AERONAUTICAL CHARTING FORUM
Instrument Procedures Group
April 29, 2014

HISTORY RECORD
FAA Control # 14-01-315
Subject: 90 Degree Airway-to-RNAV-IAP Course Change Limitation; Arrival Holds

Background/Discussion: Historically, TERPs has permitted course changes as large
as 120 degrees from airways onto feeder routes or initial approach segments of SIAPs.
This limit remains unchanged for SIAPs other than RNAV SIAPs with the recent TERPS
change 26. However, FAA Order 8260.58 limits the course change for RNAV SIAPs
from airways to feeder routes or initial segments to 90 degrees. NBAA has been unable
to determine the rationale supporting the reduction in the turn angle limit on RNAV
SIAPs. Since the AIM (ref: Sec.1-2-3) and AC 90-108 permit using RNAV systems to
navigate the feeder segment of conventional SIAP, NBAA assumes that any issues
concerning turn angle limitations would be reflected by a similar limitation being included
in the recent change 26 to the TERPS. Given that RNAV systems are frequently used to
navigate these segments, we believe than any issues arising from the use of the 120
degree turn angle limit would be well known and reported to industry.

The RNAV SIAP feeder limitation has resulted in arrival note restrictions where none
previously existed. In addition, arrival holding patterns are being created by Aero Nav
Services on an ad hoc basis to provide some relief from this restriction. Arrival holding
patterns for this purpose become de facto course reversal holding patterns, but such use
of an arrival holding pattern requires a clearance from ATC in addition to an approach
clearance. This typical use of arrival holding patterns as an ATC traffic management
tool is not generally understood by pilots. The expanded use of the arrival holding
pattern is tool supporting SIAP segment entry is less understood nor is it adequately
explained in FAA guidance for pilots or controllers.

A recently implemented example is on the Dillon, Montana (KDLN) RNAV (GPS)
Runway 17 SIAP, for an arrival on Victor Airway 343 from the south (illustrated in the
attachment)*. Note that the course change from V-343 northbound onto the JOXIT
feeder route is 101 degrees and prohibited by the JOXIT note. Instead, the JOXIT
arrival holding pattern shown on the approach chart is an implicit course reversal to
permit entry onto the JOXIT feeder route arriving on V-343 from the south.

NBAA conducted a simulation of the JOXIT configuration using a Garmin G-3000 trainer.
We did this at 265 KIAS at 15,000 in an ISA atmosphere with no winds aloft. As a test,
we intentionally “violated” the procedure note limitation by arriving at JOXIT from the
south on V-343 and turned on to the feeder segment. The avionics simulation made a
very good flyby of JOXIT. We also did this JOXIT flyby at a 120 degree angle and at
310 KIAS. Again, the result was a very good flyby at JOXIT. However, when we arrived
at JOXIT from the south on V-343 and entered the charted arrival hold at 15,000, 265
KIAS (descending to 14,000 in the hold) the avionics could not correctly sequence the
turn from the hold to the JOXIT feeder route. The simulation did not attempt to start the
turn to the west until having overflown JOXIT, thus treating it like a “fly over” WP.



Further discussions with business aviation avionics OEMs reveal that holding pattern
waypoints are often treated as “fly over” waypoints when an “EXIT HOLD” command is
executed. Therefore, most RNAV system exiting the arrival hold will over-fly the
waypoint, then turn to rejoin the feeder segment. While NBAA has no concerns with this
methodology, we fail to see where an advantage is gained by using arrival holds to
mitigate the reduction of feeder-to-airway turn angle limits. We believe that air traffic and
pilots are better served if RNAV turn angle limitations remain unchanged from the
current 120 degree limit for both conventional and RNAV SIAPs unless compelling
evidence is furnished by FAA demonstrating that the expanded limit results in RNAV
aircraft exiting protected airspace during the leg change.

Recommendations: AFS-420 should commission a simulation study of both the 90
degree and 120 degree turn limits when RNAV equipment is used to navigate an airway-
to-feeder route segment. The study should also evaluate the performance of RNAV
systems when an arrival hold is used in lieu of a larger turn angle limit, and in particular
the RNAV system performance leaving the holding fix (which are often treated as “fly-by”
waypoint when exiting the hold) and joining the feeder route. NBAA believes such
simulations will validate that a 120 degree course change is far preferable to an arrival
hold “course reversal.”

If the FAA determines that it must retain the limit on airway to feeder (or initial segment)
RNAV SIAPs to 90 degrees because of RNAV system performance, then consideration
should be given to placing the same limit non-RNAV SIAPs since today RNAV systems
are largely used to navigate these routes in lieu of the ground-based NAVAID. In
addition, definitive, comprehensive policy needs to be provided to AeroNav Services that
gives objective guidance about when arrival holding patterns must be included in original
or revised RNAV and ground-based SIAPs. Consideration should also be given to
establishing speed limitations on SIAPs that will allow the use of RNAV systems while
supporting the existing120 degree turn angle limit.

Finally, detailed guidance must be provided to both pilots and ATC about the use of
“course reversal” arrival holding patterns on SIAPs in circumstances such as provided by
the KDLN-JOXIT example.

Comments: This affects policy guidance to Aero Nav Services, the Aeronautical
Information Manual, the ATC Handbook, and the TERPS and PBN Orders. An FAA
simulator study by the FAA should be the first order of business on this issue, and
should be promptly completed.

Submitted by: Richard J. Boll Il
Organization: NBAA

Phone: 316-655-8856

EAX:

E-mail: richard.boll@sbcglobal.net
Date: March 21, 2014




V-343/JOXIT Feeder WP, Dillon, Montana
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*Note: A very recent change to V343 removed JOXIT from the airway structure.
However, the issue remains since the limitation is reflected on SIAP chart and is found
on other procedures within the NAS.
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Initial Discussion — MEETING 14-01: New issue presented by NBAA. John
Kernaghan, NBAA, asked for justification as to why conventional arrivals can use a 120
degree turn for intercept and RNAV are limited to only 90 degree, despite the fact that
RNAYV systems are approved for and are used successfully to navigate the feeder
segment of conventional approaches. He also voiced, with aid of the example shown,
that often a holding pattern over the intersection course reversal seems to create more
problems than solutions. NBAA would like it evaluated. Mark Steinbicker, AFS-470
(view) discussed the last decade of operational experience/variability of path for wide
angle of turn. Due to evidence of path repeatability, the angle was cut from 120 to 90
degrees. Mark is hesitant for a few specific instances to change the NAS standard. He
feels there has been sufficient analysis done, that no more is needed, and suggests
looking for other mitigations or techniques to alleviate concerns. There is also a waiver
process that can be used in limited circumstances. Rick Dunham, AFS-420, advised
this is an open agenda item at US-IFPP.

Status: AFS-420 (US-IFPP) will continue to work issue and advise ACF of decision.
Item Open (AFS-420-US-IFPP)

MEETING 14-02: Tom Schneider, AFS-420, briefed that the US-IFPP decision was to
maintain status quo and recommends that no further work be done on the issue. Rick
Dunham, AFS-420, said attempting to harmonize the intercept between RNAV and
conventional was problematic due to the anecdotal data which indicates greater than 90
degree turns for RNAV provide flight track problems. The decision was made to leave
the rules and guidance as-is, pending further study. Tom asked Rich Boll, NBAA, how
this issue works with new agenda item on RNAV substitution (14-02-317). Rich
responded that the issues are different. Rich mentioned older RNAV procedures with 90
degree design intercepts that exceed these limits due to MagVar changes. The group
discussed containment issues and the fact that pilots are now flying these procedures
with RNAV.RNAYV does turn anticipation (FB) and conventional assumes fly over (FO).
The concern is that the area assessed for obstacles is very different. There was the
suggestion of coding as FO, but that adds area outside of the turn.. Discussion ensued,
with Rick committing to AFS-420 taking the issue back to the US-IFPP again for
consideration.

Status: AFS-420 will return to US-IFPP for further discussion. ltem Open: AFS-420
(US-IFPP)

MEETING 15-01: Tom Schneider, AFS-420, (view) said issue was brought to US-IFPP
for discussion. Rick Dunham, AFS-420, said initial discussion was to harmonize to 90
degrees to simplify for procedure design and standardize across the board vs.120
degrees which presented some airspace issues. The question becomes the magnitude
of the problem and how many resources will be required to resolve it. Decision is to
place on hold and work at a later date. The item will remain open in the ACF and US-
IFPP. AFS-420 will brief when any progress is made. Rich Boll, NBAA, indicated his one
main concern is MagVar change resulting in exceeding a 90-degree airway intercept
turn.




Status: AFS-420 will brief when any progress is made. ltem Open: AFS-420

MEETING 15-02: Rick Dunham, AFS-420, said there has been no resolution and the
issue is tabled UFN. Tom Schneider, AFS-420, added it is an open agenda item in the
US-IFPP and if there are any developments, AFS-420 will brief the ACF at that time.

Status: Follow action being taken at US-IFPP. Item Open: AFS-420.

MEETING 16-01: Tom Schneider (AFS-420) briefed this issue had been on hold, but
FAA Orders 8260.3C and 8260.58A are now published and now AFS-420 and the US-
IFPP (Item 14-01-22) will be working the issue. (view) The lead is Gary Petty (AFS-420),
and he was planning on forming a working group in May. Tom requested that
suggestions/comments be sent to AFS-420 for consideration.

Status: Open item at the US-IFPP and a working group will be formed by Gary. ltem
Open: AFS-420

MEETING 16-02: Tom Schneider (AFS-420) briefed VIEW slide provided by OPR Gary
Petty (AFS-420). The US-IFPP agreed to form a working group to address this issue,
however John Bordy (AFS-420) stated the group has not convened yet due to higher
priority issues. Rich Boll (NBAA) again voiced his concern that PBN procedures are
limited to a maximum turn of 90 degrees, while 120-degree turns are allowed on
conventional procedures, even though most conventional procedures are being flown
with RNAYV systems. Tom said the FAA does not believe this issue presents a safety
concern and although it may be a factor for a number of procedures, most are high
enough where it is hot a TERPs concern. Item will remain open and US-IFPP progress
followed.

Status: Open item at the US-IFPP and a working group will be formed by Gary Petty.
Item Open: AFS-420

MEETING 17-02: John Bordy (FAA Flight Procedure Standards Branch), briefed this
item discussed at the US-IFPP and a working group subsequently met to discuss the
issue. It was determined Flight Standards has no desire to change the conventional 120-
degree limitation. Flight Standards believes over time the differences between RNAV
and conventional procedures will be reduced as RNAV procedures become more
common and conventional procedures get replaced. Rich Boll (NBAA) showed (VIEW)
the BIH RNAV(GPS) Y RWY 12 and discussed procedure entry (or lack thereof) and his
belief that as more RNAV procedures are added, the 90-degree limitation will reduce
procedure entry capabilities. John indicated he believes there is no desire by Flight
Standards to allow turns greater than 90 degrees for RNAV. Rich believes the RNAV
procedure design technigue needs to consider placement of fixes on airways so as to
minimize the elimination of procedure entry restrictions. John and Tony Lawson
(Aeronautical Information Services) indicated they could look into the specific design




issues with the BIH RNAV (GPS) Y RWY 12 procedure to see if the entry limitations could be
eliminated and provide an update via email. AJV-5 will look at any specific design issues on this
specific procedure. John reiterated the FAA is not going to look at conventional requirements
changes. Tony mentioned initial layouts normally come from the RAPT checklists. John
indicated he would look into policy related to how checklists are developed (specifically related
to the identification of IAF locations and design guidance) and determine if improvements areas
could be identified to increase availability of procedure entries. Rich asked if the IFPP could
provide a formal response on why it’s not possible to increase the 90-degree limitation for
RNAV turns.

Action Items:

John Bordy and Tony Lawson will look at any specific design issues on the BIH RNAV (GPS)
RWY 12 procedure to determine if redesign could improve procedure entry and provide an
update via email.

John Bordy to determine if design guidance is needed to assist both the RAPT and procedure
designers in locating fixes on airways.

John Bordy will ask the chair of the US-IFPP (Thomas Nichols) to provide a response to Rich on
why it’s not possible to increase the RNAV 90-degree turn limitation.

Status: Item will remain open and an update on actions provided at next ACF.

Meeting 18-01: John Bordy (FAA Flight Procedure Standards Branch) briefed this item was
discussed at US-IFPP 18-01 and closed. John indicated the FAA does not intend to increase
permissible turns for RNAV procedure from a maximum of 90 degrees to a maximum of 120
degrees. He also indicated the FAA does not intend to reduce the maximum allowable turn for
conventional procedures from 120 degrees to 90 degrees. The FAA believes over time the
number of conventional procedures that include turns of more than 90 degrees will gradually
reduce as the VOR infrastructure is reduced and as PBN procedures become more commonplace.

Action Items: AFS-420 management will send an explanatory note to Rich Boll (NBAA) on the
rationale to not pursue the issue.

Status: Item closed.




Flight Management Computer
2009 Performance Field Trials
“Lateral and Vertical Path Integration”

Mandatory Block Altitudes
Area Navigation/Required Navigation Performance (RNAV/RNP) Group
and Flight Standards (AFS-470)

Aircraft Bank Angles Above FL195
RNAV/RNP Group and AFS-470

Vertical Transitions at Flyby Waypoints
AFS-470 and Aeronautical Charting Forum

Optimized Profile Descent
RNAV/RNP Group

Digital Avionics Systems Conference
October, 2009

Al Herndon
Mike Cramer
. CAASD Tommy Nicholson MITRE
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AN MITRE Work in the Field of Flight
Management Systems and Computers

e 2004 - Assessment of Operational Differences Among Flight
Management Systems

e 2005 - Analysis of Advanced Flight Management Systems
(FMSs

o 2006 - Analysis of Flight Management Systems (FMSs), FMC
Field Observations Trial, Lateral Path

e 2007 - Analysis of Flight Management Systems (FMSs), FMC
Field Observations Trial, Vertical Path

e 2008 - Analysis of Flight Management Systems (FMSs), FMC
Field Observations Trial, Radius-to-Fix Path Terminators
* Note: All these reports were presented as papers to the Institute of

Electrical and Electronics Engineers (IEEE), annual Digital Avionics
Systems Conferences (DASC)

MITRE
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™ 2006
. FMS Differences
Lateral Path - Atlanta

-----------





2007
FMS Differences
Vertical Path — San Diego/Los Angeles

At or Below
11,000
----------------------------------------------------------------------------------------------------------------- At or Above

10.000

At 16,000

Vertical Difference (ft)

DUEDD ARNES LIMMA
7000 l l — — |
80 100 120 140 160 180
Along-Route Distance (NM)
MITRE
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FMS Differences

2008

Radius-to-Fix, Long Beach
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G 2009 Manufacturers & FMCs
Manufacturer FMC Aircraft

GE Aviation (MITRE) Ul10.7 B737-800 skFMS USB Test Bench

GE Aviation (Boeing) U10.8 B737-800 Engineering Cab

Honeywell (Emirates)

Pegasus 2009

Airbus 330 Airlines CAE Simulator

Thales (US Airways)

FMS2

Airbus 320 Airline CAE Simulator

Thales (Grand Rapids)

FMS2

Airbus 320 Test Bench

Honeywell (Phoenix)

EPIC, version 7.1

Embraer 190 System Integration
Test Station

Honeywell (Phoenix)

EPIC, version 7.1

Gulfstream 550 System Integration
Test Station

Honeywell (Boeing)

AIMS2 Version 14

B777-200 Engineering Cab

Honeywell (Boeing)

747-4 Load 16

B747-400 Test Bench

MITRE

© 2009 The MITRE Corporation. All rights reserved.
F64-B09-053






e 2008 Manufacturers & FMCs

(continued)

Manufacturer

FMC

Aircraft

Honeywell (Boeing)

Pegasus 2009

B767-300 Test Bench

Honeywell (Toulouse)

Pegasus 2009 R1-A

Airbus 320 Test Bench

Honeywell (jetBlue)

Pegasus FMS2

Airbus 320 Airline CAE
Simulator

Honeywell (Emirates) 380 Airbus 380 CAE Simulator
Rockwell Collins FMS-6000 CL-604 Test Bench
Universal Avionics UNS-1EwW Cessna Citation Il Test Bench
SCN 1000.1
1 Test B h:
CMC EIeCtronlcs CMA-QOOO Ligll-ir(;((:) Performance and Hybrid
Autoflight System
Garmin G-1000 Embraer Phenom 100 Test

Bench

MITRE
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Appreciation to:

Honeywell/Thales Airbus
(Emirates)

» Captains Roger Hall
»Captain Alex Scerri
»Tracy Barnett

« CMC Electronics
> Dr. Michael Gordon-Smith
»Silviu Ceparu

»Brian Daly and Dominique Labour

« Honeywell BizJet/Regional Jet
» Erik Ringnes
»Chris Shehi

Honeywell Big Boeing

and GE Boeing
» Sam Miller

« Rockwell Collins
» Ellen McGaughy
» Bob Kasenchak (BHE)

eUniversal Avionics
> David Zeitouni, Shehzad Latif

>Tom Yochum

sGarmin
»Clay Barber and Dave Smith

Honeywell Airbus (Toulouse)
» Brigitte Leconte-Dabin

*Thales Airbus (US Airways)
» Captain Brian Townsend

>»Kevin Allen

Honeywell Airbus (jetBlue)
» Captains Joe DeVito
»Captain Bob Kircher
»Tom Dandrea (CAE)

MITRE
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2009 FMC Field Trial Plan

Mandatory Block Altitudes (Federal Aviation Administration [FAA]
RNAV/RNP Group and Flight Standards [AFS-470])

— Where does the path cross the “window” and under what
conditions the crossing point may change?

 Determine criteria for Mandatory Block Altitudes RNAV/RNP
Turns above FL195 (AFS-420 and AFS-470)
— Record aircraft bank angle
» Possible relief for FAA Order 8260.54A bank angle criteria
Determine Vertical Transition Point at Flyby Waypoints (AFS-470)
— At, before, or after the bisector

o Satisfy FAA/Industry Aeronautical Charting Forum (Instrument
Procedures Group) Issue No. 96-01-166

Optimized Profile Descent [OPD] (FAA RNAV/RNP Group)
— Record FMC'’s processing the descent

* Verify the OPD desi
erify the esign MITRE

© 2009 The MITRE Corporation. All rights reserved.
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Altitude Clearance: Climb to FL350,
cross CADEZ at FL340, cross GLACO
at FL320, cross HECTOR at FL300,
“descend via” the RIIVR ARRIVAL

/

Route: KONT, PRADO SIX DEPARTURE, THERMAL
transition, direct CADEZ, direct GLACO, RIIVR TWO
ARRIVAL, HECTOR transition, RNAV(GPS) RWY 25L KLAX

GLACO

HECTOR

GRAMM
N34°08.55'
W117°06.41"
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17000 280K
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ARINC 429/702 Parameters

ARINC 429/702 LABELS/PARAMETERS

FMC
Cross Track Distance

Vertical Deviation

TRUTH (Airplane)
Latitude

Longitude

Ground Speed

Track Angle True

Magnetic Heading

Wind Speed

Wind Direction — True

Vertical Speed

Verical Velocity

Indicated Airspeed

True Heading

Time

Pressure Altitude

Barometric Altitude

True Airspeed

Pitch Angle

Roll Angle

Body Roll Rate

Engine Thrust

Engine N1

Flaps
Drag (Speed Brakes)

MITRE
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Data Analysis

Tracks with no wind and with a wind of 060° at 100 knots

linearly from FL350 to 0’ Mean Sea Level (MSL)
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Data Analysis (continued)
Fly-by Altitude Calculation Limitations

24038 ft, 43¢

34057 1t, 38°
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i Mandatory Block Altitudes

« FAA-H-8083-15, Instrument Flying Handbook

—“An altitude depicted on a chart with two altitude
vales underscored and overscored. Aircraft are
required to maintain altitude between the two

depicted values”

« Mandatory Block Altitudes are depicted on
approximately 218 conventional and RNAV Standard
Arrivals (STARs) and approximately 249 conventional
and RNAV Standard Instrument Departures (SIDs)

worldwide

— Mandatory Block Altitudes are currently not allowed for
RNAV SIDs and STARs in the United States

MITRE
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Mandatory Block Altitudes
No Wind

-

29000 ——— + WERLE (4,500 — 9,000 feet)
= 7000 | A | :
% 51k - | Wz — Most aircraft (8 of 13) reached 9,000 feet
- Jpmel - - and level off to satisfy window
Z 1000 W | | constraint (low 8,781 feet)
-20 -15 -10 -5 0 _ . L.
Along-Track Distance (NM) — One aircraft continues climbing (16,716
feet ) — “VNAV advisory” pilot error
~ 22000 = : .
@ 21000 ———=l = e
= 19000 s « GRAMM (17,000 — 21,000 feet)
T 18000 - i | S————
£ 17000 — — All aircraft descend and make the
< 16000_2-0 o 5" 2 ) window constraint (17,007 — 19,865 &
Along-Track Distance (NM) avg. 18,182)
. {8  RIIVR (12,000 — 14,000 feet)
% iy, e . . .
2 14000 = ‘*4 — All but one aircraft meet altitude window
E —_—y
g 1% | | ~ Avg. 13,201
2 12000 \
< 11000 ! | ‘ | — One was 14,160
-20 -15 -10 -5 0 . .
Along-Track Distance (NM) * VNAYV advisory pilot error
MITRE
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9000

Altitude (ft MSL)

1000

Altitude Windows
Wind

7000 -
5000 -
3000

« WERLE (4,500 — 9,000 feet)
A — Most aircraft (11 of 13) reach 9,000 feet
yr —l and level off to satisfy window
y | | constraint (low 7,625 feet)
-20 15 -10 5 0 _ : N
Along-Track Distance (NM) — One aircraft continues climbing (15,728
feet) - VNAV advisory pilot error
- : | « GRAMM (17,000 — 21,000 feet)
B =SS S——— — All aircraft descend and make the
| e window constraint within 14 feet (16,986
| | | — 19,885 & avg. of 18,033)
-20 15 10 5 0
Along-Track Distance (NM) e RIIVR (12’000 — 14,000 feet)
o — All but one aircraft meet altitude window
I _ Avg. 13,123
| ) — One was 14,196
| ‘ ‘ | — VNAV advisory pilot error
-20 15 -10 5 0

Along-Track Distance (NM)

MITRE
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e Aircraft Bank Angle Above FL195

« RTCA DO-236B, Minimum Aviation System
Performance Standards: Required Navigation
Performance for Area Navigation and FAA Order
8260.54A, The United States Standard for Area
Navigation

— Default aircraft bank angle of 5° above FL195

 Resulting Distance to Turn Anticipation (DTA) is
problematic for procedure development in complex
alrspace

RE Corporation. All rights reserved.
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Bank Angles Above FL195
TRM - No Wind

TRM, FL350
30 -
20
10

-10

Roll Angle (deg)

-30

-20 -15 -10 -5
Along-Track Distance (NM)

Direcﬁon of Traffic

 Bank angles were generally limited to around 20 degrees

— One aircraft limited bank angle to 15 degrees
— One aircraft limited bank angle to about 5 degrees

« Some tracks had to correct their bank angle coming out of the turn

— 4 appeared to overshoot coming out of the turn

MITRE
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Bank Angles Above FL195
CADEZ - No Wind

CADEZ, FL340

Roll Angle (deg)

< iong-Track D1 N
_-+CADEZ ong-Track Distance (NM)

« Bank angles on turns above FL195 were generally limited to
around 20 degrees

— One aircraft limited bank angle to 15 degrees
— A few aircraft limited bank angle to about 10 degrees at CADEZ

— These aircraft are 5.42 and 6.78NM from CADEZ at the turn bisector,
compared to the other tracks, which were 1.91 to 3.63 NM away

« Some tracks had to correct their bank angle coming out of turns

— One track made multiple adjustments in their bank angle during the
turn and came out of the turn slowly
MITRE
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Bank Angles Above FL195
GLACO & HEC - No Wind

HEC, FL300 GLACO, FL320

~ 30 ~ 30
5 20 5 20
10 210
20— [ —— Y 00— e
2.0 . — SN ———
— -20 T — -20 ——— —
g -30 2 -30

-20 -15 -10 -5 0 -20 -15 -10 -5 0

Along-Track Distance (NM) Along-Track Distance (NM)

GLACO
+

 Bank angles were generally limited to around 20 degrees
— One aircraft limited bank angle to 15 degrees
— One aircraft limited bank angle to about 5 degrees

« Some tracks had to correct their bank angle coming out of the MITRE
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o Bank Angles Above FL195
TRM, CADEZ, GLACO & HEC - Wind

e Similar bank angle and turn characteristics were
observed for both no wind and wind scenarios

e All turns were within FAA Terminal Instrument
Procedures (TERPS) criteria

'TRE Corporation. All rights reserved.
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—=m Determining Vertical Transition Point at Fly-by
Waypoints with Altitude Restrictions

« RTCA DO-236B, Minimum Aviation System
Performance Standards: Required Navigation
Performance for Area Navigation

— “Vertical transitions at fly-by waypoints”

» Criteria described requires the aircraft to complete the
altitude transition from one altitude constraint to
another at the bisector of the turn

on. All rights reserved.
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24 © 2009 The MITRE Corporati





=== Altitude Profile of FMS Track Readings
at CADEZ (FL350 to FL340)

=4 MoWin

— B NoWin
—_NOWiIn

—_— MoWin

—E_MoWin

—F_NoWin

Altitude

= MoWin

—_—H_MNoWin
—]_MNoWin
—_—] _MoWin
—k._MNoWin
-L_NoWin

i MoWin

NO WIND
7 of 13 within 50’
5 of 13 within 150’ WIND
1 of 13 within 500’ Bisector 13 within 150’
1 was at FL 340, then climbed to FL 350

MITRE
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aan Zoomed Altitude Profile of FMS Track
Readings at CADEZ

q-h‘--‘-'-'--—_

Altitude (ft MSL)

Bisector

-----------





=== Altitude Profile of FMS Track Readings

27

—
|
wy
=
=
@
=
= |
s
=
=T

29000 -

NO WIND
9 of 13 within 50’
4 of 13 within 150’

at GLACO (FL320)

Bisector

WIND
12 of 13 within 150’
1 650 high

MITRE
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at HEC (FL300)

=== Altitude Profile of FMS Track Readings

33000

32000

31000

30000 -

29000

Altitude (ft MSL)

28000

27000

NO WIND
8 of 13 within 50’
10 of 13 within 150’

3ignore the transition
Descend early

WIND
7 of 13 within 150’

Bisector

2 500 high
3 1000’ below
1 2,500 below

MITRE
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o Optimized Profile Descent (OPD)

 FAA “Delivering NextGen, Flexible Terminal
Airspace’

— “Permitting aircraft to remain at higher altitudes on
arrival at the airport and use lower power settings
during descent. OPD arrival procedures will
provide for less noise and more fuel efficient
operations.”

 RIIVR TWO ARRIVAL to Los Angeles International
Airport has been designated by the FAA as a OPD

on. All rights reserved.
F64-B09-053
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=== Optimized Profile Descent (No Wind)
RIIVR TWO

 The variation among altitude profiles show that different
FMS systems calculate the optimal descent with regards to

the particular aircraft
 Top of descent points after HEC transition vary
— Three aircraft started descending early
» Altitudes at GRAMM range from 17,000 to 19,900 ft, within the
altitude window constraint (17,000 — FL210)

« Manual “speed intervention” or “selected speed” was
required for all but one aircraft to meet the speed constraint
of 280KTS (FMCs treat speed constraints as “At or below”)

 No wind
Average indicated air speed was 274KTS
Range 208 — 292

 Wind
Average indicated air speed was 275KTS
Range 208 - 305
MITRE
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Altitude Profile of OPD
No Wind

-0 60 50 -40 -30 -20 -10
Along-Track Distance (NM)
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Altitude Profile of OPD
With Wind

-80 -70 60 -50 -40 -30 -20 -10
Along-Track Distance (NM)
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Conclusions

Mandatory Block Altitudes
— 95% satisfied the block altitude constraints (automated)
— 5% did not and all had advisory VNAV
Aircraft Bank Angle Above FL195
— 77% used 20°
— 7% used 15°
— 15% used 5° to 10°
Vertical Transition Point at Flyby Waypoints
— 91% were within 150’ of the bisector
— 9% were high/low at HEC because of early descent
Optimized Profile Descent

— Vertical path was excellent but speed restriction was
problematic

MITRE
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Sni Recommendations

« Mandatory Block Altitudes
— Allow use for U.S. RNAV and basic RNP

o Aircraft Bank Angle Above FL195

— Manufacturers who limit bank angle to 5° - 10°
should consider increasing to at least 15°

o Software updates will be available soon for aircraft
with limited bank angle

e Vertical Transition Point at Flyby Waypoints

— Close Issue No. 96-01-166 at the Aeronautical

Charting Forum/Instrument Procedures Group
(ACF/IPG) 09-02 meeting

 Optimized Profile Descent

34

— Limit the use of speed restrictions when able  MITRE





QUESTIONS?

MITRE
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Advanced Aviation System Development. Neither
the Federal Aviation Administration nor the
Department of Transportation makes any
warranty or guarantee, or promise, expressed or
Implied, concerning the content or accuracy of
the views expressed herein.”
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ACF- IPG Agenda Item 14-01-315
90 Degree Airway-to-RNAP-IAP Course Change
Limitation; Arrival Holds

 US-IFPP requested AFS-420 lead a WG to address this issue
 Lead is Gary Petty, WG to be established May 2016

), - -
2\ Federal Aviation

s/ Administration
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ACF 14-01-315

(US-IFPP # 14-01-22)

US-IFPP discussion on issue: There were concerns expressed
from Aeronautical Information Services (AlS) about the number of
existing procedures that would have to be revised in order to
harmonize the turns. It was acknowledged that this would not be
an overnight change and would have a large impact on current
procedures. Tom Schneider explained that we are moving to an
RNAV based world. He recalled that the decision at the ACF in
October was to move toward 90° turn harmonization.

AFS-420 : AFS-420 Manager stated that there are many changes
working regarding criteria, but this particular issue is a low priority
and on hold.

NAS moving away from J-Routes towards RNAV (VOR MON
Project) which may resolve this issue by reducing and/or
eventually taking away a need for changes to these limitations.
ltem remains open in US-IFPP.

), - -
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NOT FOR NAVIGATIONAL PURPOSES - GlobalAir.com

BISHOP, CALIFORNIA AL-5737 (FAA) 17285
Rwy Idg 7498
APP GRS 0 a2 RNAV (GPS) Y RWY 12
Apt Elev 4124 BISHOP (BIH)
v MISSED APPROACH: (Do not exceed 250 KIAS until NEBSE)
A Climb to 13000 direct KUPLE and on track 160° to ROCOS
DME/DME RNP-0.3 NA and on track 115° to PULIE and on track 051° to WEBAT and
-9°C on track 341° to TEVOC and on track 322° to NEBSE and on
track 264° to BIH VOR/DME and hold.
ASOS OAKLAND CENTER RIVERSIDE RADIO UNICOM
119.025 125.75 284.65 122.6 123.0 (CTAF) @

! )
IAF 1 e & (IAF) \\JO S  Procedure NA for arrivals ot NIKOL
R(BRT)SA\ 12 NikgL S - S 1 northwest bound
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ELEV 4124 | [TDZE 4123
/1
slo
B . Visual Segment-Obstacles. | 13000 | KUPLE ROCOS
gl %" HEGIT Q 160° Q
— MUBOE
9700 7, s, JAAKE
-~ ‘
8700[ 7 T6°ae HOSUM
7900 \7 20°\ l
~—3.5NM 2.6 NM 8.5 NM TNM f~—
CATEGORY A B C D
6600-114 6600-11, 6600-3
LNAV MDA | 5 177 (2500-1%) | 2477 (2500-112) | 2477 (2500-3) NA
MIRL Rwys 8-26, 12-30, and 17-35 Q) 6600-114 6600-11, 6600-3
REIL Rwys 12, 17, 30 and 35 CIRCUNG 1 5 176 (2500-1%) | 2476 (2500-11) | 2476 (2500-3) NA
BISHOP, CALIFORNIA BISHOP (BIH)

Orig-C 120CT17 37°22'N-118°22'W RNAV (GPS) Y RWY 12











