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ABSTRACT

An investigation ot the effects of various lateral course widths
and runway lengths for manual CAT I Microwave Landing System instrument
approaches was carried out witn instrument rated pilots in a General Aviation
simulator, Data are presented on the lateral dispersion at the touchdown
zone, and the middle and wuter markers, for approaches to 3,099, 8,000
(and trial 12,000 foot) runway lengths with full scale angular lateral
course widths ot +1,19%, +2,35°, and +3.63°. The distance from touchdown
where the localizer deviation went to full scale wac also recorded. Pilot
acceptance was measured according to the Cooper-Harper rating system.

I  INTRODUCTIO!

The lateral cource width (or deflection sensitivity) of the new
Microwave Landing System (MLS) cannot be adjusted or monitored in the
same manner as the present Instrument Landing Systen (ILS) localizer.
Since the ILS is a fixed beam svstem its beam width can be adjusted on
the ground to give the reyuired (Cat II) full scale deflection of 350
feet to either side of the runway centerline at the threshold as shown
in-Fig: 1. This adjustient is made at each ILS installation so that
regardless of runwav length or localizer siting, the lateral deflection
at the threshold 1s standardized,

The MLS is not a fixed bean system, but rather a narrow beam which
is scanned over a wide horizontal angle (£10° to +40° denending on the
configuration). Hence, the MLS lateral course width cannot be adjusted
or verified in the same manner as the ILS. The present U, S. MLS signal
format proposes to implement a standardized lateral course width in the
following manner. The ground radiated azimuth (localizer) preamble
would include three bLits fur the azimuth deviation scale factor. This
data would be coded to transmit the anpropriate azimuth antenna-to-runway
threshold distance tc the airborne MLS receiver for the particular MLS
siting as shown in Table 1.

It is pronosed in Reference 4 that the airborne MLS receiver use
this runway length data to alter the sensitivity of the lateral CDI deviation
signa! to produce the full scale deflections shown in the right hand column
of Table 1. These course widths are a digitization of course widths used
for CAT II localizer installations (reference 5). The purnose of this
study was to determine the effect on General Aviation of different lateral
course widths as a functicn of runway length. This data should provide
insight to the need for and the suitability of the azimuth deviation scale
factor quantization as shown in Table 1.

Il SIMULATION STULY

Simulation Description - The simulator chosen for this study was
the Singer-Link GATI-E flight simulator shown in Fiqure 2. This simulator
is fully described 1n Reference 5. It is a 3 axis-of-motion simulator
witn full simulation of navigation aids.
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The landing approach was modeled as shown in fiqures 5 ard 4, The
lateral course widtrs (as determined by full scale deflectinn) evaluated
were: +1.19%, +2.35%, and +3.63°, The runway lengths selected for test
were: 3,000 and 8,000 feet. Some trial runs also included the 12,000
foot runway; however, the bulk of the statistical data reported here 1is
limited to 3,000 and €,000 foot runways. The wind conditions were: calm,

15 knots !eft, and 15 knots right. A1l runs were made with 1ignt-to-moderate
turtulence included.

The localizer and glide slone deviation were displayved on the Narco
VOA-9 indicator. Ful! scale localizer course width was adjusted to the
end of either the blue or yellow scale arc and the arc length was anproxi-
mately 5/2 inches left or right of center,

Pilot Selection - Twenty-nine pilots from all seuments of the General
Aviation community were invited to participate in this study; the only
criteria being that each pilot was instrument rated and current according
to FAA requlations. The occupations represented bv the participants are
listed in Table 2. Table 3 shows the distribution of nilots versus hours
of pilot-incommand flight experience.

Test Procedure - Prior to the test flights each pilot received a
description of the test objectives, the simulator, the tosk description,
an approach plate {(Figure 3), and a Cooner-Harper Handlina Nualities Rating
Description (Appendix A). At the time of the test each pilot was briefed
orally about the task and about the simulator characteristics. The pilots
were then familiarized with the simuiator cockpit and allowed tc fly typical
training maneuvers including some approaches.

After familiarization each pilot flew a set of six runs for record.
In each case the order of runs was drawn entirely at random. Crosswinds,
when required, were also drawn at random. Fatique and learnino were thus
distributed in a random manner over all the results.

During the tests, the pilots were instructed to keep the localizer
and glide slope displays centered, while maintaining proper airspeed. At the
minimum descent altitude of 332 feet the pilot transferred from the glide
slope to harometric altimeter and maintained this altitude while continuing
to center the localizer as long as possible, They were also instructed
to maintain an average approach speed of 105 knots.

To simulate the normal! pilot workload, light to moderate turbulence
was added tc the flight conditions and anproach contral and tower communi=
cations were simulateu. All elements of the landing gquidance system were
operative; localizer, glide slope, marker beacen, and ADF,

Recorded Data - Analnq traces of localizer deviation, crosstrack
errors, airspeed, and baroretric a2/ tieter were recorded using a pair
of HP 7046A X-Y/Y plotters. One pen vias switched between glide slope
and barometric altimeter in the vicinity of the middle narker; thus, in
all five variables were re.ude !, Range was measured on the X axis from
the localizer transmitter locatio. as shown in Figure |. Maximum recorded
range was 7.5 nmi,




Cooper-Harper ratings (L-H ratings) and pilot opinion were obtained
atter each run. The Cooper-Harper rating is a measure of pilot accentance
ranging between 1 for excellent and 10 for unacceptable. The scale with
descriptive material is included in Appendix A, It should be noted, that
this was the first time any of the participating pilots had used the C-H
rating system and that this lack of familiaritv could affect the results.

IT1] RESULTS

Pilot Opinion - Figure 5 summarizes the C-H ratings for the various
combinations of runway length, lateral course width and wind conditions
which were statistically studied. The conditions on the X-ax1s are arranged
in order of increasing sensitivity. MNotice that the C-H rating increases
for both the veryv low sensitivity and very hiah sencitivity cases, It
1s also interesting to note that current ILS conditions exemnlified by
the 8,000 foot runway and 2,33° course width emerged with the best Cooper-
Harper rating. This result indicates that exnerience may be a strong
factor in influencing acceptability,

The 1ncrease in Cooper-Harper rating at the low sensitivities was
due largely to a group ot pilots with limited recent experience, that
did not Iike it because course trends were slow to emerge and thus, these
less practiced nilots were uncertain of themselves and their position
and were led to take larqge heading changes just to cause something to
happen in the localizer disnlay,

At the other extrene, where pilot compensation would have been expected
to be high due to the high deflecticn sensitivity of the 3,000 foot/1,19°
sensitivity runs, the average C-H ratings are only mildly higher, This
average was influenced downward by a group of keenly exnerienced pilots
who found none of the runs particularly difficult, thus, giving all runs
low C-H ratings. This group liked the fast response of the localizer
display due to the narrow course width, This qroup was typically composed
of air taxi pilots, flight instructors, and ex-Army helicopter pilots.

It was generally acknowledged that sihort final straight-in approaches
with large angle turn-ins would probably be troublesome with the narrow
1.19% course width, This was observed to be true in the case of the
simulator runs as there were numercus occasions where the pilot missed
his turn-in from a 45° intercept when using the narrowest course width;
particulariy when the cross wind was at his back.

Pilot comments were solicited after each run alono with the C-H
ratina. The following conclusions can be drawn based on these comments:

1. The narrow (1.19°) course winth is unacceptable at the
short (3,077 foot) runway for a high percentage of the
pilote due to the resultant high workload and overshoot
during the 45° intercent of the localizer.

r

Increasing the course width from 1.19° to 2.35° for the
3,000 foot runway makes this combination accentable,



3. The combination of the 8,070 foot runway and the nominal
(2.35°) course width was rated best by the pilots and this
reflects the pilot training/exnerience with the present
2.5°/8,000 foot nominal ILS.

4, The 3.63° course width was obiectionable to several
pilots due to the <low or insensitive response of the
localizer <isplavy,

Lateral Dispersion = Figure 6 shows the cross track :rrors measured
at the touchdown zone and middle and outer markers for the 8,000 and 3,000
foot runways. (See Aprendix B for the detailed lateral dispersion tabular
data.) The cross hatches represent the ? & deviations and the means are
noted by the svmbols., Notice the funneling etfect tyn cal of an angular
guidance system,

Table 4 is a summary of the maximum allowable lateral deviation
at the middle marker due to instrument caturation, A full scale CDI indi-
cation at the middle marker requirec the pilot to initiate a go around
for a CAT I apnroach, hence the lateral dimensions of Table 4 can be used
as a criteria to compare to the actual lateral 2 & deviations given in
Figure 6 and summarized in Table 5 to establish the acceptability of the
various runway length and course width combinations. HNotice from the
percentages of Table 5 that all of the combinations except the 3,000 foot
runvay/1.19° width with cross winds fall below the lateral deviation which
tould constitute a missed approach. MNotice that the case which most resembles
the present ILS (8,000 foot/2.35%°) is within 70° of the full scale deflection
limit., Hence, all but the shortest runway/narrowest course width anpear
to be satisfactory on the basis of cross track deviations at the CAT I
decision height (middle marker).

Closest Approach - All simulator test runs were continued inside
the middle marker with the instruction to continue tracking the localizer.
Figure 7 shows the typical instability that is encountered close to the
localizer transmitter., It was of interest to determine how far the approaches
could continue before the sensitivity became so great that the display
would saturate. The point at which this occurrs is referred to nerein
as the point of closest approach,

Figure 8 shows the distance of closest approach for each of the
run conditions, The distance shown is the mean plus 2 & deviation for
each case. Three individual flights were not inciuded in the two 3,000
foot runway/1.19° data hecause the localizer went full scale three to
four times between the outer marker and the touchdown zone, and in fact,
constituted a missed approach for these three flights prior to the middle
marker,

Considering the above and the fact that Figure & shows that the
ciosest approach occurs for the run with the widest course width and the
longest runway, we see that the data trend is generally as expected.
However, there are some unexplained comparisons for the 3,000 foot/runway
2.35° case of Fiqure 2, One clear conclusion from this portion of the
data is that the shortest runway/narrowest course width (3,000 foot/1,19°)



case is unaccentable baseu on the three misted annrcachcs out of 54 flights
at these conditions, Lven if taese three da.a points are ignored, Figure

8 shows that the closest avnroach distance for the 3,00 foot/1.19° case
with crosswind is very close to the middle marker distance of 7,867 feet.
Hence making this case unaccepteble, The closest anproach for all the
other conditions i< accentahble since it 15 wel! inside the middle marker
location,

Uiscussion - Altrough stzcistical “ata was not accumulated for the
12,7070 foot runway case, tne trial runs did not show any unusual problems.
It is 2xpected that the frends provided bv the statistical data plotted
in Figures 5, 6 and & can be extrapolated to the 12,000 foot runway case

The cases with the largest course width and shortest runway were
not run statistically beccuse the medium course width (2,35°%) was completely
acceptable, Statistical data was not obtained for the smallest course
width for the 5,000 foot unway because the test runs with these conditions
were acceptable ind the mediu. 2,357 course width for this runwav length
was acceptable. Also Table 5 shows that in going from 8,000 to 12,000
foct runway lenyths there is only a small percentane increase in the lateral
distance at which full scale localizer deflection is encountered at the
middle marker. Hence, the 507 increasc in runway length does not result
in a similar increase in acceptable lateral disnersion.

IV CONCLUSIONS

The goal of this study was to determine full scale angular deviation
for pilot displav on conventional localizer deviation indicators used
with the Microwave Landing System ('“LS). Of particular interest is the
question of azimuth course widths for a short runway., For the middle
marker location theoretica! system gain variations of 5:1 were exnlored,
taking into account runway lengtns and course width changes.

Results for the narrowest course widti (+1,197) apnlied to the
short runway indicate a hiagh workload. This is evidenced by the higher
numerical C-H ratings, increased glide slone dispersion, by the several
"missed approach" situations that occurred, and the numerous "missed turns
on to course" for this case. 0On the average, localizer bLecame too sensitive
for contiauing the approach prior to reaching the middie marker locatien
if the "wild points" were included in this data.

Results for the +2.35° ceurse width runs seem quite satisfactory
including the approaches to the 3,M0) foot runways. There is some degradation
of glide slope dispersion between tne £,000 and 3,790 foot runway data.

With thi1s sensitivity (+2.35°) the localizer was useable down past the
middle marker and anpears satisfactury for General Aviation apnroach to
typical minimums.

The +3.63° course width produced several minor adverse results.
Dispersions are unn-cessarily agaravated by this laroer course width angle,
There are some adverse reaction to toe slow disnlay trends with this course
width.
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Res . ts of this study tend to point to the fact that +7.35° course
width is accentable for runway lenqths in the range from 3,770 to 8,070
feet; and beyond to the maximum length runwav anticipated if a minor increase
in dispersion is acceptable, It, theretore, anpears from these limited
tests that it mey not be necessary to vary the "LS azimuth course width
as a function of runwav length for this ciass of user,
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OCCUPATIONS OF SAMPLE FILOT GRCUP

Occupation

Businessman
Engineer

F1ight Inspector
Flight Instructor
Student

Airline Pilot
Charter Pilot
Military Officer
Teacher

Policeman

Air Traffic Controller

Hrs. Pilot-on-Command

0 - 300
300 - 600
600 - 1200

1200 - 2400
2400 - up

PILOT EXPERIENCE

No. of Pilots

_— et = W W = W N N

~n

:
1

N
0

No. of Pilots

~N A AN

29
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