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PILOTED CURVED DECELERATING APPROACHES IN A POWERED-LIFT STUL AIRCRAFT

W, 5. Hindson
National Aeronautical Establishment
Hational Research Council of Canada, Ottawa, Ontario, Canada

and

G, H. Hardy
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SUHMARY

A program to assess the feasibility of piloted STOL approaches along predefined, steap, curved, and
decelerating approach profiles was carried out with a powered-11ft STOL aircraft. To reduce the pilot
workload associated with the basic control requirements of a powered~11ft afrcraft equipped with redundant
controls and operating on the backside of the power curve, separate stabijity augmentation systems for
E¥t1¥UdQ and speed were provided, as well as & supporting flfght director and special electronic cockpit

splays.

It was found to be ﬁarticularly important to assist the pilot through use of the flight director com-
puting capability with the lower frequency control-related tasks, such as those assocliated with (1) moni-
toring and addusting configuration trim as influenced by atmospheric effects, and (2) preventing the
system from exceeding powerplant and SAS authority limjtations, . ‘

This paper briefly describes the control, display, &nd procgdura) features of the flight experiment
that have led to the conclusion that, given an adequate navitation environment, such constrained approaches
may be feasibie from 2 pilot pcceptance point of view, Many of the technical and pilot related {ssuss
identified in the course of this fifoht {nvestigation are representative of similarly demanding operational
tasks that are thought to be possible only through the use of sophisticated control and d1§piay systems,

INTRODUCTION

A capability to perform steep, turping, @nd decelerating approaches under manual control and in instru-
ment. meteorological copditions has beep developed and flight tested 1n the Augmentor Wing Jet STOL Research
Mreraft.  This powered-11Ft STOL aircraft is operated by the MASA-fmes Research Center as part of & com-
prehensive investigative program in terminal-area STOL wperating systems, and is partially supported by
funding and personne] from the Canadian Government. The general objective of this program is to assess the
potential for enhanc1ng the nqerationa]'efficiency of STOL aireraft by reducing terminal-area arrival times,
setectively locating the final approach route for reasons of noise curtaflment, obstruction clearance,
confiicting CT0L operations, or military tactical constraints, The emEhasis of this experiment was on the
manual contrel and f1ight director considerations for powered-11ft STOL terminal-area operations, with the
objective of evaluating the extent to which significant operatfonal utility can be achieved without requir-
ing the extensive use of automatic systems, with their attendant relfability and cost considerations..

That powered-1ift aircraft require special attention arises from the peculiar 1ift, drag, and pitching
aerodypamics and perhaps their undesirable couplings that are associated with thrust turning., Accompanying
this thrust turning feature is the requirement for use of an additional jongitudind] control to adjust Vift-
drag trim states during steep approach operations. In addition, low aerpdynamit dampings associated with
low speed flight, and the details associated with 11ft sharing between the more conventional wing aerody-"
namics and the pronulsfive 11ft forces generally result in dynamics with a more s5uggish and less stable
respense relative to CTOL aireraft, The result of these factors s an increase 1n complexity of the pilot's
control task, or alternatively, the need to incorporate an appropriately designed automatic control“or
stabi1ity augmentation system.

Recognizing the comprehensive nature of the STOL instrument approach task, the major objective of this
work was to integrate the navigation, guidance, contrel and handling qualities, cockpit display, and pro-
cedural factors into a potentially feasible operational framework. The curved approach task was carried out
in a real navigation envircnment and furnishes new pperationally oriented déta for this class of aircraft,
Features contributing to the feasibility of the task were a multi-function, three-cue flight director along
with integrated electronic cockpit displays. A variety of STOL control concepts were also evaluated for
their effect on the task. This paper discusses the essential elements of the approach task, briefly de-
scribes tha test aircraft and associated avionics, and presents representative data from the flight
experiments, A more detailed description of the flight test effort 1s to be found 1n 2 prospective HASA
report,! which also substuntiates the general conclusions summarized in this paper.

APPROACH TASK

Approach profiies similar to that shown in figure 1 ware used for the evaluation. Inciuded were some
minor variations in turn radfus and final approach rolil-out altitude optional to the pilot. Choice of the

.180° descending turn ensured that methods be developed to deal with (1) the discontinuity in the. terminal-

v

4. 5. Hindson and D. W. Smith: Flight Evaluation of Severdl STOL Control and Flight Director Concepts

;og1$ Po?ered-L1ft Afrcraft Flying Steep Curved and Decelerating Approaches. Prospective NASA Technical
ublication. ) ) _ o . o .

OE ROOR QUALITX

ORIGINAL PAGE I8 5.




I

2

area navigation environment (during transition from YORTAC to precisfon Microwave Landing System (MLS)
coverage), and (2} the effects of the changing relative direction of significant ambient winds on Jatara)
and longitudinal contro} requirements, Conversion from the conventional terminal ares arrival configuration
to an intermediate powered-11ft flap setting (50°) was accomplished during the level downwind leg before
capturing tho 7° descent path. The major deceleration from the termina) area arrival speed was also carrfed
out fn this scament. The final deceleration to londing speed was generally accomplished immedfately prior

. to roll-out at 150 m {500 ft) From the descending turn. A simulated decision height of 30,54 m (100 ft)

was used for the hooded approach, where the glidepath performance objactives were chosen for purposes of
fnitial evaluation to be those currently used for CTOL Category [ operations. Landing transitions were
carried out to a 30.5-m-wide STOL runway, where touchdown dispersions were measured. Provisiop was also
made for adapting the landing configuration and associated approach airspeed to the wind conditions of the
day and the runway lepgth available for landing, hence recognizing an additional variable believed necessary
for economical operation of powered=1ift S10L or V/STOL aircraft, The configuration-speed schedule used

for the tast afrcraft is shown in figure 1.

Tiic. RESEARCH AIRCRAFT

The research afreraft used for these tests was a modified DellaviVland of Canada DHC-5 Buffalo shown in
figure 2. The ajrcraft is equipped with an augmentor flap arrangement, shown in figure 3, which s blown
internally by the cold bypass flow from two Rolls Royce Spoy 801-5F engines, This cold flow is crossducted
to minfmize lateral and directiona) transients in the event of an engine failurg, The residual hot thrust
from each engine {s exhausted through rotatabl)e nozzles, which when vectored to a downward position, con-
veniently provides ample reduction in longitudinal force for steep approaches. These nozzles are capable
of high votation rates, and when also modulated about their deployed position, furnish significant control
of long1{hdinal force without any major disruption in 1ift,

The aircraft is equipped with a rate-command, attitude-hold Stabjlity Augmentation System {5A5) for
pitch and roll, and has turn coordination and rate-damping augmentation in yaw,

A flexible digital avionics system known as STOLAND, pictured in figure 4, is installed in the air-
craft, A 32K/18bit word minicomputer serves navigational, guidance and control requirements through inter-
faces with the cockpit displays, electronic servos, and the pilot's mode seiection panel, A rho-theta area
navigation system {s incorporated, providing a flexible capabjlity for mult{-segment and curvilinear pro-
files in a VOR, TACAN, or MLS navigation environment, :

The variable stability capability of this system was also used to fpcorporate an sutospeed control
augmentagion system for use in the powered-1{ft descent configuration, This system, shown in figure 5 mod-
ulates the vectored thrust nozzles to maintain a specified speed reference while maneuvering with othar
longttudinal controls, or 1n tha prosepce of atmospheric disturbances such as shear’. This system is con-
ceptually similar to one evaluated during the previcus research reported in reference 1, where it had
yielded encouraging pilot ratings. MHowever, in this work, considerably more attention was given to some
of the many factors fnvelved fn the design of such a system for operational use, such as engagement pro-
cedures, trim control, and authority limits, Use was a)so made of electrohydraulica)ly actuated surfaces
Jocated within the augmentor flaps., These "chokes" can be modulated symmetrically about an intermedfate
deployed position to provide direct 1ift control, and are used for heave damﬁing augmentation and to off-
set small 11ft Josses that oceur as the hot thrust nozzles are rotated aft when controlling to the refer-
ence speed. The speed reference in the system is indfrectly controlled by flap angle as shown 1n Figure 6,
so that as the pfiot progressively configures the alrcraft towards the filnal landing flap setting, the
speed reference automaticdlly reduces to programmed va]ues'apprurriate to configuration and weight. This
provides a convenient way to contrel a deccierating approach without any additional cockpit actions.

Finally, the authority of the autospeed control system 1s sufficient to dea) with the secondary control
coupling generated when throttle {s used for path control, commonly referred to as the Backside Control .
Technique, as well as the primary contrel coupling associated with using pitch attitude to control glide-
path, as 1n the conventional Frontside Contro] Technique. With the Backside Contrel Technique, pitch
attitude is maintained constant at an appropriate trim position, while with the Frontside Technique throttle
is maintafned at an appropriate trim position, effectively determining the optimum propertion of powered- -

" Hft needed for the appreach. Consequently, three differing STOL control concepts, summarized in Table I,

were available for evaluation during the f1ight tests reported here, since the Basic Afrcraft, without
spead control augnentation, was aliso tested.

‘COCKPIT DISPLAYS AND FLIGHT DIRECTOR

Two electrantcally generated cockpit displays provide an integrated display format, which contributed
greatly to the reduced workload necessary to permit the curved approach, As shown in figure 7, the elec-
tronic attitude director fndicator (EAD[{ cmbodies a three-cue director format for pitch, throttle, and
roll angle, Other symbelogy includes an inertially referenced fl{ght path angle bar, a speed errur
thermometer scale, a raw-data tracking box of increasing sensitivity towards decision hefght, and three:
digital display windows as shown in Figure 7. Also included is a perspective runway presentation, calcu-

- lated from MLS position data for use with tho f1ight path:angle bar,

The multifenction display {MFD), shown in figure 8, fi11s a reguirement conventionally met by a hori-
zontal sjtuation indicator {HSI}, furnishing s pictorfal plan position presentation particularly suitable
for constrained multisegment, curvilinear, terminal-arep navigation. Also shown in figure 8 are main
symbology elements, and the several options for map oriintation, scale sensitivity, map content, and route
selection available to the pilot. The location of these displays in the cockpit is iTlustrated in figure 9,

The functional desian of the flight director that eveived to support the curved decelerating approach
task 1s shown in figure 10. Four distinct requirements are involved in contrast to the usual situation for
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CTOL aircraft where, in addftion to mode switching, the flight director consists simply of guidance laws
combining path error and path erroe rate {n suitable proportions. The basic guidance laws used here remain
bas{ically conventional, except that they Include control-foedback )imiting, such as maximum and minimum
power settings, to ensure that vonptrol parameters vemain within prescribed bounds, thus redueing the need
for additicnal pilot monitoring. Also incorporated are contre) configuraticn blending constants, which
meet the requirement to smoothly blend the pilot's control technique from frontside to backside as the
afreraft's configuration is changed toward powered=1{ft settings. The configuration-dependent form of
these parameters 15 shown in figure 113 they begin to ceme §nto play during the initial level deceleration
.on the downwind leg, typically to a flap setting of 50*. The trim mapagement function of the flight direc-
tor assists the pilot 1n establishing appropriate 1{ft-drag trim sottings during the turning approach
through trim data stored over a range of aercdynamic flight path an?les. This trim management requirement
is an important constderation for all powered-11£t aircraft, including V/STOL aircraft, which are especially
sensitive in terms of operating cconomics and safety margins to the larger variations in aerodynamic flight
path angle encountercd during Steep approach oEcrations in moderate wind flelds, The computed trim setting
is displayed to the pflot on the EADI efther through the throttle director bar for the Frontside avtospeed
mode, the pitch bar for the Backside autospeed mode, or through the center windew as a fourth director cue
for the manual nozzle positioning necessary for the Basic Afrcraft mede, Finally, the decu!erating approach
reference speed, mentioned earlier in connection with the autospeed control system, 1s incorporated fin the
flight director, Errors from this reference are oither input to the autespeed contro} system ({f engaged)
oy drive the pitch director bar for the Dasic Afrcraft mode,

SELECTED FLIGHY TEST RESULTS

Data from approximately 60 approaches were opalyzed from the viewpoint of achieved outer loop navigation
and guidance performance, inner loop fiight director tracking performance, pilot control {nputs, and air-
craft control utilization measures, These results constitute an initial body of data that can contribute
to tha devalopment of pavigatien and airspace requirements, pilot workload factors, control authority design
requirements, and pilot and passenger acceptance factors for this class of aircraft., Amoig others, these
factors, will determine the missfon capability of powered-1{ift STOL aircraft. Reproséntative fl1ight test
data selected from the experimont are provided here,

1

The net profile performance achieved during thirteen approaches flown on one of the experfmental approach
profiles is shown in figure 12. The width of the lateral performance envelope in the earlfer stages of the
approach represents profile capture peculfarities, as well as day-to-day variations 1n the enroute YORTAC
navigation signal accuracies, particularly bias errors In range measurement. These data were analyzed in
greater detail for ali approacﬁes during the sequential approach seguents defined by the downwind leg, the
descending turn, and the final appreach, and are summarized in the prospective repertZ in the form of tab-
ulated dispersions of latera) and vertical navigation and gujdance errors.

- Although the emphasis of this work was on longitudipal performance and control, some lateral parameters
of significance were also studied. Lateral control data during the descending turn are i1lustrated in
figure 13 for approximately 50 approaches, These probability demsity functions represont the relative amount
of time during ail turn segments that the parameters shown fall within the intervals defined.along the
abscissa, Despite the moderately strong winds which prevailed during some of the cvaluation f1ights, the
nominal bank angle during the turn was maintained near the desired 15° by appropriate choice of turn radius
and initial approach airspeed, Recognizing the importance of winds during the approach on both lateral and
Tongitudinal kinemat{cs and hence control requirements, the wind profile to be anticipated on descept was
available to the pilot from a wind estimate calculated on board and displayed, and from a wind forecast
briefing derived from balloon and surface wind data, Figure 13 also shows the statistics for roil flight
dir%ct?ritragking during the descending turn, along with the amplitude characteristics of the pilot's roll
control ihput,

Differences in the three STOL concepts evaluated are most evident in terms of the speed control
achfeved. Figure 14 i1lustrates how speed errors from the reference are substantially reduced for either
versfon of the autespeed contrsl system described previously, relative to the Basic Afrcraft mode where .
larger speed dispersions and a mean velocity error on the slow side are evident. This speed bias for the

~Basic Adreraft arises from the high degree of thrust turning that is characteristic of the Augmentor Wing
concept, This feature results in & reduction in forward speed when power 1s added, unless pitch attitude
{s decreased, The data suggest that the pilot, although continuously veminded by the flight dirdctor to
use this abriormal control technique, remains rejuctant to pitch down whan adding-power to make an up
correction to path, The gliidepath performance statistics, shown in figure 14, are similar for all three
STOL concepts. However, somewhat Eoorer performance is shown for the Basic Aircraft mode, where the bfas
toward persisting errors below path correlates with the sJow speed bias just discussed. Degpite the
improved performance and safety margin that inherently accrug from good speed control, these tests did not
encounter the atmospheric condit{ons of turbulence and shear in which those benefits of automatic speed
contral are ]ikely to be important. . : o e

The utilizatjon of the Tongitudinal controls during the Final straight approach segment is i1lustrated
in figure 15 for the Basic Afreraft mode and the Frontside autospeed control mode. In the Basic Afrcraft
mode, power is used to control glidepath, while pitch attitude is used for speed control. HNozzle angle is
used for trim with the objective of maintaining power and pitch ¢lase to their optimum settings for the
wind conditions of the day.. The range of power settings encountered during the final 30 soc of 24
approaches 1s shewn in figure 15, toyether with the range of pitch excursions and an associated typical use
of nozzle trim as adjusted by the pilot. A scparation of the data according to mean wind condition 11lus-
trates the effect of wind on the operation of powered-1ift-ajrcraft equipped with both thrust-and thrust
vector controls. For the Frontside autespeed control mode, power 1s used for 1ift-drag trim, while pitch
attitude 15 used for glidepath contrel.  The nozzle is driven by the autospeed control system to maiptain
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speed at the predetermined valua. The data demonstrate that one disadvantage of this type of STOL control
concept {5 a noticeably greater activity in pftch control. However, the advantages of {]) maintainfng a
nearly constant power setting on the approach, (2) preserving a fixed reserve of propulsive Tift for go-
around or gngine fallure, and {3} reducing the pilot's longitudinal contro) task to manipulation of a

single control may prosent significant consideratfons for aircraft operation and design. Some of these
considerations may be fn the form of (1) requirements for preserving acrodynamic safety margins, (2) ensuring
consistcnc{ of pilot contral technique over the entire f1ight envelope, (3 5P301f¥10? fnstalied thrust-to-
weight, (4) defining control authority and bandwidth of the speed contrel device, or {5) limiting the
.effects of power modulation tronsients on engine Vife,

Yertical and lateral {orformance achieved at the 30.54 m decisfon hefght for the three contro] modes
corbined is shown in figure 16, There were no discernible differances in glidepath performance with con-
trol mode in the atmospheric conditions of these tests, The vertical guidance errors are shown in
relation to the ¢ 3,7 m perforsince criterion currently established for CTOL operations. It was not an
objective of thesg tests to pelate the Jateral performance objectives to currently established CTOL
eriterfa, Rather, modorate lateral offsets were {ntentionally induced to proyide the pilot with a more
demanding landing task, The width of the shaded area in figure 16 encompassas the latoral guidance errors
that were experienced, ODespite the dispersions recorded at decision hefght, satisfactory landings were
accompl{shed from all approaches. HNevertheless, some reservations were expressed about acceptabls comb{-
natfons of vertical position error and fnstantancous flight path angle occurring at breakout,

Shown in figure 17 {s the range of pilot opinion ratings assigned to the three STOL control concepts
during the descending torn, Final approach, and landing task segments, Three pilots provided the data from
14 evaluation fiights. Atmospheric conditions consisted of both 1ight and moderately strong winds; however,
turbulence conditions were generally neqligible to light, Under these conditions, 1ittle preference among
the three STOL control concepts §s evident, the assigned ratings reflecting a relatively uniform level of
pilot effort invelved in executing this moderately complex precisfon approach task. This leve] was con-
sidered comparable to that encounterad in a conventional ILS approach task performed without the aid of a
flight director in a CTOL jet aircraft,

Of grealer significance was the totally new capabilfty, provided chiefly by the area navigation system
and the flight director, to perform tight, turning, and decelerating approaches to the $TOLport with repeat-
able precision. Despite extensive flight experience with this aircraft, represented by more than 1600
landing apmioaches, the pilots felt that this capability substantially excceded that formerly possible,
aven during visual approaches, hence providing a measure of the {mprovement {n mission capability that can
be achieved, The single contral feature contributfng most to this capability is the trim management
function of the flight director, relieving the pilot of the othurwise burdensome task of determining 14ft-
drag trim strategy. o e

CONCLUSIONS

A fiight test program was carried out using electronic cockpit displays and a specially desfgned flight
director cnnce?t. which permitted curyed decelerating STOL approaches to be Flown in simulated ipstrument
cond{tions. Also evaluated were three STOL contro) concepts representative of those applicable to powered-
Tift STOL and V/STOL afrcraft, Two of these coptrol concepts used a speed contro] augneatation system
modulating 11ft and drag forces, which was additiona) to a three-axis rotational stabjlity augmentation
system pormally used in the afrcraft, Although complete supporting data has not been included in this
paper, based on a more detailed study to be published, the Following general conclusions have been drawn.

» Curved decelerating appreaches {p instrurent meteorological conditions do appear feasible in powered-
11ft STOL aireraft from a pilot acceptance point of view.

» By providing suitable guidance and display infermation, a notable fmprovement in approach profile
efficiency appears possible for visual approaches,

« Differences in pilot acceptance, workload, and perfermance are not widely separated For the various
SEOL control concepts evaluated, at least in atmospheric conditions of 1ight turbulence and gentle
shears, . .

e [t was found important to provide the pflot with a computed po§1t1on for the longitudinal control
used for trim, primarily to relieve the mental workload associated with evaluating and determining

satisfactory longitudinal 1ift-drag trim states,

* Changing the pilut’s control technique from frontside on the fnitial approach to-backside on the
turn and final approach, which was accomplished by blending in & multiloop flight director, was well
received by the pilots and resulted 1n no control difficulties.

* The equivalent of Category II decisfon heights and perforimance criteria for mapual powered«1ift
STOL opevations may differ frem those now used for CTOL aircraft, In addition, they are 1ikely to
be strongly influenced by both the nominal descent rate on approach and excursions about this nom-
inal rate that may exist at decisfon height, created in the course of attempting to follow the fifght
director control laws, :

The control and flight director features developéd for the aircraft of this study may differ {in detail

when applied to other powered-11ft configurations, but nevertheless represent general design cons{derations.

Assuming the ex{stence of an adeﬁuate navigation environment, most of these considerations for powered- .
11ft afreraft are control related, and 1f dealt with satisfactorily, offer potertial for operational accept-
ance. On the other hand, it is considered that operations on these approach profiles with low wing loading
STOL aircraft, or RTOL aircraft, prosent substantially fewer control consfderations, and principally require
an gdequate1navigat10n, profile computation, control authority, znd cockpit display environment for thejr -
implementation,
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Table 1. Summary of STOL control concepts.

CONTROL BASIC BACKSIOL FRONTSIDE
CONCEPT AIRCRAFT sAS sAS
PRIMARY i
CONTROL THROTTLE | THROTTLE | aftituoe
PATH)
sec'y PITCH
CONTROL NOZZLE® NOZZLE®
oo ATTITUDE
THIM PITEN
CONTROL NozZLE aTuse | Tt
TEAS MANAGED
 FLAPS FLAPS  « BEGIN * 140 knots
p DECELERATION  ENTRY
[} -]
[
TURN RADIUS
780 m (2500 )
[:] [}
2 '

518 mx 305m
(1700 1 x 100 )

GLIDE SLOPE
ANTENNA

STOL

Fig. 1. Approach profile.

DRIGINAL PAGE IS
OE POOR QUALITY



Augmentor Wing Jet STOL

Research Aircraft




STATUS
PANEL

AOEDEEODE

[Ee s sriion ]|

NAVIGATION
AIDS
VEHICLE
SENSORS
(KEYBOARD)
DIGITAL DATA DATA ENTRY
ACQUISITION PANEL
SYSTEM
SERVO
INTERLOCK
UNIT
0
i
SORFAGE ?
)
ACTUATORS ORIGINAY QuALTd

Fig. 4. STOLAND Research AVIONICS System.



A TMOYSPREE M TURBANG | .

™
PITCH U4
.
' FLAP
by THA AL STRLUCY HA
RBANCI | (L™ PLALCARL
' W
.
[ -
WEFERENCE SPEID | DECELERATION A NIMUM BPE BL
SCHEDULE = LANDING FLAF WITH ATTITUDE
}' WEIaHT ' BAS ENGAGE
| B P
N ~ . LEVEL FLIGHT
(¥ 4 - [ 1 ot ! ' ! AND WNITIAL ECELERATION
» 5 "y i B a2 DESCENT = SCMEOULE
‘ - » -I } - g 10 -
et i ML A
- J RAP a
WiTH ’ ]
2L
| f ! ' ' 8
| RecT | | -
(/] :
(/| . "R —— -
J CONTROM T
L J \ ’
4
1 . ! MiN -
WASH WARM ™ SPL D BOUND \ - -
out J our | NOZZL 08 — \
— L e
PITCH ATTITUDE MINIMUM SPEED BOUNDARY
" | NOZZLES DOWN FOR DESCENT
FiLTERE ASP
APPROACH
AND L ANDING
rig. & Avtospeed control Vs Lew 80
T 4 & 0
FLAP ANOLE
Fig. 6 Decelerating Reference Speed hedul ing.

ROLL SCALE
AND INDE X

SPEFD FRROR
SCALE AND
INDE X

HADAR ALY

NOZZLE ANGLE
MIRECTOR

PERSPECTIVE

RUNWAY RAW DATA

TRACKING BOX

THROTTLE AN AIRCHAF T SYMBOL
PITCH R

DIRFCTOR RARS

FLIGHT PATH
ANGLE BAR
ATTITUDE
SCALF

Fig. 7 Electronic altitude director indicator (EADI



BAROME TRK -t
AL TITUDS AL N

PROFILE -
160
NAV 4 4 \ .
"':;:": ML . - e :,,‘,:.:,,,
TG ) 3 vELTOR
(O
IMIND 9N
WikD YWIND |
DATA
AIRCRAFT
SYMBOL
MLS
DATA
WAYPOINT "wm 0010
DATA

war o®

-
L4

Y FUSHT PRTEE

ENGINE
FISTRUMENT

L= ﬁ
PANE.L U vc’s
Fig. 9 Cockpit display installation ‘)VJGmm \llﬂ



|
I
|
|
I
|
|
|
|
I
|
|
|
|
I
I
|
|

L , ot
I | e — ]
AIRCRAF T GUIDANCE L AWE
| COMP IGURA T 10K/ CONTROL | DIRECTON BAR
L | B CONTROL POSN | |
(uorwoot | | grop o] PEoRACES | | TwmoTTLE
LBV bt
| PSURATIER |'. LIMIT NG f
GUIDANCY
ERARONS FHOM | J <y 4
IMARCTRD | ) -
| APPROACH PATH | | PATH DEVIATION
AR : | WINDOW®
IRESPONSL I | PERSPECTIVE
(PARAMITERS e [— S RUNWAY®
| mergmence I
THIRD
| | oomae MANAGEMENT | | CONTROLLER
| | TRIM SETTING
| I
' | smoniToRING
i | DISPLAY ELEMENTS |

Fig. 10. Flight director functioned design.

et »0

~
PATHCONTROL ™

GAIN TO PITCH -
DIRECTOR ~

SPEED CONTRPOL
GAIN TOMTCH
DIRECTOR

ol
- ———
” [
SPELD CONTROL
GAIN TO THROTTLE t
DIRECTOR L«
PATH CONTROL -
GAIN TO THROTTLE
DIKECTOR l
-
ol = L. a0

e

Fig. 11. Normalized control blending gains.

- 2000 m r
P o TURN RADIUS 914 m (3000 1)
- " ENTRY TOMLS LU
P B COVERAGE
3208 1) —
L TACAN [, B
['] W
‘:n - DOWNWIND ALTITUDE 658 m ( 2160 1)
(1988 h ROL ENVELOPE OF MAXIMUM
vtmmw uw& EXCURSIONS 13 APPROACHES
TioN 0w - 213 m (700 W) — NOMINAL PATH
(64 1)
o+ ~
" L ' - e § ..
~2040 m 0 2000 m 4000 m
(-6562 t1) 8416 11} (13122 1)
LONGITUDINAL POSITION

Fig. 12. Gross profile performance.




SPELD ERROR knon

n
» (] acruac
MEAN - M4
BGMA « 48
"
[] commano
MEAN Va2
w SOMA = B2
(LIMIT & 28 dey)
5,
L -
LERT
BANK ANGLE, ¢, doy
L - (—
MEAN - 42 MEAN = 028
SIGMA = 1 38 SIGMA = 2 78
Wi - —.
LBAR WIDTH
»y- CON88 om 0074 mi |
DISPLAY
DISPLACEMENT
8 ol -
ol l L J o W
10 N 0 " 0 10 [] 10
ROLL LEFT  ROLL RIGHT WD WO
ROLL FLIGHT DIRECTOR ERAOR,  PILOT'S WHEEL MOMENT Nm
L wevdthg M- 0NINm
Fig. 13, Lateral control parameters during descending turn,
BASIC AIRCHAF T BACKSIDE SPEED SAS FRONTSIDE SPEED SAS
CONFIGURATION CONFIGURATION CONFIGURATION
2 APPROACHES) (17 APPROACHES) (17 APPROACMHES)
—  ———
asle =1
» we0ns =018
% OF
OCCURENCES ”f'
10
ok
] 0 ]
FAST SLOow FAST SLOW

% OF

OCCURENCES
10 i P 0
HIGH Low
HEIGHT ERROR FROM GLIDESLOPE, m
Fig. 14. Longitudinal performance measures during final straight segment,

PAGE 18
OB ROOR QUALITX.




12

VERTICAL GUIDANCE ERROR, m

LIGHT WINDS. - 10 knots

- = ML AN

]

MODERATE WINDS. 18 20 knot
— M AN

BASIC AIRCRAFT

FRONTSIDE SAS

PRIMARY
CON 0L
AGGREGATES
(FOR PATH
CONTROL)
. OF
OCCURENCES

24 AUNS

ALL WINDS |

3 ‘

1 \

2

]

0

0 L
APW . %

100

o
UDE. deg

L]
PITCH ATTIY

SECONDARY
CONTROL
AGOREGATES
(FOR SPEED
CONTROL)
. OF
OCCURENCES

] omns [ ranuns

2}

]

4
PITCH ATTITUDE, deg

[] anums

D # RUNS

(] HO
SASNOZZLE ANGLE dey

TRIM
CONTROL
USAGE
ITYPICAL)

W
WINDS
= e -

L I A

30 20 0
SECONDS PRIOR TO
DECISION HEIGHT

TRIM NOZZLE ANGLE deg

L

PR
==" LIGHT WINDS

| | J

20 w0
SECONDS PRIOR TO
DEZISION HEIGHT

TRIM APM, %

Fig. 15.

& AUNWAY HALF WiDTH —w|

Control utilization data during final straight segment.

68 APPROACHES i I l

* TAEAD O3 m =

2048.0m

| VORGP (IS (RS [, !
. 0 4 8

a
HIGH
0
LOW
4
a
| | I -
6 12 -8
o gk -

LATERAL GUIDANCE ERROR, m

Fig. 16.

Guidance errors at decision height.

ATMOSPHE RIC CONDITIONS

* MODERATE WINDS
® GENTLE SHEARS
® LIGHT TURBULENCE

6
IMPROVEMENT | |
WARRANTED )
Aglln| gll- =18
e — " y — - -
S8 f
SATISFACTORY |
i ﬁ,aT. — .__1
BASIC BACKSIDE | FRONTSIDE
AIRCRAFT SPEED SAS SPEED SAS
[71 iNITIAL DESCENT AND TURN

[[] FinaL appROACH TO DECISION HEIGHT

a

Fig

THANSITION TO VISUAL, FLARE AND LANDING

. 17. Pilot opinion ratings.

ORIGINAT! PAGR 1¥
OF POOR QUALITH



	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A04_.pdf
	0001A05.pdf
	0001A05_.pdf
	0001A06.pdf
	0001A06_.pdf
	0001A07.pdf
	0001A07_.pdf
	0001A08.pdf
	0001A08_.pdf
	0001A09.pdf
	0001A09_.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf

