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J INTRODUCTICN

F}The B=727 Two-Segment Noise Abatement Approach Program, of which the

Guest Pilot Evaluntion is an integral and importent part, is an
operationally-oriented program. Previcus studies and evaluations
have shown the feasibility of approach profile medification as an
effective means of reducing ground level noise under the approach
paths to jet aircraft runways.

The prineipal program objective of the current evaluation is:

"Po fully develop the two-segment la:ding approach procedures
and the equipment which is necessary in order to cbtein pilet,
airline and FAA acceptance of two-segment flight paths as a
routine way of operating airplanes on approach and landing."

Program phases which preceded the Cuest Pilot Evaluation addressed
themselves to equipment development and to procedures development and
profile optimization which were, in the view of the Project Team, safe,
repeatable, pilcoteacceptable and which signifieantly reduced ground
level noise under the approach path, ,

Such tangibles as profile geometry, equipment performance, configuration
and alrspeed scheduling and crew procedures can be quite accurately
obeerved and assessed. Pilot acceptance, on the other hand, is complex
and abstract.-

The Guest Pilot Evaluation was the first major step taken in the
progran to tegt whether the equipment and procedures which had been
devecloped were acceptable to a representative group of industry
pilots. for further evaluation in the routine alr carrier environment.

This repérﬁ will describe the'ﬁrécedures used for introducing the fifty-

seven Guest Pilots te the equipment operation and flight techuiques
involved in the approach prosedure. It draws together the written
comments of the group aleng with certain related siatistical data. From
this.. an attempt has been made to arrive at a consensus (or lack thereof)
on safety, workload and pilot acceptance of the procedure which they
evaluated,

From this enalysis, the conclusions which follow were drawn. 3Before they
were included in this report as conclusions, they were submitted to all
of the participating Guest Filots for their review and comment. They
were asked to respond to any specific poinis or to any conclusion which
they felt mis-stated their vosition. No responses were received.




SUMMARY

The Guestl Pilof Bvaluaiion vas conducted during the usried 12 Jumiary
to & February 1973, and on 14-15 May 1973. Cne addlitional foreipn
carrier (Lufthansaswas represented in nid-Cctober, Angett Alrlines
of Austrulie wue represented in the February pilol group, The alr-
line pilots vere apyrroxirately balanced between wilots serving in
munagement capacities within thedr compunies and reglar line
pilots, o number of whom were nominuted by profes.isnal pilot orguni-
zations, The FAA pilots were from Nutional Headyumrturs and the
Rocky Mountain and Western Hegions, Two mujor airframe manufecturcs
were representad., The varied backgrounds and industry affiliations
of the Guest Pilot Group puve hulanced indugiry representation, It
vas falt that this baulance would insure that any unigue concerns

by the individual secters of the industry would be objectively cval-
nated znd represented in the program resultis.

Hused on the very faverable results of the Guest Pilot Bvaluuztion,

the prototype installetisn was made in u regular TAL B727-232 (N761017)
and placed into line service for a cix-month evaluation by UsL Lline
pilots in regular air carrier service.
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SPMARY UF GUEST-PILGT EVALUATICH CONCLUSIGNS

|~ 1. Ia_the precedure safe?

t significant majorlty of the evaluutinn pilot group found the proced-

ure to be na pufe ag the standard ILS procedure ~fter they hud com-
ploted the evaluntion process (briefing, simulator and airernft or
briefing and aireraft).

The system aa evaluated providss adenuate vertical guidance for use in
IFR. '

The crew procedures and techniques required to fly the two-sepment
approach are not significantly different from the stendard ILS in
any way which degrades safety.

The profile trunsitions are safe and easy to {ly. The speed change
during glideslope transition does not appear to create an unaccept-
able trim or power control problem.

The typical engine power setting required for tracking upper segment
under representative goundspeed conditions is acceptable, Under con-
ditions requiring the use of full anti-ice eapabilities, the procedure
would not be recommended.

Upper segment rates of descent are acceptable except under some tail-
wind coenditions,

The neminal glideslope transition and stnbilization altitudes are
acceptable,

II1. JIg the procedure pilot-acceptable?

The two-segment approach is generally as easy to fiy as the standard
113 approach. T :

instrument seanning and airspeed control are slightly more difficuld
in the two-segment zpproach, There is no significant difference i3
other major cockpit activity between the two types of approach.

The pilot would be fhﬁiliar and competent to fly the procedure in IFR
weather after a few approaches in the airecraft.

Crew workload is generally not increased. It ap?ﬁars to increase
- slightly under the following conditions:

(1) Tailwinds
(2) In the upper segment capture regime, configuration cues are
slightly later than these same cues on tlhie standard ILS.

(3) 1Instrument scanning and interpretation require additional pilot
attuntion and cencentration.

(4) Airspeed must bs closely menitored during glideslope transition.
Autothrottles are not reguired for the two-segment approach.

Overall energy menagement and configuration scheduling are acceptable.

i
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A, Thn’annunciatog display and sequencing are acceptable,
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“B; The‘vggtisaldguidance display 1s mcceptable.

C. Differences exist regarding the combination of raw and computed
vertical deviation displays on the ADI and HSI, These: differonces
can be accommodated by interface and minor equipment modificutions.

D. The cockpit location of system controls, annunciators and switches ;
W is acceptable for a single-system installation, i
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Exeept i one inatence in which conditions remired the flight to opersts ut
Reno, all of the eveluation flights were condueted at Sicekton., 'one of the
flights irvolved icing or significant upper segment tadliind compenents.
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GUEST PILOT EVALUATION
B727-200

PART I - £yt

EvaLVATION Paocccume:s ke‘wapm Dhrh AND Pmr'umnm
~Evaluatien~Frocedure P (e7s

Recorded—Bate-Anslysis-w-Goneral™
Participating Pilots
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General

The fluest Plo% phase waz conducted in order to chtain eavaluationg

of the two-segment procedure from = reprecentative sumple of industry
pllots, To maximize coumparability among the individunl evaluantions,
most of the participoting pilots were glven the sime briefing, simu-

lator familisrization session and evaluation flipght in the airplane.

Bach pilot was usked to crmplete the two-part questichmnire shewn in
Figures 1 and 2 after his simulator and/or airplane fliphts. ’

The similator flight had three principal objectives:

(1) To permit the Gue~t Pilot to practice the two-sngﬁent procedure
and flight techn! jues and to familiarize him with the use of the
spacial cockpit hardware needed for setting up and managing the
two-segment system,

(2) To provids the pilot & basis for direct comparisen between the

two-pegment and standerd ILS procedures by flying a prescribed mis . -

cof the two types of apnroaches in a concentrated time perioed.

(3) To permit any participating pilot who was not {lying the B727
regularly to become familiar with its flight and handling cherac-
teristics and cockpit controls and instrumentation,

The airplane flight was desipgned to be the best test of three dmportunt
items:

(1) Did the Gueat Filot consider the two-sepment approach compatible
with his experience in flying instrument approaches?

(2) Is the procedure generally adaptable to his own company or organ-
ization established operating procedures?

(2} Was the procedure acceptable for further evaluation in the day-to-
day revenus service environment?

A total of 57 pilots warticipated in the Guest Pilot Evaluation. Nob
2ll of -these submitted questionnaires, The pilot opinion analyses zre
based on A5 zirplane questionnaires and 37 simulator questionnaires.

In the nquesticnnaire summaries and analyses which follow in this report,

it st be recognized that however objective a question night he, or

however objectively the respondent mey answer it, there is always the
possibility that & respense may be at least partially mis-interpreted
in the process of groupirg individually worded narrutive enswers under
a few broadly-worded generzl categories. TFor this reason; the verbatin
responses upon which the analyseés end conclusions have been buased are
contained in Appendices T and II,

§
|
i
:

i
|
i




R

e

RANKED ITEM

A, Autopilot Usage
B, Flight Dir. Following
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FIGIURE 3 . QUEST FILOT QUESTIOHNATIEL . PART I
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WOULD YOU LIKE 1O S8EE ANY CHANGES MADE ‘I'Q ‘I'HE EXISTING ANNUNCIATION
MBPIAY? 1F YEH, WHA'l' CHANGES?

WOULD YOU LIKE T0Q SEE ANY CHANGE IN THE INSTHJIMENT DISPLAY? IF YES,
WHAT CHANGES?

15 THERE ANY DIFFERENCE IN OVERALL FLIGHT SAFETY BETWEEN THE
STANDARD IIE AND THE TWO-SEGMENT ILS? IF SO, WHAT?

A. DO YOU FEEL THE TWO-SEGMENT APPROACH YOU HAVE FLOWN CAN
BE I‘LOWNHIN NORMAL LINE OPERATION?

i
4

it
ii'
|
|

B. WHAT FACTORS ARE INVOLVED IN YOUR ANS:‘IWER TO4-A?

o

WHAT IS YOUR OPINION OF THE PRANGITION TO THE UPPER SEGMENT?

i

WHAT IS YOUR OPINION OF THE TRANSITION TO THE GLIDESLOPE?

HAVING FLOWN SOME TWO-SEGMENT APPROCACHES AS A PASSENGER, DO YOU
FEEL THERE WOULD BE ANY ADVERSE PASSENGER REACTION TO THIS APPROACH?
IF 80, WHY?

FISURE 2 ~GUEST PILOT QUESTICNNAYRE -
PART 2




Forly~'lve of the mrbletpating pilata few etk the gimilater

nnd the airersfl. Theue pdlets recetved a one awd o hedf hour

briofing end o faw' liarlentien sericd in the £1ipmd siumlstor
| at tho ULL Flisti Tpaining Center in Uenver, Colevudu. Gonernlly,
: two pilotz were scheduled for this briefing and simulator pericd,
: and they ususlly remained fogether to fly in the nirer.{i. Bach
C Guast Pilot was teamed with o Projeet Pilet, Vhore possible; the
sume Project Filet alse Clew with hir in the airerafi al San
Franciseo the next der cr the day fellowing. Thic was coasldered
particularly decirable becuuse, having ctserved lhe Guept Pilot ia
the simuleter, he wag in the beot positlon Yo judge any substant-
1al differences between the pilot!s simuleter and aireraf't per-
formunces.

The nre-simlater briefing wes deveted mrincipully Lo diseusuing

the two-seguent profile and srccedurce, flight techalques and o
dilascussion of eamuipment menagement and operation, Inclnded io

this briefing wues nn pudic-vimmul package which deceribed ihe
function and operation of tho two-segment hardware, procedures

for confipuring the esckeil for the approach and information
gonearning interprotation of the progress wnnunciations and in-
strumentation. Appendix IV was furnished to each pilot and discussed
in the briefing.

The simulztor nericd conslsted of eleven approaches which were

flown generslly in the order shown below, The ILS approsches were

the lead-off z¢ ithat +the nilet could hecore familliar vith the

£flight and handling charscteristics «f the simulator before attemsting
to fly the two-gogment anproach.

! The piruletor perritted instantuneens slowing te selecled initind
positiens, altitudes and headings. For the eleven approaches de-
seribed below, the following sterting conditions were used:

STANDARD TS -~ On logalizer centerline, on runway heading,
12601 (AFL), 10 N.%. from touchdown (Bxcept #1).

; THOSERMENT - 7m loealizer cenierline, on runway heédiﬁg,
; 30001 (AFL}, 10 N.M. from touchdown.

ORIGINAL PAGE IS
OF POOR QUALITY'




E R

U

I}
[N
i
|3
1
I
:
I

i
i
i
i
i
il
i

APPIOACH # DESCRIPTION

1 STAN S - FLIGHT DIRECTOR
Take off, mamially flles downwind, Turns in for local-
izer intercept at approximately 10 N,M.

2 STANDARD ILS . AUTO COUPLED
Glideslope capture 135 KIAS.

3 TWOSEGMENT APPROACH -~ AUTO COUFLED
Upper segment capture at 135 KIAS.

4 TWOSEGMENT APPROACH -~ FLIGHT DIRECTOR
Upper segment capture at 135 KIAS,

5 TWOSEGMENT APPRGACH -~ AYTO COUPLED . AUTOTHROTTLE
Uppér mepgment capture at 135 KIAS.

6 STANDARD ILS . FLIGHT DIRECTOR
Upper segment cupture at 160 KIAS,

7 TWOSECMENT - FLIGHT DIRECTOR
Upper segment capture at 160 KIAS.

STAMDARD ILS . FLIGHT DIRECTOR
Upper sogment capture at 160 KIAS, Crosswind 90°/20 KTS
gusting to 30 KIS,

9 TWO-SEGMENT — FLIGHT DIRECTOR
Upper segment capture 160 KIAS, Crosswind 90°9/20 KTS

dying off %to calm at touchdown.

o

10 APPROACH OF GUEST PILOT'S_CHOICE
11 TWO-SEGHENT - AUTO COUFLED

Upper segment cepture at 135 KIAS.

The ebove 11 simulator approaches required 1,5 hours per pilot,
While one Guest Pilot was flying, the other Guest Pilot observed,
The Project Pilot Observer occupled the First Observer seat whi:ie his
Guest counterpart was flying. He took notes and recorded pilot com-
ments as they happened,

A de-briefing to discuss any questions was held after the simulator

pericd.
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' - because Stockton conditions were not acceptable,

There was a one and & half hour pre-flight briafing prior to
going to the airplune, This briefing was devoted to the general
plan for the flight, and e brief review of procedures and techni-
ques., The differences in the simulator flight director (Collins |
FD-109A) and the Ansett Aircraft (Collins FD-108) were also |
discussed, |
l
¥

Stockton was the primsry evaluetion airport and was used whenever
. weather conditions permitteds In o few cases, Heno was used

The pilots flew the approaches described below, In most cases,
these were flown in the cder shown, so that the ccmparison of
performance on the first, see~nd, third, and sixth approaches
could be nade.

Agg;oach # ) Description
L Standard ILS, Flight Director, Manual Throttles to ;
Missed Approach.
2 Two=-Segment, Flight Director, Manual Throttles to i
Missed Appreoach, , .
3. Seme as #2 above,
be | Twow=Segment, Auto-Coupled, Auto Throttlas to Missed
Approach,
5e Seme as 4 above.
6. Two=Segment, Flight Director, Manuszl Throttles to
- wMissed Approsach,
7. Standard I3, Auto—Counled, Auto Throttles to Touch-
and-go., -
8, Two=-Segment, Auto-Coupled, Auto Throttles to Full

S‘bop . . -1:




- specific questictinaire responses were, ner did they know, even in
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'anégal ~ Dats records wera taken on oach of tho Guest Pilols in the

simulator and/or in the nircraflt.

The sirmulater records were in the form of u l4-channel oscillograph

trace and a resl-time (once each second) line printer record and .

¥-7 profile and noise plots., Figure 3 shows the fermat of the oscillo-l

graph record and the parameters recorded. Figure 4 is a typical simu-
Jlator linq printer record. Figure 5 is 2 typical X-Y profile and noise
| plot, These records vere uvsed in the aimu14%or dﬁ-briefing sussicn,

They were not normalized for gfoup performance anelysis,

Figure é shows a portion of a typileal approach record processed from
the zircreft digital reccrder data. All approaches were similarly
rocorded and -processed. The analysee appearing in this reporl are
based on aireraft dota only. The recorded date an@lysis will not dir-
ectly influence the conclusions which are drawn regarding pilot opiniﬁﬂ.
Just as the opinicﬁ antlysis derived frgm the questionnaires is intend-
ed to reflect proup opinion on cerﬁain ﬁhtters, it is considered egual-
1y germane to show ﬁow well the group actuélifmpér$ormed the taska iﬁ—

volved in flying the two-segment approach,

In selecting the approaches vhich vere used in the statistical sample,
the indivi@uals who-made tie selections did not know whe the purticular

pilots weré.ﬂgThey did not have any idea (or way of knowing) what the -
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general Lrrms, what the questionnaire analysis would shew, Thay enp-
loyed corplotely impartial and velid statistical criteria for the

gumple pplection,

4 statistical sample of 252 approaches, of all kinds was selected. They
were sorted first on &n approximate ratio of a given type of anproach
to the totel evaluaticn approaches flewn. From this first cut, the
approaches thatrwere finally selected wére those made under anproxi-
matoly the same meteorological and other conditions which would maximize

gtutistical comparabllity. The distribution of the sample is as follows:

. Approacheg
Flirht Director, IL3 : ' 32
Flight Diqgctor, 2-gegment : - 97
-~ Auto coupléﬂ, Manual Throttle ILS | - 27
Auto coupled, Manual Throﬁtlé 2-gsepment ’ 54
Auto coupled, Autothrottle 2-segment 42
) Total 252

Certain statistical analyses were made using'the entire statistical

- gample above, The results of these ahalyses in tabular form are in-

~cluded in Appendix III.

An additional detailed analysis was made in order to determine the "

following:

- (1) How well did the group fly the éﬁo—segment approach?

(2) How well did they perform their first Flight Director two-segment

approach as compared with the TS flown immediately prior?
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(3) What was the rate and degree of improvement between the first,
second and third Flight Director two-segment apprﬁachas? (These
were the pecond, third and sixth approaches flown in the airoraflt)

(4) How does the pilot workload in flying the two-segment approach
compare with the ILS workioad?

For this analysis, comparigons have been made of the following approaches:

First Approach - Flight Director; Standard ILS

Second " L LE Two-Segment
Third " " " L "
Sixth n f " f n

In order to make this analysis, a statistical sample from the Flight
Director ILS and thegﬂ;ight Director two~segment aﬁproaeheé had to be
selecteds 4As in the previous sample selection, certuin statistical
eriteria were employed. A criticel review of the Flight Director IIS
and two-gegment approaches in the 252-approach sample was made., Be-
cause direct comparisons between'approachgs were to be made, a major
selection criterion was that a g;ven pilot ( known to the selectors
only by & number) must have ccmﬁiated all of the prescribed approaches

in the aircraft in the order auch that the first approach was g Flight

Director standard ILS and that his second, third and sixth approaches

were Flight Director two-segment approaches. Since the sample was -

necesgarily going to be relatively small (because the total 97 two-

segment approaches would be divided among the second, third, sixth
and other approaches), it was necessary also to insure that any set of
approaches selected did not contain any unacceptebly wide or unusual

variations which would unduly influence the smaller statistical sample,

S Mo o i



whe atatistiesl sueple for this analysis cemsists of the Flipht Director
113 and iwo=-sepment records of 19 Evaluntien Filots, While this mipght
seem a small sample, the plotted daba from this sample conpures very

I

closely with the plotded date from the lurger stutistical énmﬁig.

The plots which appeor later in this report graphiecally poriray cortain
normalized data. The interpretaticn, analysis and conclusicns will

accompany each plot,
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PROJECT FTLGT 4RAN

The pilot and flight engineqr group within the program team was charged
with tha dovelopment of operntionally sound procedures using the Collins
apecial-purpose 2-sajment apnronch system. ‘The prineipnl members of this

group were:

Captnin Howurd G, Mayes - Viee President, Flipht Technical Services, "he

Carvain Bob Stimely -
|

Fred Drinkwpter -

John "Mo" Morrison -

Profect Pilots =nd
E;ight Englneers

nontor corpor.te officer involved direcetly wlth
the propram. Provided overall program policy
grddance through George Schwind, Program Director,

UAL 727 ¥leet Mangger and Manager of 727 Flight
Procedures and Developmrnt, Involved in estab-
licshing operaticnal eriteris for equipment desin
and in establishing the operationel constraints
in procedures development,

A:54 Pilot, Participated actively in the plinning
and development phases and in the Ingineering
Fligh% Evaluation. Articulated principal iS4
concerns releted to overall operational prograw
goals,

Lead Project Pilot, Heatrd up the Project Pilob
and Project Flight Engineer team at Denver. Dir-
ected preject pilot team effort in test plan
development and Simulation end Engineering Flipght
Evaluations,

Ton ranch - Projmct Pilot
“Montj" Monteith «

g!d Snjder - It .‘:z‘ n
Yince Hagan = Project Flight Eﬂbineer
George Martin « U 1
Dave Valkinahaw = " " n

F.4 lestern Region Engineering Pilot, Conductel

t1e Non-Interfarance STC flights on both the |
;naeut BYA7=277 and UAL B727-222 prDLotjpe inw
“stallations,

ORiGmAL PAGE IS
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Pilotu Purtici int iq the Guest Pllot Evaluation During the

eri 1° 7

AMERICAN

Capt. Frank McCormick
Capt. Al Reeser

ANSETT AIRLINES OF AUSTRALIA

Capt., Ae Fo "Dusty” Lane
ATA

Bill Russell

BOEING SEATTLE

Brian Vygle
BRANIFF

Capt. Bruce Douglass
Capt. John Pieburn

CONTINENTAL

Capt. Néyne Fisher
Capt. Carl Rogers
Capt, Bill Lively

EASTERH -

Capt. Jim Cousins
Capts. Bruce Putney

FAA

Ivan Behel

ayle Mace

Joe Ferrarese
Dick Sliff
Charlie lHouse
Sal lluecel

Phil Nisgore

Jim Baker

Ralph Noltemaisr
Dick Skully

SIMULATOR

1/15
1/24

2/6

1/30

1/28
1/31
14

AIRCRAFT

1/16
1/25

/7

2/1

1/20

"1/14
2/6

1/27
1/31
2/8

S/

1/21

1/22

1/25

1/24 (At LhX)
1/2,,

1/2 "
1/24 "o
1;20

2/1

2/5

~17-
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MC DOMUELL-DOUGLAS (Long Beach)

Roger Sanders
Bil1l Casey

NATIONAL

Capt, Charlie Caudle
NORTHWEST

Capt, Don DeBolt
Capte. Ed Johnson
Capte. John Carlscn

B

Capt, Jack Teters
Capts Jack Vilson

ESA

Capt, Don Coney
TWA

Capt. Gordon Granger
Capts Joe Harrls

WESTERN

Capt. Ed=Richardaén
USAF

Major Ken Dyson

Capt. Velt Matsul

Capte o He "dag" Dorward
Capt, Howord Mayes

Capt. He Es "fat? Tatman
Captes Mel Volz

Capt. Bob Collins

Capt. Ray Lahr

Captes Frank Cowles

Capt. Worren Mugler
Capt, Jim Gatles

Capts Bob Paltersen
Capt, Ernie Burmeigter
Capt. Gerry Zimmerman

1/13
%

2/4,

1/16
1/16
2/2

1/29
1/29

1/30

1/25
e

1/19

1/12
1/15

1/18
1/22

1/22

1;25
1/2¢
1/27
1/48
2/2

1/l

271,

2/5

1/17
1/18
%

1/30
%

1/31

1/26
1/28

2/7

1/20

1/13
1/16
1/17
1/17
1/19
1/23

©3/23

1/24
1/26
1/27
1/28
1/29

(At ULK)
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Capt. Lloyd Troece 2/5 2/6
Capt. Brnie Hauloby 2/ _ 2/8
Capl. Gene Tritt ) e

The Wi Cn-Line advesaft was taken oud of sovvice on 14-15 My for

noine measurements ot Utockton, During this porlsd, the following
additional pllets evalunted the procedures:

DELIA

Capte Hay Daniel - 5/15
EsSTERN

Capt. AL Cleaver 5/14 5/15
L1TED

Capt. George Henderaon - 5/15
AUERICAN

Capt. Bernie Wohl “. - 5/15

LUFTHANSA

Capt. Robert Salzl 18/16 10/17
(Dr, Johann-Peter Hach)

-
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.- In ad?itdon to the abovn,the following pilols evalurted the procwlures
7 49 the simulutor on the dates shoun: :

11/11/72  Capt, Bob Stimely {UAL) -
Capt. Dok Fadlerson (MAL ALi% Centrol Sufety Gonmitieo Cliirman )

14/a0 /0 e Lyen Mayfield (FAL)
Up, Tvan 3ehel {FAL) :

12/ 6/72 v, et Wsgthoft (FAL) -
vn, el Do (BLA) :

12/21/72  Gent, TG, Poxverth (Pid)

12/29/72  Cagt. John Firk (ilaskan)
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7o arrive at the conclusichs relating to the Guest Pilot accoptance
of the two-sepment system and procedures, two esentially independent
sourca inputs were analyzeds

[H

(1) Pilot responpes to Part 1 and certain Part 2 responses and com-
binaticns of responses were analyzed to determine pilot opinion
as objectively as possible, Where there was follow-up corres-
pondence, this was considered in the pilot opinicn analysis.

(2) The recorded date from the aireraft was statistically analyzed.
The actual statistical data appears in Appendix III,

Some conclusions are the net result of considering some porticn of the
statistieal dats and certain pilot corments, Others are dsrived

either from pilot comments or statistical data alone., The nalure of
the conclusion will usually suggest the source from which it is derived,

With the varied backgrounds and industry affiliations of the Guest
Pilot Group, it wus recognized that the individual pilots would
probably bagse their opinicns of the operaticnal acceptability of
the equirment and procedures on those specific factors which are
most characteristic of their industry involvement. The Pilot
esticnnalre ettempted to gather specific information relating %o
facters which it was felt would enter into all, or nearly all, of
the individusl pilots'! essessments. In broad terms these sre:

(1) 1Is the develcped procedure acceptably safe for use in the
routine air carrier operationel environment?

(2) Given z reasonable introducticn to the system management and to
the procedures, is it acceptably eacy to manage and to fly?

(3) Do the cockpit instrument displays and annunciastions provide the
pitot with all of the informetion he needs to fly the approach
vith confidence under IFR conditions?

The analyses which follow will be grouped under the three broad cate-
gories above. This does not imply that they are totally independent
considerationsy They are, in fact, interrslated. They have been
broken down to make it easier to understand the enelysis rationcle.
Each annlysis has been given dpprofriute weight in any conclusion

to which it perteains,

OF POO% Qririmy




FETY OF THE P

e B T e 4

RoECEPURE

-23—

e en oA e R e



[

- 24—

¢

T VA YU AT

A ¢ fERA

a M L.
. el
%

Tho equipment failure sefepuards and effucls were discussed in the
briefings. The Guest Pllots were not purposely esposed to syotom
malfunctions in the simuleter or alreruft except when the pilet re-

quested specific demenstration of some failure ef“ecl, One yrineipud

objective of the evaluation was 1o delermine whetter Ule system wnd
procedures vere accapbebly safe when used under norngl oncrating
conditions. ,

To draw the coriclusions ahoul the saflely of the rrocecdure, lhe re-
sponses to fuestion 3 were considered the principad seurce of pilet
ozinion relating to this aspeet. The werding of )is question
invites the pilct to compare the relative sefety merits of the fyu.
segment and standard ILS procedures,

Fart 1 of the Pilet .amesticnnaire wes summarized snd snclyzed prinei-
pally to determine the vilcl aetivity areas impactcd most by the
rrocedures The recorded datu anelysis which relates t6 s-fety of {ke
procsdure 1s that date which shows how w€ll the group tracked ihe tuc-
seyment profile while using the flipht directer, wad lhe cemperdson
between their {light director two-segmenl and ILS profile trecking
performance, The other prinecipal ingredient, which must be congidered,
iz how much, if any, the workloud wus increased in order for the group
to attain acceptable tvwo-gepment iracking perfomiunce, Finwlly, an
analysis of alrspecd centrel, porticularly in the plideslepe transitien
rezime, has been congidered.

The conclusions which resulted from ihe analysls swhleh follows are
predicated on the following basic rules:

(1} If there wus a significant expression of pilot bpdnion that the
procedure, or some part of it, wes not ssefe, the conelusicns re-
arding safeiy of the overull procedure reflects this fact, the
performance duta notwithstunding,

the two-segment profilc within operationelly safe linits at any
point, the conclusions reflect this fact, pilot comment notwith-
standing.

Cﬁ@ﬂ;nv o
AL,
CﬂﬁjulaR qi;ﬂﬂﬂ'la

If the performunce datz unelysis shoued thet the croup did nel treck
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(3) If' the dota unelysis chowed thut pilet werkloed increased
inordinately over standard ILS worklond in order -to uttain cenie
parable tracking performance, this feet influenced the conelvsions,
The besic rationcle Invelved here is that an experienced pilot
hes the notor skills to master any reasonable maneuver, His
perferwuncs of that mensuver cannot be considered sufe, however,
if it demends undue concentraticn te the axelusion of other ime
portant activity—

(4) ZIf the deta anolysis showed any sipgnificent spued contrel jre=
blems, =articulurly in the glideslope transition and stubili-
zaticn portion sf the profile, thls is reflected in the conclusion
o~ i
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JUSTION 3 SIEMARY AYD ANALYSIS

JISTION 3 - IS THENE ANY DIFFERENCE TH OVERALL FLIGHT SAFETY BETHZEY

THE STANDARD JLS AND 'THE Wi EOMONT? IF S50, WHATY'
a botul of fifty seven nilots participated in the Guest Pilot Bvel-wtden, Of
*hese, 45 evaluuted in both the 1light simulator and iMe airplane, 6 flsw  the
~viluation approaches preseribed in the airplane only, 5 flow sample aprroaches
al LaX whon the plane was thore for a demonstrution to the FAA Western Degion
wrdoonr flow late 4n the program in one brief out of service teat perie«,

“ha pestion 3 summary and subsequent summwries appearing in this report are !
el on the 37 Simulator Quesbionnaires and 45 Airplane Juestionnaires whieh
e recedved from the Guest Pilot group. It will not be uncommen that the
botal number of break-down comments exceeds the 37/45 pilot totals: This

I "ue to the fact that o pilel may have commentel on more than cnz item in

his responde Lo the queation.

fine qiestlon 3 responses have been cabegorized vsing the following general
hettoriu '

(1; Mo difference or loss in snfeoty - If the response consisted of a word
o shert phrase vhich was not subjeet to any other ressonahle inlerp-
riatation than that the pilot saw no compromises in safety or 4Aifferen-
eos betuoen bhe two-segment and the ILS gafety, it was counted in this
eatepory,

{2} Tuc-serment safer - Tf a comrent cloarly stabed that the pilot consider-
el the two-scgment procedure safer than the ILS, it was counted in bhis
cateprory. :

{57 lPubtentisl difference or losg in safety - A conment which staed some
ﬂuﬁditinn(ﬁf under uhich the pilot felt that the tuwo-segment nrocelure
is potentially less pafe than the TLS- procedure was counted in this
eategory. :

(4) ILS ga®ne - Any comment interproted as a statement that the IL3 iz the
suler of the two sroccdures was counted in this category.,

- —_ b e b — e e

QUESTION 3 COMMENT SUMMARY

COMMENT CATLGORY (57 PILOTS) STMULATOR ATHPLATE
No questionnaire received 20 12
o Difference or loss in safety 11 18
Two-depment Safer 2 4
Fetentiul Difference or Loas in Safety 11 14
ILS Safer - 13 L
' 57 57

OPINION SHIFT SUMMARY BETWEEN SIMULATOR AND ATRPLAIE

(37 W%
O BT Go TCGORY, 5 14ULATOR s Lkl iy

i‘.‘l) 'ﬁ)j.ffel"ﬁn(}n 11 ﬁ 1@ h!@ Gh{iﬂge
. 1 to Potential

Two-Serannt Suler ) P N FAEe
1 to Ho DLfL,

Pabontial DMfference T[] —— 4 0 Ghun ga
. & Lo Yo DifL,

_ 1 to 2-Deg sufer
JLS Jufer T7 ' eo— 7 .G Unange

5 to Totentinl

1 _to z2-deg sufer
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Comments from the scix pilets whe flew the prescribed evulisbion upprouéhus
in the airplane only distribute ns followa:

Ho_auestionngire raceived
‘In_Difference
Two=gepment Safar
FPotentianl Difference

12 Bafer

O R WY

SUALRY LT THE LTHRE OF PILCT COUMENGS VRCL o MotTON 3

The swomry above distritutes the individual pilots!' corments into the fanr
broad categories skown., The svrmary below divides sach A0 these cutﬁg@r*qs
in order to show the natiure of the itens mentioned in *he conments =ad Lo

saow hiow masy pilets within the group expressed enbsiiatially the sume visu

on that iten,
T‘nl’@ h Yo ﬁm‘ Snmﬁ

Froviies higher terrain clearancs
Higher profile on Unmper increases saflety
in emergency sitvations
Incyases pitot awareness of altitude in
the 700'-500" area
“rovide; nilot witlh distance to touchdown
Srovides bedber view of Lerminal arean traffic

FCTEIPTAL MIFRERAEHCT €3 LO3S T.7 SAFETY

Glideelora gpead stabilization

2lideslope ‘ransitien/stabilization altilude
Ieing li=itation

Tatluind Lindtation

Tagiae "?ool-uy time

oper Cegment rate of descent

Tnstrument scenning

Pilot fpﬂi“ia ity with procedure/training

T HA"ﬂH
a2 B

Al s

cing conditions

”a‘lw*ﬁ“"

Yerticnl specd/transition altitude
Trensiticn/stabilization altitude
Tngine spool-down

filot worklosd

The nature of the comments which have beoen counted

category above are as follows:

Jetterel inereuse in pilot atbention/werkl-ud
Iastrument scanning/power on lewer transiiion
_ncreﬁtra when ’lyi“? spvroach manually

Migh sin% rate close to ground

Leokout poor
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The follovding findinps relsating to Guest Pilot cnindon of the wafety of the
two-sepment procedure have been considered in the conclusions:

1. YNone of the Gueust Pilots conslders the two-segmeni approuch which wug
evaluated to be unsafe,

In the questicn 3 analysls above, responses from iine pilots (13 sime
ulstor/11 airplane comments) were cutegorized as statemsnts thut these
pilots considered the ILS the saler of the two procedures, ‘lone,hswever,
statoed that the two-segment procedure is wnsalz. Tn the briefisgs,
emphasis was placed on the pllots! ovalugiing every arpeet of L4 oafety
of the procccura. In view of this emphasis, and in view of the buch-
ground and experience of the pilot group, it hus heen assumed that a
pitot would have made an unequivocal statement repgarding safety If he

" hnd seen anything in the procedure that he considered unsafs, It has
been further assumed that he would alsc have reflocted this Jact in his
response to guestion 4 by indicating that he did net consider the pro-
cedure safe fer line operations. Ho such responses were received.

2, #The procedure has tailwind limitations,”

Yone of the guest pilets experienced gimnificmt tuilwingd componecris
in the ‘evaluation. The Project Pilot group inves“digated this faitor
in the simulation evaluation, They determined that an upper sepment
tailwind cenponent of 20 knots maximun is manageable., -

3. #The procedure has ieding limitations,
Dngine power reguired for upper segment tracling under averdje cenditionn
does not provide the 70fNq reqiired for full anti-ice capability.

e The two-segment approach procedure inereases pilod workload in uome
areas. This increase does not significantly immact safety.

#* The Project Pilots had tentatively concluded that they would limil
the use of the procedure if eonditions rejuiring full anti-icing
capabilities were present or if the vprer segment tailwind come
ponent exceeded 15 knots,

-—28—
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ART-T QUESTIONNATREASUMMARY AND ANALYSIS

This part of the questionnaire concerns the generally most vital
areas of pilot activity during an instrument approach, Though the
questionnaire does not lend itself to fine shadings, it is felt that
it adequately measures pilot opinion as to the relative difficulty
between the two approaches and is an indirect indicator of how the
two-segment procedure impacts pilot workload. Tables I through IV
summarize the results,

Part I of the Pilot Questionnaire has been analyzed as follows:

(a)} Tables I and II ahow the distribution of the total marks by
number and percentage for each of the eleven ranked items for the
simulator and aircraft questionnaires respectively.

(b) Any additional written commenta are teken into account in the
conclusions, Generslly these comments refleect some specific,
reservation or condition which influenced the pilot's marking
certain item(s) as he did., e

(¢) Table III shows the direction and specific number of pilot opinion
changes between similator and aireraft rankings,

(@) Table IV shows the numerieal and approximate overall percentapge

differences between the 37 simulator and 45 aireraft questionnaires,

-29~
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TAPLE I STMULATOR WUESTIONNAIRE SUMMARY (PART I)

A totsl of 37 evaluation pilots completed the questionnaire in the

simulator phase.

Not all pilots commented on all categeries.

The

perasntages shown in each category are based on the total responses
received for that particular item,

TABLE I . PILOT RESPONSE SIMMARY ( SIMULATOR)

Two-Segment ‘Approach
RANKED ITEM Significantly| Slightly No Slightly  [Significantly
1= == ee——o._. | Easter | Easier Difference Easier Easier
A. _Autopilot Usage 10 (27%) |27 (73%)
B. Flight Dir. Following 1 (2.8%) |18 (48.6%)]18 (48.6%)
LC,. Instrument Interpretation 1 (2.7%) |22 (59.5%)813 (35.1%) 1 (2.7%)
D, Flt. Progress Annunciation 13 (35,2%)123 (62.3%)] 1 (2.5%)
frements_ B 3 (8,1%) {23 (62,22)111 (29,7%
F. Alrspeed Control 3 (8,1%) |25 (67.6%) 9 (24.3%)
| G, Flap Mansgement 1 (2,7%) | 5 (13.5%)}31 (83.8%)
H. Trim Control 3 (841%) [16 (43,3%){17 (45,98} 1 (2.7R)
1 - it Set-u 21 (58.4%)114 (38.98} 1 (2.78)
1. _Hadie Communications 30 (96,931 1 (3,1%)
k_List M ment 0%) {29 (88,0201 1 (3,05




TABLE IT - AIRCRAFT QUESTIONNAIRE SUMMARY

A total of 45 pilots completed the alreraft questionnaire,
eategories, not a1l of tho pilots ranked o given item,

In some

The percent-

ages shown are bLased on the total responses to that item which were

TABLE II - PILOT RESPONSE SU2BMARY (AIRCRAFT)

recelved,
| Two-Segment Approach
RANKED ITEM Significantly| Slightly No Slightly  [Significantly
; . Easier Easler Difference Easier Easjer
l
A. Autopilot 10 (22,480 35 (77,63}
B._Flight Dir. Following 19 (43,28 24 (54.63H
| 1_(2. 22 (48 (46.74) 12.25)
|LD. Fit. ress Ansunciation 8 (17.8%) 36 (80.0%) 1 (2.2%)
| E. Inst. Scanning Requirements [ 2 (4.4%) 120 (65.9%)112 (27,5%)1 1 (2.2%)
F._Airspecd Control 1 (2,12) 132 (M,02)112 (26,98)] 31 (2,2%)
| G, Flap Management 1 (2,28) [ 6 (13,3%2)138 (84,5%)
H, Trim Control 2 (4.5%) 118 (40,0%)|25 (55.5%)
I, Pre-App, Cockpit Set-up 22 (48,9%8)]2 223
L. Badlo Communications 39 (97,523} 1 (2.5%3
heck List Management 2 (4.6%) |40 (93.2%)1 1 (2.3%)

~3|-




TABLE III - SPECIFIC OPINION SHIFT SUMMARY

A total of 35 pilots completed questionnaires for both tho simulator
and aircraft. Table III shows tho direciion whiech specific pilots!
opinions shifted between their simulator und aireraft rankings. eege:
Ttem B - One pilot changed his cpinion in the simulator (significantly
easior) to slightly casier in the aireraft; three pilots clianged from

slightly sesier to no difference, etc.

Two=-Segment* rosch

RANKED ITEM Significantly| Slightly No Slightly |Significantly
! ) ' Easler Eapler Difference Easier Easler
A. Autopilot Usage M = )]
B. Flight Dir. Following 1) RIEErm (1)
L oot Interuretatior (@) S~ (5)
D. Flt. Progress Anpunciation L)&—=_ )
ments .___.(13(5}«-______JL ->(1)
F. Airspeed Control 1) U*).:""_p@)
| G.Flap Managoment Q== >(1)
H. Trim Control —-1;)(2)‘:&6) Q)
| ] ¢ Sot-u M GB — N )
|1, Radio Communications (Hio Chpngo)
k List Management 1T

LEGEND : I -.+.,.( ) I Jumber of Opinion
Chenges Between

) Sim Exircrai‘t Sim end Aircraft
r‘»‘ Ranking L Ranking

TABLE III — SPECIFIC OFINICH SHIFT SUMMARY
{Simulator to Aireraft)
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RANKED ITEM

RIx

Slight!

3 P mh___
Significantly

Easler ior
Al hulopilod Usage S 10(272) [s 27(73%)
_ A 10(221) |4 35(78%)
sin-te-felt St Ghanpe # () o{=-5%) +8(+5%)

J. Hudio Cormumications

S 30(974)

e Flight Dir. Follewing s 1(3%) | 18(42.5%|5 13(48,52
A 190435) 16 24(55%8) A 1L(2%)
' n =1(=37%)  |+1(=5.5%) J+6(+6.58) +1(+2%)
C. Instrument Interpretution S 1(3% 5 22(5934) |s 13(35%) [s 1(3%)
A 1{2d A 2204%) |4 2(4t) §a 1(zx)
! 0(-1%) 0(-10%)  (+8(+12%) | 0(~1%)
D. Flt. Progress Annunciution §13(35%) IS 23(62%) |5 1(3%)
A o8(1e3) s 36(80%) | A 1(2%)
" =5(~174) |+13(+182) | 0i{-1%)
E. Inst, Scannin: Hequirements | 3(8%) 8 23(62%) |s 11(30%)
ho2(48) |4 29(66%) {4 12(28%) JA 1(2%)
‘ " =1{~45)  |+6{(#Z)  J+1(+2%) +1{+2%)
F. Alrspeed Control s 3(8%) s 25(68%) s 9(24%)
p 2(2%) 1A 32(7N%) L 12(274)
" -2(-6%)  {+7(+3%)  |+3(+3%)
G. Flap Hanapgement 5 1(3%) s 5(132) 2 31(8i2
; A 1(28) A 6(13%) A 38(85%)
n  0(<1%) -1(0%) +7(+1%) .
E. Trim Conirol 5 3(8%) 8 16(438) Is 17(468) Y8 1(3%)
A 2(4%)  |a 18(40%) |4 25(56%)
" 1{=4%) |42 (-3) +8(+20%) | ~1(-3%) o
I. Pre-App. Cockpit Set-up S 21(58%) |5 14(395) |5 1(3%)
: A 22(49%) |4 23(51%)
n +1(=9%)  |+9(+12%)

i A5 29(978) |4 1(3%)
! . +9(0%) c(0%)
K, Checl Llst Munugement S 3(9%) s 29(88%) [s 1(3%)
A& 2(54) A 40(932) 14 1(2%)
" l_ " -4y st Jotag)

e o o i} e L g
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The Part I analysis shows the following:

(1)

(2)

(3)

Of the 35 pilots vho submitted questionnaires for both the asimu-
lator and wircruft, specific pilot opinion shifted toward the
o difference" ranking in almost twice as muny cases as dn
opinien shifted from "no difference" toward some preferential
ranking (sce Teble III), How much of this opinion change should
be attributed to the additlonal learning and accomcdation factors
resulting from eight additionel approaches in the alrplane and
how much is the result »f real-worlil vs simulation environment
cannot be objectively determined or stuted, ‘ :

Of the eleven categories rated, instrument interpretation, scanning and
airspeed control categories show a considerable majority of the
pilots indicating that the ILS was slightly ecsier than the
two-gegment approach (Table IV),., Specific pilot shifts in this
dirertion were heaviest (5 to 2) in instrument scanning (Table III).
How much of this shift chould be attributed to a change from the

FD 109-A in the simulator to the FD 108 in the aireraft cannot be
determined. The fact that significant majorities exist in both -
the simulator and aireraft questionnaires, however, would indicate
that these items appear the generally most difficult part of
pilot activity in the twow-segment approoeh,

Table IV summerized the net pilot count and percentage of total
differconces between the simulator and aireraft Part I question-
naires, These reflect the specific opinion shifts in Table III
plus the larger sample from the aireraft (45) vs simulator (37).
I5 can be seen that the only two items which registered pilot
muuber and percentage gains between the sim and aireraft are
instrument scanning and airspeed control. All eleven ranked
items show both number and percentage gains in the '"no difference!
ranking, All of the items ranked "ILS significantly easier" in
the simulator show mumbers shifts toward a lesser prefereutial
ranking except the one pilot who marked item C and the one who
marked item G and did not moderate his opinion after the air-
eraft evaluation,

The Part I analysis 1s weighted in the conclusions related to

the pilot opinion of the safety aspects of the procedure be-

cause it is an indirect measurement of those areas of cockpit
activity which are impacted by the two-segment procedure.

If & tesk in the two-segment approach is ranked as appreciably more
difficult than the same task in the standard ILS, the presump-

tion has been made that there is an impact on safety for the
rexsons relating to worklond stated esrlier.

The following findings from the Part I apalysis have been
considered in the conclusions regarding safsty:

(1) Instrument scanning and aircpeed control are ranked slighily
easier in the IIS by about 70% of the evalusting pilois.

ORIGINAD PAGE IS
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(2)

(3)

While thé term Palightly easi«i" is an inexacl stutislicul
term, in the context used in this finding, it has been inter-
preted as indicating that most nllots in the group felt thut

thegse factors did not impact their cockpit activity to the point
of being detrimentel to safety.

" The group is split feirly evenly between 'no difference" and
B

HIL8 mlightly easier® for flight director following, inctru-
nment Interpretetion, trim control and pre-cpproach cockpli
set-up categories, The significant fuelt which i3 shown in
Table ITI is that the aircrafl flipght shlfted opinion touard
"no difference" more hecavily than eway from it.  In addition
mosi' of the larger aireraflt sample (45 vs 37) appears to

have follen in the "no difference" category, even withoui

‘benefit of the similator familisrization pericd (Table IV),

The finding.regarding these categories as they affect werkload
(end therefore indirectly affect satety) i1s that these faclors
have negligible impact upon the overall safety of the procedure,

The remaining items are heavily renked as '"no difference”
fzetors in cockpit activity.
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STATISTICAL DATA ANALYSIS OF FACTORS HELATED TO SAFETY -

Three principal anuiyseu of the aircraft recorded datz have been made !
in connection with draving conelusicns regarding tlie overzll safety 5
of the proccdure: .

(1) Adreraft displayed vertical deviation from profile center, These :
plots ure derived from datu which measured the deviation displayed ¢
cn the HSI vertical deviation indicator. This was averaged and 3
noymalized in 0.1 NM. increments (ses Appendix XIT).

(2) Piteh and roll activity las also been analyzed. These factors
serve as an indicator of how the pilot's physiecal workload in
flying the two-segment approach compares Lo his IS workiocad
undcr the cane conditions,

(3) Airspeed control with emphasis on the glideslope transition.
In the asbove cases, more detail is included in the analysis accempanying

the plotted datz.

. . - ——

Dieprapp ! }
PLOT 1 —~&TRORAFT VERTICAL: DEVIATION FRQM PROFILFE CENTER

These four approuch plcts show aircraft deviaticn (in dots) from the
verticael profile center, In the first approsch, the deviation refer-
ence is the ILS pglideslope. In the three two-cegment plots, vertical
deviation refercnce is the upper segment from the 6 N.M..point to
glideslope capture point (about 2,3 N.¥.). Tor the remainder of the
approuch, reference is the ILS glideslepe. i

The deviation scule used on each of the four approach plots is £ 1
dot, Thie is blown up to facilitate plotting and visually con-
pering the data. Upper segment deviation disnlay sensitivity is
linear at 250'/dot. ILS glideslope deviation display sensitivity
iz 75 micrc-amps/dot as with the stiadard ILS.

The discontinuity inlthe 2-segment plots is the result ofgghe.system1s
shifting ils deviation reference from Upper Segment to ILS Glideslope
At Glideslope Capture Point ("GI.IDE SLOEE" GHEEN)

i
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PLOT 1 ANALYSIS

This date cnalysis shows how closely the alrcraft wus flown to tho yro-
file vertical center (upper sogment and plideslope centera) from the
pre-capture point onwurd to about 0.4 M. from teuchdown. These are
all manuelly flown flight director approaches., In bthe followiny
analyees, devigtions will be expressed in dots. The statisticul term
sigme will be used te signify one stuenderd devistion., The value of
sigma s also expressed in dots. It cuan be seen from the Flot 1
labels that the solid line represents the stutlstical averapge in all
cases end the dashed lines show the # 1 standard deviation envelepe.

First Approach (Flight Director ILS) - As evpected, ithe stondard IL3
vas well-flown. It can be seen that the moximum everage deviation
after glideslope capture (0.42 dots, sigmu 0,269 dots} ccours st 4.6
NosMe At this distance from touchdoun, this is a vertical deviaticn
of about 85! high., Correction back to within 0.25 dot has been
accomplished by 4.0 M¥.M. Average deviations thereafter remain
substantially less than 0.25 Aot. The closer the nircraft approaches
touchdown, the deviation in feet from glideslope center lLecomes pro-
gressively smaller for the same displayed deviaticn (in dots).

Second Approach — (First Flight Director Two-Segment) - Tiis is the
first two-segment approach of eny type that the pilels flew in the
aircraft, The averape upper segment overshoot mavimizes at 0446

dot, sigma 0,336 at 4.8 NM. Thic overshoot 1s 115'. Correction
back to 0.25 dot has been accomplished by 4.4 N.M. and remains less
than this for the remainder of the approach. The vertical deviation
reference shift which occurs at glideslope capture point (nominally
about 1050'(4FL)} 2,85 N.M. DME) causes a momentary stutistical
"blackout" on this kind of a plot during the initial portion of the
glideslepe trafisition. Since this data is normelized in only ©.1
N.. inerements, it must be recalized that at gliduslope capture polint,
the ecetual deviation swing is nominally to ebout 1,75 dots high
instantaneously. The plot from that point onward is a good indicester
of how well the remainder of the approach was flcun,

On this apnroach (the pilot's first 2-soiment approach in the airnlane},
the group was holding slightly above Upper Segment center (0.2 do%, sigmn
«568 at 3,0 n.m.} just prior to Glideslope Canture peint. This fe-ced the
capture point slightly eloser to touchdown than nominal,



Bacouee the glideslope capture peint was forced slightly closcr to
touchdown by riding the upper segment, slightly high, il follows that
the point at which deviation from ILS glideslope becames 0425 dot

or less is cleser to touchdown, It can be scen by compuring the plots
that this is the csse, On the second approanch, deviutlon becoemo 0,35
dot somevhere betwecn 1,9 NuM. (0.27 dot) and 1.2 N.M. (0.18 dot).

On tho third end sixth approaches (both of which are very close to
nominal), diviation beceme lemss than 0,25 dot between 2.1 and 7.0
Had4s After glideslope capiuire, it can be peen- thut the group poes
8lightly below plideslepe (maxdmizeés et 0.2 dot sigma 0.338 at 0.9
NuM., which 1s approximately 15' low at this point).

Third and Sixth Approaches - (Second and third Flight Directcr Two-
Segment Approaches flown in the aireraft) - The initial upper segment
overshoot on these two approaches iz very nearly the seme as the cecond
approach above (first two-segment approach), Both of these approuches
show tiphter upper segment tracking from the 3,6 mile point onward,

The glideslope capture points and glideslope staubilization poinis

are very close to nominal., A perticularly important point te consider
is the significently tighter 1 sigme envelope which is in both cuses

as tight or tighter than the standard ILS envelope,

FINDINGS FROM THE PLOT 1 ANALYSIS .

1, Average two-segment verticsl profile tracking accuracy by the
pilots in the sample was consistently comparable to ILS tracking
accurscy tiroughout most of the profile,

2+ Initial average overshoot of upper segment is only slightly
greater (in feet) than the average IS overshoot. The group
required about 0,6 miles to correct back to within 0.25 dots
after overshooting the ILS and only about 0.4 mile tc correct
back to withimr 0.25 dots after overshooling upger scgment. Since
upper segment capture requires a flight path engle chenge of
about twice that required for ILS glideslope capture, it is felt
that {the upper segment transition was as well or better flown
than the ILS transition.,

3. Cn averege, the group flew very slightly througn IIS glide:lope o1
transition from unper segment. The lurgest deviation beleow glide-
slope is 0.21/sigma o326 dot on the third approach (secont two-zer
nent) at 1.3 miles from touchdown. The maximum for thae 97 £1i s

- director two-segment appromches (Flot 1~i} is ©.,16/sima .70 dol

2t 1,2 miles. On the standard ILS the pilots werc slighil, belou
glideslope from 3.2 to 2.1 milos and were 0.14/sigma 222 below

at 0.7 miles from touchdown., At 0.4 miles they were 0,16/simme A%

low; e¢lthough this is the area at whkich the data scatter stariz *“o
boesme fairly lerge on all of the spproaches. 7The point in thio

conparisen is that deviations below glideslope out.of the tranzitior

(Hiﬁ}ﬂqély .
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from upper segment are of substantially the same magnitude as
deviations after stabilization on glideslope in the standard ILS,
and in all cases, these daviations are less than 0,25 dot,

The deta scatler inside of 0.4 N.M. from touchdowm precludes
sceurate analysis of group perfermance ut Categery II DH
(10G'AGL). This appears to be principally the result of breaking
the approach off slightly esrlier than this. (Of &0 two-gegment
£light director apprcaches considered, recorded duta shows
application of power for Ge-Around in 48 of the sixty cases at
C.4 miles or greater from tcuchdown).

In the last mile (from agbout 300'AGL at 1 mile to aboutl 122'AGL
at 0.4 mile), the group averasge deviation from glideslope was
about 0,01 dot high for the ILS, 0.14 dot low for the first
two-segment approach; 0,03 dot low for the second two-segment and
0.03 dot low fer the third two~segment (6th approach).

While it cannot be stated as fect ihat at Category IT DY, 96%

(42 =igma) of the group would have been within Category II
tolerances, the analysis of the approach down to 0.4 V.M.
(122'4GL) strengly suggests thaet they would have been well within
Category II tolerances at DH if they had continued down to 100!
AGL before epplying go-around power.

ORIGINAL PAGE IS
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PLOT 1-A AMALYSIS

This plot shows the larger statistical sample average (97 flight
director two-scgment) plotted ngeinst the average auto-coupled
manual throttle tracking performance (based on 54 two-segment
approzchen).

This plot shows the following:

(1) 7The upper segment pre-capture profiles are neerly identical. The
autopilot maximum overshoot is slightly smaller and is a gen-
erally more deliberate transition muneuver. The devietion wash-
out is more deliberate on autopilot than when the approach is
manually flown, :

(2) Approeching plideslope capture point, the flipght director and
autopilot deviations frem upper segment are very close to equal.
The pilots flew slightly tighter on flight director than the
gutopilet flew the same portion of the profile.

(3) The deviation excursion differences in the 3,0-2,6 N2 range
suggest thet the pilots started tc unticipate the transition and
thus delayed glideslope capture point by a small amount, The
autopilot plot suggests that it continued to correct toward upper
segment and at the approximately nominsl 2.8-mile point, upper
segment capture point was reached and the deviation reference
switched, which accounts for the discontinuity whileh is shown
at that point, The transition shows that the pilots completed
their transition a little faster than the autopilot (they
started slightly later and were on glideslope center slightly
earlier), This faster correction procbably accounts for the
slightly greater deviation below glideslope, though it gheuld be
recognized that the differencc is very small between flight
director and autopilot.

At the 0.4 N.M. peint, the turn-up of the flight directer plot
gnd the turn-down of the autopilot plet are partlally from smell
sample sizes and other factors which affect deta sculter., 1t
should be remembered that at this range, the beam is very tight,
und deviations (in dots) this close in represent very small
displecements (in feet) from beam center,
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FI:DINGS FROM PLOT 1-A AUALYSIS -

e

e

1, On average, the pllots flew the approuch on flight director as well
gt the autopilot flaw it, The'slightly more rapid corrections back
to profile center on flipght director as compared to autopilot are
characteristic of human judgment and reaction factors as compared

to the mechanized correcticn rate of the autopilot when it ip this
close to beam center, A :

As with Plot 1, the data scatter and statistleal smmple size inside
of 0.4 miles precludes accurate analysis. In the l-mile to Q.4-mile
range, the pilot proup were maintaining very small deviation toler-
ances. The datz suggests that ot Category IT DH (100'ACL), it s
reasonable to acsume that 96% (2 sigma) would have been within
Catepory II verticul deviation tolerances if they hud continued

to this point »rior to applying go-atround power.
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FLIGHT DIRECTCR PITCH CUMMAND FOLLOWING

Plots 1 and 1A show hou closely the Pllot Group tracked the zero verti-
cal deviation profile, PFlots 2 and 2A show how closely the pilots

followed the flight direetor pitch commands throughout the four differ-
ent approaches analyzed, As with Plot 1, the solid curve is the statis-

tical average. The dashed curves represent the + 1 sigma envelope.

In interpreting Plots 2 and 24, it is important to recognize that when
the pilot is maintnining the commanded pitch attitude at any given
point on the préfile, the pltch-command bar dilsplacement should be
zero, While these curves are plotted as pitch cormand bar displacement,
the resl meaning whicﬂ should be attached to them is that the Pilot
Group were maintaining a pitch attitude which was at variance with the

attitude needed to track the zero vertical deviation profile,
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FLOT 2 ANALYS1S

Flight Director Ifs (First Approaghl) - Au expected, the Group flew
Lthe (1ipht direcclor vary tightly on the 1LS appronch from glideslopo

cupture onwird., In the S5-to=iemile range, the smnller semple held
their attitude slightly high (command bar slightly low) which
accounts for the longer period to correct baék to glideslope after
initial overshcot discussed in the Plot 1 analysis. The larger
semple (Plot 2A) on averége, held a slightly lower attitude than
commandeds In both cases, however, these are fractions of 192 for

the entire approach.

Second Approach (First Two-Segment Flight Director) - This app-

roach turned out very much as expected, From upper segment capture
point (about 6 '.M4.) onward to glideslope capture point, one sees
the pitch attitude being held high., Plot 1 verifies the expected
result in that the aireraft remsins above upper segment all the
wey down. Also, as expected, the l-glgma envelope is quite large
until approximately l.4 N.M., which is about the point at which the

Group is back on the famili%f #gpound” of the ILS glideslopes
| L

Third and Sixth Approaches (Sacond and Third Two-Segment F/D Approaches)

The Group follows the flight director very well on these approaches
in the upper segment regime. The hold-off after initial overshoot
inthe third approach, particularly, is of shorter duration than
after the ILS overshoot, Both of the glideslope transitions show
more of a reluctance to pick the ncse up than on the second approach,

Plot 1 shows the Group flying directly through the glideslope and
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catehing it with n smooth correction back toward center, The 1
sigma envelope on the third approach is nurticularly good. The
pixth i very pood from about mid-upper segment onward. Nothing
elaewhera in the duts explains the relatively large scatter in |
the é-to-4e5-mile range., Plot 1, however, shows that despite this
scatter, the profile was the best-flown of all (including the ILS)

in this milecage regime.

Plots 2-B (1) and (2) - These plots bring the flight director

following and aireraft vertical deviation plots together in order
tc show the approximate magnitude of the vertical deviatioﬁnfrom

profile which resulted from the Qroups! flight director fellowing.

ervors, They are self-explanatory and will not be further analyzed.
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CONCLUSIONS FHUM FLOT 2 ANALISIS

le With very litile practice in the procedure, the trunsition to upper
segment can he well-flown., Likewlse, tracking accuracles on upper

segment compare favorably with TLS glideslope tracking.

2, Flight Director guidance throughout the profile appeurs to be correct

and accurate,

3. The glideslope transitlon maneuver appears to be preperly commanded.
The Pilot Group, on average, flies very slightly through the glide-
slope but conslstently corrects back and does not exceed Cat II

verpical deviation criteria,

PRECEDING p;u;ﬁxlﬂahﬁﬂi NOR Eﬂlﬂﬂfzi
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Plot 3 Adrspeed Contrel and Throlile Activity

In 1ipht of the girnificent number of pllots who rounked airspeed
conlrel ns heinpg slipghtly rove diffienlt in the two-segment approuach
than in the IL3, a cumparison cf nower control demands betwcen the
ILS and two-scpgment cpproaches has been made in Plot 3., As with

the pitch and roll activity comparisons, a finding that the two-
segment appreach significantly inereased this part of of the

pilot physicel worklcad would influence the overell conclusions as

to the safety of the procedure,.

The sirspeed rrofiles in Plect -3 show exactly what was to be expected.
The pilots flew good ILS speed profiles. At the typical gross
weights at which the IIS approaches were flown, target speed was
about 14C KIAS. In the two-segment arproaches (flown generully at
lighter weights than the ILS), Vref wes typically 137-135 KIAS,

The prcfile shows good Upper Segment stebilizaticn at Vref+10 with

a good 10=knot bleed to Vref in the glideslope transition regime and
slightly thereafter. For purposes of this analysis, it has been
aszumed that the pilots flew both types of approach to the same acc=
uracy stendard as regards alrspeed scheduling, Differences in power
control activity are therefore considered as an index of relative
pilot physical workload as regards power control.

In interpreting the throttle activity portion of Flot 3, it should

be recognized that this was summarized in 0.1 n.m. increments, The
plotted values represent the sum total of the advancements end retoerd-
ations which occurred in the previocus 0.1 n.m. expressed in percent
of avallable throttle movement. This weas measured by a trensducer

on the throttle linkage and calibrated O=100% between flight idle ad
the position corresponding tc 100%RPM,

The throttle activity plot is consistent with the specizl power con-
trol demands of the two-segment approanch. The sudden rise at appro:-
inately 6.5 n.me corresponds to the renpe at which the vertical dev-
iatlien bar in the HSI starts to move dovmward from two dots. Although
not plotied, a similar rise (which is less sustained) appears in the
LS data (Appendix I1I). Activity remains higher in the Upper Segmert
transition and stabilization than in the ILS which shows three distinct
artivity demand points between 5,2 and 3,2 miles, As is tc be expected,
power control activity rises again in the two-segment approach during
the transition from Upper Segment to glideslope. It is important to
recognize that this is the portion of the profile in which speed bleeds
rom Vref+10 to Vref on glideslope. A significent point is that after
the 1,3-mile point onward, power control workload demands for the ILS
exceed those of the two-segment approach,
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Findings from Plot 3 Anglygis

1 Power control pilot workleesd in the Upper Segmoent trensition of
the two-segment spproach is higher and more sustained thun the trens-
itlon to glideslope in the standard ILS,

2. The power control workload factor apain erseeds the demands of tle
ILS in the glideslone fransition from Upper Seyment., This is Lc he

expected since no such maneuver is required in the ILS after initial
transition.

3. Besed on this data, the pilot group diverted more activity to
power contrel in the final porticn of the ILS than in the two-sep-
rnent approach to maintuin the same speed control performance. (Hote:
Data cut-off is at 0.7 n.m. because,as stated earlier, of the 60
approaches considered, power apglications for go-nround occurred

in the great majority of cases in the 0.4-0,7 n.m, range).

4. After the large power adjustment at about 6.5 miles, the

magnitude of power control activity is no larger than that for ithre ILJ-

except that it is more sustained in the two transzition aresas.

5. After initial overshoot correction, power and speed stabilization
on upper segment are excellent. 1In this runge, the group encountered
congiderably power control activity on the ILS, this being 2-3 miles
after glideslope transition.

PRECEDING BAGE BLANE NOR EL
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Pitch and Roll Activity

These twe parameters were recorded in the eveluaticn in order to deler-
mine the relative physicel effort expended by the pllot in flyirg the
ILS and the two-segment approaches,

Plots 1 and l-A have shown that the group tracked the vertical rrofile
of the twu-secgment appreseh us well as they trucked the ILS profilec.

A comparison of localizer trieking rerfermence (AppendixITI shows
negligible differancas in lutersl tracking perfermences For purpesco
of this analysis, it has therefore besn asmuned that pilot tracicing
performance is substantially the same on both types of approsch, «
comparison of pitch und rcll activity between the ILS and two-seguent
pproach thersfore becomes an index of the relative physical werkloud
in flying the two approaches to the same performance stundard.

Plots 4, 4-A, and 4-B meke this comparicon, Pitch activity is ex-
pressed in degrees~scconds. Control cclumn movement from trimmed zero
(in either directicn) times the number of seconds the column iz die-
placed; have been sumned in 0,1 NM increments in Appendix ITI, Holl
activity has been similerly derived using contrel wheel angulur displac -
ment.

Given the assumption that the group tracked both prefiles with sub-
stentially the same accuracy, a compurison of piteh and roll sciivity
levels between the two types of approach (flight direetor ILS und
flipght director two-segment) will be used ag a factor in ihe conclus-
dons repgerding the gafety of the procedure, Any significant increase
in overzll workload (or in some specific portion of the amproech) will
be reflected as having a potentlel impsct on safely. 8y the seme
token, neplipgible differences will be interpreted &5 indicaling that
the two-segment approach does not impact sufely relative to the Iil
approach from the pilot worxload siendpoint.

Plot 4 Analysis

Flot 4 mukes two separate pltch activity comparisons and one roll
activity comgarison, In interpreting the two pitech activiiy plous,
it is impertent to recognize the very small scale factor. This seale
has been blown up to facilitate plotting and visuel comparisen. It
is one-tenth the scele used on the roll achtivity plot.

ight Director Piteh fetivity - ILS vs Two-Semment (Plot 4)

One important point is shown in thiz plet., This iz that the wyirepe
pltch sgetlivity for the two-segment approsch is corclstently Isss ther
that required for the stendard ILS. It can zlsc be ceen that, excepi
for the tuc points on the two-segment zpproech vhere inerca.od activiity
would be expected {upper segment and glideslope transzitions), the
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activity lrvel iz wvery siuble threoughout until about the 1.4 124 point
at which i1 e it rises. It shoulé be qoted that activity on the LIS
algo rises st thiz point and that the rise in IS welivity 18 noorly
double that shown for ‘he tuo-segment in the same porlion of the
approach, T4 sheuld elss be recognized that ihis rise 1s charcelerdstie
of a precisicn approuct In which the bersm Is narrowing uml Lhe -dlol
concrntrates more hicavily on sicintedining wsry smell deviations,

Two-Segment Fiteh lctivity - ¥Flight Director vs Autoplilot (Plot 4)

This plot is censistent with the differences noted in Plet l-i. Acli-
vity iz subztentially the same in both engcs until correction buck te
upper segnent after initial overshoot., At this point, the Flisht
direstor piter metivity is steble but slipghtly higher thun autopilot
pitet setivity., This sccounly for the e+rlier correcticn back Lo
upper seguent shown for the flipht director thaun the more delibernte
sutcpilot cerrection shown in l-i, Plight dirccto: acliviiy 1s con-
siderrtly hipgher in the glidesleope trunsition portien, but thiz is sivoe
consintent with PLet 21— which apperrs to reflect a sliplitly more

rapid frrunsiticn vhesr being bund fleun then vhen on eutepilot, Glide-
slepe stobiligulion snd enprosch completlon levels ere neurly identical
both in mppnitude of aeiivity inerezac =nd in peneral level.

Two-3egment Holl sciiviiy - Flight Director vs sulopilot (Flot &)

Twe rointes cen be made from thils plet. The first is +that there is s
charanteristic rice in activity s the aireraft gets nesrer to
touchdovn, This iz rrineipelly the result of the narrouing of  the
leccelizer heoum, ‘This d trme of bBeth the rutewilet :nd Sight dir-
ecter plots. The second point is thet thore ig ne vipnificant

gencrel {+r specifie) differcnne belveen the hand-flown flight direeter
and watciilet metivily throughout Lke approuch.

mcip, PAgy Rang Nq%
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Detgiled Piteh Ackdvity - dat, 2nd, 3rd nnd 6th Approaches (Flot 4-A)

The complexity of the detnjled piteh activity plot of the four approaches
must be conaidered in light of the greatly exprnded: legrees-seconds
scale which it was necenaary to use to separnte the plotm from cach

. other. The approximately averaged curves appears below the detailed plot.
fﬁThe important facts which this plot shows are:

t1)} The general level of pitch activity of the ILS and the two-segment
‘f approaches is generally the same throughout the approaches.,
(2) There is a characteristic rise in pitch activity from commencement

p of all of the approaches to the point at which the approaches
| were broken off for a go-around,
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Detatled loll Activity - 1st, 2nd, 3rd, and 6th Approaches (Plot 4=B)

This plot compures the roll getivity levels of  the 34;:ht directlor

ILS und the lhroo {11ghi director two-seiment appronchen flown by thn
19-pilct stutistienl sumple used for the lst-2nd=3rd-6ih appronch
analysis, It shews o somewhat hipher roll activity level for the tyvo-
sogment uppronch inside of approxizately plideslope cnpturs point (about
3 M), Some of this iz the result of dala scotter of the smeller
statistical sample, If the roll activity of the larger sample in Plot 2
is surerimpoaed on thls plot, the activity 1y still slightly higher

then the IL3, but only very slightly.
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Findings fran PLot 4, A=A 4=B Anglyals

1.

2,

The two-segment approach does not significantly impact pilot
physical workload in controlling the airplanet's pitch attitude in
performing to substantially the same vertieal and lateral deviation
standards as in the ILS, Since the two-segment appronch effectively
entails an intercept from below and followed by a second intercept
from nbove, it is felt that this factor would show significant
oversll differences in plteh control activity if it were demanding
more pilot attention than the ILS.

Roll activity is slightly higher in the two-segment than the ILS
in the final portion of the approach, It can only be surmised
that the sum total of piteh change and airspeed control in the
glideslope transition regime demanded more of the pilot's nttent-
ion than would normally be demanded in the ILS.

Conclusions Regarding Oversll Safety of the Two-Segment Approach
Erecedure

1.
2o

3.

Lo

5e

7.

The procedure is acceptably safe,
The systes as evaluated provides adequate guidance for use in IFR,

The two-segﬁent appronch crew procedures and techniques are not
significantly different from the standard ILS in any way which dew-
grades safety, '

The profile transitions are safe and easy to fly. At thesge points,
pilot workload is slightly higher in power and attitude control than
in the IL9; However, this increase does not result in any spparent
unsefe tracking porformance or in undue diversion from other easen--
tial cockpit duties, -

Typical engine power settings required for upper segment tracking
under representative conditions are aceeptable, Under some above-
the-surface tailwind conditions (which exceed permissible surface
tailwind components for landing), engine power might be too low for
full anti-ice capabilities, witiout the use of moderately assy-
metrical engine power, Under such conditions, the procedure would
probably not be recommended.

Usper segment descent rates are acceptable except under some above-
the-gurface tailwind conditions. As with 5 above, these conditions
would be frr winds exceeding permissible landing tailwind components.

(lideslope trensition and stabilization altitudes are safe and
acceptable. (Note: Several pilot comments related to this factor
indicated that the altitudes used in the procedure were safe but
that lower altitudes tban these wouli not be acceptable.)
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Two principal objectives were invelved in the Guest Pllot Evaluuation.
The first was to establish that the procedures were safe for use in the
pix-month in-gervice evaluation which was to follow. The second wae
that the group should evaluate the procedure from the atandpoint of
whether they, as pilots, felt that the procedures would be operationally
acceptable to the general pilot community,

It was recognized that the pilots would be making their judgments from
a "test tube" environment which lacked many of the every-day elements of
air carrier operations (revenue passengers aboard, interfacing with
other acheduled traffic in a heavy-traffic ATC enviromment, ste,). It
afforded the best opportunity, however, to "try it on for size" before
going into the in-szervice evaluation where these missing elements would
be present.

No two pilots were expected to use exactly the same “yardstick" for
accepting (or not accepting) the procedure, Question 4-A was franed
to elicit each pilot's comments regarding whether it waes operaticnally
sound and acceptable. Ita companion question (4~B) was intended to
show the principal basis upon which he had judged the procedure as
operationally acceptable {or lacking). Questions 5 and 6 were exten~
pions of the broader queation 4, It was felt that the transition man-
euvers and the inter~transition portion of the profile (to which
questions 5 and 6 were addreasedg reprecents most of what was new and
un~-familiar, and would therefore yield comments bearing on conclusione
regarding acceptalce by the Guest Pilots, Pilot responses to ques-
tions 4-A=B, 5 and 6, along with the Part I respomses, therelore form
the principal basis for conclusions related to pilot acceptance.

As with the preceding safety analysis, certain performance data de=
rived from Appendix ¥IIwill be given appropriate weight in any cone
clusions to which the date pertal.ns.

Because the basis for comment (particulerly in question 4-3) is poten-
tially very broad, an attempt to categorize the comments under a few
generel headings has been made, The verbatim comments (and amy sube
sequent correspondence) are contained in Appendix I, The general
categories and their rationale are:



(1)

(2)

(3)

(4)

! ty - In the pre-
ceding enalysis of gafety, certain indicators of the level of this
activity were considered an bearing indirectly upon safety if they
roflectsd an undue diverslon of the pilot's attention from other
easgentinl cockplt activity. 1In this unalysls, these and other
fuctors will be treuted as having a direct relationship to pilot
acceptance, on the premise that any pilot workload and/or phy-
slcal cockpit activity demands which are markedly increased by
the two-segment procedure would make the procedure less pilot-
acceptable,

& -~ This category will relate principally to any
external factors with which the pilot must e¢ope in his approach te
landing., The extent to which the effect of these factors is dif-
ferent in the two-segment approach from the ILS approsch will be
given appropriate weight in the conclusions.

1iLe o - Comments relating to
profile geometry or to approach procedures will be placed in this
category,

Migcellapeous ~ Comments not appropriate to any of the ahove cate-.

gories w11l be placed in this ecategory.,

—s9—
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QUESTION 4 A-B SITMARY AND ANALYSIS
(37 Simulatory 45 Alrcraft fnestionnaires)

QUESTION Ll ~ Vael o Q=86 n ey hov yn_gyn b
flown in normal line operution?
4=B - uWhgt factors sre involved in your answer to 4-A?
Suestion 4 #=D Responge Suimary |
. STMULATOR ATRCRAFT
"¥as" (With no classifiable comment) 3 7
"Yes" (With clasasifiable comment) 33 36
" 0 0
Classified by content as "lo* | 3; 2
Total 37 3]

~70-

The "Yes" with classifinble comments category is %wroken down holow,
The tetals exceed the number of pilots tecause many responses to A=A
and 4~B introduced more than one idea in a single response,

Pilot workload/Cockpit Activiiy

SDIULATOR AIRCRAFT

Workload increased (particularlf on Flight
Director. f o] 1
Workload not increased (ormot /appreciably
higher then Standerd ILS), 5 5
Good Instrumeriation/guidance 1 2
As easy/easier than IIS o e

Total 6 17

P



External Factors

Procedure has icing/tailwind limitations B 9 3

Procedure more pilot/pasazenger acceptable

in uindahear/turbulence conditions, 1 2

\

ACchtable with anzrol,;uue operational

and weathor limitatdons _ 5. Jo
Total 15 15

Prefile/procedures s'mple, easy to fly 12 0

Good trznsitions/stabilization/power/

descent rates 6 ke

Good nrofile if glideslope stabilization

is £0G'{AFL) or higher 3 P
Total 21 17

ilge neg

hcceptable procedure with adequete training/

familiarity in line use. 10 9

Needs (m-Line evaluntion/greater pilot smmyle 3 1
Totul 13 10

Total ("Yes"-clascifiable) 55 iz

Classified MNol by Gontent

Potential safety problems in two-segment;

can't foresee all problemg at this time 1 g

Sink rate/lockout poor o 1

Crew fatipue~potential safety factor 1 ¢

Coruromises aafety for noise abatement ¢ 1
Total 2 2

Al’:P GEB
OF pooaﬂ‘mm
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mestion 4 A-B Analysis:

The peneral tenor of pllot responses to Luestion 4-4 is thet the
two=gogment avproach wrecedures are operationally pilot-acceptable.
tnly in o fay epecific areas is there a cignifiesnt number of com-
ments which allude to limitations us o its use in normel line
opere.lions:

(1) Teirg and tadluind limitations,

(2) 1is use down tc appropriste minimums and appropriate
operating limitations.

(3) Training and/or sufficient use to permit the pilot to gain
fum'ldarity with the procedurcs and/or system management,

1. The two-segment approach procedurc ¢an be flown in normal line
eperations with uppropriste limitacions related te the- external
fractoras which affect the use of any approach procedure,

2. The rracedure iz pilobt-acceptable from the workload and cockplt
rovivity standpoint.

Je 1re profile jeometry is good, The procedure is easy to fly.
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QUESTIO!N 5 - RESPONSE, SUMMARY AND ANALYSIS
(37 Simulator; 45 Aircraft (uestionnaires)

QUESTION 5: Whal Jg your gpindon of the trangition to upper. soment”

Question 5 was intended to cxplore pllol resetlon Lo the entlre upper
gegment trunsition maneuver. This included:

(a) Pre-transition annunciation and instrument cues which the pileot
needs for proper configuratiion and energy manzgement,

(b) Differences etweon this transition and the standard IIS trensitics
as repards cenfiguration, speed and power contrcl,

(e) Differences in tie ease of following flight director comrands in
the ugper segment transition as compered to the standerd IS
transition.

(d) Same as (c) above for autow-coupled transiticn.

(e} Differences in crew workload to establish speed and power for
stabilized upper segment tracking as ccmpared to the sume activity
in the standcrd IIS.

(f) 1Is the transition teo abrupt? Too'm:zy"?
(g) Is the transition maneuver pilot-scceptablet

One of the principal criteria used in the procedurses development was
that from the pilot technigque stundpeint, the two-segment appreach weuld
be as similar in all respects to the stundurd ILS as possible. 'The
differences between the upper segment and IlS transitions are siore o
matter of degree than of technique, the principal differences being in
the amount of attitude change required, the substantislly lower power
settings and slight differences in flap management.

' pisy
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JS3TICN 5 RESFC:GE SUMMARY

An examineddion of the uestion 5 vertolim responses in Appendix T will
show nuocrous short and succeinet comtients such as "smeoth = npe nroblemt,
TnzeellentM, ete, For purpotes of this unalyoias, ouch comments uro
interproted sg roflasting the pilob's opdnion thal the Lrancition - une
ryvep 3o Lecophable,  Tho sesumption hag bieon mado Lhab bo wenld ndd,
havo selottad dweh o tarm A0 he felt olhorwine,

STHULATOR AINS P
Ho rosponse | 6 1
Acceptable ("s~coth!", "now-problem", "exccllegt") 17 24
Acceptuble (with comment) 14 23
naccentable 0 ]
Totul 27 45

The "acceptahle with comment" category is broken down below. Some
responses introdnced wore thun one ldea in o single response,

SIMILATOR ATHCIAFT

Pre-capture configuration necessary/needed
earlier. 7 4
o unusual techniques/trim, 1 1
Ck with rractice, - 3
Transition fsgt/fapter than expectéd, 4 3
Transition "lazy". o) 2
Transitlon comparable or better than TIS. 0 3
Transition is speed critieal. 4 A
Transition "net so poodh, 1 ¢
Plenty of time %o stabilize on UPPER, 1 -
Better on manual throttles/power management, O 3
\iorkload increases (particularly if fast). - 1
Ok day VFR - potential problem night/IFR, - 1

Total 18 27
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JUESTICH 5 A JALYOIS

The corments indicate wery 1itile mreblem with the upper trancilien,
The detuiled commants point up the need for sliphtly curlier jre-en;/=
ure conllitrntinon cunir, the criticullty of propor anbry spoeeds aml the

focl that in a number of seoes the transdition way fagler than Tho nilol

had orpericd or thought 1t phould bo,

The confipur.tiecn cus problem was recognized carly; houever, under the
eircumstances, it vas felt necessary to accept this wenaliy in fuves
of & realistic deviation gain (250'/doi) which was necessary for jocd
upner segment tracking., A gain svitch after canture from abomt 5001/
dot (to pgive better nre-configuration cues) to 250'/dot for Leuckin:
was found impructicable and unzeceptable because a sudden devittion
excursion at gain switchover point was virtually impossible teo atiuin
without very 3ignificant equipment modifications,

JUESTION 5 FINDINGS

1. The upper transition is pilot acreptable.

2, Pre-cupture configuration cues arc sliphtly laler than they
might be to be optimum,

3, Small variastions in ontry specds muke sipnificont difleresices
in the ease with vwhich the transition iz accomrlished.

-5
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UESTION 6 SUMMARY AND ANAI
(37 Simulator - 45 Airplano Questionnaircs)

HJEOTICT 6 - WHIAT TS YOUR CPINION OF THE TRAMZITION TO THE SLIDESLOFE?

Jardier avalnations and wvarlous published statements geve the indicatien
Wit the trumsition from Upper Segment to ILS Glideslope (or Lower Segment)
vas cowidered 1he most sufety- and pilot acceptance-critical pertion of
tho twa-segment precedures The Project Pllot group conducted & very Je-
tuiled investigatison into the individual and interdependent wvariables that
are involved in this vortiom of the upiromch. ‘Question 6 was written as

s completoly {rec-form question in order to elicit Ouest Pllot opinilon

on ﬁ“fthinb involved in the maneuver from com<sncerwnt at Glideslope
Canture Point to Glideslope stabilization point,

As with the Question & summary and analyals, suéh comments as Msmooth!,
Heradual and smooth® =%fe, have.buen interpreted to mean that the piled
oosidors 1 mamouver seceptable, In addition te Uhis type of comment,
there ara several comronts which reflect pleasant surprise at the man-
prwsi,  In the abgence of some o "itional specific statement to the con-
*“ery, thess have been interproted ss wn indication of the pilot's ace-

Pu AYIC K,

LJUSOTIC! 6 RESPUNSE STSARY

COMMENT CATEGORY 3IMULATOR ATRPIANE
lo Resnonegc ) - 1
accentable (without qualifying ceomment) 21 26
Acceptable (with comment) 16 18
Maccenbabla a - -
Total 37 45

- e mm oo B v kv e AN RS S am MR AR RS SR MR e mE e MR M m g gy e W oy W me e we e % em R e

The nabure ¢f the comments made in the responses are brcken down as fallowu.

Good uith proper guidance -
Tidinee 1o ool

vawer centrol/ Yrim easy
Srefers manunl throtlles

Uertload nob inercused

Worklawd higher in speed/pover/seanning

ool 41 stabilized for entry

Likes nonitant opeed transition

Likey 10-¥nob inerement on Upper

Goed with nroprr training/familiarity
Improvement over earlier procedures

Flight Director better than Autopilot

Good if commenced by 1000'-Stab. on G/5 by 500!
TR T "tarts t..0 high/takes too much alt.
Troemriblon stards b o

Gool in VPR

#onl, ceyend in eomeloto prograr bhat gives
ma concarn’

P | UL 9 S N | ‘:t:sﬁl,‘\t;_\.q\mx_smx,_n
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QUESTION & FINDINGS

1. %he glideslope Ltravweition maneuyer io pllot-sccontantle, "hevo 1o o
stabowonl ofthor tn this guestion or in question 3 vhich would 'ole
feate thut amy nilet in the pronp conadders Vhe lewer bLravs 1Lien
unanfe,

2, The mancuver =5 eveluated appenrs to have allayed ewrlieor comoor
ar pagards hipgh alnk rates,plideslope undorshcot and engine sponle
dovn ot low altitedaes,

PILOT QUESTIONMNAIRE PART 1 ANALYSIS

The Part I queationnaire analysis appears in the preceding discussion
on safety of the procedure, and will therefore not be repeated in
this section,. {See pp 34-35)

As explained earlier, the Part I responses were tresnted as indirect
factors in the conclusiona regarding safety, In the following
findings, they have been considered as bearing directly on pilot
acceptance,

FINDINGS FROM PART I ANALYSIS AS IT RELATES TO PILOT ACCEPTANCE

1. The two-pegment approach procedure does not have a significantly
greater impact on pllot cockpit activity than the standard ILS
procedure,

2, Instrument scanning and airspeed control are slightly more diffi.
cult in the two-gsegment approach. Thess factors do not constitute
ah unacceptable workload increase over the standard ILS workload
requirements,

ORJGINAD PAGH I
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(3) CUCKPIT ANNUHGIATOM:AND -IUSTRUMENT DISHLAYS Aril /. pipiie /= 4%

The responses to +uestions 1 and 2 and any applicable written comments
on Part I of the questionnaire constitute the prineipal sources upon
which the conelusions regarding instrument and annunclator dlaplays are
based, Generally, the pilot either approved of these displays or

recommended changes which he specificd in his responpes,

The following tables summarize the rcaponses to these questions:

Question 1 Summary and Analysis

This summary is based on 37 simulator end 45 aireraft questionnaires,

Question 1 - Would you like to se ¥y ch made to the existin

anntunciator display? If yes, what changes?

Question 1 Summary Simylator Aireraft
Ho change recommended 29 26
Annupeintor chanpes/additions recommended:
la)} 2-seg switch‘on72-seg'amed‘ lite - 3
(b) 2-seg fail lite 1 1
(¢} “Adrport elevation set annunciator 1 1
(d) Annun”Alt Hold and/or A/T modes 4 2

(e) Add Radalt visual/aural warning at
100018001 (AGL) - 1

(f) Illuminate Mupper segment" and "glide-
slope" amber at same time 1 1

(g) - Extinguish M"upper segment® green at
"glideslope" green 1 3



Queotion 1 Swmary, Cont.

Relocations or logic changes recommended:

{a)
(b)

(c)

(d)
(e)

(£)

Flace Approach P&ogress Display
immediately above ADI

Inhibit “glideslope" amber until
at least 1000' below U/S ecapture

Move 2-seg selector switch or meke
it different frcm marker beacon switch

Make 2-seg selector switch engageable
only if all valids are present

{Comment) Blank "U/S" distracting
on standard ILS -

Display F/D modes in HSI

fuestion 2 Summary and Analysis

Question 2: Vould you like to see any change in the instrument

Sipulntor Adreraft

display? If yes, wha® changes?

RESPONSE SUMMARY

Sipulator Alrcraft

No change recommended

Recommended changes:

(a}

(b)
(c)

(a)

Display raw G/S on HSI and computed
data on ADI

Investigate feasibility of (a) above

Display computed data on ADI on U/S
and switeh to raw G/S at G/S capture

Display raw G/S on HSI

20

-

21

o gt
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Queation 2 Sugmary, Cont.
(e} Dampen sudden switch of verticel
deviation bar on HSI at G/S capture

(f) Flace 2-seg selector switeh on F/D
mode selector panel

(g) Group all 2-seg switchas/controls
together

(h) Improve HSI visual configuration cues
(i) Heading bug color (hard to read)
(3) ASI hard to read/ASI scele orientation

1 -
Vigrusoron ofe Pl ot RECSMMENBE Pian s,

T e et LG LU eI L A . s e i

A totsl of eleven comments (sim and aircraft) were made concerning

The recommendatiocns reléﬁiﬁéito extihgui;ﬁing the "upper segment?

annmunciation at glideslomw capture were cerefully considered, It was
felt that this weculd not be consistent with the eatablished progress
display light convention wherein once illuminated, that Zight is not

extinguished so long as the proe:idure continueés normal progress

through the subsequent steps,

separate ennunciation of the two-segment on/armed/fail and annun-

eiating the altitude hold and autothrottle modes.

equipment design proposed by Collins lncluded a"two-segment approach~
normal" and a"two-segment fail-below glideslope" annunciator. These
annunciators were deleted from the system for two principal reasons:
(1) A light should be added to the panel only if its message is such
that safety is compromised in the time lapse which might be
involved in the pilot's recognizing and interpreting this message

from a less obviocus source and/or (2) it is required by regulation

The original

1
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or is considered operstionally necessary for some reasen different
from (1) above., In this particular case, the M"tuo-zegment-normal®
light was functionally little more than a switch position indicator
., 1ight, The "fail" light was considered redundent becsuse fallure
of the system, while it is serving as the vertical puidance source,
disconnects the autopilot and/or biases the command bars from view.
The two-segment system, even when selected "ON", does not alter
the operationsl lopic of any of the flight director or autopilot
modeéIOthar than the: auto approach modes., Any two-segmeﬁ£ foilure
t;.the vllot in a manner already proven adequate and reliable

under such conditions.

Considerable corment was received (8 simulstor, 18 aireraft) relating
to rav data vursus computed vertical deviation data on the ADI and

HSI, Several combinations were mentioﬁed. This matter was discussed
at length in the system design phase, It is felt that the diverzent
opiniens were prineipslly the result of different airline instrumentat-
ion concepts, differences in pilot backgrounds and training and differ-
ences in individucl fleet coniigurations. The decision to display

raw ILS glideslope on the nrimary instrument was based on severai in-
portant factors: (1) Raw ILS glideslepe information which is un-
switched and not processed through the two-segment system, sghould be
available to lhe pilot, The addition of glideslope and LG deviation
displays in the ADIiattest to the importance of this infermation in

the primary attitude/guidance instrument, (2) This information must

be immediately available to the pilot next tc his flight director

ORIGINAL pag
B
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cormand bars in the most eritical phase of the approach. As designed,
the unswitched and unprocessed raw inferration is displayed in the
ADI. (3) ituw ;lideslope display in the ADI is an additional safe-
guard wgninst o ccmpututionhl error vhilch might mis-position the upper
seguent. There is ne proper situation on upper segment in which the
aircraft is on upner segment and below glideslope at the same time,
(4) As presented, the display is the same zs the pilot sces

when capturing ILS glideslope from above in a standard ILS.

It shculd be recognized that if this system were retrofitted into the
various air carrier [leets, any display combination which an individual
carrier might desire could be incorporated through interface and minor

equipment modifications.

Conclusions Regarding Two-Begment Annunciator and Instrument Displays

A+ The annunciator display and sequencing are acceptable.

B. The vertical gnidance display is acceptable.

C, Differences exist regarding the combination of raw and computed
vertical deviation displays on the ADI and HSI. These differences
can be accommodated by interface and minor equipment modifications,

D. The cockpit location of system controls, annunciators and switches

is acceptable for a single-system installation,

— 8¢~
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The Gunat Pilot Zvyelustinn sucteasfully accomplished the ohlectives for j
vhich it hnd boen desipred, ff
i

;

;

|

f

1

The purtielpunto roprogented a wellebulunced croge seclion of experienced ;
{ndustry pilots, Their evoluabiens provided the confidence Lhat the eg- i
uipmont. and procedurey conld (and should) be evaluated in the regular air
carricr environment hy Line Pilote who became involved as the result of

normal line bidding procedures. Accordingly the system was installed in
a UAL B727.222, The FAA izsued a Supplemental Type Certificate for eval- y
uation of the equipment and procedures in revenue service. This evaluastion i
was conducted during the period 28 April-29 October 1973, i
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