ’ xDistance () @ _
« For majority of the aircraft studies, the difference in noise results are relatively small generates more accurate results 10000 s0ss 9082 » The feature was tested and working properly
 Bigger noise differences are observed at high altitude airport and on hot day : : : o - e
« Through extensive studies, the impact R T |
ANP vs BADA4 Emission Comparison by Airport (%) £000 .
‘ e~ of idle descent segment was found to so
3 o === o 22 4000 . .
1 = = T e be relatively small for overall emission - _ Summa r_y and Next StepS .
= = == 4 noi | 4000 ﬁ « GT team has been working very closely with the AEDT development team to conduct independent
e S e e and noise results ey e = | R VAV of the current and future AEDT versions
2 — : NOx Diff. (%) = -1. FB Diff. (%) =-0.99  CO Diff. (%) = -0.18 . afay = .
B - » Tested and verified that the AEDT’s new capabilities are working properly:
£ v' BADA4 Features:
£ : — : BE o BADA4 implementation of procedural departures and arrivals
e e e o e e e e ————— o —————r— o BADA4 with reduced thrust departure profiles
: =" e ; M S L Ba Sed De pa rtu e P roced Uures o Idle decent between ANP and BADA4
T —— Hedi o o BADA4 implementation for sensor-path, and thrust taper
0 - in B . 8 ¥ Emissions Analysis Features:
£ o | = - o - Distance vs. Altitude o Enhanced full flight nvPM methods for CAEP nvPM standard

Altitude AFE (ft)

performance, fuel burn, emissions and noise results « GT has identified some bugs which need fixing—> Most of them have already been

o = | - - == — 10000 1 — anp o Roadway Network Designer in AEDT GUI
. | | Capability Enhancements in AEDT 3000 | T— —r v" Noise AnaIy_S|s I_:eatures: _
KATL KDEN B e T8 KDEN KIAH o Dynamic grid for non-dB metrics
. Tn AEDT 3a. the 250 knot CAS at 10.000 ft above MSL —— S ﬁ Detailed noise report, and Noise grid import and merging
—. ! : ! Other Features:
Th rust Ta per rule is implemented in BADA4, and ANP uses 250 knot - > Bulk creation of operations
CAS at 10,000 ft AFE ' o Vector track and track dispersion modeling
Capability Enhancements in AEDT  This implementation results in differences in the 2000 o Non-closing contours for noise and emissions analysis
) 10 20 Bb 4b Sb

_ o between ANP and BADA4 for operations at airport with ] addressed by the development team!

» To avoid an unrea||§t|c jump from the high altitude | | C”m‘i'\j‘tt;:j;:;idztagég‘""“’ « Documented the findings on TFS for the developers and AEDT UQ reports, and in a conference paper

reduced power setting to the full power for - For example, at Denver airport (altitude: 5,434 ft) the — — . The AEDT 2B UQ report has been updated and is published

BADA4 model, thrust taper was implemented |5 | aperi o 1l power ANP and BADA4 trajectories and speed plots are very a0 | — BADAY « Primary next steps on AEDT 3 tests:
 This feature would allow the engine to glm —— different _ _ «  Continue to support BADA4 implementations for altitude/speed controls

gradually change the thrust from the reduced £ / « BADA4 has much longer trajectories before reach 7 300 - Continue the modeling of improved takeoff weight, reduced thrust, and departure procedures

h : he full climb : Reducad thiust, withrand ::Eiiiwiiﬁﬂaper 10:000 ft AFE; and prOdUCGS more fuel f Perform independent testing and uncertainty analysis for any newly released features and functionality

thrust setting to the full climb setting LT o s 5 « BADA4 follows the 250kt/10ft FAR rule, and its results & _ _ _ _
- The lower taper is fixed at 10,000 ft, and - som A T T 2 are closer to the real aircraft operation and more . Lead investigator: Dr. Dongwook (Don) Lim, Dr. Yongchang Li

upper taper Iimit is adeStabIe 05000 6000 7000 8000 9000 10.000 11000 12000 13000 14000 15000 16000 accu rate than ANP ale 1 Y () u aya fa R I fa avrale R 1 Y | ANaaYa S Ialala ) ara2la [ - B
« This feature is working properly 01 | | | | |
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