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PREFACE

This report, produced as part of the DOT/SST Technology Follow-On Program, phise
I, task VI Advanced Electronic Display  System (ADEDS). is the Tinal report to be
submitted under this program. The purpose of this report is to provide a summary of the
flight test results and a subjective critique of the operational design.

The basic objective ol the ADEDS task was to complete the system development eltort
initiated during the prototype SST program and to make the results of such effort available
to industry. This objective has been achieved. as evidenced by data provided by this report
and the referenced reports.

The flight test effort involved 53.5 hours with the flight deck equipment - EADL MED,
and NCDU installed at the first officer’s position ona 737-100 (No. NASA 515). This test
airplane was provided as Government-furnished property to Boeing by NASA Langley
Rescarch Center.

This Night test program was supplemented by a joint Boeing/DOT/NASA Hight test
(23.5 flight hours) of an advanced guidance and control system (AGCS). Partial information
relating to this testing is given in this report. Boeing document D6-41593, Supplemenial
Flight Test Report, provides more details on this aspect of the overall NASA 515 flight test
eltort,
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1.0 INTRODUCTION

IThe ADEDS tlight test configuration is shown in figure 1-1. This configuration was
supplemented by the addition of the advanced guidance and control system (AGCS) to the
ADEDS fhght test airplane. The resulting total equipment configuration and involved
redundancy levels are reflected in figure 1-2. Note that the major element of equipment
added by the AGCS installation was the triple-redundant incremental control processor
system thight control equipment. This triple-channel digital flight control equipment was
developed under task IV of the SST Technology Follow-On Program, phase 11 This
equipment was integrated and installed in the ADEDS flight test airplane as part of a joint
Boeing/DOT/NASA program that was performed at no cost to the DOT.

The AGCS flight test was performed in parallel and on a noninterference basis with the
ADEDS flight test on the NASA 515 737-100. The parallel performance of tiese two flight
test efforts was possible because the ADEDS was concerned primarily with terminal area
operation, while the AGCS was concerned primarily with autoland. The concurrent
availability of the ADEDS/AGCS equipment on the test airplane significantly enhanced the
operational capability and flexibility ol the flight test airplane in support of the respective
flight test efforts.

Reference | provides a detailed discussion of the ADEDS installation in the NASA 515
airplane, and soference 2 gives a more detailed description of the results of the AGCS
flight test.

During the ADEDS flight test, numerous revisions were made to the ADEDS
equipment functional and softwure requirements. These revisions are summarized in
appendix A. The baseline requireraents are provided in reference 3 and represent the
equipment requirements at the time of delivery from the equipment subcontractors.

The ADEDS flight test was performed between January 8 and March 15, 1974. Table
1-1 summarizes the flights conducted during this period, including those related primarily to
the AGCS testing. The ADEDS flights were categorized into three basic groups:
(1) engineering acceptance flights, (2) operational evaluation flights, and (3) system
demonstration flights. These flight categories are outlined in detail in reference 4. Each
flight is summarized in section 2.1.

Prior effort accomplished under the prototype SST program and subsequent Boeing
research provided a strong data base for preparing the equipment specifications, but a
considerable portion of the hardware and software remained to be translated from
design/performance specifications to working equipment. The ADEDS equipment as tested
during the flight test program performed within the specified requirements with some minor
exceptions. Problems encountered with the installed equipment were within expected levels
for development hardware and software of this type. A summary of the major problems
with the equipment after airplane installation is given in section 2.1,2.3,and 2.4 of this
report. For a discussion of the simulation development and integration of the equipment
prior to installation, see reference S.
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e flight data recorded durmg the flight test etfort are summarized in section 3.1,
These data were recorded by the data acquisition system deseribed in detail in reference 4.
The procedure by which the raw recorded data were reduced to the form presented 1y
reviewed tnosection 301

One of the objectives oF the ADEDS task was to provide flight test data for comparison
with simulation evaluation data reported in reference 5.1t must be recognized that the data
samples tor both these evaluations were fimited i scope, and any comparisons must be
properly weighted by this limitation,

The ADEDS flight test and simulation data were for a controlled test condition. Pitots
were from the Boeing Flight Test organization and their prior experience with displiy and
control concepts simikar to those oF ADEDS varied from exteasive to very little.

The flight test data are summarized in section 3.1, A more complete set of data from
which these results were obtained is contained in appendix B. For the size data sample
available. the data are considered  basically  to show that the operational  capability

improvement potential that has been attributed to ADEDS-type systems can m fuct be
realized under operational flight conditions. The data indicate that the speaihic display
guidance mode used does not significantly aftect tracking performance. The data further
indicate that display formats that combine vertical and horizontal sutdance information on
one display result in comparable tracking performance regardless of minor difterences in
symbology. The magnitude ol these improved position control parameters in automatic
and/or manual modes indicates that their availubility in the operational environment would
provide potential improvement in terminal area operations. It should be recognized that
guidance modes  demonstrated  during the ADEDS flight test also provide potential
improvements in performance during climb-out, cruise, and descent legs of the flight profile.

The supporting operational ATC environment is one of the key elements in establishing
operational design adequacy and realizing the effective application of an ADEDS-type
system. The scope of the ADEDS task did notinclude the design or analysis ol tuture ATC
environments. Plans to perform at !aast limited Fhght testing in an advanced ATC
environment (ARTS 111 with metering and spacing) at NAFEC or Atlanta were not realized
due to test site schednling and equipment availability problems. Therefore, the ADEDS
evaluation was performed totally under the control of operational ATC personnel with
supporting operational procedures acceptable to the active controllers.

The ADEDS flight test was aftorded outstanding support by Scattle Center, Seattle
Approach Control, Grant County Tower, and Grant County Approach Control personnel.
Several controllers and supervisory personnel from cach facility participated in the pretlight
and postflight meetings. In addition, several controllers flew on the airplane during
operational evaluation flights. This active participation and interest by the respective ATC
facility personnel contributed significantly to the success of the ADLDS flight test elfort by
providing an informed basis for their comments regarding potential benefits and problems
related to use of an ADEDS-type system in a future ATC environment. For ¢ description of
the flight profile catalog used to coordinate the Iight test with ATC, sec reference 4 and
appendix C of this report.




At this point, 1t should be stated that the ATC support afforded ADEDS was from
operational centers and towers. As such, thie personnel invelved were not expressing the
opinion ol the FAA ATC development organizations but were expressing opinions regarding
their experience during support of the system test,

The consensus of controller comments appears to be that an ADEDS-type system does
provide potential improvements in terminal area ATC operations. 1his potential improve-
ment could be partially realized by existing or planned improvements in ATC equipment
and procedures. Elfective realization of the full potential will require additional parallel
analysis and development ot both airborne and ground equipment and proedures. This
development would necessarily be performed in an environment where the ATC equipment
and procedures could be altered as were those of the ADEDS airborne equipment. Such
variations are not possibie in an operationat environment .

It should be noted that the potential improvements are for an ADEDS-type system.
The Tormal defintion ol design and performance requirements ot the Tinal system is
considered part of the preceding suggested development ettfort.

Another major consideration affectng the potential application of an ADEDS-type
system is the ability of the flightcrew to effectively utilize its capability without
compromising salety. There ure two basic considerations that must be given to any
interpretation ol flighterew comments regarding the ADEDS operational design adequacy.
First, the data sample of pilots is small und, thercfore, somewhat subjective. Second, the
ADEDS operational design was in conlormance with a development effort that required
flexibility to evaluate a broud spectrum of operational modes and, therefore, included
nunaerous requirements  that would not be present in a production system. These
requirements often resulted in less than optimum system/crew interluces.

The primary flightcrew comments were obtained Trom the controlled ADEDS group of
four pilots. However, comments were ualso obtained from numerous Government, airline,
and supporting Boemg test pilots. Flightecrew comments can be categorized in two major
groups: (1) comments regarding the future operational application; i.e., post-1980, and
(2) comments regarding application to contemporary operational usage. For the most part.
pilot comments were related to one ol these groups depending upon the respective pilot
background, experience with experimental systems, and current job description. The
ADEDS tusk was performed on the basis of potential future application and was, therefore,
primarily interested in comments fitting into the lirst group.

In summuary, the tlightcrew comments were as follows:

1) The simulation effort was invaluable in the development and preflight checkout
of flightcrew procedures.

2)  CRT displays provide un ideal medium lTor presenting situation/command/status
information to the flightcrew. This is particularly true for ADEDS-type systems
that encompuss advanced navigation/guidance/flight control equipment, sup-
porting sensors, and procedures.,




3y The flight test clearly demonstrated that 31)/4D operations are feasible from the

flightcrew/airplane viewpoint.

A more detailed discussion of the operational design ol the ADEDS is provided in
section 3.2.

in conctusion, it is considered appropriate to make some observations regarding the
ADEDS task from the viewpoint of what should be done differently or additionally tor
foltow-on programs. There are two primary items that are identitiable as recommended
clements ol follow-on programs:

1) The navigation computer should include an algorithm for providing 1LS
computation to supplement INS updating by VOR/DME during approach and
landing. This capability would offset the navigation system degradation seen
during ADEDS thght test approaches where adequate VOR/DME signals were not
available during the finat tow attitude approach and landing. This signal wornld not
be used by the autoland system.

2)  The operational design of @ 1980 to 1990 system should include a data link
system, This portion of the ground-air and airborne system interface is considered
a kev clement to the ultimate realization of the full potential of an advanced
technology system for commercial airplanes. Future programs of this type should
include provisions for the full evaluation of data link.

Additional comments regarding suggested considerations for inclusion in any follow-on
effort are included in section 3.0 of this report.

A summary rece nmendation regarding tollow-on ADEDS-type programs would be that
such programs be based more closely upon an opeiational configuration of hardware,
including basic consideration 10 the projected ATC environment and operational proce-
dures. The ADEDS Hight test and simulation cftorts have provided valuable data toward the
definition of such a system. The ADEDS cquipment will continue to be flown in the NASA
Rescarch Support Hlight System at Langley Research Center during the next several years.
This additional opportunity to further isolate specific design and performance criteria lor
the operational system, particularly the ATC portion, should be strongly considered as a
portion ol the FAA participation in this program to the continued development of
commercial aviation advanced system operationaf concepts that will provide improvements
in traffic density, noise abatement, and cconomy with (as a minimum) no degradation in
safety standards.




2.0 FLIGHT TEST REVIEW

The Following paragraphs provide a more detailed review ol the ADEDS 1ight test
program. This review includes: (1) a summary description ol cach flight profile and related
system perforniance comments, (2) a navigation system performance summary, (3) an INS
performance summary, and (4) a display system performance summary. Dilferences in
times between the following Hight descriptions and those given by table I-1 are a result of
the inclusion of taxi and holding for takeoff clearance in the following descriptions.

2.1 FLIGHT SUMMARY

Flight 5-1, January 8, 1974

This was the initial Might dedicated to ADEDS engineering acceptance testing. The First
flight en December 19, 1974 was primarily for the purpose ol checking the basic airplane
systems. The airplane had not tflown since mid-August 1973 and during this time, an engine
was changed on the airplane.

Departure from KBFI was via standard SID BENI3P. Prior to autoland testing at
KPAE, navigation system accuracy, display symbology quality, and various airplane control
modes were evaluated. The initial approach to KPALE was via standard STAR CANI6 with
transition to autoland for a touch and go. A total of three touch-and-go autolends were
accomplished, with a Tourth being aborted.

The en route segment From KPAE to KBFI was flown 4D coupled with an autoland
being accomplished at KBFI.

Flight 5-2, January 11, 1974

The purpose of this flight was to continue the ADEDS acceptance testing. Departure
from KBFI was via noisc-abatement SID SUMI3R. En route to KMWII, 2D, 3D, and 4D
guidance options were checked as well as the autopilot modes for TK, ALT, FPA, and CAS
select CWS. A 4D transition to autoland was made at KMWH via curved, descending,
decclerating STAR EPH32R. A racetrack course was entered for the performance of three
touch-and-go autolands. The return to KBF} inciuded checking various system modes as
performed on the en route segment to KMW!. I addition, a holding pattern was executed
at the Ephrata VOR. The approach to KBH was via two-segment, straight, decelerating
STAR ENU3I1L, with transition to autoland tv 200 I't where the pilot disconnected and
completed the landing in the manual mode.

System Performance Comments
Navigation
e NCU,OK.
e NCDU 002. Keyboard hangup prior to taxi, cycling of key **H” cleared it.

e NCDU 003. Keyboard hangup after power transient. Recycling 400 Hz and 28V
twice cleared it.




INS, SN 4006, OK.

INS. SN 094, 7.5 nmi/lr. Navigation error caused aborted autoland at Moses Lake
and necessitated landing to realign,

The navigation software performance was excellent (<0.1-nmi crror at KBFI), but
update mode annunciation problems occurred during part of the tlight; i.e., 1IXX when DME
wirs good: also, impossible mode IVV was seen on the MED, Navigation mode was therefore
uncertain on the way to KMWIL After the stop at KMWII Tor INS No. | realiginment, the
1IDD, IDX modes worked OK on the Right back. 1DV was seen occasionally .

Displays Numerous transmission errors indicated by the PCU and zero data were again
detected on EADI bus, causing Flickering stroke symbology. Jump in the MFD picture
indicated periodic bad transniission,

All EADI functions looked reasonable except Tor the Flickering caused by the EADI
bus 1/0 problem. Star and circle had ghiches when limited. Runway symbology was still bad
since no corrections had been added sice the last flight.

A I-sec lag filter was added to the MFD ACNORM at KMWH. Thercafter, trend vector
looked good. New annunciation of NAYV mode and GS was acceptable but too bright. Alt
Range symbot disappearcd off the bottom ol the screen.

Flight 5-3, January 18, 1974

The purpose of this flight was to continue testing, leading to engineering acceptance of
the ADEDS. Departure from KBFI was via noise-shatement SID SUMI3R. Following
completion of the SID, transition to a square test pattern was executed for navigation
system accuracy checks. This pattern was followed by a figure 8 pattern (sid octal) flown
over the Scattle arca at 21,000 and 31,000 ft with DME constant radius turns. Testing
during the above flight profile included 2D, 3D, and 4D modes plus variations of autopilot
CWS modes, including altitude hold, track select, flightpath angle select, and computed
airspeed select. The ADEDS testing included navigation accuracy checks, turn commands
with 179° track error, programmed groundspeed changes, curved trend vector, altitude/range
limiting, and navigation system autotuning.

A 4D approach was made to KPAE via curved, descending, decelerating STAR EDMI6
with transition to autoland for a touch-and-go landing. Due to weather conditions, the
remainder of this test was canceled and a direct flight to KBFI was made.

System Performance Comments

Nuavigation

e Bombed computer memory occurred when ground power lost during bus transfer.

e Computer autotune outputs were suspected of being in error.




No NCDU problems; TV monitor of the pallet NCDU occurred for the first time,
GUID software oftset XTKLE in 2D may be due to 1CPS.

Autothrottle overboosting occurred due to not compensating fou pilot’s hand on
the throttle.

VGSDOT software patch for differentiating GS in NCU was unsuccessful.
Autotuning and Nav update from station 2 could not be achieved, probably
because of frequency checks not being valid. 1DV mode was achieved using

manual tuning from the cockpit.,

Early in the flight, DME data were being received from both DMEs, but later No. 2
duta were not received.

The light was flown most of the time in IDX with SEA manually tuned.

Disuastrous results. Schuler errors that resulted in residual ground speeds of 8 kt
(SN 406) and 22 ki (SN 094) caused autopilot trips.

INS No. 2 (SN 406) again accepted wind angle as runway heading,

Nayv Checks

Time WPT C-4000 DME REF DML
13:24  CHARLY SEA 406.88 47.03

BLI  71.49 71.10
TUMWR  SEA  38.55 38.58
OLM 545 5.50
BROOK OLM 28.8] 28.79

LAT LON
KPAE N 47°554' W [22°17.0¢
KBFI N 47°32.3"  WI22° 171 N47°32.1" W 122°18.3

Displays

No interface problems apparent during the entire flight. Bus 3 data were being
lost prior to taxi. Proved to be duata dependent because OK in NCDU test mode.

Prior to flight test, jitter appeared on MEFD, but it cleared up. Jitter was induced
after a power transient,

EADI. FPA and star and circle were noisy in X dimension during turbulence; filter
was required.




Uaresolved sum chieck error in bank 4 must have been due to an crror on the
punched tape.  (Sum  check differed by 00000400  between histing  and
location 734.)

EADI runway centerhine limiting again was no good. Runway was not seen in the
limited condition.

Flight 5-4, Junnary 23, 1974

Departure from KBEL was via noise-abatement SID SUMI3R through 11,000 {t cn
route to a cruise altitude of 17,000 1t to KMWIH.

:n route, basic INS, navigation accuracy, and autotuning checks were made. This was
folfowed by a reversionary navigation mode check and autothrottle checks and adjustments.

Following a series of CWS checks. adjustiments were made in flight to further reduce
column acuvity noted on previous flights. Limit checks were made on wheel and column
detents and coupled autopilot bank angle. Autothrottle limit cheeks were performed for
both maximum EPR and V!\l()“M:‘\IO'

A 4D approach was made to runway 32R at KMWH, using 3D-coupled path modes and
manual throttie control. This contro!l wus a eurved, descending, decelerating path beginning
at 11,000 ft. The R-Nav to ILS transition was successfully accomplished, and automatic
flare and touchdown were accomplished with a time error of less than | sec. Variations in
wind direction and velocity during this approach were severe, ranging from 60+ kt tailwind
component at 11,000 ft, through a 40+ kt headwind component at 4,000 ft during the
descent, to a 5 kt crosswind at touchdown.

Three additional touch-and-go autolunds were executed with two of these going
through touchdown. The third was terminated at the middle marker due to tower
instructions for traffic avoidance. The second approach encountered 747 wake turbulence at
60 ft AGL: the autoland system corrected for the vortex disturbance and flared to a
successful touchdown slightly to the right of centerline.

The return to KBFI was made 4D coupled. A curved, descending, decelerating
approach was made to runway 13R. Coupled mode operation was terminated at the outer
marker due to low ecilings and turbulence.

System Performance Comments

Navigation

® A software patch wuas necessary to protect against a faulty power interrupt

routine whereby the power interrupt was controlied by mask bit 22 (time

interrupt) instead of mask bit 24 in the interrupt mask word LOC 23.

Frequency commons for autotune were deliberately shorted together to ensure
the autotune function was operative. An ECR was incorporated prior to flight to




reduce the frequency common sink resistor to 1 K instead of 3.3 K. A problem
still existed with the relay contact resistance in the airplance accessory box.,

Key “I™ on NCDU SN 003 was replaced prior to flight. No Turther problems
were experienced.

Fop two rows of keys on NCDU SN 002 were much fess brightly illuminated than
the rest of the keyboard.,

IDD dogic had a hole in it A 10-sec delay between switching DME No. 2 stations
was patched in Tor this fight. The Tirst 2-1/2 hr of Might were OK in IDD and
ADD modes. The problem oceurred when 1XD mode was annunciated even when
DML No. | was good: i.c., the same station was accepted as DML No. 2. The
mode later switched 1o 1DX but never to 1DD.

Other soltware-related incidents included a 9° heading change when ADD was
selected. Airplane compass was suspected. Also, the Yakima (YKM) DME waus
frequently rejected by autotune Ffor no apparent reason,

INS Three new INS systems were used. SN 748 modified to provide acceleration
resolution of 1/64 It/sec replaced the rejected system SN 039, Two unmodilied INS,
SN 753 und 766, were used in positions A and C, respectively. Performance summary was as
follows:

INSSN ALAT ALON AGS
(min) (min) (kt)

Nav time: 7 hr 748 0.6 1.0 3

Flight time: 3 hr 753 1.5 2.6 |
766 0.1 0.2 3

Displays

® Few errors in transmission were detected in flight. After 2 hr 40 min ol flight, the
PCU had detected the following bad transmissions:

MFD bus | 10 errors
MFD  bus 2 12 errors
EADI bus 0 errors

The blinking EADI symbology experienced on previous flights had occurred
recently only with the waypoint TAG. This was isolated as a display problem.

The EADI FPA symbol was in error when on the runway and shortly after
takeolt. This was probably due to errors in the HDOT calculation.

The MFD time box moved off the path during the entire leg from APDLN to
SIMCE, and an extra linc appeared on the other side of the path.




o Conius on the MED thght plan path were oceasionally wrong,
e  MI'D outer murker symbol angle was intermittently in error.

e No f{lure discrete was apparently received because no blinking of I'PA was
ob:erved on the EADI.

° EADI runway symbology was wrong in four ways:
1y Step position changes when turning
2)  Centerline errors when limited

3)  Runway outline errors when limited

4)  Runway centerline appeared later than runway

Flight 5-5. February 5, 1974

The purpose of this Thght was to continue engineering seceptance testing ol ADLEDS.
Departure 'rom KBFL was via standard SHD) WATI3R en route to the test location over the
North C.scude mountains. During the first circuit around the rectungular test path, the
autothrottle operation was unsuccesstul. This problem was caused by the No. | throttle
sticking at approximately 1.4 EPR for about 3 min. During this period, problems were also
encountered with the display system memory parity crrors. One additional circuit of the
test path was made after clearing the throttle condition, hut continued display problems
were of such a nature that further testing was cancelled. Further autolund tests were also
cancelled due to the unknown cause of the throttle problem.

The return to KBFI was direct.
System Performance Comments
Navigation

o Changing of the SPBP transmitter on February 4, 1974, apparently cured all MFD
1/O problems.

e Two NCDU keybouard hangups were experieniced prior to flight and cured by
cycling power.

e Problems with the basic airplane throttle system aborted all checkout ol
autothrottle functions.

e Nav error at the end ol light was excessive.

1) 0.25 nmi XTKE at touchdown

2) ALAT 0.3
ALON-0.8'

at the ramp




This error is suspected to be due to IDV mode operation for a short while during
Y the approach,

e  Buro inertial loop. HDOT errors on the runway caused up to 10°of FPA error on
the EADL. The symptoms are as lollows:

1) Acceleration to *“Takeoll™ causes negative FPA,

L4
2)  Deceleration at “Landing” causes positive FPA.
3) Unaceelerated tuxiing does not cause error. |
R 4) VACCEL in the C-4000 7stuticully agrees with [CPS analog it from the INS:
i.e., LOC 177 0.25 I't/sec= = 20 mV at ICPS !
5)  IDOT rump of 3 t't/scc2 have been recorded while VGSDOT max is S I't/sec.
6) Traces of VACCEL Itom the C-4000 are noisy and do not follow analog
4 recordings at the 1CPS. |
Tentative conclusion is that the C-4000 A/D converter may be the cause. "
e Runway centerline symbology for the EADI is in crror when the slope |

approaches zero,
° Star and cirele had errors in the limited condition, probably due to overflows.

INS—All three systems performed extremely well. Performance summary was as

follows:

INSSN ALAT ALON AGS
(min) (min) (kt)

Navtime: 2.75 hr 406 0.6 +1.0 1

Flight time: 1.9 hr 748 0.4 +0.21 2

766 0.1 +0.1 0

(unmodified)
Displays

e Memory parity errors caused several losses of displays and eventually caused
permanent loss of track tapc on the MFED und displacement of FPAC on the
EADL

e TV worked OK throughout the flight.

e The new LOC/GS deviation symbol was used for the first time.

e No software problems.




Flight 5-6. February 8. 1974

Departure from KB wae via departure turn SID BUR1T3R en route to KPAL where a
curved, descending, decelerating STAR EDM 16 was used Tor approach, and then transition
to a manual flight director approach was accomplished, followed by a touch and go. En
route to a test path in the North Cascades, autoprlot and navigation mode checks were
performed; then, for the approach to KMWH, curved, descending, decelerating STAR
SIP32R was used, followed by transition to an autoland touch and go. Following two
racetrack course autolands, a full stop was made for refucling. This marked the end ol the
engineering acceptunce testing and the beginning ol the operational evaluation testing lor
ADLEDS.

Using Night director guidance, the Tollowing sequence ol SIDs und STARs were flown
at KMWH: close-in turn SID POW32R straight, decelerating STAR CON32R | standard SID
POT32R curved, descending, decelerating STAR SIP32R. Departure from KMWH was via
two-segment SID COR32R using flight director guidance, and the approach to KBFI was via
two-segment, straight, decelerating STAR ENU3IL.

System Performance Comments

Navigation

e NCDU SN 002 had mtermittent problem with “K™ key.

e Active NCDU was translerred to the cockpit by wiring change i the X1
matrix box.

DME No. 1 autotuning was suspected. DME No. | and No. 2 frequency commons
were currently tied together at the matrix. The No. I DME was suspected and
apparently failed during flight.

The wind calculation had 11-kt resolution and did not switch over to CAS.

The MFD trend vector had an erroncous line.

Runway symbol loaded too narrow,

The MFD ratcheted when turning on the ground.

C-4000 bulk data must be changed so that all waypoints are referenced to
VORTAC.

INS - Velocity inconsistencies up to 30 kt were detected in flight in the No. 2 system
SN 748. This adversely affected NCU navigation and caused autopilot first Tailure
indications.




|
)
Velocity (kt)
1 INS INS INS INS INS NCU-
Time DG No.l 2-1 No.2 2-3 No. 3 NCU INS NO. 2
11:57 270 467  -29 438  -28 466
12:02 400 0 400 -1 401 -
12:03 393 -7 38 -8 394 369 -17
12:05 160 449 0 449 0 449 445 -4
12:10 354 -3 351 -6 357 355 +4
¥ 12:13.30 390 -9 381 -7 388 383 +2
12:17 384 -12 372 -7 379 - -
12:19 365 -15 350 -14 364 356 +6
12:20 116 361 ~-16 345 -14 359 354 +9 |
12:22 95 349 -16 333 -17 350 347 +14
12:24 95 304 -14 200 -15 305 306 +16 |- ]
12:26 246 Y 237 -6 243 246 +9 1
12:29 215 -7 208 -6 214 198 -10
12:31 210 0 210 0 210 203 -7
12:33 193 -7 186 -10 196 197 +11
12:34 196 -5 191 -3 194 - — —
12:35 175 -5 171 =2 173 172 +1
12:36 174  +1 175+l 174 - =
12:37 188  +1 189 -1 190 187 =2
12:38 342 136 +1 137+l 136 — =
12:43 172 -3 169 -1 170 170 +1]
12:48 192 -3 189 -5 194 189 0
12:50 283 183  -11 172 -9 131 173 +1
12:52 158 -10 148 -9 157 150 +2
12:54 350 155 ] 15§ -7 162 — —
12:56 342 128 -3 125 -4 124 128 +3 [
13:05 162 132 +1 133 +2 131 132 -1
13:06 275 145 -8 137 -6 143 - -
13:07 340 158 -2 156 -3 159 157 +1
INS No. 1 (SN 406) and INS No. 2 (SN 748) were interchanged at KMWH. No large
discrepancies in GS were noted thereafter, but a large (> 1 nmi) navigation error was
noticed during approach to KBFIL.
— Terminal accuracies of the INS were as follows:
INS SN ALAT ALON
(min) (min)
KBFI to KMWH '
Nav time: 4.7 hr 406 -3.8 +0.5
Flight time: 2.3 hr 748 -1.4 +0.2
' 766 +1.1 +4.0
NCU -0.3 +0.2
‘ ’ 17




INS SN ALAT ALON 4GS
(min) (min) (kt)

KMWII to KBFI

Nav time: 3.0 i 4006 0.6 +0.2 4
Ilight time: 2.5 hr 748 -1.3 -3.7 2
706 +2.1 -1.5 |
NCU -0.6 0.2 0

Displays
e Nosoftware problems

e Memory parity problems throughout the flight resulted in EADI mode control
loss. EADI pitch and voll wvalid indication. and total display loss.

e Power supplies were suspected of unproper operation.
Flight 6-1. February 13,1974

Departure from KBEID was via departure turn SID BURT3R, followed by a 4D coupled
flight to KMWIL. The approach to KMWH was via curved, descending, decelerating STAR
SIP32R from which a transition to an autoland for a touch and go was successtully
accomplished. This was followed by a racetrack course flown for three additional autolands.
The final autoland was a Tull stop for preparation for ADEDS evaluation  flights
from KMWH.

The initial ADEDS evaluation flight departure was via departure turn SID GRA32R
with the approach via straight, decelerating STAR CON32R. This flight was accomplished
using vertical plus waypoint guidance. The sccond Tight departure was via SID POW32R, a
close-in turn, using vertical plus waypoint guidance. The approach was via STAR SIP32R, a
curved, descending, decelerating path, using vertical plus waypoint guidance. The third flight
departure was via SID GRA32R, a departure turn path, using path perspective command
guidance. The approach was via STAR CON32R, u straight, decelerating path, using path
perspective command guidance. The departure for the Tourth flight was via SID EPHZ1. a
close-in turn, using path perspective command guidance: and the approach was via STAR
SUL32R, a two-segment approach, using path perspective command guidance.

The departure from KMWII for KBE1 was via SID POW32R, a close-in turn, in the
coupled mode. The ¢n route segment to KBFI was 4D coupled and the approach to KBF1
was aborted by ATC. This was Followed by reclearance for an autoland into KBFL

Results for this flight were significantly enhanced over the previous two by the
istallation of improved display memory electronics boards that provided proper memory
operation without parity errors encountered on previous flights.




Systern Performance Comments

Navigation

Dute to a bad connection somewhere, a problem occurred with the MCU prior to
flight.

There were no problems in flight.

The active NCDU was in the cockpit.

EADI. Pitch Might director gain was reduced by one-halt at KMWH.
Deficiencies observed during [Tight were as follows:

1) EADI. Star position jumped when limited and in a turn.

2)  EADI. FPA symbol had a lag at takeoll.

3) EADI. Flight director and circle command were noisy (suspected because of
unmodilied INS resolution).

EADI. Runway:
a)  Centerline upwards
b) Runway X, Y limits too small

¢) Runway outline error during takeoff when symbol should have
disappeared

MFED. Track angle ratcheting occurred when turning at high rate on the
ground. Update rate to the display was approximately 1/sec; it should be

20/sec.

Nav. Position changes on the ground were caused by INS Schuler velocitics.

SN 094 had excessive Schuler velocity errors and a 0.4 true heading error with
respect to the other INS.

SN 766, unmodilied, had adverse eflccts on EADI symbology.




The systems were realigned at KMWH. Performance summary was as follows:

INS No. ALAT ALON AGS
(min) (n1in) (kt)

KBFI to KMWH

Nav time: 4.0 hr 1 -1.9 -1.7 ]
Flight time: 3.0 hr 2 +0.5 +0.9 9,

3 0.7 -1.3 7

NCU -0.1 -0.7 0

KMWH to KBFI

Nav time: 2.6 hr ] -1.1 2.2 2
Flight time: 2.3 hr 2 +0.6 2.0 ]

3 -1.1 t0).4 8

NCU 0

4D time error summary was as follows:

Evaluation (MWH)

SID GRA32R -:01
STAR CON32R +:08
SID POW32R :00
STAR SIP32R +:01
SID GRA32R -:06
STAR CON32R +:02
STAR SUL32R :00
SID POW32R -:05

Displays
e New memory sensc amplifiers were installed.

e No memory parities were detected in flight, but there was one occurrence prior to
flight.

e Numerous Nav interface errors were detected. (Note: there had been none on
previous flights.)

e Intermittent problems with tag jumping occurred prior to flight.

e No software problems occurred.

e The new manual control ILS symbol (black cross) was mechanized.

Flight 6-2, February 14, 1974

Departure from KBFI was via departure turn SID BUR 3R en route to KPAE where an
approach was made via curved, descending. decelerating STAR EDMI6. Both of these flight




segments were flown using vertical-deviation-only guidance. Operational evaluation flights
were then flown out of KPAE. Departure for the first flight was via standard path SID
LOF16 using vertical-deviation-only guidance and an approach using S1 AR MOUIG6, a
two-segment path, with vertical-deviation-only guidance. Departure for the next flight was
via close-in turn SID GLE16 with vertical-deviation-only guidance, and the approach was via
standard path STAR ARL16. The fourth flight’s departure was via standard path SID
LOF16 using path perspective command guidance. The approach was via curved,
descending, decelerating STAR EDM 16 using path perspective situation guidance.

Departure from KPAE for KBFl was via close-in turn SID GLLE16 using path
perspective situation guidance. The en route portion of the flight to KBF1 was 4D coupled

with the automatic coupled approach via two-segment, straight, decclerating STAR KIT13R
with transition to an autoland.

System Performance Comments
Navigation—No hardware problems existed.
@ The bad INS SN 748 and the length of time in 1XD mode due to inadequate DME
coverage contributed to large errors at touchdown (XTKE =0.35R, 1.15R, 0.46L.

0.71L, and 0.63R). Several software changes will be incorporated to alleviate this:

1) Decrease geometry restriction for station 2 to 30° > bearing > 150° (was 45°
and 135°).

2) Increase the second station search to four stations (was two).
3) Retain velocity correction terms for S min (was 15 sec).
4) Use INS SN 406 in No. 2 position.
5) Add Whidbey Island (NUW) to bulk data.
e Wind calculation was in error on the ground and at low speed due to TAS

stopping at 160 to 180 kt. (Software limit is set to 150 kt.) 1t was suggested that
entering a SID on the NCDU will clear out ATC and FLT PLN will be

incorporated.
INS

e INS SN 748 showed large groundspeed discrepancies during turn as experienced
on flight 6-1. Maximum observed error was 17 kt at 90° heading. This system was
rejected after this flight.

e INS SN 094 had an 8-kt groundspeed error during a stop at KPAE and showed up
to 9-kt discrepancies in flight.

21




Performance summary was as follows:

INSNo. ALAT ALON 4GS
{(min) {min) (kt)

Nav time: 4.5 hr 0.4 +0.1 |
Flight time: 2.3 hr 0.9 0.9 ]
0.5 +0).3 8

0

0.3 -1.2

4D time error summary was as follows:

En route

KBFI to KPAE
KPAE to KBFI

Evaluation (KPAE)
SID LOF16
SID LOF16
STAR EDMI16
Display's

e Problems at power-on delayed the [ight; they were eventually cured when
memory was reloaded.

No new problems occurred.
There were no software problems after reload.
FPA on the EADI was bad on the ground.
HRAD limit was | ft and will chunge back to 5 ft.
e SCMD (Acceleration Command) was noisy al times.
e DA errors due to bad navigation were obvious on the EADI,
Flight 6-3, February 15,1974
Departure from KBFI for KMWH was via departure turn SID BURI3R in the
automatic mode. The en route portion of the flight was performed 4D coupled with the

approach to KMWH via curved, descending. deceleiating STAR EPH32R, followed by
successful transition to an autoland.

The first ADEDS evaluation flight departure was via close-in turn SID POW32R using
flight director guidance. The approach was via two-segme STAR COR32R, also using
flight director guidance. The second operation evaluation flis.t departure was via departure




turn SID GRA32R using Night director guidance, followed by cnroute to KPAL: 4D
coupled. The approach to KPAE was via stundard path STAR ARLI6 using tlight director
guidance. A toucli-and-go autoland was made at KPAE Tollowed by a 4D-coupled tight to
KBFI, with transition to autoland.

System Performance Comments
Navigation
o Cell 377 cannot be used for software as it is written into by DMA.
e No software problems were reported.

Navigation accuracy was OK since the INS No. 2, SN 748, nad been replaced by
SN 406.

XTKE at touchdown were 0.13L, 0.06L. at KMWH, 0.35L at KPAE and 0.45R
at KBFI.

No software changes occurred since last Ilight except the localizer and glide slope data
in the NCU were recorded.

INS- Miscellaneous GS difference observed in flight was 4 kt. Perlormance summary
was as follows:

INS No. SN ALAT A LON A GS
{min) {min) (kt)

766 0.1 0.1 I (peaked at 2)
406 4.3 -1.0 2 (ramped to 6 alter

1 hr)
3 094 -1.0 -1.7 2 (peaked at 6)

Displays - There was no change in status. The tellowing problems were still occurring:

@ Memory parity errors occasionally

e Displaced EADI at turn-on

e Intermittent loss of calligraphics in EADI

® Unstable text position (Y-axis jitter) on the MFD at initial turn-on
e Symbols not closing correctly

Flight 6-4, February 18, 1974

Departure from KBFI was via departure turn SID BURI13R using flight director
guidance. The flight to KPAE was coupled via radar vectoring with the approach via




standard STAR CANI16, terminating mn a transition to an autoland and tull stop. Due to
weather conditions, additional testing was cancelled. and a direct flight from KPAE to KBFI
was made 4D coupled witlt an autoland at KBI-L.
System Performance Comments

Navigation Svstem

e I'here were no hardware problems.

e Nuavigation performance was improved using station NUW. XTKE errors at
touchdown were 0.1 7R and 0.08L.

e Mode pancel 3D amber Tlashing was intermittent.
e LADI pitch fhight director was noisy at low speeds.
e LAND mode snnunciation came up wrong on NCDU.

™ Request was made that NCDU NAV DATA [ page errors not be blanked at the
end of the path.

INS- SN 094 continued to show large Schuler errors. Performance summary was as
follows:

INS No. ALAT ALON AGS
(min) ﬁ\in) (kt)

Nav time: 2.5 hr 1 0.4 0.7 1
Flight time: 0.81 hr 2 0.3 0.7 2
3 04 1.4 11

NCU 0 0 0

Flight 6-5, February 20, 1974

Departure from KBFI en route to KMWIl was an automatic departure turn SID
BURI3R. Enroute to KMWH numerous checks were made on autopilot modes during
coupled flight. The approach to KMWIL was via curved, descending, decelerating STAR
EPH32R with automatic transition to an autoland. A racetrack course was established to
perform three additional autolands. After the last autoland, a full stop was made in
preparation for the following ADEDS cvaluation flights.

The first flight departure was via noise abatement SID DOU32R using vertical-
deviation-only guidance, and the approach was via standard STAR WIN32R using flight
director guidance. The second flight departure was via noisc-abatement SID DOU32R using
path perspective situation guidance, and the approach was via standard STAR WIN32R
using path perspective situation guidance. Departure for evaluation flight three was via
close-in turn SID MAE14L using vertical plus waypoint guidance, and the approach was via




: curved, descending, decelerating STAR SIP32R using vertical plus waypoint guidance.
Departure for flight four was via standard SID POT32R, and the approach was via
two-segment STAR COR32R. Both of these used flight director guidance,

Departure from KMWI for KBFI wa. via noise abatement SID BOU32R using tlight
director guidance. The en route segment was flown 4D manual with the approach to KBFI

) via curved, descending, decelerating STAR TIGI3R with transition to autoland for landing
at KB

System Performance Comments

Nuvigation

L 4
e  No hardware probtems occurred.
e Nuavigation was satistactory with 30° bearing limitation, and 10-min velocity
correction retention.
? o [Foursstation scarch was still not operative.
® Recorded XTKLE at touchdown were 0.15L. 0.24L, 0.15L, 0.10L, 0.05L,
and 0.14L.

\ e Nuv autotunc problem developed twice with IDX mode, and Retune Navaid 2
message when station 2 was good. Manual tuning via NCDHU of the same station
cured the problem. Also, IXX mode was achicved instead of IDX when overflying
station 2.

e MFD ratcheting on ground was OK with new INS software giving true heading

3 5°/sec output rate.

e Autothrottle was very active when flying manually.

INS—New software (TH at 5%sec) was loaded o all three systems, and no new
problems developed. Systems were realigned at KMWH. Performance summary was as
follows:

INS No. ALAT ALON AGS
(min) (min) (kt)

KBFI to KMWH

Nav time: 4.5 hr ] -0.7 +6.1 4
Flight time: 4.1 hr 2 -1.3 +1.6 2
3 0.6 2.0 )

0

NCU 0.1 0.4




INSNo. ALAT  ALON 4GS

{imin) (tmin) (kt)
KMWILI to KBl
Nav time: 2.0 Iy | 0.4 -1.2 |
IFlight time: 1.5 Iir 2 0.3 0.2 |
3 04 -1.7 3
NCU 0.1 0.2 0

4D time error sunimary was as lollows:
[-n route:
KB to KMWII +:03
KMWII to KBl +:02

Evaluation:

SID DOU32R +:01
STAR WIN32R + 03
SID DOU32R 43
STAR WIN3ZR +:03
SID MALE14L +:01
STAR SIP32R +:08
SID MAL14L 101
STAR SIP32R +:13
SID POTI32R =19
STAR COR32R +:00
Displays

e  Startup symbology jitter— parity errors and brief shutdown in flight occurred.

e All EADI symbols using pitch angle in the display system showed intermittent
jitter. A/D problems were suspected.

e The pilot did not like the scale displays of LOC and GS. but it will be retained for
further evaluation.

e EADI runway symbology repeatedly went wrong ina takeoft situation.
Flight 6-6. Febiuary 21,1974

Departure from KBED was via an automatic SID BUR L3R with the en route segment to
KMWH being flown 4D coupled with the automatic approach 1o KMWH wvia curved.

descending, decelerating STAR EPH32R. An autoland was made with a lull stop in
preparation for performing the following ADEDS evaluation tlights.

The initial flight departure was close-in turn SID POW3 2R, and the approach was via
two-segment STAR COR32R with both segments using vertical-deviation-only guidance.




The second tlight mcluded the same SED S TAR combination, but path perspective situation
puidance was used. Sinularly, the third tlicht included the same SID/STAR combination,
but path perspective command guidance was used. The Tourth Ilight departure was via
departure turn SID GRA32R using Night director guidance. and the approach was via
two-secgment STAR CONT2R also using flight director guidance. The tilth Iight departure
wirs vid close-m tn SED POW32R | and the approach was via two-segment STAR COR32R
with both segments using [light director guidance. The sixvth thight included the same
SID/STAR combination as Might Tive, but vertical plus way pomit guidance was used. The
final evaluation thght departure was via noise-abatentent SID DOU32R, and the approach
was via curved, descending, decelerating STAR SIP32R with both segments using fhght
director guidance

The departure for KBIFF was an autonmatic noisc-abatement S1D DOU32R with the
fhight to KBFL 4D coupled with the approach via curved, descending, deccelerating STAR
FIGT3R with transition to an autoland at KBI'L,

System Pertormance Comments
Navigation

e New mechanization ol higher gains and 3-sec lag made tlight director guidance
acceptable.

Navigation errors at touchdown were 0.28L, 0011, 0171 0.30L, D031k, 0.03R,
0.12L, and 0.01L at KMWH and 0.07P at KBEL. This was exceptional considering
that EPH was ofl the air part of the time.

'S Performance sumimary was as follows:

INS No. SN ALAT 410N

(min) (nin

Nav time: 6.6 hr | 766 1.8 26
Fhight time: 6.1 hr ) 406 -6.0 |
3 094 1.6 0.

2
|

4D time crror summary was as lollows:

En route
KBFI to KMWH +:16
KMWH to KBFI -:46

Evaluation (KMWH)
SID POW32R -:20
STAR COR32R +:04
SID POW32R -:36
STAR COR32R +:.06
SID POW32R -1:01




STAR COR32R

SID GRA32R

STAR CON32R

SID POW32R

STAR COR32R +:07
SID POW32R =24
STAR COR32R -:05
SID DOU32R :00
STARSIP32R 1o

Displays  There were no new problems.

Flight 6-7. Febyuary 22, 1974

This Mlight provided two demonstration flights for representatives from the FAA and
from Boeing management. Each flight departure from KBEL was an automatic departuie
turn SID BURI3R. The en route segment to KPAL was 4D coupled witly an automatic
approach via curved. descending. decelerating STAR EDM106, ending in an autoland
transition and landing. The departure from KPALE was coupled via close-in turn SID GLET6
with the en roule segment to KBEL 4D coupled. The automatic approach to KBIFL was via
curved. descending, deceierating STAR TIGE3R with transition to an autoland at KBIFL

System Performance Comiments

Navigation

Probiem occurred again when Retune Navaid No. 2 messige came up wnd locked
Nav in IXX until No. 2 was manually tuned.

Other shortcomings were noticed and changes will be made to correct them:
1)  EADI FPAC went off screen in “Takeoff™: will limit to 10°.
2)  MFED. Alt Range symbol was too noisy: 3-see filter will be added.

Nav errors at “Touchdown” were 0.14L and O.11L at KPAL and 0.07L and
0.02R at KBFL.

Test instrumentation reported intermittent ARINC clock output fluctuation.
Terminal errors were as follows:

INSNo. ALAT ALON AGS
(min) {min) (kt)

Flight A
Nav time: L8 hr
Flight time: 1.2 hr




ALAT A LON
(min) (min)

Ilight 3
Nav time: 2.0 hr +0.4 +0.7
Flight tume: 1.2 hr 0.3 +0.9
0.2 0.2

0 0

4D time error summary was as follows:
En route

KPAE to KBFI -07

KBF! to KPAE :00

KPAL to KBI'I -:03
Displays- Many parity crrors in Hight, and intermittent EADI problems:
e Ditch jitter - A/D converter suspected
e Circle symbol not clear
e LEADI left-hand side blank

Flight 6-8. February 25, 1974

This was a demonstration flight including one Might to KPAE and return to KBFL. The
flight details are the same as those given tor flight 6-7.

System Performance Comments
Navigation
e The smoothed Altitude Range symbol Itoze at 0.

e Bulk data changes were necessary to reference all KPAL GRP’s to NUW (Whidbey
Island)

Unexplained errors in touchdown time were reported.

EADI runway (DA unfiltered) and potential gamma (10°limit) changes were OK.

Navigation XTKE’s at touchdown were 0.15L and 0.05L at KPAE and KBFt,
respectively.




Pertornumce summary wis i, follows:

INS No. SN ALAI A1LON
(0in) (1mn)

| 766 1.0 1.2

2 406 0.3 0.5

3 094 -0.3 .0

NCU 0 0

4D time error summary was as follows:
I.n roure
KBIEI to KPAL -:04
KPAL 1o KBEI 100
Displays

) Numerous parity errors occurred, and a tape reload was necessary.

e The INS invalid cross on the EADI occurred intermittently when the INS valid
was OK

Flight 6-9, February 26, 1974

The departure trom KBFI was via noise-abatement SID SUM 3R using IMight director
guidance. En rout~ to KMWH, the display system developed major problems that precluded
evaluation ol any flight conditions. The approach to KMWH wus an automatic approach via
curved, descending, decelerating STAR EPH32R. Efforts to correct the display system
problems were nnsuccesstul, and the decision was made to return to KBFIL. The departure
was via noisc-abatement SID DOU32R and the approach to KBFI was via two-segment,
straight, decelerating STAR KITI3R. The return ight was flown 4D coupled and an
autoland was accomplished at KBFIL.

System Performance Comments
Navigation

e  Autotunce No. 1 station tuning not reliable: suspected that the tuning problem had
not been solved by changing RNI cards in the NCU

IXD mode and station scarch frozen on OLM

NCDU keyboard hung up; ATC CLR key sticking suspected

Takeoff from KMWH with NO, EO position, and no GMT because of operator
errors (twice)




e Versine Tunction and new mechanization of Altitude Range
e Navigation XTKE at touchdown: 0.21L at KMWII and 0.15R at KBI-]

INS- Realignment took place at 90° heading at KMWIL. System performance summary
was as Tollows:

INSNo. ALAT ALON AGS
(min) (min) (kt)

Nav time: 2.2 hr ] -0.1 +0.3 |
IFlight time: 0.7 hr 2 -1.0 +0.1 |
3 -1.2 -2.6 2
Nav time: 1.2 hr | 0.3 0.9 |
Flight time: 0.8 hr i 0.4 +0.1 ]
3 04 -1.3 4

Displays - The display system was down most of the way to KMWI. Problems were:
e Mecmory wiped by a hydraulic switching transient during ground startup
e  Unable to reload
e Jittery EADI roll
e A glitch in MFD Alt Range symbol
Flight 6-10, February 27, 1974

The departure from KBFI was coupled via departure turn SID BUR1T3R en route to a
test path from Port Angeles to Portland to Olympia and terminating at KPAE. This test path
was flown to support engineering acceptance of fixes incorporated as a result of problems
encountcred during flight 6-9. The test conditions included 4D-coupled flight with various
meode checks and one manual and two autolands at KPAE. Following the completion of this
acceptance testing, the operational evaluation testing continucd.

There were two evaluation flights flown. The departure for the first flight was via
close-in turn SID GLE16 using flight director guidance. The approach was via straight,
decelerating STAR EDII6 using vertical-deviation-only guidance. Tlhie departure for the
second flight was via close-in turn SID GLI16 using vertical plus waypoint guidance, and
the approach was via straight, decelerating STAR EDI 6.

The departure from KPAE for KBFl was via standard path SID LOF16, and the
approach to KBFI was via curved, descending, decelerating STAR TIGI3R followed by an
autoland. This tlight was 4D coupled.

i

o
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System Performance Comments

Navigation - DME No. 2 trequently dropped out during this flight, both in NCDU
wnmg and manual tuning modes,

Sottware problems noticed were:
o Altera RIS, RES of a provisional clearance, 4D could not be obtained.

° MED. ADIZ line was on 4 nmi/in., but not on 2 or 8 Pilot objected to
alphanumeric overwriting.

Autotune was not searching for new No. I when geometry went bad. and did not
#0 to IDX when No. 2 went bad and No. 1 was good but with bad geometry.

Navigation dritt occurred on the ground when GS was less than S Kt

SEEL mode waypoint entry locked out PPOS waypoint entry on the AFC
CLR mode.

Autotune. When a No 2 had been manually tuned through the NCDU and then
rejected, it did not update at the next leg midpomt.

SEL page had 77 on line 5.

Navigation XTKE at touchdown were 0.01R, 0.1L, 0.321, 0.50L, and 0.065 at
KPAL, and 0.04R at KBFL There was no apparent reason for the 0.80L because
most ol the path was 1DD. The only difference was that OLM and BLI and OLM
and NUW were used; normal autoture uses SEA and NUW on these approaches.

4D guidance time crror, estimated time-of-arrival, and GMT appeared to be
inconsistent at the end of the path.

INS SN 094 had an 18-kt groundspeed error during the thivd stop at KPAE and had to
be realigned. Performance summary was as follows:

INS No. ALAT ALON AGS
(min) (mm) (kt)

KBF1 to KPAL
Nav time: 5.9 hr 1.8 0.1
Flight time: 5.3 hr 3.0 -0.4
-0.4 -24




1ICPS
Path oflset occurred and gradually cured itself,
VEL CWS was judged unaceeptable i roll because ol wheel movements not
mitiated by the pilot. Path following in pitch was diltficult because ol response
lags. Piteh sagged after small mputs.
e  [Ilight director was unusable in pitch and Lo active m roll.

4D time error summary was as follows:

I'n route
KPAL to KB +:37

' valuation
SID GLE 16 - 10
STAR EDIt6 -1:34
SID GLELO 100
STAR EED116 - 18
Displays- The followmg problems were noticed.
e LADI Rolljitter
e MPFD. Conic jitter, closure problems, and briglit spots
e PCU. Load problem when changing program at KPAL

e LEADL Piteh jitter (power supply problem)

Flight 6-11. March 4, 1974

Departure from KBFI was via noisc-abatement SID SUMT3R using path perspect ve
situation guidance. En route to KMWH, numerous outer-doop autopilot modes were checked
during coupled Might  The approach to KMWIT was via curved, descending, decelerating
STAR SIP32R. Two low approaches and threce tonel-and-go landings were made from a
racetrack course. Following the last landing test, a full stop was mae in preparation for the
performance of two ADEDS cvaluation flights.

Departure for the first flight was via noisc-abatement SID TANI14L using vertical-
deviation-only guidance, and the approaclt was via standard STAR WENI4L, also using
vertical-deviation-only gaidance. The second flight included the same SID/STAR combina-
tion but path perspective command guidance was used. The departure from KMWH was via
noise-abatement SID DOU32R, with thc remainder of the flight including the two-segment,
straight, decelerating STAR KITI13R and landing at KB was in the automatic mode.




System Performance Comments
Navigation

e EADI. “Star and Circle” portion jumps observed at 13.54:51, apparently duc to
loss of pitch from the 1CPS.

EADI. Acceleration command symbology jumped intermittently at 17.13:30,
EADI. Runway symbology blew up after crossing the approach threshold.
MFED. Alt/Range symbol computation was wrong,

MFD. One turn-point tick mark was missing.

GUID. Vertical path capture would not occur.

NCDU. New mechanization of ETA and TE on last legs was OK but did cause
jump in ATE of up to 20 sec.

NAV. Errors at touchdown at KMWH were:
0.11R (rwy 32), 0.0 (rwy 21), 0 1L (rwy 21), 0.15R (rwy 32), 0.50R (rwy 32),
0.88R (rwy 32), 0.77R (rwy 32), and 0.48R (rwy 32).

The error at KBF1 was 0.14R (rwy 16).

INS—Performance summary was as follows:

INSSN ALAT ALON

(min) (min)
Nav time: 6.3 hr 766 0.1 3.2
Flight time: 3.4 hr 406 7.1 29
094 2.9 0.8

4D time error summary was as follows:

En route
KBFI to KMWH -:10
KMWH to KBFI -1:01

Evaluation
SID TANI4L
STAR WENI14L
SID TANI4L
STAR WENI4L




Displays

e  MFED. Curved Trend Vector segments were disassociated, giving the appearance of
a crooked line.

MED. Path conics were itermittently wrong, i.c.. double arc length (could be a
Nav software problem).

EADIL Attitude invalid cross was still inhibited because it appeared when it
should not,

MED. Tag jumping problem persisted and will continue until 1 new power supply
is obtained.

Flight 6-12, March 5, 1974

Departure from KBFI was via departure turn SID BURI3R. The departure and en
route scgments to KPAE were flown 4D coupled. The approich to KPAL was via
two-segment SID MOUI6 using Ilight director guidance. Following this approach and
transition to autoland, one additional autoland was accomplished, ending in a full stop in
preparation for ADEDS evaluation testing.

The departure for the ADEDS evaluation flight was via standard SID LOF16. and the
approach was via two-scgment STAR MOUI16 with both segiments using flight director
guidance. The flight from KPAE to KBFI was coupled with the departure via close-in turn
SID GLE16 and the approach to KBFI via curved, descending, decelerating STAR TIGI3R.
The landing at KBFI was manual.

System Performance Comments

Navigation

® Roll input was lost from the ICPS (ICPS software crror). No pitch glitches
occurred as in flight 6-11.

MFD. Alt Range pitch worked OK .

GUID. VNAV capture logic error was found and corrected.,

EADL Acceleration command jumped only when reaching MMO and VMO limits.

Nav. XTKE at touchdowns were 0.02,0.01. 0.12R and 0.0t at KPAE and 0.06L
at KBFI.

MFD LAT line 45N appeared on 8 nmi/in. when it should not.

AUTOTUNE did not define NAVAID No. | on 1 ’POS-SEA-PDX clearance und
also did not update to PDX at midpoint.




NCDU ATC CLR. Entry of a PTA in ATC CLR did not work correctly; 13.30
came up at 13.03.

NAV XTKL errors at touchdown were 0.0, 0.0, at KPDX, 0.30R and 0.20R at
KSEA and 0.081 at KBFI.

INS Groundspeed discrepancies of 28-kt occurred on SN 094 in flight. Performance
summuary was as [ollows:

INS SN ALAT ALON AGS
{(min) (min) (kt)

KBFI to KPAE
Nav time: 3.2 hr 766 0.3 l.6

Flight time: 2.9 hr 406 0.2 1.6
094 6.9

KPAE to KBFI

Nav time: 2.2 hr 766 ! -0.4
Flight time: 1.8 hr 406 : 0.1
094 ! 2.0

4D time error summary was as lollows:

En route
KBFI to KPAE +1:06

Evaluation (KPAE)
SID LOF16 +:01
STAR MOUI1G6 +:10

Displays—No new problems occurred.

Flight 6-13, March 6. 1974

Departure from KBFI was via departure turn SID BURI3R using path perspective
situation guidance. The enroute segment to KMWH was 4D coupled and included
evaluation of several ADEDS display modes and autopilot functions. The approach to
KMWH was via standard STAR ROY 21 using path perspective situation guidance. The
transition to autolanc was completed successfully, but the autoland was abdorted at
approximately 350 min due to poor trim of the airplane.

Following a full stop, an ADEDS evaluation flight was performed. The departure for
this flight was via close-in turn SID EPH21, and the approach was via curved, descending,
decelerating STAR EPH32R. Both segments of this tlight used path perspective situation
guidance.

Prior to departure for KBFI, three additional autolands were performed. The departure
from KMWH Jor KBFI was via standard SID POT32R using puth perspective situation




guidance. Following a 4D-coupled flight to KBIL, an approuach via curved, descending,
decelerating STAR TIG13R was made to KBFI using path perspective command guidance.
The ensuing autoland was discontinued and the touchdown was manual.

System Performance Comments

Navigation

e LADI. Intermittent pitch glitches just after takeolt

e MID. Time box position indeterminate when PTA put in was carlier than the
start of the path

e MFED. Erroncous path tines noticed at a time when there was had geometry

® NAV. Large Nav errors ¢ > 1 nmi) in EXD over KMWIH

e NCDU. Large TE jump when went to last leg. i.e.. TE 0-42-24, 23 cte,

e TEST. Output ARINC 561 clock frequency with 107 instability variation

e MFD. Alt Runge not correct

INS - Performance summary was as follows:

INSSN ALAT ALON AGS
{(min) (min) (kt)

Nav time: 4.6 hr 766 0.8 -1.1 2
Flight time: 3.1 hr 406 0.8 0.1 3
094 2.1 4.3 10
NCU 0 0.4 0
41) time error summary was as follows:
En route
KBFI to KMWI +:10
KMWH to KBFi =05
Evaluation (KMWH)
SID EPH21 +:06
STAR EPH32R +:06
Displays 1
e EADI extraneous test pattern data appeared intermittently.

Input buffer overflow indicated by halting once in flight.

87
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Flight 6-14. March 7, 1974

Departure Trom KBIT was via departure turn SID BURI3R in the 4D-coupled mode.
The en route flight was 4D coupled, and the approach to KMWI was via curved, descending,
decelerating STAR SIP32R. After a full stop, two autolands were performed, followed by a

depanture for KB via close-in turn SID TUM32R Tor a 4D-coupled flight to KBF1 via
curved, descending, decelerating STAR TIG13R with transition to an autoland.

This fMlight included demonstrations for the USAF representatives who had arrived at
Bovcing aboard the “Speckled Trout.” Following this flight. the ADEDS engineers were given
4 demonstration (light aboard the “Speckled Trout™ similar to the one described above.
System Performance Comments

Navigation

° MED Alt Range symbol was fixed in 1light.

e NavIDV mode was mechanized with 20 nini maximum range limit.

° Nav errors XTKE were 0.47R and 0.1 at KMWIL. and 0.14 at KBEL.

IN'S -Performance sunimary was as follows:

INSSN ALAT ALON AGS
(min) (min) (kt)

Nav time: 3.0 hr 766 1.0 -0.9 P
Flight time: 2.5 hr 406 0.4 0.3 2
094 -1.0 0.9 4
NCU 0.2 0.4 0

4D time error summary was as follows:

En route
KBFI to KMWH +:07
KMWH to KBF1 01

Displays—There were no new problems.
Flight 6-15, March 8, 1974

The departure from KBFI was via departure turn SID BUR1T3R using path perspective
situation guidan.e. Velocity CWS was evaluated en route to KMWH with the approach being
made via curved, descending, decclerating STAR SIP32R, using vertical plus waypoint
guidance. Following a full stop, an ADEDS cevaluation flight was flown with the departure
via departure turn SID GRA32R. The approach was via straight. decelerating STAR
CON32R. Both segments of this flight used path perspective command guidance.




-y

Following this ITight, six autolinds were accomplished to evaliate intentional Tault
insertion in the fail operational autoland systen.

Following completion ol s testing. additional ADEDS evaluation IMghts were
accomplished. Departuve Tor the Tiest Hlight was via departure turn SH GRA32R using
vertical-deviation-only  guidance, and the approach was via straight, decelerating STAR
CON32R using path perspective command guidance.

Departure Irom KMWH for KBFT was via close-in tura SID TUM32R, and the approach
to KBIFL was via curved, descending decelerating STAR TIGI3R. Both segments of this
Hight used vertical-deviation-only guidance. The autoland to KBET was terminated at 100 [t
because ol second failure-occurrence, and a manual landing was complcted.

System Performance Comments
Nuavigation
® IDV and IVD modes were used with a 20-nmi range limit. but results were not
encouraging. XTKE errors at touchdown with primary preceding modes are

shown below:

1)) KMWH rwy 32R 0.06L (IDD), 0.03L (IVD). 0.281. (IXD), 0.56L (IVD).
0.7L (IXD), 0.35L (IXD). 0.49R (IDX), 1.05R (IDV), and 0.03L (1DD).

2)  KBFErwy I6R- 0.0 (absolute zero position errors observed on EADI runway
symbol)

® IVD mode acquisition was intermittent for reasons unknown. i.c., toggling 1VD,
1XD, or could not get IVD when should have.

INS - All systems performed well. A realignment was done at 90° heading at KMWH.
Performance summary was as follows:

INS SN ALAT ALON AGS
(min) (min) (kt)

KBFI to KMWH

Navtime: 4.0 hr 766 04 t1.0
Flight time: 3.0 hr 4006 -0.6 +0.4
748 0.8 +0).

KMWH to KBFI
Nav time: 2.0 hr 766 0.5 1.9
Flight time: 1.0 hr 400 0.1 0.5
74K 0.4 04

NCU 0 0.1
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4D time error summary was as follows:

I:n route
KBFI to KMWH +:16
KMWH to KBFI -02
Evaluation (KMWH)
SID GRA32R -:02
STAR CON32R +:03
STAR CON32R -:06
Displays

e MFD. Occuasionally path vector conics came up as double length on the display
(could be an NCU software problem).

e MFD. When path conics were partially offscreen, disconnected lines were
displayed.

e EADIL. The display was too dim even at maximum brightness. Other problems
persisting included character Y position jitter, extrancous data on EADI, EADI
attitude invalid cross, and MFD vector discontinuous lines.

Flight 6-16, March 11, 1974

This was a demonstration flight for representatives from ALPA. The flight to KPAE
and return were accomplished in the automatic mode. The departure from KBFI was via
departure turn SID BURI3R with the 4D-coupled flight to KPAE terminated via curved,
descending, decelerating STAR EDM16 with transition to an autoland for a touch and go.
The departure from KPAE was via close-in turn SID GLE16, and the 4D-coupled flight to
KBFI was terminated via curved, descending, decelerating STAR TIG13R with transition to
an autoland.

System Performance Comments

Navigation—XTKE error at KBFI was 0.15R (rwy 32R). XTKE errors at KPAE were
0.05L (rwy 16) and 0.20L (rwy 16).

INS—Performance summary was as follows:

INSSN ALAT ALON AGS
(min) (min) (kt)

Navtime: 1.5 hr 766 0.4 0.3 2
Flight time: 1.1 hr 406 0.3 0.4 1
748 0.1 0.5 2




Displays

e LADI and MI'D. Symbol distortion (open cicle) problem reappeared prior to
tlight.

MED. First character of waypoint name was missing and the star symbol was
distorted intenmittently prior to fhght,

Flight 6-17. March 11,1974

Departure from KBEL was coupled via departure turn BURI3R en route to KMWIH.
Attitude CWS and 4D-coupled modes were evaluated en route with the coupled approach to
KMWII via curved. descending, decelerating STAR LEPH32R we*h transition to autoland.
After a full stop, the Following ADEDS cvaluation fhights were accomplished.

The first flight departure from KMWIH was via noise-abatement SID TANI4L, and the
approach was via standard STAR WENT4L, with both segments using vertical-deviation-onty
guidance. The departure for the second flight was via noise-abatenient SID TANT4L, and
the approach was via standard STAR QUITHL, with both segients using path perspective
situation guidance. Departure for the third tlight was via close in turn SID TUM32R, and
the approach was via curved, descending, decelerating STAR SIP32R, with both scgments
using path perspective situation guidance.

The departure from KMWIT for KPAE was via noise-abatement S1D DOU32R and the
approach to KPAL was via two-scgment STAR MOU16, with both segments using path
perspective situation guidance. One evaluation flight was flown at KPAE with the departure
via close-in turn SID GLE16 and the approach via two-segment STAR MQU16, with both
segments using path perspective command guidance.

The departure from KPAE for KSEA was via noise-abatement SID BRE 16, where two

touch-and-go autolands were accomplished, followed by a direct flight to KBFI where a
manual landing was made.

System Performance Comments
Navigation

e Station overflight (< 1.8 nmi) fix was patched in at KMWLH after large errors
following overtlight of EPIL

XTKE errors at KMWH were 0.09L (rwy 321, 0.85R (rwy 14), 0.47R (rwy 14),
and 0.0 (rwy 32).

XTKE errors at KSEA were estimated 0.1R (rwy 16L) and 0.1R (rwy 16L).

NCDU looked good uader night light conditions (white on black keyboard only).




I | INS SN 748 developed a large westerly velocity error on the JUNCN-ALTE leg at a
heading of 90° Lrror was steady at -15 kt. Subsequently, errors up to -32 and -27 kt were
| observed at headings of 90° and 270° Thercalter, velocity and position errors were
1 oscillatory, presumably with a Schuler period. Also, 10-kt error developed during turn from
' 170° to 180° at MOUVW between KMWIT and KPAE after realigning with a 90° heading.
] Performance summary was as follows:

INS SN ALAT ALON AGS
(min) (min) (kt)

KBFI to KMWH

Nav time: 3.t hr 766 0.5 0.7 )
Flight time: 2.8 hr 406 0.1 04 2
748 0.6 1.2 19
KMWH to KBFI
Nav time: 2.6 hr 766 1.0 2.3 2
Flight time: 2.2 hr 406 0.4 09 3
748 0.3 -0.3 5
NCU 0 0.4 0

4D time error summary was as follows:

En route
KBF! to KMWH +:18
KMWH to KPAE -1:13

Evatuation (KMWI)

SID TAN14L -:01

STAR WENI4L %:25

SID TAN14L :00

STAR QUII4L +:05

SID TUM32R -:01

STAR SIP32R Ghs 20
D:-plays

e PCU. Parity error occurred at KMWH after power switching.
e MFD. Blueness was pronounced under bright light conditions.

Flight 6-18, March 12, 1974

The departure from KBFl was via noise-abatement SID SUMI3R using path
perspective command guidance. The en route segmem of the flight to KMWH was 4D
coupled with the approach via straight, decelerating STAR CON32R, with a manual
approach and landing. Time error at the middle marker of the landing approach was -:07
sec. Four autolands were performed from a racetrack course to obtain metric camera data
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for space position data. Following this cffort, u full stop was made in preparation Tor the
following ADEDS cvaluation flights.

The first Might departure was via close-in turn SID MAEL4L, with the subscquent
approach via curved, desceading, decelevating STAR SIP32R. Both segments of this flight
used path perspective  situation  guidance. Departure for the sccond flight was via
noise-abatement SID TANIT4L, and the approach was via curved, descending, decelerating
STAR SIP32R, with both segments using vertical-deviation-only guidance.

The departure from KMWIE en oute to KBFT was via close-in turn SID TUM32R, using
vertical-deviation-only guidance. T..2 return flight was to be 4D coupled per a planned
profile, but severe weather precluded adhering to the ATC coordinated flight plan. The
approach to KBFE was via curved, descending, decelerating STAR TIGI3R, using vertical
plus waypoint guidance.

System Performance Comments

Navigation

e GUID problems ocenrred with 3Dz left the path for no apparent reason over ELN:
two occurrences in ALT HOL D and one in G3D.

e Nav patches were put in to improve single DME update mode. i.¢., bearving within
+15°0f cardinal points N, S, E, W; 152 bank cut off; 2 i minimum range.

e Nav took patches, except bank angle limit, out alter the GUID 3D problem, but
had a similar problem in ALT HOLD.

e Nav XTKE with patches were 0.05R (rwy 32), 0.1L (rwy 32), and 0.0 (rwy 32)
at KMWH.

e Nav XTKE without patches were 0.0 (rwy 32) and 0.1L (rwy 32) at KMWH and
0.12L (rwy 13) at KBFi.

INS - There was no abnormal INS performance. Performance summary was as follows:

INSSN ALAT ALON AGS
{(min) (min) (kt)

Nav time: 6.1 Iy 766 1.6 1.7 2
Flight time: 5.5 hr 406 -1.2 0.3 2
743 1.2 1.1 I
NCU 0.2 -0.4 0

4D time error stmmary was as tollows:

En route KBFI to KMWIH -:07
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Displays—There were no new problems,
Flight 6-19, March 13, 1974

This flight included demonstrations for Boceing corporate oficers. The departure from
KBFI was via departure turn SID BURI3R, and the approach to KPAE was via STAR
EDM 16 with transition to autoland. Departure from KPAL was via close-in turn SID
GLEL6, and the approach to KBFI was via curved, descending, deccierating STAR TIGI3R,
with transition to an autoland. The second flight to KPAL used the sume flight path as the
first, but departure from KPAE on the seeond flight was via noise-abatement SID SAM16,
with the subsequent approach to KBFI again via TIG13R, with transition to an autoland,
Albol the above en route Hight segments were flown 4D coupled.

System Performance Comments
Nuvigation

® XTKE errors at touchdown were 0.16L and 0.01R at KPAE (rwy 16) and 0.02L
and 0.06L at KBF1 (rwy 13).

® The DMEs dropped out momentarily after small accelerations (<0.1 g) in the
direction of the DME station.

INS—Performance summary was as follows:

INSSN ALAT ALON AGS
(min) {min) (kt)

Nav time: 3.2 hr 766 0.4 0.5 2
Flight time: 2.4 hr 406 0.2 06 3
748 0.4 0.1
NCU 0.1 0

Displays—There were no new problems. Pitch on EADI was extremely jumpy.
Flight 6-20, March 13, 1974

The departure from KBFI was via departure turn SID BURI3R, with the approach to
KPAE via curved, descending, decelerating STAR EDM16. During this flight segment,
problems were encountered with the navigation system that precluded additional planned
testing. Three autolands included two touch-and-go landings and one go-around. The
departure to KBFI was direct, with a manual flight director landing. During this flight.
additional problems were encountered with antothrottle control and outer-loop autopilot
modes, including altitude engage and horizontal and vertical path engage.




v T

System Perfornance Comments

Navigation  Many problems occurred  bad assembly suspected.

e LADI. Waypoints advanced by one.

e MFED. Tinte box and NCDU TE had opposite polarity.

e NCDU. Response to new PTA was incorrect., )

e GUID. Violent pitch ups occurred in altitude hold (Nav or ICPS problem, cause |
unknown). A

o  Nuav. New program with Nav lixes: |
1) Roll #15%cutofr
2) 2 nmi minimum

3)  Single DML cardinal bearings £15° update only

e XTKL ut touchdown were 0.0R, 0.20L and 0.37L at KPAE (rwy 16)and 0.17L
(tuncd to NUW instead of SEA) at KBF1 (rwy 13).

INS—No problems occurred. Performance summuary was as follows:

INSSN ALAT ALON AGS !
(min) (min) (kt)

Nav time: 3.1 hr 766 0.3 0.3 1

Flight time: 1.1 hr 406 0.8 0.3 | |

748 0.1 0.2 3 1_

NCU -0.2 0.3 'f

Displays — There were no new problems. |
Flight 6-21. March 14, 1974 ¥

Departure from KBFI was via departure turn SID BURI3R using path perspective
situation guidance, and the approach to KPAL was via curved, descending, descelerating 4
STAR EDMI16, using the flight director guidance option. This was a 4D flight, and the error

at KPAE was -:06sec. A transition to autolund was accomplished successfully and a '
touch-and-go-lunding was made, followed by a racetrack course Tor one additional autoland, 1
then followed by a full stop. |

Departure from KPAE for KMWH wus via noisc-abatement SID SAM16 using path
perspective command guidance. The [light to KMWI was 4D with the approach via |

two-scgment STAR COR32R. The time error Tor this flight to KMWH was +:13 sec at i

touchdown. 5
i
B
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Departure from KPAE for ADEDS evaluation Hight one was via depuarture turn SID
GRA32R, and the approach was via straight, decelerating STAR CON32R, with both
seginents of the fhight using path perspective command guidance. Departure for the second
flight was via close-in turn SID TUM32R, and the approach was via curved, descending,
decelerating STAR SIP32R with path perspective command guidance used for both
segments.

At this time, two autolands were accomplished for evaluation of changes made in the
system to correct problems observed during the previous flight.

The next ADEDS cvaluation flight departure from KMWIH was via departure turn SID

GRA32R, and the approach was via straight, decelerating STAR CON32R, with both

i segments using vertical plus waypoint guidance. The next flight departure was via departure

turn SID GRA32R, using path perspective command guidance. The approach tor this flight
was via straight, decelerating STAR CON32R using flight director guidance.

The departure from KMWII for KBFI was via noise-ubatement SID DOU32R using
vertical plus waypoint guidance, and the approach to KBFI was via standard STAR
TAY3IL.

System Performance Comments

Nuvigation

o No problems occurred with PTA entry (the software from flight 6-18 wus used).

: e Navigation errors at touchdown were as follows:
1) KPAE (rwy 16): XTKE 0.14L und 0.25L
2) KMWH (rwy 32)XTKE 0.05t, 0.0L, 0.08L, 0.0R, 0.08L: following SID and
STARs XTKE 0.44R (after takcoff with large navigation error), 0.6L during
autoland circuits.
% 3) KBFI (rwy 31): XTKE 0.02R.

Note that none of the changes for single DME mode update limitations were
incorporated.

s

INS—SN 766 failed in flight; WARN in Nav and ATT modes; restarted in ATT mode,
got WARN again. SN 094 was installed. (This system was previously rejected for exeessive
Schuler groundspeed errors.)

Y ey 6 P rﬂ"ﬂ‘.ﬂrf.ﬁn
-

INSSN ALAT ALON AGS
(min) (min) (kt)

Nav time: 6.9 hr 4006 0.8 2.1 |
Flight time: 6.3 hr 748 2.5 0.8 5
Nav time: 2.8 hr 094 1.9 4.4 3

Flight time: 2.3 hr
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AD time error stumnary was as (ollows:

I:n route
KBl 1o KPAL =006
KPAL 1o KMWII +:13
KMWII to KBI] +1:40

Evaluation (tKMWI)
SID GRA32R
STAR CON32R
SID TUM32R
STAR SIP32R
SID GRA32R
STAR CON32R
SID GRA32R
STAR CON32R

Displays
e No new problems

e MED time box appeared out of position momentarily on scveral occasions (could
be NCU)

Flight 6-22, March 14, 1974

This Night was dedicated to night evaluation of a visual approach monitor (VAM)
installed on the ADEDS Hight test airplane (NASA 515 737-100). No ADEDS evaluation
was accomplished during this thight.

Navigation—The NCU Tlailed in Ilight duc to a memory chuange, either hardware- or
software-induced in bank 2. Only the NCDU keyboard was affected, but the NCU invalid
could not be cleared. The memory was verified, and no evidence could be found that the
problem existed in software. However, an untricd combination of new banks 2 and 3 and
old bank 1 was being used at the time of failure.

An old ICPS program was used.

INS -SN 748 developed large groundspeed errors (-25 Kt) during a 30° bank turn to the
west. Performance summary was as follows:

INSSN ALAT ALON AGS
(min) (min) (kt)
Nav time: 2.5 br 094 1.0 0.9

8
Flight time: 1.0 hr 406 0.6 0.1 1
748 0.4 4.0 19




Displays— Initial MID incrementing problein was induced by soltware patching error,
Flight 6-23, March 15, 1974

Departure from KBEIL was via departure turn SH) BURI3R using path perspective
situation guidance. The flight was scheduled Tor en route evaluation ol ADEDS performanee
on a closed-loop Hight Ffrom Scattle to Portland to Spokane and back to Seattle. Failure ol
the navigation computer shortly alter takeoll f'rom KBIFI required aborting the Night and
returning. The navigation computer software was reloaded, and tests indicated that the
problem was corrected. However, by this time the weather conditions and the delay in
departure time resulted in rescheduling the ight for Portland and return, The system
performance was still not adequate to perform an en route test. A manual lunding was made
on return to KBEFIL.

System Performance Comments
Narvigation The new bank | (with PTA entry problem) was loaded.
@ PTA problem occurred as before. The problem was Feund postilight alter it was
noticed that, on the Tinal leg, TE jumped to the correct value (4:25) while the

time box on the MFD stayed at approximately +0.10.

Navigation XTKEL at touchdown by KBEFI rwy 31 was 0.05L.

An old ICPS program was used. During autoland, lirst Failure was caused by INS
No. 3 groundspeed errors, When INS No. | fuailed. the utopilot did not
disconnect for many seconds alter INS No. 1 went invalid.

INS 748 developed groundspeed errors varying between +32 to -54 Kkt in FHight.
INS 094 failed in Nav and ATT modes duriag final approach after approximately
2.3 Iir in Nav,

Performance summary was as Follows:

INSSN ALAT ALON AGS
(min) 1min) (kt)

Nav t\;w: 2.3 hr 406 04 1.0 3
Flight Xime: 1.6 hr 748 0.2 -8.5 44

Displays
e Display was lost after takeofT;, bootstrap was reloaded and then OK,

e  Altitude invalid cross appeared intermittently on the SADI.




e  MFD crroncous tlight plan conics appeared intermittently, apparently caused by
the pickup ot bits in the conic length word (could be 1/O problem).

2.2 DISPLAY SYSTEM PERFORMANCE
2.2.1 General

The detailed pertormance of the display system is described in the Tollowing sections
and in appendix D. In summary:

1) Problems with the display system hardware resulted in the delay of several test
flights and the carly termination of two ftlights. The problems were, however,
typical ol those encountered in carly test flights of developmental hardware,

A shortcoming of the display system was the lack of relative display brightness
when operating in direct sunlight. The brightness ot the LED readouts on the
display system mode control panel was also judged inadequate.

The display system software configuration was not frozen during the flight test
period. Most of the changes, hsted in tabie 2-1, were of a developmental nature,
i.e., adjustments to scaling and timing and general optimization of the software
routines.

Problems encountered during a2cceptance, integration, and thght testing support
the requircment lor a detailed monitoring of power requirements during the
design and development phase. The level provided to the ADEDS display system
was not adequate.

2.2.2 Display System Hardware
2.2.2.1 Program Control Unit (PCU) and System Control Unit (SCU)

During the first flights, the program stored in memory was destroyed during the
turn-on of airplane systems and transfer from ground power to airplane power. By adding a
memory power supply crowbar circuit, which ensured the memory drive currents were not
switching after the 5-V logic supply had reduced below a normal operating level, the display
system could withstand all power interruptions except when the hydraulic pumps were
switched on. The final operating procedure was to power the system down until the airplane
was ready to taxi, after having conducted a preflight checkout of the display system.

Memory parity was a problem, particuliarly in the beginning of the flight test program.
If a memory parity occurred in memory locations that did not interfere with the SCU
operation, the bad memory location could be restored and the program restarted, However,
if a memory location that the SCU program was using was destroyed, the SCU loader paper
tape had to be reloaded. This was a problem bccause several minutes were required to toad
the tape. Approximately two-thirds into the tlight test, a4 new memory sense and inhibit
boards were installed, and there were only a few subsequent periodic memory parity
problems.




TABLE 2-1.—-DISPLAY SYSTEM SOFTWARE CHANGES

/

Change No.

Flight No. Function

Description of change

EADI, MFD
EADI

MFD

MFD

MFD

EADI
EADI

EADI, MFD

EADI
EADI

EAD!
EADI

EADI
EADI

MFD

EADI
MFD
MFD, EADI
EADI

EADI

Optimize symbol coding

Correct BITSPOT to delete
unblanked vector

Eliminate jumping when new data
received

Prevent hangup when more data
received than can be handled in
available time

Correct shape of DGAMWDGE and
FPANGLE symbhols

Correct pitch reference and
decision height mode panel
readouts

Set MFD fail bit and transmit to
NCU when bad data received

Change pitch scale lines to 5°

Change pitch reference and
horizon lines

Optimize symbol library to save
time

New LS symbol

Key ILS box to LAND ENGAGE
from ICPS

Round off decision height

Round off radar altitude between
1,500-25,000 ft to 100 ft

Correct localizer box scaling

Simplify speed error processing in
conjunction with NCU

Optimize track tape and
airplane symbol

Adjust timing of EADI stroking
Adjust track tape scaling
Optimize timing

Change to 1LS symbol (see
change 11)

Include both 1LS symbols




Shortly after installing the new memory boards, a new problem occurred whicl:
delayed the flight test for approxinnately 2 days. The lirst symptont ol the problem was that
the pitch map weuld make discrete steps in roll instead of inaking a simooth transition. The
second symptom was that the SCU paper tape reader would not load tapes. These problems
were resolved when broken wire was tound in the PCU chassis wirmg.

Several intermittent problems occurred. 'The most serious one was that all ol the
calligraphic symbology programmed to be positioned lel't ol screen center was shifted to the
right side of the display. Another problem was that symbols did not ¢lose properly. It gave
the effect that a low-order bit was always a one in the +X direction.

2.2.2.3 Displays

The displays were reliable. One time the MED did not come up because ot a loose pin
in the input connector to the high-voltage power suppiy.

2.3 NAVIGATION SYSTEM PERFORMANCE
2.3.1 General

The navigation system hardware (NCU and NCDU) performed very well throughont
the flight test period. Navigation system failures/incidents No. 69 through 95 which
occurred during the fligit test period are included in appendix 1. Only four of these related
to the NCU and four to the NCDU,

The navigation computer software conliguration was never completely frozen
throughout the Ilight test period. A total ol 178 changes were recorded. (See table 2-2).
These changes rellect a continuing process of correcting problems, incorporating new
functions and mechanizations, and optimizing soltware routines, which continued through-
out the flight test period. Despite the large number of chiunges incorporated, only one tlight
test, the penultimate one, had to be aborted because of an NCU software problem.

2.3.2 Navigation System Hardware

2.3.2.1 Navigation Computer Unit

The four hardware problems that occurred with the NCU during the flight test period
and are listed in appendix D were as follows:

® Incidents No. 69 and 86 - Design problem in the power interrupt mechanization
o Incident No. 87-—-Spare computer No. 8 card lailurc
o Incident No. 88—SPBP transmitter failure

o Incident No. 91— RNI (Radio Navigation Interlace) card Tailure

i

e
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TABLE 2-2—NAVIGATION COMPUTER SOFTWARE CHANGES

Change Flight : L Type of
No. No. Routine Description of change change
1 1 EXEC Enable the cold start routine for power P
interrupts longer than 2 sec
2 1 GUID Set AGCS flag to acczpt and process |CPS inputs P
3 } NCDU Correct logic for PPOS waypoint and enable P
HOLD pattern left at 0
4 1 NAV Correct scaling of INS velocity inputs T
5 1 EXEC Use pitch and rolt from INS instead of 1ICPS T
and use CAS instead of TAS
6 2 NAV Interchange DME 1 and 2 in listing comments P
7 1 NAV Interchange DME 1 and 2 processing and P
resynchronize runway heading output discrete
8 1 NAV Correcot errors in DME valid log.c and compensate P
for 30" VOR bias
9 2 GUID inhibit HYGUID routine when GS << 64 kt P
10 2 GUID Remove latch on ALT SEL logic and increase gains P
1" MFD Display ORIG and DEST airports when no runway P
is defined in ATC CLR
12 2 MFD Display tuned DME 1 and 2 P
13 2 EADI Set FPA = 0 when GS < 64 kt P
14 2 NAV Zero DME range input cells aftei use P
15 6 NAV New autotune mechanization; see change 102 P
16 2 EADI Modify flight director pitch; canceled for P
flight 3
17 2 NCDU Reinitialize to INS position when ORIG entered P
on INIT page
18 2 EADI Set DA = 0 and inhibit VNAV until GS > 64 kt
19 3 NAV Provide flags to inhibit automatic nav mode
selection
20 2 MFD Increase radial symbol brightness to maximum P
21 2 NCDU Make NAV DATA error functions flight plan P
dependent only
22 2 NAV Simplify nav mode initialization using NAVFLG, P
NAV64K, and LLINIT
23 2 NAV Change nav mode annunciation codes IDX, I XD, etc. P
24 2 BULK Add test DME station XXX, 108.00 P
25 EADI Set VGSDOT and ACNORM to zero when INS P
is valid '
26 3 NAV Compute difference between updated and raw P
INS positions
27 2 GUID Invert RUN/CLAMP logic to compensate for ICPS P
reversal
28 2 GUID Enable pitch and roll synchro inputs instead T
of EPR
29 3 NCDU Correct entry of runway in ATC CLR P

3p = permanrent
T = temporary




TABLE 2-2,— (Continued)

Cr;\?(l:ge Routine Description of change

Type of
change®

30 NAV Enable frequency check when manual tuning P
from the cockpit

31 Correct assembly errors
3 Correct simulated airplane altitude computation
33 Add PITCHB of 5°

34 Patch for PITCHB and pitch and roll synchros

35 Increase accuracy of slow-loop vector magnitude
routine

36 Correct I XX mode annunciation when NOSTAI1
and NOSTAZ are set

37 Correct BAROSET mechanization
38 Add 1-sec lag filter to FPAC
59 Add GS and nav mode annunciation to MFD text

40 Correct interface protection mechanization
for bad MFD bus 1 transmissions

41 Correct VOR mechanization for \{OR 2 and
change calculated bearing by 180

Inhibit LOOK UP STATUS message on line 8
Correct PTA mechanization for reclearances
Zero VNAYV at end of path

Correct acceleration resolving errors

42
43
44
45
46

w W Ww w w

Patch of correction to EPR input processing
{canceled)

47
48

w

Method for canceling preselect modes

Resend MFD bus 1 when bad parity indicated by
PCU mode word

Correction to PTA mechanization

w

49
50
51
52
53
54
55
56

Correction to change 37

Correct assembly errore,

New test data outpr. ¢ variables

180° phase change to EPR inputs

Add 1-sec lag filter to ACNORM for trend vector
Moved GS and mode display

H W WW W W W W
Y Y U U 4 U U O

Add 4K correction to CAS to agree with
cockpit display

57 Transmit new page after power interrupt

58 4 Correct error in missed approach path name
in ATCCLR

59 Flash FPA syinbol at flare

60 Add reciprocal of radial symbol

61 Adjust limits of altitude/range sy mbol
62 Correct NAV mode annunciation
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TABLE 2-2.—CONTINUED

Chr\?g'ge F:\'I%"n Routine Description of change Itz;):ng
63 4 EAD! Activate PITCHB of 5 P
64 4 NCDU Annunciate M for manual tuning on NAV DATA 3 P
65 4 EADI Corrections to runway symbology; superseded P

by change 75
66 4 NAV Apply range and geometry checks when manually P
tuned
67 4 GUID Correct EPR limit calculations P
68 4 GUID Double precision integrators for autothrottle P
69 4 - New text data outputs T
70 4 Correct assembly errors P
P 4 GUID Try differentiated GS for VGSDOT T
72 4 GUID Limit autothrottle sheer signal to £16 ft/sec P
73 4 GUID Reduce autothrottie gains to KH = 1.5, KVDT = 1.2 P
74 5 EADI Add 1-sec lag filter to DA to compensate for INS P
1/sec computation rate of true heading
75 5 EADI Correction to runway centerline; superseded by P
change 100
76 5 GUID Modify 4D guidance to new too fast and too P
slow limits
71 5 GUID Mode panel annunciation when IAS low-speed P
limit is reached
78 5 GUID Modify vertical path capture logic to engage P
within 21000 ft
79 5 GUID Increase & limiting gain P
80 5 GUID Modification to prevent autothrottie overhoosting P
81 5 NAV Fake INS valid for simulated fhight P
82 5 NAV Increase runway discrete set time by 100 msec P
83 5 EXEC Carrect error in power interrupt subroutine P
84 5 - Correct assembly errors P
85 5 EXEC Software fix for hardware design errar in power P
interrupt sequence; superseded by change 103
86 5 NCDU Biank windspeed when TAS < 150 kt P
87 5 - Modify test data output P
88 6 BULK Expand bulk data P
89 5 NAV increase tuning time from 1to 10 sec P
90 5 GUID Correction to autothrottle computation P
91 5 GUID Reset PCAPT after a touch and go P
92 6 GUID Modify autothrottle too slow to use IASREF P
93 6 GUID Madify EPR limit gains P
94 6 GUID Modify vertical capture logic P
95 6 GUID Stall protection in vertical guidance modes P
96 6 NCDU Use CAS for wind when TAS <150 kt P




i
TABLE 2-2 -CONTINUED
. { p
i Change Flight Type of
No. No. Routine Description of change change®
97 6 MFD Add AGCS mode annunciation
} | 98 6 EADI Blank erroneous name annunciation after P
y passing last waypoint
99 6 MFD Correct error in trend vector when error p
exceeds screen limits
100 6 EADI Correction to runway sy mhology P A
101 6 BULK Expand bulk data P
102 6 NAV New autotune mechanization P
103 6 EXEC Ensure power interrupt enabled in fast loop i
following OUTO04 instruction
104 6 - New test data output P
105 6 GUID Reverse polarity of ICPS pitch flivht director P
106 6 EADI Correct flashing FPA when negative P
‘x 107 6 MFD Correct mode annunciation P
108 6 NAV Alternate HDOT mechanization P
109 7 BULK Expand bulk data P
110 7 NAV Reverse autotune stations so No. 2 is path P
dependent
11 7 NCDU Correct REJ logic in NAV DATA modes P
112 7 MFD Simplify speed error mechanization F
113 7 EADI Force VACCEL input to zero when radio altitude P
is less than 5 ft
114 7 EADI Correction to runway centerline P '
115 7 - Correct assembly errors P :
116 7 GUID Reverse sign of radio altitude received from ICPS P
117 7 NAV Inhibit VOR update modes P
118 7 NCDU Increase resolution of wind calculation P
119 7 NCDU Delete 5-kt CAS bias inserted in change 56 F
120 8 BULK Change all GRP references to VORTAC P
121 8 EADI Increase runway width to 300 ft P
122 8 - New test data outputs T
123 7 GUID Increased gain of autothrottle retard P
124 8 GUID Blink amber lights on mode panel when armed P
125 8 GUID Correction to ICPS flight director at localizer P
capture
126 8 NCDU Correct error in runway heading format P
127 8 GUID Modify pitch flight director gains P
128 9 GUID Increase Vg to 340 and My, q t0 0.78 P
129 9 NAV Inhibit position update when GS < b kt P
130 9 EADI Change HRAD limit 1o 1 ft for VACCEL =0 T
l (canceled)




TABLE 2-2.-CONTINUED

Change Flight Routine Description of change Ty'pe OL
No. No. change
131 NAV Enable VOR update modes {canceled) T
132 10 - New test data output T
133 11 NCDU Annunciate path guidance mode 2D, 3D, P

4D, and LND
134 11 MFD Display windspeed and direction
135 11 EADI Reference speed error and acceleration command
to path until IASREF is reached
136 1" NCDU Freeze NAV DATA 1 errors at touchdown P
137 1Al BULK Add NUW P
138 11 NCDU Set windspeed = 0 when HRAD <5 ft P
139 1" EADI Corrected scating of VNAV star and circle P
140 17 NAV Autotune station 1 search increased to four P
stations
141 11 NAV Retain velocity correction terms for 5 min P
142 T Correct assembly errors P
143 11 EADI Correct path pointers at end of path P
144 12 NAV Change IDD bearing restriction to P
150" >|Bearing|> 30
145 12 GUID Change mode panel amber blinking logic P
146 13 New test data output T
147 11 NAV Patch for autotune 2 station search T
148 13 EADI Flight director gain change and 3-sec filter P
149 15 EADI Limit FPAC to t10° P
150 15 MFD Add 3-sec filter to altitude range P
151 15 EADI Delete DA filter after INS output corrected P
to 4/sec
152 15 GUID Add versine for ICPS vertical path command
153 17 NCDU GMT not reset when n2w ORIG entered on
INIT page P
154 15 GUID Modify ICPS flight director per change 148 P
155 17 NAV Increase DME tuning time to 15 sec P
156 17 GUID Change autothrottie clanmip logic at touchdown P
157 17 NAV Correct DME update flags P
158 18 NAV Inhibit navigation position updates when P
GS <5kt |
159 18 NCDU Correct errors in SEL. mode and ATC CLR P
after REJ
160 18 NCDU Make ETA = DTOGO/GS on the last leg P
161 18 NCDU Groundspeed error wrong scaling corrected P
162 19 AGCS Rescale ICPS pitch flight director P
163 19 MFD Make time box calculations SC and SDCC P
double precision
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TABLE 2-2. -CONCLUDED

Change Type of
No. , Routine Description of change change

164 MFD Correction to altitude range symbology P

165 NAV Correction to navaid pomter when navaid
was on the path

166 NAV Enable VOR update modes up to 20-nmi range
167 g MFD Correct second turn mark for last two waypoints
168 GUID Prevent station pointer update when GS = 64 kt
169 NAV Inhibit DME updates when range < 2 nmi

170 ? NAV Calculate sin and cos of true heading in
fast loop

171 GUID Add versine 1o autothrottle

172 NAV Inhibit updates in single DIME modes unless
bearingis within £15 of a cardinal heading

173 GUID Remove versine lrom VO C

174 NCGU Correc: problem in debuy mode when UP key
was pressed

175 Correct assembly errors
176 VPC included in test data output

177 Assembly errors in NCOU ETA and auto
throttle flare

178 Versine replaced to compensate lor old
ICPS tape
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Incidents No. 75. 83, and 92 affected the NCU, but they were due to test equipment
and not the tlight hardware,

The design problem 1n the power interrupt system did not adversely affect NCU
performance in any way. and the system withstood many hundreds of power interruptions
and resumed normat operation. On the few occasions when normal operation did not
resume automaticatly. recyeling power brought the system back to normal. When the
problem was diagnosed. software was moditicd to circumvent the hardware problem. The
other three problems were fixed by substitution of new cards provided by Litton.

The NCU accumutated 2020 hr of operation during the ADEDS program: 538 of these
occurred on the flight test airplane.

2.3.2.2 Navigation Control and Display Unit

Two NCDUs were used on all test flights, one mounted in the cockpit and the sccond
mounted on top of the navigation pallet. By a simpte wiring change involving moving two
jumper wires in the X2 matrix box, onc or the other NCDU could be made the master. Only
key presses on the master NCDU keyboard had any clfect: the second NCDU was a slave
display. This arrangement proved to be extremely useful. The Tirst six Tlights were made
with the active NCDU on the navigation paltet for engineering evatuation and in-fhight
software troubleshooting. Halfway through the seventh flight. the cockpit NCDU was made
the master system for the duration of the flight test program. Because of the better visibility
of the NCDU mounted on the navigation pallet, the test instrumentation TV camera was
moved to this location prior to the fourth Jight.

The NCDU SN 002 had a whitz-on-black keyboard. while SN 003 had a multicolored
keybourd. The position of the two NCDU’s were interchanged several times during the flight
test period. The multicolored keyboard n its present form proved to be unacceptably bright
under night conditions.

The two NCDU problems listed in appendix D which occurred during the Tlght test
period were:

e Incident No. 79-NCDU SN 003, defective key

e Incident No. 82-NCDU SN 003, design problem causing onty noise on the
display

Other incidents, No. 69 and No. 80, describing NCDU keyboard lockup were caused by
NCU power interrupt problems (section 2.3.2.1) and were not NCDU failures. However, at
least two other instances of temporary sticking of keys causing keyboard hangup were not
listed as failures. Litton analysis has shown that the silver contact switches used for the
NCDU keys are susceptible to temporary sticking, which can be cured by re-pressing the
offending switch. During this program. after three or more occurrences involving the same
switch were observed, the switch was replaced. Litton is incorporating gold contact switches
in latest keyboards,




Dunng the ADEDS program the two NCDOUs accumulated estimated operating tumes as
follows:

System mtegration Flight
and simulation test Total
SN thr) (hr) (hr)
003 4000* 500 4500
0232 1500 300 2000

6500

It is significant to note that during the accumulated total operating time ol more thar
6500 hr. no CRT problems or deterioration in brightness or contrist were observed,

2.3.3 Navigation Computer Software
2.3.3.1 General

The navigation computer software progrim ol 32,000 words had been developed and
checked out during system integration testing in the 8400 simulator as described by
reference 5. Checkout had proceeded as far as possible in the simnlator in sonie areas. but in
other arcas, in parvticular the MED and FADI data processing, the checkout was incomplete
hecause ol the late availability and continuing problems with the display system hardware.
Consequently., the task ol software checkout durmg the flight test period was greater than
originally intended. It hud, of course, been anticipated that the real airplane environment
would uncover soltware problems that had not been apparent in the simulator environment.
It was also anticipated that mechanization changes in the ADEDS conhiguration would
result Trom tlight test experiences and that temporary alternate solutions to operational
situations would be tried. Theretore, a software control procedure was set up to regulate
software changes to the NCU und also to the display systent.

The soltware control procedure involved the completion of a data sheet describing
cach change and identilying the software assembly to which it was applicable. A summary
of the NCU data sheets is shown an table 2-2. A record was Kept of the software assembly
and the patches incorporated for cach test Hight. The working copies of the program listings
that were kept on the airpkme had all changes marked in them together with the new
memory stm check values.

The major problems encountered, the fixes to those problcms, and new mechanization
changes made to the NCU soltware during flight test are discussed in the Tollowing seetions
under the headings ol navigation software tNuav), navigation control and display soltware
(NCDU), guidance software (GUID2D. GUID3D. .nd GUID4D), plus autothrottle and
AGCS functions. multitunction display software (MED). clectronic attitude indicator
software (EADI), and exccutive (EXEC), /O, and nuscettancous functions.

*This figure is a conservative estimate of usage in the simulator between May 1972 and December {973.
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2.3.3.2 Nav Software

A software error in the INS software, causing the incoming INS velocity data to be
interpreted by the NCU as half of what it should be, precipitated a navigational crisis for
ADEDS on the first flight. The error was corrected by a software patch to the NCU in flight.
Thereafter, navigation performance in the INS only (IXX) and the INS updated by dual
DME’s (IDD) was satistactory until « DME data dropout was experienced from a crosstrack
station, which uncovered a basic mechanization problem in the DME updated modes. The
memory location receiving incoming DME range from the 1/O must be zeroed out every
time it is read: otherwise, erroneous updates result when no new input data are received, and
the last frozen value in the memory cell indicates that the airplane is moving in a circle
around the DME station.

As test flights continued, the crosstrack errors observed at touchdown were sometimes
excessive and generally larger than the 0.1 nmi that Litton had specified for the IDD mode.
The basic problem was because the DME coverage was inadequate in the arcas where the
majority of test flights were being conducted—Paine Field (KPAE) and Moses Lake
(KMWH). In both cases, DME stations to the north or south could be received at low
altitudes, but no stations to the cast or west could be received. The primary runways at
KPAE, KMWH, and KBFI are all essentially north-south runways. Therefore, the lack of
east-west DME updates was apparent in the XTKE observed at touchdown.

In attempts to improve performance, the following mechanization changes were
incorporated during the flight test period:

e Relaxing geometry restrictions to allow IDD mode with two DMEs with relative
bearing difference of >30°(was 45°)

e Retaining velocity correction terms in the NCU for 10 min in the event of loss of
DME updating

e Inhibiting DME updates when range is less than 2 nmi

e In IDX and 1XD modes only, updating when the Learing to the DME is
within £15°of a cardinal heading

e [Inhibiting all update when bank angle is greater than 15°

After the first three changes were made, it became apparent that there was no problem in
the IDD mode. Analysis of 22 recorded landings at KBF] beginning with flight 12 showsa
mean error of 0.08 nmi with a standard deviation of 0.05 nmi.

Operations at KMWH proved that a problem existed with a single DME update (IDX or
IXD). When operating at 10,000 ft during SID and STAR pilot operations, dual DME
data—usually EPH and GEG—were received and crosstrack errors at touchdown were usually
small. When operating at pattern altitude of 3000 ft, only EPH DME to the north could be
received, and crosstrack crrors were often large (see table 2-3). The last two changes listed




TABLE 2-3.—CROSSTRACK ERROR SUMMARY

Flight No.

Airport

Runway XTKE (nmi)

Notes

KBFI

KPAE
KBFI

KMWH
KBFI

KBFI

KMWH
KBF!

KBFI
KPAE
KMWH
KBFI
KMWH

KBF1
KPAE

KBFI

KMWH
KPAE
KBFI

KPAE
KBFI

KMWH

KBF{
KMWH

KBF{

KPAE
KBF{

KPAE
KBFi{

KMWH
KBF{

KPAE

KBF1
KMWH

KBFI

0.19L(16),
0.21L (13R)

0.10L(32R}),
0.020(31L)

1.05L(13R)

0.10L(32R}),
0.21L(13R)

0.25R(13R)

0.44R(16)

0.67R(32R),
0.46R(32R),
0 03L(13R)

0.17L(32R}),
0.42R(32R),
0.23L{32R),
0.20L(13R)

0.35R(16),
0.71L(16)
0.63R({13R)

0.13L(32R),
0.35L.(16)
0.45R(13R)

0.17R(16)
0.08L(13R})

0.15L(32R}),
0.24L(32R}),
0.05L(32R)
0.14L(13R)

0.28L{32R),
0.30L(32R),
0.01L(32R)
0.07R(13R}

0.14L(16),
0.07L(13R),

0.15L(16)
0.05L(13R)

0.21L(32R)
0.15R(13R)

0.01R(16),
0.80L(16),
0.04R(13R)

0.11R(32R),
0.15R(32R),
C.77R(32R),
0.14R(13R)

1.541L(16),

0.10R(32R),

0.20L(32R),

1.25R{32R),
0.07L(32R),

0.50L(32R),
0.20R({32R),
0.10R(32R),

1.15R(16),

0.06L(32R)

0.20L(32R),
0.15L(32R),

0.01L{32R),
0.03R{32R),

0.11L{16)
0.02R{13R)

0.01L(16),
0.06R(16),

0.00(21),
0.50R(32R),
0.48R(32R)

0.56L(16)

0.35R{32R)

0.28L(32R)

0.10R{(32R)
0.12L(32R)

0.20R(32R)
0.02L(32R)
0.09R{32R)

0.46L(16)

0.05L{32R)
0.10 {32R)

0.17L(32R)
0.12L(32R)

0.32L(16)
0.05L(16)

0.10L(2V)
0.88R{32R)

Gross nav errors

IDX modes only

INS 7 excessive errors

INS 2 excessive errors

DME update geometry changed

DME mode to 3.4 sec memory
time




TABLE 2-3.-CONCLUDED

Flight No. Airport Runway XTKE (nmi)

19 KPAE 0.02(16), 0.01(16), 0.12R(16)
0.01(16)

KBFI 0.06L(13R), 0.08L(13R)

KPDX 0.00(28R),  0.00(28R)

KSEA 0.10R(16R), 0.10R(16R)

KMWH 0.00(21), 0.11L(32R), 0.50L(32R)
1.30L(32R), 1.10L(32R)
KBFi 0.10R(13R)

KMWH 0.09(32R), 0.47R(32R), 0.10(32R)
KBFI 0.14(13R)

KMWH 0.06L(32R), 0.03L(52R), 0.28L(32R)
0.56L(32R), 0.70L(32R), 0.35L(32R)
0.49R(32R), 1.05R(32R), 0.03L(32R)
KBFI 0.00(13R)

KPAE 0.21L(16), 0.05L{16),  0.20L(16)
KBF1 0.01R(13R), 0.15R(13R)

KMWH 0.09L(32R), 0.85R{14), 0.47R(14)
0.00(32R)

KMWH 0.05R(32R), 0.10L(32R), 0.00{32R)
0.00(32R),  0.10L(32R)
KBFI 0.12L(13R)

KPAE 0.16L(16), 0.01£(16), 0.00R(16)
0.20L(16),  0.37L(16)
KBFI 0.02L(13R), 0.06L{13R), 0.17L{13R)

KPAE 0.14L{16), 0.28L(16), 0.20R{16)
0.20R(16), 0.10L(16), 0.25L{16)
KMWH 0.05L(32R), 0.00L(32R), 0.08(32R)
0.00R(32R), 0.08L(32R), 0.44R(32R)
0.60L{32R)

KBFt 0.02R({13R)

KBFI 0.05L{13R)




above were mcorporated in an attempt to improve 1XD and 1DX mode performance.
Unlortunately, the chunges were not evaluated at KMWI betore the ADEDS Ilight tests
were terminated.,

The last change listed above is intended to prevent the DME memory mode of
operation signatl loss from introducing crrors into the NCU position and velocity update.
The digital DML was also adjusted by Collins to the minimum setting ol 3.4 sec. Alter this
adjustment, it was noticeable that the DME Trequently dropped out during airplane
acceleration away from or toward the station. The bank angle limit of 15° for DME update
inhibit protects against DMEE memory operation during turns.

The VOR DME navigation modes were not used as primary modes because the VOR
tuning is independent ol the DME autotune. The mode was used with mixed results, and a
maximum range limitation of 20 nmi to the VOR was incorporated to lmit possible
mtroduction ol navigation error due to VOR bearing error.

The backup air data/mag heading mode (ADD) was also evaluated under cruise
conditions. When the niode is initiated. there is an angular jump on the MED equal 1o the
drift angle. This is caused by track initially becoming equal to heading when INS data are
lost. The crror is corrected as the DME update corrects the velocity estimates and hence
track angle.

The autotune mechanization was also improved during flight test.

&  Scarch time per stution was increased to 135 see

e  The search pattern was increased tfrom two to lour stations.
The ftirst change allowed more time for DME lock-on to oceur. The sccond improved the
chance ol linding a valid DME in the situations encountered in the Washington area where
mountains limit the number of stations that can be received when operating at low altitude.
Trouble experienced with the autotune system during the tlight test was eventually traced
to a marginal RN{ card in the NCU.

2.3.3.3 Navigation Control and Display Unit Software

No major changes were made in the NCDU software from the mechanization defined in
the reference 3 requirements document. Minor changes incorporated included:

® NAV DATA | page error displays always relate to the flight plan regardless of
autopilot mode.

e WIND is calculated uaing CAS when TAS <150, and windspeed calculation
stopped when radar altitude is <5 ft.

® NAV DATA 3 VORTAC station Irequency has M annunciation when selected by
keyboard entry.
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e PTA computation for the last leg changed to DTOGO/GS
®  Aftera power interrupt, a new NCDU page is always transmitted.

The last change is to protect against keyboard lockup Tollowing a momentary power
interrupt.

2.3.3.4 MFD Software

o was found that a t-see lag Filter was required Tor a smooth presentation of trend
vector on the MED display. Also, double precision caleulation and a 3-sec lag lilter were
required for the altitude runge symbology.

The only new features added to the MED during the flight test period were the
addition ol a reciprocal line to the radial symboland the addition ol data to the bottom ot
the display. The latter resulted from pilot requests for dat. to be continuously displaved on
the MEFD. The data displayed are:

e  Mupscale

e Groundspeed

e Windspeed and direction

e  Guidance mode

Very few software problems were experienced during Mlight test relating to the MFD
display. There were occasions wlien extrancous lines or conics appeared, but these were
quickly traced and corrected. An unresolved deficiency was latitude/longituce grid lines
being displayed in erroneous positions on some map scales.

2.3.3.5 EADI Software

A great deal ol development time and software debugging effort were spent on the
EADI software throughout the flight test period to correct deficiencies in the basic design
and to correct software mechanization errors. Not all of these efforts were successtul by the
time flight test was terminated. Design changes mechanized were:

e Implementing a 5° pitch bias between the airplane symbol and the 0° pitch
horizon

® Adding a 1-sec lag filter to tlightpath acceleration (FPAC)
e Limiting FPAC to %10

e Incorporating in the display system flightpath angle (FPA) flashing symbol when
flare is initiated by the 1CPS




e Simiplifying the mechanization of speed error to transler the data processing load
to the display computer

Problems were encountered with both the VNAV star and circle and the runway
symbology. Debugging these problems was suceessiul to the point that the symbology was
within screen limits and the displayed formats were correct. However, in some situations
when all or part of the symbology was being limited within the screen coordinates,
distortions and errors in the displayed presentation would resuit, The problem was minor
for VNAV symbology, but the runway symbology could become distorted. This problem
was not solved prior to the end ol Hight test.

A problem with the baro inertial vertical situation calculation had a protound cilect on
the EADI. Large vertical speed (HDOT) computation errors resulted when the airplane was
on the ground during landing and takeoft runs. Noise rectification at the NCU A/D
converter caused errors in the INS vertical acceleration input to the baro incrtial loop and
caused the flightpath angle symbol on the EADI to be in error during takeofl and landing.
The problem was circumvented in the EADI software by forcing the vertical aceeleration
input to zero when radio altitude is less than 5 {t.

2.3.3.6 GUID Sottware

No changes were made to the basic 2D and 3D guidance routines developed in the
simulator. Angle-of-attack limits were added, and a versine fuunction was temporarily
incorporated until the 1CPS computer program could be moditied to include it.

The time guidance (41)) mechanization was not changed, but the autothrottle control
function in the NCU, which had not been fully developed in the simulator, was progressively
developed as the flight test continued. Gains and limits were changed, control logic was
modified, double preeision computation for control integrators was introduced, and
versine function was added. The Tinal configuration was a stable smootli-working
autothrottle that did not overboost and was not overactive.

The flight director output from the GUID routine wis tuned to pilot requirements by
gain changes and a 3-sec lag filter.

The AGCS mode panel mode logic and displays arc generated in the NCU software, and
the mode selections control the guidance outputs from the NCU to the ICPS and
autothrottle. Only minor changes were made to the mode logic during flight test;
specifically, the method of canceling a preselect mode was simplified. Changes were also
made to the ALT HOLD mode capture logic.

7.3.3.7 EXEC and Miscellancous Soltware
Included in this category are software changes made to the power interrupt logic, 10

functions, and bulk data. The power interrupt software was ntodified to compensate for the
design problem that existed in the NCU hardware.
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Prior to the first flight, a wiring change was installed to change over the pitch and roll
synchro inputs to engine pressure ratio (EPR) for the AGCS configuration. The NCU
software was modified accordingly to process the PR inputs and to receive piteh and roll
from the SPBP input bus from the 1CPS.

I'requent changes were made throughout the flight test to change the output
parameters on the ARINC 561 output bus for data recording purposes.

Bulk data were updated periodically ; specificalty, the Whidbey Islaind TACAN (NUW)
was added to improve DMIS coverage in the Paine Field arca. A design error was also tound
and corrected to make alt geographic reference points (GRPs) be referenced to a VORTAC
or DME. All references to VOR-only navaids were deleted.

2.4 INERTIAL NAVIGATION SYSTEM (INS) PERFORMANCE

2.4.1 General

The buasic ADEDS task required the installation of one INS to provide interface data 10
the displays. However, to support the performance of the AGCS test, three LTN-51 INS
platlorms were installed on the ADEDS test airplane. The ADEDS interfaced onty with the
system No. 2. Modifications incorporated by Litton (section 2.4.2) in order to meet ADEDS
specifications resufted in undesirable side ctfects to the INS performance. This problem
manifested itself as velocity errors that presented basic problems for the triple autopilot
sensor crror detection circuitry. Even after the specified performance was refaxed as
described in section 2.4.2, only INS No. 2 operated suceesstully, and Litton was required to
provide replacement INS units to attempt to correct this problem.

The navigation system failures/incidents No. 69 through 95 (appendix D) include 15
incidents relating to the INS, and some ol these incident reports cover multiple occurrences
of the same problem.

2.4.2 INS Modification

It was the intention that afl the INS systems used in the flight test would be identically
modified per ADEDS requirements in *ue interest of interchangeability. The modilications
included increasing the horizontal arceleration resolution within the INS from 1/8 I't/sec to
1/256 ft/sec. This hardware chan.e was exclusively Tor the ADEDS display functions. All
three INS were also guaranteed vy Litton to have a standard accelerometer in the vertical
axis. (This is an option with the LTN-51 and consequently, unless specilied, no great ctfort
is made to calibrate this outpr t during the LTN-51 checkout phase at the Tactory.)

The LTN-51 systems all bad modified software to accommodate the horizontat
acceleration resolution change and to provide the binary output data and rates required for
ADEDS and thie AGCS flight control computer. These are defined in the intertace document
(ref. 6),

The systems modified to provide 1/256 [t/sec horizontal acceleration would not
navigate satisfactorily; theretore, the modification was changed to 1/64 f1/sec. Stll only one




R — . TS

system could be made to perform properly, so Litton provided initially two, and then one,
standard LTN-S1 system with a patch to the ADIDS soltware to overcome this deficiency
to AGCS requirements, The one system that et ADEDS perlormance was used to interface
with the ADEDS.

2.4.3 Summary of INS Performance

As a consequence ol the modification to provide 1/256 It/sec horizontal acceleration
resolution, the flight perlormance of the modified INS system was unacceptable. The
problem was not detected during laboratory and ground tests, but it became apparent
immediately in Night when farge groundspeed discrepancies (greater than 10 kt) were
observed between the three INS systems. Also, large groundspeeds were indicated when
stopped on the ground after flight. The characteristic ol this problem was that the system
navigation errors exhibited an unexpectedly large Schuler (84.4-min period) oscillation,
wherceas the underlying long-term gyro drift errors appeared to be quite small.

The magnitude of the Schuler oscillation varied Trom systen to system. SN 094, which
was used extensively throughout the Might test, was an example ol this problem with GS
errors consistently of the order of 10 kt, as shown in table 2-4. A normal system will have a
groundspeed error no greater than 5 kt after a 2-hr flight. Table 2-4, which summarizes the
INS performance, shows the time in navigation (NAV) mode, the flight time. and the
latitude (8 LAT) and longitude (A LON) errors in minutes per flight hour. Ht can be scen
that the long-term navigation error of the LTN-51 was well within their 2-nmi/hr 2-sigima
specilication, despite the Schuler oscillation problem. Rarely did the error rate exceed | are
min per flight hour in cither axis unless the system was faulty.

Litton was unable to solve the Schuler oscillation problem with the 1/256 I't/sec
acceleration, so Bocing allowed a relaxation of the resolution requirement to 1/64 I't/sce
acceleration. After the modilication was incorporated, one system, SN 406. performed well
within specification; one system, SN 094, continued to exhibit consistently large Schuler
oscillations: and the third system, SN 748, exhibited an intermittent problem whereby
extremely large groundspeed errors (up to 54 kt) would appear during turns. Because of
this, many of the flight tests were conducted with one unmoditied INS (SN 766) in the
No. I or No. 3 position. On one flight, use ol the INS SN 776 in the No. 2 position proved
that the decreased acceleration resolution caused visible granularity ot acceleration
dependent symbology on the EADI and MFD displays.

The failures/incidents recorded in the INS systems during the Night test period are
shown in appendix D. A breakdown of the 15 fuilures/incidents charged to the INS system
is as follows:

®  Excessive velocity errors b
®  Excessive position error ]
® WARN indications 4
®  Softwure problems §
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Six INS systems were utilized during the flight test period. These were:

1) SN 094 Large GS Schuler errors before and after modification, changed to
(moditied) 1/64 tt/sec: failed twice in flight in NAV and ATT modes

2y SN 400 Good performance after modification, changed o 1/64 ft/sec
(moditied)

3) SN 039 Rejected for large navigation crrors, withdrawn when unable to
(moditied) isolate the problemn

4) SN 748 Replaced SN 039, Intermittently exhibited large GS crrors
(moditicd)

Sy SN 766 Excellent performance until failed in NAV and ATT modes on

(unmodified) penultimate test flight

6) SN 753 System loaned for one flight
(unmodified)

2.4.4 INS Software

The INS software package was modified for ADEDS in accordance with the reference 3
requirements document. These changes included magnetic variation computation and fast
rate digital data outputs to the NCU and 1CPS systems.

Errors were found during flight test in this modified software package. These errors
included a scaling error in the velocity outputs to the NCU, which caused complete loss of
ADEDS navigation capability during the first half” of the first engineering test flight. Other
errors in the INS acceleration outputs and true heading computation rate also compromised
the NCU computation of the MFD trend vector display and the EAD! symbology dependent
upon drift angle. The first problem was corrected by the 3rd flight, but the true heading
output problem was not diagnosed and corrected until the 12th test flight. The only other
significant INS software problem involved the logic for receiving runway heading data from
the NCU.

Additional software changes were made in the INS to provide interface data for the
ICPS. These changes provided two identical track angle crrors and one groundspeed output
five times per sccond. Unfortunately, the groundspeed error problems experienced with the
INS system frequently caused discrepancies in these functions between systems and caused
nuisance first failure indications in the 1CPS.




3.0 FLIGHT TEST RESULTS AND COMMENTS

3.1 FLIGHT TEST DATA

Reterence 4 provides a detailed description ol the instrumentation data recording and
processing utilized in the ADEDS flight tests. The data acquired during the 53 hr of {li:ht
testing were subjected to diFferent levels of processing. Data acquired during the engineer ng
acceptance phase of the tests were processed as gquick-look time history plots and printc ut
lor system troubleshooting and debugging. Data recorded during the operational evaluation
phase, including demonstration tlights, were processed to provide overall time history plots
I of each variable and, for sclected variables and time intervals, were reprocessed to provide
' summury statistics.

Flightcrew manual notes and video recordings ol the displays taken during flight were
used extensively in identifying the time intervals ol interest for detailed analysis. These
notes identified the test condition, 1e., the procedure (path) being flown, the guidance
option used, and the experimental system pilot or autopilot. A manual log was maintained
of the approximate arrival times at each waypoint in order to correlate the waypoint
crossing time events in the digital data and time history plots. The manual notes were also
used to record events such as traffic diversions or other excursions from the planned flight
profile to aid in identifying the meaningful data segments on the magnetic tape.

A review ol the test logs and manual notes identified 163 such segments in the
| operatiorial evaluation and demonstration flight phases. These data segments were then
stripped off the flight tapes For detailed statistical processing.

The statistical processing ol the data segments was performed on the FAI 8400
computer and consisted of computing the average value, rms vatue, and standard deviation
for cach of eight variables over cach leg of the procedure Flightpath in the data segment and
identifying and posting the maximum and minimum values of each variable on each leg.
Time histories of the raw data values and the rms values were concurrently plotted in order
to identify dropouts, overflows, or other data quality problems resulting from onboard
recorder problems or experimental systeni malfunction.

Using the manual notes and the time history plots, the statistical data printouts were
then annotated to identify the appropriate path legs fiom which the samples were obtained.
This was done by assigning the waypoint name representing the end waypoint of each leg to
the statistical value corresponding to the processed sample. The data from the printouts
were thien posted to data sheets, which organized the data samples by path procedure and
by waypoint for each piloted run and autopilot-coupled rin. These data shects are
| coirtained in wppendix B of this report. In reducing the volume of test data to arrive at
| aggregate statistical meusures for performance comparison and comparison ol flight test
results with simulation test results, only the primary guidance error variables were selected.
These were crosstrack error (lateral deviation from the flight path), altitude error (vertical
from the flight path), and time error (deviation from the schedule).




P R—

As noted m reference 4, the scope of the ADEDS program did not include a detailed
measurement of the navigation accuracy ol the system and, moreover. i nominal navigation
accuracy of 0.1 nmi was specificd as adeqaate tor the fhght tests. The navigtion accuracy
achieved during these tests was sampled during the tlights and is discussed in section 2.1,
[For the purposes of the operational evaluation ight tesis, the navigition errors affected the
test results only at certain waypoints, inasmuch as these tests focused upon and m.casured
only the tracking crrors as the performance variables of primary interest. The navigation
errors were thus noticeable only on flightpath legs that included waypoints ficed on the
runway, such s hrake-release points (BRP), lift-oft points (LOP). or touchdown zones
(TDZ). Because of the effect of pavigation errors on the guidance errors. the results tor such
waypoints were not included in the pertorniance data SUIMIAries.

In evaluating performance, i measure of the “tightuess” of tracking was desired. The
mean deviation from the path reference values was thus rejected asa performance measure.
and the standard deviation, which reflects the variability of the data sample, was chosen.
Table 3-1 summuarizes the overall tracking performance observed during the operational
evaluation test phase. The guidance error values listed were obtained by computing the
arithmetic mein of the respective data sample standard deviation.

As a qualification on the data presented and as a recommendation for further testing of
this type, it should be noted that a more meaningful measure of performance results would
be obtained by using an amplitude probability distribution of the observed guidance errors.
This type of data processing would provide a measure of the pereentage of time that the
errors exceeded given values and thus would be more useful in determining effective route
widths or altitude bands usable in path oriented flight operations,

In examining table 3-1 it is apparent that the tracking performance yielded by all
guidance options s comparable, i.e.. less thun 0 2-nmi lateral error, Iess than 150-ft vertical
error, and less than S-sec schedule error, Furthermore. the performance with the pilot in the
guidance loop is not substantially dilTerent from the performance with autopilot and
autothrottle coupling to the guidance loop. In regard to this point, it should be noted that
control kaw modifications and other performance improvements werce being made to the
experimental autopilot throughout all phases of the ADEDS flight test period. While the
autopilot performance does not therefore represent the performance of a completely
developed system, coupled mode data were nevertheless acquired  both for flight
demonstration purposes and for providing a performance baseline for comparison with
pilot-in-loop performance.

Table 3-2 provides a more detailed breakdown of the performance data in relation to
the type of path scgment from which the data were acquired. The simulation tests of
reference 5 were obtained using a single, standard test path. The flight tests were performed
using path configurations appropriate to weather and traffic conditions chosen from the
experimental path catalog of reference 4 and supplemental test paths of appendix C of this
report. in the reduction of the flight test data, the data were classified by the type of path
segment or leg as shown in the description column of table 3-2.

Examination ot table 3-2 reveals that the tracking performance on depuarture paths is,
in general, less precise than the performance on arrival paths. This is. in part, because of the
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;) TABLE 3-2—SUMMARY COMPARISON OF PRIMARY GUIDANCE ERRORS
' BY TYPE OF PATH SEGMENT

| Crosstrack etror Altitude error Time erroy
| Leg type description (ft) (tt) (sec)
- 1 Auto l Manual Auto ] Manual Auto Manual
N Arrival Path Segments
’ 1.
_ Straight and level 167 631 24 85 1.70 2.48
{or shallow descent)
R =3 59 27 60 29 58
! 2.
Straight, steep descent - 604 18 167 8.90 3.47
0 15 1 15 1 14
3.
Curved, decelerating descent 486 1198 74 95 2.82 434
29 16 12 14 23 156
4.
Final approach fix 72 132 31 31 1.17 3.98
9 21 6 32 9 20
Departure Path Segments
5.
Initial climb legs after lift-off 299 248 106 75 283 2.44
| 10 47 16 47 15 42
6. .
Curved, climbing, accelerating 649 937 238 104 6.90 4.22
23 36 21 34 20 33
7.
Speed:-limited straight climb 519 647 14 15 5.43 2.93
l {below 10,000 ft)
1 24 48 24 46 22 42
8.
: Straight climb to 11,000 ft 159 606 161 131 5.58 4.73
or higher
' 23 39 21 39 18 39
i Cruise Segment
| 9.
En route 236 662 113 76 2.39 1.28
20 13 20 13 22 12

*Indicates sample size
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nature ol crew workload on takeoll and the priorities given to path-tracking tasks as
opposed to airplane configuration changes, engine perforniance monitoring, airpkane systems
checklists, and communications with traffic control. In countrast. the sime categories of
tasks are less compressed in time during arrival and approach operations. Another general
trend in the data is seen by comparing the performiance on curved path segments to that on
straight segments. As expected, the tracking performance decreases with paths of more
dynamically complex configurations.

OF more interest is the general level of tracking precision over all the test conditions. In
spite of the limited size of the data sample, the results support the Feasibility of 31 and < D
path operations, OF special interest is the performance on path legs leading to a firal
approach fix as shown in linc 4 of table 3-2. These results, obtained with an experimen al
system under development and with limited time for training and deveiopment ol optim ni
procedures, should encourage Further development ckforts and testing toward the eventual
implementation of this type of operation.

3.2 OPERATIONAL DESIGN CRITIQUE

This section sunumnarizes the subjective reactions of two citegories of observers during
the course of the Tlight testing: flightcrews, including both Bocing engineers and Hight test
and training pilots as well as qualified pilots From airline, military, and other Governnient
agency organizations; and Air Traffic Controllers From local ARTCC, Approach Control, and
Tower facilities.

3.2.1 Flight Crew Comments

This section represents a consensus of comments, criticisms, and recommendations of
the various qualilied flighterew members participating in the program.

3.2.1.1 Overall System Operational Concept

A primary objective ol the ADEDS program was to assess the feasibility of 3D and 4D
path operations for commercial transport aircralt. This type of operation is markedly
different from the existing operational environment and requires changes. not only to the
onboard systems, displays, and crew procedures but also to the airspace structure and traffic
control Facilities and procedures. Since the scope of the program did not permit the
estublishment of a complete, experimental airspace and airspace management system, the
ADEDS flight tests concentrated on the questions of onboard system operation, pilot
technique, and crew procedures, and the development of a data base Tor both the
quantitative mecasures ol system performance and the subjective evaluation and composite
judgment of a cross section ol pilots.

Fundamental questions in the arca of 3D und 4D operational feasibility were related to
the problem of Iying an aircraft in accordance with a groundspeed and time schedule and
the level of attention that the ¢rew must devote to tracking such paths. The task of
managing the aircraft trajectory to minimize lateral and vertical deviations is, ol course,
increased when the additional burden of maintaining along-track control or schedule
keeping is added. This problem requires additional information lor the crew. The content




and presentation ol this information to the pilot in the lorm of CRT display lormats and
symbology was the primary locus of the ADEDS program. It should be noted that there has
been an increasing use ol speed and arrival time control for qraflic spacing in the present
ATC system. The use ol voice vector speed commands is commonplace for air carvier
operation in terminal areas ol even muderate tralfic density.

The ADEDS [light tests clearly demonstrated that path-oricuted operations are feasible
and do not place an undue burden on the total piloting task, with path designs properly
matched to ambient weather conditions. In particular, the management of thrust and speed
for schedule keeping on 4D paths does not add an undue workload to the pilot. The
addition ol path-following features to the autopilot, ol course, provides a reduction in
workload during this type of operation, and coupled automatic modes may be the standard
operating procedure in line opceration.

During the Hight test period, lour types of departure paths and lour types of arrival
paths were town. In general, these path configurations were conservatively configured with
respect to the 737 performance envelope. As expected. the two-scgment arrival paths were
most sensitive to variation in pilot technigue.

3.2.1.1.1 Departure Paths- The four types of departure paths tlown were standard
departure, noise-abatement climbs, departure turns, and close-in turns. A general impression
resulting lrom the experience in flying the departure paths is that time control should be
deemphasized, at feast in the carly stage ol the departure, for more elficient energy
management. Adherence to the 3D representation of the path presented no problems during
this phase of flight, and the path operation concept presum.s network ol diverging
departure paths that provide adequate separation without strict time control. The thrust
changes required to adhere to schedules during this phase ol flight would. general,
increase Tuel cost and crew workload without a corresponding advantage in separation, in
other words, the departure path design should emphasize getting the aircratt to a transition
altitude (10,000 to 18,000 ft) as quickly as possible with a looser tolerance on time control.
The standard departure paths and noisc-abatement climb departures were, in general,
conservatively defined with respect to aircraft performance. The addition ol the 31 path
capability via the system and its displays yields much more preeision in the perlormanee of
these maneuvers and, in an operational system, would lead to more detailed and timely
information for use by both the Uighterew and the ATC controllers.

The curved climbing departure paths were of special interest due to their potential use
for avoiding highly noise-sensitive arcas or traffic conflict arcas in departure operations. The
system capability for defining and displaying these paths opened up new operational
capabilities that could be usefully applied to many operational problem areas today. The
pilot and crew tasks involved in executing these types of maneuvers are straightlorward and
present no unusual problems. Uscful path conligurations can be devised Tor both departure
turns and close-in turns that are well within both the aircraft and flight control system
performances and passenger comfort limits.

321.1.2 Arrival Paths—Four types ol arrival path configurations were aiso flown:
standard, straight decelerating, stcep two-segment. and curved descent paths. As was
previously mentioned, the two-segment approaches proved to be the most difficult type




from the standpoint ol adhering to precise time schedules. Slight changes in the gear and
flap extension schedules were found to be helplul in executing the steep segments. By
extending the gear at altitude and slowing the airplane to a value under the 5° Nap placard
prior to initiation of steep segment provided sufficient drag to permit Turther speed and {lap
ad ystments with only minor excursion above the vertical protile. In lime operations, the
path conligurations could be delined so that the aircralt is slowed to an airspeed well within
the placard for higher ap settings to permit a higher rpm setting Tor engine anti-ice
provisions.

The straight decelerating approach proliles presented no special problems. No attempt
was made during these limited light tests to tilor the path configuration to an optinium
speed. thrust setting, and flap extension schedule.

The curved. descending, decelerating approach paths were ol most interest and were
extremely successtul. The MEFD map presentation provides excellent oricntation for precise
lateral tracking, and the EADI flight dircctor or other vertical gmdance options provide the
imformation Tor vertical tracking. The execution ol these types of paths, cven with the
added task of schedule control . is stringhtlorward and routine.

3.2.1.2 System Mechanization

32121 General The CRT displays, as mechanized Tor these flight tests, were notiably

sharp and clear. Problems with noise and jitter carly in the tests were resolved in the late
stages of flight, as were the carlier problems of display reliability. The problem ol contrast
under high ambient light conditions, while greatly reduced by the liltering provided, still

remains when the displays are illuminated by direct sunlight. Although 100 foot lamberts of
brightness was considered adequate, it appears that specilic study and additional testing are
required prior o specilyimg this design criterion Tor production systems. The required citort
should consider brightness, filtering, and type of phosphor. Investigation ol the ADEDS
EADI brightness problem continued after completion of the tlight test. This investigation
included a spectrum response check of a sample of the EADI filter glass by Bocing
Acrospace. Results of this test reveated a large passband in the blue spectium that would
partially account for the bluish tint of the display. A large passband m the near infrared
range was also Tound which would partially account for some of the degradation in high
ambient light. These filter deficiencies were verilied by GL and Tollowup coordination with
their filter supplier was initiated.

The mode control panels Tor the EADI and MED displays were, likewise, vulnerable to
washout in direct suntight. This was especially true of the LED readouts for decision height
setting and flightpath angle reference settings on the EADL mode control pancl. 1t is,
however, recognized that the ADEDS installation in the test aircraft was subject to a
number ol compromises and that no problems were encountered that could not be
overcome in the design and installation ol a production systent.

A strong recommendation is made that future operational systems cmploying
automatic, multisensor navigation systems be mechanized so that independent navigation
solutions are available for reasonablencss checks and appropriate annunciations or warnings
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in the event of malfunction ol some portion of the combined navigation process. Subth
failures in the updating of the map presentation may go undetected in the present
meclianization.

The ADEDS navigation system outputs the result ol the combined mavigation process,
and while the individual sensor ontputs can be examined and cross checked, the system
should embody some lTorm of automatic cross-checking, and annunciation ol the ditference
between the combined navigation solution and the individual sensor inputs. Lxamples ol the
type of reasonableness ¢cheeks that could be applied are:

1) The LAT/LON outputs of the combined navigation could be dilferenced with the
INS outputs. The dilTerences could be compared against tolerunce values and an
appropriate annunciation could be exceuted when the diflerence exceeds this
value.

2)  The radio-navigation inputs could be processed separately to yicld a positien
measurement in LAT/LON coordinates, which could then be dilTerenced with the
NCU outputs. Exceeding a reasonable error bonnd could be annunciated. The
annunciation would only convey the message that the difference exists, not that
one computation or the other is in crror. To minmmize fulse alarms or puisance
alerts, the excesses could be counted and the annunciation made only in the event
that an arbitrary number ol cxcesses occurred.

3.2.1.2.2 EADI - The basic EADI Tormat, TV scene, guidance options, ILS informaticn,
and artificial runway symbol are described in the following paragraphs.

Basic EADI Format: The basic EADI Tormat is an improvement over the existing ADI
and artificial horizon instruments. This improvement is, in part, duc to the increased
resolution that results from the larger size of thc EADIL. The lightpath angle symbology
adds extremely valuable velocity vector information to the format. The velocity vector in
conjunction with the potcntial flightpath or flightpath ucccleration symboi provides a thrust
management capability and more precise overall operation.

The 5°bias in pitch attitude does help to decrease clutter in the center ol the display.
however, it tends to detract from the asscssment of angle of attack. An indication of angle
of attack or some paramcter such as alpha margin could be added at the side ol the EADI to
overcome these objections.

EADI TV Scene: During the approach phase of flight, superposition of the
forward-looking TV scene cn the EADL provides valuable additional information that is
independent of other sensors and processes. While the camera system used in the [light test
exhibited some problems in picture quality (i.e., blooming of approach and runway lights
under night conditions and loss of resolution during opcrations into severe glare conditions
on the runway), this fcature provides uscful information lor maintaining proper lateral
adjustment with the runway. The estimation ol the touchdown point on the runway is
improved with the velocity vector information superimposed on the TV scene.




EADI Guidance Options: In addition to the basic format with flight director. four
different guidance options were used in the operational evaluation test flights. The results of
these test tlights are sunnarized below,

1) The lateral and vertical guidance provided by the Iight director satislies the
display requirements  lTor 3D path operation.  Although this symbology s
referenced to the airplane attitude rather than velocity vector information, pilot
familiarity with this format resulted in a strong pilot preference For this option.

2)  The path perspective options (PPS and PPC) arc both relerenced 1o the velocity
vector symbology. While this Factor tended to focus pilot attention on Nightpath
angle and, indirectly, on thrust management symbology and cues, the interpreta-
tion of this symbology is sulliciently different that a number ol adverse
comments were recorded. The command version of this symbology (PPC) received
slightly higher acceptance due to the nature ol the controf law centering ol the
symbology. The lack ol an acceptable velocity CWS mod: in the autopilot
undoubtedly had an adverse cffect on the evaluation of the symbology, inasmuch
as the CWS mode is designed to hold velocity vector settings and thus reduce the
tracking workload.

3)  The two guidance options, vertical deviation only aud vertical deviation plus
waypoint, were designed to force the pilot to split the path-tracking task into two
distinct components - lateral deviation and vertical deviation —and thus to force a
continuous scanning pattern over both the EADI and MFD. As expected, the
perceived pilot workload was increased and the tracking performance was
adversely aftected.

In summary, 3D and 4D path tracking was acceptable with all guidance options used;
the differences observed between tracking performance are considered to be largely due to
pilot fumiliarity with the symbology.

Further development effort is recommended in this arca. Flightpath angle or velocity
vector display is a valuable addition to the complement ol information available to the pilot.
This is true not only for 3D and 4D path operation but also lor operation in tod:’s
environment. There were some comments to the effect that the flightpath angle information
was sufficient Tor ull pilot tasks and that the aircraft attitude information should be
removed from the EADI Tormat to reduce display clutter. While this argument has some
merit, it is felt that both attitude and flightpath angle information arc uscful and that
continuous presentation of attitude information, in particular, is required for salety-of-flight
considerations. Formats that emphasize Hightpath angle and also portray alpha margin or
some other measure of pitch attitude should be developed and evaluated in future studies of
this type.

EADI ILS Information: Reference 3 describes the mechanization selected Jor
presentation of LS information. The rectangelar symbol is driven, at high sensitivity, by the
raw localizer deviation and glide slope deviation signal from the 11.S receiver and is intended
to be used solely as a monitor of autolind system performance. During the course of the




Might test, an alternative presentation of raw 1LS data was desired, Two alternative
presentations were devised with lowered deviation sensitivities that were more compatible
with pilot responses.

While the limited amount ol test time precluded the development o1 optimum
presentations Tor manual approaches, the experience points to the usefulness of raw ILS
presentations and need Tor separate tormats for autoland and manual approaches.

EADI] Artificial Runway Symbol: The artificial runway symbol is a uselul display
feature in the initial phases ol the approach. When navigation errors are not excessive, the
symbol provides useful guidance information in setting up the proper final approach patl.
When this symbol is superimposed upon the TV szene, however, the elfect ol navigation
errors becomes increasingly more distracting as the range to touchdown decreases.

it is strongly recommended that the combined navigation process be modified so as to
include 1LS information. This would reduce the crosstrack component ol navigation error
on final approach to a level well within tolerance and would thus eliminate the distracting
influence of the artificial runway symbology. At some point on the approach. the TV scene
of the actual runway is sufficiently sharp and clear to provide all the necessary information
on alignment and thus obviates the need for artilicial cues. While schemes for automatic
removal of artilicial runway symbology could be mechanized, the provisions for manual
selection of symbology are felt to be sufficient and less confusing.

3.21.23 MFD The MFD was designed and used exclusively asa map presentation or

horizontal situation display throughout the ADEDS progran. The ADEDS MFD presenta-
tions were highly successful and emphasized the utility ol such displays and their value in
maintaining an casily interpreted orientation during Hight.

As in all such CRT displays, the information density at high map scales can result in
display clutter and unrcadable symbology if the mechanization does nc. provide the
selective control of symbology or for some scheme for symbol priority. The ADEDS
mechanization employcd a display mode control panel with pushbutton switches to provide
symbology selectivity. A limited amount of automatic symbol selectivit: was provided in
the case of the radio navaid symbology: i.e., radio navaids that are nou part of the high
altitude route structure are not displayed at the 32 nmi/in. map scale.

The MED map scales, orientation, altitude/range symbology, and radial and track select
symbology are described in Turther detail below.

MFD Map Scales: The map scales available on the ADEDS are 1, 2, 4, 8, 16, and 32
nmi/in. While this choice of scales is more ecasily mechanized. a preferable system should be
devised. One such scheme might be a semilogarithm scale selection suchas 1, 3. 5,9, 15, and
25 nmi/in. This would provide a less abrupt change of presentation with map scale changes.

MED Oricntation: Both track-up and north-up map presentations were provided by
ADEDS. The desired orientation was selectable by a switch on the MEFD mode control
panel. The track-up mode was found to be the only uselul orientation for exceution ol tue
flightpaths (i.c., tracks, the Mightpath using manual, CWS, or select/hold modes). The




north-up presentation is highly valuable for nonpilot operation such as generating,
reviewing, or modifying a flightpath including momentary referral when in autopilot
coupled path modes. It is destrable to have the capability for both orientations as cach has
its specific uses.

MED Altitude/Range Symbology: The depiction of altitude intercept points on the
MED map presentation was highly successtul and provides extremely useful information for
chmb and descent. A suggestion is made that the setting of the reference altitude should be
made more casily, perhaps by using the autopilot altitude select knob rather than the NCHU
sefect page. The information provided by this feature is predictive information not provided
by any conventional instrumentation and removes much of the guesswork regarding the
ctfects of thrust setting and aircralt performance upon climb and descent capabilities.

MED Radial and Track Sclect Symbology: Two display Teaturcs that were useful in
the presentation of relative bearing information were the radial symbol and the track select
symbol,

The radial symbol depicts the de: . d bearing relative to a navaid facility or navigation
fix while the track select symbol depicts the relative bearing of the airplane’s predicted track
as selected using the autopilot track select knoh. Both symbols provide a graphic
presentation ot the guidance situation, which is extremely uscful and is not avaitable with
conventional aircraft instrumentation.

3.2.1.2.4 NCDU- With the advent of inertial navigation systems and an increasing
implementation of (R-Nav) systems in commercial atreraft, the use of keyboard centry
devices and keyboard/display units for the crew’s interaction with such systems is becoming
more common. The operationad design of such devices and the matching of these units to
crew tasks und procedures is a Tormidable task and represents a major challenge in the
development and acceptance of advanced avionics systems.

The ADEDS keyboard/display was the navigation control and display unit (NCDU) ¢nd
consisted of a 7x7 keyboard matrix together with an 8-line (24 characters per line) cathode
riy tube display for alphanumeric readout. While the NCDU design fulfitled the functional
and operational requirements of the ADEDS program. further design, development, and
evaluation cfforts would be required to simplify and clarify the crew system interuactions
necessary for a system in line operations.

The operational evaluation of the NCDU was burdened by several facets of the ADEDS
program. First among these was the experimental nature of the program and the associated
requirements for the Tunctional flexibility to evatuate different system configurations. These
requirements led to the inclusion of functional options in both display formats and
navigation-guidance modes that were ideally controlled tarough the NCDU. The result was
an extensive use of keybouard display formats and of keybourd procedures for reconfiguring
the system.

Another facet of the program which tended to distort the evaluation of the NCDU is
related to the artificiality of the test fights in representing a true operationdl environment,
Typical flights consisting of takeofT, departure, cruise. arrivaf, approach, and landing were
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accomplished m 15 1o 30 min as opposed to line operations where these procedures would
span a longer time period. The resulting time compression led to an impression ol an overly
busy use of the keyboard.

The prohibitive cost ol the ground support and test cquipment necessary for magnetic
tape or masnctic data card entry of Tight plans and clearance necessitated the use of the
keybozrd for this purpose. For an operational system, the entry of flight plans would tuke
place during the preflight checkout of the airplane and systems by the use ol tupe cassettes
or other memory storage and transfer devices that minimize lengthy keystroke sequences.
The keybouard would thus serve as a device Tor detailed review of tie Night plan for
verification and possible alteration. At the same time. the keyboard is the best means Tor
modifying a ight plan if 1t becomes necessary in flight. The language, procedures. and
display interaction developed for this program were exceptionatly usehul and are readily
applicable to tuture operational systems.

While limitations of time precluded an extensive training period for all Tlighterw
members, the basic functiond layout ol the keyboard is well suited both to the
exy crimental flight testing of this program and to the development of prototype operational
systems as well. The automatic compilation of detailed flight plans from the abbreviated
ATC clearance (ATC CLR) language is especially useful in reducing the amouwnt and
complexity of keyboard operations. One suggested addition to the flight plan page formals
would be the inclusion of the initial heading or track angle for cach leg. While this
information is readily available on the MED displry. it would serve as a usefully redundant
bit of information during preflight system checkout and would also be ol value, if not a
necessity, during maltunction of the MED display.

The navigation data (NAV DATA) Tormats were normally referred to during the
execution of the tlightpaths and provide a continuous presentation of current status
information in alphanumeric form. The number of items in this category necessitated the
mechanization of three such pages, accessible by successive presses of the NAV DATA mode
key. While this mechanization does provide access to all the desired information, it is
desirable “o provide tull-time display of some of these data on other displays or struments
tor immediate viewing. Examples of modifications to the display format made during the
flight test period were:

1)  Groundspeed—The usclulness ol groundspeed as a contrel parameter led to the

continuous readout of groundspeed, in digital form, in the lower right coiner of

the MFD.

2)  Wind-The current measured values ol wind speed and direction were also tound
to be uselul references and were displayed on the ME D.

3) Navigation mode-The usefulness of this information was primarily for the
purpose of system debugging and testing. The information was also displayed in
the lower right corner of the MFD
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A primary information clement requiring full-time display is information concerning
the current state of the automatic tuning tautotuning) feature of the navigation system.
While the trequencies and identiliers of the radio navaids being used were displayed on NAV
DATA page 3, it was Telt that this information should be displayed tull time. Accordingly,
the identifier codes for the active navaids were added to the MID display in the course of
the system Thght tests. A recommendation Tor an operational svsters of this type would be
to modily the panel indicators Tor the DME readouts to include the three-letter identifiers.
and Trequency of the active navaids as well as the DME distance from the nivaid. Replacing
the electromechanical drum-type distan ce readouts with bright LED panels to include 1.1,
and Irequency information would be or @ way to accomphsh this.

In summary, advanced navigation and guidance systems such as NS, R-Nav, or
ADEDS-type systems provide new system Tunctional and operation:l capalilities that have
great potential benefit. Their initial impact on flightcrews. controllers. and desion enginecrs
cian be described as un information explosion. 1 raditionally . the design ol wrcraft gl 1
deck instrumentation, display, and controls has been to assivn dedicated cockpit space Tor
cach function and information clement necessary or usctul to the conduct of flight. The
magnitude of the information explosion associiated with these cmerging  capabilities
precludes the traditional design approach in incorporating the new technology. The ADIDS
NCDU design is one approach to viable solutions in this arca and shoule scive as a departure
point for further study.

3.2.2 FAA-ATC Comments

The involvement of FAA Air Traffic Services personnel in the ADEDS program
contributed immeasurably to the success of the flight test program. The active involvement
of representatives of Seattle Air Route Tralfic Control Center, Seattie Approach Control,
Grant County Approach Control, and the Grant County Tower not only facilitated the
coordination required for day-to-day Might test operations but also provided insight into the
more general problems of air traffic management and the possibilities for improvement in
aircraft operation offered by ADEDS-type equipment. The following paragraphs represent i
consensus of ATC personnel who participated uas observers on ADEDS test flights and/or
who handled the test aircralt in the course of their dutie: as traffic controilers.

The flight tests of the ADEDS-equipped 737 aircraft demonstrated several areas of
potential benefit to ATC operations and services. While these potential benefits would not
be realized by the introduction of this type of equipment in itself, the possibilities of
improvemeits in the use of airspace and the management of air tralfic, which this type of
system provides, are worthy ol Turther study and devetopment.

Among the potential benelits, especially in crowded terminal areas with high-peak
traffic loads, is the more predictable and accurate movement of traffic and the more ordered
management of traffic Now with a consequent reduction in overall traffic defay. The
path-following capabilitics of this type of system would permit the use of networks of
noncontlicting 3D paths for the arrival and departure of suitably equipped aircraft and a
consequent reduction in the burden of sequential vectoring for the total tralTic foad. This,
of course, presumes that some substantial portion of the tralfic mix is so cquipped and that
appropriate improvements in ATC equipment and procedures are made




The schedule control (4D) capabilities ol this type ol system provide the potential For
an added measure ol control. The capability for determining precise time-ol-arrival
mformation and controlling the aircralt to make good a specilied time of arrival adds a
predictive capability to the overall airspace system, which can be used to further regulate
the Flow of traltic. An exploitation ol this capability will allow time adjustments to be made
cn route with consequent savings in fuel.

The mechanization of this type ol system provides a basis for incorporating data link
communication techniques between the ground system and airborne traffic. This feature can
be exploited in several ways that would be ol benetit to ATC. The continuous downlink
transmission ol aircraft positton, altitude, heading, groundspeed, vertical speed, and turn
rate would provide the ground system with situation and predictive information of high
vatue. These data, complementing the basic radar surveillance, would provide an extra
measure of redundancy in the surveillance loop. The advanced display capabilities under
development for the ground controller could be adapted to include the predictive
information, thus adding a needed “lead™ term to the control leop. This information could
also be used by ground-based computers to provide more highly automated conflict
predictions and traffic load predictions.

Uplink data transmission cculd include a number of information categories that vvould
lessen the burden on voice communication channels. Examples of this type of commuanica-
tion include changes and amendments to clearance, detailed routing instructions. and
terminal weather condition rveports. The airborne system map display could be used to

display the relative portion ol nearby tratfic from uplinked ground systems data.
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APPENDIX A

ADEDS FUNCTIONAL/SOFTWARE
REQUIREMENTS ERRATA

The ADEDS functional/softwaie requirements as they existed at hardware delivery,
September 1973, are provided by report No. FAA-SS-73-19. dated December 1973, This
appendix lists the changes made to those requirements during integration and flight test.
Wherever possible, specific sentences and words were changed and referenced to the basic
release. In other instances, such as section 1.0, INTRODUCTION, the changes were so
extensive dhat replacement of the entire section is included in the immediately following

pages of this errata.
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1.0 INTRODUCTION

.1 GENERAL

fhis document delines the advanced clectronic display system (ADEDS) functional/
sottware requirements, fThe document is divided into the foflowing sections:

I Introduction

2 MIEED Requirements

3 Bulk Data Storage

4 LEADI Requirements

S Four-Dimensional Guidance Requirements

O NCDU Requirements

7 Navigation and Subsidiary IFunction Reguirements
S-Advanced Guidance and Control Systeimn (AGCS)

Section

Lach section defines the functionat requirements and assigns the software responsibility
between  the navigation computer unit (NCU) and the disptay system (DS), where
apphcabte.

fhe General Electric Company was responsible for alf DS software delined in this
document. Initially. the NCU soltware responsibility was divided between Boeing and
Litton as follows, in accordance with the ADEDS statement of work (SOW):

Bocing responsibility: Sections S and 6
Litton responsibihity: Sections 2, 3,4, and 7

During system integration, Boeing took over responsibility for sections 2 and 3 also.
The subsidiary Tunction requirements in section 7 include all items identified in the
Litton SOW. Litton will be responsible for integruting the NCU software subroutines

delined in this document into the delivered ADEDS software package.

This document represents the ADEDS functional/sol'tware description at the comple-
tion of thght testing on March 15, 1974,

1.2 ADEDS SYSTEM CONFIGURATION

The ADEDS interfuace bfock diagram is depicted in figure 1-1. This diagram identifics
the boxes and interfaces referred to in this document.

This document is concerned primarily with the Litton NCU software, the GE program
control unit (PCU) software, and the interfaces used to transfer data between the two




Page 2, Replace
computers. These mtertaces consist of the Tollowing Tour split-phase bipolar (SPBP) data
buses utilizing a 100-kHz clock:

MED bus 1 NCU to PCU
MID bus 2 NCU to PCU
1-ADI bus: NCU to PCU
PCU/NCU bus: ’'CU 1o NCU

e data content, timing, and word formats for cach of these buses are delined in this
document.

1.3 NCU EXECUTIVL
1.3.1 Executive Control

The NCU exccutive controls two hasic program loops. The last loop contains programs
that must be executed 20 times/sec. The other loop is called the slow loop. Even though all
programs are executed in the slow loop before repetition. many of the programs permutite
their calculations over several slow-loop cycles. During periods ol high actwity, the slow
loop may take between 1and 3 e for execution, Normally it exccutes several times per
second.

When the NCU s started, it automatically goes to actual location 12000, which
contains the start of the initialization instructions. Alter initialization, the slow-loop
programs are exccuted continuously except that every 50 msec an iterrupt oceurs. The
Last-loop programs are then executed and return is made to the interrupted program in the
slow loop. The wait at tae end ol the slow-loop program is to prevent the execution rate
from being faster than 20 times/sec.

1.3.2 Power Interrupt

A power interrupt will do one of two things. 1T the interrupt was tor less than 2 sec,
the NCU program will continue at the point of interruption. IF the power was off For more
than 2 sec. control will return to the cold start initialization program.

1.3.3 Core Allocation and Major Programs

Table 1-1 shows the NCU memory allocation and table 1-2 lists the major NCU
programs.

1.3.4 Checksum

Program instruction code and lixed data memory are checksummed in the slow loop.

89
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The NCU memory is divided into approximately 4K-word blocks. with one such block
being checksummed tor cach pass through the slow loop. A checksum Tail results in
Humination of the NCU FALL light. The chechsum table assignment is as Tollows:

Bank No. Part No. Memory location Table No.

726
727
730
731
732
733 6
734 7
735 10

oo B3 IS — —

‘vd

- 4=

Memory tocation 746 contains the checksum tuble number of the lTailed checkst
block iF such a Fail exists. The program must be executing the stow-loop checksum routine
for this number to be available. Multiple checksum block failure will atternately appear as
the checksum fail is detected. A new checksum required as result of a program change is
initiated by zeroing out the appropriate table number memory tocation.

The checksum routine can be cxecuted off tine, at lowd time for example, by executing
the checksum off-tine call at memory tocation 1300 Off-line checksumming requires that
the NCU MCU be connected and operating.

I.4 NCU AIRPLANE SIMULATOR

The NCU airplane simulator permits ground checkout and debug ol many ol the
changes that can be implemented in the NCU programs. The simulator is & simple point-mass
model that updates airpranc heading and altitude tfrom an integration of the lateral and
vertical steering signals. Groundspeed 1s updated from cither assigned path groundspeed,
speed acceleration command, or by constant groundspeed command (200 kt). The simulator
also includes the capability of setting the status ol the DME/VOR navigation update mode.

The simulator is exercised by setting bits in 4 simulation Hag word (SIMFLG)

corresponding to the desired simulated flight condition. The bit assignment 1S
SIMFLG bit | 1C airptine

2 Fly airplane (200 kt)
3 Fly path GS
4- Fly commanded acceleration
5-Hold airplane
6 Unused
7—-Good DME |
8- Good DML 2
9 -Good VOR 2

Example: SIMFLG 3038 will IC the airplane and Iy it at 200 kt,
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1.5 NCU TELETYPE DEBUG PROGRAM

The C-4000 debug program is designed to aid the progranumer in his checkout of
system programs. 1t can also be used by the hardware personnel to test equipment that is

interfaced with the computer.

Via the ASR teletypewnter keyboard, the C-4000 debug program provides the

following functions:

6)

7)

8)

9)

10)

Display and change memory locations (A:)

Halt program (B3:)

Copy memory block (C:)

Dump memory block to teletype (D)

Input and output decimal number (I2)

Fill memory block with constant (F)

Input and output angle in degree, minute, and secon'd (G:)
Punch object paper tape (P:)

Load object paper tape (L)

Execute program (R:)

Search memory block for constant under mask (S:)

Verify memory block against copy in memory (V)

1.5 ! Equipment

The C-4000 computer, manual control unit (MCU), teletype, and 1/O interface are
necessary.

1.5.2 Memory Utilization

Appro¥imately 800 (1440g) words are needed.

1.5.3 Debug Program Loading

The program can be loaded via the Mylar tape reader on the MCU. The procedure for
filling a computer main memory using the MCU Mylar tape reader is described in section 3.2

of C-4000 Manual Control Unit Instruction Manual, Litton APD document 70-081.16.
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Depending on the needs of the program, the debug program can be assembied and
foaded at any convenient starting address i the computer.

1.5.4 Debug Program Execution

The debug program is executed at its starting address. When the teletype switch i1s
turned to ON and DEBUG 1s properly exccuted, teletype prints DEBUG, followed by a CR
(carriage return) and an LT (line feed) to indicate the program is ON.

1.5.5 Debug Program Operation

1)

3)

4)

5)

0)

-
Fach command consists of a single-letter Function code, t'oll%%{by a colon (:)
and one or more octal/decimal values. Values are separategdby commas, and the
last value used must be followed by a carriage return.

Values are right-justitied octal/decimal integgrs.
value 1s made zero.

11 no digits Tollow a comma. the

DEBUG witl type BAD CODL i

recognize.

Y user types a command that DIBUG cannot

A slash may be usedAo abort any input and return to start.

Octal vatue fields ignore all characters except 0,1,2,3,4,5,6,7,/, % comma,
carriage retum. In addition to the preceding characters, decimal value fields

accept 8. 9. To cancel an ncorrect value, key in * .

Prolonged outputs may be absorbed by activating any key on the teletype.

In the Tollowing discussion of the debug program, information produced by DEBUG is
underscored. while that entered by the user is not.

1.5.5.1 Display and Change Memory Locations

A:VI1 (CR)

1) Access locations in memory (starting) at location V1. DEBUG types out the
address. V1, and its content, then waits for keybourd input.

2)  To change the content, Key in the new octal value, Tollowed by a carriage return.
The program then types out the next higher address and its content.

3) To progress to the next higher address without changing the content of the
current location, key in a comma.

4) The look/change cycle continues until the operator keysa /.
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Sy Example: The user wants to replace the contents at location 2000g and 20024 by
12341234 and 43214321, respectively. The present valu.s at 2000g through
2003 are zeros.

A2000 (CR)

02000 00000000 12341 234(CR)

02001 00000000

02002 00000000 43214321 (CR)

02003 00000000

1.5.5.2 Halt Program
B:V1, V2 (CR)

1)y Typically, the programmer will msert a breai-point at some desired place in the
program. When the program encounters the breakpoint, control is returned to
DEBUG so that the programmer may examine the results, make corrections in the
program, and continue debugging.

2) V1 is the address of the breakpoint. 1f V2 is 1, 2, or 3, DEBUG inserts the first,
second, or third breakpoint at location V1. The original content at VI is saved by
DEBUG.

3) B V2is zero, DEBUG restores the original content in location V1. However, if a
breakpoint has not been previously set at location VI, DEBUG will type NOT
USED .

4) If object program is later executed and the program reaches location V1, control
is passed to the DEBUG. DEBUG prints V1 and the contents of registers A and Q,
then awaits further commands. Note that breakpoint at V1 is removed, and the
original content of V1 is restored.

5)  Example: The user wants to insert second breakpoint at 30008 and  firsi
breakpoint at 3400g.

B: 3000, 2 (CR)
DONE

B: 3400, 1 (CR)

DONE
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When program encounters 3000g:

(A) (Q)
3000 12341234 43214321

The user wants to remove breakpoint at 3400g.
B: 3400 (CR)

DONL

1.5.5.3 Copy Memory Btock

C: V1,V2, V3(CR)

) Copy memory block at location Vi through V2 into block at location V3 through
V3+(V2-VI)

2) 1f V2 does not exceed V1, only the word at V1 will be copied.
3) 1 V3 lies between Vi and V2, no action is taken.

4)  Example: The user wants to save the memory block from 1400g through 3000g
into block starting at 10400g.

C: 1400, 3000, 10400 (CR)

DONE

1.5.5.4 Dump Memory Block to Teletype
D: V1, V2(CR)
1) Dump memory block at location V1 through V2 to teletype.
2) The basic typing format is four octal words per line, preceded by the octal address
of the first word printed on the line. If this address does not end with a zero or a
four-digit number, appropriate spaces are inserted to maintain column integrity.
3) Repetitious words are suppressed as follows:

a) I the remainder of the current line is identical to the word last printed, the
line is terminated.

b) If one or more subsequent lines are identical to the wore, last printed, the
teletype goes to the next line with different words, if any.

4) Prolonged outputs may be aborted by activating any key on the teletype.
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Sy Example: The user wants to dump from 4001 g to 40]08'

D: 4001, 4010 (CR)

(14001 12341234 23452345 34563456

04004 45674567 43214321 54325432 65430543

04010 00000000

DONE

1.5.5.5 Input and Output Decimal Number
E: VI, EV2(CR)

1) Display decimal number from location V1 with binary point set at B V2 on the
teletype. V2 may be any positive or negative number.

2)  To change the content. key in the new decimal value, followed by a carriage
return. Control is returned to DEBUG.

3)  Example: The user wants to display the decimal number at location 7000g with
binary point set at B 12. He then wants to replace it by 90.65.

E: 7000, B 12 (CR)

07000 60.7635 90.65 (CR)

1.5.5.6 Fill Memory Block With Constant

F: V1,V2,V3(CR)
1) Fill memory block at locations V1 through V2 with octal constant V3.
2) If V2 does not exceed VI, only location V1 will be filled.

3) Example: The user wants to clear the buffer at locations 7000g through 7777
with 0.

F: 7000, 7777, 0 (CR)

DONE

—
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1.5.5.7 Input and Output Angle in Degree, Minute, and Second

G VIICR)

1) Convert angle in C-4000 pi-normalized format at location V1 to degree, minute,
second. and hundredth of second and print it on the teletype.

2)  To change the angle, key in desired angle in degree, minute, second, and
hundredth of second, tollowed by a carriage return. DEBUG converts it to C-4000

pi-normalized format and stores it at location V1.

3)  Example: The user wants to display angle at 10000g and replace it by -120
degrees, 30 minutes:

G: 10000 (CR)

10000 -90.22,40.1 -120.30(CR)

1.5.5.8 Punch Object Paper Tape
P: V1. V2 (CR)and turn on paper tape puncher
1) Punch memory words from locations V| through V2 to a paper tape.
2)  The tape format is as follows:
a)  Thirty words of “carnage-return’ Tor a leader.
b) Character A and starting location V1, followed by CR and LF.
¢) Contents of location V1 through V2 with space between them.
3) Example: The user wants to punch his patch program from 4000g to 4030g:
P: 4000, 4030 (CR) and turn on paper tape puncher.

A4000

Type HERE IS key to generate a feader and turn puncher off. Note that the
punched paper tape cannot be loaded back via the MCU. It can only be loaded
back through the load function described in the next section. i
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1.5.5.9 Load Object Paper Tape

L: (CR) and place punched paper tape in reader and turn on

1)  DEBUG will load the tape punched by P command m memory word by word
starting at location received after character A,

When tape is completely loaded. key in [ to return control to DEBUG.

Exuample: The reader wants to load patch program on the tape produced by using
I’ comniand.

L: (CR) place punched paper tape in the reader and turn on
A4000

12341234

J(CRY (L)

1.5.5.10 Execute Program
R: V1. V2 V3(CR)
1) Run object program by performing TRA to location VI instead ol doing it

through the MCU. Prior to program cntry, V2 is loaded into register A, and V3 is
loaded into register Q.

Control does not return to the DEBUG program unless a breakpoint is
encountered.

It a breakpoint is encountered, the print format is breakpoint address, content of
register A, and content of register Q.

Example: The user has set a breakpoint at 5000g and he wants to execute his

program at 4000 with 77777777 in register A. It is assumed that 5000g is
encountered.

R: 4000, 77777777 (CR)

(A) Q)
05000 66666666 55555555 (CR)(LF)

1.5.5.11 Search Memory Block for Constant Under Mask
S: VI,V2,V3 V4 (CR)

1) Search memory block at location VI through V2 for words cqual to V3 under the
maisk V4,
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2)

3

1f no mask is specitied, the eniire word is tested.

When a match is found, the address and its content are typed out, and the search
continues until V2 has been tested.

Example: The user found that the instruction at 5010g was destroyed during his
chieckout, so he wants to find out if there are instructions having address equal to
5010g in his program. e searches his entire program for 5010g under mask of
1177g. It is assumed that his program starts al 20004 and ends at 7000g and
there is 1 STORE A 5010 (bug!!) at 50104:

S: 2000, 7000, 5010, 777 (CR)

05010 12005010

———

DONE:

1.5.5.12 Verify Memory Block Against Copy in Memory

V: VI, V2, V3(CR)

1)

Verify memory bloch at locations V1 through V2 against a copy in location V3
through V3 +(V2-VI).

The program types the address and content of cach location in the V1 block that
does not match the corresponding word in the V3 btock. It also types the address
and content of the corresponding word in the V3 block.
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TABLE 1-1.-NCU MEMORY ALLOCATION

C-4000 core

\ Description
allocation

Bank 1

0-2777 Hardware celis and program variables

3000-3377 Guidance buffer pointers and scratch (hombs 1 and 2)

3400-3766 Constants

3767-4550 Fast-loop subroutines

4554 -6617 Slow-loop subroutines

6620-11761 Guidance/EADI flight director/mode panel programs
12226-14440
1200012225 Executive
14461-17776 Guidance huffers

Bank 2

—

20000-37777 NCDU programs

Bank 3

40000-47277 EADI/navigation programs
47300-57777 MFD programs, EPR program

Bank 4

6000077777 Bulk data storage




l Page 2k, Add

TABLE 1-2-MAJOR NCU PROGRAMS

Program Description
name
50-msec Programs
INAVIG Airplape simulation
HNAVFS Navigation
PATHDF Path definition
SWTPZA Guide buffer switch
HVGUID 2D 3D path guidance
TGUID 4D time guidance
EADIFD EADI flight director
MSPLGC Mode select panel logic
SREADI EADI
MFDFST MFED {map)
NCDKEY NCDU 1/0
100-msec Programs
NCFM Noncritical flight modes
MSPRO Mode select panel readout
P TESTOT Qutput to flight recorder
Slow-Loop Programs
E f NCDUEX NCDU executive
ERAD Earth’s radius
HNAVSL Navigation
- - BLOW Wind calculations
- MFDEXC MFD executive
' EPRLMT EPR limit
CHKSUM Checksum routine
100
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Page iii, CONTENTS

.3 NCU Lxecutive .
1.4 NCU Airplane Snnulilor .
1.8 NCU Teletype Debug Program

Add

Page iv, CONTENTS ( ontinued

Change 4.4.11 1LS Symbology
Title 4.4.13 Horizontal and Vertical Guidance

Page v. CONTENTS  Continued

Change 6.8 NCDU Soltware Labels to “NCDU Debug Pages and Commands”

Renumber 6.9 NCDU Software Labels

Page vi, CONTENTS  Concluded
Add 7.3.4  Magnetic Variation

Add 8.0 ADVANCED GUIDANCE AND CONTROL
SYSTEM (AGCS)
8.1 General
8.2 AGCS Mode Sulul PII]L'INCU |Iller‘ltL
%3 Lateral and Vertical Noneritical Flight Mode
Steering Signals .
Autothrottle Control Law
EPR Thrust Limit Calculations . .
&5.1 Maximum Limit Thrust EPR ant
Algorithm .
8.5.2 Maximum C onlmuous ThrUst EPR
Limit Algorithm . .
Maximum Cruise Thrust l:I’R ant
Algorithmn

Page viii, FIGURES —~Concluded
Add 612a  SEL 3 (Select 3) Mode
Add 7-3 Baro-Inertial Loop Diagram

Add 7-4 Altitude Corrected for Barometric Setting .




Page ix, TABLES

Add NCU Memory Allocation

IIIZ Major NCU Programs
Page x, TABLES -Concluded
Add 7-7 IFast-Loop Analog-to-Digital and 1CP Input Conversions .
Add 8-1 AGCS Label Definition
Page xi, ABBREVIATIONS
Change ACCNORM to "ACNORM” Normal acceleration
Page xii,
Change HLDTK to “HLDTRK™ Track hold
“Page 1, seeti .0, INTRODUCTIO!
1 15%-“!:)%(.1011 1.0, INTRODUCTION
Replace entire section
Page 3, FIGUREL -1

Replace

Page S, section 2.1, paragraph 2, first sentence

Change to

“The MFD has a viewable area 5.5 in. wide by 7.54 in. high.”

Page §, section 2.1, paragraph 3, second sentence
Change to

“Background data were processed by the NCU at a slow rate and transmitted to the
PCU once every 5 sec.” Dynamic data, . .. D

rd

Page 7, section 2.2.2.4, paragraph 2
Add to RC bit 22

... coordinate rotation is required. “When RC = 1, the conic angle is modified to
(ITAN-TK). where TK is received in tlm=second word of MFD bus 2.”

~




Page 8
Add to R
“Positive rotatien angle will produce a clockwise rotation.”

symbol word type 1.

CRaY

Page 10, paragraph 3. third sentence

Change to

“An alternative moditication to the display system software
play to go hlank il no valid data were reccived over MED

... for troubleshooting,

that would cause the MIFD dis

bus 1 and/or bus 2 for a detined period of time was no mechanized.”

Page 10, section 2.2.4
Jnsert new paragraph between paragraplis 2 and 3

L as shown in table 2-1.

“During transmission ol MID bus 1. MID bus 2 and EADI bus 3 will be alternately
transmitted until bus 1 transmission is completed. See ligure 2=,

The PCU changes . .

Page 11, paragraph 1. kst sentence
Delete

“Any change to 1 .. at least twice.”

Page 11, paragraph |
Add (replaces deleted sentence)

“The PCU continues to set bit 30 to I until a good MIEED bus | is received.”

Page 1 2A, paragraph 1, first sentence

Add to

a4 route line. “text annunciation,” and digital . ..




Page 12A, paragraph 4, second sentence
Add to

. East and north position increments, *“true track angle (TK),” and sin and . ..

Page 14

Add to

ACNORM =. . . vector (I't/sccz) “smoothied with a 1-sec lag filter”

Page 14, next to last paragraph, last sentence
Change to

. table 2-2. “An 1&R control word with IC =00 and RC = 0” will precede . . .

Page 15, section 2.4.1 4, Tirst sentence
Inscrt

.., airplane symbol to “a point 0.45 in. below the™ lower adgeof . ..

Page 15, section 2.4.1.6, third sentence
Change

... TKESEL = HLDTK - 1K “1KESEL = TK - HLDTRK.”

Page 28, section 2.4.1.7.9, second sentence
Change

.. .displayed on the 8,4, 2,and | . .. {0 “displayed on the 4, 2, and 1”” nmi/in. scales. . .
[ 4

Page 29, section 2.4 1.7.11, sketch
Add to
ABCDE

350
“15000”




Page 29, sentence below sketeh

Add to

.. symbol select button ot will be displayed only if WP'E ALT is also selected ON by
the MED mode control unit (see sec. 24.1.7.13.) The display format is shown above.”

age 29, paragraph 3
Delete all of the paragraph

“Whenever a four-dimensional ... where b = blunk.”

Page 31, section 2.4.1 7.14, paragraph 2, first sentence

Change to

“The NCU will generate two symbol weid groups” once per sceond . ..

Page 31, section 2.4.1 7.14, paragraph 2, third sentence

Change

.R=I,SS--".I,IS:IO,I.-()m"R=l.SS=ll,lS:ll.L=0.”

Page 31, section 2.4.1 .7.14, paragraph 2, last seiitence

Add to
¢ identical to the first except the type

variation). “The second symbol word group will b
O 9

3 word will be RADBRG + MAGVAR + 180°.

Page 33, paragraph 1. last sentence

Delete

“The small circles . .. two circles (10).”

Page 36, paragraph 2, fourth sentence

Change to




“The other three symbol groups include the symbol code 0010111, position in Eand N
coordinates to deline thie 30-, 60-, and 90=sec prediction circles with intensity Ig = 10,
and R=0.S8S=11,and L =0." These calculations . . .
Page 30, last paragraph, lirst sentence
Change to
“The symbol is stroke written by the DS and is an arc segment of a circle with a 4-in.
radius™ extending . . .
Page 37, sixth symbol
Change

DELH = ALTC - ALTREF to “DELH = ALTREF - ALTC”

Page 37. last symbol

Change

where: RALT = -(—D—h—l’-ﬂ ) nmi to “where: RALT = f2 (

DELH

HDOT *° HDOT

Add immediately below “and fz is a 3-sec lag filter”

Page 38, paragraph 2
Change Group 1
Word type 2 Y =RALTY,X=0,C=1,D=0to
“Word type 2 Y=RALTY,X=-89,C=1,D=0"
Word type 3 Arc length = 90 bits; rotation angle = +90° to
“Word type 3 Arc length = 180 bits; rctation angle = 75.585°”
Change Group 2
Word type 2 Y =RALTY,X=0,C=1,D=1to
“Word type 2 Y =RALTY,X=-89,C=1,D=1, rotation angle = 104.414°”
Page 39, section 2.4.1.10

Replace




24110 Mode and Scaling Annunciation

“The current map scale selected and the current guidance or select mode activated,
or the current boeid mode or the land mode if actuated will be displayed in the lower
lert-hand corner of the MEED map display. The current groundspeed, navigation mode,
and wind dircction and speed will be displayed in the lower right-hand corner of the
MED map display. The display Format will be, For exanple:

Line | SANM/IN GSh321

Line G4D bbbIDD

Line . 273/b17KTS

Ihe NCU will generate two text synibol word groups to deline this annunciation
and will transmit them once per second over MED bus 1. The text word groups will be
preceded by an 1&R control word with TC =1, OC =1, RC =0, RS =0, and 1C = 00.
The text word type T will have 1= 10, R = 0, and seven-bit code 000C001. Word type
2 will have C = 0 and coordinates X =-230, Y = =180 for the left-hand word group and
X =+132, Y = =230 lor the right-hund word group. Word type 4 will have ST =0 and
the alphanuneric codes defined below:

Line 1 (lelt): KXNM/INCRLI®  where XX is bl, b2, b4, b8, 106, or 32
corresponding to the map scale selected
on the MIF'D MCU

Line b (right):  GSXXXCRLF where XXX is the present groundspeed
in knots

Line 2 tleft): ' where XXX corresponds to the current
Hag set by the guidance routine to
indicate mode. This can be G2D, G3D, or
GAD.

SEL/XXX/XXX,  where XXX indicates which mode or

elc. modes have been activated by the
external autopilot mode panel. The MFD
will display annunciations corresponding
to the lollowing mode Nags set by the
sutopilot mode pancl:

TKSEL IFPASEL
ALTSEL  IASSEL

XXX can be TKA, ALT, FPA, or IAS.
Line 2 will annunciate only onc ol the

above lormats, depending on whether a
guidance mode or select mode is activated.




Line 2 (right):  bbbXXXCRLF where XXX indicates the present naviga-
tton updiate mode. See section 7.1.1 for
the possible update mode indications.

Line 3 (left): HOLD/XXX where XXX indicates tae flightpath off-
set mode (OFS) or the hold at waypoint
mode (WPT) if activated. The correspond-
ing tlags set by the NCDU are:

OI'SSEL HLDSEL
or: LANDbBSEL/IAS  LAND will be displayed if the autoland
mode is activated and SEL/IAS will be
concurrently displayed if thie 1AS select

mode is activated. 1

If line 2 contains an annunciation, line 3 will not and conversely.

Line 3 (right):  XXX/YYYKTS where XXX is the present wind direction
and YYY is the windspeed as calculated
by thie NCU.

The DS will generate the symbology using its normal text mode in accordance with
the 1&K control word instructions so that the coordinates are not rotated or
incremented.”
Page 41, section 2.4.2.2, paragraph 3, first sentence
Change to
... bus 2 word label 01000001 (TK) SIN/COS.” The DS. ..
Page 42, paragraph 1, second sentence
Change to
...any of the limits * + 240 < E < -240 or + 280 <7 N < -280,” the three.. . .
Page 42, section 2.4.2.4, paragraph |
Replace
“The straight-trend vector shall project 3 in. straight ahead from a point 0.625 in.

ahead of the apex of the airplane symbol. This trend vector shall be displayed only
when the aircraft’s position is not limited.”
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Page 42, section 2.4.2.5, paragraph 1, first sentence
Add

- insection 2.4.1.5 ** from magnetic track angle binary and magnetic track angle (BCD)
data transmitted over MEFD bus 2.7

Page 42, section 2.4.2.5, paragraph 1, second sentence
Delete
“Track (TK) ... map mode.™
Page 42, section 2.4.2.5, paragraph 2, last sentence
Delete
“Transmission of . . . is optional.”
Page 44, section 2.4.2.10, second sentence
Change to

“The X,Y coordinates in the text type 2 word will be X = =230, Y =-256 for the left-

side word group and X = 132, Y = 256 for the right-side word group.”

Page 44, section 2.5
Delete all of the paragraph
“This modc . . . is shown in figure 2-14.”
Page 44, section 2.5.1, Tirst sentence
Change to
“This mode is initiated by selecting the TEST mode” on the MFD...
Page 46, last line
Delete
“Switch 3 OFF Track select bug”
Pages 47,48, and 49, TABLES 2-1, 2-2, and 2-3
Replace
Page 53, TABLE 2-6 Continued, Aircraft Symbol

Delete dimension *16”




Paee 47, Replace

TABLE 2-1.-MFD BUS 1 TRANSMISSION ORDER

Track-Up Map

North-Up Map

SOT control word

SOT control word

1&R control word

(TC =1,0C=1,RC=0,IC=00,
WF =1, RS=0)

Text word groups

I&R control word
{(TC=1,0C=1,RC=1,IC=11,
WF =1,RS=0)

Upright symbol word groups (R = 0)
Vector word groups

1&R control word
(TC=1,0C=1,RC=1,1C=11,
WF=1,RS=1)

Rotated symbol word groups (R = 1)

i
I
!
I
I
|
I
I
|
I
I
I
I
I
I
I
I
I

I&R control word
(TC=1,0C=1,RC=0,IC =00,
WF=1,RS=0)

Text word groups

1&R control word
{TC=1,0C=1,RC=0,1C=00,
WF =1, RS=0)

Symbol word groups

Vector word groups

(a) EOD controt word (TC = 1)

1&R control word

MFD2 data

EOD control word (TC = 0)

Unused data words

Mode MFD 2
AMFD 2
Mode MFD 1
AMFD 1

511 EOT control word

Note: There may be other I&R control words within an MFD 1 or MFD 2 data block.

3These data blocks and words are applicable only when two MFD displays are in use.




Page 48, Replace
TABLE 2-2.-MFD BUS 2 LABEL CODES AND TRANSMISSION ORDER— TRACK-UP MAP?

Label
MsB LSB Function

Rl o vt syl i -

0 MFD 1 delta position E and N
1 MFD 1 coordinate rotation angle (TK sin and cos)
0 Track angle (TK) {magnetic)—binary
1 Track angle—BCD
0 Selected track error (TKESEL sin and cos)
1 Selected track error (TKESEL scaled binary)
0 Airplane position N and E (DM = 11)
1 Track angle (true)—binary
0 MFD mode word
&R control word with IC = 00, RC = 0, RS = 0
Vector word type 1y Curved-trend vector
2

2 L _
2 30-sec line

2
27
Vector word type 1y

OOO—'—'—'—'OOOO—'—'—'—‘OOOO

l' 60-sec line

ey

Vector word type

L 90-sec line

MMMM—-M\.‘I!\JMM

2/
&R cantrol word with 1€ =00, RC=1, RS=1,0C=1

Symbol word type 1
IR=1) 2 Time box

3
I&R control word with IC = 00, RC = 1,R$=0,0C=1
Symbol word type 1 .
(R= 0) 2 30-sec dot
1
2 } 60-sec dot

1
2 } 90-sec dot

EOD conuol word with TC=0

} Unassigned

agingle MFD display configuration

o_._._a_.oooo_._._._.oooo_._._._.o
O=m-nO0OO0==—-0C=
O=mRO=0=0=0

o
-_
—_
PN
-
-_
PN
-

bThe data content following the I1&R control word varies in content
depending on the map scale and symbol options selected. 1
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Page 49, Replace
TABLE 2-3.—MFD BUS 2 LABEL CODES AND TRANSMISSION ORDER-NORTH-UP MAP

Y Label
MSB LSB Function
8765 4321
01000000 Invalid
01000001 TK {true) sin and cos
01000010 Track angie (TK)-(magnetic)—binary
01000011 Track angle—BCD
01000100 Selected track error {TKESEL. sin and cos)
01000101 Selected track error (TKESEL scaled binary)
01000110 Airplane position N and E
010001 11 Track angle {true)—-binary
01001000 MFD mode word
01001001 |&R controf word with IC =00, RC=0,RS=0
01001010 Vector word typew
01001011 2
01001100 2 L Curved-trend vector—
01001101 2 first segment
o1 001110 2
o1001111 ry
01010000 Vector word type 1)
01010001 2
01010010 2 L Curved-trend vector—
01010011 2 second seament
01010100 2
01010101 21
01010110 Vector word type 13
N1010111 2 '
01011000 2 Curved-trend vector—
01011001 2 third segment
01011010 2 ‘
01011011 2
01011100 1&R control word with IC =00, RC=1,RE=1,0C=1
01011101 Symbol word Lype 1
01011110 2 Time box
01011111 3
01100000 1&R control word with IC=00, RC=1,RS=0,0C=1
01100001 Symbol word type 1
01100010 2|  30secdot
01100011 Symbol word type 1
01100100 gf (o0 g
01100101 Symbol word type 1 1
01100110 7| Sosscad
01100111 EOD control word with TC=0
01101000

Unassigned

o1111111

Note: Data content is dependent on the symbology options selected




Page 54, TABLE 2-6 - Continued, VOR Symbol
Add to
VOR Symbol (Reporting Point) ©*  Not Used ™
Page 56, TABLE 2-6 - Continued, Standard Circle Symbol
Change
Double all machine unit dimensions
Page 56, TABLE 2-6 - Continued
Change
Fan Marker Symbol to “*Marker Beacon Symbol™
Page 57, TABLE 2-6- Continued
Add to
GRP Symbol (Reporting Point) *“ - Not Used”
Page 58, TABLE 2-6-Continued
Add to
VORTAC Symbol (Reporting Point) **—Not Used™
Page 61, TABLE 2-6-Continucd
Add to
Waypoint and First Cue Symbol ““—~Not Used”
Page 61, TABLE 2-6 —-Continued
Add to
Waypoint and Second Cuc Symbol “—Not Used”
Page 87, TABLE 2-8
Change

MFED bus 1 subheading from 1/scc to “1/5 sec”

i vl




-4 A J

" ip—

L

‘.|
L
?

Page 87, TABLE 2-8

Change

Minimuiu computation rate column figure, fifth item,
Track angle (BCD), from 1 to **20”

Page 89, TABLE 2-11
Chunge
MED bus | subheading from 1/sec to **1/5 sec”
Page 89, TABLE 2-11
Change
Minimum computation rate column figure, last itcm, Altitude/range, from S to X
Page 90, TABL E 2-12, Data content, word No 3, Bus |
Change
Position N 240, E -60 to *“Position N 240, E -144”
Page 90, TABLE 2-12. Data content, word No. 10, Bus |
Change
Paosition N =360, E -60 to “Position N -360, E -144”
Page 90, TABLE 2-12, Data content, word No. 21, Bus |
Add to

00D *"WF =17
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Page 90, TABLE 2-12,

Replace

Bus 2

Bus 2

Data

Data content

o

N
—- OO0 O0OO0COOO0OOoOOo
-~ 000 === =000CO0

0
0
1
1
0
0
1
1
0
0
1
1

coOo0OO0OO0OO0COCOOCOo OO
_-—_ - . 0000000

AN, AE

Coordinate rotation angle
TK {magnetic)—binary
TD BCD

TKESEL sin/cos
TKESEL binary

Airptane position

Track (true)—binary
MFD mode word

EOQD

Unassigned

+100, 0

0° (sin and cos)

Current track (magnetic)
Current track (magnetic)
tnvalid

fnvalid

Zero

Page 91, FIGURL 2-1

Chunge

Draw vertical fine between RCIRS (bits 22 and 21 inmediately under control word

format.

Page 93, FIGURE 2-3, Word Type | Code Word

Add

immediately under control word format, bit 23 space, vertical line on cach side |R|
Page 94, FIGURE 2-4, third control word format from top
Add
TK (+180°) “magnetic”
Page 94, FIGURE 2-4

Insert immediately above last control word format

THHIIIHHllIlIlllllllll|°l'l°l°1°l'1'lﬂ

| P fom| Track (2180 ) teue |




Page 94, FIGURE 2-4, last control word format
Change last four numbers

0Ol 11 to*l 000"

Page 94, FIGURL 2-4, sentence at bottom of figure

Change to

“The following words (8 through 64), will contain . . .
Page 97, FIGURE 2-7
Replace
Page 99, FIGURE 2-9
Change
GUID2D to “G2D”
Page 99, FIGURE 2-9
Add to lower right side of format

“GS 332
IDD
121/22 kts”

Page 101, FIGURE 2-11
Change dimension
5.75in. to *5.5in.”
Page 102, FIGURE 2-12
Add to lower right side of fonnat

*16 nmi/in.
G2D”

Page 102, FIGURE 2-12
Add to lower right side of format
“GS 332

IDD
121/22 kts™




Page 97

JIHSNOILY 134 ONIWIL NJd ANV ‘zsng ‘L Snd adW—£¢ 34N9ld4

0LG plom |
snq Q4 Woly uy

stululutululufjulurujrujrupy

1-uf1-u

tulr-upr-ulr-uiuf-ulupr-u p-ulpufrufiulr-ufi-ugiuple

| saJ334/03sw OZ

Ll

-t
T-I.ommc._ o1
_ | z1s u 1

—— s —— ——
_q_wm

d3sw OSY (11037 0sg ooe 0S¢ 00¢ 0sl 001 0S

:b u {_u_ TcB 1-u b L-u

Replace

(1dnualut

23sw-0G NON)
Ylim SNOUOIYIUASE)

ysayya1 Q4N

Jgysuent Yy344N49

1 sng a4

¢ snq adinN

€snq 1av3

1dnaiajul
2z5W-0G NON
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Page 124, TABLE 3-4, Pointer to 2nd waypoint
Delete
/180 ... BO"
Page 137, paragraph 2, third sentence
Change to

... on the screen scaled at 67 clements/in. horizontally and 86.6 elements/in.
vertically.”

Page 139, paragraph 4, first sentence
Change

. failure by annunciation of the NCDU . . . to ™. . . failure by annunciation o the
NChU™ . .. "

Page 139, paragraph 4
Add
... for troubleshooting. **An alternate modification to the display system software that
would cause the EADI display symbology generated Trom digital data to blank out if no
parity error-tfree data were received over the EADI bus for a defined period of time
was not mechanized.”
Page 139, section 4.2.2.5

Add

The timing of the EADI bus data transmission is identical to that defined in section
2.2.4 and shown in figures 2-6 ** and 2-7.”

Page 141, section 4.4.2, paragraph 1, first sentence
Change
Table 2-5 to *“table 4-5.7
Page 141, section 4.4.2, paragraph I, last sentence

Change to

“Initially, A0 was zero (A0 = PITCHB) but as a result of carly 1light test experience,
AO was set to 5°.7°




Page 141, section 4.4.2, paragraph 2, last sentence
Defete and change to
“With the 57 bias airplane, pitch attitude 0 1s displayed by 5°.
Page 141, section 4.4.2, paragraph 3, last sentence
Change to
“The screen center position will be selectable through an crase/~alidity switch on the
SCu.”
Page 141, section 4.4.3, tirst sentence
Change to
... sharp boundary delincated by a “single,” solid . ..

Page 142, paragraph 3

Change

written line, vector code | 101000 ... to

A double, solid stroke-
¢ 1100000 ...

“A single, solid stroke-written line, vector cod
Page 142, section 4.4.4, paragraph 1, first sentence
Change to
. “long at 57 increments between +30°, as specified in table 4-5. The 5° increments” . . .
Page 142, section 4.4.4, paragraph 2, sccond sentence
Change to
_.. “generate the 57 pitch line)” ...
Page 142, section 4.4 4, paragraph 4, second senterce
Change to |

_*ghall be scaled at 0.167 in./deg.”
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l . Page 143, section 4.4.5, paragraph 2. lirst sentence
Change to
... “long. dashed (delete *double’) stroke-written line, modulated as vector code
1100001, with™ ...
: Page 144, section 4.4.7, paragraph 3
Change to
HDO't 57.3
“IPA - (_V—(,_S ) (—ISW) (deg)
DA = 1 (TK-1DG) (deg)
where 1 isa Fsec lag {ilter.”
Page 144, section 4.4.7
Insert new paragraph
where £y is a Eseu lag filter.
' “The gamma wedges shall Nash at approximately 4 times/sec when the Nare

initiate discrete is received from the 1CP computer during coupled autoland approaches.™

The NCU shall then transmit . ..
Page 145, paragraph |
Change to
“where f3is a -sec lag filter.”
Page 146, paragraph 1, third lne
Change to

“ . .Under any other conditions, IASREF is limited to a minimum vatlue of 115 kt by
the NCDU software. When GUID4D is not set and the T-NAV switch on the MFD mode
control unit is switched to OFF, PC is not computed, and the DM is set to invalid by

the NCU.”
Page 146, paragraph 3

Delete

ER]

“The acceleration . . .airspeed
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Page 146, scction 4.4 10, paragraph 1, sccond sentence
Change to
. toa maximum of “1.0 in. above (+20 kt)yand 1.5 in. below™ .
Page 140, section 4.4.10. paragraph 3, Hirst delinition of DELV
Delete
“DELV = IAS - HLDIAS when IASSEL flag is set™
Page 146, scction 4.4.10, paragraph 3, second definition of DELV
Change to
. as defined in section 4.4.9 “not in a 4D guidance mode™ and IASSEL is not set.
Page 146, section 4.4.10, paragraph 3, last definition of DELV
Change to

“DELV = VGS - SDC when in 4D guidance mode and not latched below IASREF
on an IASREF speed leg.”

Page 147, third and fourth lines
Delete
“and
|AV| > 1.54 kt”
Page 147, paragraph 1, first sentence

Change to

“The NCU will scale AV at 231 kt/bit and will generate a word as shown in figure 4-3,
with label 01000100, to define the length of the speed error symbol.™

Delete sccond sentence
“The coordinates will be delined as follows:
AV positive . ..
Y bottom= AV

where Y coordinates . . . raster clements.”




Change last sentencee to
“The symbol length is defined in raster elements. When GUID4D is not set and not on
an 1ASREF speed leg, the DM will be set to invalid.”
Page 147, paragraph 2
Change to

The PCU will generate ... DM is valid “using the symbol length received” from the
NCU. ..

Page 147, section 4.4.1 1 title and paragraphs I and 2

Replace

*4.4.11 ILS Symbology

Localizer and glide slope deviation shall be indicated by the displacement of one
of the two ILS symbols, specified in table 4-5, from the boresight dot of the reference
airplane symbol. The cross symbol shall be used on all manual approaches and the 1LS
gate symbol shall be used for autolands only.

No data are required from the NCU to generate or position thesc symbols. The PCU
shall use the localizer and glide slope signals, which are input directly to the PCU as dc
analog signals (sce table 4-1), to position these symbols.”

Insert
“4.4.11.1 Cross Symbol

The cross symbol shall be composed of six raster-gencrated rectangles as specified
in table 4-5. The symbol shall be shaded black (0001) and have priority levels (10001)
through (10110) assigned to it.

The localizer deviation signal shall be mechanized to move the 1LS cross left and
right relative to the reference airplane symbol at 0.4333 element/p amp. Tie maximum
lateral movement shall be limited to +1.433 in. (x96 clements) from the zcro position.
Note that this corresponds to a 222-gamp (2.95 dot) localizer deviation. The maximum
input will be approximately +225 yamp.

The glide slope deviation signal shall be mechanized to move the ILS cross up and
down relative to the reference airplane symbol at 0.266 element/gamp. The maximum
vertical movement shall be limited to +0.625 in. (54 elements) from the zero position.
Note that this corresponds to a 203-uamp (2.70 dot) glide slope deviation. The maximum
input will be approximately £225 pamp.




4.4.11.2 ILS Box

The ILS box symbol shall be used in licu ol the ILS cross symbol whenever both a
AGL discrete are received Trom the flight control
rated rectangles as

LAND ENGAGE and an AUTO ENG
¢ priority levels

computers. The symbol shall be composed of four raster-gene
specified in table 4-5. The symbol shall be shaded white (1 111)and hav

(01101) through (10000) assigned to i.”

Page 147, section 44,11, paragraph 3

Change and insert as second paragraph, section 44.11.2

airplanc symbol at 2.7 clements/uamp. The maximum lateral
movemment shall be limited to £1.94 in. (130 elements) from the zero position. Note
that this corresponds to a 48-pamp (approximately 2/3 dot) localizer deviation. The

maximum input signal will be 225 pamp.”

“The localizer . ..

Page 148, puragraph |

Change and insert as third paragraph, section 4.4.11.2

The maximum vertical movement shatl
zero position, which corresponds to a
225 yamp.”

. airplane symbol at 0.505 clentent/gamp.

be limited to +0.875 in. (76 clements) from the
150-pamp (2 dot) glide slope deviation. The maximum input will be *

Y

Page 148. paragraph 2
Deleie
“Radio . . appropriate).”
Page 148, paragraph 4, tirst sentence (fourth paragraph, section 4.4.1 .2)
Change
.. the ILS symbol . .. to “the ILS box symbol” . ..

Page 149, third and fourth lines

Change to

“Kp pitch command scale factor = 2610

Kr roll command scale factor = 468”7




Page 149, paragraph |

Change to

“The NCU shall scale the pitch command at 14.5 bits/deg 0 and the roll command at
2.6 bits/deg ¢, and shall limit the respective moveiments ol 1.0 in. (+87 bits) vertically
and +0.97 in. (265 bits) horizontally. The NCU shall then transmit these roll and pitch
commands on labels 01000101 and 01000110 as an X and a Y coordinate, respectively.”

Page 149, section 4.4.13, paragraph 3, lirst sentence

Change
_the circle and dashed gamma wedges symbol will be generated alone ... to ™. . .the
circle or dashed gamma wedges symbol will be generated alone dependent upon which
VNAVF option is selected on the NCDU.”
Page 150, section 4.4.13.1, paragraph 1, last sentence
Change to
. “identitier display in the lower right corer ol the EADL”

Page 150, scction 4.4.13.1, paragraph 3

Change to
XTK

«x§' = 438876 |ANGLE + DA -TKE - t -1
> BeNg [ " (DTOGO+ DIST)\

vs' = 438876  |tan~! (—HERR ___} 4 prTcy +PITCHB* |~
i 570 ["" (DTOGO+DIST

Page 150, section 4.4.13.1, paragraph 3
Add
... next waypoint “and all angles are defined in degrees/180.” (See figures . ..
Page 151, paragraph 2
Change
24.8 (both times) to “4388.76"
Page 151, paragraph 4
Change to

“XSL = %400 tits
YSL = £285 bits’




Page 151, paragraph 4
Add
FFor the upper airplane position “(as used w the ADEDS configuration),” the YSL ...
Page 151, subparagraph, paragraph 4

Change to

+1 20 bits
=350 bits”

“YSL
Page 152, paragraph 1. third seatence
Delete
“The type 2 word . . . the symbol.”

Page 152, paragraph | last sentence

Add

. to the horizon * and will be equal to - (¢), where ¢ = rolt angle.™
Page 152, paragraph 3
Chunge
24.8 (both times) to ©2388.76™
Page 152, paragraph 4
Change to

“Airplane at screen center: XCL = 400, YCL = 285

+120

Airplane at offset position: XCL = +400, YCL = 500"

Page 153, paragraph |

Change

Y, = YC+26* to “YC+42*"
Y3 = YC - 26*to"“YC - 42%”
#26 bits to “*42 bits”




Page 153, puragraph 2, first sentence
Change
.. vector code 1100001 .. . to ... *vectorcode 11000007 . ..
Page 153, paragraph 3, first sentence
Change to

“A three- to five-character alphanumeric label identifying the displayed waypoint
shall be displayed in the lower right corner of the EADI, as shown in table 4-5.”

Page 153, paragraph 3, last sentence
Change to
“have WF=0,ST=0,and . . .7
Page 153, paragraph 4
Delete
“Additional type 4 . . . (sec. 4.4.13).7
Page 153, footnote
Change to
“#42 bits = 0.360 in.,” which . ..
Page 154, paragraph 3, first ser tence
Change to
. “thesc data at 0.167 in./deg and shall subtract pitch and pitch bias™ . . .
Page 154, last paragraph
Change to

LGXCI
YC'

KR’ (RCMD) + 4388.76 (DA)
KP' (PCMD) - 4388.76 (PITCH + PITCHB - FPA)”




Page 155, paragraph |

Change
LY q‘...
KR’ figure to *2102.47
Chiange KP’ figare to “8760" :
%
Page 155, section 4.4.14, paragraph 3, last sentence
Cliange to
*The display shall read in 2-ft increments from 0 to 190 ft, in 10-ft increments from
100 to 1500 ft, and in 100-ft increments from 1500 to 2500 ft.”
Page 157, the Y5 equation 1
Change to
Swhere Sp = 4388.76 bits per semicircle.”
Page 157, next to last paragraph, first seutence
Change to
... “using vector code 1100010, with Iy set”™ ... , 8
Page 158, third item |
Change to
“Width of runway (300 ft assumed)”
Page 158, section 4.5.1, first sentence ' -2
Change to
-

. *This mode is initiated by selecting TEST mode on the EADI mode control unit
(sec fig. 46).” Sclection .. -

bl
e,

Page 159, paragraph 2. first’sentence ‘
Change to

. “EADI test pattern defined in” figure . ..
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J' 3 Page 159, section 4.7, Switch 4
Change to
Ol Reterence airplane symbol position”™
- 4 Page 160, last hine
Delete
“Switch 1! ... position™
Page 162, TABLE 4-2, line ']
Change to
“1&R control word with 1€ = 00, RC =0, RS=0,00 =1,1TC=1, WiIF= 1"

Page 163, TABLL 4-3, sccond section, PITCH RLEY

Add to
. reference line. “Readout follows: Auto I'PA from NCU.”
Page 165, TABLLE 4-5. dimensions
Change
All 1.02 figures to *0.97”
All 0.44 figures to *0.38”
All 0.06 figures to "0.05”
Page 166, TABLL: 4-5 Continued, Pitch Attitude Scale L
Replace
] Page 167, TABLE 4-5- Continuced, Roll Pointer and Scale
Change
igurc 0.15 to *0.26”
Page 170, TABLE 4-5—Continued, V-Nav fdentilicr
Change

CAR to “CARNN”
move CARNN to lower right corner of indicator lace
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Page 166
Replace

TABLE 4-5.-CONTINUED

A

\ | \
i .00 {1 60
0.50 j‘ ﬂ‘ 11'-"

Note: Sf = scale factor

Pitch Attitude Scale

Dimensions in inches

1
I! \‘,,_ 0.50 gap

Pitch Reference Line




Page 175, TABLL 4-6 - Continued, last item
Add
“WR™ m label column
Page 176, TABLL: 4-6 Concluded, Label column
Add

“K P in Label column on Pitch Might dircctor command scale Tactor line
“KR in Label column on Roll Mlight director commuand scale factor line

Page 176. TABLL 4-7, Data content column
Chunge to
“Position: X =-288 bits”
Page 176, TABLE 4-7. Data content column, following N + 7
Add
“N+ 8 Symbol word typed D WF 1”
Change
N+8to“N+9”
Page 176, TABLL 4-7. Tootnote, first line
Change to
“N = first word of table data™
Page 183, FIGURI: 4-6, Pitch Rel
Change
22710 -12.7"
Page 185, FIGURL: 4-8

Replace
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Page 185
Replace

__—nnann

L®

e st I ITITIIIII TITTI
) T

0 Center of beam above and to right of airplane
o Plus pitch command (calls for pitch up)
o Plus speed error (calls for speed increase)
4 ) Plus roll command (calls for roll right)
o Plus flightpath acceleration (forward acceleration)

(5 Plus flightpath (above horizon) and plus drift angle (drift to right)

@ Minus pitch (or flightpath angle) reference

FIGURE 4-8—POLARITY DEFINITION—EADI SYMBOLOGY




Page 192, FIGURL: 4-10
Replace
Page 199, section 5.3.2, paragraph 2. item 2
Change
TAL to “TKE"
Page 201, section 5.4.2,item 8
Change to
“Track angle error (TKE)”
Page 202, section 5.4.3, item |
Change to
“Airplane track angle error (TKE)”
Page 204, TABLE 5-2.item 6
Change

TAE to “TKL”

Page 224, paragraph 1. last sentence

Add

_zeroed out. “Entry of a new origin also reinitializes navigation airpiane position to
the present INS values of latitude and tongitude.”

Page 231, third subparagraph, next to last sentence
Change to
.. increasing or when “XTK™ is greater than 15.000 ft. The . ..
Page 231, Note
Delete

“Note: ... displays.”







Page 234, puragraph b Last subparagraph
Change Lo
“o OFFSET. 'K SEL. AL FENGFPA TNGLTAS ENG™
Page 234, tootnote
Delete
“EThese modes .. panel”
Page 238, Hnes 2and 3
Change to

NAVAID
NENT

Page 23K, st subparagraph
Chunge to

“Duata that will override the autotune station selection cun be entered on lines 3 and §
The tetter M will appear in position 24 Tollowing the three-letter code of the manually
tuncd station. Reversion to the autotune of navaid 1 will occur when keys 3. RI=1 cre
pressed i the NAV DATA 3 mode. Similarty, kevs 4. RET cause reversion to the
autotunce of navaid 2.7

Page 238, Last subparagraph. tirst sentenee

Change to

caflag "RETUN2" is set and the cue RETUNE “NAVAID #2° will appear . .,

Page 238, lust subparagraph, kst sentence
Change to
.oonextwavpoint is “passed™ and the samie ...
Page 238, section 6.5.5
Change to

*There are three SEL modes: hold modes, FADI options. and FPR tiniit selection.
Each display tormat is activated by successive presses of the SEL key.™




Page 238, section 6.5.5.1
Change 10
“The tirst and Fourth press™ of the . ..
Page 239, first paragraph
Change to

“The SEL T modes WPT THOLD and OFEFSIET, when activated. cause no automitic
change to the path guidance output to the FHlight controls, autothrottle, and FADI
display. However, additional symbotogy will appear on the MI-D.

o WP HOLD
® (GUID Lateral path guidance output unchanged.
o MED Holding pattern symbology (see sec. 2.4 1.7.6). Mode and scaling
annunciation {see sec. 2.4.1.10),
o EADI VNAV and flight director options driven by original path guidance.
o OI'FSLT
o GUID - Lateral path guidance output unchanged.
o MED - Offset path displayed. original path shows as provisional. Time box stays on
original path. Mode and scaling annunciation (sec sec. 2.4.1.10).
® EADI-VNAV | and ight director options driven by original path guidance.”™
Page 240, first subparagraph

Change to

o EADI-VNAV . .. the flight plan “path.” (Delete “and LINKUP displayed below
waypoint . . .set.”)

Page 240, ALT ENG subparagraph, last item
Change to
... Night plan path. (Delete “SEL/ALT displayed . . . designator.™)
Page 240, IAS ENG. last item
Change to

“EADI~Acceleration command and speed error continue to be driven by 4D path
guidance.”
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Page 240, I-PA SEL, last item. last sentence
Delete
“SEL/FPA will . .. designator.”™

Page 241, tourth subparagraph

Cliange to

“When the HOLD waypoint becomes the TO way point, the annunciation on line 8 of
the NAV DATA 1 and NAV DATA 2 pages will become HOLD RANGR ™

Page 243, preceding section 0.5.0
Add

“6.5.53 SEL 3 EPR Status

The third press of the SEL key will bring up the SEL 3 Tormat (see fig. 0-1 2a).
and the cue message on line 8 CHECK AIRBLEED STATUS. SEL 3 EPR status
display options will be activated as follows:

®  DPress key 1. Airbleed status will toggle between ON and OF'F each time 1 is

pressed. The ABSTAT flag will be set correspondingly to [ or O for the EPR
limit calculations (sec se¢. 5.5). SEL 3 line 8 message will become SELECT #
FOR ACTIVE,

Press key 2, 3, or 4 to select the active EPR limit. SELECTED appears on the
line corresponding to the number key and the flag EPRFLG used in the EPR

limit algorithms (sec. 8.5) will become O for a line 2 press, | lor a line 3 press,
and 1 Tor a line 4 press.”

Page 243, section 6.5.6.2, paragraph |
Change
... page (sce fig. ©6-14)." This puge . ..
Page 243, last paragraph, second sentence

Change

... status page for a minimum of 10 “'sec.” (Delete “and the cue . . . this message.™)

Page 247, section 6.7.2
Delete

Items 1. 2. 3. 4,und 7




Page 24K, section 0.8
Change to
“6.8 NCDU DEBUG PAGIS AND COMMANDS

There are three NCDU debug pages on which any NCU memory location may be
displayed and changes stored back into memory. The update rate is once per second.
There are five display Formats: octal. decimal, angles, alpha, and dump. All modes
except dump display one location per line. Dump displays 1wo locations per line.

The contents of the displayed line may be changed in all modes exceept dump mode.

in NCDU debug commands, x represeats an octal address, y represents an octal
value. a represents an alpha character, and represents a decimal digit. The procedures
for debug commands are as follows:

e DPush zero to initiate debug on to change pages.

e DPush REJ to clear a debug page.

e To enter a command, push a line number (1 through 8). The word LINE and
the number will appear on line 8. Then, key one of the following comments:

e A (octal) format
Display . Key AX
It x =0, line is cleared
Change: Key CY
e I3 (alpha) Format
Display

Key Kx for 8-bit ASC

Key KxK for 7-bit ASC
Change:

e C (angle) format
Display: Key Gx for deg/180

Key GxG for deg/360

Key GxB for 0-360 deg/360

E
Change: KcyC{W dd_(.li id.d

' " minutes
degrees
Will store  1-180 deg/180 for G Comman!

1-180 deg/360 Tor GG Comm .nd
0-360 deg/360 for GB Command

e I (decimal) Format
Display Kev ExBdd
it Bdd missing, assunies B23 (integer)
Change: Key € }M% dddd.d

N A——
L__any legal 9 character ASCBIN
numbet




e D (dump) format

Display only: Key Dx . o
Divplays two octal locations/line trom

entered line, number to bottom of page

e Override octal store

Change only: Key CAy
Octal value v will be stored into the displayed
location. The format of the display will not
be changed.

6.9 NCDU SOFTWARE LABELS

The machine language labels for the variables defined in section 6.6 are summarized
in table 6-9. These labels are used by the NAV, GUID, MED, and EAD! programs.”

Page 249, TABLLE 6-1
Add to end of list

“CHECK AIRBLEED STATUS PRESS # FOR ACTIVE”

Page 256, TABLE 6-7- Concluded, Mode (page) used column
Add
Draw arrow from SEL #1 to RADIAL line
Page 256, TABLL 6-7 Concluded

Add to end of Table

Displayed Mode (page)

Parameter Units
Name Used

MCT SEL #3 Mag continuous thrust EPR limit
CLIMB Mag climb thrust EPR limit
CRUISE Mag cruise thrust EPR limit

EPR | Engine 1 EPR

EPR 2 Engine 2 EPR

Page 259, TABLE 6-9— Concluded, item 7, Label column
Change
HLDTK to “HLDTRK”




Page 259, TABLE 6-9 Concluded, item 10

Pelete

“GSSEL .. .7
Page 259, TABLE 6-9 Concluded, item 11
Delete
“HLDGS ...
Page 279, FIGURE 6-10
Replace
Following page 281
tnsert Figure 6-12a SEL 3 (SELECT 3) MODL
Page 295, section 7.1, paragraph 2, last sentence
Delete
“The fast loop . . . time/sec.”

Page 295, section 7.1.1, paragraph 1

Change to

“INS updated by two DMEs (IDD) where the first D refers to DME 1 and the second
D refers to DME 2

INS updated by one DME and one VOR (IDV, or IVD)

INS updated by one DME (IDX or IXD)

INS alone (IXXX)

Air data and magnetic heading updated by two DMEs (ADD)

Air data and magnetic heading updated by one DME and one VOR (ADV or AVD)
Air data and magnetic heading alone (AXX)

Air data and magnetic heading updated by one DME (ADX or AXD)

Radio navigation alone (XDD, XDV, XDX, etc.)”

Page 295, paragraph 2, first sentence
Add

... of preference. “Because only the DMEs are autotuned (sec. 7.1.2.3), the VOR
modes above are not primary modes.” Automatic mode . . . 1
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Page 279

Replace
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Page 281a

| Add
1
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Page 296, section 1.2.1, first sentence

Chunge to

three flags “FO, 2, and 1:3.7 These . ..

Page 296. section 7.].2.3. pavagraph 2

Change to

. AUTO position. “VOR 27 tuningis . ..

Page 296, section 7.1.2.3, pavagraph |

Change

All navaid 1, TUNI NAVAILID #1, and RETUNT shonld be chianged to “navaid 2.7
“TUNLE NAVAID #2." und “RETUN2.”

Page 296, section 7.1.2.3, paragraph 2. first and second sentence
Change to
“The navaid 1 autotuning sclects the best VORTAC station availatle for tri-
angulation with navaid 2 data. When airplime altitude is below 18,000 ft, a search i
made of all VORTAC stations within a range of 40 mui and a station bearing estim i
tion is made.”
Yage 297, first sentence
Change to

“first station whose bearing relative to the navaid 2 satisties the expression defined
below will be autotuned as naviid 1,

1507 > (bearing navaid 1 - bearing navaid 2) > 0 7
Page 297, section 7.1.3.1, paragrapl 1
Change to
“The NCU receives velocity north and velocity cast trom the INS 5 times/sec

over the ARINC Sol digital bus (see table 7-3)." (Delete *These accelerations
... 20 times/see™)

A

“VN = INSnorth velocity
A A LR}
Vi: = INS cast velocity

117
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Bge 297, section 7.1.3.2, items T and 2
Change to

2
..VN = V.IAS coy (L’/ )

i

A 7 B AR}
Vi Vias s (J)
Page 298, section 7.1.3.2. first paragraph
Change to
“MAGVAR is calcutated in the INS and transmitted to the NCU as shown in
table 7-3. In the event of INS failure. the last transmitted vatue of MAGVAR received
from the INS is used to convert the analog magnetic heading input to true heading tor
use in the reversionary air data/magnetic heading navigation modes.”
Page 298. section 7.1.4
Change to
“The tollowing computations are performed in the slow loop.™
Page 298, section 7.1.4.1
Change
All DME and VOR to “VORTAC™ (cight chunges)
Pages 300, 301, and 302
Replace with the following:

“7.1.4.3 Selection of Weights w Through wg

FFor the DME/DME mode:

WI = Wz

wWg = Wy = 0.125
Wy T Wq T wg Twg = 0.0

For the VOR 2/DME 1 mode (1DV):

Wy = wg = 0.125

w3 = wg Wy T wg = 0




]
wa = w, = ((0.125) ("—)
E O RMI

R = 20 mni

max

lFor the VOR/DMI. 2 mode (1VD):

w3 = wy = (0125

W) = wg =

wy = owy

For air data modes:
Wy = wg = wg = wyg = 0.5
7.1.4.4 Computation ot Filter First and Scecond Order Feedback Terms
= 2w dt = s/TFdt

wadt = 1/124t
20 sec air data mode
50 se¢ INS mode

APy
K',
OPgg

Ng2 APN

Ega APy

First und Sccond Order Gains
Ky = 1/Kdt
K'> = 3060 Kydt

7.1.4.5 Computation of Meridional Radius of Curvature and Radius of Curvature
Normal to Meridian

Normal radius of curvature:

R'N = haye +oa(l fsinl(i))cos¢»
N A/C




Meridional radius of curvature:
A i .0
R\ = hpje v AL = 20 3t sin= @)
7. E4.0 Wind Calculations
Wind is catcutated in the stow executive toop.

''Vi: = Vieagsin (HDGY
Wind direction = 180° + lun"l | L [AS 3

VN - Vl/\g cos (HDG)

Windspeed = [Vay = Viageos DG 2+ Vi = Vi qg sin (DG -

I radar altitude is less than S feet. windspeed is set to zero and wind direction is
left unchanged. Also note from table 7-7 that Voppg s set to the vatue ol catibrated
airspeed when Vo yg < 150kt

7.1.5 Fast-Loop Computations

The following computations are performed 20 times/sec m the fast loop.
7.1.5.1 Analog-to-Digital Conversions

A description of the A/D conversions is included in table 7-7, which shows the
input data from all analog interfaces, and also the digital input data from the 1CP,
which also requires conversions from 1CP machine units to units compatible with
the C-4000.
7.1.5.2 Navigation Mode Flags (see Table 7-1)

When the INS data are valid. the INS valid discrete (bit 4, see table 7-3) will b
set. I it is desired to ignore the INS data, then the flag. NOINS, may be sct to non-
zero via the NCDU debug page. 11 the discrete is set and the flag, NOINS, is zero,
then the INS mode flag is set and the inertial velocities are stored (sce sec. 7.1.3 1.

If the INS data are not to be used, then the altitude valid discrete bit 7) is tested.
If valid, the air data mode ag is set and the velocities are caleulated as indicated in

section 7.1.3.2.

If neither the INS nor the air data modes are valid, then the system dead reckons
using the last available velocities.

7.1.5.3 Latitude and Longitude Initialization

There are three ways by which latitude (¢) and longitude (X) can he initialized in
the NCU. At initial power-on of the NCU, latitude and longitude are automatically




initialized on a one-time-only basis by latitude () and fongtude () received from the
INS ARINC 561 input bus, (See table 7-6.)

When groundspecd is less than 4 R Lattade and loveitude initiahization from the
INS can be overridden by manual entey thirough the NCDU NAV DATA 3 mode.

Whenever a new ornigin is entered through the NCDUHINTT mode latitude aml
longitude are remitialized to INS position.

7.1.5.4  Velocity Updates
lirror velocity:
AVN e AVN + K':AI’N

AVL = AVI + K'IAI)I

System velovity:

A
VN = VN+AVN

Vi = Vprav
7.1.5.5  Latitude/Longitude Updates
The following updates oceur only if groundspeed is greater than 4 kt,
Latitude and longitude updates:
App = Agp +(VNdt+ K| APNIR )y
ANR = AAR + (Vpdt+ K APR)/R'y

Svstem latitude/longitude:

¢ = ¢+ AgR
= A+ AX R
A conversion fuctor of 6676.12 ft/min of latitude is used.

7.1.5.6  Inertial Latitude/Longitude Updates

This calculation of uncorrected inertial position is required for instrumentation
purposes.
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7.1.5.7  Track and Heading Caleulations

HDG = INS true licading from the INS ARINC 561 bus mput
DFTANG = TK - HDG
If grouadspeed is less than 64 knots:
DETANG= 0
TK HDG
7.1.5.8  Digital/Synchro Outputs
Tae following output functions are processed.

sin (DFTANG) - location 100g

sin (TKE) = location l048

°

e cos (DFTANG - location 101 g
°

e cos (TKE) = location l058

(TKE is caleulated in guidance (see sce. 53.0)
If bit 10 of the input discrete is zero:

e sin (TK) = lucation 102¢
e cos (TK) = location 1034

If bit 10is a one:

e sin (TK-Ayy) = location 102¢
o cos (TK-Ayy\) = location 103g




7.1.5.9 Groundspeed

GS = \’N cos(TK) + \"I. sitt CTR)Y ket

VGS = GS % LOSTS 1t/see
Lwo groundspeed Hags are processed.
NAVIELG = 00l GS < 4 ki
#F 08 GS > 4kt
NAVOSK = 0 il GS < 04 ki
01t GS > 04kt

71510 INS Aceelerations

Along- and across-track aceelerations are received on the NS ARINT 561 bus
and rescaled to produce along-track acceleration (VGSDO' ) il across-track
acceleration (ACNORM). ACNORM s further processed by a L-sec lag Tilter as
follows:

~ACNORM = ACNORM + ((INS cross-track aceeleration) -~ ACNORM) /it
7.1.5.11 Baro-Inertial Loop

Baro altitude. g A Ry- is caleulated Trom the synchiro values ol a'titude fine
and altitude course,

Barometric alnitude is mixed with inertially derived vertical aceeleration to
vield vertical velocity and baro-inertial altitude as shown in e 7-3 where

KA 0.000125

KV 0.0075

KD .15

Corrected altitude as used in the guidance cquations. auter-loop thght control
mode cquations, and the NCDU displav quantities is obtained by comy ensating
baro-inertial altitude for changes in the barometiic pressure setting (seo figue 7-4).
Barometrie pressure setting changes are introduced into the navigation alculations
via entry through NCDU initialize page 1 (see sec. 0.5.1)

7.1.6 Symbols
Symbol delinitions are listed in table 7-4.

7.2 INPUT/OUTPUT DATA

Defined in table 7-5 arc the signals. channel selects, and associated nmemory
locations in the NCU system




7.3 INS

ADEDS requires an ARINC 562 type INS to provide data to the NCU. A
modificd Litton LTN-51 is used to satisfy the ADEDS system requirements.

7.3.1 Hardware Modifications
. £39 o . = . ) . : 2

The LTN-51 is modilied to provide an uccclcr:mog pulse weight ol 1/64 ft/sec=
in the navigate mode instead of the standard 1/8 ft sec= per pulse. The resolution
provided by this change is coni_satible with the EADI display functions of flightpath
angle and flightpath acceleration. In addition, an accelerometer identical to the
horizontal aceelerometers is installed in the vertical position.
7.3.2 Input/Output Modifications

The following changes are required to the INS inputs for the ADEDS configuration:

e The ARINC 561 intersystem A input bus is connected to the NCU ARINC
561 test data output bus to receive runway heading data on label 301.7

Page 303, first sentence
Change to
“The INS air data system 28-V7 ...
Page 304
Add

*7.3.4 Magnetic Variation

Magnetic variation (MAGVARY) is computed in the INS computer for the
following equation:

o  AD a+ ) s
MA(;VAR=(20.6°+T0'T)'SiI1 m —2- -2.73

0
where
¢ = Present position latitude
A = Present position longitude ‘
Ap = ¢ -40° (
AN =y +815°7




Page 305, TABLE 7-1
Add

Under *Flag state™ heading, insert an additional column in first position INS. “Flag
state” subcotumns will then be: INS, Air data®, Radio modcb. Update®.

INS
Inertial On
Air data Oft
Radio
inertial
Radio
air data
Radio Oft
DR Off

On

Oft

Page 306, TABLE 7-2

Replace

Mode

Flag state

FO (DME 1)

3 (VOR 2)P

2 (DME 2)¢

DME/DME

ott

ott

VOR 2/DME 1

oft

oY

On

VOR 2/DML 2

On

otf

pME 14

off

On

On

DME 24

On

off

No radio update

On

On

On

4FQ is set ON it
DME 1 is invalid or not received
0> DME 1 range > 200 nmi
Mecasured —estimated range > 5 nmi
Groundspeed < 64 knots
Altitude > computed horizontal range
Bank angle > 15°
Computed horizontal range > 2 nmi
is set ON if:
VOR 2 is invalid or not received
F2is ON
Range > 20 nmi
Measured —estimated bearing > 2°
Groundspeed < 64 knots

by

o0 00 0~ 000 0 0 00




e Altitude > computed horizontat range
e (Mcasured estimated bearing) Range > 5 nmi
CE2 s set ON it
DME 2 is invalid or not received
0> DML 2 range > 200 nmi
Measured ?stlimutcd range > 5 nmi
Groundspedd < 64 knots
Altitude > range
Bank angle > 157
Computed horizontal range > 2 nmi

Note: In the single DME modes, position and velocities are only updated as follows:
e Latitude is updated if:
345 < Bearing < 15 degrees
165 < Bearing < 195 degrees
e Longitude is updated if:
75 < Bearing < 105 degrees
255 < Bearing < 285 degrees

Page 307. TABLE 7-3

Replace
TABLE 7-3. DISCRETE WORD FORMATS
Bit position Input location 46 Cutput location 60 1
] VOR/LOC valid Tune 1 invalid
2 PCU valid Tune 2 invalid
3 MFED 1 valid WPT alert
4 INS valid NCU valid
5 DME 2 valid RWY heading discrete
6 DME | valid NCDU NPD
7 Altitude valid To/from flag (low level)
8 EADI valid Not used
9 ETD (end of NCDU transimission) Vertical low level tlag valid
10 True heading/magnetic heading XTK low level flag valid
11 Spare Spare
12 Spare Sparc
13 Land mode armed Autothrottle run/clamp
14 Land mode engaged Autothrottle disengage lights
15 Auto engaged (MSP) Not used
16 Palm switch (MAP engage) Not used
17 Autothrottle disengage Not used
18 Autothrottle aft limit Not used
19 Not used Not used
20 Not used Not used
21 Not used Not used
22 Not used Not used
23 Not uscd Not usced
24 Not uscd Not used
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Page 308, TABLL 7-4

Change first seven items

Symbol 1>¢linition

VN System north velocty

Vi System cast velocity

A

VN INS north velocity

Ql' INS cast velovity

AV North velocity crror

AV Iast velocity error

VTAS True airspeed

(continue with information [rom published table 7-4)

Page 300, TABLE 7-4. Concluded

Change and add

Symbol Definition
APN North position correction
APp [Zast position correction
dbor At 0.05 sce

TK Track

HDG Heading

DEFTANG Drilt angle

TKL Track angle error

GS Groundspeed in knots

VGS Groundspeed in feet/second
VGSDOT Along-track acceleration
ACNORM Cross-track acceleration
Hiaro Baro altitude

ALT Baro-inertial altitude
ALTCOR Baro-inertial altitude corrected for baro setting
HDOT

Aititude aceelaation

Page 310, TABLL 7-

Change

Spare to *Mode Select Pancl(MSP)" and 200-207 to 200-2047

5. ARINC 561/575 Receiver Inputs




Page 310, TABLL 7-5, SPBP Receiver Inputs
Change
Spare to “1CP System™
Page 310, TABLL 7-5, SPBP Transmitter Outputs
Change
Spare to “Output bus, 1CP and MSP”
Page 310. TABLIL: 7-5, Radio Navigation Receiver Inputs
Replace

Radio Navigation Receiver Inputs:

Pulse pair 2 508 ] 40 SCS 1

Puise pair | 568 1 4] SCS 2

2 x 5 receiver 2 | 42 SCS 3

2x 5reeciver | ] 43 SCS 4

Nav tune 2 | 64 SCS S
]

Nav tunce | 65 SCS 6

Page 311, TABLE 7-5. Concluded, Analog/Digital Inputs, {ifth and sixth items

Change

Roll to “EPR 1/Roll”
Pitch to “EPR 2/Pitch”

Page 312, TABLE 7-6, Rate (updates/sec)
Change
Under Rate (updates/sec) chany - the figure 1 to “4” in all cases (four times)
Insert page following page 312 (3124)
Insert table 7-7
Insert page following page 314 (314a)

Insert figures 7-3 and 7-4




Page 3124

Insert

FABLL 7-7. FFAST-LOOP ANALOG-TO-DIGETAL AND 1CP INPUT CONVERSIONS

ADEDS mode

AGC

S mode

Data source

Lrequency of
Conversion

Focahzer

Glide slope

Vertical aceeleration?
Altitude fine

Roll

Pitch

PR |

PR 2

I°D pitch command
FD roll command
Radar altitudy

True airspecd?

Magnetic heading
Altitude coarse
Calibrated airspeed
VOR

De

DC

bC
Svochro
Synchio
Svichro

Svnchro
Synchro
Svnchro
Synchro
Svnchro
Synchro

20/see
203'SL‘L‘
20/sel
20/see
l ()"'SL'L‘
10/sce

3-1/3/scc
3-1/3/sec
3-1/3/sec
3-1/3/sex
3-1/3/see
3-1/3/sec

Ita source

DC
1)
De
Synchro
e
e
Synchro
Synchiro
cpe
e
1cp
Synchro
Synchro
Synchro
Synchro
Synchro
Syncliro

Lrequeney of
CORVETSION

Units

20/s¢ec
20/5ee
20 /sec
20/sec
20, see
20 s
1O /eec
|0./5\‘C
20/sec
20/sce
20/sec
3-1/3/sec
3-1/3/sec
3-1 /3 ,ISL'C
3-1/2/sec
3-1/3/sec
3.1/ /see

Deg/180
Deg/180
It SL‘L’2
Deg/ 180
Dea/ 180
l)L‘f._!,’ 150
LR units
EI'R units
Deg/ 180
Deg/180
Feet
Knots

| Deg/ 180
Knots

: Knots

i Deg/ 180

N radar altitude 1s less than S {6 vertical aceeleration is set to zero,

I’Bclow 150 kt. TAS is set to the current value ol CAS.
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Insert
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lusert page 314D
Add

8.0 ADVANCLED GUIDANCE AND CONTROL SYSTEM

8.1 GENLERAL

Thronghout thes docnmeni moe celGionees are nade fo the Advapced Guida e
and Control System tAGES) mede seboct pancland the outer Toop, noncritical Might
modes: track angle select hold, thgdtpath weele seleer old, altitade select held, nids
cated airspeed select holdand the pathomodes hiorrzontal path, sertical path and e
patle This seenon descibes the above in bred detail See table @ 1 bor AGCS bl
definitions, :

S 2AGCS MODESELECT PANEL/NCU INTERE A

[he AGOS Maode Select Pane! ¢MSPY interiaces vith the NCU v an SPRIT receive
and an ARINC §75 transmitter, The MSP provides thie interlace between the pilot and
the AGCS required to select operating modes and to set relerence parameters Tor auto-
matic ight control Tunctions. The NCU detects mode button pushes and knob inere-
ments incoming on the ARINC 575 bus and performs the mode logic computation to
3 establish the mode and parameter setting selected by the pilot. The NCU also sends
' the lamp status corresponding to the modets) selected (o the MSP via the SPBP bus

= T

8.3 LATERAL AND VERTICAL NONCRITICAL FLIGHT MODE STEERING
SIGNALS

. The NCU perlorms the synchronization and crror signal computations ol cach of

E the modes in the lateral and vertical axis, then selects and limits the error signal ol the
selected mode and scales the number v imceremental compitter (ICP) machine units to
be sent to the ICP via the SPBP bus as horizontal path command (1PC) and vertical
path command (VPC).

v 8.4 AUTOTHROTTLE CONTROL LAW

The NCU performs the computations necessary to drive the throttle as needed to
: fly Tour-dimensional path profiles or to Iy the indicated airspecd select/hold mode.
s The 4D mode requires VMO* MMO limiting, and both modes require EPR thrust
‘ limiting (section 8.5). The autothrottle control law yiclds a delta throtde position <om-
i mand (APC), which is transmitted as a DD to A signal to the autothrottle servo.

8.5 EPR THRUST LIMIT CALCULATIONS

s The autothrottle is thrust conmmand limited as deterinined by the Tollowing EPR
7 limit calculations. Tlie gain of the throttle command is reduced as it approaches the
appropriate LPR limit. EPR limits are computed lor the Tollowing operating conditions.

|87




Insert page 31de
1)y Maximum continuous thrust

2y Maximum climb thrust
3)  Maximuin cruise thrust

Selection of the appropriate imit and airbleed status (ON or Of-1') 15 done
through the NCDU SELFFCT Page 3 ¢section ».5.5.3) Fhe limits are computed as
functions of total temperature, pressurc alintnde, and static pressure. These quuntities
are computed as follows:

: Vi | _

Tye = 3/9 Tgr (1 +0.2M7)-273

Pg = 2002(1.0-5258 5+ 11.9x7 - 1216 %)
h

whoere X = ﬁmz
and where

true amrspeed in tps
Mach number
static temperature in “R
= total temperature in “C
= gtatic pressure ininches IIg

pressure altitude

Nomenclature used in computing the EPA algorithms 15:

MCLPRL Maximum climb pressure EPR limit

MCLTL Maximum climb temperature EPR limit

MCLEPR Maximum climb EPR based on MCLPL and MCLTL
MCOPRL Maximum continuous pressure EPR limit

MCOTL Maximum continuous temperature EPR Timit

MCOEPR Maximum continuous EPR based on MCOPRL and MCOTL
MCRPRL Maximum cruise pressure EPR limit

MCRTL Maximum cruise temperature EPR limit

MCREPR Maximum cruise EPR based on MCRPRL and MCRTL

8.5.1 Maximum Climb Thrust EPR Limit Algorithm
Airbleed on

1.94 - 0.00628 T torh < 30.000 It
MCLTL =

194 - 0.00628 Ty - 290000 (9,025 + 00039 Tc) tor b >

Q
3000 30.000

MCLPRL = 3.514-0.0535 g
MCLEPR = lesser of MCLPRL and MCLTL




fnsert page Sid
Airblecd oft

MCLTL

197 = 0.0008 T |-

MCLPRL = 3589~ 0.0549 g -

MCLEPR = lesser of MCLPRT and MCLT
8.5.2 Maximum Continuous Thrust EPR Limit Algorithmn

Airbleed on
MCOLPR / for SL-<h < 1.500 {tand b > 20,000 1L
use axinmm climb curves tor all, airbleed on
for 1500 < 1 = 20.000 1t use the following
v 2.03-0.00545 U ¢ for 'I'“ 17T A
MCOTL. , I 2 T o R
MCOPRL = 3.50-0.0547 I’S
MCOLPR = lesser of MCOTL and MCOPRL

Airbleed oft

MCOEPR , for SL. << h < 1,500 [t and h > 20.000 [, use naximum
climb curves. all Ty airbleed offt
for 15.000 ft < i < 20,000 11, use the following:
2.053 - 0.00538 Ty for Tpe < | 1.5 C
201 - 100853 Tope tor Tpe =17.5"C

-

MCOTL ={

MCOPRL  use nzximum climb curves, all b airbleed oft

\  MCOEPR = lesser of MCOTL. and MCOPRL
8.5.3 Maximum Cruise Thrust EPR Limit Algorithm

Airbleed on
for I < 10.000 £t use maximm chimb curves, airbleed on
1.8508 = 0.00591 I'y¢ for Upe < =207 C
MCREPR ={1.8125 - 0.008125 Ty for =20" C< Pye s 2070
1.704 - 0.0057 1 T+ for 200 C< T,

Airbleed oft
1.89 = 0.000 Ty tor Tre < -20° C
MCRTL =11.855-0.00775 Ty tor S20°CS e s 20 C
ll 843 -0.00714 Ty for 20° € < Tye

MCRPRL  use maximum climb curves, airbleed off

MCREPR = lesser of MCRTL and MCRPRL
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Insert page 314e

TABLE 8-1. AGCS LABEL DEFINITION

Label Delinition

TKSEL Track select/hold mode discrete

IFPASEL IFPA select/hold mode discrete

ALTSEL Altitude sefect/hold mode discrete

IASSLEL IAS sclect/hotd mode discrete

PSTTKA Track select mode preselect state

PSTHPA I'PA select mode presclect state

PSTALT Altitude seleet mode preselect state

PSTIAS 1A S select mode presclect state

TKASUM Track select mode knob 2 cell

I'PASUM FPA seleet mode knob 2 celd

ALTSUM Altitude select mode knob X ccll

IASSUM 1A S select mode knob X cell

IHHORARM Horizontal path mode armed state

IHHORPTH Horizontal path mode engaged state
VERARM Vertical path mode armed state

VLERPTLH Vertical path mode engaged state

TIMPTH Time path mode engaged state

ATENG Autothrottie engaged state

CLAMP Autothrottle run/clamp signal

AUTO Noncritical mode engaged state

ATDC Autothrottle disengaged discrete

AFTLIM Throttle at't limit discrete

PIASSE IASSLEL state last iteration

IASOFF IASSEL ON to OFI- discrete

PTIMPT TIMPTH state last itcration

TIMOFF TIMPTH ON to Ol discrete

RTKNOB Track sclect mode knob increment discrete
RFKNOB I'PA sclect mode knob inerement discrete
RAKNOB Altitude select niode knob increment discrete
RCKNOB 1AS sclect mode knob increment discrete
DIKSEL Track select button depressed. momentary
DFPSEL FPA sclect button depressed. momentary
DALSEL Altitude sclect button depressed. momentary
DIASEL 1AS sefect button depressed, momentary
D2D Horizontal path button depressed, momentary
D3D Verticat path button depressed, momentiry
D4D Time path button depressed, momentary
TKRF Track select synchronization referencee value
FPARF FPA sclect synchronization reference valtue
ALTRF Altitude select synchronization reterence value
IASRF IAS select synchronization reference value
ALFRF o-flare synchronization reference value




Insert page 3141

TABLE 8-1. Concluded

Label Detinition

ALFWYN Synthesized o Tor noncritical Might modes
KALIFA a-gain as { (ALFSYN)

SQUAT Radar altitude < 0 't discrete

IFLR30 Radar altitude < 30 ft discrete

LANDA Land mode armed discrete

LAND Land mode engaged discrete

SAVHLER /HER/last iteration (VERPTH logic)
VERSIN Autothrottle versine compensation signal
DELCAS Airspeed error signal

DELEPR Selected EPR limit minus EPR

APCPRM Autothrottle rate command

EPR 1 Engine 1 EPR

EPR 2 Engine 2 EPR

APC Autothrottle delta throttle command
HpPC llorizontal path command

ViPC Vertical path command
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APPENDIX B

OPERATION EVALUATION TEST DATA

This appendix provides a summary of all crosstrack error (XTKE), altitude crror

(HER), and time error (PTE) d
are presented with respect (o the el
guidance option being used is identific
for the specified flight conditions.

ata for the ADEDS operational evaluation flights. The data
1d waypoint of each flightpath leg, and the related

d. An X indicates that flight test data were not valid




CROSSTRACK ERROR SUMMARY
SID/STAR-TAN14L

GUID
option Waypoint Maximum | Minimum| Average

VDO BR14L
PPC
VDO
PPS
VDO

VDO
PPC
VDO
PPS
VDO

VDO
PPC
VDO
PPS
VDO

VDO
PPC
VDO
PPS
VDO

VDO
PPC
VDO
PPS
VDO

VDO
PPC
VDO
PPS
VDO

VDO
PPC
VDO
PPS
VDO




g ? ALTITUDE ERROR SUMMARY

: SID/STAR-TAN14L

Test
GUID flight

option | Pilot Waypoint Maximum Minimum Average 10 No.

vDO | JMS BR14L X X X X 6-11

PPC JMS X X X X 6-11

vDO 18D X X X X 6-17

1 PPS 18D X X X X 6-17
i vDO | JHA X X X X 6-18
vDO | JMS AGL30 40 -48 -23 24 | 6-11

PPC JMS 180 104 141 23 | 6-1

vDO | IBD 156 64 94 20 | 6-17

PPS IBD 200 60 147 48 | 617

vDO | JHA 64 -40 -5 32 | 618

vDO | JMS TANGO 276 -248 -87 136} 6-11

PPC JMS 440 128 252 70 | 6-11

vDO 18D 248 -4 132 97 | 617

PPS 18D 284 16 106 85 | 617

] vDO | JHA 244 -4 91 57 |6-18
l vDO | JMS LO14L -64 -168 -87 32 | 6-11
i PPC JMS -40 -116 -49 17 {611
| vDO IBD -52 -276 -89 63 | 6-17
PPS 18D 0 -56 -31 27 | 617

vDO | JHA -8 -56 -20 8 6-18

vDO | JMS MWH -44 -240 -188 49 | 6-11

PPC JMS 128 -16 38 37 |61

vDO 18D 60 -72 -21 34 | 6-17

PPS 18D 188 72 99 22 | 617

vDO | JHA 64 -2716 -113. 151i 6-18

vDO | JMS AGL15S 36 -1052 -73 114 | 6-11

PPC JMS 164 -116 62 77 | 6-11

vbO 18D 160 -216 -30 95 | 6-17

PPS 8D 108 -52 88 29 | 6-17

vDO | JHA 52 -56 22 23 | 6-18

VDO | JM5 WARDN 352 -208 88 132] 6-11

PPC J'AS 440 170 200 47 | 6-11

vbO 18D 60 36 43 8 6-17

PPS 18D 284 -12 108 87 | 6-17

vDO | JHA 468 -12 135 132] 6-18
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TIME ERROR SUMMARY

SID/STAR-TAN14L

Test

GUID flight
option | Pilot ‘War point Maximum Minimum Average 10 No.

vDO | JMS BR14L X X X X 6-11
PPC JMS 0 -95 0.19 4.2 6-11
vDO |IBD X X X X 6-17
PPS IBD X X X X 6-17
vDO |[JHA X X X X 6-18
vDO |JMS AGL30 -12 -14 -13 0.56 6-11
PPC JMS -7 -1 -8.5 12 6-11
vDO |IBD X X X X 6-17
PPS IBD -37 -40 -39 1.06 6-17
VDO | JHA -3 -4 -3.7 04 6-18
vDO |JMS TANGO 20 -24 -3 15 6-11
PPC JMS 15 -2 6 5.4 6-11
vDO |IBD X X X X 6-17
PPS IBD 0 -9 -3.5 32 6-17
VDO |JHA -3 -8 -6.3 1.6 6-18
vDO |[JMS LO14L -13 -24 -18 3 6-11
PPC JMS -15 -93 -36.6 20 6-11
vDO |IBD X X X X 6-17
PPS IBD 0 -36 -19.7 171 6-17
VDO |{JHA 5 -1 1.16 1.38 6-18
vDO [ JMS MWH -2 -12 -8 3.0 6-11
PPC JMS 0 -7 -3.4 2 6-11
vDO IBD X X X X 6-17
PPS IBD -32 -37 -34.5 1.36 6-17
VDO |JHA 4 -3 0.31 2.3 6-18
vDO | JMS AGL15 -13 -14 -14 0.2 6-11
PPC JMS -1 -15 -13 1.3 6-11
vDO | IBD X X X X 6-17
PPS IBD -32 -39 -35.9 2.1 6-17
VDO |JHA -1 -4 24 0.85 6-18
vDO |JMS WARDN 19 -2 7 5.0 6-11
PPC JMS 15 0 9 5 6-11
vDO |IBD X X X X 6-17
PPS IBD -9 -17 -12.9 2.6 6-17
VDO | JHA 7 -4 3 3.75 6-18




CROSSTRACK ERROR SUMMARY
SID/STAR-SIP32R

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
Auto WINCR -88 ~-1000 -604 270 | 56
FD RLM 1552 108 393 371 | 56
Auto 440 328 373 246 | 61
VW RLM 3564 -48 1740 1072| 6-1
VW RLM 6-5
PPC RLM 6-5
FD JHA 1436 -608 127 445 | 6-6
Auto -272 -1028 -634 257 | 69
Auto -508 ~-900 -669 103 | 6-11
Auto 6-14
vV+W | JMS 760 84 263 140 | 6-15
PPS IBO 6-17
PPS JHA -176 -1524 -941 396 | 6-18
VDO | JHA 324 -3072 -434 989 | 6-18
Auto SIPHN 300 -132 39 124 | 5-6
FD RLM 416 76 203 83 5-6
Auto 480 -384 193 116 | 6-1
V+W RLM -76 -1508 -636 394 | 6-1
V+W RLM 168 -272 -70 118 | 6-5
PPC RLM 80 -528 -147 200 | 65
FD JHA 2836 136 920 897 | 6-6
Auto -12 -320 -163 112 | 69
Auto 136 -520 -124 201 | 6-11
Auto -396 -460 -435 13 6-14
VW | JMS 6332 548 4465 1767| 6-15
PPS IBD -280 -328 -303 1" 6-17
PPS JHA -52 -1072 -465 264 | 6-18
VDO | JHA -92 -7680 -3124 2833] 6-18
Auto CHAPL 596 188 393 131 | 56
FD RLM 656 176 403 156 | 5-6
Auto 556 208 380 117 | 641
V+W RLM 408 -120 262 124 | 6-1
V+W RLM 196 -68 154 55 6-5
PPC RLM 496 56 287 157 | 6-5
FD JWA 564 0 330 184 | 6-6
Auto 216 -48 84 75 6-9
Auto 488 112 339 103 | 6-11
Auto -20 -416 -136 79 6-14
V+W | UMS 528 116 205 75 6-15
PPS IBD 136 -280 53 75 6-17
PPS JHA -92 -260 -190 50 6-18
VDO | JHA 756 -300 435 327 | 6-18
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CROSSTRACK ERROR SUMMARY
SID/STAR-SIP32R
(Concluded)

GUID
option

Waypoint

Maximurr

Minimun

Average

Test
flight
No.

FD
Auto
V+W
V+W
PPC
FD
Auto
Auto
Auto
V+W
PPS
PPS
VDO

MWH

208
248
2956
1792
3744
308
4712
68
-92

-308
-768
-648
-600
-132
-640
-360
-5628
-5680
-2360
-268
-220
-1904

23
51
1143
583
584
-14
20
-48

5-6
6-1
6-1
6-5
6-5
6-6
6-9
6-11
6-14
6-15
6-17
6-18
6-18

FD

-140
-788
-528
-688
-120
-32
4712
-5668
-548
-412
-220
72
88

5-6
6-1
6-1
6-5
6-5
6-6
6-9




/.LTITUDE ERROR SUMMARY

! SID/STAR—-SIP32R

Test
GUID flight
option | Pilot Waypomt Maximum Minimum Average 10 No.
Auto WINCR 28 -68 -16 28 5-6
FD RLM 8 -112 -65 34 5-6
Auto 4 -68 -8.5 17.7] 6-1
VW [ RLM 72 8 30 20 6-1
VW | RLM 6-5
PPC RLM 6-5
FD JHA -56 -176 -123 34 6-6
Auto 0 -264 -174 49 6-9
Auto 6-14
VW | JMS -32 -92 -42 13 6-15
PPS IBD 6-17
PPS JHA -88 -292 -191 58 6-18
vDO | JHA 104 -32 2.2 39 6-18
Auto SIPHN 28 -4 1.4 34 5-6
FD RLM 148 -44 32 48 5-6
Auto 4 -68 0.6 76 | 6-1
V+W [ RLM 228 -192 63 74 6-1
VW | RLM 116 -32 43 31 6-5
PPC RLM 120 32 66 16 6-5
FD JHA 80 -96 -17 57 6-6
Auto 212 -84 8.3 55 6-9
Auto 0] -4 -1.2 1.9 6-14
VW | JMS 132 -92 36 58 6-15
PPS IBD 64 52 59 4 6-17
PPS JHA 496 -108 78 136 | 6-18
VDO | JHA 152 -120 18 82 | 6-18
Auto CHAPL 16 0] 46 35 5-6
FD RLM 160 -80 57 75 5-6
Auto 16 -12 49 4 6-1
V+W | RLM 4 -36 -15 10 6-1
VW | RLM 92 20 50 23 | 65
PPC RLM 108 72 98 1.7 6-5
FD JHA 4 -104 -32 26 6-6
Auto 12 0] 3.8 341 6-9
Auto 20 -4 3.5 6.7 6-14
VW [ JMS 76 -52 1 39 56-15
PPS 18D 188 64 141 28 6-17
PPS JHA 100 -104 26 54 6-18
VDO [ JHA 36 -108 -25 43 6-18
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ALTITUDE ERROR SUMMARY
SID/STAR-SIP32R

(Concluded)

Test
GUID flight
option | Pilot | Waypoint Maximum Minimum Average 10 No.
Auto MWH 5-6
FD RLM 64 -396 -59 127 | 56
Auto 36 -92 1.4 15.6] 6-1
V+W | RLM 212 -172 -2 91 6-1
VW RLM 112 -136 5.3 66 6-5
PPC RLM 104 -76 -0.63 50 6-5
FD JHA 16,156 -396 -66 440 | 66
Auto 6-9
Auto 60 -8 8.6 16 6-14
V+W JMS 264 -244 3.4 101 { 6-15
PPS IBD 120 -276 -45 104 | 6-17
PPS J1A 144 -124 -6.3 63 6-18
vDO [JHA 56 -286 -67 54 6-18
Auto PELIN 5-6
FD RLM 56 -16 15 29 5-6
Auto 32 -48 19.2 11.4] 6-1
VW | RLM 100 32 66 22 6-1
VW | RLM 4 -120 -65 40 6-5
PPC RLM 52 -8 22 18 6-5
FD JHA 8 -20 -5.8 70 | 66
Auto 6-9
Auto 84 36 79 49 | 6-14
VW | JMS 72 4 30 18 6-15
PPS IBD 28 -16 12 14 6-17
PPS JHA 40 0 28 85 | 6-18
VDO |JHA 52 -36 29 22 6-18
Auto TD32R 5-6
FD RLM -4 -140 -77 1 5-6
Auto 20 -96 -45.1 31.1] 6-1
VW | RLM 52 -104 -8.5 36 6-1
V+W | RLM 124 -136 -18 72 6-5
PPC JMS- 6-5
FD JHA 36 -20 7.8 12 6-6
Auto 6-9
Auto 12 -48 -6.7 14 i-14
VW | JMS 184 -24 53 50 6-15
PPS IBD 104 -56 31 43 6-17
PPS JHA 175 -108 19 69 6-18
vDO |JHA 40 -40 11 19 6-18




TIME ERROR SUMMARY
SID/STAR-SIP32R

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
Auto WINCR 1 1 1 0 |56
FD RLM 10 7 8.4 094 | 56
Auto 3 2 2.67 0.467 6-1
V+W | RLM -18 -19 -18 0.48 | 6-1
FD JHA 0 0 0 0 6-6
Auto 7 0 24 2 6-9
Auto -20 -3 -26 3.1 6-11
V+W | JMS 0 -1.0 -0.35 048] 6-15
PPS JHA -31 -37 -34 1.9 | 6-18
VDO | JHA 6 -1 3.2 1.9 | 6-18
Auto SIPHN 1 1 1 n 5-6
FD RLM 7 0 1.9 16 | 56
Auto 3 0 0.96 0.99 | 6-1
V+W | RLM -1 -18 -10 49 | 6-1
V+W | RLM 1 0 0.23 0.42| 65
PPC RLM 0 0 0 0 6-5
FD JHA 1 0 0.14 0.35] 66
Auto 10 1 7 27 | 69
Auto 18 20 -8.3 1 6-11
Auto 1 0 0.89 0.31 | 6-14
V+W | JMS 1 -4 -1.9 2 6-15
PPS IBD 0 0 0 0 6-17
PPS JHA -14 -31 -2.4 4.7 | 618
VDO | JHA 1 -650 -8.8 19 6-18
Auto CHAPL 1 1 1 0 5-6
FD RLM 1 0 0.24 043 | 56
V+W | RLM 3 -1 1.4 1.2 | 61
V+W | RLM 1 0 0.01 0.12 | 65
PPC RLM 0 -1 -0.09 0.29] 65
FD JHA 0 0 0 0 6-6
Auto 1 0 0.88 0.33| 69
Auto 28 18 23 29 | 611
Auto 1 0 0.61 0.49 | 6-14
V+W | JMS 7 1 3.8 1.7 | 6-15
PPS 18D 0 -1 -0.33 047 | 6-17
PPS JHA 2 -14 -6.2 46 | 6-18
VDO | JHA " 1 6.3 29 | 6-18
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TIME ERROR SUMMARY ’
SID/STAR—-SIP32R

{Concluded)
Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
FD RLM | MWH 2 0 0.58 0.56 | 56
2 Auto 2 0 0.53 0.502] 6-1
% V+W | RLM 5 0 2.6 15 |61
r VW | RLM 5 0 1.6 14 |65
: FD JHA 2 -3 0.06 1.5 |66
32 Auto 1 0 0.02 0.14 | 6-9
g Auto 14 -42 -21 17 6-11
Auto 0 0 0 0 6-14
K V+W | JMS 9 -9 -15 58 |6-15
' PPS {BD 7 -1 1.6 15 |6-17
PPS JHA 1" -3 2.4 35 |6-18
vDO | JHA 1 -23 -8.4 11 | 618
FD RLM | PELIN 1 0 0.51 0.50 | 56
Auto 4 1 2.45 0.69 | 6-1
v+W | RLM 2 0 0.49 0.51 | 6-1
V+W | RLM 0 2 -15 0.54 | 65
PPC RLM 13 12 13 049 | 65
FD JHA 0 -1 -0.79 040 | 6-6
Auto 0 -1 -0.77 042 | 69
Auto -40 -41 -40 0.39 | 6-11 ,
Auto 5 0 2 1.3 | 6-14
V+W | JMS 144 -1 41 20 | 615
PPS IBD 150 7 10 18 | 6-17
PPS JHA 7 4 4.8 0.88 | 6-18
VDO | JHA 119 1 6.2 18 |6-18
FD RLM | TD32R 14 0 5.9 4 5-6
Auto 31 -47 1056 | 6.29 | 6-1
v+W | RLM 18 1 13 6.1 |61
V+W | RLM 8 -2 2.7 27 |65
FD JHA 16 0 7.2 44 |66
Auto 5 -1 0.71 16 |69
Auto 10 4 9 1.1 | 614
v+W | JMS 35 0 13 8 6-15
PPS 18D 27 0 18 78 |617
PPS JHA 8 0 6.4 32 |6-18
vDO | JHA 9 0 43 2.5 |6-18




CROSSTRACK ERROR SUMMARY
SID/STAR—-TUM32R

Test

GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
Auto BR32R 0 0 0 0 6-14
vDC | JMS X X X X 6-15
PPS iBD X X X X 6-17
VDO | JHA 0 0 0 0 6-18
PPC IBD X X X X 6-21
Auto LO32R 1252 1024 1186 64 6-14
VDO | JMS 1504 1460 1487 4.7 | 6-15
PPS IBD -3040 -3092 -3051 2.2 | 6-17
vDO | JHA -860 -912 -878 9.7 6-18
PPC IBD -116 28 70 24 6-21
Auto TH14L 1024 536 840 133 | 6-14
vDO | JMS 1692 1460 1582 64 6-15
PPS IBD -2672 -3092 -2904 113 | 6-17
vDO | JHA -608 -912 -767 72 6-18
PPC IBD 276 104 205 44 6-21
Auto OLSON 544 -920 -574 331 | 6-14
vDO | JMS -172 -728 -454 171 | 6-15
PPS iBD 268 -2672 -480 98 | 6-17
vDO | JHA 4440 -5100 =277 3319| 6-18
PPC IBD 296 -200 -68 122 | 6-21
Auto TUMBD 103 -548 -251 146 | 6-14
vDO | JMS -1516 -3856 -3228 639 | 6-15
PPS IBD 8 =212 -90 69 6-17
vDO | JHA 1272 -4124 -819 1464 6-18
PPC IBD 316 -452 137 160 | 6-21

173




ALTITUDE ERROR SUMMARY
SID/STAR—-TUM32R

GUID
option

Waypoint

Maximum

Minimum

Average

Auto
VDO
PPS
VDO
PPC

BR32R

Auto
vDO
PPS
vDO
PPC

Auto
vDO
PPS
vDO
PPC

Auto
VGO
PPS
vDO
PPC

Auto
VDO
PPS
vDO
PPC




TIME ERROR SUMMARY
SID/STAR—-TUM32R

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
Auto 8R32R 0 0 0 0 6-14
vDO | JMS X X X X 6-15
PPS 18D X X X X 6-17
VDO |JHA 0 0 0 0 6-18
PPC 18D X X X X 6-21
Auto LO32R X X X X 6-14
vDO | JMS -38 -76 -57 1" 6-15
PPS IBD -54 -113 -82 17 6-17
VDO | JHA 5 1 1.9 1.4 | 6-18
PPC 18D -23 -44 -33 7 6-21
Auto TH14L -1153 -1235 -1193 24 6-14
vDO | JMS -36 -38 -37 0.75| 6-15
PPS 18D -54 -55 -55 0.47 | 6-17
VDO |JHA 2 1.3 1.3 0.46| 6-18
PPC IBD -23 -25 -25 0.59| 6-21
Auto OLSON -1064 -1150 -1108 25 6-14
vDO | JMS -18 -18 -18 0 6-15
PPS 18D -55 -55 -55 0 6-17
VDO |JHA 24 4 15 6.4 6-18
PPC IBD -5 -24 -15 6.3 | 6-21
Auto TUM8D -862 -1066 -959 58 6-14
vDO | JMS -6 -1 -8.7 1.4 | 6-15 :
PPS 18D -55 -55 -55 0 6-17
VDO |JHA 9 0 2.2 28 | 6-18
PPC 18D 0 -7 -15 21 6-21




176

CROSSTRACK ERROR SUMMARY
SID/STAR—-MAET4L

Test
GUID flight
option | Pilot | Waypoint Maximum Minimum Average 10 | No.
VW | RLM | BR14L X X X X 6-5
PPC RLM X X X X 6-5
PPS JHA X X X X 6-18
V+W | RLM | MAEVY 540 -696 -89 414 { 65
PPC RLM 440 -1860 -227 701 | 65
PPS JHA 1604 -608 -57 543 | 6-18
VW [ RLM | LO14L 260 168 207 23 }165
PPC RLM 276 236 262 78 165
PPS JHA 2292 0 1219 1127| 6-18
V+W | RLM | POTHS 356 -720 101 240 | 6-5
PPC RLM 276 -1904 -65 526 | 65
PPS JHA 576 -220 225 132 | 6-18
V+W [ RLM | BR32R 260 56 155 53 | 65
PPC RLM 260 68 164 52 |65
PPS JHA 2300 1592 2083 201 | 6-18
V+W | RLM | COLUA X X X X 6-5
PPC RLM 328 -32 158 87 |65
PPS JHA 212 -3424 -170 473 | 6-18




ALTITUDE ERROR SUMMARY
SID/STAR-MAE14L

GUID
option

Waypoint

Maximum

Minimum

Average

VW
PPC
PPS

8R14L

X
X
X

X
X
X

V+W
[adafad

Frs

48

VHW
PPC
PPS

VW
PPC
PPS

V+W

PPC
PPS

VHW
PPC
PPS




TIME ERROR SUMMARY
SID/STAR-MAE14L

GUID
option

Waypoint

Maximum

Minimum

VAW
PPC
PPS

BR14L

X
X
X

X
X
X

VW
PPC
PPS

-40
-15
-9

VAW
PPC
PPS

80

VAW
PPC
PPS

VW
PPC
PPS

VAW
PPC
PPS




CROSSTRACK ERROR SUMMARY
SID/STAR—-POW32R

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 16 | No.
FD RLM | BR32R X X X X 5-6
V+W RLM X X X X 6-1
Auto X X X X 6-1
FD 1BD X X X X 6-3
vDO [ JMS X X X X 6-6
PPS JMS X X X X 6-6
PPC JMS X X X X 6-6
FD JHA 0 0 0 0 6-6
V+W JHA X X X X 6-6
FD RLM | LO32R X X X X 5-6
V+W RLM 2040 0 26 231 | 61
Auto X X X X 6-1
FD IBD 2588 1900 2304 212 | 63
vDO | JMS X X X X 6-6
PPS JMS X X X X 6-6
PPC JMS X X X X 6-6
FD JHA -1C80 -1128 -1073 12 6-6
V+W JHA 1760 0 344 693 | 6-6
FD RLM | BR14L -52 ~-300 -178 72 5-6
V+W RLM 2168 2020 2097 47 6-1
Auto X X X X 6-1
FD IBD 1920 1732 1851 51 6-3
vDO | JMS -60 -132 -96 21 6-6
PPS JMS 1452 1252 1403 45 6-6
PPC JMS 3196 2708 2999 137 | 66
FD JHA -728 -1120 -956 97 6-6
VW JHA 1952 1740 1832 60 6-6
FD RLM | POWER 316 -96 150 85 5-6
V+W RLM 1976 -116 666 606 | 6-1
Auto 104 -1948 -352 545 | 6-1
FD IBD 2308 1260 1752 357 | 6-3
vDO | uMS 7028 -116 3911 2684 6-6
PPS JMS 1260 104 670 303 | 6-6
PPC JMS 2696 -444 401 882 | 66
FD JHA 4828 -752 2923 1839 6-6
V+W JHA 4548 1916 3125 765 | 6-6
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CROSSTRACK ERROR SUMMARY
SID/STAR—-POW32R
{Concluded)

GUID
option Waypoint Maximum Minimum Average ] 10

FD WINCR 336 -92 150 85
V+W 1432 -868 -175 493
Auto 158 0] m 41.6
D 1332 -228 147 325
VDO 2368 -2540 378 1832
PPS 372 128 330 32
PPC 2292 J 812 £06
FD 3036 -1088 66
VW 5036 -272 1374

FD 232 -304 119
824 196 659
208 -180 -178
X X X
X X X
52

X
X




ALTITUDE ERROR SUMMARY
SID/STAR—POW32R

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
FD RLM BR22R X X X X 5-6
V+W RLM X X X X 6-1
Auto X X X X 6-1
FD IBD X X X X 6-3
vDO | JMS X X X X 6-6
PPS JMS X X X X 6-6
PPC JMS X X X X 6-6
FD JHA 0 0 0 0 6-6
V+W | JHA X X X X 6-6
FD RLM LO32R X X X 5-6
V+W RLM 0 -72 -0.74 8.2 6-1
Auto X X X X 6-1
FD 1BD -40 -720 -276 213 | 6-3
vDO | JMS X X X X 6-6
PPS JMS X X X X 6-6
PPC JMS X X X X 6-6
FD JHA -44 -92 -52 7.6 6-6
VW | JHA 0 -56 -10 21 6-6
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ALTITUDE ERROR SUMMARY

SID/STAR—-POW32R

(Concluded)

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 | No.
FD RLM | WINCR 164 -116 17 61 5-6

V+W RLM 88 -48 28 32 6-1

Auto 72 -752 -46.7 156 | 6-1
FD 18D 24 -288 -137 101 | 6-3
vDO | JMS 24 -52 -13 16 6-6
PPS JMS 168 72 159 15 6-6
PPC JMS 184 -336 17 171 | 6-6
FD JHA 156 -284 -13 130 | 6-6
vV+W | JHA 116 -248 -44 109 | 66
FD RLM | QUINY -24 -196 -112 33 5-6
V+W RLM 160 -96 G.i 56 6-1
Auto 152 -800 -£6.5 226 | 6-1
FD 18D X X X X 6-3
VvDO | JMS X X X X 6-6
PPS JMS 636 92 3N 201 | 6-6
PPC JMS 980 96 438 292 | 6-6
FD JHA X X X X 6-6
V+W | JHA X X X X 6-6




TIME ERROR SUMMARY
SID/STAR—POW32R

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
FD RLM BR32R X X X X 5-6
VW RLM X X X X 6-1
Auto K X X X 6-1
FD IBD X X X X 6-3
vDO | JMS X X X X 6-6
PPS JMS X X X X 6-6
PPC JMS X X X X 6-6
FD JHA 0 0 0 0 6-6
FD RLM LO32R X X X X 5-6
V+W RLM 17 0 0.22 1.9 | 6-1
Auto X X X X 6-1
FD 18D E E E E 6-3
vDO |JMS X X X X 6-6
PPS JMS X X X X 6-6
PPC JMS X X X X 6-6
FD JHA -3.0 -5.0 -4.1 065 | 6-6




184

TIME ERROR SUMMARY

SID/STAR--POW32R

(Concluded)

Test
GUID fiight
option | Pilot Waypoaint Maximum Minimum Average 10 | No.
FD RLM | QUINY 0 0 0 0 5-6
V+W RLM 0 -5 -2.7 21 | 61
Auto -4 -14 -9.16 3.03 ] 6-1
FD IBD X X X X 6-3
vDO | JMS X X X X 6-6
PPS JMS -26 -36 -29 34 |66
F2C JMS -49 -61 -53 4 6-6
FD JHA X X X X 6-6

R T ——




CROSSTRACK ERROR SUMMARY
SID/STAR—-GLE16

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
vDO RLM | BRP16 208 196 207 4 6-2
PPS RLM 0 0 0 0 6-2
Auto X X X X 6-7
Auto 408 388 397 4 6-7
Auto 544 524 533 34 |68
FD JMS X X X X 6-10
V+W | JMS X X X X 6-10
Auto X X X X 6-16
PPC JHA X X X X 6-17
Auto X X X X 6-19
vDO RLM | HATID 488 -2,860 1121 1,236]6-2
PPS RLM 64 -2,084 -788 740 |6-2
Auto -108 -3,348 -1,139 1,119(6-7
Auto 1,192 -2,092 426 686 |6-7
Auto -108 -7,072 -3,045 2,49416-8
FD JMS 352 -10,520 -4,719 3,899|6-10
V+W | JMS 948 -2,660 -1,069 1,226} 6-10
Auto -168 -200 -188 85 |6-16
PPC JHA 716 -2,780 -1,118 1,037{6-17
Auto -108 -1,624 -498 381 |6-19
VDO | RLM | LOP186 256 208 231 12.7 | 6-2
PPS RLM =72 -132 -107 14 6-2
Auto 0 -24 -16 43 {6-7
Auto 516 416 440 20 6-7
Auto 564 416 483 33 6-8
FD JMS 3,964 940 3,856 535 |6-10
V+W | JMS -728 -808 -778 23 6-10
Auto -1,944 -1,956 -1,951 53 |6-16
PPC JHA X X X X 6-17
Auto -748 -808 -799 18 6-19
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CROSSTRACK ERROR SUMMARY
SID/STAR—-GLE16
(Concluded)

Test
GUID flignt
option Waypoint Maximum Minimum No.

vDO ARLIN 1,092 -508 6-2
PPS 4,444 0 6-2
Auto -92 -408 6-7
Auto 240 -420 6-7
Auto 28 -300 6-8
FD 776 o4 6-10
VW 928 -520 6-10
Auto 248 -200 6-16
PPC 12 -252 6-17
Auto -116 -480 . 1619

vDO -240 -2,392 6-2
PPS 68 -1,892 6-2
Auto 8 -3,148 6-7
Auto -18,876 6-7
Auto -6,904 6-8
FD -10,408
V+W -4,972
Auto -2,952
PPC 716
Auto -2,600




ALTITUDE ERROR SUMMARY
SID/STAR-GLE16

GUID
option

Waypoint

Maximum

Minimum

Average

vDO
PPS
Auto
Auto
Auto
FD
V+W
Auto
PPC
Auto

BRP16

-88
0
X

-4

-216
0
X

vDO
PPS
Auto
Auto
Auto
FD
V+W
Auto
PPC
Auto

vDO
PPS
Auto
Auto
Auto
FD
V+W
Auto
PPC
Auto

-220
-204
-1,052
-300
-156
-311,936
-352

vDO
PPS
Auto
Auto
Auto
FD
VW
Auto
PPC
Auto




188

ALTITUDE ERROR SUMMARY
SID/STAR—-GLET16

(Concluded)
Test
GUID flight
option Pilot Waypoint Maximum Minimum Average | 10 No.
vDO RLM GLENE 308 76 226 54 6-2
PPS RLM 472 -100 128 169 6-2
Auto 0 -1,052 -122 154 6-7
Auto -188 964 -710 253 6-7
Auto -92 -512 -202 132 6-8
FD JMS -52 -132,352 -1,202 (6,041 6-10
V+W JMS -204 -700 -379 141 6-10
Auto 4 -16 -3.7 4 6-16
PPC JHA 52 -308 -65 104 6-17
Auto -12 -64 -33 18 6-19




TIME ERROR SUMMARY
SID/STAR—-GLE16

Test
GUID flight

option | Pilot Waypoint Maximum Minimum Average 10 No.

vDO RLM BRP16 24 20 22 1.2 6-2
PPS RLM 0 0 0 0 6-2
Auto X X X X 6-7
Auto -16 -47 =27 89 6-7
Auto
FD

V+W
Auto
PPC
Auto

vDO
PPS
Auto
Auto
Auto
FD
VW
Auto
PPC
Auto

vDO
PPS
Auto
Auto
Auto
FD
V+W
Auto
PPC
Auto

vDO
PPS
Auto
Auto
Auto
FD
V+W
Auto
PPC
Auto
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TIME ERROR SUMMARY

SID/STAR—-GLE16

(Concluded)
Test
GUID flight
option Pilot Waypoint Maximum Minimum Average 10 No.
vDO RLM | GLENE 50 43 47 1.9 6-2
PPS RLM -315 -315 -315 1.2 6-2
Auto 2 -3 -0.28 1.3 6-7
Auto -15 -107 -60 32 6-7
Auto -17 -41 -29 7.4 6-8
FD JMS -10 -39 -21 8.5 6-10
V+W JMS -14 -28 -19 4.9 6-10
Auto -1370 -1370 -1370 4.6 6-16
PPC JHA 5 2 4.4 081 | 6-17
Auto -3 -8 -6.7 0.73 ] 6-19




s CROSSTRACK ERROR SUMMARY
SID/STAR-SUM13R
Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
FD IBD BR13R X X X X 6-9
PPS JMS X X X X 6-11
PPC JHA X X X X 6-18
FD IBD AGL30 56 -888 -179 245 | 6-9
PPS JMS 152 -360 -197 44 6-11
PPC JHA -52 -452 -161 99 618
FD IBD LO13R 0 -1636 -383 683 | 6-9
PPS JMS 8 -112 =27 35 6-11
PPC JHA 48 -20 2 9 6-18
FD IBD PANTR 156 -1108 -559 392 | 69
PPS JMS 94,608 -740 -236 4793] 6-11
PPC JHA -180 -828 -530 212 | 6-18
FD IBD AGL1S -868 -1584 -1418 194 | 69
PPS JMS 8 =212 -96 72 6-11
4 PPC JHA 28 -540 -234 199 | 6-18
FD IBD SUMNR 556 -508 -21 295 | 6-9
PPS JMS 912 -8624 -3.1 661 | 6-11
PPC JHA 532 -200 18 166 | 6-18
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ALTITUDE ERROR SUMMARY
SID/STAR—-SUMI13R

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
FD 1BD BR13R X X X X 6-9
PPS JMS X X X X 6-11
PPC JHA X X X X 6-18
FD IBD AGL30 44 -20 7.4 15 6-9
PPS JMS 280 96 165 52 6-11
PPC JHA 48 -204 -80 n 6-18
FD IBD LO13R 0 -28 -6.2 1 6-9
PPS JMS 0 -1052 -18 93 6-11
PPC JHA 36 -52 11 18 6-18
FD iBD PANTR 44 -188 -96 74 6-9
PPS JMS 276 -72 21 103 | 6-11
PPC JHA 12 192 -102 57 6-18
FD IBD AGL15 100 -20 52 33 6-9
PPS JMS 1340 -1564 66 374 | 6-11
PPC JHA -52 -324 =21 89 6-18
FD IBD SUMNR 924 320 679 144 | 6-9
PPS JMS 1118 -62 640 219 | 6-11
PPC JHA 580 16 225 104 | 6-18




TIME ERROR SUMMARY
SID/STAR-SUM13R

Test
GLID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
FD 1BG BR13R X X X X 6-9
PPS JMS X X X X 6-11
PPC JHA X X X X 6-18
FD IBD AGL30 -13 -20 -17 1.9 6-9
PPS JMS -19 -20 -20 0.49] 6-11
PPC JHA -1 -13 -12 0.55( 6-18
FD IBD LO13R 0 -6 -0.94 1.8 | 69
PPS JMS 0 -52 -15 17 6-11
PPC JHA 0 -6 -1.9 24 | 618
FD IBD PANTR -13 -21 -18 21 6-9
PPS JMS -12 -19 -16 2.1 6-11
PPC JHA -7 -12 -10 1.7 6-18
FD IBD AGL15 -6 -13 -9 2 6-9
PPS JMS -4 -27 -19 34 | 611
PPC JHA -4 -10,890 -40 589 | 6-18
FD IBD SUMNR 2 -8 -2.8 25 6-9
PPS JMS 1 -12 -5.6 34 6-11
PPC JHA 0 -7 -2.3 23 6-18
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CROSSTRACK ERROR SUMMARY
SID/STAR—-DOU32R

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
vDO RLM | BR32R 356 0 3.7 36 6-5
PPS RLM X X X X 6-5
FD JMS 0 -220 -0.28 7.9 6-5
FD JHA X X X X 6-6
Auto X X X X 6-6
Auto X X X X 6-9
V+W JMS X X X X 6-11
PPS JHA X X X X 6-17
V+W JHA X X X X 6-21
VDO | RLM | LO32R 368 316 345 12 6-5
PPS RLM 0 0 0 0 6-5
FD JMS -192 -220 21 7 6-5
FD JHA X X X X 6-6
Auto X X X X 6-6
Auto X X X X 6-9
V+W JMS X X X X 6-11
PPS JHA 220 136 193 19 6-17
V+W | JHA -1488 -1,524 -1503 9.8 6-21
VDO RLM | AGL15 340 -72 96 101 6-5
PPS RLM 1116 368 824 218 6-5
FD JMS 68 -232 -70 97 6-5
FD JHA 240 -160 -0.10 118 6-6
m Auto 1376 496 1099 208 6-6
Auto X X X X 6-9
V+W JMS X A X X 6-11
PPS JHA 228 68 120 31 6-17
V+W | JHA -52 -1,524 -872 487 6-21
VDO | RLM | AGL30 428 -72 250 142 6-56
PPS RLM 476 44 308 143 6-5
FD JMS 296 68 205 56 6-5
FD JHA 276 -80 107 114 6-6
Auto 496 -12 222 146 6-6
Auto X X X X 6-9
V+W | JMS X X X X 6-11
PPS JHA 216 -12 135 50 6-17
‘ V+W | JHA 984 -40 672 294 6-21
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CROSSTRACK ERROR SUMMARY
SID/STAR—-DOU32R

{Concluded)
Test

GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.

vDO RLM EPH 656 16 253 229 6-5

PPS RLM 196 -456 -121 188 6-5

FD JMS 328 -4 133 84 6-5

FD JHA 352 -112 48 95 6-6

Auto X X X X 6-6

Auto 6152 -11,608 766 2382 6-9

VW JMS X X X X 6-11

PPS JHA 228 -136 55 74 6-17

V+W JHA 476 -340 -92 193 6-21

VDO | RLM | DOUGS 3324 -1,704 1244 1274 6-5

PPS RLM 2788 -316 524 781 6-5

FD JMS X

FD JHA 5156

Auto X

Auto ' -668

VW | IMS | 760

PPS JHA: 1304

V+W JHA 7996




ALTITUDE ERROR SUMMARY

SID/STAR—DOU32R

GUID
option

Waypoint

Maximum

Minimum

Average

vDO
PPS
FD
FD
Auto
Auto
V+W
PPS
VW

BR32R

X X X X X X O X O

1
~J
=2}

4o}
><><><><><><ko><

-0.79
X

-0.10
X

VDO
PPS
FD
FD

1
~N O~
N =2}

!
0 »
2 >x X X X




[ ]
ALTITUDE ERROR SUMMARY
SID/STAR-DOU32R
(Concluded)

Test
GUIL flight -
option | Pilot Waypoint Maximum Minimum Average 10 | No. V'3
VDO | RLM | EPH 116 -100 15 67 | 65 .
PPS RLM 312 -80 10 83 | 65 "3
FD JMS 32 <172 -73 66 | 65 N
FD | JHA 300 -88 28 95 | 66 .
Auto X X X X 66 ¢
Auto -1472 -4592 -165 370| 69 N
V+W | JMS X X X X 6-11 i
PPS | JHA 396 -296 127 | 208] 617 |
v+W | JHA 40 -384 -162 13| 621 l
vDO | RLM | DOUGS 304 -40 8.1 60 | 65 ‘
PP T | RLM 308 -336 18 130 | 65
FD JMS X X X X 6-5 A
FD JHA 1 104 -332 -73 123 | 66 1
Auto .7 X X X X 6-6 ]
Auto L 8 -1704 -23 40 | 69 -
v+W | JMS 5y 48 -152 -65 57 | 6-11
PPs | JHA 188 -1156 -285 377 | 6-17 1
v+W | JHA 0 -108 -26 17 | 621

ant =

o e -
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[y TIME ERROR SUMMARY
. SID/STAR—-DOU32R

i Test
| GUID flight
option j Pilot Waypoint Maximum Minimum Average 10 | No.
vDO | RLM | BR32R 112 0 1.2 1 6-5
PPS RLM X X X X 6-5
FD JMS 0 -19 -0.02 0.68| 6-5
FD JHA X X X X 6-6
Auto X X X X 6-6
Auto X X X X 69
V+W JMS X X X X 6-11
PPS JHA X X X X 617
VW | JHA X X X X 6-21
VDO | RLM LO32R 2667 -2702 =31 388 | 65
PPS RLM 0 0 0 0 6-5
FD JMS 18 -28 -19 4.7 | 65
FD JHA X X X X 6-6
Auto X X X X 6-6
Auto X X X X 6-9
VW | JMS X X X X 6-11
PPS JHA -25 -150 -61 31 6-17
V+W JHA X X X X 6-21
vDO | RLM | AGL15 -8 -14 -1 18 | 65
PPS RLM -36 -48 -44 28 | 65
FD JMS -10 -13 -12 1.1 | 65
FD JHA -56 -67 -64 3.1 6-6
Auto -92 -100 -98 24 | 66
Auto : X X X X 6-9
V+W | JMS ! X X X X 6-11
PPS JHA | -24 -25 -25 05 | 6-17
vDO | RLM | AGL30 -20 -8 -4.6 1.8 | 66
PPS RLM -47 -48 -48 0.23| 66
FD JMS -8 -10 -8.7 0.74| 65
FD JHA 6C -67 -64 22 | 66
Auto -91 -100 -96 29 | 66
| Auto X X X X 6-9
| V+W | JMS X X X X | 6n
PPS JHA -24 -24 -24 0 6-17
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TIME ERROR SUMMARY
SID/STAR-DOU32R
{Concluded)

GUID | . . - L} Test

4 Pilot | Waypoint Maximum Minimum | Average 1a | flight
option No.
vDO | RLM | EPH " -2 6 36 | 65
PPS RLM -36 -47 -41 39 | 65
FD JMS 4 -8 -0.88 36 | 65
FD JHA -38 -60 -50 7 6-6
Auto X X X X 6-6
Auto 0 -17 -6.4 49 | 69
V+W | JMS X X X X 6-11
PPS JHA -17 -25 -23 27 | 617
vDO | RLM | DOUGS 6 0 0.77 1.2 | 65
PPS RLM -30 -43 -35 39 | 65
FD JMS X X X X 6-5
FD JHA n -38 -2.9 14 | 66
Auto X X X X 6-6
Auto 0 -1 -0.06 0.23] 69
VW | JMS -12 -22 -16 36 | &-11
PPS JHA 3 -17 -3.6 58 | 617

199




200

CROSSTRACK ERROR SUMMARY
SID/STAR—-GRA32R

Time
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
FD RLM BR32R 0 0 0 0 5-6
VW RLM X X X X 6-1
PPC RLM 236 0 0.97 15.1 ] 6-1
FD IBD 0 0 0 0 6-3
FD JMS X X X X 6-6
Viw [ IUMS 0 0 0 0 6-15
VDO [ JMS X X X X 6-15
PPC IBD X X X X 6-21
VW | JHA X X X X 6-21
PPC JHA X X X X 6-21
FD RLM LO32R 476 448 461 7.5 5-6
V+W RLM X X X X 6-1
PPC RLM 276 22?2 253 14 6-1
FD IBD -4532 -5020 -5743 320 | 6-5
FD JMS 0 -320 -0.19 7.7 6-6
VW | JMS 696 €36 668 17 6-15
vDO | JMS 276 0 218 97 6-15
PPC IBD X X X X 6-21
VW | JHA 16 8 1 3.8 | 6-21
PPC JHA X X X X 6-21
FD RLM | CRACK 536 -32 204 223 | 56
V+W RLM 1104 108 786 330 | 6-1
PPC RLM 268 48 122 75.6 | 6-1
FD IBD 36 -4504 -992 1346 ) 6-3
FD JMS 60 -352 -105 159 | 6-6
VW | IMS 844 524 693 106 |6-15
vDO |JMS 2460 276 961 656 | 6-15
PPC IBD 1104 -1516 404 822 | 6-21
V+W | JHA 896 -12 400 327 | 6-21
PPC JHA 356 176 246 51 6-21
FD RLM LEVEE 112 -260 -153 84 5-6
V+W RLM 132 -1792 -958 601 | 6-1
PPC RLM 80 -268 158 70.8 | 6-1
FD IBD 380 -1644 -169 480 | 6-3
FD JMS 72 -168 -78 52 6-6
VW | IMS 560 -2152 -877 620 |&-15
vDO |JMS 168 -188 -55 107 |6-1%
PPC IBD 7344 -3240 -609 2846 | 6-21
V+W [JHA 208 -5388 ~-2109 1555 | 6-21
PPC JHA 188 -1124 -519 418 |6-21




CROSSTRACK ERROR SUMM(.R y
SID/STAR-GRA3ZR \

{Concluded)
| Test
GUID : flight
option | Pilot Waypoint Maximum Minimum Average 10 | No.
FD RLM | GRANY 228 -52 35 55 5-6
VW RLM 924 -1388 119 621 6-1
PPC RLM 248 -192 54.6 111 6-1
FD 18D 524 -1964 -228 675 |6-3
FD JMS X X X X 6-6
VW | JMS 796 -2284 -187 1029 | 6-15
vDO | JMS 1132 604 753 146 | 6-15
PPC IBD X X X X 6-21
V+W | JHA 368 -5432 -2625 1697 | 6-21
PPC JHA 1312 268 1123 226 6-2L
FD RLM 8ATUM 504 -208 81 228 | 56
VW | RLM 1892 -1068 577 986 | 6-1
PPC RLM 256 -292 -35.4 1743} 6-1
FD 18D 804 36 300 215 |63
FD JMS X X X X 6-6
V+W | JMS 3652 428 2300 962 | 6-15
vDO | JMS X X X X 6-15
PPC IBD X X X X 6-21
V+W | JHA 2856 -400 1408 1092 ; 6-21
PPC JHA 1012 148 548 266 | 6-21




ALTITUDE ERROR SUMMARY
SID/STAR—-GRA32R

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 | No.
FD RLM | BR32R 0 0 0 0 5-6
V+W RLM X X X X 6-1
PPC RLM 0 -64 -0.3 4.1 6-1
FD IBD 0 0 0 0 6-3
FD JMS X X X X 6-6
VW | JMS 0 0 0 0 6-15
vDO | JMS 0 0 0 0 6-15
PPC IBD X X X X 6-21
VW | JHA X X X X 6-21
PPC JHA X X X X 6-21
FD RLM LO32R -104 -108 -108 1.2 | 56
VW RLM X X X X 6-1
PPC RLM -64 -68 -67 1.59| 6-1
FD IBD -68 -800 -42% M 311 ]| 6-3
FD JMS 0 -60 -0.03* 1.4 | 6-6
VW | JMS -24 -32 -31 26 | 6-15
VDO | JMS 0 -104 -33 *9 6-15
PPC IBD X X X X 6-21
V+W JHA -72 -112 -92 1" 6-21
PPC JHA X X X X 6-21

i

FD RLM | CRACK 36 i -492 -188 183 | 5-6
V+W | RLM 116 40 61 1 6-1
PPC RLM 284 -64 157 70 6-1
FD IBD 252 -732 39 253 | 6-3
FD JMS 340 -24 178 84 6-6
V+W  JMS 80 -24 36 22 6-15
VDO | JMS 68 -104 26 49 6-15
PPC IBD 2220 1256 1585 272 | 6-21
VW | JHA 40 -136 -23 42 6-21
PPC JHA 104 56 68 13 6-21
FD RLM LEVEE 164 16 83 44 5-6
V+W RLM 160 -168 6.4 97 6-1
PPC RLM 492 272 386 58 6-1
FD IBD 252 -120 26 100 | 6-3
FD JMS 88 -76 -16 42 6-6
VW | JMS 20 -40 -21 14 6-15
vDO | JMmS 24 -24 -12 1 6-15
PPC I1BD 2216 -176 163 489 | 6-21
V+W | JHA 852 -16 160 265 | 6-21
PPC JHA 268 12 85 60 6-21




ALTITUDE ERROR SUMMARY
SID/STAR—-GRA32R

(Concluded)

Test
GUID flight
option | Pilot Waypoint Maximum Minimum Average 10 No.
FD RLM GRANY 304 -36 141 74 5-6
V+W RLM 112 -160 17 58 6-1
PPC RLM 2232 412 1431 644 | 6-1
FD 1BD -24 -312 -224 65 6-3
FD JMS X X X X 6-6
VW | JMS 44 -52 4.1 23 6-15
vDO | JMS 64 32 3B 7.2 | 6-15
PPC IBD X X X X 6-21
V+W | JHA 1476 20 57B 471 ) 6-21
PPC JHA 116 -500 -100 184 | 6-21
FD RLM BATUM 324 -92 52 124 | 56
V+W RLM 200 -60 34 73 6-1
PPC RLM 1B60 1720 1435 187 | 6-1
FD IBD 136 -bd 59 63 6-3
FD JMS X X X X 6-6
V+W | JMS 172 -100 5.4 73 6-15
VDO | JMS X X X X 6-15
PPC 1BD X X X X 6-21
VW | JHA 220 -348 9.4 78 6-21
PPC JHA 224 -164 -9.2 122 | 6-21
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TIME ERROR SUMMARY
SID/STAR—GRA32R

Test
GUID tlight
option | Pilot Waypoint Maximum Minimum Average 10 | No.
FD RLM | BR32R 0] 0] 0] 0] 5-6
VW | RLM X X X X 6-1
PPC RLM P 0] 0.086 1.344| 6-1
FD IBD 0] 0] 0] 0] 6-3
FD JMS X X X X 6-6
V+W | JMS 0 0] 0] 0] 6-15
VDO | JMS X X X X 6-15
PPC IBD X X X X 6-21
V+W [ JHA X X X X 6-21
PPC JHA X X X X 6-21
FD RLM | LO32R 1 5 71 18 |56
VW | RLM X X X X 6-1
PPC RLM 21 10 14.27 146 |6-1
FD IBD X X X X 6-3
FD JMS 0] -38 -0.02 0.92 | 6-6
ViW | JMS -22 -53 -37 9.1 6-1%
VDO | JMS 0] -457 -126 106 |6-15
PPC 1BD X X X X 6-21
V+W [ JHA 3 3 3 0] 6-21
PPC JHA X X X X 6-21
FD RLM | CRANK 7 4 5.2 0.99 |56
VW | RLM 0] -9 -4.5 25 |61
PPC RLM 28 10 19.55 20.18| 6-1
FD 1BD -13 -42 -26 88 |6-3
FD JMS -39 -47 -44 2.7 |66
VW | JMS -10 -27 -17 37 |e-18
vDO | JMS -37 -52 -44 48 |6-15
PPC 1BD -16 -18 -17 0.81 |6-21
V+W | JHA 3 0] 1.7 1.1 6-21
PPC JHA 0] -1 -0.98 013 |6-21
FD RLM | LEVEE X 3 X X 5-6
VW | RLM 1 -6 -1.1 22 |61
PPC RLM 31 19 27.51 27.7 |61
FD IBD -6 -13 -8.2 1.8 |63
FD JMS -31 -39 -32 22 |66
V+W | JMS -8 -12 -9.4 0.94 |6-15
vDO |JMS -24 -25 -24 0.46 | 6-15
PPC [ 1BD 26 -21,779 -21 500 |6-21
V+W | JHA 1 -172 -4.7 71 6-21
PPC JHA 1 -10 -2.7 35 )6-21




TIME ERROR SUMMARY
SID/STAR—-GRA32R
{Concluded)

Wavypoint Maximum Minimum Average

GRANY 18 8.9
-6 -8.6
19 8.23
2 -56.3
X X

-13 -18
-34 -36
X X

-24
-10




CROSSTRACK ERROR SUMMARY
SID/STAR-LOF16

Test
GUID ﬂ’.\?m :
option | Pilot Waypoint | Maximum Minimum | Average 10 9.
vDO | RLM | BRP16 0 0 0 0 6-2
PPC RLM X X X X 6-2
FD JRG X X X X 6-12
vDO RLM | KITSP 1272 -2700 -759 1101 6-2
PPC RLM 756 36 321 206 6-2
FD NG 28 -528 -179 136 6-12
vDO RLM | LOP16 280 236 249 3w 6-2
PPC RLM 1076 976 1004 18 6-2
FD JRG -2424 -2504 -2462 25 6-12
VDO |{ RLM LOFAL 864 -3068 -1123 1196 | 6-2
PPC RLM X X X X 6-2
FD JRG 8 -300 -141 91 6-12
VDO | RLM | FREEY 556 -820 2N 265 6-2
PPC RLM 1164 -532 797 426 6-2 f
FD JRG 308 -2532 -966 1159 | 612




ALTITUDE ERROR SUMMARY
SID/STAR—-LOF16

Test
GUID flight
option | Pilot Waypoint | Maximum Minimum | Average 10 No.
vDO RLM BRP16 0 0 0 0 6-2
PPC RLM X X X X 6-2
FD JRG X X X X 6-12
VDO RLM KITSP 224 0 68 50 6-2
PPC RLM 84 -4 37 23 6-2
FD JRG 2992 -112 966 1011 6-12
vDO RLM LOP16 -28 -132 -56 24 6-2
PPC RLM 8 -148 -14 26 6-2
FD JRG -28 -60 -31 6.5 6-12
vDO RLM LOFAL 352 32 84 65 6-2
PPC RLM X X X X 6-2
FD JRG 3160 676 2313 790 6-12
vDO RLM FREEY 228 -132 93 64 6-2
PPC RLM 260 -60 104 64 6-2
FD JRG 88 -96 -16 57 6-12
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TIME ERROR SUMMARY
SID/STAR-LOF16

Test
GUID flight
option | Pilot Waypoint | Maximum Minimum | Average 10 No.
VDO | RLM BRP16 0 0 0 0 6-2
PPC RLM X X X X 6-2
FD JRG X X X X 6-12
VDO | RLM KITSP 17 7 14 3.6 6-2
PPC RLM 6 3 5.1 0.95 6-2
FD JRG 14 -64 8.9 1 6-12
VDO | RLM LOP16 5 0 1.5 1.2 6-2
PPC RLM -19 -43 -3 6.9 6-2
FD JRG -57 -161 -97 30 6-12
vDO RLM LOFAL 16 3 9.2 38 6-2
PPL RLM X X X X 6-2
FD JRG 15 11 14 0.94 6-12
VDO | RLM FREEY 8 -1 2.3 2.7 6-2
PPC RLM -10 -21 -16 3.6 6-2
FD JRG -b4 -57 -56 0.92 6-12




CROSSTRACK ERROR SUMMARY

SID/STAR-BUR13R

Test
GUID flight
option | Pilot Waypoint Maximium | Minimum Average 1o No,
Auto HBR13R X X 27 540 56
Auto X X X x 61
VDO | RLM X X X X 6-2
Auto X X X X 6-3
FD IBD X X X X 64
Auto X X X X 6-5
Auto X x X X 66
Auto X X X X 6-7
Ao 0 -1,804 -4 .4 89 6-7
Auto X X X X 68
Auto X X X X 6-10
Auto X X X X 6-12
PPS JMS X X X X 6-13
Auto 644 0 3.2 45 6-14
PPC JMS X X X X 6-15
Auto X X X X 6-16
Auto X X X X 617
Auto X X X X 6-19
Auto X X X X G6-19
Auto x X A X 6-20
PPS IBD X X X X 8-21
PPS JHA X ® X X 6-23
Auto TUKEWA 1,062 -192 382 494 56
Auto -200 -1,166 -938 263 6-1
VDO | RLM 1,172 428 640 212 6-2
Auto 724 -1.676 -889 B49 6-3
FD I1BD 28 -1,276 =736 506 6-4
Auto -24 -33 -29 27 66
Auto -380 -1,076 -807 195 66
Auta 291,248| -1,308 482 17,010 67
Auto 1,424 -1,704 -G18 1,003 6-7
Auto -340 -1,223 -842 298 6-8
Auto 180 36 m 44 6-10
Auto 76 -432 -191 200 612
PPS JMS 636 128 309 113 6-13
Auto 938 584 695 a3 6-14
PPC JMS 268 -12 150 99 6-15
Auto 8 ~452 -187 176 6-16
Auto X X X X 6-17
Auto G608 -16 243 209 6-19
Auto 16 -440 -179 174 6-19
Auto -B0 -1,356 -910 447 6-20
PPS IBD 128 -1,008 -419 385 6-21
PPS JHA 220 -B2 69 69 6-23
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CROSSTRACK ERROR SUMMARY

SID/STAR-BURI13R

(Continued)

Test
GUID flight
option | Pilot Waypoint Maximum | Minimum | Average 10 No.
Auto FAUNY 11,604 | -1,156 -494 624 5-6
Auto -24 -144 -80 32 6-1
VDO | RLM 924 -1,736 -279 718 6-2
Auto -840 -2,284 -1,783 433 63
FD 18D 56 -868 -394 239 6-4
Auto -62 -66 -65 1.1 6-5
Auto -2,980 -4,624 -4,042 482 6-6
Auto 76 -928 -140 2498 6-7
Auto -104 -808 -406 211 6-7
Auto -294 -980 -588 211 6-8
Auto 48 -548 -102 182 6-10
Auto -4 -1,148 -746 449 6-12
PPS JMS -124 -880 -b54 207 6-13
Auto -32 -680 -226 191 6-14
PPC JMS -156 -588 -341 130 6-15
Auto -216 -1,000 -488 207 6-16
Auto -740 -2,064 -1,551 418 6-17
Auto 636 -88 278 250 6-19
Auto 256 -320 74 157 6-19
Auto -936 -4,364 -2,522 1,055 6-20
PPS 18D 328 -780 -403 259 o2
PPS JHA 128 -472 -70 164 6-23
Auto LO13R 1,004 764 866 70 5-6
Auto 0 1,068 -372 498 6-1
VDO | RLM 460 80 105 192 6-2
Auto 0 -1,684 -457 741 6-3
FD i8D 0 -1,248 -290 521 6-4
Auto 0 -70 -25 23 6-5
Auto -968 -1,028 -1,002 18 6-6
Auto 28,768 | -1,328 -138 1,924 6-7
Auto -1,704 -1,804 -1,770 26 6-7
Auto 0 -412 -142 182 6-8
Auto X X X X 6-10
Auto 0 -440 -117 185 6-12
PPS JMS X X X X 6-13
Auto 728 636 671 22 6-14
PPC JMS 280 0 70 107 6-15
Auto -440 -528 -488 24 6-16
Auto X X X X 6-17
Auto 608 0 322 273 6-19
Auto -220 - 460 -423 25 6-19
Auto 0 -1,368 -565 664 6-20
PPS IBD X X X X 6-21
PPS JHA 220 0 87 80 6-23




CROSSTRACK ERROR SUMMARY
SID/STAR—BUR13R

(Concluded)

Test
GUID flight
option | Pilot Waypoint Maximum| Minimum | Average 10 No.
Auto BURIN -152 -2,332 -1,032 686 5.6
Au*s 8 -2,312 -1,018 755 6-1
vDO RLM 1,212 -4,046 -1,380 | 2,025 6-2
Auto 764 -1,992 -731 735 6-3
FD 18D 168 -1,912 -576 581 6-4
Auto -32 -65 -51 9.9 6-5
Auto -240 -3,516 -657 724 6-6
Auto 100 -1,196 -408 476 6-7
Auto 1,484 -2,024 -491 , 393 6-7
Auto 356 -3,208 -1,034 1,075 6-8
Auto 80 -2,192 -792 096 6-10
Auto 100 -1,864 -725 568 6-12
PPS JMS 904 -1,796 -298 8§58 6-13
Auto 984 -1,912 -596 775 8-14
PPC JMS 20 -1,884 -755 577 6-15
Auto -92 -976 -367 21 6-16
Auto -232 -2,164 -1,207 552 6-17
Auto -72 -200 -148 27 6-19
Auto -260 -320 -291 12 6-19
Auto -260 -4,584 -2,802 1,608 6-20
PPS 18D -168 -688 -2 158 6-21
PPS JHA 0 -560 -279 135 6-23
Auto SOUND -292 -1,028 -57 185 5-6
Auto 16 -812 -137 133 6-1
vDO RLM 1,172 -1,952 350 785 6-2
Auto 108 -832 -201 219 6-3
FD 18D 2,496 -252 155 489 6-4
Auto -57 -63 -61 1.8 6-5
Auto -2,980 -4,624 -4,042 482 6-6
Auto 148 -232 -16 88 6-7
Auto 128 -480 -70 147 6-7
Auto 28 -252 -66 52 6-8
Auto 188 -100 7.5 83 6-10
Auto 1,772 8 1,163 449 6-12
PPS JMS 3,332 -132 1,599 1,071 6-13
Auto 116 -92 -16 52 6-14
PPC JMS 416 -156 219 151 6-15
Auto 36 -208 -60 65 6-16
Auto 148 -728 -34 195 6-17
Auto -340 -420 -381 13 6-19
Auto 16 -668 -427 228 6-19
Auto 60 -1,184 -479 375 6-20
PPS IBD 1,024 -116 535 363 6-21
PPS JHA 580 -88 154 160 6-23
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ALTITUDE ERROR SUMMARY

SID/STAR—BUR13R

Test
GUID flight
option | Pilot Waypoint Maximum | Minimum | Average 10 No.
Auto BR13R X X X X 5-6
Auto X X X X 6-1
VDO | RLM X X X X 6-2
Auto X X X X 6-3
FD 1BD X X X X 6-4
Auto X X X X 6-5
Auto X X X X 6-6
Auto X X X X 6-7
Auto 0 -52 -0.13 26 6-7
Auto X X X X 6-8
Auto X X X X 6-10
Auto X X X X 6-12
PPS JMS X X X X 6-13
Auto 0 -36 -0.18 25 6-14
PPC JMS X X X X 6-15
Auto X X X X 6-16
Auto X X X X 6-17
Auto X X X X 6-19
Auto X X X X 6-19
Auto X X X X 6-20
PPS 18D X X X X 6-21
PPS JHA X X X X 6-23
Auto TUKWA X -1,360 X X 5-6
Auto 932 -660 304 179 6-1
VDO | RLM 188 -148 116 7 6-2
Auto 172 24 102 31 © 63
FD IBD 528 -128 363 154 6-4
Auto 96 -128 -24 50 6-5
Auto 312 -32 223 72 6-6
Auto 36 -1,052 -375 457 6-7
Auto 216 -216 30 136 6-7
Auto 708 -64 158 156 6-8
Auto 88 -72 12 44 6-10
Auto 84 -44 18 37 6-12
PPS JMS 324 60 222 77 6-13
Auto 280 -48 170 76 6-14
PPC JMS 276 -124 153 108 6-15
Auto 8 -100 -14 24 6-16
Auto X X X X 6-17
Auto 192 -192 57 122 6-19
Auto 52 -220 -120 90 6-19
Auto 416 -32 an 86 6-20
PPS 18D 188 68 114 21 6-21
PPS JHA 108 -72 60 43 6-23




ALTITUDE ERROR SUMMARY
SID/STAR—-BUR13R

(Continued)

Test
GUID flight
option | Pilot Waypoint Maximum |Minimum | Average 10 No.
Auto FAUNY 104 -44 8 29 5-6
Auto 1,060 -3,052 976 459 6-1
VDO | RLM 160 -56 68 75 6-2
Auto 88 -36 10 24 6-3
FD 18D 40 -68 -16 20 6-4
Auto 88 -40 -3.1 27 6-5
Auto 84 -80 -5 34 6-6
Auto 9,996 -48 112 1,021 6-7
Auto 92 -32 7.7 27 6-7
Auto 88 -36 12 24 6-8
Auto 96 -32 14 26 6-10
Auto 4 -208 -1 60 6-12
PPS JMS 200 100 59 33 6-13
Auto 80 -36 1 23 6-14
PPC JMS 212 72 169 44 6-15
Auto 60 -48 -0.01 14 6-16
Auto 32 -176 -64 46 6-17
Auto 52 -40 -8 . 16 6-19
Auto 48 -40 -3.6 16 6-19
Auto -100 -324 206 58 6-20
PPS 18D 208 120 150 21 6-21
PPS JHA 140 0 63 51 6-23
Auto LO13R -8 -116 -26 28 5-6
Auto 0 -28 -8.5 11.5 6-1
vDO | RLM 0 -156 -54 59 6-2
Auto 20 -44 -5.2 15 6-3
FD 18D 0 -132 -30 55 6-4
Auto 0 -128 -48 40 6-5
Auto -24 -36 -28 3.3 6-6
Auto 0 -1,052 -29 134 6-7
Auto -48 -220 -73 4.3 6-7
Auto 0 -64 -3 8.5 6-8
Auto X X X X 6-10
Auto 0 -44 -8.2 13 6-12
PPS JMS X X X X 6-13
Auto -32 -36 -36 1.2 6-14
PPC JMS 0 -128 -16 27 6-15
Auto -56 -104 -63 7.3 6-16
Auto X X X X 6-17
Auto 0 -196 -44 46 6-19
Auto -44 -188 -65 33 6-19
Auto 0 -36 -15 17 6-20
PPS 18D X X X X 6-21
PPS JHA 0 -76 -22 v 6-23

P—
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ALTITUDE ERROR SUMMARY
SID/STAR—-BUR13R
(Concluded)

GUID
option

Waypoint

Maximum |Minimum

Average

Auto
Auto
vDO
Auto
FD
Auto
Auto
Auto
Auto
Auto
Auto
Auto
PPS
Auto
PPC
Auto
Auto
Auto
Auto
Auto
PPS
PPS

BURIN

44 X
1,524 -2,964
184 -128
180
564
452
340
14,364
256
1,376
40

48

288
316
296

4

32

8

0

X

X
527
6.4
54

Auto
Auto
vDO
Auto
FD
Auto
Auto
Auto
Auto
Auto
Auto
Auto
PPS
Auto
PPC
Auto
Auto
Auto
Auto
Auto
PPS
PPS




TIME ERROR SUMMARY
SID/STAR—-BURI13R

GUID
option

Waypoint

Maximum

Minimum

Average

N
Q

Auto
Auto
vDO
Auto
FD
Auto
Auto
Auto
Auto
Auto
Auto
Auto
PPS
PPC
Auto
Auto
Auto
Auto
Auto
PPS
PPS

BR13R

X
X
X
X
X
X
X
X
0
X
X
X
X
X
X
X
X
X
X
X
X

XXXXXXXXXXXX&XXXXXXXX

5y
[=2]

XX XHXHXXXXXXXOXX XXX XXX

XX XXX HKHKHKHKXX = XX XXX XXX

—_

Auto
Auto
vDO
Auto
FD
Auto
Auto
Auto
Auto
Auto
Auto
Auto
PPS
PPC
Auto
Auto
Auto
Auto
Auto
PPS
PPS




216

TIME ERROR SUMMARY
SID/STAR-BURI13R

{Continued) -

1 Test
GUID fhght
optior | Pilot Waypoint Maximum | Minimum | Average 10 No.,
Auto FAUNY X X X X 56
Auto -129 -145 -144 2.4 6-1
VDO | RLM -49 -51 -49 0.5 6-2
Auto -203 -235 -217 9.1 6-3
FD IBD -45 -49 -17 1.2 6-4
Auto -63 -66 -65 1.1 6-5
Auto -75 -90 -82 45 6-6
Auto -37 -39 -38 0.44 6-7
Auto -17 -23 -20 1.9 6-7
Auto -58 -67 -62 26 6-8
Auto 0 0 0 0 6-10
Auto -39 -48 -43 2.4 6-12
PPS JMS -38 -39 -38 0.43 613
PPC JMS -21 -30 -25 2.5 6-15
Auto 1 -7 -4.7 1.5 6816
Auto 43 X X X 6-17
Auto 0 -210 -0.71 0.58 6-19
Auto -12 -18 -15 1.8 6-19
Auto -8 -15 -1 2 6-20
PPS IBD -13 -87,399 | -239 4,412 6-21
PPS JHA -25 -29 -26 1.3 6-23
Auto LO13R X X X X 5-6
Auto 0 -769 -117 186 6-1
vDO | RLM 0 -38 -12 13 6-2
Auto 0 -496 -95 159 6-3
FD IBD 1 -5 -6 1.3 6-4
Auto 0 -70 -25 23 6-5
Auto -76 -216 -129 40 6-6
Auto 0 -24 /-4.1 8.1 6-7
Auto -22 -223 -59 44 6-7
Auto 0 -42 -1 15 6-8
Auto X X X X 6-10
Auto 0 -23 -4.8 7.8 6-12
PPS JMS X X X X 6-13
PPC JMS 0 -65 -9 15 6-15
Auto 4 1 2.1 0.74 6-16
Auto X X X X 6-17
Auto 20 0 8.8 7.7 6-19
Auto -18 -117 -43 24 6-19
Auto 6 0 1.1 1.7 6-20
PPS 18D X X X X 6-21
PPS JHA 0 -14 -47 4.6 6-23




TIME ERROR SUMMARY
SID/STAR-BUR13R
{Concluded)

Waypoint Maximum |Minimum

BURIN X X
-126 -149
-25 -50
-48 -240
-20 -48
-32 -65
-89
-37
-36
-66
0




CROSSTRACK ERROR SUMMARY
SID/STAR—WENT4L

Test
GUID flight
option | Pilot | Waypoint Maximum Minimum | Average 10 No.
vDO | JMS EAT 3116 -2184 504 1711 6-11
PPC JMS 696 -1000 -357 553 6-11
vDO | 18D 1084 248 577 234 6-17
vDO | JMS TD14L 4748 0 1714 1740 6-11
PPC JMS 2948 -112 1165 1235 6-11
vDO | 18D 5188 0 24v4 2069 6-17
vDO | JMS EPH 603 -2352 1796 11427 | 6-11
696
PPC JMS 436 -708 52 259 6-11
vDO | 18D 2856 136 1210 843 6-17
vDO | JMS CRACK 337 -1196 1997 22761 | 6-11
794
PPC JMS 360 28 131 84 6-11
vDO | 18D 2092 -1248 -74 998 6-17




ALTITUDE ERROR SUMMARY
SID/STAR—-WEN14L

GUID
option Waypoint Maximum Minimum Average

vDO EAT 660 116 431
PPC 760 64 407
vDO 484 180 377

VDO 40 -288 -69
PPC 0 -404
VDO 40 -2712 -86

vDO -1052 40
PPC -1052
VDO -704 3.6

vDO -1052
PPC -1052
vDO -108




TIME ERROR SUMMARY
SID/STAR--WEN14L

GUID
option Waypoint Maximum Minimum

vDO EAT 6
PPC 6
vDO 2

vDO 29
PPC 7
vDO 37

vDO 19
PPC 31
vDO 1

VDO 28
PPC -4
VDO




CROSSTRACK ERROR SUMMARY

SID/STAR—-CON32R

Test
GUID flight
option | Pilot Waypoint Maximum | Minimum | Average 10 No.
FD RLM | CONNL 616 -172 323 222 5-6
V+W | RLM 1,456 1,168 1,359 84 6-1
PPC RLM 72 ~-324 -76.5 109.4 6-1
FD JMS 17,164 516 4,012 4,684 6-6
V+W | JMS 708 -1,652 -277 673 6-15
PPC JMS X X X X 6-15
PPC JHA 112 -48 37 46 6-18
PPC 18D X X X X 6-21
V+W | JHA 160 -5,116 -1,557 1,687 6-21
FD JHA 220 -444 -187 247 6-21
FD RLM | WARDN 316 -952 -161 327 5-6
V+W | RLM 1,436 -858 330 51 6-1
PPC RLM 936 -280 224 261 6-1
FD JMS 17,176 2,364 8,703 4,649 6-6
V+W | JMS 148 -5,100 -1,932 1,812 6-15
PPC JMS 388 -80 146 98 6-15
PPC JHA 368 -8 215 91 6-18
PPC 18D X X X X 6-21
V+W | JHA 308 -1,620 -224 570 6-21
FD JHA 644 -368 266 280 6-21
FD RLM | PELIN 896 -60 146 144 5-6
V+W RLM 816 56 502 168 6-1
PPC RLM 584 28 166.7 120.8 6-1
FD JMS 2,344 -1,736 -55 556 6-6
V+W | JMS 876 88 434 204 6-15
PPC JMS 244 196 225 1 6-15
PPC JHA 288 28 155 65 6-18
PPC 18D 176 8 68 46 6-21
V+W | JHA 524
FD JHA X
FD RLM | MN32R X
V+W RLM 476
PPC RLM 88
FD JMS X
V+W | UMS 324
PPC JMS 204
PPC JHA 456
PPC IBD 176
V+W | JHA 316
FD JHA X




CROSSTRACK ERROR SUMMARY
SID/STAR—-CON32R

(Concluded)

GUID
option Waypoint Maximum | Minimum | Average

FD TD32R
VW
PPC
FD

V+W
PPC
PPC
PPC
V+W
FD

X X
-132 -57
-508 -471.5

X X
=212 -39

X X

0 147
-40 -19

0 42

X X

(=2}

x;owxoxoox




ALTITUDE ERROR SUMMARY
SID/STAR—-CON32R

GUID
option

Waypoint

Maximum

Minimum

Average

FD
VW
PPC
FD
V+W
PPC
PPC
PPC
V+W
FD

CONNL

152

-204
544
44
240
X
288
X
340
296

-28

-288
380

-588
52
X

X

-80

42
-253
441
-97
135
X
219
X
6.7
63

FD

456
92
380
24
240
204
288
X
340
300

-28

32

MM32R




224

ALTITUDE ERROR SUMMARY
SID/STAR—CON32R

(Concluded)

| Test
GUID | tlight
option | Pilot | Waypoint Maximum | Minimum | Average 10 No.
FD RLM | TD32R 0 -136 -55 64 5-6
V+W RLM 0 -84 =27 31 6-1
PPC RLM 0 -132 -93.4 19.9 6-1
FO JMS X X X X 6-15
V+W JMS 0 -6 -99 23 6-15
PPC JMS X X X X 6-15
PPC JHA 4 -92 -17 27 6-18
PPC IBD 0 -68 -39 28 6-21
VW JHA 0 -108 -49 44 6-21
FD JHA X X X X 6-21




TIME ERROR SUMMARY
SID/STAR—CON32R

Test
GUID flight
option | Pilot Waypoint Maximum |Minimum | Average 10 No.
FD RLM CONNL 1 0 on 0.41 5-6
V+W RLM -8 -9 -89 0.29 6-1
PPC RLM 0 -1 -0.12 0.32 6-1
FD JMS -37 -60 -54 29 6-6
V+W | JMS 5 4 45 0.5 6-15
PPC JMS X X X X 6-15
PPC JHA 1 0 0.86 0.34 6-18
PPC 18D X X X X 6-21
V+w | JHA 5 -8 -5.2 23 6-21
FD RLM | WARDN 2 0 0.89 0.9 5-6
VW RLM 1 -8 -1 2.2 6-1
PPC RLM 1 0 0.09 0.29 6-1
FD JIs -4 -37 -14 6.3 6-6
VW | JMS 8 -2 3.8 3 6-15
PPC JMS 2 -1 0.71 0.85 6-15
PPC JHA 4 0 1.4 1.6 6-18
PPC 18D X X X X 6-21
VW | JHA 5 -2 1.4 2.2 6-21
FD RLM PELIN 4 0 1.2 1.2 5-6
V+W RLM 3 -2 0.67 1.2 6-1
PPC RLM 2 -1 0.65 1.07 6-1
FD JMS 18 -5 8.1 7.6 6-6
V+W | JMS -2 -2 3.8 3 6-15
PPC JMS X X X X 6-15
PPC JHA 1 0 0.32 0.47 6-18
PPC 18D 2 -3 -0.95 1.2 6-21
VW | JHA 1 0 0.30 0.46 6-21
FD RLM MM32R 6 4 48 0.64 5-6
V+W RLM 7 1 24 1.7 6-1
PPC RLM 16 2 7.61 23 6-1
FD JMS X X X X 6-6
VW | JMS 0 -3 -1.8 0.81 6-15
PPC JMS -2 -6 -4.6 1.4 6-15
PPC JHA 0 -8 -4 29 6-18 .
PPC 18D 1 0 0.07 0.26 6-21
V+W | JHA 0 -6 -2.8 24 6-21

et
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TIME ERROR SUMMARY
SID/STAR—CON32R

(Concluded)
Test
GUID flight
option | Pilot Waypoint | Maximum| Minimum | Average 10 No.
FD RLM | TD32R 8 0 2.9 3.3 5-6
V+W | RLM 0 3.8 4.1 6-1
PPC RLM 19 0 17 2.3 6-1
FD JMS X X X 6-6
V+W | JMS 3 0 0.45 0.88 6-15
PPC JMS 6-15
PPC JHA -7 X X X 6-18
PPC 1BD 2 0 0.6 0.5 6-21




CROSSTRACK ERROR SUMMARY
SID/STAR-MOU16

Test
GUID flight
option | Pilot Waypoint Maximum | Minimum | Average 10 No.
VDO RLM | MOUVN 1,480 -548 317 639 6-2
FD JRG X X X X 6-12
FD JRG X X X X 6-12
PPS JHA 176 -68 30 58 6-17
PPC JHA 516 220 349 75 6-17
VDO | RLM | TDZ16 7,736 0 5,087 2,246 6-2
FD JRG 816 0 204 216 6-12
FD JRG 784 0 247 300 6-12
PPS JHA 0 -320 -118 109 6-17
PPC JHA 96 -1,236 -752 521 6-17
VDO RLM | FLORE 1,708 736 1,100 317 6-2
FD JRG 18,144 -2,772 1,34% 4,937 6-12
FD JRG 188 -980 -345 377 6-12
PPS JHA -40 -160 -112 28 6-17
PPC JHA 540 -180 153 242 6-17
vDO RLM | HATID 1,760 -112 533 639 6-2
FD JRG 840 -160 224 358 6-12
FD JRG 296 -240 -38 121 6-12
PPS JHA 68 0 52 13 6-17
PPC JHA 128 -12 29 31 6-17

~J




ALTITUDE ERROR SUMMARY
SID/STAR-MOU16

GUID
opticn

Waypoint

Maximum | Minimum | Average

VDO
FD
FD
PPS
PPC

MOUVN

-236

-104
X
X

15

vDO
FD
FD




TIME ERROR SUMMARY
SID/STAR-MOU16

Waypoint Maximum | Minimum

MOUVN




CROSSTRACK ERROR SUMMARY
SID/STAR—-COR32R

GUID
option

Waypoint

Maximum

Minimum

Average

FD
FD
FD
VDO
PPS
PPC
FD
VW
PPC

CORFU

=772
556
884
4360
1092
X
r.36
1680
184

-2452
-152
424
-1196
-32
X
16

28

-1708
89
536
562
219
X
197
612
73

FD
FD
FD

292
772
912
4748
1472
X
536
32
496

400
876
320
7004
724
2340
1764
3012
356

216
488
292
15128
492
936
1348
4144
360




CROSSTRACK ERROR SUMMARY
SID/STAR—COR32R

(Concluded)
Test
GUID flight
option | Pilot Waypoint Maximum | Minimum | Average 10 No.
FD RLM | TD32R 0 -728 -298 259 5-6
FD IBD 48 -380 -212 155 6-3
FD JMS X X X X 6-5
vDO | JMS 724 -200 209 305 6-6
PPS JMS -540 -1048 -935 157 6-6
PPC JMS 0 -1836 -796 748 6-6
FD JHA X X X X 6-6
V+W | JHA X X X X 6-6
PPC IBD 0 -440 -143 155 6-21

31




ALTITUDE ERROR SUMMARY
SID/STAR—-COR32R

GUID
option

Pilot

Waypoint

Maximum

Minimum

Average

10

Mo.

FD
FD
FD
VDO
PPS
PPC
FD
V+W
PPC

RLM
18D
JMS
JMS
JMS
JMS
JHA
JHA
IBD

CORFU

-4
68
152
176
92

24
20
172

-232
32

-127

80
9.0
16
61
52

23
20
18

5-6
6-3
6-5
6-6
6-6
6-6
6-6
6-6
6-21

FD
FD
FD

RLM
18D
JMS

OTHEO

-184

76

-137

98

24
22
13

56
6-3
6-5




ALTITUDE ERROR SUMMARY
SID/STAR-COR32R

(Concluded)

.' Test

GUID ,- flight
option Pilot | Waypoint | Maximum | Minimum | Average ;flo' No.
FD RLM | TD32R 64 -128 -27 1'57 5-6
FD 1BD 240 -156 15 , 108 6-3

FD JMS X X X i X 65

vDO JMS 80 -80 -1.3 I 37 6-6

pps | Jms X X x | x 66

PPC | JMS 0 -528 -216 / 211 6-6

FD JHA X X X X 6-6

V+W | JHA X X X X 6-6

PPC IBD 8 -96 -256 {4 25 6-21

t9
(78}
w




TIME ERROR SUMMARY
SID/STAR-COR32R

Test
GUID flight
option | Pilot Waypoint Maximum | Minimum | Average 10 No.
FD RLM | CORFU -9 -12 -1 1 5-6
FD iBD 1 0 0.41 0.49 6-3
FD JMS -5 -13 -8.6 26 6-5
VDO |JMS 1 -22 -n 6.2 6-6
PPS | JMS -6 -23 -14 5.2 6-6
FD JHA "0 0 0 0 -6
viw | JHA 0 -4 -1 1.2 6-6
prc | 1BD 1 0 0.01 0.08 6-21
FD RLM | OTHEO 0 -9 -4.1 24 5-6
FD iBD 1 0 0.61 0.49 6-3
. FD JMS 0 -5 -2 15 6-5
VDO |JMS 2 -3 -1.3 15 6-6
PPS | JIMS 5 -6 -0.77 3.2 66
FD JHA 2 0 047 | 066 66
VW [ JHA B 0 4 2.1 6-6
PPC | IBD 1 0 0.20 0.40 6-21
FD RLM | PROPE 0 0 0 0 5-6
FD IBD 1 0 0.8 0.40 6-3
FD JMS 3 0 1.1 0.68 6-5
VDO |JMS 14 2 9.7 4.1 6-6
PPS | JMS 15 8 13 2.1 6-6
, FD JHA n 2 7.2 3.3 66
| VAW | JHA 18 8 13 3.1 6-6
PPC | 1BD 1 0 1 0.05 6-21
. FD | RLM | PELIN 40 0 15 15 5-6
i FD IBD 2 -1 0.19 0.94 6-3
| FD JMS 6 -2 2.3 2.7 6-5
VDO |JMS =g 8] -12 4.3 6-6
PPS | JMS 14 0 29 4 6-6
FD JHA 1 0 28 28 66
V+W | JHA 19 -5 1 7.1 6-6
prc |18BD 2 -2 0.73 0.48 6-21
FD RLM | TD32R 2 -6 -2.7 26 5-6
' FD 1BD 0 -7 -3.7 2.6 6-3
FD JMS X X X X 6-5
q vDO |JMS 5 -3 -0.54 2.1 6-6
PPS | JMS 4 -1 1.3 16 6-6
FD JHA X X X X 6-6
v+W | JHA X X X X 6-6
ppCc | 1BD 16 X X X 8-21

234
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CROSSTRACK ERROR SUMMARY
SID/STAR—-TIG13R

[ Test
GUID flight
option | Pilot Waypoint Maximum | Minimum | Average 10 No.
FD JMS TIGER X X X X 6-5
Auto -8 -132 -81 33 6-6
Auto 88 -832 -1 85 6-7
Auto 88 -332 -129 93 6-7
Auto 16 -548 -165 138 6-8
PPC JMS X X X X 6-13
Auto -280 -940 -640 189 6-14
vDO | JMS X X X X 6-15
Auto X X X X 6-16
V+W | JHA -52 -312 -202 70 6-18
Auto 39,880 | -13,836 7,477 16,400 | 6-19
Auto -24 -452 -178 138 6-19
FD JMS VASHN 288 -152 102 92 6-5
Auto -16 -280 -175 73 6-6
Auto 68 -18,072 | -94 725 6-7
Auto 48 -340 -72 97 6-7
Auto 36 -340 -81 97 6-8
PPC JMS 564 0 319 178 6-13
Auto 0 -292 -94 51 6-14
vDO | JMS 956 248 591 263 6-15
Auto 0 -372 -116 73 6-16
VW | JHA 428 -700 11 297 6-18
Auto 56 -496 -97 129 6-19
Auto 28 -380 -90 97 6-19
FD JMS MAGNA X X X X 6-5
Auto 176 -948 -179 351 G-6
Auto 41,736 | -388 -72 1,319 6-7
Auto 508 -192 23 93 6-7
Auto 288 -212 3.2 78 6-8
PPC JMS 8 -140 -62 34 6-13
Auto 356 -268 -80 106 6-14
vDO | JMS -956 -956 -956 3.2 6-15
Auto 108 -200 -66 68 3-16
VW | JHA 8,972 -788 1,705 2622 \-18
Auto 60 -152 -49 51 6-19
Auto 128 20 76 26 6-19

235




CROSSTRACK ERROR SUMMARY
SID/STAR-TIG13R

(Concluded)
GUID
option { P1ot | Waypoint Maximum |Minimum
FD JME BASIN 136 36
Auto X X
Auto 68 -416
Auto X X
Auto 108 8
PPC JMS 0 -60
Auto X X
vDO | JMS Y X
Auto 196 0
V+W | JHA 608 -1,216
Auto 176 -196
Auto 80 -416
FD JMS TD13R X X
Auto X X
Auto 0 -484
Auto X X
Auto 36 -340
PPC JMS 676 -8
Auto 16 -844
vDO | JMS -956 -956
Auto 116 6
VW | JHA X X
Auto X X
Auto 0 -404




ALTITUDE ERROR SUMMARY
SID/STAR-TIG13R

Test
GUID flight
option | Pilot Waypoint Maximum {Minimum | Average 10 No.
FD JMS TIGER X X X X 6-5
Auto 8 -56 =21 6.8 6-6
Auto 100 -32 0.23 13 6-7
Auto 100 -44 -0.67 14 6-7
Auto 120 -28 3.4 15 6-8
PPC JMS X X X X 6-13
Auto 96 -24 -0.97 10 6-14
vDO |JMS X X X X 6-15
Auto X X X X 6-16
V+W | JHA 28 -56 -37 18 6-18
Auto 3,404 0 1,413 1,251 6-19
Auto 84 -376 -166 151 6-19
FD JMS VASHN 112 -12 55 31 6-5
Auto 12 -1,128 -294 385 6-6
Auto 8 -32 26 3.7 6-7
Auto 8 -32 3 35 6-7
Auto 8 -24 21 34 6-8
PPC JMS 56 -20 1 19 6-13
Auto 24 -24 15 57 6-14
vDO [|JMS -20 -76 -52 15 6-15
Auto 8 -28 0.60 1.8 6-16
vV+W | JHA 60 -64 9.4 23 6-18
Auto X X X X 6-19
Auto 84 -8 21 8.5 6-19
FD JMS MAGNA 36 -64 -13 28 6-5




ALTITUDE ERROR SUMMARY

SID/STAR-TIGI3R

(Concluded)

Test
GUID flight
option | Pilot Wavpoint Maximum | Minimum | Average 10 No.
FD JMS BASIN -32 -64 -48 8.1 6-5
Auto X X X X 6-6
Auto 20 -1,052 -25 125 6-7
Auto X X X X 6-7
Auto 12 -36 0.72 1 6-8
PPC JMS 52 -28 3.1 20 6-13
Auto X X X X 6-14
vDO | JMS X X X X 6-15
Auto 36 -16 18 11 6-16
v+W | JHA 32 -2,716 -121 141 6-18
Auto X X X X 5-19
Auto 72 -12 31 21 6-19
FD JMS
Auto
Auto
Auto
Auto
PPC JMS
Auto
vDO | JMS
Auto
V+W | JHA
Auto

Auto




TIME ERROR SUMMARY

SID/STAR—TIG13R

Test
GUID flight
option | Pilot Waypoint Maximum |Minimum | Average 10 No.
FD JMS TIGER X X X X 6-5
Auto -47 -64 -56 5.1 6-6
Auto 3 0 0.69 0.80 6-7
Auto 1 0 0.12 0.33 6-7
Auto 0 -7 -1.3 2 6-8
PPC JMS X X X X 6-13
Auto 1 0 0.42 049 6-14
vDO | JMS X X X X 6-15
Auto X X X X 6-16
V+W | JHA 0 -1 -0.10 0.30 6-18
Auto 1 -49 -28 19 6-19
Auto 8 0 2.8 2.6 6-19
FD JMS VASHN 1 0 0.23 042 6-5
Auto -6 -46 -31 12 6-6
Auto 2 0 o.m 0.04 6-7
Auto 1 0 0.01 0.03 6-7
Auto 1 0 0.09 0.29 6-8
PPC JMS 4 0 1.8 0.95 6-13
Auto 2 0 0.13 0.34 6-14
VDO | JMS 4 -2 0.03 1.8 6-15
Auto 2 0 0.07 0.25 6-16
V+W [ JHA 2 0 0.12 0.32 6-18
Auto N.49 -49 -49 0 6-19
Auto 22 0 12 6.1 6-12
FD JMS MAGNA 2 -2 0.08 0.72 6-5
Auto 25 -6 17 7.7 6-6
Auto 1 -2 -0.26 0.65 6-7
Auto 1 -2 -0.16 0.59 6-7
Auto 4 -2 0.82 1.5 6-8
PPS JMS 1 -5 -1.6 2 6-13
Auto 1 -1 0.19 0.56 6-14
vDO | JMS 1 -1 0.15 044 6-15
Auto 3 -1 0.46 0.98 6-16
V+W | JHA - 24 -1 9.2 8.5 6-18
Auto -49 -49 -49 0 6-19
Auto 0 -2 -0.29 0.49 6-19

et it g =t Tt o it . oot 2
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TIME ERROR SUMMARY
SID/STAR-TIG13R
(Concluded)

Test
GUID flight

option | Pilot Waypoint Maximum | Minimum | Average 10 No.

]

A FD | JMs | BASIN 3 1 1.2 044 | 65

Auto X X X X 6-6

Auto 2 -3 0.07 1.8 6-7

A Auto X X X X 6-7

. | Auto 2 0 1.3 046 | 68
- PPC JMS 1 -3 -1.6 1.2 6-13
A Auto X X X X 6-14
vbDO | JMS X X X X 6-15
Auto 96 0 5.2 4 6-16
V+W | JHA 3 -6 -1.3 25 6-18
Auto -49 -49 -49 0 6-19
L Auto 1 -4 -2.9 1.5 6-19

FD JMS TD13R X X X X 6-5

Auto X X X X 6-6

Auto 0 -7 -4.8 2.3 6-7

» Auto X X X X 6-7

' 1 Auto 0 0 0 0 68
: PPC JMS 6 -5 -2.2 24 6-13
Auto 5 2 24 0.70 6-14
) vDO | JMS 3 -2 -0.57 1.5 6-15
e Auto 11 0 4.5 3.9 6-16
£ V+W JHA X X X X 6-18
& Auto X X X X 6-19
- Auto 5 -12 -8 4.3 6-19
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CROSSTRACK ERROR SUMMARY
SID/STAR—EDM16

Test
GUID flight
option | Pilot Waypoint Maximum [ Minimum | Average 10 No.
Auto EDMOS -1,168 -1,656 -1,441 133 5-6
VDO | RLM 3,944 488 2,913 1,091 6-2
PPS RLM -480 -8,388 -1,879 1,752 6-2
Auto -32 -37,584 | -499 2,701 6-7
Auto -152 -760 -364 177 6-7
Auto 8 -340 -105 107 6-8
Auto -248 -340 -296 -19 6-16
Auto 0 -248 -126 67 6-19
Auto -268 -508 -351 74 6-19
Auto -52 -108 -83 1n 6-20
FD IBD -364 -424 -394 13 6-21
Auto TABLE -420 -1,784 -1,381 433 5-6
VDO | RLM 3,416 616 1,625 819 6-2
PPS RLM 1,812 464 1,272 371 6-2
Auto -100 -15,904 | -578 839 6-7
Auto 28 -620 -325 264 6-7
Auto 128 -360 -139 200 6-8
Auto -172 -420 -325 60 6-16
Auto 48 -348 -133 145 6-19
Auto -120 -600 -375 139 6-19
Auto 388 -60 202 161 6-20
FD IBD -40 -432 -259 132 6-21
Auto HATID 408 -2,672 -26 608 5-6
VDO | RLM 2,092 -3,996 -980 1,880 6-2
PPS RLM -1,376 -4,737 -2,487 1,022 6-2
Auto 416 -340 98 118 6-7
Auto 196 -72 78 70 6-7
Auto 288 8 174 68 6-8
Auto 100 -540 =21 212 6-16
Auto 7,100 -700 1,779 2,439 6-19
Auto 116 -20 56 38 6-19
Auto 348 -60 140 87 6-20
FD IBD 216 -392 0.77 102 6-21
Auto TDZ16 -2,600 -2,720 -2,691 26 5-6
VDO | RLM 2,168 0 1,452 622 6-2
PPS RLM -1,736 -4,356 -3,726 861 6-2
Auto 0 -64,352 516 1,679 6-7
Auto 108 -700 -357 273 6-7
Auto 56 -928 -398 373 6-8
Agto 0 -1,288 -808 396 6-16
Auto X X X X 6-19
Auto 208 0 105 54 5-19
Auto 88 0 49 23 6-20
FD IBD 8 -860 -339 351 6-21
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ALTITUDE ERROR SUMMARY
SID/STAR—-EDM16

GUID
option Waypoint Maximum | Minimum

Auto EDMOS -4
vDO
PPS

Auto
Auto
Auto
Auto
Auto
Auto
Auto

Auto
vDO
PPS

Auto
Auto
Auto
Auto
Auto
Auto
Auto

Auto
VDO
PPS

Auto
Auto
Auto
Auto
Auto
Auto
Auto

Auto
vDO
PPS

Auto
Auto
Auto
Auto
Auto
Auto
Auto




TIME ERROR SUMMARY
SID/STAR-EDM16

GUID
option

Waypoint

Maximum

Minimum

Average

Auto
vDO
PPS

Auto
Auto
Auto
Auto
Auto
Auto
Auto

EDMOS

1

0.25

-40
34
X

4.1
0
0
0
76

Auto
vDO
PPS

Auto
Autoc
Auto
Auto
Auto
Auto
Auto

Auto
vDO
PPS

Auto
Auto
Auto
Auto
Auto
Auto
Auto

(34}

W =00 = =N & =

Auto
vDO
PPS

Auto
Auto
Auto
Auto
Auto
Auto
Auto

—_ W _ - N = W
¥ % P2 (&)




CROSSTRACK ERROR SUMMARY
SID/STAR—EPH32R

Test
GUID flight
uption | Pilot Waypoint | Maximum Minimum | Average 10 No.
Auto EPH 120 -32 42 45 6-3
Auto 216 -80 17 1 6-5
Auto 296 0 137 59 6-6
PPS JMS -4,316 -5,392 -4,854 318 6-13
Auto X X X X 6-17
Auto DUSTY 148 -80 38 48 6-3
Auto 48 -1562 12 43 6-5
Auto 316 8 141 1 6-6
PPS JMS -20 -6,964 -3,298 2,206 6-13
Auto X X X X 6-17
ALlo PELIN 228 -280 57 106 6-3
Auto 25,712 -132 -31 65 6-5
Auto 120 -876 -12 146 6-6
PPS JMS 548 -260 126 212 6-13
Auto X X X X ;617
Auto TD32R -260 -788 -547 145 ° 6-3
Auto 604 -980 -19 473 6-5
Auto 0 -1,756 -i,190 531 6-6
PPS JMS X X X X 6-13
Auto X X X X 6-17




ALTITUDE ERROR SUMMARY
SID/STAR—-EPH32R

Test
GUID flight
option | Pilot Waypoint | Maximum Minimum | Average 10 No.
Auto EPH 4 -20 -5.8 6.6 6-3
Auto 64 -20 4 15 6-5
Auto X -40 12 484 6-6
PPS JMS -25 -26 -26 0.48 6-13
Auto X X X X 6-17
Auto DUSTY 8 -20 0.07 4 6-3
Auto 4 -16 1.2 5.8 6-5
Auto 8 -12 1.1 3.2 6-6
PPS JMS -2 -25 -12 5.6 6-13
Auto X X X X 6-17
Auto PELIN 20 -176 -8.4 35 6-3
Auto 20 -24 0.27 33 6-5
Auto 40 -24 2.3 8.7 6-6
PP3 JMS 15 -5 5.6 6.8 6-13
Auto X X X X 6-17
Auto TD32R 112 -168 17 52 6-3
Auto 16 -112 1.3 7.1 6-5
Auto 36 -1052 -22 68 6-6
PPS JMS X X X X 6-13
Auto X X X X 6-17




TIME ERROR SUMMARY
SID/STAR—EPH32R

GUID
option Waypoint Maximum | Minimum

Auto EPH 24 22
Auto 1 -3
Auto 15 1
PPS -25 -26
Auto X

Auto
Auto
Auto
PPS

Auto

(
N O O =
x(ﬂ

Auto
Auto
Auto
PPS

Auto

Auto
Auto
Auto
PPS

Auto

X XO0OO0OWwW]|X o oo




CROSSTRACK ERROR SUMMARY
SID/STAR—-KIT13R

Test
GUID : flight
option | Pilot | Waypoint Maximum | Minimum | Average | 10 No.
PPS RLM | POSSN X X X X 6-2
Auto X X X X 6-9
PPS RLM | TD13R 3,824 552 2,505 | 1,249| 6-2
Auto 984 0 334 397 6-9
PPS RLM | KITSP 1,284 -1,916 749 909 6-2
Auto 108 16 55 70 6-9
PPS RLM | MAGNA 576 552 569 6.4 6-2
Auto 65,624 | -47,800 1,422 | 8,454| 69




ALTITUDE ERROR SUMMARY
SID/STAR—-KIT13R

GUID
option

Waypoint

Maximum

Minimum

Average

PPS
Auto

POSSN

X

by)
/.

X
X

X
X

PPS
Auto

-64

16
37

PPS
Auto

PPS
Auto




TIME ERROR SUMMARY
SID/STAR—KIT13R

Test
GUID fiight
option | Pitot Waypoint | Maximum Minimum | Average 10 No.
PPS RLM | POSSN X X X X 6-2
Auto X X X X 6-9
PPS RLM | TD13R 24 -7 16 9.5 6-2
Auto 120 0 28.0 21 6-9
PPS RLM | KITSP -37 -50 -43 2.9 6-2
Auto 1 0 0.73 0.44 6-9
PPS RLM | MAGNA -7 -13 -95 1.7 6-2
Auto 30 0 9 8.9 6-9
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The path catatog of reference 4 was used in the preparation of flight plans for the

ADEDS PATH CATALOG ADDITIONS

APPENDIX C

ADEDS test flights. This catalog was supplemented by the additional five paths as defined
on the following pages of this appendix. These paths provided additional operational
flexibility to permit test operations under a wider variety of weather and traffic conditions.
These paths are categorized below.

Airport

KBFI

KPAE

KPAE

KMWH

KMWH

Path name

Burien one three
departure

Edison one six
arrival

Giendale one six
departure

Connell three two
arrival

Dougtas three two
departure

Path code

BURI3R

EDi16

GLEl6

CON32R

DOU32R

Type

Departure turn
Straight
deccelerating
Close-in turn
Straight
decelerating

Noise
abatement
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APPENDIX D

NAVIGATION AND DISPLAY SYSTEM FAILURES/INCIDENTS SUMMARY

This appendix provides a summary ol all failures and incidents encountered during the
ADEDS TIlight test of the navigation and display equipment. The items are presented
chronologically and, where appropriate, corrective action taken is identified.
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