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R-WAKE

WAKE VORTEX SIMUDANTAND ANALYSIS NMHENCE EROUTE
SEPARATION MANAGENWEN EUROPE

ThisREPORIE part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement N0699247 dzy RSNJ 9 dzNB LISIY ! yAz2yQa | 2NARI 2y
programme.

Abstract

This reportpresentsthe deliverableD5.1 éSimulations Results Databasend Separation Concept
Development of the RWAKEproject

This D5.X¥eport hastwo main pats. The £' part describes the meaning and purpose of the database
generated using the R/AKE System simulations tools and used in theBA&bunters Hazard Study.
This part of report together with the associated package of database files that contain the
simulation resultsconstitutesthe third expectedtangible outcomeof the project (O3): 4 5 G 61 & §
simulation results that will provide enough evidence to propose new Separatients for further
wal | OUABAGASEE

The 29 part of the report provideghe discussion and elaboration osat ofproposas for Separation
Scheme improvementin EnrRoute operationspased on thebody of evidenceavailablein the
generatedsimulation data That is the RWAKE Concept Development. This papresents the
central subject for the Safety and Robustness Anafysiecttasks 5.2reported in deliverable D5.2.
D5.1part2 togetherwith D5.2constitutesthe fourth expected tangible outcomef the project (O4):

G 9 @A P&sydOpoposal for either maintaining current Separation Standards or adopting new
2ySa¢o

The RWAKE project addresses the SESAR 2020 Exploratory Researgiiogaaknme topic ER7-
2015 - Separation Management and Separation r&tards within the area of Advanced Air Traffic
Services (ATS). TheWRAKE project overall objective is to investigate the risks and hazards of
potential wake vortex encounters in the @aute airspace, in order to assess potential
enhancements for the Sepation Standards and Separation Management methods in Europe.

4 © ¢ 2016 ¢ RWAKE Consortium
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1 Introduction

1.1 Backgroundand objectives

Figurel-1 highlightsin yellowthe positionof this deliverable D5.in the oveall project work logic.

The deliverable D5.1 is the output ©&sk 5.1Scenario Simulationsvhich consisted inusingthe R

WAKE System (described in D4.2) to generate quantitative and qualitative evidence in support of the
Safety and Robustness Analysis (Task 8&liverable D5.2 and the Results Assessment (Task/5.3
deliverable D5.3

WP2:CONCEPT DEFINITION

D2.1 SYSTEBPECIFICATION REPORT

1) BACKGROUND REVIEW

i WVE in Airport/TMA OPS : RECAT (P6.8.1 /-®1)02
U WVE irEnRoute OPS

U SafetyAssessment method$16.6.61 SRMESARR4

2) CONCEPDESCRIPTION & RESEARRFPROACH
U0 RWAKE Target Concept (letlegm / shortterm)

il STERA.: MICRO studySeverity baseline

U STER: MACRGtudy : Frequencgnd Mitigation

WP5: SIMULATION &ANALYSIS

D5.3 RESULTS ASSESSMENT REPORT

U Knowledge and Concept Claims with CBA
U ATMFeasibility &Fitness, VALR&Iroadmap

D5.2 SAFETY & ROBUSTNESS ANALYSIS REP(C

U Micro-SRASEVERITBASELINE (with Experts)
U0 Macro-SRARISKFREQUENCY + MITIGATION Analysi

S

D5.1 SIMULATION DATABASE (PUBLIC)
U Simulation Results database
U Concept Development (separation schemes proposals

. =

D4.3 SYSTEM VALIDATIREPORT
U SystemConfidence Level (Models validity)

3) SYSTEM SPECIFICATFASITIMESIMULATOR)
U Architecture, Models, Uncertainty Treatment
U Integration and Interfaces

~

D2.2 SYSTEM VALIDATIPIDMAN REPORT
Reference Methodologgnd Scenarios for System Calibration : . I

. : Assessment of error of simulation output VERSUS a Calibration
E‘ Micro SYS/AL PLAN Reference (with uncertainty treatment).

U Macro SYS/AL PLAN i Generated data appropriatenesscompleteness to

D2.3 SCENARI@EFINITION REPORT perform Safety and Robustness Analysis and CBA.

e _ U SystemUsability and Productivity Level time and
Methodologyand Definition of Scenarios for Concéesearch: persons need to perform each type of scenario.
U Micro-study-Scenarios

U Macro-study-Scenarios

-

D3.1 SYSTEM DESIGN REPORT

D4.2 SYSTEM RELEA&8EMO + REPORT)

U Integrated Simulator Framework Micro & Macro

U SRA Method with Risk Assessment Models

U Concept Definition UpdatéStandard Dev Method &

Step forward in D2.x: aspects:
U Research Approach,
0 System Specification,
0 (WIAM design prototype development)
U Validation approach

WP3: SYSTEMESIGN

Study Scenarios)

D4.1 SYSTEM RELEA$$EMO + REPORT)

U Micro System (WIAM)
0 Micro-SRA lteration 1 (EP1 & SM)
U (Macro) Integrated Simulator Integration (Partial)

WP4: SYSTEM DEVELOPMEN]

Figure 1 Context of Deliverable D5.ih the Project Work logic
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Task 5.1 consisted four main subtasks reported in this deliverabte

i) Design of experiments that is planning the simulations in terms of the study
parameterscombindions for eachresearchstepsproposed in themethodology This
design wasa key knowledgelriven task oriented to produce the most valuable
simulation set, while keeping the combinatoria{number of simulationsynanageable
under the project scope

ii) Simulations execution realization of the differenexperiments with the appropriate
configuration and use of the simulations tool;

iii) Analysisof the resulting simulation dataand preparation of thedata and charts inra
appropriate format usable agput for the Task 5.Bafety and Robustness Analyaisl
5.3Results Assessment

iv) RWAKE Concept Development proposdhat is, the elaboration of a Separation
Schemes improvemeistproposal on the basis of the previous outputpresentedas
main subject of work iTask 5.2 and Task 5.3.

Achievements to project Objectives:

The RWAKE project has set gpecificproject objectives, each one linked tan expected tangible
outcome assummarised irFigurel-2. DdiverableD5.1 whichincludesthis report and a package of
database fileshat contain the simulation resultgonstitutes the third (O3)tangible outcomeof the
project The chapterabou the Concept Developmenincludedin this reportalso constitutes an
important part of the fourth outcome(O4), i.e., the new separation schemianprovemens
proposed,together with the safety andresults assessment provided 5.2 and D5.3 deliverable
reports.

The 5 tangible Project Expected Outcomes

(formulation following WP2/MS2 Review with SJU D2.1 assessment) Key contributing task y

V1 inWP4prototype (D4.1)
V2 inWP5s Micro-S&A.

WVE hazar&everity Baselinend
Tolerability Matrix; ©

.

WP4 Integrated Simulator

% + WP5 use represents a validatio
(]

Simulator for testingdifferent
SeparationSchemes;

s

exercise of the full framework.

-
o

T5.1:Simulations execution
implementing the DoE and
Study Scenarios

Database of Simulation Resultkat will provide
enough evidences to propose new Separation
Schemes fofuture further R&I activities;

&R

Evidencebased proposafor either & T5.2 Safety & Robustness
maintaining current Separatiorschemes o, Analysis
or adopting new ones; L ) ihh

Assessment of the feasibility and impaof
the concept on ATM with an initial Validation
Strategy and outline Implementation Plan.

353888

A‘J_’A T5.3ResultsAssessement

R

Figure 1:2. The five tangible outcomes of the RWVAKE project

8 © ¢ 2016 ¢ RWAKE Consortium
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1.2 Scope andstructure

Chapter 1(this one)introducesthe deliverable in the project context

Chapter 2presentsan overview ofthe system andresearchapproachappliedto analyse the risk of
wake vortex encounter (WVE) in-oute, and to propose new separation scheme improvements.

The core contens of this reportfollow structured in two main parts:

I Partl (chapter 3 presentsthe detaileddescription of the simulationdatabase including
the database structure description, and the first level of data analfmiseach of the
research steps as summarised in chapter Phis part represents the basis fthe WVE
Hazard Studyhat supports the following Pai2.

I Part2 (chapter 4 provides the description of th&€€oncept Developmeniperformed, in
terms of anew Separation Scheme Improvement Propostigether with an illustrative set
of applicatiororiented use casesf the concept This part represents the basis for the
targeted RWAKE @ncept Safety and Robustness Analyiigher elaborated in deliverable
D5.2, andit alsorepresentsan important input forthe overall concept results assessment
and cost benefit analysigportedin deliverable D5.3.

1.3 Intended Readership

The report addresses several aspects of the project, invotwiagnain reader profiles.

I ATM expert involved in concept definition, research approach, study scenarios, results
assessment;

I Simulation expert invohed in development and operation of the simulation models and the
integrated simulator;

The sections of main interest for each profie:

1 For theWV Simulation expertPart! (chapter 3)
1 For theATM expertPart Il (chapter 4);

1.4 Glossary of Terms and Aamgms in use

This sectiommecalls the main terms and acronyms in use in the document. More extended glossary in
use in the project are in baseline reports (D2.1, D3.1). In general, the use of terminology in the
project tries to be consistent with the SESARtegrated Dictionary available at:
http://www.eurocontrol.int/lexicon/lexicon/en/index.php/SESAR

1.4.1 Acronyms table

\ Acronym | Description Group
' CIR Conditional Individual Risk Safety
' DPWS Dynamic Pair Wise Separation ATM
' DRM Dynamic Risk Model Safety
\ EN Enabler (European ATM Master Plan data element) ATM

Founding Members © ¢ 2016 ¢ RWAKE Consortiu 9
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EOCVM
EP
ESARR
ESARR2
ESARR4
EVAIR
FIR

FL

FLAS
HMI
MTF
MWS
OIS

PSC
PWS
RQ
RSM
RVSM
RwC
SAC
SAM
SAME
SAR
SCN
SDF
SER
SM
SMI
SMR
SMUP
SO
SR
SR
SRA
SRM
STEP
TC
TLS
™
TRS
TTP
uscC
VTC
WEPS

European Operational Concept Validation Methodology

Expert Panel
EuropearSafety Regulatory Requirements

Reporting and Assessment of Safety Occurrences in ATM

Risk Assessment and Mitigation in ATM
Eurocontrol Voluntary ATM Incident Reporting
Flight Information Region

Flight Levels

Flight Level Allocation Scheme

Human Machine Interface

Maximum Tolerable Frequency

Minimum Wake Separation

Operational Improvement Step (European ATM Master |

dataelement)

Project Safety Case

Pair Wise Separation

Research Question

Radar Separation Minima

Reduced Vertical Separation Minima
Reasonable Worst Case

Safety Criteria

Safety Assessment Methodology (Eurocontrol’s)
SAM Easy (Eurocontrol’s)
Segregated Airspace Risk

Scenario

Scenario Configuration Definition File
System ECA®Ide Risk

Severity Matrix

Separation Minima Infringement
Separation Minima Reduction
Severity Matrix with Upset Parameters
Safety Objective

Structured Routing

System Release

Safety and Robustness Analysis

Safety Reference Material (from SESAR’s P16.1.6)

Research Step

Test case

Target Level of Safety
Tolerability Matrix

Traffic simulator

Traffic Planner & Simulation
Unit Safety Case

System Validation Test Case

Wake Encounter Prediction & Severity (part of TRS)

© ¢ 2016 ¢ RWAKE Consortium
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ATM
Research Method
Safety
Safety
Safety
Safety
ATM
ATM
ATM
Simulator
Safety
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Safety

ATM

Research Method
ATM

ATM

Safety

Safety

Safety

Safety

Safety

Research Method
Simulator

Safety

Safety

ATM

ATM

Safety

Safety

ATM

Simulator

Safety

Safety

Research Method
Research Method
Safety

Safety

Simulator
Simulator

Safety

Simulator
Simulator
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\ WERF Wake Encounter Region Findgart of TRS) Simulator
. WIAM Wake vortex encounter Interaction Aircraft Model Simulator
' WVE Wake Vortex Encounter Simulator
. WVS Wake Vortex simulator Simulator
. WXS Weather simulator Simulator

TableX1Table of acronyms in use

Founding Members © ¢ 2016 ¢ RWAKE Consortiu 11
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2 Overview

This chapters an executive summarhat outlinesthe followingmainaspects of theroject:

a) The highlevelresearch questionf the project

b) TheRWAKE Systentevelopedas research enabler

c) The research approachin terms of researchsteps to build and structurethe claims
supportingevidences,

d) The design ofexperiments(DoE) that is, the plan osimulatiors and use of thesystemto
generate theresearchdatabase taking into accounthe resarchsteps requirements;

e) Thedescription of thesimulationdatabasestructuredelivered together with this document
publicly available. Detail database contents description is provided in chaipter

2.1 High-level research question of thproject

Due to the improvements in the navigation and surveillance systems the current separation
standardsused to separatair traffic in enroute operdions, i.e, 5 NM in the horizontal plane and
1000 ft in the verticalcould be overconservativein some casesrlheidentification of those cases
and the consequenteduction of separation minima could lead to significant increments in the
airspace capatyi while the safety levelsvould be as highas today with the old navigation and
surveillance systems

On the other hand, de to the densertraffic levelsin Europe ando the presenceof bigger aircraft
shaing the sky with smaller aircraft the risk of severe wake vortex hazards has incrdase
significantlyover therecentyears.In this sense theurrent enroute separationstandard couldin
some casebe protectinginsufficientlythe traffic against thewake vortexhazardge.g., wakes cabe
sometimes encountered 25N morebehind a generating airplane).

Upon this situation, this project has set the followaggplicatiororiented researclguestion:

'What Separation Minimareductionscan be applied in specific and clearly defined openaf
conditionsto increase airspace capacityhile keepingor enhancingthe current safety level
and takng into account theisk of severe B-route WVE hazard®

2.2 The RWAKE System

As research enabler the project proposed and developeel RWAKE Systepconceivedas a
framework of methods and tooldo generate qualitative and guantitative evidenoé the WVE
hazard risksupported by air traffign enroute operations Suchframeworkis usedto generate the
early evidence ofa safety case and a business casén support of new enroute separation
enhancement proposal3he framework is structured iinree layersas presented ifrigure2-1:

12 © ¢ 2016 ¢ RWAKE Consortium
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1 LAYER refers tothe RWAKE Concept Definitioprocess,in terms of research approach,
study scenarios identification and scopiofATM needs and opportunities addressedihis
layer can beunderstood as the researcher ettio-end 'user process' on top of the\WAKE
System.

1 LAYER refers tothe methods for the analysis of safety and robustness, includitig
development of risk modek to assess the WVE hazarda support of the validation
processes related to the proposals of hew separation standards; and

1 LAYER refers tothe set of simulation and assessmertbols to generate the quantative
and qualitative evidenci support of the above process layers. Such tools include the micro
and macremodel simulators, historicalkraffic and incident/accidentdatasets, literature
reviews, and expert judgemeptnels

The RWAKE Systeraomprises thelayer 2 (SRA) and layer 3 (simulation tooldje $imulation
database suppliedwith this deliverableare the outputs of the simulatorgyfeen arrows inayer L3)

that representquantitative evidence for the safety and robustness analysis (SRA in layand.2)e

project results assessment (layer L1). The design of experiments (DoE) has been steered from layer
L1 taking into account the final purpose of the project and the neddise SRA.

Concept Definition / Standard Development methodology

ATM CONOPS
@ Needsand Opportunities Research | 51 Resegrch 2 C?n.c_e Bl S Study_
Scopingandprioritizing Areas Questions Definitions cenarios
the ResearciDbjectives _(RA) (RQ) (OCD) (SCN)
Business Case
SimulationPlan ResultsAssessment
Design of Experiments (DoE) TN Implement Impact on ATM
(Role of Concept Validation Plan) ability Roadmap

i

Safety &Robustness AnalysiSRA)

Project Safety Caséll Severity baseline Risk
And Tolerability
Unit Safety Case Assessment

Matrix

CONCEPT SAFETY
ASSESSMENT METHOD

MODEL & SIMULATION /
VALIDATION TOOLING
Evidence<€onsolidatiorby
backgrounditerature,
Modelingand Simulation

& Expertudement

Tools(to generate supporting evidences)

RWAKE SYSTEM

FastTime

Expert Judgement (Panel
Simulation
Framework  Macro scale simulation

Literature Review

Scoping& RequirementDefinition Flow
SimulationData &ValidationEvidences$-low
Figure 2-1 Thethree-evel hierarchy of the project: concept development, assessment methods and tools

The kernel of layer 3 is thmodel-basedfast time integrated simulation framework consising of
the followingcomponents as depicted ifrigure2-2:

1 WIAM: WVE Interaction Assessment Model
I TRSTraffic Simulator, which consists of:
o TRS.TPTraffic and Trajectory Planner & Simulation
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o TRS.WERRVake Encounter Region Finder

0 TRS.WEPS8Vake Encounter Prediction & Severity Assessment
T WXS Weather Simulator
T WVS Wake Vortex Simulator

RWAKE Scenarios to Study: OUTPUT Sesearch
INPUTS Research Questions towards the\Wake Concept proposa = )
: . . SeparationStandards
Scenarios Separation Standards & Separation & SF()e aration Methods
Conops Methods to be assessed P
Assessment &nhancemenproposal
Study Scenarios Impact on Standards

X Traffic Simulator WIAM: MICRO Safety &

o - - N - — WVElInteraction Robustness
2 ; Traffic &Traject Planner WVFT Region WVE Prediction o Assessment Mode === Analysis
w o Finder - o ) _
|_ . = ) (Metrics & Methodologieg)
(e hE e -

LL J . T = =
@A - $ t——
<¥E g | | Weather For Results
; C_G +  |Flight Dynamics Datab ¢ Assessment
T 2 Weather Data e Ca

£ For W\Sim Simulation ForsihaRapd 20

wn Results

WeatherData Provision Wake Vortex Simulator

Figure 2-2. RWAKESystem- integrated simulation framework z high level architecture

2.3 Researchapproach microc-analysis and macr@nalysissteps

Table2-1 recaps the list ofthe study parameters identified in D23ystem Specification, whichay
affect the severity and riséf the WVE hazard

Generatoraircraft Encounteringaircraft

A Aircraft type A Aircraft type

A Gross weight A Gross weight

A Speed A Speed

A Track and Heading A Track and Heading
A Altitude A Altitude

A Wing loading A Wing span

A Flight path angle A Flight path angle

AtmosphericMWeather situation Encountercontextual situation

A Wind A Surrounding traffic

A Temperature A WV ageand sink rates

A Air density A WVE geometry

A Atmospheric Turbulence (Eddy A Encountering aircraft excess thrust (to
Dissipation Rate) counteract WVE upset)

Table2-1 Parameters identified that may affect the severity of a WVE (from D2.1)
14 © ¢ 2016 ¢ RWAKE Consortium
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To tackle the high dimensionalitf the addressed research questiohgetgeneration of evidence in
RWAKE ispproachedn two mainresearch stepsas illustrated irFigure2-3:

1 Researcittep 1, ormicro analysis in which micremodels of wake vortex and aircraft have
been used to simulate the interaction of aircraft encountering wake vortices and to assess,
together with qualitative expert judgement, the severity of upsets, thus establishing the
seveity baselinein form of a severity matrix.

1 ResearchStep 2, ormacro analysisin which macremodels of wake vortex and maecror
micro- models of aircrafincludedifferent sairces and levels of uncertainty, atite level of
risk supported by trafficis quantified. This is done fdhe individual risk supported by a
single aircraft undergiven certain conditions,and for the airspace systemic risk at
sector/region level, or at ATM system level.

p
Input variables to study

MICRQevel

Weather

C Windspeed,
C Wind Direction,
C Temperature

C Pressure,

C Turbulence (EDR

Aircraft PairWise type
C Aircraftl Type, Mass, Speed
C Aircraft2 Type, Mass, Speed

Encounter Geometry
C V-Geom(Montecarlo)
C H-Geom(Montecarlo

-
STEP 1:

RWAKE
Simulator
Tools for

STEP1
MICRO
ANALYSIS

Micro Analsyis

Effects onaircraft
C {Rollingmoment,
C LiftIncrement}

Encounter consequence
C {Bank Angle,

C Altitude change,

C Autopilot Disconnect,

C Vertical Load Factor}

Safety
analysis
and expert
Judgement

STEP1
MICRO

WVE Safety
Baseline:

Severity
Matrix

MACRQevel

Aircraft Variability
C {Fleet mix}

Traffic Demand
C {Current/ Future}

ConOpdUse Cases
C {FLsFreeRoutes

Separation Standards

& Separation Methods
{CurrentSep.Stds
NewSep.Std¢TBS, DPWS),
Tactic SeparatiofATQ,
Strategic Separatio(FLAS-LOS}

-
STEP 2:

RWAKE
Simulator
tools for

STEP2
MACRO
ANALYSIS

J

Macro Analysis Risk
Assessment

)

!

-»>
Risk

WVESafet,
Baseline
(SeverityMtx)

Frequency
(probability)

Assessment

Mitigation @
Assessment

(Separation E

Stds& Methods)

Indexes

Safety
analysis
and expert
Judgement

STEP2
MACRO

Conclusions from
benchmarking
of actual risk against
Tolerability Matrix

=

Figure 2-3. RWAKE research steps: higlevel workflow with the simulation tools (updated from D3.1)

The macroanalysis Researcttep?) is further split into two sub researchsteps labelled Step 21
(CIRassessmentand Step 2.2 (SAR/SEssessmentillustrated inFigure2-4.

Step 2.1 (ClRassessment Taking as input the severity matriesulting from Sep1, the
Conditioned Indvidual Risk CIR profiles are calculatedthrough multiple experimentghat

addressdifferent conditiors of aircraftpair, weather,atmosphere,encounter geometryand
separation distance between aircraffor each case, theeasonable worsicase (RWChas
been identified, e.g, the maximum severitywithin a 95% confidence intervahat an

Founding Members

* %
* *
* *

* *
* g *

O

EUROPEAN UNION  EUROCONTROL

© ¢ 2016 ¢ RWAKE Consortiu

15

All rights reserved. Licensed to the SESAR Joint Undertaking under cor



EDITION [00.01.00]

encountering aircraft could experiment under the conditions of the encounterwamuter the
consideration of uncertainties thamay affect the wake vortex position andotational
energy Plotting the severity class of the encounters simulatedddterent separation
distances resu#t in the Suspected Hzard Area (SHA)as depicted in Figure 2-5. The
generated CIR database contains the SHA informationfor each aircrafpair, geometry,
weather and atmosphericcondition and this constitutes the Pairwise Risk Map of
reasonable worstcase severitywhich is included in this deliverabldatabase)Forpractical
useit is presentedasa matrix table in which a CiRcalculated for each cell, containing the
RWC severity baseline for each type of encounter cond{gtaborated in poin8.3.7).

Step 2.2 (SAR/SE®sessment Based on the CIR Risk Map of RWE Systemic Area Risk
(SAR and/or the Systemic ECA®ide Risk SERprofiles can becalculated for a given traffic
demand in a given airspaeeea(SAR)or in the full ECAC area (SER). The SARESERens

the 'systemic risk', i.ehow often each of the individual conditioned cases identified in the
risk mapactually occur in a giverairspace The systemic risk will depermh the traffic
demand (taffic patterng, traffic mix, and on the effectiveness of t#eI'M barrier model
under analysisNote that ESARR4 regulation s¢he safety objectives on the systemiisk,
whichtypicallyshould be guaranteed by ANSPs at their airspace regiesponsibility.

Macro analysis to assess CIR Macro analysis to assess SAR

(multiple experiments reproducing WVE each with (few experiments findingotential WVEs in traffjc

different a/c pair and geometrigs

Severitymicro CIR Risk Profiles Risk Map of RWCsl| SARRiskProfile:
assessment Frequencyassessment
(occurrencescount)
Wakevortex model used:| | Findthe reasonable Reasonablevorst-case
4D tube containing all worst-case severitfor a severity(at 95% Findthe frequency of each
potential vortex positions| | 9ivenWVE Conditional confidence) forach type of WVE in the ATM
and gammas within a individualrisk possible WVEondition. scenariosimulated,and
95% confidence probabilisticestimation) group by severity class (P
RNAV navigational errors
considereq
CIRRiskProfile (i) [k RWCRiskMap profile: SARRIskProfile
> Pairwisex Geometry
[} ‘ ; =
= wisematrix o
=J & Nt tpes folowers GC)
o RWC o >
o S 111 o3
(I S 1 o
i ] X LL
+ SeverityMatrix Seve lass Ty
T e SeverityClass
{

16

Micro RiskErequenc PWSRWC
RiskSeverity quency RiskSeverity
: or Repeatability .
Baseline Baseline

RiskFrequency
or Repeatability

Figure 2-4. RWAKE research step 2 (macro): intermediate risk assessment steps for CIR and SAR/SER.
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Figure 2-5. Risk Maps of Reasonable Worst Case (RWGuspectedHazard Area (SHAper Severity Class

2.4 Design of experiments: Plan oifmsulations and simulatorsuse

With the overallRWAKE purposef generating theevidencebody to answer whether the current
separation standards for eroute can be maintained or not, andtifere is margin to reduce thena,

set of simulation exercises have been desigf@idwing the research stepseferred also aslesign

of experiments, DoESome are orientedto characterise the WVE hazards, and some to quantify the
level of systemic risk in the ATM, with the current standards (Unit Safety Case) and with the new
proposed standards (Project Safety Ca3ahble2-2 below summarise the simulation tasks and its
purpose for the safety analysis taskigure 2-6 depicts the 5 study areas in which the DoE is
structured Chapter 3 provide the detaitd description of eaclperformed study

Simulation Task Purpose for Safety Analysis task

[Step-1] Micro-Upset To assess the severity of different types of upsets that aircra
may potentially experiment during a W\dfid generate an

Micro simulations with WIAM for absolute safety baselingseverity matrix)

the analysis of the Upset and
Severity Baseline development

[Step-2.1] Macro-CIR To assess theisk supported by a follower aircrafgiven that
certain event conditions are true (i.e., tl@Rfor each aircraft

Macro simulations with WEPS of pair, geometry at a given V and H separation distance applit

conditioned individual pairwise
encounters for the analysis of CIF To ind opportunities for separation reduction between aircra
pairs, while maintaining or improving curresdafety levels.

[Step-2.2] Macro-SAR/SER To ind the systemic riskat sector and ECAC level (i.e., %R

Macro simulations with the full andSER

integrated simulator of regional = To 1ind opportunities to group the aircaft in different

traffic for the analysis of SAR categories of a new separation standarthat potentially
increases the capacity and efficienoyhile maintaining or
improving current safety levels.

Table2-2 Overview of the proposed set ofsimulation and analysis tasks (scope of Task 5.1 and Task 5.2)
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DoEFILES:
UPSEStudy WV study wn
6 indep.variables 6 indep.variables L
20.328scenarioperformed 900scenarioperformed —
WV Circulation Aircraft Generator 2
C WV Gamma C AGGenType(indexX —
Aircraft Follower. C AGGenMass nd
C AGf-Type(inde®) C AGGenSpeed <C
C AGf-Mass = C AGGenAltitude (FL) >
C AGf-Speed Meteo condition: >
C AGf-Altitude (FL) C AtmosTurbulenced a)
0
CIRstudy
15 independent variables
874.800 scenarioperformed
C Geometries: (3H x 1Vg x 3Vf)
C SeparationgdLx dHLx dHO
C Aircraftpairs(5 Gen x 4ollow)
C Aircraftconditions (Mass Speed Altitude)
C Meteo conditions Atmos Stratificationld, Atmos Turbulenceld
SERstudy : Unit Safety Case of | SARstudy : Project Safety Case of
RWAKE CurrentSeparationStandard New Conceps
10daysscenarioECAE&vide from 1 scenarioof peaktraffic flow
Conce pt EVAIReference in UKltalyroute airspace
Development CurrentSeparation New SeparationRules
A FlightProfiless C FlightProfiless
A FL<Config(AOM$ C FL<LConfig(AOM9

-

Figure 2-6. Five different areas of study to analyse with the RVAKE System

Overall tools workflow
The RWAKE System simulation tools related for esichulation tasks:

1. Micro-Upsettools: WIAM module (with the new "WV generator' feature).

2. Macro-CIRtools: WEPS within the Integrated Simulation Framewdhliat integratesthe
WIAM module, the WVS tooland the Severity Matrix of Upset Parameters resulting from
micro-analysis task.

3. Macro-SARtools: the Full RWAKE software framework, together with synthetic traffic data
generated from historical records

Figure2-7 illustrates the mapping of the research steps against the components and tools of the R
WAKE System (defined in D4.2).
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Figure 2-7. RWAKE research approachnd tools workflow
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