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FOREWORD

This report is prepared in compliance with Article I, Task Ilg of
National Aeronautics and Space Administration Contract HAS 2-7208 cf
1/ November 1972, By mutual verbal agreement between the cognizant
HASA/ARG and UAL technicel principals, the requirements of Task Ilg 6
are more appropriately the subject of a separate report covering the
Guest Filot Evaluation in both the simulator and aircraf{._’ These

results bhave been submitted as a separate report.
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ENGINEERING SIMULATION EVALUATION

TNTRODUC TICN

Previous studies and evalustions have explored mmerous aspects of
rrofile modification as a means of reducing ground level noise from

jot aircraft in,fhe landing approach. As a result, the technical
feasibilily and noise abatement potential of a twowsegmént approach have

been well established,

The evaluation in the B-727-200 is a logical extension of the previous
efforts. The brecad objective is to determine whether approach profile
modification can be safely adapted to the operational enviromment of
routine air earrier service in a manner acceptable to the air carrier
comminity and which ig alsoleffective in reducing ground level

neize, Tt was feit.that this objective required an iavestigation
into anything which had an effect on the pilot/aircraft combinaticon or

on Lhe profile geometry.

The IMight simulator was the logical place to accomplish the initial
proffile and procedures development tasks. The United Air Lines B-727-222
flight simulator was modified to incorporate the special cockpit hardware
which would be in the prototype airplane installation. The two-segment
aysten operatiohal and aircraft interface logic was accﬁratély emulated
in software, Pfogrnms were developed to permit data to be recorded in
raal time on thgﬂlﬁgg printer, a li-channel oscillograph and an.X~Y

Plotter.,




This report descfibes the two-gegment profile and procedures which
were developed in the Engineering Simulation Evaluation. ﬁmnhasis in
this phase was upon operational concepts and constraints., The findings
influenced the ultimate system design and aircraft interfacé. The
appendices describe the two-segment gystem operational 1ogic and

the flight simulator capabilities in detail.,



The Engineering Simulation Evaluation was conducted from 10 October -
30 November 1972; It required approximately 160 hours of simulator
flying tiwe and involved 42 perioeds ranging from 1.5 to_é hours in
length. Comprehensive test matrices which became progfessively more
compléx resulted in the estahlishment of a tentatively optimum profile.
Thia phaSelof the efalﬁation also established the practical Iimits
within whicﬁrthe profile parameters and certain crew procedures would

be varied in the flight evaluation in the airplane in order to verify

or modify the simulation profile as necessary.

Prior to commencing work in the simulator, detailed analyses of normal
system oprration and pilot/system interface and of the orimary and
secondary effects of system failures were conducted, The simulator
had been accuratély programmed to emulate the two-segment system logic
and the aireraft interface, Thorough testing of all normal and abnor-
mal conditions resulfed in a high degree of confidence that the same

results would be seen in the prototype airplane installation,

The basile procedﬁres were first developed under simulated average
‘conditions of operating weights, centef of gravity and éﬁvironmental
factors., They were then tested under s wide range of preéisely varied
environmental and operating conditlons to determine whether these
variances would affect the two~-segment approach differeﬁtly from the

gtandard ILS procedure under the same conditions,



The optimum profiie and practicel variation limits developed in the
simulator were:

Upper Segment, Angle ' 67 . 5429 - 6,5°
Lower Intersect Altitude *(AFL) 6907 (2,9° G/S)  500-1000'{AFL)

Upper Segment Transition Time 17 Seconds 15-25 Seconds
Glideslope Transition Time 24 Seconds 18-30 Seconds
Upper Segment Intercept Altitudes - 30001 (AFL)-12000 ¢ (MSL )#

*NOTE: The 12000'(MSL) limit wes dictated by the limits of the baro
correction pot installed in the prototype airplane installation.
It ig not considered a valid operational limitation with an

industry-acceptable altimetry interface.

The procedure is adapiable to a reasonably wide range of.airspeed and
configuration scheduling in the initial portions of the approach, For
safety, repeatability and pilot worklosd reasons, it is necessarily
less flexihle from glideslope capture point onward for the same reasons
that the standard ILS becomes more structured after glideslope

capture. The principal operational constraints which limited initial
approach flexibility are that the pilot should enter the transition to
upper segment at an altitude and airspeed which permits stabilization
on upper segment at upper segment target airspeed prior to reaching
glideslope capture point, and that this portion of the approach does
not require significantly greater or different crew workload or piloting

techniques from the standard ILS transition and stabilization., The



evaluation resulted in an optimum céndition for a 30007 (AFL) entry
from level flight, 160 KIAS, flaps 5° with an upper segment staﬁilized
condition of Vref +15, géar down, flaps 30° by 300-500'" helow initial
entry altitude. Entry at 3000'(AFL) should not exceed 190 KIAS in a
no-wind condition. Entry below 3000’(AFL) did not permit adequate
tine for stabiiization on the upper segment. The higher the entry
-altitude, the more flexible the entry conditions become, recognizing
that pilot workload hetween entry and upper seément stabiiization

are directly related to the length of the upper segment. This is the
same situation that the pilot faces today in an ILS transition made
under a wide variation of entry airspeed, flap and landing gear

confipuration,

The simulation evaluation showed that the flight simulator is an in-
dispensable partrcf a development program of this nature and magnitude.
Not only does it permit the safe and deliberate consideration of all
facets of the ovroblem, but it is also the only way in which“conditidns
can bhe exactlyléet or varied by any desired amount. Ii also signifi-
eantly shorténs the overall program time and significaﬁtly réduces the

flying time required in the evaluation airplane.
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TWD-SEGMENT PROFILE AND _COMMONLY USED TERMS

This and.other reports and documents reiating to the B-fé?rTvo-Segmeﬁt
Noise Abatement Program use profile diagrams as a msans‘df,graphically :
illustraﬁing certain ideas or concepts, These diagrams éx§ggerate the
profile angles and wiil use different vertical vs-horiadntal diatance
scalés in order té_ﬁbtain clarity and to permit diagram labeling. These
sealing and angular exaggerations tend to create the impreséion that

the two-segment approach is much steeper than it actually ia, Figure 1
shows the profileiwhich has been developed and evaluatéd iﬂ the program,
It is shown appfdﬁimately to correct distance and angular scalé below

the exaggerated profile,

Frequent use will be made of a number of terms which have explicit
meanings that are not necessarily self-evident. Where vsed, the terms
appearing below will have the meanings shown unless othefWisé noted in
individual cases. Where additional basiec information would bé naeful
in understanding how the term rolates to the system or prpéédura; that -

information also appears as part of the definition.

TERY DEFINITION/RELATED INFCRMATION

TWO-SEGMENT APFROACH = A gulded landing appreach pr@file consisting of an

upper segment (6° for 727) and & lower segment which

is the ILS glideslope for the runway to which the

_r approach is being made (see Figure 1),

The Captain's navigational systém is configured for

. the approach when:

(1) He places the two-segment selector switch in the

"ARM" position and

”6f¢ﬁ%2a? : 5, (2) The ILS for the approach runway’is tuned and

valid and
(3; His DME is ON and valid a.nd :

(4
system are present..

All velidity inputs required by the two-segmant

To obtain twowsegment approach guidance he must have
" his f1light director and/or autoPilot in the, resPective

. auto approach modéfa)

[ .
. . B
s, e v



TWO-SEGIENT STSTEM

The two-segment system consists of

(1) Colling special purpose units:
(2) Two-Segment Computer
(b) Switching Unit
(¢} Two-Segment Selector Switch ("ARM-OFF")
(d) Airport Elevation Set Panel

(2) Aireraft components which provide computational/
yelidity inputs to the tyo-segment computer:

(a) Altimeter system capable of furnishing baro-
corrected pressure altitude input to two-
segment computer (computation/validity).

(b) DME (computation/validity).

(c) VHF NAV G/S Receiver (glideslope computation/
validity for plideslope segment), ‘

(3} Ground Equipment
(a) DME co-located at glideslope transmitter,
(v) Glideslope transmitter (essential for glide-
slope segment computation).

NOTE: The Flight Director, Autopilot and H91 and the
IS localizer are not parts of the system under this
definition, Any and/or all are necessary in execut-
ing a two-segment approach; however it is important
to recognize that the above airplane units are the
ngsers of the two-segment system output and are not
vital to the system's performing-its conputational
functions., The Flight Director and Autopilot receive
and use the system output only when they are in their
respective auto approach mode{s). The HSI vertical
deviation display is coupled to the system output
whenever the two-gegment system is armed and valid,
irrespective of the position of the Flight Director

and/or Autopilot Mode Selesctors.



ARMED AND VALID

The system is "armed and valid" when:
(1) The two-segment selector switch is in the MARM"

position and

{2} A1l two-segment switching unit relay logic -

checks are satisfactory and

(3) All aircraft component validity inpuls above
are present., Glideslope valid is not required
for upper gsegment, The system cannot check

inputs for reasonableness,

NOTE: Assuming required eleétrical power is avail-
able, the two-segment selector éwitch 18 solenoid-
held in the "ARM" position'when it is placed there
by the pilet. It does not réquire satisfactory
validity checks (2) and (3) above to remsin in
"ARM", It electrically trips out of the "ARMM
position only if "GO-AROUND" is selected or if the
parent 28VDC radio bus power fzils, It can be

manually tripped off by the pilot.



Sl

" CAPTURE _ This term has the same connotation in the two-segment,
approach as LOC or glideslope capture in the standard
ILS approach. The two-segment profile differs from .
the IIS in that it involves two distinet captures:
Upper Segment Capture - The point.when approaching
upper segment from below at which the transition
maneuver from initial approach flight path to upper
gsegment commences. This is ;ignalled to the pilot
by the change of the upper segment annunciator(s)
from AMBER to GREEN, The flight director and/or

autopilot will command the appropriate nose down

Maneuver.
Glideslope Capture - This is essentially identical

to ILS glideslope capture from above, The "GLIDE-
SLOPE" annunciator({s) change from AMBER to GREEN
and the flight director and/or autopilot command
the appropriate nose up maneuver to shallow the
flight path from 6° (upper segment) to ILS glideslope
angle.
Glideslope capture is further signalled to the pilet
by the HSI vertical deviatioh diéplay moving from
centered (if A/C is centered on upper segment at
this point) to some position approximately 1% dots
below the centered position (aircraft above the
glideslope) to indicate that the wvertical deviation
reference has switched from upper‘segment to glide-
slope. The bar will immediately begin movement back
- toward center as the airplane descends toward.glideu

slope center,



VERTICAL DEVIATION REFERENCE

In the course of théhtwq-segment approach,

there are two vertical deﬁiation references

(see Figure below):

(1) Vertical deviation is referenced to upper |
segment from "UPPER SEGMENT" AMBER to
Glideslope Capture Point. ("Glideslope GREEN")

() Verticel deviation is referenced to the II8
glideslope from glideslope capture point
("Glideslope" GREEN) for the remainder of
the approach,

NOTE: Upper segment deviatién is linear at

250'/dot, |
Glideslope deviation is angular and exactly

the same as standard,ILS.

' G/swm GonT (VEeTicAL DEV. REF, SwmHas

Flom Vfs To G/S)

~ I~



7=

WZERO DEVIATION!

and

"ON GLIDESLOIE"

The airplane is at zero deviation when it
is on upper segment center and on glideslope

wvhen it is on ILS glideslope center,

The term "mis-set" means that the signal value
which the two-sement computer 1lg receiving for
its computational base is in error. A4 mis-set
can be elther the result of electro-mechanical
error or it can result from the crew's mis-
setting the airport elevation set panel and/or
the baro correction on the altimelter, In esither
cagse, the system cannot check s signal value for
reagonableness. The presence of any signal will
he accepted by the compuier and used at that

value in computation.



PROFILE AND FROCEDURES DEVELOPMENT

Prior to commencing the work in the simulator, a thorough analysis of
the system normal operational logic and system/pilot/aircraft interface
wan made. In addition, a comprehensive study of the effecta of two-seg- -

ment and related aircroft systems failures was conducted.

The first part of the simulator work was designed to investigate each

individoal variéble while holding the others at some fixed value to

deternine: |

(1) The effects of changing a given variable.

(2) The rensonable maximmu and minimum value of the'v#riable by observ-
ing that variotions outside of this range introduced an unacceptabla
condition as to safety, repeatability, pilot workload or negligible

reductions in. ground level noilse.

Having determined these effects and variation limits, the Project Pilot
Team progressively combined the interrelated variables in order to narrow

and eventunlly to optimize their values with respect to each other.

A1l of the systems failures were induced and carefully analyszed to deter-
mine that the principal effects uere as expected and that they did not
pive rise to any other secondary effects which might not have been

conaidered in the pre-similator studies.

The final task was L0 combine 81l of the variables at their optimized

vnlues to darive the optimum profile and procedure. The profile with

ORIGINAL PAGE I8
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the eatablished varistinn limits of each vwariable were carried forward

for verification or modifieation in the evaluation airplane,

Figure 2 illuatrates the slements of the lwo-segment approach profile

which were investigated in the Engineering Simulation Evaluation.

The 727 Program was conceived and structured to be a logical extension
of the evaluation conducted in 1971 in the AA B720-0238, ~The 720 orofile
was therefore selected as a starting point for the profile variables

investigations in the B-727-222 flight simulator.

Figure 3 shows the profile developed in the AA evaluation with the twom

.Segment approach developed in the UAL 727-200 Program superimposed.

. 8127-200
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AIt can be seen thpt the”e are substantial differencas between the two
profiles. This report discusses the development methods and ratlonale
used in the 727 Slmulatlon Evaluation, Where the 727 nrofile. ultlmately
differs from the AA proPlle, the reasons for the differences will be
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Upper Segment Intercept Altitude/Airspeed

These variables_were investigated for several imﬁortant‘oﬁerational

reasong:

(1) The physiﬁal principle of sound attenuation,as a function of dis-
tance from thg noise energy source, suggested tha£ thére was a
minimum upper segment intercept altitude below which no substant—
ial_ground level noise reductions would be realize&. The Simu-
lation Evaluation determined that this minimm both for sound
abatement-and operational reasons, should be 3000'(AFL),
Figure / shows the approximate relationships betweeﬁ inter-
cept altitudes and the corresponding PNdb noise level directly
beneath the aireraft at any given point in the approach.

(2) A stabilized speed énd configuration for entering glideslope
transition was considered operationally necessary from a safety
and crew workleoad standpoint. 4 matrix was flown to determine
maximum upper segment intercept speeds for a given intercept
altigude which permitted the pilot to configure and stabilize on
upper segment prior to glideslope capture point., The maximum
intercept airspeed at 3000'(AFL) which did not unduly increase
crew workload on the upper segment for a Vref +15, flaps 309,
glideslope fransiticn entry was found to be 190 KIAS. Optimum entry
conditions for the B727 at 3000' was determined to be 160 KIAS; flaps 5°.
Progressively higher entry speeds up to 250 HIAS,.cle&n at 60007,
were found to be manageable for deceleratioﬁ to Vref +i5 and

flaps 30° at or above glideslope traﬁéition entry.



(3) Flexibilitj_in the ATC environment was seen as a necessity. It
was felt that a hard altitude entry such as the 3000%{AFL) used in
the AA evaluation would unduly structure and limit the utility
of this procedure, The Collins equipment, therefore, included

the Airport Elevation Set Fanel to give an altitude entry flexibility.

(4) A side effect of the two-segment procedure which is a function of
entry altitude, is the potential for fuel savings in the approach
gince the fuel flow on upper segment is about one-half that required
for the on-glideslope portion of a stabilized LIS, For the 727
intercepting uoper segment at 30007, this saving would accrue from
approximately 6.6 miles to about 2 miles from touchdown assuming
that the 727 making a standard ILS approach had descended from 30007
to about 15007 at approximately the same fuel flow as is required
for upper segment tracking. Entry altitudes higher than 30007

would increase the total savings.

While the simulator program was not written to cope with upper segment
intercept and capture with the aircraft in a moderate descent or ascent,
the prototype equipment and installation were modified to permit this.
As with a variable level intercept altitude, it was felt that the capa-
bility for entry at moderate descent or ascent rates would increase the

flexibility of the procedure in the ATC environment.,
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Lover Segment Intersect Altitude

The investigation into this variable revealed that it is very influent-
jial from the noise abatement standpoint. It also directly or indirectly
affects a number of the important operational and repeatability factors
which would be involved in the use of the twomsegﬁent approach in regu-

lar line service, particularly in instrument weather.

Figure 5 illustrates a number of important considerations involved in
varying the height above the fileld at which the upper segment intersects
the IS glideslope. It can be seen that the lower this. altitude, the
lower will be the pground level noise at any given point in the approach.
Tn the two data traces shown, e variation of 340° yields a noise differ-
ential in the magnitude of about 6 Pidb throughout most of the upper
segment portion of the two approaches. This is the result of two basic
focts: |
{42 ) ' .

(1) The lower intersect altitude moves the upper segment toward the
touchdown poiﬁt appfoximately 1 N.M. 4g a result, the airplane is
conglstently higher above the ground from upner segment capture to
on-glideslope than for the higher intersect éltitudea

(2) The power addition required to stabilize on-glideslope is the same
in both approaches; however, the lower intersect altitugifggaces

the airplane on glideslope approximately 1.5 miles closer to touch-

down than the higher intersect point{7ee'),

Teken to the theoretical extreme, it can be seen that if the.upper seg-
ment intersected the glideslope at touchdown, some noise abatement yield
could be realized throughout the entire approach. The operational and
safety constraints; however, precluded using what is effectively a

single-segment 6° spproach to touchdown,
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Operational congiderations which made it necessary to investigate some

intersect altitude other than that developed in the A evaluation are:

(1) Some minimum time is required for stabilization on the glideslope
before reaching the declsion height or other designated ceiling/
vigibility minima.

(2) The development for eventual use of the twomsegment'abproach down

to Category II minima.

A matrix was flown which progressively reised the intersect altitude

from 280" to 830' in nine steps of about 60' per step. The two approaches
shown in Figure 5 were a part of that matrix, The lower altituds (4307)
resulted in a time from on glideslope center to touchdowm of 37

seconds (no wind; Vref +10). The concensus in the Project Pilot Group

was that this is too short a time for safe (or pilot-acceptable) stab--
ilization. The Higher intersect altitude (760') resulted in a 69-second
interval from zero glideslope deviation to touchdown. The Project Pilot
Group concurred that this was slightly more time than was required for

a comfortable and safe stabilization. Having flown the entire matrix,

the Project Group optimized the intersect altitude of 690' for a 2,9°
glideslope which resulted in approximately:-60 seconds of stabilized flight
on the lower segment, and stabilization on glideslepe at or above 50@‘(AFL)O
This vnlue was selected since it appeared to best satisfy the safety,
pilot accentability and glideslope stabilization criterig at the slight
expense to noise abatement (which was always secondary to safety in all

of the determinations made in the profile and procedures dévelopment

phase).



Upper Segment Angle

The upper segment angle is critical from the operational spandpoint

in fhat relatively small variations introduce factors beafing directly

on pilot workload which are out of proportion to the reéultant noise
improvement. While there are significant sound reduction differences
hetween the lcwesf and highest angles tested, the gperatiqﬁal requirement
for immediate thrust response at any point on the profile established a

| practical Upper Segment limit of 6,5, The practical noise abatement

lower angle limit was determined to be 5,2%

The total matrix which was flown in investipgating upper segment angle
varintion effects included angles from 2,5° to 10°, It was known
beforehand that the angles in the 2,5° - 4.0° range could not be ex-
pected to yield any signifiecant ground level necise reductions. They
were included in order to investigate both a constant angle to threshald

flight profile and as upper segments.

It was logical to assume that the steeper the angle became, the gfeater
the noise abatemeént, This waes assumed to be true because at any given
point from touchdown, the airplane is higher above the ground than it
woeuld be at = lowef angle, and because the engine power requirements

to maintain algiven speed became less as the angle increases. The
angles in. the 80-10° range were investigeted to determine the air-
speed, power, configuration and vertical speed problems inherent in
such angles, As Qas suépected, angles shove 79 vere not-dperationalky

feasible, At 10°, for instance, the speed stabilized at Vref 430 to +50

~23~



fees’

Herene nave FEw (B

v

48 5

-2 -

Y a0
DISTANCE TO TOUCHDOWN

TS
£.0

STANBARD LS




knots, dependiné_bn groés welght with gear down, flaps AQO and thrott.
at idle. The only way that the speed could be brought down to an accept-
able value was to extend the speed brakes with the flaps extended, which

is not an acceptable or authorized configuration for thé B-727 series aircraft.

An angle of 7° was manageable; however, this demanded pilot attention to
conflguratlon and powver scheduling which was too CTitlcal to justify the

relatively small noise ghatement yileld over the slightly 1ower angles.

Figure 6 illustrates the profile and noise plots for the 3°-10° upper

segment angle range as recorded on the X.Y Plotter, Lower intersect

altitude was set at 500! for these tests. In interpreting this plot and

all other X«Y plots which appear in this report, it should be noted that:

(1) The X-axis waé scaled to 1":3 N.M.

(2) The Y-axis for the flight path angle plots was scaled to 1":4007,

The X~ and Y-axis scaling differences result in the flight path angle

exspperations in all such plots. |

{3) The X-axis scaling for the nciée plots remained 1":} N.Mj the PNdb
(Y;axié) was gcaled 1":6,4db,

A detailed description of the noise prediction program used in the simu-

lztion evaluation appears in Appendix I,

In examining Figure 6, one sees the obvious effects upon,ﬁoise of vari-
ationz in upner SGQMent angle whiéh are contaiﬁed in the.geheral state-
ments above. As the angle steepens, the distance from touchdown that
the 65 PNdb level is experienced directly beneath the airplane moves
toward touchdown by a rather significant émount; The‘féété which are
not obvious are'the,increasingly less acceptéble operatiohal factors

inherent in steepening the angle.,



Figures 7 and 8 are X-Y noise and profile plots of a portion of the
investigation intélthe upper segment angle variation effects upon ground
level noise. Thef point up the fact that in the 59-6,5° upper segment
angle range, the distence to touchdown difference at which a given PNdb
level 1s experienced is about 0,5 N.M.; whereas a variatiénlfrom 4,059

to 5.5% moves this point approximstely 0.9 NoM. It is‘also‘obvious

that the higher the angles; the closer the 95db point is to touchdown.
Dezpite the smaller movement between 5° and 6.5° than at the lower angles,
it became apparent that the 5°-6.5° upper segment angle range repre-
sented the best area for trade-off between noise abatement and operat-
jonal faptors in view of the principsl overall objective‘of developing

a safe and operationally acceptable approach procedure,

The investigation resulted in establishing the practical upper segment

angle range for the B-727 between 5.2° and 6,5°. The lower limit (5,2°)

was selected because the noise abatement yleld became too small at lower
angles to justify the use of a two~segmeﬁt profile. The high limit {(6.5%)
was set becaﬁse the operational difficulties attendant with the sngles

higher than this offset the noise abatement yields which accrue from

these angles. The upper segment angle was tentatively set at 6° as the opti-
mum angle which fepresented meximum noise abatement yield while still
porﬁitting the airspeed, power, configuration and vertical speed factors

to remain easily manageable,
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Upper Segment Capiure Point

Umlike some of the other profile geometry which can be fixgd at sone
value and hard-wired into the two-segment computer (e.g., upper segment
angle of 6°), the upper segment capture point is calculated as a function
of the instantaneous rate at which the aircraft is apprpaching the
computed upper segment. This rate Is interpreted in the computer in
terms of the rate at which the verticai distance between upper segment
(extended) and the aircraft {approaching from beneath) is changing,
Using this rate information, the computer caleculates the point at which
the pitch-over command must be initiated in order to transition the
ajireraft on to upper segment without overshoot, The faster the air-
craft is approaching upper segment, the earlier the pitch-over command
iz initiated since, as will be shown in the next section, fhe time for

accomplishing the maneuver is a constant.

The development task of esteblishing the upper segment capture point
involved two constraints:

(1) Varietions in ground speed {IAS + wind component) will-ﬁary the
horizontal distance.from the upper segment center that the pitch-over
conmznd will he initiated since the transition time is g constant, In
attempting to optimize the Delta h (see diagram below) at which this
ocours, 1t was necessary to fix the ground speed in order to derive a
value appropriate:to that ground speed. If this value i3 esgteblished,
the two-segment computer ig designed to cope with variations from this
"benchmark" value. The Project Team selected 160 KIAS, no wind, 3000!

level as the principal test condition.



(2) Transition time constants from 15 to 25 seconds were :selected in

the interdependent'investigation into upper trangition.

Holding the transition time constant at one of the above values, and o
groundspeed constant at 160 KIAS, Delta h was varied. Atkthe explr- 7
ation of the selected transition time, the aircraft deviation from
upper gegment center was measured, If the trial value of‘belta h had
resulted in an uhdéfshoot, Delta h wes decreased; if ovérsh00ﬁ, it
was increased,

Cewwoshso Bory TRIALS & /60 kTS,

"‘dwtjaov:'vfmc Conk 2wy SAME St 8o TRi4Ls,

CP, Too cuosE — Aht'roo SmAL. ~ AICRANE OvEASHooTS Untey Seg |

CP, Too FAR Away- Ah oo LARGE - Pleaams notrsiers Usree 525,

UPPER_SEGMENT CAPTURE POINT AS FUNCTION OF &h AND GROUNDSPEED

Subsequent trials using values of Delta h between Delta hy and Delta ho
and transition times between 10-30 seconds resulted in empirically deter-
mining the propef value of Delta h of 400' and transition time of 17

seconds for upper transition at 160 KIS groundspeed.
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Upper Transition

The upper tranaition is that portion of the two=segmen£ spproach pro-

file from upper segment capture point to some point on tdr near) upper

segment center. The transition places the aircraft on upper segment

center provided: . e

(1) The point at which the transition maneuver begins is correctly com-
puted for the instantanecus speed of approach to upper segment, and

(2) The DME component of this speed remains substantially constant
throughout the transition maneuver, and

(3) The nitch maneuver is precisely commanded and executed, and

(4) The transition time {a computer constant) has been correctly

established,

An operationsl constraint was placed upon this maneuver., This was that
the aircraft should transition to upper segment with virtuslly no over-
shoot, During the transition, the autopilot and/or flight director
predicate their cormands to their respective pitch channels. on certain
memorized c¢losure rate outputs from the two-segment computer. The
transition time constant establishes the time it takes to wssh these
commands out, If the combination of capture point and fraﬁsition time
do not place the ai:plane on {or very near) upper segment, an unaccept-
able correction ;omﬁand could result. It is for this reason that
partilcularly any appreciahble overshoot of upper segment iﬁ the tran-
sition would result immediately after transition in a command to in.-
crezse the nose down attitude to correct back to upper segment, This
would logically result in higher vertical speeds, increased speed/power
problems and potentially unacceptable g~force sensations in the passenger

caebin,



Three approaches to the upper transition problem were theoretiéally possible:
(1) Commence ﬁhe_pitch maneuver at some fixed point befbre reaching
upper segmeﬁt'and vary the pitch rate. 7
(2) Vary both the point at which the maneuver commences and the pitch
rate. |
(3) Fix the time that the transition maneuver will take and compute
the point bésed on speed of approach to upper segment - at which
the maneuver should commence in order that at the end §f this fixed

transition tine, the aircraft is positioned on upper segment.

For operational. and technical reasons, neither of the first two options

was acceptable,

The computer was therefore designed around the logic implicit in option
(3) above. Using the inputé described in the discussion of upper
segment capture point, the computer can consistently calculate this

point over a reascnable range of speeds.

It was the objective of the investigation into this Variable to
establish an optimum transitioﬁ'time which wés expressed in fhe computer
hardware‘in very simple conceptual terms ss a time constant that was
"triggered" at the computed upper segment capture point andl"expired"

some fixed number of seconds thereafter,

As with the other investigations, a set value was assigned to all

interdependent or interrelated variables, and transition rates were
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devaloped by varyihg the time it took to alter the flight path angle

a fixed munber of degrees (in this case from level to 6° down).

The primary operaticnal criterion which governed (and ultimately
limited} this particular parameter was the ease and consistency with
which the pilot could follow the flight director pitch cdmmand,
keeplng in mind the desirability of making this transition as close as

possible to the familiar standard ILS transition,

In a matrix of trials in which the upper segment capture points were
varied from ah=300' to Ah=600' and trensition times for 15 seconds

to 25 seconds, an optimum transition time of 17 seconds was derived.



Lower Transition

Conceptually, the same problems exist at lower transitioﬁnas for the
upper transition éxcept that a pitch.up maneuver is requlred and it i=s
usually (though not necessarily) of a smaller magnitude than the upper

segment capture maneuver,

The same cpiions fﬁr approaching the problem existed for thils transition
as were discuséed éarlier in upper transition. For the sgne.hasic

reasong, lower transition time 1s a constant with the cbmpufed glide~
slcpe capture point varying as a function of rate of appfoach to-the

IL5 glideslope.,

From an operational standpoint, this is probably the moéf cfitical

of the profile vﬂfiables. Not only do the operational constraints
which applied to upoer transitiﬁn also apply_to the 1owef, but the
factors of safgty and more stringent accuracy and repeatability
necessarily overrode noise abatement considerations in this portion of

the appreach profile,

The safety proteétion features of the equipment are discussed.in
Appendix I of fhiS'feport. The provision of three essentially indeﬁ-
endent fail capfure protectors serves to emphasize the dégree to which
the ends of safely as regards protection from failures at.this point

in the profile wére considered,

~F§ -
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The lower transition was viewed as the psychologically most eritical
part of the entire approach. The airplane is descending at lower
power and at a higher rate than the pilot is accustomed t0 seeing in a
standard IL3 approach. While the upper segment descent rate may well
be less in man# cases than are dictated by some of the ﬁkeap em higher
longer" VFR procedures in use today, the fact remained that the two-
sement, procedure was being developed for routine use in inclement

weather. (eventually to CAT II minima),

From the safety and pilot acceptance standpoint; the instrument guidance
the pilot receives and the impact upon his workload at this critical
point in the approach were the most important considerations in the
lower transition deVelopment; The specifiec criteria which were applied
were that the transition from upper segment to ILS glideslope must be
accomplished by an operationally acceptable height above the.ground

and at a distancerfrom touchdown (or before DH) which would permit the
pilet to feel comfortably stabilized before the land-go-around deci-
sion had to be made, A delicate balance had to be struck between a
piteh rate that wés too subtle to signal to the pilot that the tran-
sition had commenced and one which might be so rapid as tc increasse

the pOSSibil{ty of flying through the glideslope and/or which might
result in unacceptably. fast speed decay and pitch trim workloads in

the transitien,

The interrelationships between lower transition time andrglideslope

capture point are analogous to the upper segment capture/upper



transitlon time relationship. For thig reagen, lower capture and lower

transition times were investigated and optimized in a set*bf trials in

which both were varied within the matrix,

Very short transition times (10 seconds) were tried, While the air-
craft could very readily make the transition in this short‘a time, it
was too rapid a pitch rate to be comfortable for the pilot, . This
variable was caréfully investigated in about 2-second steps up to

30 seconds. It was optimized for aircraft evaluation at 24 seconds.

Glideslope Capture Point

is with development of a gh - transition time combination for upper
segment transition, a similar matrix was flown to develop this lower
combination, ‘Using transition times between 10 and 30 éeéqnds, the
range of capture‘point valués tested in:th;sfﬁatrix was frdm.900'(AFL)

to 14001 (AFL).

With the lower intersect altitude of 690'(AFL) for a 2.9° glideslope,
the nominal glideslope capture point for & Vref +15, flaps 30°, no

wind approach is 1050'(AFL), transition time 24 seconds.
The lower intersect altitude, lower transition rate and glideslope

capture point differences between the 727-200 evalustion énd_the_AA

720-023B evaluetion account for the major differences in the two profiles,

| | -37-~



The develorment of a safe, operationally acceptable two-segment profile

and crew procedure were the basic eriteria applied in the profile

development, and optimization process,

The prinecipal conéiderations relating directly to operational accept-

ability were:

(1)

(2)

(3)

(4)

Crew duties to fly the two-segment approach must be as similar as
possihle to the duties of flying the standasrd ILS approach.
Guldance and performance instrumentation displays shouid be inter-
preted by the pilot in the same way as when they are being used
for other instrument approach guidance and progress monitoring,
Two-sepment system failures and unreliable guidance warnings should
be furnished to the pilot in the same manner as in conventional
system/guidance failures of the same nature, including signal
monitoring and retraction techniques. This also included pro-
vision for the safe and easy reversion to such other navigational
and guidance equipment as was unaffected by the two-segment system
failure.

The two~segment approach should not significantly inerease pilot
workload or require inordinate attention to some particular item(s)
to the exclusion of other equally important cockpit activityo

The minimum acceptable level of engine power zt any point on the
profile must provide an immediate thrust response to throttle

movement ,



(1) CREW DYTIES TO FLY THE TWO-SEGMENT APPROACH MUST BE 4S SIMILAR AS

POSSIBLE TO THE DﬁTIES_OF FLYING THE STANDARD IS APPROACH.

L

These were analyzéd before the simulator work began and_wé?elverified'
in the early p;rt of the evaluation. Only two additionalréfeps are
required to configure for the two-segment approach which are not re-
quired in the ILS configuration:

'(a) Place the Two-segment Selector Switch to "ARM" - this cen be con-
sidered as_mﬁre of a éilot decislon than a prccéddfal‘étep. Thig
makes the-twé;segmenf systeﬁ_putputé ﬁvailable to:therﬁlight |
Dirsctor énd/or Autopilot in their auto modes onlys : The HSI
Glideslope Bérlis switched to upper segment deviatioh_reference.

{b) 3Set the publiéhed TD% elevation in the Airport Elevﬁtion Set-Panél.
This input,fofthe two-segment computer is necessarj;iﬁ.order‘to :

: pqsition thé.ubper sogment in the correct spétial’rélétionship to
the approacﬁ~ruﬁway. It is classified és a procedﬁralustep be- |
cause of thé;;equiremﬂnt to actually set the numbers in the penel.
Thé.pilot fbutinely checks this figure when making a CAT TI app-

- roach, A'd;s@ﬁssion of the effects of mis-seiting ﬁhié péﬁel iﬁ'
contained iﬁ‘ﬁbpendix I, : |

In addition to tﬁe two steps above, the pilot must verifyiﬁﬁét the DME

! switeh is in the ON position. This can be considered a:prqcedural step
enly because the_‘équ,:i..gnent requires an input from the DME ,uﬁit co-loca’ted' |
at the IL3 Gli&esiOpe Transmitter site, Thiz is an actidn_the pilot
would normally gomplete if he were making an ILS approaéﬁ;td-any‘runway

equipped with aiDME:Transmitter.



(2) GUIDANCE AND INSTRUMENTATION DISPLAYS SHOULD BE INTERFRETED BY THE -

PILOT IN THE SAME WAY AS WHEN THEY ARE BEING USED FORaOTHER INSTRUMEEE

APPROACH GUIDANCE AND PROGRESS MONITORING. OSINCE THE SYSTEM PROCESSES

PTTCH GUIDANCE INFORMATION, PROVISION FOR DISPLAYING PURE ILS GLIDESLOPE

DEVIATION THROUGHOUT THE APPROACH IS ESSENTIAL TO SAFETY.
These were extenéively examined and coordinated among the program
principals in the earliest days of the program. Inputs from other
earriers and the ihdustry were also requested and considerédo Several
inportant equipmeﬁt design and system logic changes resultéd from this
effort, A1l of ﬁhese changes were made for the principal purpose of
improving the pilot-system interface or to insure that the pilot could
interpret his instrumentation and displays in the same basic way he
currently interprets them when flying a standard ILS approach. An
important part of the simulator functional testing was the verification
of the follbwing operationally important instrumentation and annun-
clation modifications for the two-segment system:

(a) The Approach Progress Display was modified to includé‘"UPPER SEGMENT"
Annunciators.bgtween the "VOR/LOCY" and "GLIDESLOFE! Aﬁnﬁnci&tors.
These ihcor?orated the standard AMBER (armed)-GREEN (capture) logic.
They were placed above the Glideslope Annunciators to preserve the
continuoug‘progression concept in the Progress Disﬁlaj..

(b) The ADI Glideslope and Localizer Displays were kept independent of
the two-segment system, and were not switched., They aiways display
aireraft déviation with respect to the ILS and provide the pilot

with a continhuous familiar reference floor that he must not go below,

-4/0-



{e) The HSI Glidéalope Bar displays vertical displaceménﬁ'frOm the
reference segment (upper then glideslope).whenever the system is
armed and valid. From glideslope capture point ("Glideslope" GREEN)
omwnrd, the vertical deviation displays on the HSI and ADI should
be identical. |

The potentially confusing factor of the pilots’ seeing different HSI

and ADI vertical deviation displays in the upper segment portion of

the approach wasz carefully wéighed againgt the need to provide the pilot

with a continuous reference to the ILS glideslope. The latter was con-

sidered operationally essential,

It was also considered necessary to provide the pilot with a pre-capture
configuration cre similar to that which he sees approacﬁiﬁg the glide-
slope on a gtandard IIS. Upper sepment deviation was sét at 250'/dot,
This meant thﬁtlthe glideslop bar starts the familiar downward move~
ment from the upper stop just before upper capture which occurs at
about A00' below upper segment in a level entry at 160 KIS. At sub-
stantially highér entry speeds, this cue is slightly later: however,

to ineroase the dQV1at10n/dot to preclude this wonld have resulted in

lessening the upper segment tracking accuracy.

THO-SEGHMENT SYSTE’»‘I FATLURES AND UNRELTABLE GUIDANCE WARNINGS SHCULD BE

FURNISHED T0 TUER PILOT Il THE SAME MANNER AS I CONVENTTOMAL FAILURES

OF THE SAME NATURE, INCLUDING SIGNAL MONITORING 44D RETRACTIGN THEC HNI-

QUES . THIS AISC INCLUDED PROVIDING FOR THE SAFE AND EASY REVERSION TO

THE NAVIGATIONAL AND GUIDANCE EQUIPMENT WHICH WAS UNAFFECTED lBY THE

FAILURE.
-4/~
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A1l standard aircraft system failures retained the same flags or other
warning as before, In those cases in which the two-segment system was
not receiving a validity input from some aireraft component, it displayed

the appropriate flag.

The system itself was designed go that it'would not arm unless all
validity signals were present. When the system is being used for gui-
dance, 5t blases tﬁe Flight Director Command Bars from vieﬁ and/or
trips off the Autonilot 1f any validity signal is lost or if an attempt
to nse the system under improper conditions is made. Ardetailed dis-
cussion of tﬁese conditions and of the fallure protection in the sys-

tem is contained in Appendix I.

lteversion to any other Flight Director or Autopilot mode requires only
the selection of the new mode. Operation in the new modé:is inmege
iately restored to standard. The system logic is designed to prevent
one system from being under two-sepment system guidance control while
the other is under basic airplane system guidance control. Selection
of any reversionary Flight Director mode, therefore, will trip the
Autopilot off. Selection of a reversicnary autopilot mode will bias
the Command Bars from view, To re-engage the two-segment system after
a reversionary mode selection on either the Flight Director or Autopilot,
the pilot must ﬁanually re-cycle the Two-segment Selector Switch to
"OFF" then back to "ABM", He must then re-select the desired auto

mode(s)}. Unless all system validity conditions are satisfied at this



(4)

‘acceptahillty;l

poxnt the Command Gars will 1mmﬁd1ately bias from view and the Auto-

pilot will trip off.

TE TWOSEGMENT APPROACH SHOULD NOT SIGNIFICANTLY INCREASE'PLLOT WORK~

LOAD OR____  REQUIRE. UN.FAMILIAR FLIGHT TECHNIQUES AS COMPARED TO

THE STANDARD JLS.

These factors:strongly influenced the Projeét Team's inveéﬁigation and
optimization of the two-segment profile parameters., A géodfexample is
that upper segment angles sbove 6,5% yielded befter noise reductions
than lower anglés, but were not operationally acceptablé because of

the workload and flight techniques‘problems poéed by thé réQuirement of |
flap~airspeed c&nfigurations required to meet the thrusﬁ.resbonse

requirement.,

After the basic profale pdrameters had been investigated and their

practlcal VaTiLblOn llmits established, a comprehensive matrlx in-

volving flap con€1gur1tlon and airSpeed ccmbinatlons was flown..

(a) To develop and- optimize the flap and alrspeed schedule combinw
| ations which minimized pilot workload and which also were effec-
tive noise redQCera. .
(b) To detﬂrmiﬁe'aﬂy limitations in the use of an otherWiSé operaf-
‘ ionallymaccéptable two-segment orofile and procedure, |
The following flap/airspeed combinations represent only a s@all portion
of the totul matri{. They are discussed here only 1o 111ustrate how

one or more of the worklcad/technique factors 1nfluenced 1ts overall

Lk

ggb'Pﬁﬁ}E‘ﬁs
Ome 2008, DAL
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Flaps 40° from commencement

of =pproach to landing,
Adrspeed Vref +30 on upper with
bleed to Vref at landing,

Comments

(1) Required no power adjustment from
establishment of Vref +30 to touch-
down,

(2) Provides 70% ¥y required for full
anti-ice.

(3} Trimming required throughout
airspeed bleed (30 KTS).

(4) Negligible noise reduction.

Not a recommended procedure due to lagk of
noise abatement, pilot trimming workload
and effect of environmental variables on
proper speed throughout the speed bleed,

Fleps 40° from commencement
of approach to landing,

Vref +10 to 420 on upper with
speed bleed to Vref on glide-
slope.

flape 30° on upper to flaps 40°
on glideslope,

Flaps 0°=25° on upper to 30°-400
on glideslope.

Flaps 30°, Vref +20 on upper to

flaps 300, Vref 45 on glideslope.

Flaps 30°, Vref 410 to +15 on
upper to flaps 30%; Vref 45 on
glideslope.

(1) Requires power adjustment/trimming
after speed bleed,

(2) Does not provide 70% N1 for full anti-
ice.

(3} Improved noise reduction over ,0°/
Vref +30.

A basieally acceptable procedure. Hot
recommended because requires higher power
than 30° approach without offering com-
pensating advantages,

———— e e ——— ——— —— ——

Not acceptable becsuse it requires sim-
ultaneous power, airspeed, pitch and trim
management. .

No acceptable combination for same reasons
as 300-400 above,

—— S ———

(1) Slightly noisier than above,

(2) Trim and power adjustment recuired in
transition speed bleed (15 KT3).

Acceptable but not optimhm.

{1} Quiet approach.

() Minimum trim and power adjustments
required in transition.

Recormended as optimum apprcach flap/air-
speed combination,



(5)

THE MINTMUM ACCEPTABLE LEVEL OF ENGINE POWER AT ANY POINT ON THE PROFILE

MUST PROVIDE AN IMMEDIATE THRUST RESPONSE TO THROTTLE MOVEMENT.

This requirement was considered essential to safety. It was particu-
larly influential ir limiting upper segment angle and éstablishing the

maximum permissible upper segment tailwind,

It was determined that the thrust response below approximately 1500%/hr -

‘fuel flow did not satisfy this requirement,

The optimum profile and optimum flap/airspeed combination satisfied
this requirement while providing appreciable ground level noise

reductions,
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Anti-Tce

The effects on anti-ice capabilities were infestigated in the simulator.
It appears that é 6° two-segment approach which yields any significant
ground level noise reduction is not compatible with mﬁintaining full

anti-ice capabiliﬁies at the typical 727 landing gross weights.

This point is illustrated by the results of one of the key trials.
Upper segment angle was established at 5°, The approach was flown at
flaps 40°, upper segment speed Vref +15, gross weight 108,000#. This
did not provide the 70% Ny required for full anti-ice, Gross weight
under the above conditions had to be inecreased to 140,000# befors

70% Ny power was required,

- ¥ ~



ENGINEERING STMULATION EVALUATION CONCLUSIONS -

General ,
(1) In an eveluation of this nature and magnitude, a f}ightxsimu—
| lator evaluaiion phase is an indispensible prelude to flying a

prototype inétallation in the aircraft., The simulator is tbe
only vehicle in which factors which can vary (or be-variedj can be
established at known values, changed by lknown predise-amcunts,
repeated as often as necessary and accurate effects of these
factors upon other interdependent factors determined.

(2) The flight simulator will ;ignificantly shorten the overall progran
time and reduce flying time required in the airplané.

{3} The simulatof.permits the safe and deliberate analysiglof failure
and mis-managenent effects Including confirmation fhat no un-
expected or potentislly hazardous side effects wili résult from

these failures.

epecific Qpér&tjonal or Technjgal _

(1) The 60 upper segment represents the best operationa1 §rade-off
botween safety, crew workload and noise abetement for the 727 type
aifcraft. )

(2) The rrincipal differences betwcen the AA 720 and fhe-f27 profiles
stem from applying certain operational eriteria in th§ 727 develop-
ment whichlaere considered essential to the routine use of the two-
-gegment procedyre in instrument weather. They havé'produced a

higher‘g%iggsiOpe intersect point, higher glideslope capture point

and sloygr transition piteh rates in the 727 profile.
éghxm PAGE 1, :
1108 POOR QEsvziy Ly
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(3)

{4)

(5)

(%)

The twé-segment procedure as developed for the 72?.does not appear
compatible with conditions requiring the use of full anti-ice.

Use of the précedure where tailwinds greater than 20 KIS exist on
the upper segment is not permissible because such éonditions
require engiﬁe power settings below the immediate ﬁﬁrﬁst response
level, | |

Other environmental conditions do not éppear to limit the use of
the procedﬁré;in any way that they would not similarly limit the
standard JIS procedure, |

The procedﬁ;é yields ground level noise reductions outward from

about 2.5 miles from touchdowm.
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INTRODUC TION

This appendix contains a basic operational description of how the two-
segment, systém'génerates the two-segment profile and how it interfaces

with the airplane navigational'and guidance systems.

The meuns by vhich'the system performs its computational functions is

contoined in the Collins Radic Company System Technical Dccuﬁentation.
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In addntlon 10 the terms deflned in the Slmulation Heport a number of other

termu which will be frequently used in thls appendix are defined or explained to

assist the reader 1n;understand1ngrthelr operational fvnctlon in the:twq-aegment '

asystem,

TERM DEFINITION/RELATED INFORMATICHN
" " AMBEE - ° 'These are convenient "shorthand" terms which are derived
‘M " GREEN  ‘ffoﬁ the color which the specific Apprcéch Progress

Ammunciator will. properly have at the:point on the two-

segment profile which is under discussion,

.'The

more ihportani connotation, when ﬁséd because of their

Hfshqrthdnd value in this appen&ix, is:

@

(@

That a certaln state or set of conditlons ehist at_
gpecific p01nts along the proflle and

The chanpe from AMBER to GTEEN 1nd1cates a proper and -

. normal prupr9531on of system logic and

(3)

The

,The alrplene fl:ght path is conformlng to the nroflle
‘within presclibed tolcrances.

gystem has been designed so that the pilot can interpret

the Approach Progress Display in exactly the same way as he

interprets it when using it for a stendard ILS,




TERM e DEFLNITION _INFORMATION -
nt(AFL) This is the inatantanecus value of the computed height of
fhe airplane above the published touchdéun sbne elevation

(TDZ) of the approach runway. .

it 1s important to recogniﬁe that'thé two-segment systen
computes the value of this term by using thékfollowing
basie input relatlonship: o
 h'(eFL) = mA' - TDZ'
wvhere PA = Airplane instantaneous Earoycorreeted
pressure altitude (MSL)

TDZ

i

Published tcuchdown zone elevation appear-
ing on the Alrport Elevation Set Fanel.
The effects of errors in PA and/er TDZ are discussed =t

length in this appendix,

e ——————

DME This is the airplane's instantaneous line-of-szight distance
from the DME Transmitter which must be so-located at the
-ILS Glideslope Transmitter site, 4 valid IME input signal

is required for system operation,

L2
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The eight.kej.eieﬁéﬂts illustrated above define the appfbach pfofile
and/or system lo_gié check or AMBER-to-GREEN éwitchover points, Each

is briefly discuésed in the following papges in order that'fheir‘ﬁasic_ .
operstional fuanicn may be better understood in the more detailed

" deseripticns contained later in tris appendix.



@ UPPER SEQMENI
%, @ uppeR SEGMENT (ecTevped)

Neve: " PR e ARIRAFT ST
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LOWER INTEASICY

Cran ey PomT (g’ AR
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The upper segment ié an infinite series of h'(AFL} and X'(DME) points,
Bach point on the upper segment has an exact and uniqué h* (AFL)/X 'DME
relationship for any given upper segment angle and;lowe: intersect
point, The eomputér receives iﬁstantaneous baro-correcte& pressure
nltitude and DME from the airplane systems, It compares the airplane's
h'/X' with the h'/X' corresponding to the on-upper segment value, It
interprets any differences betwean the two h/X relaticnﬂhips to deter-

mine the airplone's instantaneous deviation from upper segment.

The upper segment (extended) is determined in the sme way'gs the upper
segment., It is the rate at which the airplane's vertical distance from
upper segment (extended) is changing that determines upper segment

capture point.



@ _UPPER secman-r ;qp-rurar:‘ POINT

A,

The upper oegment capture point is that point in the two-segment approach

Cat wh1ch the pitch-over manheuver should commence in order ‘to lntercept “:ig

'the upper segment,without_dvershooting. The two-Segment computer
colculates this point based on the rate at which the vertical deviation

from upner segment (extended) (dh/dt) is changlng. Thisrrate is, in

. _turn, a function of the ground speed at which the aircraft is apprcach-

: iny the upper sepment It is 1mportant to recognlze that thls is a
- ground speed (based on the rate of change of DME} and thereby compen—

sates for varlatlons in both the alrsnead and the wind components.

IT the two-segmént—system is armed and valid and the'Flight Director
and/or Autopllot are in their respectlve auto approach modes the pitch

commands Lo ransition to upper segment w1ll ocour at thls point,

ORIGINAL PAGE B
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@ GUDESLOPE ARM_POINT

A AR Yy e B ~ _ li' 'S ~—
‘ffii1iiflh¢in Pore?

This point was estnblished to insure that the Flight Director and/or

Autopilét are not armed to capture glideslope until the‘aircraft (des-

cending on upperfSegment} hes crossed the null boundary hetwqen ﬁhe

first frlse 1ober(a reverée sensing lobe) into the true TL3 beanm

pattern (proper sensing). Tor a 2,5° glideslope, this point wes set

at fe0 Helfe (DME), This is the point on the upper segment at which
s

the Glideslope Annuneiator(s) i}luninate AMBER provided that the system

is 1In upper segment GREEN,



GLIDESLOPE
TRANSITION
Pa'ru

_The glideslope capture point is that polnt in the two-segment approach:

at which thé-pitéh-up'méneuver should coﬁmence in order to transition
from upper segment to the ILS glideslope without overshooting (going
rbelow) glideslope center. The two-segment computer calculates this
| point as a function of the diSplacement from glldeslope center and the
'rate.at yhich'the aircraft ia approaching center (-dy/at). The”c&l- e
culation usinputhis,rate therefore compensates for v&riab1e rates of .
deseent result1ng from airspeed and/or wind component differences. As )
3 with the upper segment capturs maneuver, if the flight director and/or
autopilot are in ‘their respective auto appreoach modes ggg.qpper segment
has been.captqred (upper segment, GREEN), the pitch maneﬁvef would be
initiated at this'pbint. At this point, the vertical deviation'display‘
on the HSI shifts from displaying deviation from upper segmeht t§‘devi~ '
.ation frcm IS glideslope for the remainder of the approach Th; |

"Glideslope" Annunclators switeh from AMBER to GHEEN



(6) LOWER INTERSECT POINT

The lower @ntérSeqt point is that point on the two-segment profile at

which the upper segment intersects the ILS glideslope center, This is

a significan_t profile point becruse of the effect it has upon the |

altitude at which the aireraft is stabilized on ILS glidasiope, and

the effect smll_rirariations in this point have upon the ground 1e§el

noise footprint_area. This point has been set at 690' (AEL).for a 2,9°
- glideslope,  This results in a no-wind glideslope capture point of

approximately 10507(AFL),

I8



The upper segment angle is espressed in degrees above horizontal,

For -the 727 type mireraft, this was ostablished at 6°,

9"
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MIE: © Baro-cosercres Pﬂﬁ- ™ » 'AFL

@ " APerT ElVATION w TDE {7 wenR2sy rlo"*)"_(m_su.) o |

The computer requires ‘air'p‘c'urt elevation ('MSL} in order tc estahlish
t.fxe cori'éct‘,pos::l"tirop of thé upper segment in relation. tq‘ the approach
runuay., ‘This is ;rshpplied (to the nearest 10t) when the 'cz'-ew- sets the
published tlfiuchdpwn z.olna elevation in the Airport Elevation'.Set Panel, |
The effects of An‘l erroz; in this input are discussed in dgﬁa?ll later in

this appendix. '




FAIL GLIDESLOPE CAPTURE PROTECTORS (VSAFETY PROTECTORS®)

The equipment design provides three essentially independent features .
for removing the flight director and autopilot guidance in the event -
the system fails to capture the ILS glideslope at the glideslope . -
caplure point, - Each is deseribed briefly below. A& more detailed
discussion follows in 2 later section of this part: SR

1. GLIDESLOPE DEVIATION PROTEGTOR

NE g l"- GLIDESLOPE N . :
i . Mm PommT ) ‘ . - :
R o ComPUTED GLIDESLOPE )
. / CAPTIRE POINT .
. TR PownT -
. { Y%epDov =:315)banwu)

Situation; Airéfaft is descending on upper segment. Glideslbpe is -
present and valid. R Lo T e

Aireraft has passed through the false lobe and mull regions.
AT 500 N.M, DME, gireraft will be in beam pattern of true ILS glide-
slope for all glideslopes of 2.5° or greater., The two-segment
syshem arme for glideslope capture (Approach Progress "Glideslope!
Annunciator(s) -1lluminate amber). N

At computed glideslope capture point, transition té giideslcpe
should be commanded for flight director and/or autopilot (if in
aute approach mode(s))s This point is nominally 1050' (AFL),

Alrcraft has passed through (:) without commencing glideslope
transition maneuver. At % dot (37.5 micrc-amps) above glideslope
center, #agopilot will trip off and flight director command buars
‘will bias Trém view. Approach Progress Display Annunciator(s) will
extinguish, . ' S

.. QF POOR QUALITY - SRR



IT., HEIGHT 4ABOVE FIELD TRIP

Sso'(aFt)

%

g&gggtioga Mreraft is dezcending on upper segment, ILS glideslope
has falled, or glideslope deviation protector %m.I above) has not
aciivated for some unlnown reason.

Yhen oireraft descends to 5001 above the selected airport elevation,
tutepilot will trip off and Flight Director Comnmand Bars will bies
from view, '

HCTE: Tha offects upon this protector of an erronecus abrport
elevation (or bapo-corraction) input are discussed &n
detall later, L

LTI

e

b
o
-
[

{3

&

1. HE TRIP
¥




Si‘!;-u&ti_gr;: “ (same as JL above).

When'aircraft'épprOQChes ﬁithln 1,8 .M. DME.wlbhouﬁ glidelePe

'csupture, autopilot trips off and fhg;ht director command bars bias’

from view.

NOTIE: With correct airport elevation and baro-set inputs to the
computer, the height above field and the minimum IME trips
are al approximately the same point in space., The effects
of erronecus inputs upon the relationship in space of these
two trips is discussed in detail later,

z-13
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TWO-SEGMENT SYSTEM COMPONENTS AND INTERFACE

Collins Special Purpose Components

Aireraft Cémpone_nts of System

Ground Equipment Components of System -

Alreraft Interface

Z5
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' COLLINS SPECIAL PURPOSE CCMPONENTS

The Collins components of the two-segment system consist of the
following units'

Two-Segment Computer
. Switching Unit
Airport Elevation Set Panel :
Two-Segment Selector Switch ("ARM~OFF")
The operational functions of these units is discussed belowo The tech-
nieal description will be ineluded in the equipment menufacturer's
documentation and reports,
1e Ihﬁmiuéﬁiagyzﬂzggmynig; - This is the heart of the two-segment sys-
tem. Given the upper segment angie and lower intersecﬁraltitude, it
caleulates the’upper segment as a function of altitude above
field and DME distance to touchdown, This becomes £he
positionzl refefence from which vertical deviations aﬁd vartical
tracking commaﬁds are uitiﬁately derdved, Having.eétablished the
upper segment in a specific spatial relationship to fhé co-located
LDE, the computer constantly compares the asireraflt ihsfantaneous
position with the computed upper segment in order to-
(a} Determine the polnt appropriate to the aireraft groundspopd
at which ﬁhe niteh-over maneuver should be 1n1tiated to
interéeﬁt the upper segment, It similarly determines the
proper.poiht at which the glideslom e¢apture maneuvér should
commence. o
(b) Supply thé flight director and autopilot systaﬁs with devi-
ution.information upen which they will act (in their resf
pective uuﬁo modes only) to correct back to or continue
fracking upper sezment. or IL3 glideslope as appropriate,

(¢} Monitor the aireraft position in relation to the upper segment

pAGB B
GINAL
gg%} Egﬁﬂﬂﬁlﬁmﬁﬂ



in ordeero irhibit ceftain eventé or to continge the ofdetly
preécribéa sequence of events in the normal two;segmqnt app7 
roach, VAh example of an inhibited.event would ‘be the pfe}‘
venting of ubper segment caﬁtﬁre if £he cﬁmputer deﬁefmiﬁes'
that thévaifcraft ié.abOVB the upper segment afiﬁhe time the
pilpt selects the auto approach mode on the autppiiﬁt;"kn_ 
examblasdf normal event sequence conircl would‘belinhibiting
‘the'fliéhildirector and/or autopilot from armiﬁg fbr'glidea |
‘ élbpe capture until the aircraft is on upper ségment and has

" sassed the .'glidesloﬁe arm point (5.6 V.M. gnd "Ui’?_ER SEGUENT" _,

GREEN)

The eomputer continually performs certain selfutests:éﬁd,'thfough

the switehing unit, receives essential aircraft component validity

signals as a prerequisite to initial arming and validation and a3

a condition for contiﬁuing normal operation throughout the approach,

 Failing any of these, it displays the appropriate failure flag(s)

and, if the flight director and/or autepilot are utilizing the

compnter outpul for guidance, it will cause the £light director

-comnand bars to be biased from view.and/or the autopildt_to be

disengaged, It monitors upper segment and glideslope capture‘&nd

will remove the vertical guidance (bars from view and/or antopilot

dizsconnect) under the fail eapture conditions just described,

The Switehing Unit - The switching unit logic was emulated in software

in the simula®e

I~17
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3e

shown below (approximately actusl size), In the evaluaticn sir-

controlled relays. Whenever the unit is powered (selector in "ARM"), the

computer receives the essential aircraft compu“batlonal and validity
inputs through the unit, and the computed deviation ouj;putu are
supplied back to the flight director and autopilot pitch channels
Loy translafibn into appr0pria£e piteh commands. The.approach
progresé‘signals pass through this unit to control these annun-
ciations in the two-segment modes, The computed va:tical deviation
from the_reférence segment is passed through this unit from the

computer to the HSI vertical deviation display.

The switdhing unit is powered only when the two—segment;seléctor switch is

in the "ARM" position. When it is not powered, no signal pro-

-cessing out to the autopilot, flight director or instruments and

displays is. done by the two-segment computer. It*is-aé though

‘the‘two-SEQmént ¢ mpuier were not installed in the airplane.

The unit is designed so that if the two-segment system is turned
off or fails, all relays relax to restore normal aireraft system

capabilities. . _ : 4

Aigggrtj&kx&;&ﬁg;jﬁﬂLjh@gl ~ The Alrport Elevation Set Panel is

eraft ingtallation (single ﬁwo—segment system), this paﬁel was
placed in the Géptain's forvard pedestal panel displacing the
#1 ADF contrbluheqd (#1 ADF removed). In a retroflt situation,
if dual tuo-gegment systems were required, thls unit would PrOw-
bably have to be re-located to some point accessible to bOuh the
Captain and Flrgt Of'ficer and would be modified internally to

provide indehendent girpori elevation inputs invo éach system, : ' E



 AIRPCRT ELEVATION SET PANEL

The arrcws show’ which digits each of the. threc concentric knobs sets.-
The units digit does not move. Published touchdown zone. elevation to
the nearest 10' is set in the windows prior to commencing the approcch.-k

In the example: shown above, the 5330! would be for an approach to 26L
at DEN, published elevation of 53311 MSL, )

"Thereafiicr.discncsicn of "upper segment” showed that the ﬁwc~Segmcnt
coemputer defines the upper segment as an infinite series"cf-ncight nbove
ficld.(‘ﬁFL)/DME:points._ The eomputer subtraets airport cicvntion‘(TDZ)
from bnro-ccrrecfed‘aircfaft pressure altitude in order to‘determine 'ﬂFL
which is eusentlnl to ‘positioning the uppcr segment in the proper spatlcl
relatlonshlp to thc co~located DME, Because it is the input frOm the |
Airport ! lSthlon Sct Panel which tells. the ccmputer what the TDZ
elevation is, tha mls-cettlng of this 1nput has a vital effect not

only on the spatlal position of the computed upper segment but 1t



also creates an operational anomaly which required equipment modifi-

cations described in detail later,

The figure below illustrates the effect which the mis.setting of the
Afrport Elevatfon input to the computer has upon the position of the

upper segment with respect to the real-world runways
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Situatfon 1: Afrcraft is proceeding inbound at 5000' baro corrected
pressure altitude for a two-segment approach to a TUNVEY

with published TDZ of 2000' (MSL), The airport elevation
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inpﬁi‘is set correctly (2000'). The upper segment is cor-
rectlj positioned in space with respect to the runway., As
the eircraft approaches position (I}, normal capture would

ocdurrgnd a normal approach would be completed.

.Aircraft is pfoceeding inbound as in Situation 1 above.

Airport Elevation input to the computer is in érrorlhy 2000

.(10#}; The gffect of this mis-set error is that the com=

 puter is being "told" that TDZ is O'(MSL) instead of 20001

(MSL). The computer therefore "sees" the airplane app~

' roaching at 5000' (AFL) (5000' pressure adt - 0'(MSL) in-

_ stead of 3000' (AFL), which is the sctusl resl-world sit-

" uation), Whénlthe airplane reaches the DMEicqrfespohdiﬁg-

to 5000'*AFL7(positibn (23 above), if-the two-éegmsnt Sy8=

“tem is armed and valid and the flight director and/or auto-

pilot are in their auto approach modes, tha syatem will

_ capture and track the mls-positioned upper segment

' . NOTE:_ This error has two potential sources:

(1) FElectro-mechanical malfunction ih-ﬁhg-Airport14
Elevation Set P&nél.l |
(2) Crew has entered inccfrect-TDZ]iﬁ pane1. -
. rCom;.)u‘ter will.accept an-y signal v&lﬁe; It cannot

chegk this input for reasonableness,

-2



RAPAROACH
PRosRLSS
DISAAY

This awitch vas added to the Captain's instrument panel immediately to
the lelft. of the Ameh Progreas Display, Mm speciﬂcnily, it was
to be at the same level as the "upper segment” annunciatér which was
added to the AR,

When placed in the "ARM® position, this switch energizes the switching
unit and thus makes the two-segment somputer outputs aveilable to the
autopilot and/or flight director when each is placed in its aﬁto 8PP
roach mode, It is important to understand the distinction that the
oytputs ere only made available for use by the A/P snd F/D, Until
and unless the auto mode is selected, these uﬁits operste nofmally in

any of their other modes,

I-22
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'ﬁhen piabed in‘th;'ﬂﬁRM“ position by the_pilot,'if is sqleéoid-hald-iﬁ
"ARM".. It‘will remain in "ARM" unless physically.mbvedftbtﬁhe;FOFF
position hy the-fiIOt or unless the pilof selgcﬁs “GOHAROﬂND“ after
the glidesIOpelcﬁpture mansuver has been initiateﬁ by thé sjstem '
("GLIDESLOFE" GREEN) | | o

As présentiy deéignéd, the switéh.is held in bARﬁ" even th@ﬁgh thq-'
condifions'might‘egiat which cause the autopilot to trip’aﬁd:tﬁe-flight
diréctor command"bars to biasrfbom view. This is necessary to supply
certain warning flag power which would not be available through the

normal systems, I would drop to "OFF" if solenoid power—were lost.

The seléctor sﬁitch; reﬁaining as it does in the "ARM" pdéition, the

‘ autopilof ahd/nr.flight director cﬁn be reverted to any other'méde than
antomatic (éxcépf manual G/S on autopilot) by the movemeﬁffaflﬁhe mode
- gelector to the désired mode. However, torre~engage the auto modes,

. the pilot must first move the selector switch to the "OFF! position and

back to "ARM" , and then re-cycle the mode selectors back to auto. In

thls Pase, 1f all valldlty and logic requircmenfs are not satlsfled the
- F/D command bars w1l] bias from view and the autopilot will trlp off.
| AIRC.BAFT COMPONENTS OF THE SYSTEM

Only those aircraft components which contribute a compﬁtétiénai or 7
validity input té“ﬁhe two-segment computer are technically.paft of the
syatem do such. The HSI flight, director, autopllot and Approach
Progress Dlsplay are users of the system output and thelr presenca or

ahuence as users doee not affect the computation i canabillty of the ayatem.

With ‘this in mind very few of the basic aireraft cdmponents are part

of the tup-segment system (as defined). Agide from power derived from

JT?:13'



various aireraft electrical buses and some added circuit breakers, only

the following aircraft comﬁonents are parts of the system:

0y

(2)

L2y

Altimeter/CADC - Baro-corrected pressurs altitude is an essential
input to the computer for determining airveraft instantaneocus !AFL
(baro-corrected pressure aliitude minus TDZ ("MSL), Prineipelly

becauss of the program ﬁime consﬁfaintsp the installation agvaluated

in this program involved the use of a special electric altimeter whlch

was capable of converting baro-corrected pressure altitude to a d-c
signal, This signal was then fed to the Airport Elevation Set Fanel
which subtracted out the TDZ elevation and passed the resultant to the
computer as a 'AFL d-¢ signal. This was a third altimeﬁer which had to be
get prior to éommencing the approach if the upper segment were to be properlg
positioned with respect to the runwéya Such a solution to the pro-

blem would not be acceptable in an industry reirofit Bifuation. In

United Air Line's judgmsntp the Colling computer should be modi-

fied to accept existing ARINC fina-coarse synchro inputs from the

CADC rather than forcing the industry to backfit its alﬁimétry to

provide the kind of input utilized in the prototype installation,

Aside fraom the very considerable costs involvsd, the prbneness to

failure or to unreliable output of the D-C potentiometer would make

its use in a certified system less advisable, eépecially in view

6f the effept upon the upper segment position if the input signal

is in substantial srror.

DME - The two-segment system cannot perform a computational

function without a DME input %o ths somputer. It contributes the

oAl PAGH T
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UME half of"tte tAFL/DME uppef-segment ccmbinatibn-cnatthe atten-
dant deviation computations for intercepting and tracking upper
segment It is further essential that this DME be co-located with
.the ILS glideslope transmitter. The effect of DME error upon
upner sagment position and related factors is shown in DME (ground)

in the next saction

- Certain discrete DME values are invelved in normal sjstcm aequené
cing and fail capture protection, Localizer gcin proéramming ié
| also a functicn of a discrete DME value: |
(a) 5, 0 DME - Glideslope Arm and Localiszer gain programming.
(b) 1.8 DME - Minimum DME Protector trip. .
| (c') Glideslcpe Gapture (onward) - Glideslcpc gain programming based

~on DME inatead of time,

‘.(3) _VH? AV nggigg:' - The system requires:éiidecIOPe vclid for'glide-".
siopé transitich. The receiver input (G/S section) is eaaentlal
_ for glides10pe tracking.
NOTE. The ‘system will capture and track an | upper segmant without
a glldeslope present. If, however, the aircraft descends on
upper segment and glideslope valid input is not present at glideSIOpe arm
point (”GlideSIOpe"AMBER), the system w1ll trip the A/P and F/D,
GROUND _EQUIIMENT COMPONENTS OF Twmvi '

In order to executé'a two-segment approach the system mﬁst have a DME
- co-located at the glldaslope tranSmitter site and a glldeslcpe tc

 complete the apprcach. The 1ack of an operatlve locallZer does not

Sty °




affact the operation of the system in any way. The system does no

roll channel processing or medificetion except to trigger iocaliser

gain programming ét 5.0 IME ingtead of at the 1500° RADALT trip.

(1) The geometry of 2 given approach is affocted by DME grror since a
priﬁcipal determinant of the computed upper segment is DMB dis-
tance from {ouchdown0 The effeet of IME grrowr is illustrated in

the figure below:

Z-26
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Not only does a 1000° epror as shown above move the 1owér inter-
sect point (inﬁerseetion of computed upper segment and_glideslﬁpe)
toward or away‘f?am the touchdown polut by 1000', bul it also raises
or lowers that intersection by about 501/3000' of error. It wagd
seen in the report that a change of about 100¢ in thé height of
this intersection makes a difference in ground level n§ise of

about 2 PNdb during the upper segment.portion of the two-segment

approach., The X' ghown above for the 6°/3° profile is aﬁout 8,000'.



(2)

(3)

ILS Glideslope ~ The two-segment approach cannot be completed

without an ILS glideslope. The fail glideslope capt‘,ure pro-
tectors discussed earlier showed that fallure to transitlon from

the upper aegment to the ILS glideslope will trip ‘the system and

| rencve’ autapilot and flight director guidance, ‘The upper segment
can be computed and flown down to "Glldeslope“ AMBER without a glide- B

slope present and without the requirement that the localizer be captured. -

Locallzer - This is not a pre-requisite to upper segment tracking.
It 1is, however, an gperationsl prerequisite to ccmplating the ILS

portion of the approach.,
ATRCRAFT INTERFAGE

No attempt will be made to describe the techhicai dataiibfof thé to-

'segment/aircrﬁfﬂ intérfaée. The general operatienal philosophy vhich -

‘influenced the equipment and interface design 1a:

(1)

(2)

When the tuousegment equipment is not being used by the pilot fbr
the _purpose of making a two-segment approach (two-segment selector
switch “OFF") ‘all of the normal flight control, 1natrument and
navigational systems operate in exactly the ‘game manner as thay

would if thg two-segment equipment were not, installed. ;'

When the twofsegment system is in use, it serves oni}.gs a pfo-
cesaor andﬁsﬁpplier of vertical deviation informatibﬁ fbr normal
use by the flight direetor and autopilot piteh channels in the
same manner that these systems utilize IS glideslope deviation
information when these systems are in their respective auto modea,

It modifies no normal aystem logic or functions except that in the

* " 'fi‘".— -
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(3)

(4)

(5)

two-segment mode, it DME gain programs the IS glideslope input
and inhibits localizer gain programming until the glideslopé
captura point,‘ Nelther of the gain programming provisions (G/S
or LOC) in the aircreft equipment is altered when ﬁhe’two-segmant

aystem is noﬁ in use.

Reversion tc the normal airveraft mavigational and guldancs systems
is accamplished as previocusly described in reversionary mode sel-
gction or by the movement of the two-—segment switch to the “OFF"

position (manually or by selection of "GO-AROUND" after "G/8" GREEN),

Lack of any‘sjstem validity or logic required for proper gﬁidance will
preclude arming the system, or if any validity is lost orfsjstém logiec
is not proper while the system is in use, it will disengage the
autopilot and/or biag the conmand bars from vwiew. It cannot be

re-engaged without specific overt actions on the part of the pilot.

The aystem makes usg of all existing warning systems., There are no

additional warning lights or audibles imvolved.
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OPERATIONAL DESCRIPTION OF THE TWO-SEGMENT SYSTEM

Gené:él
| Upper;.Segzrient
_ﬁpp'e?:_Segment Capture Point
' Glidté:alop’e Arm Foint
' 'Giid(jaslo.pe' Capture Point -
I,'t;a'wef: Intersect Point
Fail ' éapture Pr&ﬁection

" Flight Path Deviation and Tracking Commands. = -
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GENERAL OPERATIONAL DESCRIPTION OF THE TWO-SEGMENT SYSTEM

This sacfion Qill expand upon the design and logic concepts of
the varlious elements in the two-segment profile discussed
earlier, It will not go into the technical design of the
Colling hardware. It will provide a further understanding of the
operational concepts which influenced the methods used in thé

profile and procedures development tasks described in the

main report. =



L4

£
2%y

3

o

/s

DATE 11/6/72

D

i?RGJEcT PILOT Snyder - Monteith _
Qsmﬁj ACFTD B727 [£] DC-g | APPROACE #

- {BR. HOURS

M

Eﬂ};iiﬂl""“m‘““”

5,
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6. It.appears that the vroper U/S angle, for all considerations

té;%é'\to date, lies between 5° and 6°g Secondly, when using!
~an U/S intersect alt of 3000' to 4000?,
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1. Testing was conducted on the upper.segment intercept alt,

—ecdpture point with 0° flaps, gear up and 200 KTS,

ATTE
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U/S eangle and speed schedules.—The alt range was from 1500
to 8000'. The angle varied from 4° to 8°, The upper
capture point was maintained at a setting of 400. The lwr
capture point was at 330 for angles of 6° and greater, and
varied btwn~250 and 200 for the 4° and 5° angles.
Configuration scheduling was to fly inbound to the upper
At
capture, thrust was reduced to idle and flap extension
begun, continuing to 30° as rapidly as leading edge devices
permitted. Cnly one approach was flown at 40° {for a noise
comparison trace), the balance being 30° Vref+l5 on the
upper segment and 30° Vref+5 on G/S,

U/S intercept altitudes below 3000' do not offer m adequate J
reduction in noise levels from current procedures, Interce
sl titudes above 3000' pose no preblems by themselves, and -
wlll be Purther explored to achieve maximum noise reduction
and remain compatible with ATC-procedures. -
U/S angles above 6° do not appear practical due to large
thrujﬁ, pitch, and trim changes required during transition
tOGS. ’

The tested configuration scheduling does not demonstrate
itself to be operatiomnlly sound. Idle thrust, although
yielding maximum noise reduction for a given angle, gresents
problems in spool up time and oroper lead, On the 8° U/S
angle with a 8000' intercept alt, using the tested
configuration scheduling, the throttles were in-idle from

“~ .

the 0° flap intercept,

f
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is Impracticel in that the thrust is minimal to low alt
with greatly tapering airspeed, even during the G/S
transition, as was the case in the higher angle U/Ss.
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THE UPFER SEGMENT R /

The uppér segmentfis a éomputed path in space, based on ﬁn*infinife
series of 'AFL/'DME combinations. In Figure l-ﬁelow, the 'AFL-DME
combination is unique to that particular upper éegment pbiﬁt.. If the
aystem is armed and valid, as the aircraft is at hp, 1f the DME is
other than xo, the computer calculates a deviation from upper segment
“and displays thiS'dev1at10n on the HSI and makes it available to the
: fllght director and/or autopilot (in auto modes) Similarly, if ‘the
1ircraft when pa551ng x2 1s not at hp, a dev1ation dlsplay and
appropriate corrgctlve cutput to the flighi director and/or au$0pilot

~ will oceur,

e i el — —— - f-'_ ) _N.‘
Yil/4 //// f/[/ ///////a/ W&,m_\ Im‘

- JIGURE ] - !H?ER SEGMENT DE?INITHI$
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Severel facts regarding upper segment definition become obvious from

Figure 1: o

(1) 1If X, varies uhile Xy and hy remain conatant, the upper segment
angle will vary, |

(2} If Xy and X3 vary equally (and h» remsins constant), the upper
segment angle remains fixed but the segment moves toward or away
from the touchdown zone.

(3) 1If hp varies and X2 and X3 remain constant, ~the computed upper
segment angle ﬁill Vary.

(4) 1In any of the sbove cages, the height above TDZ glesvation st
which the caléulated upper segment interaécts the ILS glideslope
("lower iﬁtersgct altitude") will vary, 4
NOTE: It should be understood that the values of Xp and hy shown
above are inatantaneous ineremental values which sorrespond fo
only one of an infinite number of X-h values hy which the two»

asegment computer defines the upper segment,

The special altimeter baro-rorrected d-¢ input furnished the aireraft
altitude in feet (VSL) to the Airporﬁ ?levation Set Panel which sub-
tracts out TDZ elevation (MSL) to the nearest 10! and inputs 'AFL into
the computer, The effects upon the actual position of the upper
segment (in relatioﬁlto the real-world runway) as a result of an
erroneous signal input to the computer as the result of erfofs in
elther TDZ or altimeter baro-correction are shown in the following

illustration:
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UPPER SEGMENT CAPTURE POINT
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UPPER SEGMENT CAPTURE POINT

This is the point before the aircraft reaches the computed uppef BEgw
ment (from beneath) ot which the pitch-over command mist be initlated
in order to transition the aireraft from its initial approach

flight path on to the upper segment, The two-segment

computer accomplishés the transition maneﬁver in a fixed number of
seconds regardless of the speed at which the aircraft is approaéhing

the upper segment,

Some: important Operétional congiderations are related to this‘profile

parameter: |

(1) To b operationally viable, the two-segment system must be capable
of transitioﬁing the aireraft on to upper segment at any speed
within operationally reasonable airspeed (groundspeed) limits.
In the real-world ATC environment, the controller may require the
pilot to maintain any of a number of airspeeds to (and perhaps
afterj phn uppee segmept capture point, depending‘én the existing

traffic situation in the arrival aresa,

{2) ‘The transition must not induce any appreciable physiological
sensation in the passenger cabin, particularly as regards g-force

sensatinns,

(3) The transition must be initiated at the precise point. appro-
priste to the éxisting conditions so that there is ne overshoot

of the upper segment,



(4) Failure of‘nhe two-gegment system to initiate the tnansition ef o
this point {or failure on the part of the pilot to configure the
auﬁopilot in the auto approach mode prior to this noinfj prevents
the aﬁtopilot-frem capturing upper segment exeept.nj re-cyc1ing
the mode aelector and descending below upper segmenﬁ Por capture
from below, The flight director will furnish late eapture com-

'mands up to the point at which the aircraft flies through upper
_ seé;ent. | )

The methed by thcﬁrﬁhe tno-segment ccmputer_deﬁermines nppep segnent

capture point'is.beyond the fechnical scOpe'of-this:repernei*The general

methodology is, however, 1mportant in understanding the simulator pro-

“‘gramming rationale and in appreciating the 1mportance of thie peint in

 the development of an operationally acceptable tranaition to upper '

segment.

~ This point on the profile is not a fixed point. Since transition time
is a constant the point at which the pitch—over cemmand mnst be init- :
iated is necessarily a variable which is a function of the rate at

~which the aircraft 1s approaching the upper segment.

e ' .
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FIGURE |‘— UPPER SEGMENT CAPTURE POINT AS A FUNCTIQN
OF RATE OF APPROACH TO UFPER SEGMENT .
%m

It can be seen that for a constant transition time, the point et:whioh
the trenoition maneuver must commence varies as a funetion of the rate
at which the aircraft ie closing on the upper segment The V,; and ¥y
shown in Figure 1 are groundspeeds eince the computer must correct

for the W1nd as well as the airspeed component.

Since the.pitoh-guidance commands for trackiné or correoting_to ubpér
segment are derived‘from & comparison of the instantsneous vertical
position of the aircraft with respect to the computed upper segment, the
computer uses the rete at which thig verticel deviation ie ohenging to
compute gn upper segment capture point vhich is proper for that instane

taneous vertical closure rate.

Z-4/0
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'FIGURE 2 - UPPER SEGMENT CAPTURE POINT .. GOMPUTATION BASIS

o FrOm‘FVigl'xre 2, .i_t_f g’gn be seen that if the-a:ircra.'f‘t is appf;j@gﬁing ,u'pper'. 7
segmenlt. in the first case at V and the second case at ‘.'-1: {vhora V> vl), ;
the rate at whi_c# Ahg (anz/dt) 1is _changing 18 higher than 'i;he rate at ‘.

', which A hy (dhl/dt)‘: is '.cha_nging’. jSince the ‘t.:[‘me_ to complete both mnf‘ -'

euvers ié ' t.hé samé ;3: it isl 16gical that tﬁe'pitch—over cdm ﬁusf. be

. initiated at sone great.er value of Al for Vz than for tho ‘ h which :

is appropriate to the slower Vy.

| 'I‘h§ .two-;segment.‘,'sys;;.em ie designed to conip’ute the upper sc.a{gment capture
point for any Zfeésﬁnahle value of dh/dt, Ome dev'eloptnant.”_task -(diﬁ- ;
cussed in  the main report " was to establish a value ot"h which re-
sulted in a prop_egrl .?;lmnsition to upper segment for'_- a f:_bted valua of V.
It was -seen_t.h,at the Project Team developed a narrow band of _ -

“transition times ‘which were then used in cbnjunct.:l.dn' w:ith a ﬂxed air-



speed (groundspeed) to derive the h value correspondiné to those
conditions. The simulator software {(and associated hardware) were
provided so that h could be varied by the Project Team between the

limits of 100' and 600! in 100-foot increments.

T2
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GLIDESLOFPE ARM POINT

The earlier discussiocn of glideslope arm point describes the basic
reasons for establishing it. The earlier illustration is, however,
misleading in that it implies a much greeter divergence between thé

null and the 6° upper segmeni than actually exists.

The illustration below still exaggerates the divergence relationships;
however, it will bs.a.’tter 11lustrate and explain the problem associated
with the presence of this null in the vicinity of a cert.a'in- portion of
the upper segment in the 2,50 glideslope/5° null/7.5° first lobe sit-

uation (upon which the illustration is based),

e APPRex, T ~1l NM. e
FRom Touckpowal




The null is theéfetically & 2ero signal‘bouﬁdafy. In pr&c@iée-thera is
usually some signsl noise; however, it 1s gt:a low enougﬁ'levai that
the two-segmentlcbﬁputer interprets the boundﬁry and ité irmediate
environs as a zero deviation signal (on céursej. If the gyétam armed
for capture in fhis;near-coincidence regime, eapture could be instan-
taneous and on the 5° null. The aircraft'ﬁight continue to track

this null, Vhat ;s‘hore likely, however,:ié that it might start some
‘unexpected (and pérhaps vieolent) correctidn, either to ﬁhe true ILS

glideslope or résﬁond to the reverse sensing'oflthe first false lobe.

The illustration.bpposite shows that at 5;0 N}M..DME the 66 ﬁpﬁer '
segment has crossed the null boundary intthhe‘true ILS glideslope
‘beam pattern. S_inc‘é actual capture ("'Gl_-ic"les]:.;ope-" GREEN) occurs
considerabiy‘latef on upper segment, it was éonsidered ngerto arm
the Flight Dirgctof and/or Autopilot for capture at'this ﬁbint in
order to indicdté to the pllot that a vélid gli&ésloperyas.presént,
| and'td arm the faii,glideslope protector well outsidé of the 35.5

micro=-amps trip regime,

T-/5
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GLIDESLOPE CAPTURE POINT

This is the point at which the pitcheup maneuver must be initimted
in order to trahsition the aireraft flight path smoothlj'froﬁ ubpqr
segment to ILS giideélopaa' Thié is not a fixed point. Like upﬁér‘
segment.capture point, thers is one and only one pointiwhich is
exactly approp?iate'to the instantanecus rate at which ﬁhe aircraft
is approaching ILS'glideslopa from above, Since this rate dan- be

expected to vary from approach to approach, this point will also vary,

There are importaﬁt-operational and safety considerations asgociated

with the accurate determination of this ﬁoint:

(1) - The two-segmént system mst be capable of determining this point
over a-reaéon&ble range of eonditions. This range is logically
much narrbwér‘than that which might be encountered in the approach
5p§eds to upper segment capture; howéver, the accuraéy with which:
this point is determined is more critical than any other point 1n

the earlier portions of tha approacho

(2) The physiologlcal constraints applicable to upper segment tran51t-

ion also apply to the glideslope transitien,

(3) The syatem mustlcompute the precise point at which the transit-

fon is initinted for the instantaneous conditions in order that the
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alrcraft is on glideslope center at 500! (AGL) with no permissible
overshoot (below glideslope). (A UAL-established opératicnal

requirement for the evaluation).

{4)  The protective features to guard against fallure to conmence
transition at this point were discussed earlier. _ihe
further discussion of thege festures will point up the additional
safety constreints and precision requirements associated with

this point.

The method by which the two-segment system determines the exact point

for any given gset of conditions is beyond the technical scope of this

report. An explanation of the basic concepts will, however,.be useful
in understanding the fail-capture protection features, It.ﬁill also
help to explain the simlator prograﬁming rétiénale as well as the
methods used in the development tasks relaiedﬂta.the giiﬁeslope tran-

sition portion of the profile,

4s previcusly exﬁlained in the discussion of false lobe capture
protecticn, the system is not armed for'glideslqpe capture until the
aireraft is inside of the 5,0 N.M. DME rﬁnge. In Figure 1 below,
the aireraft has passed the glideslope arm point and is déécending

on upper segment toward glideslope capture point in both cases shown:

moan pAGE B

G—=2. k@

 Z-v8



NOTES: Lewern or. meansrTion Parw = Vit
L= TeawsiTon € = ConsTANT

. "V| £ V'g_

PR A4 {1

CUIDESLOPE. CAPTVRE
Foint A Vo . . iy, X

Gk Aam Po1dT

pant a7 Y,

| FIGURE ) - GLIDESLOFE CAPTURE POINT -

AS FUNCTION CF APPROACH SPEED.

In the two cases aﬁove, it can be seen that ﬁith & coﬁstanf; transition
t:.me and with hoth transitioms terminating at the 5007 (AGL) point on
the glideslope, if L) is greater than V,, the transition must commence
earlier for the higher speed Vo than for Vl aince the physicallength

of the V, transition path (V2t) is greatef then the V7 path (Vit).
2 _ : : 1

Since the upper seginent is not a radisted beam, it was nécess'ary‘to
compute upper ségmentlcapture point by compafing the insﬁntaneous
position of the aircraft with the computed upper segment a.nd initiating
the pitch-over maﬁeuver at some ah below the upper segmeﬁt‘ighich is

appropriate to the rate at which .8h is changing’ (ah/at),



The ILS glidealépe is, however, a radiated beam. For the sake of added
accuracy, as well as for using the asuto approalch guldance already built
into the autopilot and flight director systems, it was logica_il that the
glideslope eapture point be determined by the rate at which the aircraft

is approaching glideslope center.

In figure 2 below, V2 and V] represent linear velocitiea:-allong the
upper segment. Vo is greater than V. The rate of change of -dy{/dt
is therefore higher than for Vy (-dyj/dt). Since transition time is a

constant, and since both transitions terminate at Sop’ (4Fe) 0f Adove

on the ILS plideslope, the transition initiation point for Vo must be

higher above glideslope beam eenter than for the Vi capture point:




The simulator piogfﬁm provided a means by which the Projeét Team could

vary glideslope capture point by setting different values in feet

above glideslope centero

FIGURE 3 . SIMULATOR PROGRAM FROVISION. FOR VARYING
GLIDESLOPE CAPTURE POINT.

It can be seen in Figure 3 that the method used in the similator for
settihglthis pqinﬁ is techniecglly different from the actusl method by
which the two-éeément computer sets this point for a given iinear
‘velocity along uppef segmeﬁta The develoﬁment ?ask of oﬁfimizing.this
lovwer transition, however, could be just as well and much‘mﬁré regdily

accomplished in simulation by the use of a settable height abové glide-

slope center,
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L INTERSECT POINT

This is the point At which the computed upper segment intersects the
ILS glideslope.r_ Detemination of its optimum value was very'impOr-
tant because of the interdependence between this point and glideslope

capture point and on-glideslope point,

-
G/s CﬂPn;ﬂt ALT. DiFF, -
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FIGURE 1 ~ EFFECT OF LOWER INTERSECT ALTITUDE UPON
GLIDESLOPE CAPTURE POINT ALTITUDE AND

- ON-GLIDESLOPE DISTANCE TO TOUCHDOWN .
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It is apparent from Flgure 1 that variations in lower intéfsect_altituda ,

directly affect the altitude of the glideslope capture point and the

_distanee from touchdown at which the amircraft is on glideslqﬁe (1inear
. velocity on upper segment, upper segment angle and transition time

identical in both casas'ahown)u

In the discuasion of glideslope capture point, the .UAL operational criterion

'that the on-glideslope point should be 500! (AFL). or above logically dictates

"that,this point must be at scme height above touchdown zone elevation

greater than 500'. The development method used for optimizing this

point is discussed in the nmain report.

:The‘significanca of this point upon groundllefel noise isaconaideraﬁla.

. The effects are discussed in detsil in the m&in body of-thié repbitg

L




FAIL CAPTURE PROTECTION

(Bquipment Failure/System Mis-mansgement)

 General

‘Upper-Segment Capture
,.GlideBlOpe Capture-
- {(A) Glideslope Deviation

" (B) Minimum Height Above TDZ
' (C) Minimm ME .

(D) Fail Capture Protector Modifications



Fail Capture Protection - General

Several important protective features have been designed into the two-
segment system. A-failurs‘uill manifest itself to the crew in an
explicit and overt manner. The conventional system compoﬁent failure
flags vhich appear on the inatrumeﬁt displays continue in ﬁse in the
two-gegment system., In addition, if the flight director and/or autopilot
are providing flight guidance, and if a system component vital to that
guidance fails or”if any validity parameter vital to the two-segment
syatem logie is.nof correct, the autopilot and/or flight director
guidance is immediately removed and the approach progress annunciations
are extinguished to alert the ﬁilot to take alternative actigﬁ appro-

priate to the conditions that exist at that time.,

For technieal design reagons relating to electrical power dependencies
for validity failure inputs, the two-segment srm switch remains in the
"2.BEG ARM" position (solenoid-held) in the event of a syétem failure,
The flight director and/or autapilot do not therefore automatically

revert to the conventional operéting logie. Reversion is accomplished

by manually selecting the desired reversionary mode or By moving the
"2-5EGY switch to the "OFF" poaition,
If the pllot selects "GO-AROUND" after glideslope capture point, the

N2.SEG" switch drops out of the "ARM" position automatically,

A "GO-AROUND" selection prior to this point will trip the autopilot, but

will not drop the switeh out of RARMY,



It has been'stateo earlier that one of the onerational sritoria in the
system design is that the trsnsition to upper segment must he accomp—
1ighed with no overshoot. This constraint vas include& to prevent a
gituation in which the aircraft hag passed uppar segment capture point,
and then the system is armed (or beoomes armed) for capture. Hsving
passed the capture point appropriate to the instantaneous conditions,
an overshoot would be inevitable 1£ 8 transition vere commenced at

that time. At the end of the transition ttmfﬂ'the system would then

command a larger nose duwn attitude in order to correct back down on

to upper segment: A steeper nose down position ‘than that necessary to track

upper segment was considered operaticnslly unacoeptsble at 1east in

the present state of development of the oquiment and in 1ight of the

general pilet community apprehension about the approximately 1500'/min. rates

of descent and 1ower engine pever settings involved in normal upper segment

tracking.
The fail upper capture protection therefore involves the folleﬁing:“

{a) The absence of any essential input from the airoroft_navaids ano/
or flight guidance systems, or the failure'o:~anY~va11§ity chsok'nhioh
the two-segment system makes §111 prevent the'arming of.the system for
upper segment capture, In such a came;-the:“zlﬁﬁﬁ":switch will not
hold in the “lARM'l' ‘position and the "UPPER SEGMENI" approaoh progress
annunciator(s)} will not iliuminate ambér, If the problem stems from
an inoperatiﬁe-nav&id, the appropriate'flag(s) will be displayed on

the instrument(s).

(b) Failure on the part of the pilot to configure the system properly



prior to reaching the computed upper segment capture point ﬁill
preclude the autopilot from attempting upper segment capturé; bid

the flight director is properly configured at some point after capture
point but befcre.ﬁassing ﬁhrough upper segment, flight difector commanda

for a late captufe will be given.

(¢) As presently designed, if the system has been p&operly configured
and if, for any reason,the system fails to initlate the capture maneuver
properly, the uppéf segment anmmecistor{s) remain amber; and the air-
eraft would remain on its current £1light path until the pilot took

alternative actidn.

{d) Because of the camplexity of diffarentiationIlogic‘between
having flowm through the upper segment without eapture and the
situation in which all the necessary inputs and validity checks are
proper but the aircraft position is above upper segment at the time
the two-segment cqnfiguration is completed, the system wquid perform
as stated in (c)rabova in this case, As presently desigmed, the pilet
could not captﬁre.ubper segment until and unless he maneuvers the air-
craft from the point above upper segment to some point beneath it and
re-cycles the "2eseg" awitch and appropriste mode selector(s). The
figures below illustrate the fail upper segment capture situations

described ebove:



| CASE 1; ABSENGE OF ESSENTIAL NAVATD ' INPUT O FAILURE OF VALIDITY
CHECK: | e

~ AP0 "iiﬁﬁi&a::nwiuu;'lbavr
rg&"ﬁm € /NSTANTANEVE Cwory ons)

B e Y TP St SO IO BT

e e i e

1. Two-segment switch in "ARMW, - NAV pecéiver tuned to ILS. Glide-
slope receiver section inoperative, ' : :

2. F/D and A/P seleéteﬁ to auto approach mode.

3. "Upper Segment" annunciator(s) illuminate dmber. Aireraft con-
tinues inbound. Captures upper segment, descends to glideslope
arm point, -System trips off at 5,0 DME due to lack of  glideslope
validity input, U S

CASE 2: SYSIEM CONFIGURATION COMPLETED AFTER PASSING UPPER_SEGMENT
A POINT;s . ST

1. ALl systenm vaiidity checks and navaid inputs prbper.:7Tuo-segment
switch in "ARM"; flight director in PAUTO", Autopilot "OFFY,-

2. Fligh&;_‘diréctor "Upper Segment® annunclator green, 'Gbﬁmnd bars
ere commanding pitch-over. Autopilot "Upper Segment® annunciator
not illuminated, I S R




3. hutopilot mode selector placed to MAUTO G/SW, If placed in "AUTO
G/S" after passing "Upper Segment® GREEN, it would not attenpt
capture but would maintain current flight path, |

CASE 3: TWOQ-SEGMENT SYSTEM CONFIGURED

SEGMENT.

1. A1l system validity checks and navaid inputs proper. Aireraft
has passed (or is physically above) upper segment. Pilot con-
figures for two-segment approach (ILS tuned, 2-SEG switch to MARMM,
F/D and/or autopilot to respective auto mode. ) ‘

<« System properly configured; F/D and A/P *UPPER SEGMENT" annunciators
amber.

3. System will remain in this state until the aireraft is below
upper segment {extended), Thereafter, if the aircraft oasses
through the JAFL/DME combination, which is proper for upper

segment capture point under those conditions, the system weuld
capture upper segment., ' _

A potentially important anomaly exists with the present system design.
The system does not require localizer captufe a5 & pre—rgquisite to
upper segment capture, If the system is érmed as‘described in this case,
the system behaviours for upper segment capture are illusfrated in

Figures 1 and 2 below:

Z-60
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‘FI GUHE 1 - UPPER SEGMENT CAPTURE AS FUNCTIUN UF HEIGHT A@EE FIELD
('AFL) AND DME ‘

Situation (Z) Aircraft is proceeding for locelizer intercept. Two=-

' segment system armed and valid, F/b and A/P in\aﬁfﬁ

‘approach modes,
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Alil'iixput.a valid. Pilot is maintaining an al titude of h!
(AFL). With the two-segment system armed and v'ana, when
the aircraft reaches CPy, the "ﬂRPER SEGMENT® annunciators
would go GREEN end the F/D and A/P would command a pitch-
over ﬁaneuver to track the upper seghent on the

path showni™™ Localizer capture wﬁuld be completed at gome

peint in upper segment dascento

Figure 2 1llustrates a similiar phenomenon which is admittedly quite
hypothetical but is deseribed here to illustrate the principles in-
volved in upper segment computation and vertical guidance independent

of localizer gapture.

In the case illustrated, the aireraft is transiting the ares atl\g'
(AFL) proceeding to the initial approach fix shown. The pilot ‘con-
figures for a two-pegment approach, All required inputs are valid.

The F/D and A/P are placed into their respective auto appraach modes.

As presently designed, when the aircraft reaches CP2, the "UPFER SEG-
MENT" @nnunciators would go GREEN and the F/D and A/P would descend
the aircraft from CPy to CFPA and then e¢limb the aircraft ocut on a
gymmetrical pattern from CPA as shown. It should be remémbered that
this discounts the fact that the crew would not permit tﬁé aireraft
to follow this path aiﬁce their knowledge of the navigétionél position
would tell them thet an inadvertent capture and descent had occurred

&t szc
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3. Fail glj,dgg; oQg Capture Protection = The safety and 'pilot_ accep-s-
tance implications of failare to initiste t’ransition 'from up'pei' segment.
to ILS glideslope resulted in three essentially independent fail

glideslope capture protectorS'

(a) Glzdesloge Devi&:i‘on Protection - The glideslope arm poin‘c. and

glideslope ca.pture point 1ogie have been discussed earlier in
this report. Assuming that there is no mis-posit:.oning of the
upper 5egment due to erromecus inputs or system misman_agement P

the glideslopé deviation protector is ihe first ofz_th,e‘. three
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that shoﬁld be activated in the event the transition meneuver
has not commenced at glideslope qapturé point. This protector

is illustrated in Figure 3 belowp

2 [
¢ GLIBESLOAE
o RwT COMPUTED g ippes ook

ChETNRE  FolnT

. BRI GLIOESLORE, CARTURL
TP PeiNT

650" (aFL)

T

FIGURE 3 - GLIDESLOE DEVIATION FROTECTOR . FAIL GLIDESLOPE CAPTURE

Z-6Y

As shown earlier, the glideslope capture point is determined by the
computer at some value above glideslope center (Y Micro-amps). If the
aircraft passes this point without commencing the glideslom transition
maneyver ("Glidesiope" GREEN), the system is designed to'triprthe
autepilot and bias the command bars from view at ¥ Micro;amps_=*%

dot = 37,5 Micro~amps,

(B) Hgigh&_ﬁhgﬁg;ﬁig;d;lxipJw Tf for any reason the glidedope devia-

tion trip protector described above fails +to function,. a sécond
independeﬁt ﬁrotective device has been désigned into the equipment.
Tt will trip the autopilot and biss the comimand bars from"

view if the aireraft has not commenced the glideslope transition

maneuver by the time the aireraft has descended to 500' above



the field elevation which ia_«é!ét”in the s;irpbrt" elevatio:il_",s-e'ﬁ' panel:
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FIGURE 4 - HEIGHT ABGVE
HIGH AND LOW).

It can be seen from Figure 4 above that this protector is k'ey'eé 1o a
fixed number of foet above whatever field. elevation is set --'in the airport
elevation get pa.nel“ | In the elevation mis-sat high case ehown, the system
would trip unless the glideslope cepturs maneuver had already commenced

hefors reaching ﬁ + 500'

The mis~get low 'case has the effect of ’;nq:ving the height trip below
the normal trip"altitu.de by the number of 'fée"t that the airﬁbrt elev~
ation is mis~set low., In the extrame cags shawn (mis—aet h' 1ow)

it is readzly apparen‘b tha‘t th:la is not a viable proteetor in the case

_ ‘illustratad aboveo
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(€) Mipimmm DME Trip

The third independent fail eapture eom@r pro'teetor is keyed to a
fixed IME ﬂistan@@o I the two pmte@%@‘fa &ascx“ibad above had
failed, the system wonld trip the autopilot and bias the command
bars from view whon the alveraft reached this minimum DME dis=
tance from toushdeim. A8 prevently dééig?me&- the minimm DI"IE is
set to be ver:\;r slose o “tho Bistanse @m&r‘@sp@nding to 500' AFL
for a 2,9° ILS glidesicps (31. 8 1),

e | .
~ o » 7 iy pme TRaP
I8 (@1} Ve | (ons-s2v w'su) |

MUS-5ET HiIGH
.u. .-.L;.. b

wum =

MM Dok TR j g
(Ms-5£7 Lowy) s DET teud

FIGURE 5 - MINIMUM DME TRIP .. INCLUDING EFFECT OF MIS-SETTING AIRPGRT
ELEVATION HIGH OR LOH .
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It can be seen from Figure 5 that the normal DME trip would occur at
approximately the same point in the profile asrthé height above field

treip,

It should be noted in the mig-set low case*sﬁown that the mis;setting
of airpert elevation to some value less than the baro-corrected elev-
etion of the field to which the actual épproach is being ﬁade has the
‘effect of mis-positioning the computed upper segment in spaéé. In the
extreme case shown, it can be seen tha£ this ﬁrptactor (as well eas

the height above field proteétof) would not p?otpct against failure of
the glideslope deviation protector discussed in (1) above. F&r this
reagon, the prototyﬁe deaign was modified in the manner déécribed in the

following section,

Mis-getting the airpbrt elevétion highef tﬂgﬁ ﬁhe_baroﬁqorf;ctéd field
elevation mis-positions the computed uppef éegﬁenﬁ as shéwn above, It
oun be seen in this case that if the aireraft were tfacking this upper
gsegment, the system would be tripped at ﬁinimum DME or at ﬁ§ight‘above
field (mis-set high) at some point before the aircraft reached the

glideslope deviation limits (37,5 Micro-amps) set to activate the deviation trip.

In examining this-figure, it should be kept in mind that the angles,
distances, ete., are greatly exaggerated for”élarity and that the
mis-set cases are representative of airport elevation mis-sets of the

magnitude of 4 30001,

It must also be kept in mind that the term mis;set does not necessarily

imply that the crew has mis-set {or failed to:re-~set) airport elevation

T467



prior to commencing an approach, This phenomenon would occur in a case
where the crew héﬁ set the airport elevation panel properly tt the
value of the imput signal to the two-segment computer was in error by

gome amount due to a mechanical or electrical fault in the system.

Faill Glideslops Capture Protection Modification

Analysis of ‘tesb results with the prototype installation led to the
discovery that the three safely protectors described above would not

cope with all potential airport elevation (and/or altimeter mis-set)

casede

In review, the glideslope arm point was incorporated to protect against

arming the flight director and/or autopilot for glideslope capture until
the aireraft (descending on upper segment) has passed the null boundary‘
and is in the true ILS glideslope beam pattern. As originally designed,

this was accomplished by preventing the system from ¥looking for" the

1LS glideslope until psssing this point. This feature served the purposé

for wvhich it was intended. Because the system did not "look fﬁr“ an

ILS pglideslope in the first false lobe regime (vhich is always well out-
side of 5.0 N.Mo DME), the autopilot andfor flight director, uhich would
normally attempt capture (in auto modes) wers not armed at'this poinf,
and the aireraf't therefore passed through this false lobs area without

the autopilot and/or flight director attempting false lobe capture.

The fact that the system was conditioned not to test for the presence
of a glideslope cutside of the 5.0 NoMc IME meant, however, that there

werse cases in which an errongous airport elevation or baro-correction



:anut to t.he computer would mis—p031tion the upper sag,ment with respect
to ths real.world ru.nway and DME such that in an extreme case, none of

the three fail glideslope capture protectors would perf‘orm its function
properly. Figure 6 below illustrates a serious airport elev_aticn (1ow)/

altimeter correction (high) case and the effect upon these p'rotectors;

GUNESLOPE ARM
- Powr ( AMafed
IPuT3)

m_;usu:?t mmt
( PRoPER. 1N PUTS)

GLIDESLoPe DEVIITION “TRIP
. (PROMR INPUTS)

. vin My (Sna) M Dme 1.8 TRIPS
| weiary (PaolLe. INPUTS) .
. (Aus-Ser)

PR Il STy o Ve e £ =:

(1 ‘l‘ m‘(ww)
i . ,
i e R t
———T - --—--'§ ~~~~~~~~~~ -*-—-——--r.--.-'.--:.--:-.:
e 9.5 5 2 o o
N 1 - i o 3

APPROXVARTE DISTANCE “To “ToucHBowN [amm)
- (Scace. wow-Linvdar)

FIGURE 6 - EFFECT UPON FATL GLIDESLOPE CAPTURE PROTECTORS OF AIRPORT
ELEVATION kiiIS-oET LOW (ﬂLTL‘VIETER BARO—CORHECTION MIS-SET HIGH

Situation: (an) At position @ , aireraft is approaching a field at
3000'(APL), Pilot is intending to make & two-segment

approach. At this point, the pilot arms the two-segmert system




J:'7E"

(®)

énd seleots the auto modes on the f£light director and

sutopilot, System is valid. %UPFER SEGMENT" AMBER.

He has set his altimeter to the reported field barc-

metric and has set the published TDZ elevation for

(s)

(d)

,thé runwey on the airport elevation get pgnele

The airport e¢levation panel signal value.output to the
computer is 3000' in error due to an electrical fault
in its circultry. The pllot is not aware of this, and
thg.eumputer cannot check it for reasonableness. So
long as a signal of some walue is present, it will
accept this signal as correct, and interpreﬁ‘it accord-
inglyo In the case shown above, the airport elevation

panel is "telling® the computer that TDZ_eleVation is

———r sty

3000' lower {MSL) then it actually is.

Using this input; it applies TDZ (as received from the

" panel) to the aiveraft berc-corrected pressure altitude.

(é)

43 a result, it "sees® the aivcraft approaching at 6000°

(&FL) (30007AFL actual + 30007 error). It calculates
the upper terminus of the upper segment as 6000'AFL; X3
ﬂMEn It can be seen, however, that the caleulated
upper segment is seriocusly mis-positioned with respect

to the real-world runway.

At.pOsition(éE, the aircraft will piteh-over and capture

and track what appears to the computer‘to bs a proper

upper sSegment.



In the situation described above, Figure 6 shows that none of the
three fail glideslope capture protectors w111 perform their protective
functions as the result of the mis-setting of airport elevatlon=

(1) Glideslope Deviation Trip - s orginally designed, the squipment

was prGVented‘fram "looking for" a glideslopa until tha‘aircraft
reached 5.0 DME, In the case ghown above,the upper segment ‘
(mls—poaitioned) passes through | N 5;;3 the true earth'e :
surface at about 7 miles from touchﬁoﬁn;' The entire flight path
from upper segment capture onward, is totally below ILS glide—
slope and outside of the glideslope arm point (5 N.M. DME)

(2) Height Above Field Trip = This trip is calculated as 500 'AFL

based on what the computer has been "told" is TDZ elevation. In
the case shown, this trip point is about 2500' below actual

ground level, -

(3) Minimum DME Trig -~ It is obvious from Figure 6 that- if the
aireraft tracks the upper sagment (m;s-pdsitioned), this pro-

tector is of no value.

The need for false lobe protection still ‘existed, but it was also
necegsary to proteet against the obviously uhacceptable si#uation

described mbove. -

An equipment modif;eation wag therefore.incoeporated. Tﬁie,modification
in effect allows the system to "look at" the glideslope to determine
'where the alrcraft is with respect to the 1i8 glldeslope (extended) at
any time the system- is armed- and valid but atlll inhibits arming for

glideslope capture until 5,0 N.M. DME (1f on upper segment). .

Z-7/
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The basic logic statement upon which the modification iz based i= that
there 1s no situation in which the airceraft can properly be on upper

segment aﬁd below'glideslope at the same time,

The esquipment modifieation includes a ten-second timer which arms to
run when the system is armed and valid. Once armed, it starte to run
at any time the aircraft is below glideslope, If the aifcraft ie

below glideslope for a period of ten consecutive ssconds prior to upper
segment capture gnd the airoraft does not thercafter go above glideélo;ae

prior to upper segment capture, ths aubopilot diseonﬁ@cté and ﬂigh‘t d:‘.;c:- -

ector biases from view at upper segment capture. Refer back to Figure 6.
Assume the armed é.nd valid leg prior to reaching position exceeds ten
seconds, Since the aircraft did not go above glideslope at any time

and @) ,the system will

between running the clock down (between (_!i

trip the autopilot and/or flight director at upper segment capture
(Position @).

The remaining logie cases in which the alreraft was below glideslope

for ten or more seconds but passed above glideslope prior to upper

segment capture are illustrated belows S U= .. Ll 0}66 :

!
M) & PosITIoN GD
uPrER  BELmEAT

FIGURE 7 - BELOW-TO-ABOVE GLIDESLOFE PRICR TO

UPPER SEGMENT CAPTURE CASES



Pogition (:) -

Position (@) -

Position @ -

Pozition (:) -

11S glideslope.

System armed and valid. Autopilot and flight directors

_in auto approach modes. Ten-second clock stafts running‘

‘down because computer determines that aireraft is below

]

Clock has run down. Trip is armed.

Prior to upper segment capturé, computer determines that

j-.aft_rm'af.'t is now above ILS glidéslope. Clock is reset.

Tfip is dis-armed,

Capture of mis-pbsitioned upper segment. Aircraft descends
on upper segment,

Computer determines aircraft is below ILS glideslope, Clock
starts_run-dbwn} e '

After ten seconds (approximately 250! descent), autopilot

trips and flight director commend bars blas from view,

This modification appeared to solve both the falge lobe and the below

glideslope probiéms; In the (n-Line Evaluation, however, it was dis-

covered that this-modification had given rise to another problem which

was not intringically dangerous; however, it was operationally unaccept-

able. This problem has been termed the "Fuissnce Disconnect",

At this writing en additional modification invelving the use of a

RADALT controlled trip 1s being evaluated, ;“ lj

{
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king - It 16 essential that ths

upper segment be captured and tracked with a 'high degres .cf aceuraey,
The system accomplished this by eompari&g the aircraft instantanecus
height above f‘ield and instantansous. dmtaﬂc@ from the co-located DME

transmitter with the instantansous computed ‘Am@m coerdina‘bes by

‘which the upper segmuent is dofined,

INSTANTARECU & i_)EV~
“IATION BkLow ComP-
~UTIED Upeote SEC mENT

horn  hew
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FIGURE { - UPPER_SEGMENT DEVIATION . DME vs ATL



In the ease shown if Figure 1 above, the aircraft is descending on &
two-segment approach. As the altitude réachea ﬁf(ﬂF;), if the aireraft
were on upper segméﬂt, it would be at X‘DME...Itai§'howevéf“'at X3 DME
(X1> X) when passing h'(AFL), It can be'seenjthat the_aircrafttmuaf
thersfore berbeiou.ppper segment, The computer resolves the (X3-X)/
(hy-h) disparity and translates the resultant into a deviatipna(in feet)
from upper segmenﬁ; This dgviation is ga;ﬁipfqg?amde into‘the‘?ertical

deviation indicator in the HST on a linesr séaling of 250" /dot."

In their raspective auto approach modea (requirad for two-segment track-
ing), the autopilot and/or 1ight director pitch channels would issue
the nose-up command appropriate to this deviation in order to correct
the aireraft back-to upper segment. The computer furnishes the auto-
pﬁlot and flight.di;ector with deviation'infbrmgtion. Thgse systems
take the corrective action in the same.mqnnen{as-they.doiﬁheé furﬁished

similar deviation from ILS glideslope information.

It 1s also iﬁportgnt %o note that the vertical deviation indicator

(horizontal bar)'in the H3I is displaying-deviﬁtion from uppér segment
from the time the system 1s armed and ?aiid'uhtil the aircraft déscends
oa upper segment to glideslope captufe point.@ﬁ;ﬁhiﬁh point5it switches
over to display.deviation from ILS glideélopé for the remainﬂe? of the

approach.,

At "Upper Segment" AMBER, the HSI horizontal bar will move to full
scele to the top,of the instrument. With vertical deviation gcaled

at 250'/dot the bar will stert to move towerd center when the aireraft

is about 500! below\upper‘segment (extended), This furnishes the pilot
substantially the same visual configuration cue which he has available

when app;ggching‘giideslope in the standard HS procedure.

| -Z‘Fﬁ?




Glideslope Déviatioﬁ/T:acking - It was felt that the vertiecal

deviation indicator on the HSI wes an essential performence indicator
for intercepting and tracking upper segment, For this reascn, it
digplnys upper segment deviation down to the glideslope capture peint.,
At this point, it ceases to be referenced to upper segment and displays
raw ILS glideslope_éeviaﬁion in exactly the same manner asg in the

standérd ILS.

Because of the fact that this approach involwves descent on an upper

segment to ILS glideslope, it was considered necessary to display raw
glideslope deviaticn to the pilet throughout the approach, This infor-

mation is displayed.on the glideslope devietion indicator on the 1efp

side of the ADI. After glideslope capture point, this indication and

the HSI vertical deviation indicators should ke substantiaily identical.

Until thsat point,‘the raw glideslope indicator in the ADI should show

the ILS glideslope below the eircraft and the HSI ver?ical deviation

display of upper segment centered {or displaying vertical deviation

from upper segment center, if any). Whem the HSI deviation reference switches

from U/S to ILS G/S, as the transition to G/S is made) both indicators should
be in agreement thereafter,

(3) Localizer (Lateral) Deviation ~ The two-segment system does not

involve lccalizer or the autepilot/flight director roll channels in
any way except that it wes found necessary to delay initiation of
localizer gain.programuing untikpassing the glideslope arm point. The

two-segment system takes advantage of IME rather than time base gain

| progremming in the piteh channel in the ILS glideslope phase. A rever-

sion to normal (twqusegment off and re-cycle autopilot to auto G/S) at
this point might epcounﬁer & momentary gain disparity in the autopilot

pitch channel.

o



The technical concepts and methodology described in this part of the
report generally-reflect the state of development of the.special
purpose two-segment approach system and procedures evaluéted in the
UAL 727-222 through spproximately 10 October 1973. The modification
which was incorporated to cope with the nuisance disengagement pro-
blem has not been-described herein, It was evaluated in line service

for approximately the last two weeks in October.
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INTRODUCTION . APPENDIX TI

The Flight Simulaﬁof phase was an indispensibie part of the overall
program, It permitted the detailed investigation of many factdrs
under precisely controlled conditions and with known degrees of
veriation. By determining the reasonable maximum and minimum limits
of the profile and procedures variables and their effect ﬁpon each
other and upon ground level noise, it was possible to develop & small
family of profiies of approximately equal operational and noise
abatement merit. This permitted the Project Team to concentrate their
evaluation efforts in the prototype aireraft upon confirming and/dr
medifying the simulator results and upon optimiszing the profile‘and
procedures which would be evaluated by the Guest Pilot group and by

the UAL Line Pilots in the six-month On-Line Evaluation.

This appendix will not present in-depth data analysis. It will

present only typieal sanmples of the data which was recorded in the
Eﬁgineering Simulation Evaluation. The periﬁheral devices used with the
simlator precluded recording data on tape or other form which would
permit computer processing or statistical anslysis by any means ofher
than manual reduction and overlay grids. The Project Pilot team used
this data in this way to analyze the results from each session during

the nrofile and wrocedures development phase,
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1.

A. The Flight Simulgtor - Its Function in-The COversll Evaluation

The Cecllins two-segment computer system charégperistics and -sireraft
interface were programmed iﬁto the fiight:simulatpf immediately after
definition by NASA/Collins/and UAL, Tﬁis permitted the Project Pilot
Team to proceed with the development and analysis tasks at the same

time Collins was developing, fabricating and testing the prototype
hardware which was to be installed in the evaluation aireraft. Not

only did this significantly reduce the overall program time, but

made possible certain investigations into profile and‘procadureﬁ develop-
ment which would not have been possible in the actual aireraft installa-
tion. The principal functions which the flight simulator has served
are listed below in general terms, Each of these is discussed in

detail in Part IIT of this report..

(1) Investigation into effects of varying a profile paiamater._

(2) Establish a practical maximum and minimum value of each
' parameter. :

(3) Optimize the value of a variable in combination with other
related prefile variables.

(4) Determination of the effect of a varisble and combination of
related variables upon ground level nolse.

(b) Enxiregmenzalﬂﬁftesis

(a) Investigation into effects of wind, wind shear, turbulence,
visibility, ceiling, time of day (as it affectb visual cues),
structursl and/or engine icing.

(b)' Determination of the manner in which the above factors affect
the two-segment profile/procedures differently from the ILS profile,

(c) Determination of the degree to which any of these factors limit the

use of the two-segment mpproach procedure more than it would limit
the ILS procedure under the same conditions.
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(e)

Airspeed/Configuration Scheduling

(1) Investigation into maximum and minimum practical airspéeds for
intercepting, tracking and transitioning on two-segment profile,

(2) Investigation into configuration scheduling which is compatible
with airspeeds, established configuration schedules and crew
workload. ‘

(3) Determination of the effects of these variables (singly and
in combination) upon ground level noise,

2. Profile and Procedures Optimization ~ Having accomplished the tasks in
(1) above:

3.

(a)

(v)

Combine the profile variables within the established limits into a
family of profiles.

From the possible combinations, derive the few profiles wiich
optimize safety, repeatability and over-all ecrew workload,

Determine the relative noise abatement merits of the profiles
selected in (b) above.

pment Fai

Accurately and completely simulate the two-segment system snd its
interface with the basic aireraft systems.

Make an extensive pre-evaluation analysis of normal two-segment
system behaviour and test in the simulator, o

Make a similar pre-evaluation analysis of the effects of failures
in basic aircraft systems and of failures and mig-management of
the two~z2egment system. For purposes of this analysis, the system
was considered "mis-managed" if certain actions were not



taken to place the system into operation or éctions were taken out of
sequence or at an improperjtime during some phaée of‘the approach
procedure. . o | _

(@) BEvaluate the effe&ts of mis-getting aifporf eieVation aﬁd altimeter

baro~corrections.

The simulator proved to be a valusble development tocl for the above
purposes. In a few instances the observed behaviour was at variance with
that which had been expected. The further analysis led to some minor
logic discrepancies in the two-segment equipment design. These were
corrected in the prototype hardware and thus saved time and effort in

the engineering flight evaluation phase.

B. SIMULATOR HARDWARE - The flight simulator used in this evaiuation is
described below.
1. Gepersl

The simulator cockpit conforms to UAL B=727~-222 N7647U (Boeing QA
428 modified to UAL specifications). Cockpit configuration and systems
operation are identical in all significant respects to the é8 B-727-222
aircraft in the UAL fleet. Performance characteristics are based on
the Pratt and Whitney JT8D-7 engine. The fuselage unit contains an
ingstructor's consocle frcﬁ which environmental conditions cen be set
and varied and from uhicﬁ malfunctions in all aireraft systems can be
inserted. Considerable additional detail on these capabilities is
‘given in the Environmental Conditions section and in the mal-
function descriptions associated with each of the components/syqtems

r/{ .
discussed below, In addition to the specific malfunctions described,
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fadlures of electrical bus{es) and/or circuit bresker{s) associzted
with the operation of a plece of equipment or a system will menifest
themselves in the same manﬁer as in the aircraft. Where there are
operational interdependencieas (as beéween NAV receivers and flight
director), insertion of a malfunction specific to the parent component
will produce the proper side effects in the operationally dependent

component(s) or system(s}.

2. Autopilot and Navigatdion
Full operaticnal simulation of the equipment listed below is pro-
vided, Specific malfunctién(s) assocliated with each are described,
bearing in mind that some will result in secondary effects in other
components when the primsry componeﬁt failure is inserted:
a. Autopilot - Sperry SP50-LWM-SFC gystem. All operating modes
are simulated, The Sperry 25853802-8 controller is installed.
(41so see Approach Progress Display below.)
MALFUNCTIONS : | | '

(1) Upper Yaw Damper Fail

(2} Lower Yaw Damper Fail

(3) PRunaway Stabilizer Trim Nose Up
(4) Runaway Stabilizer Trim Nose Down
(5) Jammed Stabilizer

(6) Autopilot Aileron Engage Fail

(7) Autopilot Elevator Engage Fail
(8) No. 1 Vertical Gyro Fail

(9) No, 2 Vertical Gyro Fail

bv. Flight Director: Dual Collins FD=-109A Integrated Flight Director
System., The system hﬁrdware including roll and pitch computers
and instrument amplifiers are actual aireraft hardware except that
the skid ball in the ADI is servo driven. An aireraft ADI is

interchangeable if necessary except that the skid ball would be
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inoperative. All software inputs (exceptfékid ball) are made to
the flight director computers and instrument amplifiérs. A1l
operating modes are simulated. Mode sélééiérs are Collins Part No.
722-5378-001.,

FLIGHT LIRECTOR MALFUNCTIONS:

(1) No. 1 Steer Computer Fail

(2) No. 2 Steer Computer Fail

(3) Altitude Hold Fail

(4) Captain's Course Indicator Fail

(5) First Officer'’s Course Indicator Fail

(6) Captain Localizer Pointer (Rising Runway) Fail

(7) First Officer Localizer Pointer (Rising Runway) Fail

c. Approach Progress Display: Dual Boeing Spec 10-61330-4 displays
installed. Displays had two unused annuncletors on flight dir-
ector gide and three unused annunciators on autopilot side. A4s
previously described, the Captain's annunciator was modified to
include an "Upper Ségﬁent“ annunciator between "VOR/LOC" and "Glide
Slope™. -

d. §;ggdby;é&iiﬁggg_Iggigggg;: Fully operational system is simulﬁted.
Al aireraft electrical ﬁower dependencies are ineluded. In .
event of simulated complete aircraft electrical feilure, SAI re-
verts to its own self;contaiﬁed battery power source (simulated).

e. Mach/Airspeed: Dual indicators with serve driven movement (Astek
B024381911) per Boeing Spee, 10-60922-11. Airspeed and Mach
number as well as ovérspeed warning anﬁ flight director airspeed
hold are ineluded, |

Separate true airspeed digital readout provided (Litton Ind. 850714).

f. DME: Dual Bendix 791341ﬂ13A1 indicators. Program computational

; o
aceuracy to approximstely + 0.015 feet. .

SRR



2o nggma&xiﬂ.ll&imﬁiﬁli Dual Kollsman servo-pneumatic (Kollsman

h.

i.

Je

k,

1.

B38689-10-005), Servo-pneumatic programmed for captain's alti-
meter only. Altitude computational accurmcy approximetely

+ 0.015 ft.

BARO ALTIMETER MALFUNCTIONS

(1) Freeze Captain Altimeter (simulates mechanical movement freeze)

(2) Captain Static Line Leak
(3) Captain Static Line Plugged

Radlo Altimeter: Dusl Collins 522+4363-007. Full cperational
simulation including 2500' alert and selectable decision height.
Altitude Alert

from -2000' to 53,000', System provides visual and aural warn-

"

Similated barometric system with selections

ings when % 750" and + 300' from baromeiriec altitude selected by
crevw. Selected zltitude is amblent barometrice pfessure compern=-
sated by barc set control on altitude selector panel.

IVSI: Dusal indicators. Servo driven movement. Scale range

+ 6000'/minute, Reflects G-fﬁrce and ground effect phenomena.

Pual Sperry 1783993-485

indieators., (MHR-4)

HEADING.COURSE DEVIATION INDICATOR MALFUNCTIONS:

(1) Captain's Gourse Indicator Fail (alsc fails First Officerts
RMI compass card) '

{2) First Officer's.Course Indicator Fail (also fails Captain's

RMI compsss card)
(3) No, 2 ILS Bearing Error (1° localizer error in #2 localizer)
(4) No. 1 VOR Bearing Error (5° bearing error in #1 VOR)

BMI: Dual Bendix 36158-1AF2541 with VOR-ADF switching module

(#1 and #2 needles) for each indicator.
RMJI MALFUNC TIONS :

(1) Ceaptain ADF Fail (Fails direction finding capability on
captain's ADF receiver)
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(2) First Officer ADF Fail (Fails DF capability on F/0 ADF receiver.}
m. Standby Compagg: Servo driven (simulated Pyhisky" compass)
n., VHF NAV Receivers: Actual receiver hardware is soft;are simulated.
Dual VHF NAV receiver tuners are Gables G1728.

VHF NAV RECEIVER MALFUNCTIONS: For flexibility, these receivers

are treated in software as separate localizer and glideslope receiver
sections., Because of the high degree of-Operational dependence of
the flight director and sutopilot (in appropriate modes), the
following malfunctions have significant beasring upen the navigational
displays and upon certain flight director and autopilot modes:

(1) Captain (No. 1) Localizer Receiver Fail

(2) First Officer (No. 2} Localizer Receiver Fail

(3) Captain (No. 1) Glideslope Receiver PFail
(4) First Officer (No. 2) Glideslope Receiver Fail

o. Low Frequency ADF Receivers: Dual Collins 522-2357-018. 4s with VHF NAV,
receiver hardwere (except tuner) is software simulated. The #1 ADF
was removed aﬁd the Airport Elevation Set Panel wés instailed in the
tuning head location on the Captain's forﬁard pedestal,

ADF RECEIVER MALFUNCTICGNS: (SEE RMI ABOVE)

NOTE: The abové navigation receiver failures are sircraft equip-
ment failures., In addition to these, the individual NAVAIDS can be
selectively failed. In this coxl'nection', the VORTAC stations are
programmed so that either the VOR‘or ME function can be failed
sgparately from the other.

p. Marker Begcong: The 75 me marker beacon reqeivef operation is
simulated gural and visual signels as in aireraft., Instrument panel
contains blue (outer), smber (middle) and white (airways) marker

lights.
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3. Enviroomental Conditions Controlgs

An envirommental conditions panel on the instructor's console permits
the setting and/or variation of the envirommental conditions described
below:

a, Altimeter Setting: Permits settings (to 2 decimel places) from
24=35 in. Hg.

bs Q.F.E.: Permits 12 in, Hg Variation,

¢. Sea Level Temperature: Permits settings (in whole degrees) from
-35° to +65°C,

d. Outside Air Temperature: Is related to sea level temperature by
lapse rate and altitude. Variation of either SLT or OAT will
change the other by the same amount. Perﬁits 100°C variation of OAT.

e. Lapse Rate: Permits variations (to 2 decimel places) from -6°C/1000!
to +19C/1000°'.

f. YWind Program: The panel provides the means for setting airfield
height wind direction (whole degrees) from 0¢ - 359° and velocity
(whole knots) from 6-250 knots. A4 geparate set of controls sets
the non-friction (2000! AGL end above) wind through the same limits
as above, These separate controls permiﬁ‘the operator to establish
a virtually infinite number of wind shear conditions. The computer
pefforms a linear integration between the 2000' and surface directions
and velocitles such that at any peint from 2000' AGL to touchdown
the wind acting upon the eireraft is the resultant of these two
winds. (e.g., if the 2000' wind is set at 270°/30 knots and
surface wind is 3609/10 knots, the wind acting on the aircraft
when above 2000' AGL would be 270°/30 knots, As a descent

below 2000' AGL is made, the wind direction would move from 270°
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h.

i.

C

toward 360° at a lineér'rate of 1.50/100' and v%locity would decay
from 30 knots teo 10 knots at a linear rate of 1 knot/100'). The
wind program is integrated into the'flighitdirector and autopilot
programs'so.that the proper wind and wind shear compensations are
called up in these program outputs and displays.

Rough Air/Turbulence: The motion systém receives inputs from this
control which is infinitely variable from no rough air {no fuselage
excursions) to maximum whieh induces random exéursions in all
three axeé corresponding to severe turbulence. Instruments which
normally fluctuate in turbulence will fluctuate to a degree pro-
portional to the severity of the turbulence selected.

Grogg Weight: This control permits the setting of gross weight
from 100,000 lbs. {zero fuel weight) to approximately 200,000 1bs.
in combination with the total fuel set control below., A given.
gross weight can eithgr be held congtant or permitted to decrease
by an amount (and at a rate) corresponding to fuel burn-out.
Center of Gravity: Permits the operatof to set the airplane C.G.
to any desired value from 10%~-60% MAC. An instantaneocus (and if
applicable constantly updated) digital readout of the value of
any of the above parameters is aveilable on the panel. A contima-
ously updéted digital readout of the wind acting upon the simulator
at any instant ié also provided,

Co

The cperator can freeze the followﬁﬂg conditions in the state that

existed at the instaht_the phrticular freeze is selected, For purposes

of this evaluation, particularly in the initial and proéedures develop~

ment phaéeé; these freezes proved to be quite valusble.
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a. Flizht Freeze: Freezes simulator in attitude, airspeed, altitude
and geographic position exisfent at time of selection. Aireraft
sysiems continue to funetion normally (power changes, hydraulics,
electrical systems, etc.). |

b, Pogition Freegze: Freezes simulator in geographic location at
instant of selection,

¢s Froblem Freeze: Goﬁplete freeze of all computer outputs/inputs
at the values which existed at instant of selection,

d. Level Flight: Removes any existing roll, pitch or yaw and holds
gimulator in level attitude. |

e. Fuel Quantity Freegze: Freezes fuel taﬁk quantities and fuel
weight at values existent at time of selection. This was used in con-
Junction with gross weight above when it is desired to conduct
operations at some fixed gross weight value.

5. Repesitioning Controls
The simulator incorporates a number of controls for rapidly reposi-
tioning or slewing the simulator. These are:

a., Flight Reget: When activated, the simulator is instantaneocusly
returned to the geographic point on the earth's surface from
which a standing start takecoff was last commenced. The heading
and altitude are slewed to the values that existed at that point.

b. Rreset Injtial Pogsitions: The éxistingrprogram contains 64 preset
positions to which the similztor can be instantaneously slewed.

Of thése, 17 are positions related to points on the visual terrain
model. The remsining 47 are airborne fixes in an arrivel area at

some gelected point and at some preset altitude and heading. Any

feeder or other fixes required for this evaluation were pro-

grammed as required.
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. ¢» Pogltioning to NAVAID: Similar to the ipitial position system
above excépt that thié system instantanecusly slews the simileztor
to the gquraphib position of the NAVAID selgcted. There is no
pre-programmed altitude or heading slew involved in this system.

de Altitude Slew: Permits the rapid slew of the simulator altitude
to any selected value from ses level to 50,0001,

€. Airspeed Sley: Permits the rapid slew of indicated airspeed to

~ any selecﬁed value from O - Full Mach/ASI Secale.
6. Approach Progress and Position Mondtoripg

4 Continuously updated digital readout of the following is available
on the instructors comsgole,

a. Di aring to onitor: The current distance (nearest
0.1 N.M,) and bearing (nearest degree) of the simulator to any
selected NAVAID is displeyed.

be Lat/Long: The curreﬁt Lat/Long of the simulator (to the nearest
0.1') is continuously displayed.

Cs- T0ac viation Mopitor: Deviations ahbove or below glideélope
and right or left of iocalizer centerline (to the nearest foot) and
distance to touchdown (to the nesrest 0,1 N.M.) are displayed when
any progremmed ILS or GCA station is referenced.

The simyistor incorporates 8 hydraulically powered 3-axis system, The

control loading system (stabilizer trim,feievator{‘aileron, nosevheel steer-
ing, etc., is slso hydfaulically éowered and can pé cperated with or with-

out the motion system on,

-



8. Yisuzl System

The simulator incorporates a visual system with a color image pro-
Jected on a large screen in fromtof the cockpit. The image is developed
by an optical probe transiting a 2000:1 rigid terrain model which repre-
sents an ares on the earth's surface of approximately 10 BM X 5 NM. The
parallel runways are oriented along the 10-mile axis of the model and
are situsted approximately 6 miles in from the ILS front course edge of
the model, The system is designed so that by selection of any given -
pre-programmed ILS or GCA reference station, the 10 X 5 mile model
is made to represent that portion of the earth's surface surrounding the
referenced Is/GCA runua&.r All associsted NAVAIDS in the arrivsl are
properly criented and situated with respect to this runway. For purposes
of this evaluation, Stockton airport and all associated NAVAIDS required |

(including co-located glideslope IME) were programmed into the similator.,

A visual contreol panel is on the instructor's console.' The controls
of interest in this evaluation are as follows:
a. JFrojector Trangit Control
This control moves the true picture from a position in front of the
Captain's seat to the other side if the occupant of the First
Officer's seat iz flying the approach.
b. i Co
(1) Yisibility in miles and quarters of a mile can be set from 0-9 3/4
miles. RVR can be set in 100-foot increments from 0-9900 feet,
(2) Ceiling is settable in 50-~foot increments from 0-2000'. A

physical limitation in the Z-axis hardware of the optical probe
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Ce

precludes ceiling selecticns highér than 2000'. This meant that
visusl contsct with the runway did not occur before reaching the
point on the upper segment corresponding to 2000 feet above

airport elevation (with maximm ceiling set in).

nri Day" G - Three selections are possible. These are
"Day", "Dusk" and "Night",  These result in three levels of general
area illumination of the model and except for the differences which
exist in thé real world at those times of day, these selections do

not affect the much more accurately controlled visibility described

above,

Lighting - The front eourse lighting on the ILS runway (11,500')

_ NISH wrBNBITY RUNWW LI Nve
is CAT IT lighting. The Wb, centerline and touchdown zone lights

can be turned on or off or brightened or dimmed independently from
APAROACN LICHTING SysTEM

the approach light system and sequenced flasher lights. The #8 and

SEpacE) RAsnNe LIS

C.

5%k are alzo independently selectzble and controllable.

nt t 8 e ~ The cockplt components of the two-segment

gystem were ingtalled in the simulator cockpit in the same locations that

they were installed in the evaluation airplanes (off-line and on-line). The

altiﬁeter was not replaced by the drum-counter altimeter which was used in

the girplane installations, This decipicn was made for two reasons:

(1) An altimeter was not aveilable in the time frame of the simulation

(2)

evaluation,

The baro-cér;ection.input to the two-segment compﬁter in the airecraft |
necessitated an altimeter 1nsta11ation which could furnish this input.
It was available in the regular simulator software package without

requiring a special altimeter set pick-off.
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The two~segment switch was installed and controlled the two-segment system
logic in the simulator program exactly as it does in the aircraft installa-

tion,

The Airport Elevation Set Panel was instelled to provide a simulator pro-

gram input which 1s functionally the same as the aireraft input.

The Approach Progress Display waes modified as shown earlier in Part I of

this report.

D. §;ggig§g;_§gﬁ§ug:§ - The basic aircraft system software packages re-
mained unchanged with the incorporation of the two-segment and datz system
programs. In this way, the simulator was available for routine training
use at any time it was not required for this evaluation. Both the twee
segment and data software programz remained resident in spare core at all
times. The majority of the two-segment program was full-rste. This did
not affect any of the other full-,balf-,quarter-, or eighth~rate programs
since the simulator was built with 20% spare time over and above all of
the normal program time requirements.

The two-segment computer and switching unit were functionally and operw
ationally simulated with software. All of the interface, validity
inputs and computer outputs to the flight control and navigational instru-
ment digplays accurately reflected the sctusl system behaviour,

As will be explained in Part III, the profile variables investigations
required the provisions for permitting the Project Pilot Team to set a
number of the critical profile parameters at some accurate value in order

to measure their effect upon the two-segment procedures and upon ground
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level noise. A program was thug written which accomplished this objective.
Each was selectable on the instructor console with a discre‘be switch and
infinitely variable potentiometer with direct value digital readout. The

varisbles and their settable limits are shown in Figure 1%

{D Upper Segment Angle From 285° mso°.

@ Upper Segment Capture Point (Expressed in Terms of
Feet Below Upper Segment (Extended). 100 ' to#0O!

() lover Segment Capture Point (Feet AGL) 630 ' tot/0d:

@) Lower Intersect Point (Feet AGL)400 ' to 800 !

FIGURE ] - SETTABLE PRUFILE PARAMETERS FOR 2-SEGMENT APPROACH.
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E.

ictd 0, - The following general information is

applicable to the sound prediction programs described in this section:

1.
(a)

(b

~(e)

().

24

(a)

(b)

(e)

The simulator sound prediction programs were developed principally:

To quantify the effecti upon ground level PNdb of each of the
approach profile gecmetry varzabl@s as each is varied through a
reasonable range (e.z., upper segment angle between 4° and 79, ete.).
To quantify the effect of airspeed and configuration schedules
(individually and in combination) upon ground level Pidb.

To quantify the ground level PNdb differencesg between two differ-
ent approaches (e.g., ILS vs. some fixed geometry two-segment
approach) and between different two-segment approacﬁ profiles

(e.g., upper segment 6° vs. upper segment 5°, etc.).

To quantify the net ground area differenceg beneath the approxi-

mate 90 PNdb footprint between different approaches.

The simdator soundfprediction programs were not developed'tg yield
accurate gbsolutg PN&b values for direct‘pqrrelatién with actual
noise measuremen#s.x In this regard; the followihg must be con-
sldered in any attempt to correlate simulator data with actual

aircraft data:

The PNdb vs. distance to touchdown program was predicated on
Boeing dhta as shown in Figure i. This is lateral engine noise
for the JT8D-7 engine as installed in the B727.222,

The 90 PNdb footprint program utilized the same Boeing data as
above. | |

Neither program applies cerﬁain real-world factors such as ground

effect, temperature and relative humidity, etc. These factors and
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others which affect getual PNdb were considered unnecessary
because the noiase predicfion prograns were developed to quantify

relative PNdb values as deseribed in 1 above.

3. Simulator line printer data was analyzed to extract values of certain

key parameters which are typical of the thrust and airspeed schedules
used in the two-segment approach used in the On-Lipe Evaluation
(6° upper; 2.9° glideslope; 690'AFL intersection of upper segment
and glideslope). These correlate very closely with actual aireraft
values under the same conditions. These are:

Upper Segment Stabilized EPR - 1.15

Upper Segment Stabilized Airspeed - 135 KIAS (.205 M.N.)

Thrust for 1.15 EPR at .205 M.N. = 2400 #/engine {approx.)
A representative sample of the X-Y plots from the O0ff-Line Evaluation
pilots (simulator) have been analyzed against this data through the
stabilized portion of the approach from about 2500'AFL to about
1000 'AFL,

The two sepa;ate sound prediction programs used in the simulation
evaluation are described in detail iﬁ the following pages. It is
important to realize that the plots which these programs generated
were vital in the development and optimization investigations conducted
in the simulaticn portion of the overall evaluation by accomplishing

the objectives stated in (1) abova,
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4.

Be

G,

ENdb vs. DISTANCE TO TOUCHDOWN -

o 4] : To ealeulate and to plot with an X-Y peripheral
plotter, the approximate ground level PNdb directly beneath the

airplane for any given distance from touchdown (within 7.5 NM).

The plane proceeds along a known approach profile (i.e., height above

ground is known within close limits throughout the profile for any

A}

given distance from touchdown).

The X-Y plotter was also cspable of recording sirplane altitude

above field'level versus distance from touchdown. For purposes

of recording data, an altitude trace was plotted, and on the same
sheet, the Pldb trace corresponding to that profile was also

plotted against the same distance to touchdown scale (1": 4 mile).

Program Dats Bage: The lateral noise characteristics of the JT8D-7
and engine with untreated nacelle forms the principal data base for
this program, Thils data is shown in Figure 1 in tabular form.

and Figure' 2 in graph form,

Figure 3, shows thé programmed engine thrust for engines 1 and 3,
and engine 2, for a given EPR at various mach numbers. This is
based on Boeing data furnished to the similator manufacturer and

checked and certified in the simulator by the FAA.

Erogram Methodology:
1. The PNdb table (Figure 1) was placed into the computer as a

date base.
2. Thrust (on #1 engine only) as generated in the engine program

from the #1 engine table in Figure 3, was used as the thrust

-1



entering argument to the PNdb table.

3. Height above ground which is conslantly computed in the basic

 simulator program was used as the other entering argument.

4o The cohputer interpolated fhe thrust~height above ground
inatantecus values to generate an interpolated PNdb value
from the table.

5, This value was then output to the X~-Y plotter in the Y-axis
which was scaled 6.4 db/inch, 4Any value below 72.5 db or
above 124.2 db (minkmum and maximum PNd% table values) was
limited to and plotted as a minimum (72,5) or maximum (124.2 db)
value.

6. Distance to touchdown which is being constantly computed and
updated, was simultanecusly output on the X-axis, which was
scaled 1" : } nautical mile.

7. The resultant trace was thus the PNdb vs, distance to touchdown,
In most cases, the 124.2 db limit was reached at about 1 MM
from touchdown after which the trace leveled at that value.
(See FMigure 4.) |

8. The altitude vs. distance to touchdown trace was generated by
taking the constantly updated height above field as the Y-axis
output scaled 1" 3 400'. Distance to touchdown was on the
X-axis as in (6) above.

A typical plot with descriptive labelling is shown in Figure 4.
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FUNCTION

'DATA OR EDUATION

. THRUST DATA Scaled at B15

THRUST ~w= MN's _
g;{ %H; ER ER EPR EPR | ER
ENGINES W — : i 102 1,4 1,7 |
1 and 3 0 - =2300 300 - 2075 3775 6725 | 10720
— 0.1 <2300 | -~ 300 1850 3300 | 6100 | 9920
0.2 -2300 | -300 1750 3090 5660 | 9400
0.3 ~2050 400 1700 2980 | 5550 [ 9100
0.4 -1900 550 1760 3000 5450 | B945
0.5 -1670 710 1900 3100 5500 { 9020
0.6 -1360 960 2140 | 3300 5700 | 9330
0.7 =1200 | 1248 2430 - 3620 6000 | 9805
0.8 -1050 | 1610 2850 4050 6510 | 10500
0.9 =770 2000 3300 4560 7170 | 11450
EPR 'EPR ERR
0 .15300 17480 20850
0.1 14350 16550 19950
0.2 135790 16000 19500
0.3 13490 15800 19320
0.4 13440 15810 | 19400
0.5 13660 16175 20500
0.6 14200 16790 | 20900
0.7 14950 | 17800 22100
'“"" 0.8 16000 19050 23650
FuncTioNn - | 0,9 17380 20600 25400
THRUST =Ar= MN's : TIRUST DATA SCAIED AT B 15
MN — | EPR ER "EPR | BPR EPR EFR
FOR 0,8 1,0 B 1,2 1.4 1.7
ENGINE % 0 5700 | 350 | 2075 | 3720 €650 | 10550
< 0.1 ~3700 300 | 1850 | 3%00| 6000 | 9770
0.2 -2500 325 1700 3010 5570 | $240
0.3 ~2250 390 1650 2910 5400 | 8325
- 0.4 ~2000 450 1700 2940 5350 | 8820
- 0.5 ~1650 660 1850 3040 5420 | 8850
0.6 -1350 950 2075 3260 5620 | 9150
0.7 ~ =1150 1200 2350 | 3550 5910 | 9600
0.8 ~700 1600 2770 3980 6450 { 10325
0.9 -500 2000 3250 | 4500 7100 | 11250
EPR EPR EPR
2.1 203 gLs
& |0 14950 17080 20400 -
S 0,1 14080 16180 19450
Q¥ &@ 0,2 13500 15670 | 19000
W 0.3 13240 15420 19000
& 0.4 13175 15460 19000
0.5 13400 15820 19600
0.6 13860 16450 20550
8.7 14600 17400 21750
0.8 15650 18690 23500
0.9 20250 25150

17060

M- TH@UJ'I; vs EPR I-23
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UAL B727-222 FLIGHT SIMULATOR

NOISE FREDICTION PROGRAM
db CONTO

I -25



B.

C.

90 PNdb CONTOUR

Program Objgctive ~ To calculate and record on an X-Y peripheral
device, the approximaﬁa 90 PRdb footpriﬁt in terms of lateral dis-
tance in feet from grﬁund level flight path centerline versus
distance to touchdown in nautical miles. A4s with the PNdb vs.
distanea to touchdown program (Enclosure (1)), the more complex
factors which affect getual ground level PNdb were not taken into
account since this program was designed to serve as s relativg
indicator of footprint area for different approaches.
Program Data Bege - Principal lateral noise data was derived from
the table used in the other sound prediction program (Figure 1,
Enclosure (1)),

1; The radius of thé 90 PNdb envelope is calculated by_enteping
the table (Figure 1) with thrust apd determining the "feet
AGL" which correspondslto 90 PNdb. This result is fhe radius -
of the envelopé. |

2. This radius is then treated as the hypoltenuse of a right
triangle, Height sbove ground is the vertical leg.

3. The right triangle is then sélved for the horizontal leg.

The length of this leg represents the distance latérally from
the ground level flight path centerline of the insﬁantaneous
90 PNab footprint. |

Anlexample to 1llustrate thelabove is shown in Figure 5. &

typical set of traces showing the right half of relative footprint

areas beneath four different approaches is shown in Figure 6.
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F. OTHER DATA SYSTIMS

T-29



F.

Other Simulator Data Systems - Programs were written to derive znd output
data on two other peripheral devices in addition to the X-Y plots des-
eribed in the sbund prédiction section nreceding, These were the 14~
channel oscillograph and the line printer progrsms. Detalls of each

are provided lster in this section.

In addition to the above, the Project Eilots filled out rather detailed
written summaries of each of the functionsl testing and simulation
evaluation trisls. Only typical examples of this data will be included
in this report. A complete summary will be included in the finél

Projeet report.

For the Off-Line Pilot Evaluation phase, the guest pilots and their
P:oject Pilot counterparts filled oyt questionnaires and written sum-
marieslof theirlsimulator familiarization period pridr to flying the
Evaluation eireraft, A separate Off-Line Evaluation report will be
submitted to cover this phase., This data will therefore notlappear in

this report.

Scund-video tape records were ﬁaken of each of the Cff-Line Evaluation
pilots' simulator period. Though this medium did not yield any parui-
cularly valuable data, it led to the extremely beneficial use of this
medium during the On-Line STC Flights and will be extensively uscd in

the subsequent DC~8/RIBV Progrem which is to follow the B-727/Two-

Segment Program.
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14-CHANNEL OSCILLOGRAFPH PROGRAM
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The 1l4i-channel oséillograph proved to be an extremely effeéti#e record-
ing and snalysis tool in the development phase of the Progréﬁ. The
Project Pilot Team selected the parameters shown in Flgure l. . The
sealing and general use of these parameters and combmations of para-

metera for profile analysis, are described in this section. .
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NOTE: The above is a copy of an actual data trace showing a 2-segment approach 6°Upper Segment
. 2,59 Glide Slope. Initial approach altitude 3030' MSL,

FIGUREm] = A TYPICAL 14~CHANNEL OSCILLOGRAPH DiTA TRACE



Event - When the event button is depressed, a square wave spike of the
amplitude showm is genercted for the duration the button is depressed.
The spike shown is approximately three seconds (see time sculing on

upper left of Figure 1.).

Altitudg - For most of the matrix trials, the initisl approseh albitude
was 3030'MSL (3000'AFL at Stockton). The level segment cn the right
hand side of Figure 1 represents 3000'(AFL), SCaléd as it was for all
3000' initial approach altitudes. Some matrix trials called for com-
mencenent altitudes up to l0,0ﬁo‘ (AFL). In those cases, this parameter

was appropriately re-scaled.

Thfgt&lgs {#3-2-1) ~ Bealed in percent of lever travel. This iz not
intended to be a precise parameter. It was included to show the areas
in the profile of throttle activity and a general indication of the

magnitude of mbvwement.

Airgpeed - As shown in Figure 1, the valve 1s about 160 KIA3, with'a
slowing to &bout 145 KIAS.

Upper Segment Deviation - High resolution scaling waz selected for this
parameter in order to record the upper segment. intercept regime accurately.,
In combination with other similtanecusly yecorded parameters it serves
that purpose very well. Figure 2 below excerpts those parameters from
Figure 1 and %%;ﬁ}eslthem t0 the aircraft position on the profile during

that period:
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FIGURE 2 - UPPER TRANSITION OSCILLOGRAPH DATA KELATED

IO AIRCRAFT POSITION IN PROFILE
e T T T e i n

At (O , the aircraft has reached the computed upper segment capture
point {(&h apvropriate to the speed of approach tc upper scgment). The
pitch maneuver is commanded and the pilet chonges the piteh angle to

comence the descent,

At (), the HSI vertical deviation indicator hus reached 2 dots. The

aircraft departs zltitude,

it (), the aircraft is in mid-trarsition having moved to within 1 Got

of upprr scegment,
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Between GD and QD, the upper segment deviation appears itec have started

to level at approximately & dot. The nitch angle changes to a =light

- pitch-up to correct the agirersft Loward upner zesment, Shortly there~
& P ~F [

Gt

after, the flight director commands a rosumption of the previocus piteh

4t @), the upper segrment deviation is C, The aireruft i on wiper

ecmont,

I

2911 Channel - This is the autopilot 011 charnel commnnd, IL is a
straight line in Figure 1 wiich denicts a {lisht director ap-roach,

- comnonds

p=)

For a coupled approach, this would record the localizer troeclin
The tuo-semment system does not onrocess lotersl informgtion. I% was
therefore fcolt that the recordfng'of fligsht director roll commnds
would not contritute valid informztion with respect to eve 1uu ing the

two-segment equipment which iIs strietly confinced to the veriiesl Loriion

(o]

£ the approach guildance.

Piteh Angle - This is o high resolution scaling facltor. Fiteh unple
zhanges renquired very close gralysis in the development and opt
» Y

. . PR . - N .
cf the intercent, transition ard trecking regimes. The scale shran en

miou

a e

i}

z 2 sbove is approzimate, It shows that rricr to @), a zonsiant

attitude of about +3° was requﬂred to maintain stabilized level ”11 ht,

Betvee - and it ean be seen tha®t the -itch stiitude chenqed from
b 3 M £

»

about +3° to -3° in the approxinate 17-szcond interwal shown, Tetween (]

and GD, the pilot shallowed the angle monents rllv which iz reflected

shortly thercafter by & 1eve13n~ off upper segmeht dcviation nnd a f3ight

director pilch comuind Tor noge down.

Aﬂ'ﬂ T-3%



Pitch Control - The nitch control parzmeter is the sutopilet rormaond
in the pitch channel. 4s with the roll control above, it is-a straight
line in Fipure 1 sinece tﬁe sutopilot was off for this approach. In a
coupled approach, il would record autopilect pitck comrands for inter—

1,

cepting and trzeking vertical approach prof:

Flight Director Commang - Shows the directicn ond megnitude of “he come

manas displeyed on the flight director in fiying the approach.

¥ and

DME - This ig & simple linear time-distunce record., TFigure 1 is not
representative of the zcaling used for most of the matrix trizls, The

resclution wvas approximately doubled over thalt shown,

Glideslepe Deviation - As with upper segment devistion, this recerd
was pregrem limited between 2 dots and O deviation. The inpul polar-
ity wus reversed on this trace so that it goes from 2 dots to & in
the direction opposite from the rest of the pararelers. This o done

principally to aveld cluiter,

As with upper segrent deviation, this pararetcr, when vsed in ccnjunctién
with certain other simulbaneous records, permitted a through anclyszis

£ thé lower transition regime. Fipure 2 below illusirates the direct
releticnship betwéen the oscillograrh record]and the sirersfi positicn

on the flight profiles

oraGINAt EES a5
oF POOR =7
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PICHRYE 3 - GLIDESLOPE TR USTITION GSCILLCOAAME Dali Hiamap

Lo £inCRLFT PO TUTON T PRCITLYE

AT (E) -~ The aircraft is on upper segment (upper segment deviation 0,

pitch angle constant approximately 3° nose down).

AT (2) - The flight director has commanded a pitch up to transition
from upper segment to glideslope., Between 2 and 4 this

angle changes from about -3° to +1°,

AT (3) - Glideslope deviation starts to move from 2 dots toward O.
Upper segment deviation is changing and the altitude rate

starts to decrease.

AT (:) ~ The aircraeft is on glideslope. (G/S deviation 0).
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LINE PRINTER PROGRAM
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The Line Printer Program  %

The simulator line printer did not neve a real;time print-ocut capability
when the Program commenced. With considerable effort and assistance
from the manufacturer service representative, the interface and I/0's
were modified to permit the line printer to fUnctioﬁ as a real-time
peripheral device. Figure 1 shows a representative flight director
two-segment approach. The program was designéd to accumulate the valugs
of each parameter ghown and to output them on the printer each second,
The details of the uae of this dats for anslysis will be included in

more detail in the Off-Line Evaluation.(Guest Pilot) Report.,

Referring to Figure1, a few specific points in the approach are dis-

cussed here to assist the reader in interpreting the format:

Eage 001 ,

@ (First Data Line) -
Position is 6,1 IME; 2937' AFL; "upper segment" is GREEN; Wglide—
slope" is AMBER. (Note: At the time this record was made,
glideslope arm point had not béen established st 5.0 DME). Adir-
speed B4 KIAS, Flaps 24°, gear up. Pitch Control, pitech command
show stebilized flight, power stable, #3 throttle at 20% (throttles
1 & 2 are matched within 5% less); on localizer; glideslope devia-
tion i dot (or more) high. (NOTE: Since the program limits to + 1
dot, the actual value, which is a great deal more than 1 dot at
this point, is not shown. The resolution (£ 1 dot in tenths of a
dot was chosen to give precise deviation information on the glide-

slope segment).
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Page 002 (Glideslope Capture Point)
(:) Position is 2,6 IME; 918!'(AFL); "glideslope™ has switched from

AMBER to GREEN; flaps 30°; speed 138 KIAS.

Note that 4 seconds later glideslope deviamtion becomes less than 1
dot high and moves to 0,1 dot high 14 seconds later. Body angle
starts from down 2° towards up. Approximately 12 seconds after

capture, body angle goes through level to up.

(:) At 541" on glideslope (0.1 dot high), speed starts to decay 125
- to 120 KIS. Pilot adds power to catch speed and to stabilize

on glideslope.

Eage 003
' (:j Power addition at (:) slightly excessive, Speed builds back up
to 126 KIAS. Pilot reduces power, remains stabilized for re—
mainder of approach until about 80! AFL; adds power to GO-ARMUND

(does not select “GO-ARCUNDY),

IL-al
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PROJECT PILOT APPROACH DATA CARD

PROJECT PILOT COMMENT SUMMARIES

EVALUATION PILOT QUESTIOMNAIRES (OFF-LINE)

SOUND-VIDEO TAFE




A sample of the card used by the Project Pllots for each approach
| flown is shown on the following page. These were used to capture the
data shown on the card and to record any comments the pilot had
immediately after the gpproach was flown. This card was also used

in the Engineering Flight Evaluation for the same purposes as in the
simulator.



AVIONICS
~ VERIFIGATION [ ApPROACH# FDEP# DATE

SURFACE
AIRPORT .RUNWAY_ WIND —/
STgéLS [l cross wT.________ VREF
2—-SEG '
COUPLEDD BEGIN Z SECONDS FROM DME o DME
_ Ff \ FT
VIDEO START VIDEO END

' SPEED FLAPS o

VReF

SPEED FLAPS

.
VReF

DOTS DME/IAS SPEED FLAPS

G ALT DME IAS

'DESCENT RATES O LANDING
RO,
@
. ® _
COMMENTS:

s e e . ——n

Provecr Prno7 AfrAeoAcH DATA cArD
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Project Pilot Comment Summary

After each simulator period, the Project Pilols summarized their comments
oh a swummary sheet. An example of such a summery appears on the follow-

ing page.

Evaluation Pilot‘Questionnaires

During the Guest Pilot phase, each Guest Pilot was asked to complete a
questionnaire on specific items. The results of this phase are the
subject of & separate report and will therefore not be further discussed

hereo

Sound-Video Tape

The true value of this mediuﬁ was not fully recognized until well into
the Engineering Flight Evaluation phasé. Sound~video tapes were taken
for each of the Guest Pilot simulator sessions; howevef, they did not
yield any particularly valuable date at that peint. It did, however,
serve to point up its potential as an excellent development medium.

It was used in the 72770n-Line STC Flightg and was accepted by the FAA
as a record of certain system behaviours which did not thus have to be

demonstrated on the STC Flight,

Extensive use will be made of this mediwm in the D0C-8 Engineering Flight

Evaluation,

v
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