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INTRODUCTION

PURPOSE.

The purpose of this project was to investigate factors associated with the
approach, landing and takeoff of a first generation Short Takeoff and Landing
(STOL) aircraft operating from a simulated ground-level STOL runway. The tests
were designed to study straight-in approaches using: a De Havilland DHC-6 series
100, Twin Otter; STOL runway requirements and operating criteria; and the loca-
tion of the electronic approach guidance signal characteristics as presented

to a pilot either on a flight director or an ID-249 Cross-Pointer Indicator.
Over 800 approaches and landings were accomplished to provide a significant
data base for analysis. lNo attempt was made to evaluate or compare the two
microwave landing systems, used as the signal sources, nor to evaluate
curvilinear or segmented approach techniques since the purpose was to develop

a data base for the approval of a simple short-haul operation that could
develop in the near term with aircraft having similar characteristics as

the Twin Otter.

BACKGROUND.

The growing interest in reducing congestion at conventional airports and pro-
viding the public safe, quiet transportation for the high and/or low-density,
short-haul market indicates the possible development of a STOL system. One
basic part of such a system is a viable means of accomplishing instrument
approaches and landings to STOLports. The STOL aircraft to be effective must
be capable of making steep approaches, often in congested areas, and at low
speeds in order to land on the short runways envisioned.

In the past 3 years, the Federal Aviation Administration (FAA) has conducted

a cursory evaluation of approach, landing, stopping, and the departure charac-
teristics of five different STOL-type aircraft. They were De Havilland Twin
Otter (DHC-6) (see Figure 1), De Havilland Buffalo (DHC-5), Breguet 941
(McDonnell Douglas 188), Dornier D027D, Fairchild Hiller "Heliporter." These
preliminary evaluations have indicated a need to investigate many areas.

A significant portion of this project was devoted to acquiring data to
establish approach, missed approach and takeoff obstacle clearance planes,
touchdown dispersion, threshold crossing height, required runway length and
width, decision height, etc. The above data was obtained under the following
conditions:

1. VFR and IFR

2. Localizer offset and centered

3. Glide slope angles of 4°, 6°, and 7.5°
4. Day and night

5. Command-steering and Raw data

6 FAA versus commuter pilots
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Tests were made to obtain information on the approach guidance configuration
and Twin Otter operational performance using, for the most part, the aircraft
made available by the Canadian Ministry of Transport.

DESCRIPTION OF EQUIPMENT.

TEST AIRCRAFT. The aircraft has the following general characteristics:

1. WEIGHT ¢ 11,579 1bs max takeoff; 11,000 1lbs max landing
2. ENGINE : (2) PT6A - 20A (579 ESHP) United Aircraft of Canada
3. PROPELLERS : (2) HC - B3TN-3, three-blade Hartzel. Fully control-

lable through reverse pitch.

4, FLAPS : Full span, double-slotted flaps.
Deflection 0° to 37.5°.

5. WING LOADING : 26.2 lb/sq ft AREA: 420 sq ft

6. POWER LOADING : 9.9 1b/ESHP

7. CERTIFICATED : to FAR-23 and SFAR-23
8. CRUISE SPEED : 165 knots
9. STALL SPEED : 57 knots (Vgq)

10. APPROACH SPEED: 76 knots (1.3Vg,)

It is recognized that the Twin Otter is not the sophisticated power-augmented
lift STOL aircraft envisioned for future short-haul operations, but it is
currently used widely in commuter-type operations.

The aircraft's ability to negotiate a 7.5° glide slope at relatively low
speeds and land in a short distance, may result in its being the initial air-

craft used to develop the first short-haul operations into small designated
STOL runways.

For test purposes, the test aircraft has a special flight test engineers'

seat mounted in the doorway between the pilots so that the flight test engineer
could become an integral part of the test crew and observe the instrument
panel.

STOL RUNWAY. The ground-level test STOL runway was identified on runway 17-35
at NAFEC (Figures 2, 3, 4, and 5) in accordance with Advisory Circular, AC 150/
5300-8, "Planning and Design Criteria for Metropolitan STOLports," dated
November 1970 (Figure 5).

The exception to this layout was the addition of Heliport-type floodlighting
to the 200-foot Target Touchdown Zone (TTZ) aiming marks and also the addition
of a 7.5° Visual Approach Slope Indicator (VASI) approach (2-box) lighting

3
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NOTES:

1.

STOL RUNWAY IS ON PART OF OLD
RUNWAY 17-35, PART OF WHICH
HAS BEEN DE-COMMISSIONED.

TEST STOL RUNWAY IS 1,500
FEET LONG,

SPECIAL THRESHOLD, EDGE
AND VASI LIGHTS HAVE BEEN
INSTALLED,

SKEWED ELECTRONIC GUIDANCE
(GS AND LOC,) FOR 4°, 6° AND

7. 5° APPROACH ANGLES, CO-
LOCATED 100 FEET FROM
CENTERLINE,

LAl
)

—_
J——
—=

«— CONCRETE 150 FEET WIDE

PAINTED LINES MARKING THE
_~ EDGES OF STOL RUNWAY,
100 FEET WIDE,

TARGET TOUCHDOWN ZONE
(TTZ) WHITE PAINTED AREA,
20 FEET x 200 FEET,

L

TARGET TOUCHDOWN POINT

(TTP) BEGINNING OF TTZ

- THRESHOLD

A - 0 FEET FROM TTP

B - 100 FEET FROM TTP —

C - 200 FEET FROM TTP~__

D - 300 FEET FROM TTP —, r
E - 400 FEET FROM TTP r\

FIGURE 5.

i

NAFEC STOL RUNWAY LAYOUT DETAILS

N\
2 |
A

T F - ON CENTERLINE 400 FEET
FROM TTP LOCALIZER,

RUNWAY ALIGNED,



system. The STOL runway, as laid out, was 1,500 feet long, 100 feet wide,

with 20-foot by 200-foot aiming marks, 250 feet from the threshold of each

end. Also the test STOL runway overruns at each end were 150 feet instead

of the currently recommended 100-foot value. This departure from the Advisory
Circular criteria was not significant since the pilot task was to land within

~ the painted aiming marks without regard to either threshold or overrun locations.

Approach/Landing Guidance. Two interim Microwave Landing Systems (MLS),
Tactical Approach and Landing Radar (TALAR) and Modular Instrument Landing
System (MODILS), were used to provide electronic guidance during the simulated
Instrument Flight Rules (IFR) approaches.

The TALAR. The TALAR (Figures 4, 6, and 7) is a portable landing aid
designed for the Air Force. It is in a case, 25 X 25 X 10 inches in size
and weighs 57 pounds. The glide slope and localizer signals radiate from the
same location. A single transmitter is used, time-shared by the localizer
and glide slope. The transmitter output stage is a magnetron operating at
15.5 GHz. The signals are electronically switched between four antenna lobes;
two for glide slope and two for localizer. The magnetron pulse repetition
rate is a normal 200 kHz, but the exact frequency is varied to correspond
with the lobe being transmitted. The airborne receiver then decodes the
glide slope and localizer signals by the power level at each particular
repetition rate. The receiver converts this energy to millivolt (mV) which
drives a standard pilot's Course Direction Indicator (CDI), or the flight
director depending on which is used in the test condition.

The transmitter is powered by 110 Vac or 28 Vdc. The case is mounted
on a tripod, leveled forward and laterally boresighted with the telescopic
sight for the localizer alignment. The glide slope alignment is set by the
dial on the transmitter. The dial can change the glide slope from 6° to 9°,
on the units made for the FAA (the standard Air force unit is restricted to
glide slopes between 3° and 6°). The different glide slope angles are set by
tilting the transmitter antenna to the required angle and checked by use of
a scope.

The transmitter-radiated signal covers approximately +30° for the local-
izer. The FAA unit has a localizer beam width (sensitivity) set at +4.8°.
The glide slope signals provide fly-up clearance down to approximately 1°
elevation. The glide slope course width is +2°.

The units for the FAA are provided with an audio Morse code identifica-
tion feature added to the transmitter and to the receiver, and a separate
far-field monitor. The far-field monitor is located 15 feet in front of the
transmitter.

The MODILS. The MODILS (Figures 8 and 9) is an integrated MLS using
step-scanned beams, consisting of localizer, glide slope, and Distance
Measuring Equipment (DME), operating at 5.2 GHz (C-band) designed for the
FAA for V/STOL operations. The equipment is housed in an 11- by 12-foot
building with environmental control. It consists of prime and standby trans-—
mitters with dual monitors, a main power supply and a standby battery power
supply.

8
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The localizer monitor antennas are located 40 feet in front of the
building. The localizer is monitored at five separate azimuths.

The glide slope monitor antennas are mounted on a 25-foot pole, 100 feet
in front of the transmitter. Six different elevation angles are monitored,

The transmitter operates on a time-share basis, about 40 times per
second, between the localizer, glide slope and DME. At the start of a time
sequence, a synchronizing signal is transmitted to synchronize a clock in
the airborne receiver with a clock on the ground transmitter. In sequence,
the ground transmitter transmits 13 separate glide slope beams which step
across the localizer horizontal range of +30°, and 11 separate glide slope
beams which step through the vertical range of 3° to 12° of elevation.

The airborne receiver measures the time of arrival of the strongest beam
switching across the airplane and interprets this as a localizer or glide
slope angle. The interrogator in the airborne equipment interrogates the
ground station for DME information. ’

The pilot's control box has a three-digit identification number showing
which station he is receiving. He may select any one of four localizer courses,
as predetermined for a project flight. These courses are centerline, 5.4°,
4.0°, or 2.4° skewed to the left. The skew could be left or right for a
field installation.

The operator may select the desired glide slope angle with thumbwheel
switches to the nearest tenth degree. He may select the sensitivity of his
localizer CDI from full scale, +2° to +10°, and the sensitivity of his glide
slope CDI from full scale, +.5° to +4°. These controls are all "onboard"
the aircraft.

Usage of TALAR and MODILS. The TALAR, being easily portable, was
placed on the centerline for centerline approach guidance and tests of various
GPI in relation to the target touchdown zone. The MODILS, having a greater
flexibility of glide path angle and cross pointer sensitivity, was used to
find a practical CDI sensitivity and for investigation of various glide slope
angles. It was placed on the side of the runway for skewed approach guidance.

When the tests came to the portion requiring the localizer being
separately located from the glide slope, both systems were used. The MODILS
was used for the glide slope portion of the signal and the TALAR was located
at the far end of the field to serve as a localizer. In the airplane, the
appropriate receiver was connected to the proper instrument crosspointer to
give the pilot guidance. '

The TALAR was located at the far end of the field at the point
which would correspond to the glide slope transmitter location for the opposite
direction approach. This gave an approach which was not directly on centerline
(the skew was 5.4° for 7.5° glide slope), but it was felt that this configuration
would allow the most utilization from the least amount of equipment.

13



Interim Microwave Landing System (MLS) Specifications for TALAR. (Reference
FAA-RD-72-15, dated April 1972)

1. Glide Slope: Full scale = +150 pA =12.86°40.6°. Installation
and alignment tolerance includes course shifts, nominal +0.3°, (nominal 6.0°,
actual tested 6.13°) (nominal 7.5°, actual tested 7.67°).

The Glide Slope Structure was +5 HA. The structure about bias was +5 VHA
(combined noise, beam bends and receiver errors).

2. Localizer: Full scale = +150 pA = +4.7° 40.8°. Installation
and alignment tolerance were none, any errors could be eliminated by adjust-
ment of the ground transmitter alignment.

Localizer structure was + 15 uA. The structure about bias was +15 A,

TALAR MLS met the required installation tolerances as per initial FAA
specifications. -

Interim MLS Specification for MODILS. (Reference FAA-RD-72-4, dated
May 1972)

1. Glide Slope: Full scale = +150 pA = +2°, variable to +5°.
Installation and alignment tolerance were none, any errors could be eliminated
by adjustment of the ground transmitter antenna alignment.

Glide Slope Structure (installation tolerance) was less than +5° struc-
ture about bias (combined noise, beam bends and receiver errors).

2. Localizer: Full scale = +150 uA = +1° to +4° variable.
Installation and alignment tolerance, none.

Localizer structure +0.5° displacement, less than +0.275°, combine
installation and signal error about the bias. (Bias is installor error)
MODILS installation met the required installation tolerances as per initial
FAA specifications.

Airborne Instrumentation. The following parameters were recorded on
the airborne recorder in the aircraft (Figure 10):

Signal received by TALAR receivers 1 and 2.

Signal received by MODILS receivers 1 and 2.

Landing gear touchdown time.

Voice channel (all channels were time-correlated with real time).
Sperry Flight Director System.

bW

Ground Instrumentation. There was a temporary ground weather observation
station adjacent to and 100 feet off the runway at the touchdown zone and
at 6-feet elevation. This station made observations just prior to each
landing run and recorded:

14



FIGURE 10. ATRBORNE RECORDER INSTRUMENTATION
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1. Ambient temperature.

2. Ambient pressure.
3. Surface wind velocity.
4, Surface wind direction.

5. Upper airs to 3,000 feet by dispatching a weather balloon once per
hour; or as required due to wind shift.

Theodolites. The aircraft position in space and on the runway throughout
the takeoff, and from turning base to touchdown, rollout and stop was
determined by use of the NAFEC theodolites. Actual aircraft position was

compared to desired position for flight evaluation. The theodolite accuracy
was +1 foot at touchdown.

Other Instrumentation. The aircraft was equipped with normal communica-
tions, Very High Frequency Omnirange Section (VOR), ILS, Automatic Direction
Finder (ADF) and beacon equipment (Figures 11, 12, and 13).

A switching arrangement was provided to substitute one TALAR or one MODILS
receiver for the aircraft's conventional ILS equipment. This meant that the
test receiver in the cockpit could drive the pilot's instruments, including
the flight director, for an instrument approach to a runway equipped with
TALAR or MODILS/MLS transmitter. The guidance signals from the test receivers,
the time of day, the MODILS distance information, and accelerometer signals

and signal strength measurements were recorded on tape in the aircraft for
later analysis.

Flight Director. The Sperry Flight Director System was selected
because of low cost and its availability at the time it was needed for this
program. The flight director is a three axis reference system that utilizes
the VOR-localizer and glide slope data furnished by standard navigation
receivers; altitude data are received from an altitude control sensor; head-
ing data from the directional gyro; and attitude data from the vertical gyro.
Using this information, the system computes steering commands which are
displayed on the pitch and roll flight director command bars (on the instru-
ment display) to guide the aircraft along a selected flight path for naviga-
tion or for landing approach. The flight director system was used to
evaluate pilot flight performance, both with this system, and a raw data
display.

DISCUSSION

PRELIMINARY TEST WORK (PHASE I).

Prior to starting the active flight test program, the following work had to
be accomplished:

1. Installation of airborne instrumentation and special receivers to
accept the microwave steep-slope guidance transmission.

2. Flight checkout and calibration of the above equipment.

16



FIGURE 11. TWIN OTTER - STANDARD INSTRUMENT PANEL
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INDICATED AIRSPEED - KNOTS
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FIGURE 14. TWIN OTTER AIRSPEED CALIBRATION - LEVEL FLIGHT
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3. Airspeed system calibration of Twin Otter in clean configuration
and with flaps extended. See Figure 14. (NOTE: The system checked out to
be within 1 knot on the pilots instrument.)

4, Crosswind flights in excess of 15 knots were flown by many of the
subject pilots for evaluation of aircraft controllability only. Maximum
crosswind used during data runs was 15 knots.

5. Determination of the Twin Otter rate of sink at various configura-
tions. (See Table 1).

TABLE 1. TWIN OTTER RATE OF SINK AT 75 KNOTS
(Sea Level)

Rate of Sink "0" Thrust (5-psi torque) 865 feet/min

One Engine Idle, One Feathered 1005 feet/min
Both Engines Idle 1405 feet/min

6. Contract for installation of a flight director system, FAA certifi-
cation, and conduct final acceptance tests on the installation. This system
had not previously been installed in a Twin Otter and, therefore, required
complete design of installation and certification. For these tests it was
required that the flight director be capable of handling up to 9.5° glide
slopes for the flight director phase development work.

7. Flight checkout for 15 FAA subject pilots from operations and flight
test engineering and to familiarize the 12 commuter airline pilots that partici-
pated in the flight phase of the program with the project and the test objectives.

8. Prior to the statistical data runs, preliminary runs with five sub-
ject pilots on 5.5°, 6.5°, 7.5°, and 8.5° glide slopes evaluated three
sensitivity settings. The sensitivity settings (beam widths) determined to
be most desirable considering variable turbulence encountered in normal
operations were noted by the pilots, and were further evaluated using 4°,
6°, and 7.5° glide slopes, prior to Test V.

TEST PROCEDURES (PHASE II).

Approaches were made VFR, IFR, day and night. All IFR flights were simulated
with hood in place. The aircraft was flown at three pattern altitudes to
intercept the localizer at approximately 3 nautical miles (nmi) from target
touchdown during approach.
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On intercepting the glide slope (approximately 2 nmi), full flaps were selected
and approach speed of 1.3 Vg, maintained (75-knots Calibrated Airspeed (CAS)

at 11,500 pounds) and the landing configuration continued until the Decision
Height (DH) of 200 feet or 100 feet was reached. The DH was determined from

a randomized run schedule. The selected approach speed was maintained through-
out each approach and is based on 1.3 Vg, for the aircraft weight at time

of the test.

At DH, the hood was removed, and the flight engineer called for a missed approach
or for continuation of the flight to landing. The flight engineer also called
out stopping methods as per flight schedule. The aircraft pilot then aligned
the aircraft to touchdown in the 200-foot TDZ white-marked area as near the
start of the markings as possible.

Precision visual guidance was provided by VASI as required during some tests,
and was employed to achieve the same aiming touchdown point. On all visual
approaches, the same general criteria were applied.

The maximum allowable crosswind for landings was 15 knots. Landings were
made with up to a 5-knot tailwind component, because this condition could
occur during a reported ''light to variable" wind condition. Any higher tail-
wind component was not acceptable.

From previous experience gained on the steep glide slopes, the following

intercept altitudes were established for the specific glide slope angles
in Table 2.

TABLE 2. LOCALIZER INTERCEPT ALTITUDES AND RANGE

Aircraft Intercept ' Skew Angle
Altitude* Range Elevation When Offset Glide Slope
920 feet 12,160 feet 850 feet 2.4° 4°
1,350 feet 12,160 feet 1,280 feet 4.0° 6°
1,650 feet 12,160 feet 1,600 feet 5.4° 7.5°

*Field elevation + 70 feet

22



The above skew angles were established to cause the aircraft to breakout and
make visual contact 500 feet or 4 seconds before intercept of runway center-
line extended. This required the pilot to make only one heading correction
to align himself with the runway and thus avoid an "S" turn. Approximately
the same number of skewed approaches were flown as centerline approaches.

Ten of the subject pilots were engineering test pilots, five were operations
pilots, and 12 pilots offered their services from commuter airlines.

DATA COLLECTION FLIGHTS. Over 800 takeoffs, approaches, and landings were
accomplished to provide the sample size necessary for a reasonable confidence
level for the data distribution, distributed over the following tests:

TEST I - Determination of Glide Slope and Localizer Sensitivities (Beam

Widths).

The following sensitivities were evaluated during 36 approaches by five pilots
in preliminary tests to reduce the number of possible beam settings prior to
the statistical data gathering:

Glide Slope Angle 5.5° and 6.5° 7.5° 8.5°
Glide Slope Width +0.8°, +1.3°, +2°  +1.3°, +2° +1.3°, +2°
Localizer Width +2.5°, +4.8°, +7.5° +2.5°, +4.8° +2.5°, +4.8°

Based on the above flights, no significant trend was obtained from the data
confirming the adaptability of the pilots. Pilot opinion from a workload
point of view suggested that a glide slope width of +1.3° for the lower
glide slope angles and +2° for steeper approach paths would be acceptable.

A localizer width of +4.8° appeared to be an acceptable sensitivity for the
range of glide slopes flown. The 8.5° glide slope was determined to be too
steep for this class of aircraft using a 200-foot decision height (DH). The

pilotage task was concluded to be limiting on a 5.5° glide slope with a
100-foot DH.

To finalize the conclusions determined from the above test runs, in order to
finalize the approach guidance angles and sensitivities for the statistical

data runs, each of the five pilots flew two additional approaches using the

following settings:

Glide Slope Angle 4° 6° 7.5°
Glide Slope Width +1.3° +2.0° +2.0°
Localizer Width +4.8° +4.8° +4.8°

From a pilot workload standpoint, it was concluded that the above angles and
sensitivities could be used in the rest of the test program.
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TEST II - Determination of the Optimum Glide Slope Ground Point of
Intercept (GPI) Location Relative to the TTZ to Minimize Touchdown Dispersionm.
Using the beginning of the 20- by 200-foot painted touchdown markings as a zero
reference point. The runway intercept was evaluated at four additional loca-
tions short of the TTZ. The glide slope was established at 7.5° with a 200-
foot DH, and each of the five subject pilots flew four approaches at each
intercept position for total of 100 runs. The following touchdown data
resulted from the various GPI location:

GPI Location from TTZ Average Touchdown Point
0 Feet (Beginning of TTZ) 110 feet Inside TTZ
100 feet short of TTZ 75 feet inside TTZ
200 feet short of TTZ 20 feet inside TTZ
300 feet short of TTZ -50 feet short of TTP
400 feet short of TTZ -50 feet short of TTP, (with greater

touchdown scatter)

TEST III - Co-located Glide Slope and Localizer. The objective of this
test was to determine, with glide slope and localizer transmitters co-located,
the maximum as well as the most desirable glide slope approach angles with a
DH of 200 feet and 100 feet.

For a 200-foot DH (day)

- 10 runs (2 runs/subject) GS-8.5°
- 10 runs (2 runs/subject) GS-7.5°
- 10 runs (2 runs/subject) GS-6.5°
For a 100-foot DH (day)

- 10 runs (2 runs/subject) GS-7.5
- 10 runs (2 runs/subject) GS-6.5°
- 10 runs (2 runs/subject) GS-5.5
For a 200-foot DH (night)

- 10 runs (2 runs/subject) GS-8.5°
- 10 runs (2 runs/subject) GS-7.5°
- 10 runs (2 runs/subject) GS-6.5°
For a 100-foot DH (night)

- 10 runs (2 runs/subject) GS-7.5°
- 10 runs (2 runs/subject) GS-6.5°
- 10 runs (2 runs/subject) GS-5.5°

TOTAL RUNS 120
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TEST IV - Split Glide Slope and Localizer.

TEST V.,

effect on pilot performance.
and localizer, ground point of int

For a 200-foot DH (day)

- 10 runs (2 runs/subject) GS 8
- 10 runs (2 runs/subject) GS-7.
- 10 runs (2 runs/subject) GS-6

For a 100-foot DH (day)

- 10 runs (2 runs/subject) GS-7.5°
- 10 runs (2 runs/subject) GS-6.5°
- 10 runs (2 runs/subject) GS-5.5°

For a 200-foot DH (night)

- 10 runs (2 runs/subject) GS-8
- 10 runs (2 runs/subject) GS-7.
- 10 runs (2 runs/subject) GS-6

For a 100-foot DH (night)

- 10 runs (2 runs/subject) GS-7.5°
- 10 runs (2 runs/subject) GS-6.5°
- 10 runs (2 runs/subject) GS-5.5°

TOTAL RUNS 120

This test combined all of the variables to determine their

lished in previous tests.

operational v

feasibility of the above mentioned variabilities during day/night and VFR/IFR

operations.

These

Runs were accomp

lished using the glide slope

iability of a flight director, and determine the operational

Co-located glide slope and localizer skewed guidance.

- 40

- 40
- 40
- 40
- 40
- 40

runs
runs
runs
runs
runs
runs

VFR day

VFR night

IFR day with flight director

IFR night with flight director
IFR day without flight director
IFR night without flight director

Split glide slope and localizer (centerline guidance).

- 40
- 40
- 40
- 40
- 30
- 10

runs
runs
runs
runs
runs
runs

IFR day with flight director

IFR night with flight director
IFR day without flight director
IFR night without flight director
missed approach

missed approach one engine out
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Takeoffs - straight ahead.

- 30 runs IFR day
- 30 runs IFR night
- 20 runs one engine out at liftoff (day)

Takeoffs - turning.
- 30 runs IFR day
- 30 runs IFR night
- 20 runs one engine out at liftoff (day)
TOTAL RUNS 440
NOTE: See Appendix A for randomized schedule.

ANALYSIS AND RESULTS

GLIDE SLOPE AND LOCALIZER SENSITIVITY (BEAM WIDTH).

Several beam widths were test flown at each glide slope angle. It was assumed
that the optimum width would vary with the angle being flown. A standard ILS
glide slope of approximately 2.5° would have a width of +0.7°. As the glide
slope angle is increased, the horizontal distance to fly through the glide
slope on approach is reduced, because, as the glide slope angle is increased,
the glide slope is intercepted closer to the transmitter making the distance
to the runway less from a given glide slope intercept height. For example,
the distance to traverse through a 7.5° glide slope at the point of intercept
is 1/8 the distance of a standard 2.5°glide slope at its point of intercept
for the same beam. For these reasons, tests at 4° were conducted at beam
widths of +0.8°, +1.3°, +2.0°, and the 6° and 7.5° slopes were evaluated with
a beam width of +1.3° and +2.0°.

The localizer beam width required evaluation in generally the same manner.

The ILS localizer beam width is normally + 2.0°; however, it is located beyond
the upwind end of the runway opposite the approach end - approximately 2 nmi
from the Category I, 200-foot breakout point. Therefore, the sensitivity

is still acceptable because of the distance from the transmitter. Because

of the possible need for co-location of guidance for STOL, the glide slope

and localizer were co-located approximately 1/4 nmi from breakout on the

7.5° slope. The width of a standard ILS, (+2.0°) at a 200-foot decision height
is approximately eight times the width of a MLS. Therefore, localizer beam
widths of +2.0°, +4.8° and +7.5° were evaluated.

The lateral deviations, see Table 3, did not indicate a trend, therefore, to
provide a beam that was not too sensitive at breakout, the localizer width

was set at + 4.8°. At this sensitivity, the beam is overly wide and insensitive
at 4 or 5 nmi out, but can be tolerated. The preference of one sensitivity
over another was not overwhelmingly obvious, and the pilot performance did

not vary greatly as this sensitivity was changed, nor could he detect minor
changes in width. This could indicate the desirability of a constant beam

width for STOL.
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If the installation could permit a split location for the glide slope and
localizer, and if the localizer transmitter could be located further from the
breakout point, then a narrower beam could be considered as an improvement.
Beam sensitivities become evident when a narrow beam is flown in moderate
turbulence. A constant beam width, then, would have to be the narrow limit
still capable of being flown in turbulence.

TABLE 3. SENSITIVITY MEASUREMENTS
(Standard Deviation +1l¢ in degrees)

GLIDE SLOPE 6 DEGREES
Localizer Width Set at +4.8°

Glide Slope Glide Slope Glide Slope
Beam Width + 2.0° Beam Width +1.3° Beam Width +0.8°

Localizer Glide Slope Localizer Glide Slope Localizer. Glide Slope

1.14 0.14 0.85 0.16 0.49 0.19
0.76 0.15 1.03 0.20 0.50 . 0.16
0.40 0.13 0.44 0.12 0.63 0.29
0.59 0.27 0.56 0.30 0.83 0.53
0.41 0.72 0.49 0.29 0.63 0.58
0.50 0.13 0.45 0.13 0.62 0.09
0.62 0.11 0.30 0.15 0.56 0.10
0.34 0.15 0.98 0.17
0.62 0.18
0.66 0.19
0.75 0.19
Summary:
0.63 0.24 0.59 0.19 0.66 0.26

Using the above listed standard deviations from glide path as a measure of
sensitivity, no difference is evident for the three beam width settings

in glide slope performance. Therefore, using pilot opinion, the sensitivities
of + 4.8° for localizer, and + 2.0° for glide slope were selected for use

at 6° and 7.5° glide slope; for 4.0° glide slope the sensitivity selected

was +1.3° glide slope, and +4.8° for localizer. (Figures 15, 16, and 17).

MEASURING DATA SPREAD. Sigma (0) is the notation used to designate a measure
of dispersion of data called standard deviation. This value and multiples

of this value can be used to describe the spread of data within specified
limits under specified conditions.

With the assumption that the unimodal symmetrical bell-shaped distributions
of data obtained in this study approximate the classical "Gaussian" or normal
distribution, the following multiples of standard deviations describe the
percent of data within their limits:
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mean (;1 Percent of data within limits

+1 ‘ 68.27
+2 95.45
+3 99.73
F4. 42 99.999

GROUND POINT OF INTERCEPT (GPI).

In a city-center STOLport, it is expected that runway length will be at a
premium. With these short runways the problem arises how to get the pilot to
land on the early part of the runway, thus providing maximum runway for
deceleration and yet not land so short as to invite an undershoot. The
objective of this test was to determine the optimum GPI location on the runway.

In earlier STOL approach tests, the GPI was located at the TTP or "O0" position.
It was found that after passing the 200-foot DH, an undesirable 'duck under"
procedure was necessary to prevent overshooting the TTP. On this current
project, tests were therefore run to examine this duck under, by moving the
GPI away from and short of TTP. Each subject pilot flew four approaches with
the GPI at the five different locations with the resulting touchdown position
indicated below in Table 4.

TABLE 4. GPI LOCATIONS VERSUS AVERAGE TOUCHDOWN POSITION

GPI Location from Aiming Mark Average Touchdown Position

0 feet (at beginning of TTZ) 110 feet (Inside TTZ
100 feet (short of TTP) 75 feet " " "
200 feet toomon 20 feet " " "
300 feet n n " _50 feet mn " n
400 feet wo.onon -50 feet with greater

touchdown scatter

Approximately 20 runs were made with the GPI located at "O" position, or TTP
which is at the start of the 20- by 200-foot TTP aiming marks, and at 100 feet,
200 feet, 300 feet, and 400 feet short of the TTP. All approaches were made
at 1.3 Vg, for the specific weight of the aircraft at the time of the test.

The approach speeds and gross weight of the aircraft were very closely
monitored in an attempt to keep the variations to a minimum. DH was
maintained at 200 feet.

It appears that the GPI located more than 200 feet short of the TTP causes a
flat or "drag in" final approach, and, therefore, is more difficult for the
pilot to determine his exact touchdown position. This was confirmed by a
greater scatter of touchdowns when the GPI was 300 to 400 feet short of TTP.
The GPI at the start of the aiming touchdown marks (TTP) does not provide
time to prepare for a flare, and the overshoot condition usually prevailed,
thus using up more runway to the final stopping point. The GPI located

200 feet short of the TTP aiming marks is the best, both from performance
and from pilot opinion.
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LOCALIZER INTERCEPT.

During the flight tests, the safety pilot (project pilot) simulated an Air
Traffic Control (ATC) type approach by vectoring the subject pilots into a
position for a 45° initial localizer intercept. This varied from 3 to 3.5 nmi
from the STOL runway to simulate the actual variances that could be normal
under average approach conditions. The pilot would then capture the localizer
and proceed to the glide slope and to the STOL runway. The decision height
being either 100 feet or 200 feet depending on the test plan.

TRANSITIONAL GUIDANCE.

It is difficult to appraise the need for transitional navigation guidance

since, in these tests, the pilots did not have the apprehensions of being

off course, over dangerous terrain, and in marginal weather operations. However,
it was the pilot's opinion that a Nondirectional Beacon (NDB) was necessary

at the initial localizer intercept to assist in acquiring the localizer; and

a 75 MHz, ILS outer marker for a final check before descending.

In order to expedite the approach, the distances on the localizer and glide
slope have been kept to a minimum. This tight procedure requires adequate
navigation aids to provide these distances and allow for a precise approach.
The NBD and outer marker will fill this need. DME is also highly desirable
and may be necessary in some terminal areas, but is not a requirement for
the final approaches simulated during this project. Where NBDs are not
available, DME is essential.

The point of glide slope intercept was located during these tests 2 nmi from
the glide slope transmitter, and the initial localizer intercept, 3 nmi. This
provides approximately the same time as with CTOL, since the STOL is approach-
ing at approximately one-half the CTOL speed.

During earlier 1969-1970 tests, these distances had been varied for pilot
evaluation with the conclusion that 2 and 3 nmi, respectively, were adequate,
if not slightly conservative; however, operational experience will be needed
before shortening can be considered.

GLIDE SLOPE ANGLE - DECISION HEIGHT

The glide slope angle and DH are closely related. If the glide slope angle
is steep, the vertical speed at breakout is high. Under these conditions,
a low DH may not provide the pilot with sufficient time to arrest the rate
of descent. On the other hand, if the glide slope angle is shallow, the
rate of decent is less, and a lower DH may be permissible. Not only is the
time for arresting vertical descent important, but also time for adjusting
to visual conditions and aligning the airplane for landing. (See Table 5.)

To determine the maximum glide slope angle, and minimum DH, tests were run
for a 200-foot DH at 8.5°, 7.5°, and 6.5° glide slopes; and for a 100-foot
DH at 7.5°, 6.5°, and 5.5°. Dispersion at touchdown and pilot opinion were
recorded. The dispersion for the 200-foot DH shows no significant trend,
thus, pilot opinion was used as the criterion.
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It was concluded that with a raw data display and a 6° skew angle for the
co-located guidance, a 7.5° glide slope would be the maximum approach angle
acceptable for a 200-foot DH (Category I). Excessive vertical speed and
limited time to touchdown were cited as reasons for eliminating the 8.5°
approach angle. The use of a flight director did not alter these findings.

For a DH of 100 feet (Category II), the pilots felt that 6° and 7.5° glide
slope angles were too steep, both for the time to arrest the vertical descent,
and the time for adjusting to contact conditions for runway alignment. The
pilots felt that consideration of reduced DH should await accrual of operating
experience using the 200-foot value.

For the Twin Otter, 100 Series, 7.5° is a maximum for an additional reason.
Considering rate of sink and aircraft response characteristies, an aircraft
approaching on a glide slope should have the capability with power retarded,
or other means, to execute a glide angle with a maneuvering margin of 2°.

This margin is necessary for smartly maneuvering down to the glide slope from
above without picking up excess speed. The Twin Otter - 100 Series-configura-
tion barely meets this criteria. With a propeller feathered, this glide angle
capability is 9.2°. This does not provide sufficient margin for day in, day
out approaches. (The section MISSED APPROACH in this report contains data

for altitude lost.)

The 7.5 slope is based on the assumption of no tailwind, and an improved one-
engine-inoperative maneuvering margin. Tailwind has the net effect of increas-
ing the glide slope angle. For example, a 15-knot tailwind increases the effec-
tive glide angle from 7.5° to approximately 8.5°, for a 75-knot approach

speed. It thus increases the rate of decent and shortens the time from break-
out to touchdown. Rate of descent is given in Table 5.

TABLE 5. GLIDE SLOPE ANGLES VERSUS SINK RATE, DECISION HEIGHT,
AND TRANSITION TIME

100 DH 200 DH
Glide Slope Distance from Distance from

Angle Sink Rate : GPI GPI

Degree Feet/Min Feet Time Sec Feet Time Sec
4.0 532 1430 11.4 2860 22.8
5.5 727 1004 8.2 2008 16.5
6.0 793 945 7.5 1890 15.1
6.5 860 885 7.0 1770 14.0
7.5 993 762 6.0 1524 12.1
8.5 1123 670 5.4 1340 10.7
9.5 1256 595 4.8 1190 9.6

Above approach, sink rates and transition times are based on 75-knots CAS.
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SKEWED APPROACH PATH.

A skewed approach for landing was found necessary to accommodate guidance
equipment co-located at the side of the runway.

At first, the localizer beams were directed parallel to the runway centerline,
but this necessitated an ."'S" turn by the aircraft to realign to the runway
centerline from the DH, and was considered a marginal technique at best.

The skewed approach is designed so that at the DH, the aircraft is still

500 feet from the runway centerline intercept, providing 4 seconds for the
pilot to make one turn to get aligned with the runway. Figures 18, 19 and 20
summarize the skew angle for each flown. The vertical and lateral deviations
were generally the same for day or night, with or without a flight director.

The 5.4° skew angle was determined to be the maximum acceptable for a 7.5°
glide slope allowing the extended centerline to be crossed after becoming
contact. Higher DH might allow greater skew angles to be acceptable.

AIRSPEED FACTOR.

The approach speed of 1.3 Vg, was used for all of the approaches, since it

is the speed currently required during the certification landing distance
tests. The tests were started each day with full fuel and maximum gross weight
of 11,579 pounds for a 100-Series Twin Otter, and, as fuel was consumed, the
approach speeds were adjusted to the speed for that weight. These approach
speeds started at 76 knots and varied to a low of 68 knots.

The pilot questionnaire asked the subject pilots their opinion on the adequacy
of the 1.3 Vg, speed. All but one pilot, of a total of 24 subject pilots,
thought the 1.3 Vg, speed was adequate for up to moderate turbulence. In
smooth, calm air some pilots suggest a 1.2 Vg, speed might be adequate.

TOUCHDOWN VELOCITIES.

The investigation of the steeper glide slopes indicated a need to also inves-
tigate the touchdown velocities. The steeper slope required a more abrupt
flare and therefore the possibility of a "harder" touchdown. Sixty touchdown

velocities were evaluated (see Table 6). The maximum touchdown velocity noted
from the 188 touchdowns evaluated was 4.34 feet per second.

TABLE 6. TOUCHDOWN VERTICAL VELOCITIES (FT/SEC)

Standard
Glide Slope Mean TD Vel Deviation Observations
Degree Feet/Sec Feet/Sec
4 -2.5 1.6 17
6 =2.0 1.8 20
7.5 -2.6 2.7 23
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TOUCHDOWN POSITION. The touchdown position was evaluated by comparing the

variables; viz, 4°, 6°, and 7.5° glide slope, day and night operation, offset
and centerline guidance, with and without a flight director. This information
is shown in Table 7. This indicates that night touchdowns were generally fur-
ther into the TTZ, and were slightly longer with the use of a flight director.

TABLE 7. TOUCHDOWN POSITIONS FROM THE THRESHOLD IN FEET

Day With Flight Director Without Flight Director
Glide Slope 4° 6° 7.5° 4° £° 1.5°
Skewed 291 264 304 285 243 273
Centerline 285 316 283 323

Night With Flight Director Without Flight Director
Glide Slope 4° 6° 7.5° 4° 6° 7.5°
Skewed 291 350 388 338 322 321
Centerline 335 341 298 - 289

See Appendix B for tabulated data on touchdowns and stops.

Both threshold altitude and touchdown distance from threshold (Figures 21
and 22) data yield skewed distributions. As a result, the application of
multiples of standard deviations of these distributions shows unreal limits
in the negative directions; i.e., underground for threshold altitude and
touchdown before threshold for touchdown distance from threshold. Therefore,
in order to apply commonly known statistics, most of the skew in the distri-
butions of the data is removed by taking logarithms of the original data
(Figures 23 and 24).

The distributions of logarithms are more bell shaped and the multiples of
standard deviations and their associated probabilities now can be used for
reasonable limits.

Antilogarithms of the limits are used to return the data to their initial
dimension.

It is for these reasons that the original data in Table 8 show standard devia-
tions and no limits, and the log transformation data show limits and no
standard deviation.

STOL RUNWAY LENGTH AND WIDTH.

Landings for Test V were made using either brakes or brakes and idle reverse.
Most runs were made with brakes only because this is the prime stopping
method for certification. Commuter pilots preferred to stop with "reverse
thrust only" to reduce maintenance costs on brakes and tires; however, most
commuter operations are not critical on field length.
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TABLE 8. STOL PILOT PERFORMANCE DATA BASED ON
NAFEC TEST STOL RUNWAY

X o N +30 -30
(feet) (feet) (feet) (feet)
Day-Threshold Altitude 12.1 4.5 267
Day-Threshold Altitude
(Log Transformation) 11.3 267 31.5 4.1
Night Threshold Altitude 15.9 5.3 304
Night Threshold Altitude
(Log Transformation) 15.1 304 40.4 5.7
Day Touchdown 288.9 91.4 267
Day Touchdown
(Log Transformation) 270.9 267 697.5 105.2
Day-Corrected Stop (Log
Transformation) Brakes Only 981.8 115 1449.5 664.5
Night-Corrected Stop(log
Transformation) Brakes Only 1028.7 147 1669.0 639.1
Night Touchdowns
Lighted - TD Area 321.1 106.0 275
Night Touchdowns
Unlighted - TD Area 280.0 70.2 38

NOTE: See Appendix C for tabulated data on rollout and landing distances.
Table 9 summarizes the stopping distance from touchdown to stop for the

various approach configurations. There was a shorter stopping distance with
brakes and idle reverse than with brakes only.
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TABLE 9. STOPPING DISTANCE
FROM TOUCHDOWN TO STOP

DAY

Ground Distance Mean Standard Deviation Sample

Brakes only 705 134 115

Brakes and idle reverse 632 107 130
NIGHT

Brakes only 713 133 144

Brakes and idle reverse 637 127 145

The following summarizes the distances from 35-feet altitude to stop.

Approach Angle 4° 6° 7.5°
Mean Distance (ft) 1451 1275 1245
g (Sigma) (ft) 167 205 100

RUNWAY LENGTH. One method of estimating the length of the runway would be

by combining the distribution of touchdown distances with the distribution

of stopping distances. This was accomplished by adding the means of the two
independent distributions to obtain an overall mean, and adding the variances
of the two distributions to obtain the dispersion of the combined distribution.
Using the worst case:

X for TD distance at night (from Table 8) = 332 feet
X for stopping distances at night (brakes only) (from Table 9) = 713 feet
Combined Mean X = 1,045 feet

5 for TD distance at night (from Table 8) = 106 ft; o2 (variance) 11,236 feet
g for stopping distance at night (from Table 9) (brakes only) - 133 feet

o (variance) = 17,689 feet

g Combined Data 170 feet
4.420 = 4.42 x 170 _ = 751 feet
X = 1,045 feet

Total length of runway needed 1,796 feet

With this method of computation of runway length, a runway 1,800 foot long

with 100-foot overruns on each end should be adequate with the limitations
as specified in the test program.
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RUNWAY WIDTH., The means and standard deviation for the lateral dispersion
around the TTP are as follows:

Day: Mean = -0.8 feet; Standard Deviation = 5.8 feet
Night: Mean = -0.2 feet; Standard Deviation = 5.3 feet

I

Using the day data, multiplied by +4.42 standard deviations, results in values
of 24.8 feet to the right of runway centerline, and 26.4 feet to the left

of runway centerline. This 51.2-foot runway width is well within the 100

feet recommended in Advisory Circular - AC150/53-8, November 1970. For rollout
lateral variance see Appendix D.

A mean (E} and standard deviation value were calculated for the MLS error

and the flight technical error (pilotage) for individual approaches (Reference
Appendix E, Figures E-1 through E-5 of this report). These values of MLS
errors are shown for sample approaches throughout the test program as a measure
of quality assurance that the guidance signals were of an acceptable quality.

These pilotage plots show that on an occasional approach the pilots appear

to have an "off" time, but from the flyability standpoint, this "off" time

was not related to the glide slope or localizer sensitivities (Appendix E,
Figures E-1 through E-5). Also, there appears to be no significant difference
in the flyability of the different glide slopes of 4°, 6°, and 7.5° from

the pilot performance viewpoint.

In regard to the sensitivity setting, the pilots flew them all well and the
"tighter" the sensitivity, the closer he flew the given track. The pilots
indicated, however, that their workload increased with increased sensitivities
and the tighter sensitivities that were investigated could not be flown in
moderate turbulence. Naturally, a compromise sensitivity setting is required
since the glide slope and localizer signals will have to be flown in moderate
to high turbulence as well as smooth air.

MISSED APPROACH.

The pilot became aware of a need for missed approach when the copilot did

not call contact at the 200-foot DH. The pilot task under these conditions
was to climb out either straight ahead or with a 180° turn as designated.

The flight path was recorded under both conditions for the determination of
the expected flight path following the '"mo contact' command by the safety
pilot. The altitude loss from the 200-foot DH was also recorded. There were
no radio aids to follow after missed approach, the pilot either held his head-
ing for the straight climbout or initiated a 180° turn for the turning climb-
out as directed., These runs were made with all engines operating, and one
engine out. The missed approach path was not significantly affected by glide
slope angle, flight director use, nor GPI location.

At the initiation of missed approach, the pilot added power, retracted flaps

and initiated climb. Due to the rate of descent existing at DH, all runs
showed an altitude loss below the 200-foot point.
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Due to altitude loss on one-engine-

altitude of 200

Approach Angle

feet (CAT I) is suggested

TABLE 10.

out missed approach, a minimum contact

MISSED APPROACH

Flight Cond.

Climbout Cond.

(Table 10).

Alt. Loss (feet)

- X
4° All Engines Straight 61 17.4
4° All Engines Turning 56 19.3
7.5° All Engines Straight 83 29.0
7.5° All Engines Turning 86 22.8
7.5° One Engine Out Straight 74 14.0
7.5° One Engine Out Turning 101 33.3

NOTE: See Appendix F for departure data.

HEIGHT OVER THRESHOLD.

The steeper the approach angle, generally, the greater the height over

threshold. (Table 11)

TABLE 11. MEAN HEIGHT OVER THRESHOLD WITH
AND WITHOUT FLIGHT DIRECTOR
(a) Skew:
Day Night
4° - 11.4 ft 4° - 9.3 ft
6° - 11.3 ft 6° - 14.0 ft
7.5° - 14.3 ft 7.5° - 17.0 ft
(b) Centerline:
Day Night
6° - 11.0 ft 6.0° - 12.0 ft
7.5° - 12.7 ft 7.5° - 12.8 ft

The influence of using a flight director does not effect the threshold
crossing height. (Table 12)
TABLE 12. MEAN HEIGHT OVER THRESHOLD BOTH SKEWED
AND CENTERLINE APPROACHES

(a) With Flight Director
Day Night
4° - 12.5 ft 4° - 9.3 ft
6° - 10.8 ft 6° - 14.3 ft
7.5° - 13.9 ft 7.5° - 14.8 ft
(b) Without Flight Director
Day Night
4° - 10.3 ft 4° - 9.3 ft
6° - 11.4 ft 6° - 12.8 ft
7.5° - 13.2 ft 7.5° - 15.1 ft
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Figures 25, 26, 27, 28, and 29 show how various factors effect threshold
passage.

WEATHER FACTORS.

CROSS-WIND LIMITATION SUGGESTED. (STOL Operations - with Twin Otter =100
series.) :

It was determined from pilot opinion (Appendix G) that:
1. Landings be limited to a maximum crosswind component of 15 knots.

2. No landings with a downwind component, except for light to variable
wind (0 to 5 knots) were flown.

For co-located glide slope and localizer a general pilot opinion was:
1. CAT I - A glide slope of 7.5° (to 200-feet DH) was acceptable.
2. CAT II - Not recommended.

VAST.

It was the pilot consensus that the two-box VASI, as it was installed, was
a useful guidance "tool" for VFR night operations and could be more useful
for day operations with greater day range. On bright sunny days the VASI
could not be picked up until approximately 1 nmi or less from touchdown.

The pilots' concensus was that the VASI was of no value from a 200-foot IFR
breakout. After breakout the pilot concentrated on hitting his landing spot

and did not need any other visual references other than runway lighting and
marking.

NIGHT STOL LIGHTING AND MARKING.

Touchdown zone floodlighting was very good but some pilots suggested that the
entire landing area be floodlighted.

Reflector markers do not seem adequate. If the STOLplane taxi light beam

is adjusted to activate the markers in taxi position, they are not activated
until the flare. If the taxi light beam is adjusted to reflect on an approach
angle they are not activated after the flare when taxiing.

DAY VERSUS NIGHT OPERATIONS.

Day approaches showed greater variability than night approaches. This is
evident in the data on height over threshold and touchdown dispersion.
Dispersion data on night and day approach are given in Appendix H and I.
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Pilots flying VFR felt that they had large latitude where they could place
the aircraft in the approach area and still be safe - since obstacles can be
seen. On the IFR approach he has a "tunnel" approach and, therefore,

will fly more precisely. It was felt that there is no problem with this
variability but to be aware that it does exist.

It should be noted that there was floodlighting at night on Runway 35 touch-
down marks. The test results indicated that the mean touchdowns on the
unlighted end were approximately 35 feet shorter than the lighted end.

TEST RESULTS WITH A FLIGHT DIRECTOR.

1. Most pilots flew a tighter glide slope and localizer beam with the
flight director.

2. Although the flight director helped the pilots hit the "eye of the
needle," breakout point more precisely, there was no discernable effect on
height over threshold, touchdown position, and landing distance as
illustrated in Figures 18, 19, and 20.

3. After the pilots became familiar with the use of the flight director,
they preferred to use it, and felt that it relieved the pilot workload.

DATA FOR OBSTACLE CLEARANCE PLANES.

The pilots were issued instructions as to the proper altitude they should
intercept the localizer, and this varied depending on the glide slope angle.
The position of the aircraft in space was recorded by the NAFEC theodolites.

It was possible to show the position of all the aircraft flying a given

glide slope in diagram form (See Appendix J). The circular area of the plots
indicate the aircraft variance in space to 10 . This was for illustration
purposes. The greatest variance of all configuration flows (4.42 ) should
be used to establish final clearance planes. This material will be used to
develop appropriate obstacle clearance planes.
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SUMMARY OF RESULTS
Test I Glide Slope and Localizer Sensitivities (Reference Page 23):
1. The glide slope and localizer sensitivities found to be satisfactory are:

Glide slope +2.0° - Localizer +5.0° for 6° and 7.5° glide slope.
Glide slope +1.3° - Localizer +5.0° for 4° glide slope.

Test II Ground Point of Intercept Location (Reference Page 24):

2. A GPI located between 50 feet ahead of threshold and 50 feet aft of

threshold provides the best guidance for an optimum touchdown: i.e.. the
GPI at least 200 feet ahead of the target touchdown point.

Tests III and IV Split and Co-located Guidance (Reference Pages 24 and 25).

3. Approach angles of 6° and 7.5° are acceptable for the CAT I minimum
(200-foot DH) with either split-located or co-located guidance transmitters.

4.  Skew angles up to 6° are acceptable with 7.5° glide slope and 200-foot
DH. Skew approach contact should be 500 feet before runway centerline
intercept as tested.

Test V Performance (Reference Page 25).

5. The initial localizer intercept at 3 nmi and glide slope intercept at
2 nmi, used during the flight tests, is adequate for intercept speed up
to 100 knots.

6. Transition guidance aids at the localizer intercept (3 nmi) and at the
glide slope intercept (2 nmi) were of value in the absence of other aids (DME,
R-NAV, etc).

7. A ground-level STOL runway 100 feet wide, 1,800 feet long with 100-foot
overruns at each end, and the two 20- by 200-foot white aiming marks used to
identify the target touchdown zone is acceptable for day/night, VFR/IFR STOL

operations for aircraft with performance similar to the Twin Otter, Series 100,
aircraft.

8. A 1.3 Vg, approach speed can be used as a reference approach speed
with up to moderate air turbulence.

9. Operations should be limited to 15 knots of crosswind and no tailwind
component other than reported light to variable for the Twin Otter, with
recommended runway limits.

10. VASI as configured for the test is considered a useful guidance tool

for night VFR operations.
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11. Floodlighting of the TTZ was determined, by pilot concensus, to be
required for a 1,800-foot STOL runway.

12. Day approaches showed greater variability than night approaches.

13, Obstacle clearance planes can be established for (1) STOL approaches
day, (2) STOL approaches night, (3) STOL departures day and night, and
(4) STOL missed approaches day and night (see Appendix J).

14. The average touchdown velocity for 188 runs evaluated was 1.28 feet
per second. The maximum touchdown velocity noted was 4,34 feet per second
which is well within the tolerance of the present design limitation of

8.5 feet per second.
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CONCLUSION

The test results indicate that a De Havilland DHC-6, 100 Series, Twin Otter,
or similar class aircraft, can be operated onto a STOL runway 1,800 feet long,
with 100-foot overruns at each end, and 100 feet wide on glide slope angles

up to 7.5° either with split centerline guidance or co-located to the side

of the runway with skew angle up to 6° to a decision height of 200 feet.

Crosswinds greater than 15 knots and tailwinds in excess of 5 knots are
limiting.
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APPENDIX A

CODING OF CONFIGURATIONS FLOWN (TEST V)

Since various types of approaches were flown by each pilot, it was necessary
to randomize the types of approaches in any series of runs. This would
eliminate the learning that would occur from this type of repetition. To
diversify the order of runs, a randomized schedule was established.

Table A-1 shows the way in which the runs were coded. Tables C-2 and C-3
show randomized schedule listings in the order they were carried out.
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TABLE A-1 CODING OF CONFIGURATIONS FLOWN - TEST v

VFR
Code Braking* Take** No. of
Day Nights Method Offs Configuration Runs
600 900 1 1 Using all available aids 15
601 901 2 2 Using all available aids 15
602 902 1 1 VASI only 15
603 903 2 2 VASI only 15
604 904 1 1 Using no aids 15
605 905 2 2 Using no aids 15
90
IFR
610 910 1 1 Offset equip., w/Flt. Dir. 18
4° Glide slope
611 911 2 2 Same as above 18
612 912 1 1 Offset equip., w/Flt. Dir. 18
6° Glide slope
613 913 2 2 Same as above 18
614 914 1 1 Offset equip., w/Flt. Dir., 18
7.5° Glide slope
615 915 2 2 Same as above 18
616 916 1 1 Offset equip., w/o Flt. Dir., 18
4° Glide slope
617 917 2 2 Same as above 18
618 918 1 1 Offset equip., w/o Flt. Dir., 18
6° Glide slope
619 919 2 2 Same as above 18
620 920 1 1 Offset equip., w/o Flt. Dir., 18
7.5° Glide slope
621 921 2 2 Same as above 18
630 930 1 1 Centerline equip., w/Flt. Dir., 18
6° Glide slope
631 931 2 2 Same as above _ 18
632 932 1 1 Centerline equip., w/Flt. Dir., 18
7.5° Glide slope
633 933 2 2 Same as above 18



634 934 1 1 Centerline equip., w/o Flt. Dir., 18

6° Glide slope

635 935 ‘ 2 2 Same as above 18
636 936 1 1 Centerline equip., w/o Flt. Dir., 18
7.5° Glide slope
637 937 2 - 2 Same as above 18
360
Missed Approach
(A1l Offset Equipment)
640 All engines, straight ahead, 15
4° Glide slope
641 All engines, straight ahead, 15
7.5° Glide slope
642 All engines, turning 15
4° Glide slope
643 All engines, turning 15
7.5° Glide slope
650 One engine, straight ahead, 10
7.5° Glide slope
651 One engine, turning 10
7.5° Glide slope
80
IFR With VASI
660 960 1 1 Without Flight Director, 10
7.5° Glide slope
661 961 2 2 Without Flight Director, 10
7.5° Glide slope
20
Total 550

* Braking Methods
1. Brakes Only.

2. Brakes, both propellors in idle reverse.
%% Departure

1. Straight Ahead
2. Turning.

See pages A-3 through A-8 for randomization of the data runs.
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TABLE A-2. STOL EVALUATION RUNS - TEST V - DAY

Run : Run Run
No. Code No. Code No. Code
1 636 G4 642 87 619
2 618 45 632 88 617
3 612 46 640 89 642
4 641 47 643 90 600
5 640 48 611 91 600
6 610 49 615 92 642
7 633 50 610 93 634
8 616 51 618 94 621
9 612 52 610 95 605
10 642 53 640 96 621
11 618 54 614 97 616
12 642 55 637 98 634
13 601 56 651 99 661
14 634 57 602 100 643
15 611 58 636 101 605
16 640 59 601 102 643
17 610 60 616 103 602
18 640 61 643 104 602
19 650 62 615 105 604
20 642 63 620 106 643
21 641 64 604 107 651
22 619 65 642 108 637
23 634 66 661 109 634
24 660 67 643 110 636
25 621 68 633 111 642
26 615 69 603 112 605
27 640 70 612 113 642
28 660 71 600 114 602
29 632 72 620 115 604
30 660 73 631 116 634
31 640 74 611 117 631
32 603 75 650 118 618
33 605 76 643 119 621
34 605 17 605 120 610
35 602 78 602 121 619
36 650 79 601 122 601
37 640 80 631 123 614
38 605 81 641 124 631
39 633 82 611 125 613
40 632 83 631 126 601
41 620 84 642 127 620
42 617 85 631 128 603
43 603 86 637 129 618



Run

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

Code

619
612
650
610
614
618
617
641
643
661
660
651
640
643
602
631
605
635
615
660
619
630
602
640
604
641
620
620
642
642
635
661
641
641
632
631
600
610
651
619
600
603
620
651
603

Run
No.

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
212
213
214
215
216
217
218
219

Code

616
633
632
631
635
603
621
635
640
650
612
643
650
620
612
611
661
651
650
618
618
611
620
604
651
650
617
636
616
619
651
600
615
636
651

Run

No.

220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

244

245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

Code

650
616
621
630
651
614
616
616
619
632
604
632
617
632
641
635
613
641
614
640
635
640
613
614
618
635
643
601 ..
614
613
617
616
601
641
636
617
643
632
610
630
642
600
613
642
617



No

265
266
267
268
269
270
271
272
273
274
275
276
2717
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

Code

601
634
641
615
613
630
641
641
610
613
616
611
604
634
634
612
637
630
633
621
641
613
617
613
636
637
621
630
615
614
621
637
611
637
611
612
636
614
637
615
650
633
640
640

Run

No.

309
310
311
312
313
314
315
338
340
386
390
393
398
399
400
402
405
408
409
411
412
413
416
417

Code

640
633
612
630
637
636
630
650
660
621
611
642
642
605
611
643
617
630
643
651
636
603
643
604
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TABLE A-3.

Code

921
935
934
932
918
917
936
918
930
933
960
910
933
930
911
934
914
911
961
913
930
915
932
937
934
961
911
905
903
937
901
913
921
913
912
904
910
918
936
911
911
918
910
903
934

Run
No.

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

Code

961
917
961
960
905
903
902
904
932

900"

937
911
913
961
937
905
921
921
932

919

914
935
914
912
903
917
917
904
918
911
916
903
903
921
903
915
901
901
910
930
934
916
920
936
911

STOL EVALUATION RUNS - TEST V - NIGHT

Run
No.

91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

110

111

2112

113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

Code

914
919
910
931
935
917
902
934
930
911
930
913
936
915
934 -
918
904
937
902
919
934
905
913
904
935
910
919
916
918
912
935
931
920
916
937
916
936
921
913
901
933
912
914
918
902



138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

Code

930
920
910
934
917
902
920
916
920
917
919
914
936
903
902
918
900
904
960
905
916
905
920
916
910
917
902
916
905
932
921
935
914
920
931
921
919
914
904
932
960
921
904
937

Run

No.

181
182
183
184
185
186
187
188
189
190
191
192
193
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229

Code

919
917
937
901
920
910
932
915
937
931
931
913
914
935
912
912
919
960
915
912
901
912
936
933
920
919
930
933
915
915
936
201
935
932
921
932
936
900
931
931
935
933
900
900

Run

No.

230
231
232
233
234
235
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279

Code

931
900
900
933
933
933
901
910
931
935
917
902
934
930
910
920
961 -
905
937
903
903
920
914
900
901
931
933
912
915
900
933
919
901
916
905
936
902
900
930
913
918
933
936
919



282
283
284
287
288
289
290
291
292
293
296
297
298
299
300
301
303
304
305
306
307
308
309
310
311
314
315
317
319
320
322
323
325
326
328
329
330
331
332
333

Code

932
901
933
915
932
905
920
932
921
935
905
901
935

921

912
900
915
903
912
934
915
919
931
914
900
931
930
936
931
912
935
933
902
900
912
930
931
934
915
916
936
935



APPENDIX B

NIGHT TABULATIONS - TOUCHDOWNS - STOPS, ETC.



B-4

B-5

LIST OF TABLES

Touchdowns (Nigh;)

Stop Distances Corrected to Standard Conditions (Night)
Corrected Stop Point Distance from Threshold (Night)
Stop Coordinate (Night)

Position of Aircraft at 35-Feet Altitude Point (Night)



TABLE B-1. TOUCHDOWNS (NIGHT)

LATERAL-DEVIATION DISTANCE FROM THRESHOLD

SERIES SAMPLE AVERAGE#* STAND SAMPLE AVERAGE#%* STAND
SIZE (FT) . DEV (FT) SIZE (FT) DEV (FT)
900 15 0.3 3.4 15 -353.0 94.9
901 13 -2.7 3.2 13 -365.8 183.2
902 7 0.0 3.9 8 -315.1 195.4
903 5 -0.2 8.1 6 -220.5 29.2
904 7 1.1 5.8 7 -300.0 63.4
905 8 -1.1 3.8 8 -328.6 125.1
910 8 1.6 5.0 11 -293.2 86.0
911 6 1.7 6.9 9 -250.3 57.7
912 14 -0.4 3.5 14 -394.2 142.2
913 8 2.9 5.3 9 -272.5 54.4
914 10 ~-1.6 5.6 10 -381.9 111.1
915 14 -2.1 6.5 14 -391.6 157.9
916 10 ~1.3 4.7 10 -361.2 108.0
917 10 1.7 6.1 12 -315.9 73.5
918 8 0.9 4.0 9 -303.7 64.6
919 11 1.4 6.1 11 -330.6 83.0
920 11 1.2 3.7 12 -329.0 98.9
921 9 0.2 2.9 9 -305.2 44,6
930 11 -2.1 6.2 11 -332.6 139.9
931 13 0.6 5.1 13 -319.5 96.5
932 13 0.8 5.9 13 -325.9 96.7
933 15 0.2 5.0 17 -370.9 185.7
934 9 -0.3 3.9 10 -275.2 57.4
935 12 0.1 6.4 13 -304.0 84.8
936 9 -2.4 5.2 10 -301.6 98.2
937 9 -0.5 7.6 8 -274.5 70.2
960 4 -1.0 2.8 5 -363.8 124.8
961 2 -3.0 18.4 3 -281.3 35.3

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

*% Negative (=) is the distance down the runway from threshold; positive
is the distance before the runway threshold.



TABLE B-2. STOP DISTANCE CORRECTED TO STANDARD
CONDITIONS (NIGHT)

35-FOOT ALTITUDE TO CORRECTED STOP DISTANCE

960
961

1199.4 116.1
1080.3 52.7

SERIES SAMPLE  AVERAGE STAND
SIZE (FT) DEV (FT)
900 15 1344.8 174 .4
901 12 1311.8 207.0
902 8 1198.3 150.5
903 5 1140.0 132.7
904 7 1201.4 142.6
905 9 1234.2 193.7
910 9 1423.0 131.8
911 9 1257.2 142.4
912 13 1270.8 118.8
913 10 1165.7 120.2
914 10 1226.4 134.7
915 11 1233.0 95.1
916 11 1413.5 209.5
917 15 1267.1 141.9
918 10 1172.0 105.4
919 11 1203.4 120.1
920 11 1252.3 132.1
921 9 1073.9 124.2
930 11 1324.3 133.6
932 12 1265.0 129.8
933 16 1229.3 186.8
934 10 1309.2 129.5
935 13 1273.6 101.8
936 10 1264.0 211.4
937 8 1126.3 63.4
5
3



TABLE B-3. CORRECTED STOP POINT DISTANCE
FROM THRESHOLD (NIGHT)

SERIES SAMPLE AVERAGE#** STAND

SIZE (FT) DEV (FT)
900 16 -1162.3 184.4
901 12 -1036.7 179.1
902 8 - 985.4 188.0
903 5 - 900.2 126.2
904 7 - 951.7 134.8
905 9 - 876.9 152.6
910 10 -1012.3 112.6
911 9 - 854.9 130.5
912 13 -1064.5 134.1
913 10 - 906.4 115.4
914 10 -1084.3 164.1
915 11 -1069.3 110.4
916 12 -1014.9 153.9
917 13 - 877.1 96.3
918 10 - 933.6 104.4
919 11 - 976.5 135.3
920 10 -1092.9 163.2
921 9 - 894.7 105.5
930 11 -1031.5 143.7
931 12 - 979.9 128.2
932 12 - 976.5 111.3
933 16 - 982.6 235.4
934 10 -1003.4 146.7
935 13 - 974.8 129.1
936 10 -1011.3 173.4
937 8 - 902.3 64.1
960 5 -979.2 97.0
961 3 - 861.0 25.1

*% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.



TABLE B-4. STOP COORDINATE (NIGHT)

LATERAL DISTANCE DISTANCE FROM THRESHOLD
SERIES SAMPLE AVERAGE#* STAND SAMPLE AVERAGE#** STAND
SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
900 14 0.7 11.9 14 -1085.8  184.9
901 10 -1.1 3.1 10 - 963.4 213.4
902 8 0.6 4.0 8 - 913.4  200.4
903 4 -1.5 10.1 4 - 811.3 137.9
904 8 2.4 4.9 8 - 839.9 149.9
905 8 =-2.4 5.4 8 - 848.5 132.2
910 5 1.0 6.0 8 - 901.1 131.4
911 7 2.3 9.6 9 - 778.0 117.7
912 12 0.8 7.0 12 - 969.6 141.6
913 9 4.7 5.7 10 - 828.9 96.0
914 8 -1.8 7.7 8 - 988.0 192.9
915 10 1.6 6.2 10 -1004.1 134.7
916 11 2.4 8.5 11 - 930.1 204.4
917 10 -1.5 4.6 11 - 828.7 126.7
918 8 4.3 6.9 8 - 857.4 121.9
919 11 =1.4 5.7 11 - 929.8 180.5
920 10 -0.6 4.2 10 - 983.2 179.2
921 9 -1.4 6.0 9 - 823.2 110.1
930 11 2.3 14.4 11 - 974.3 155.2
931 11 -0.2 4.1 11 - 950.3 140.3
932 11 -0.4 6.9 11 - 932.6 115.8
933 15 -3.2 4,5 16 - 944.,2  231.9
934 10 -2.7 7.1 10 - 972.2 169.7
935 12 1.1 6.7 13 -909.3 151.3
936 9 -3.0 4.2 10 - 965.5 185.6
937 8 -3.3 5.2 8 - 813.5 70.8
960 4 -1.0 2.2 5 - 930.0 135.0
961 2 -0.5 5.0 3 - 801.0 42.9

* Negative (=) is left of centerline; positive is right of centerline
viewed from approach.

%% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.



TABLE B-5. POSITION OF AIRCRAFT AT 35-FEET ALTITUDE
POINT (NIGHT)

LATERAL-DEVIATION RANGE - AHEAD OF THRESHOLD

SERIES SAMPLE AVERAGE* STAND SAMPLE AVERAGE** STAND
SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)

900 15 -0.8 7.9 15 197.0 57.8
901 12 1.6 4.5 12 298.6 86.5
902 7 2.7 6.5 8 212.9 66.4
903 6 -2.7 9.1 7 248.0 40.1
904 6 3.2 5.1 6 240.7 79.1
905 9 2.4 6.7 9 357.3 115.4
910 8 4.9 5.3 8 403.8 121.0
911 6 -1.7 4.5 9 402.3 92.1
912 13 -1.7 6.0 13 206.3 65.3
913 10 6.1 7.2 10 259.3 84.9
914 9 3.2 8.8 9 180.0 49.8
915 12 1.0 8.9 12 176.8 53.6
916 12 -1.8 7.1 12 394.5 98.0
917 12 -3.2 8.9 12 399.8 104.0
918 8 1.5 11.8 9 244.7 51.1
919 12 3.6 8.2 12 226.2 52.2
920 8 -3.4 14.7 9 194.3 76.2
921 7 -5.3 7.8 7 175.7 40.3
930 12 -4.2 7.7 12 294.6 62.4
931 13 -0.3 7.7 13 277.7 59.0
932 11 -1.1 4.6 11 285.1 53.8
933 15 0.5 7.2 16 265.1 74,2
934 8 ~1.0 6.8 8 303.0 57.1
935 12 -1.8 5.9 13 301.5 78.2
936 11 -3.6 10.0 12 246.2 72.1
937 8 1.1 12.9 8 224.0 74.0
960 4 4.5 7.0 5 220.2 46.5
961 2 -1.5 2.1 4 196.3 63.7

* Negative (=) is left of centerline; positive is right of centerline
viewed from approach.

*% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE C-1. LANDING DISTANCE FROM 35-FEET ALTITUDE TO TOUCHDOWN (DAY)

SERIES SAMPLE AVERAGE STAND

SIZE (FT) DEV (FT)
600 5 587.0 195.5
601 10 534.6 136.8
602 5 599.6 150.3
603 7 550.6 127.9
604 7 651.7 181.2
605 6 659.7 216.1
610 13 766.5 122.2
611 11 742.0 95.0
612 6 598.5 79.2
613 8 552.8 64.2
614 11 459.9 69.1
615 18 581.1 146.3
616 11 710.8 72.1
617 9 772.1 122.6
618 7 562.4 - 53.9
619 8 579.1 45.5
620 8 513.9 72.7
621 10 485.5 86.5
630 8 687.6 78.7
631 8 663.8 42.0
632 7 619.0 173.4
633 8 621.4 54.7
634 7 634.7 44.9
635 9 683.6 140.7
636 13 591.5 129.1
637 10 607 .4 155.7
660 6 582.8 90.5
661 5 546 .6 76.7

c-1



TABLE C-2. LANDING DISTANCE FROM 35-FEET ALTITUDE TO TOUCHDOWN (NIGHT)

SERIES SAMPLE  AVERAGE STANDARD

SIZE (FT)  DEV (FT)
900 15 544.2 92.4
901 12 653.3 168.0
902 8 528.0 145.1
903 5 462.6 73.3
904 7 549.7 103.5
905 9 683.1 182.0
910 9 679.3 96.6
911 9 653.0 89.2
912 13 575.0 92.2
913 10 527.4 70.4
914 10 538.3 109.6
915 11 568.4 163.3
916 11 682.6 223.6
917 15 682.7 115.3
918 10 539.3 73.6
919 11 557.8 70.3
920 11 475.5 74.5
921 9 483.8 88.3
930 11 625.4 110.5
931 12 599 .4 91.1
932 12 602.6 62.3
933 15 583.3 148.5
934 10 581.0 60.1
935 13 609.7 53.4
936 11 581.6 173.2
937 8 498.5 52.9
960 5 584.0 152.1
961 3 500.7 52.4

c-2



TABLE C-3. TOUCHDOWN POSITION FROM THRESHOLD (DAY)

RUNWAY DISTANCE LATERAL-DEVIATION

SERIES SAMPLE AVERAGE** STAND SAMPLE AVERAGE* STAND
SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
600 5 -287.2 153.0 B -1.0 2.8
601 12 -230.0 65.4 10 -1.4 4.9
602 6 -297.2 105.4 4 -2.5 2.4
603 7 -280.3 115.1 6 -4.2 3.9
604 9 -267.2 48.4 8 -2.4 4.4
605 5 -317.4 143.3 4 -2.8 2.5
610 14 -317.7 95.9 12 -2.3 4.2
611 13 -261.2 43.3 11 -1.3 5.5
612 8 -273.6 77.3 5 -0.6 6.6
613 8 -225.6 54.7 8 +1.5 2.9
614 10 -225.5 56.0 10 -0.6 4.1
615 17 -356.5 122.7 15 -1.8 7.1
616 12 -283.0 82.2 10 0.3 2.8
617 10 -274.6 76.7 10 1.5 3.7
618 9 -252,2 53.3 6 1.8 12.1
619 8 -232.4 38.0 8 1.6 3.4
620 8 -275.3 81.6 8 -3.3 3.9
621 10 -276.5 86.4 10 0.4 4.9
630 9 -300.0 85.0 9 0.3 3.1
631 8 -255.1 58.2 8 -1.5 6.3
632 9 -316.8 136.1 9 =4.7 4.7
633 10 -311.5 52.3 9 1.3 7.7
634 9 -274.2 76.7 9 1.8 4.7
635 9 -305.0 103.4 9 -4.8 5.5
636 14 -326.4 108.2 13 1.8 6.7
637 10 -317.5 65.5 10 1.7 6.4
660 7 -314.4 131.3 7 -2.6 6.8
661 5 -241.2 67.9 3 2.3 8.2

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

%% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.

C-3



TABLE C-4.
SERIES

600
601
602
603
604
605
610
611
612
613
614
615
616
617
618
619
620
621
630
631
632
633
634
635
636
637
660
661

STOP DISTANCES FROM THRESHOLD CORRECTED
TO STANDARD CONDITIONS (DAY)

SAMPLE
SIZE

= -
WO WO~ ~UO W

=
o~

00 oo © \O Do 0 \O

o
Oy O WO~ 00~

AVERAGE#** STAND

(FT)

- 907.2
- 916.8
- 927.8
- 901.6
- 956.7
-1014.5
-1025.9
- 865.5
- 901.8
- 863.4
- 988.3
-1025.9
-1049.1
- 909.2
- 889.3
- 864.0
896.7
- 872.6
-1112.3
882.8
- 967.8
- 898.5
- 956.1
- 887.6
-1014.7
- 912.2
-1025.0
- 833.6

*% Negative (-) is the distance down the runway
is the distance before the runway threshold.

DEV (FT)

102.0
90.2
84.7

101.8

123.8

200.9

149.9
92.9

101.2

164.4
83.5

125.0

170.7
79.2
86.3

123.9

135.6

100.9

106.2
93.2
86.9
99.5
56.2

141.2

132.5

116.3

148.7

107.9

from threshold; positive



TABLE C-5. ROLLOUT DISTANCE FROM TOUCHDOWN TO
STOP (DAY)

SERIES SAMPLE AVERAGE STAND

SIZE (FT) DEV (FT)
600 5 520.6 146.0
601 10 584.4 113.9
602 5 587.4 176.5
603 7 502.6 93.4
604 7 606.9 139.9
605 6 632.3 126.9
610 13 592.7 139.4
611 11 492.0 92.9
612 6 598.3 221.6
613 8 520.6 171.9
614 11 616.4 147.5
615 18 532.1 121.8
616 12 659.3 93.9
617 9 505.2 104.8
618 7 513.9 59.4
619 8 482.5 112.3
620 8 522.4 197.2
621 10 483.9 66.9
630 8 582.0 112.3
631 8 531.0 97.4
632 7 597.3 147.6
633 8 488.0 102.0
634 7 582.0 114 .4
635 9 467.1 65.0
636 13 560.8 111.6
637 10 476.0 122.6
660 6 513.5 145.0
661 5 494.2 84.0

C-5



TABLE C-6. ROLLOUT DISTANCE FROM TOUCHDOWN TO STOP (NIGHT)

SERIES SAMPLE AVERAGE STAND

SIZE (FT) DEV (FT)
900 15 762.9 174.7
901 12 588.6 136.2
902 8 598.3 120.3
903 5 601.8 123.6
904 7 539.9 121.2
905 9 494.3 156.2
910 9 651.0 134.1
911 9 529.0 81.4
912 13 625.8 124.0
913 10 560.8 100.6
914 10 622.1 124.0
915 11 609.6 78.8
916 11 653.1 140.6
917 15 525.7 118.7
918 10 564.7 94.3
919 11 598.7 168.9
920 11 669.4 134.1
921 9 518.0 96.6
930 11 641.6 109.7
931 12 642.2 172.2
932 12 601.0 125.7
933 15 632.5 161.1
934 10 697.0 162.3
935 13 625.2 66.3
936 11 655.3 133.7
937 8 539.0 88.4
960 5 566.2 117.0
961 3 519.7 76.4



TABLE C-7. ROLLOUT DISTANCE CORRECTED TO STANDARD
: CONDITIONS (DAY)

SERIES SAMPLE AVERAGE STAND

SIZE (FT) DEV (FT)
600 5 620.0 115.6
601 10 699.6 74.3
602 5 619.8 149.8
603 7 621.3 76.6
604 7 692.7 124.8
605 6 736.8 158.3
610 13 711.1 132.0
611 11 594.0 87.7
612 6 669.0 151.6
613 8 637.8 178.7
614 11 747.2 120.5
615 18 655.6 99.4
616 11 799.0 152.7
617 9 632.3 131.5
618 7 650.9 72.7
619 8 631.6 100.2
620 8 640.1 178.0
621 10 596.1 78.1
630 8 801.4 114.4
631 8 627.6 62.3
632 7 652.9 107.2
633 8 590.8 71.4
634 7 680.7 101.0
635 9 582.6 106.2
636 13 683.7 131.7
637 10 594.7 100.4
660 6 716.5 84.0
661 5 592.4 116.3

c-7



TARLE C-8. ROLLOUT DISTANCE CORRECTED TO STANDARD CONDITIONS (NIGHT)

SERIES SAMPLE AVERAGE STAND

STZE (FT)  DEV (FT)
900 15 800.6 145.1
901 12 658.5 118.4
902 8 650.3 132.4
903 5 677.4 118.5
904 7 651.7 93.8
905 9 551.1 184.4
910 9 943.7 124.0
911 9 606 .1 92.2
912 13 695.8 116.7
913 10 638.3 113.2
914 10 688.3 112.5
915 11 664.6 92.1
916 11 730.9 150.5
917 15 584.3 155.5
918 10 632.7 97.9
919 11 646 .1 128.6
920 11 776.7 134.6
921 9 590.1 88.0
930 11 698.9 109.0
931 12 659.8 156.6
932 12 662.0 123.9
933 15 675.3 177.3
934 10 728.2 142.3
935 13 687.1 58.5
936 11 701.4 134.9
937 8 627.8 84.8
960 5 615.4 103.6
961 3 597.7 57.3

Cc-8



TABLE C-9. LANDING DISTANCE FROM 35-FEET ALTITUDE TO STOP (DAY)

ACTUAL STOP DISTANCE CORRECTED STOP DISTANCE
SERIES SAMPLE AVERAGE  STAND SAMPLE AVERAGE  STAND
SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
600 5 1108.4 126.9 5 1207.8  140.3
601 10 1119.0 157 .4 10 1234.2 141.5
602 5 1187.0 163.1 5 1219.4 134.5
603 7 1053.1 105.1 7 1171.9 94.5
604 7 1258.6 277.7 7 1344 .4 272.3
605 6 1292.0 314.1 6 1396.5 333.0
610 13 1359.2 130.8 13 1477.6  120.4
611 11 1234.0 154.7 11 1336.2 145.6
612 6 1196.8 163.9 6 1267.5 89.6
613 13 1106.8 166.6 13 1217.1 162.8
614 12 1090.3 146.7 12 1200.7 108.3 .
615 13 1115.8 213.7 13 1256.8 137 .4
616 11 1385.3 165.6 11 1520.5 210.7
617 9 1277.3 124.3 9 1404.4  148.6
618 8 1070.9 82.2 8 1198.1 98.4
619 8 1061.6 124.2 8 1210.8 100.7
620 9 1039.7 149.9 9 1158.2 121.8
621 10 969 .4 117.5 10 1081.6 108.0
630 9 1237.9 157.7 9 1458.2 133.3
631 8 1177.6 134.1 8 1279.1 70.2
632 6 1205.8 86.0 6 1295.5 78.7
633 9 1115.1 101.6 9 1207.2 76.2
634 7 1216.7 117.9 7 1315.4 86.7
635 10 1113.4 195.9 10 1248.5 170.7
636 11 1175.4 143.4 11 1288.5 141.6
637 11 1075.8 169.2 11 1166.6  207.0
660 6 1096.3 89.3 6 1299.3 91.8
661 5 1040.8 86.3 5 1139.0 85.9

c-9



TABLE C-10. POSITION IN SPACE AT 35-FEET ALTITUDE (DAY)

LATERAL DEVIATION DISTANCE BEFORE THRESHOLD
SERIES SAMPLE  AVERAGE* STAND SAMPLE AVERAGE  STAND
SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
600 5 -4.2 3.3 6 308.2 64.4
601 10 -3.3 8.9 12 313.1 98.7
602 5 -9.2 5.8 7 278.4 54.1
603 6 4.7 4.8 7 270.3 47.7
604 9 -3.9 6.8 10 358.3 170.0
605 5 -3.2 4.7 6 382.0 164.6
610 13 -4.1 6.0 14 435.4  107.2
611 11 -1.3 8.7 13 472.6 91.8
612 8 1.4 8.7 8 329.1 67.3
613 8 3.3 5.1 8 327.1 77.1
614 8 ~-0.8 8.3 8 242.1 47.4
615 15 1.3 6.1 15 229.9 78.7
616 11 -2.3 6.8 11 455.0 116.6
617 10 0.6 6.2 10 514.4 128.6
618 6 =-4.7 6.8 6 299.0 42.0
619 9 2.8 3.9 9 348.8 68.7
620 8 -1.6 12.3 8 255.8 60.5
621 9 -2.1 6.8 9 232.1 80.0
630 9 -1.0 5.2 9 391.7 79.8
631 7 -3.0 5.2 9 409.4 58.2
632 8 -1.3 6.2 9 318.4 96.4
633 9 -2.0 5.5 11 294.0 86.5
634 9 2.6 7.0 9 368.6 57.9
635 8 -3.9 6.2 8 381.4 96.3
636 13 0.5 7.3 14 262.6 69.8
637 7 -3.6 8.5 9 340.1 82.3
660 7 -5.6 9.6 7 304.6 52.3
661 4 -6.0 21.0 5 305.4 55.0

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.
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LATERAL DEVIATION DURING ROLLOUT AND STOP
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MAXIMUM LATERAL DEVIATION DURING ROLLOUT (DAY)

TABLE D-1.
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DEV (FT)
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% Negative (-) is left of centerline; positive is right of centerline

viewed from approach.



TABLE D-2. MAXIMUM LATERAL DEVIATION DURING ROLLOUT (NIGHT)

SERIES SAMPLE AVERAGE* STAND MAXIMUM  MAXTMUM

SIZE (FT) DEV (FT) LEFT*(FT) RIGHT*(FT)
900 15 -1.9 15.1 -29.6 31.6
901 12 -4.2 11.7 -29.0 22.2
902 7 -1.8 6.1 -10.1 6.1
903 5 -5.4 17.9 -29.4 12.4
904 5 2.3 3.8 - 4.0 5.8
905 8 -3.9 8.5 -18.9 8.7
910 6 -7.1 18.7 -41.5 9.8
911 7 5.3 8.4 - 6.4 13.8
912 12 1.6 8.7 -14.8 16.5
913 9 8.4 7.2 - 6.1 17.3
914 10 -2.2 14.3 -27.1 19.3 -
915 11 -2.3 11.8 -23.8 16.0
916 10 1.8 10.9 -22.0 15.2
917 10 -1.2 10.6 -18.5 13.3
918 6 2.2 8.6 -11.6 10.3
919 11 -0.7 9.2 -13.8 15.9
920 10 1.8 6.3 - 7.6 8.4
921 9 -0.4 8.4 - 9.0 15.9
930 10 -3.1 9.0 -17.2 8.6
931 11 -1.5 7.4 - 9.6 9.8
932 11 1.0 10.9 -15.2 22.0
933 14 -3.8 7.1 -12.9 8.6
934 8 -2.6 10.2 -20.4 13.8
935 11 2.8 8.5 - 8.7 14.3
936 9 -4.5 6.4 -13.9 6.9
937 8 -4.7 8.6 -14.4 11.5
960 4 2.1 3.6 - 5.1 3.0
961 3 -10.6 18.0 -22.9 10.1

* Negative (=) is left of centerline; positive is right of centerline
viewed from approach.



TABLE D-3. RUNWAY STOP POSITION AND LATERAL DEVIATION (DAY)

RUNWAY DISTANCE LATERAL~POSITION
SERIES SAMPLE AVERAGE#** STAND SAMPLE AVERAGE* STAND
SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
600 5 -807.8 112.5 5 3.0 9.5
601 10 -801.6 120.1 10 -2.8 6.4
602 5 -895.4 125.0 3 8.0 23.6
603 7 -782.9 94.3 7 -0.4 8.5
604 7 -870.9 132.0 6 4.0 16.4
605 6 -910.0 205.4 5 2.8 8.2
610 13 -907.5 159.2 10 8.1 12.6
611 10 -735.5 80.6 10 -1.6 7.5
612 6 -831.2 167.8 5 -0.5 11.6
613 8 -746.3 155.6 8 3.0 - 5.8
614 11 -857.5 118.8 10 1,7 10.8
615 18 -890.7 176.1 16 -2.3 14.5
616 10 -918.3 139.9 10 -1.8 8.1
617 9 -782.1 72.6 9 1.1 7.3
618 7 -762.1 89.1 6 -0.5 14.7
619 8 -714.9 135.6 8 1.6 3.3
620 9 -778.1 171.1 8 -2.5 10.5
621 10 -760.4 120.4 10 -0.6 3.8
630 8 -892.9 121.8 8 0.3 4.8
631 8 -786.1 133.9 8 -3.4 8.1
632 7 -907.0 123.1 7 -4.3 6.2
633 9 -823.2 143.9 9 -0.4 9.0
634 7 -857.4 88.7 7 2.0 2.9
635 9 -772.1 138.3 9 -3.6 7.4
636 13 -891.8 114.0 13 0.5 3.6
637 11 -785.8 143.9 11 2.5 6.6
660 6 -822,0 107.9 6 -1.3 12.1
661 5 -735.4 58.4 4 1.5 15.1

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach,

** Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE F-1. DAY DEPARTURES - STRAIGHT (ALL DATA)

LATERAL-DEVIATION RANGE

ALTITUDE AVERAGE* STAND SAMPLE AVERAGE** STAND SAMPLE
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT) SIZE
35 - 0.0 4.2 90 -1340.0 141.2 90
50 - 0.0 5.1 86 -1463.0 161.0 82
100 - 1.0 11.0 88 -1835.2 244.1 83
200 - 7.2 30.0 93 =-2584.0 341.0 93
300 - 12.2 56.1 93 -3255.0 395.0 93
400 - 9.0 90.3 92 -3880.0 479.3 98
500 - 0.0 133.0 92 -4554.3  567.0 92
600 9.0 186.3 91 -5311.0 591.0 91
700 21.4 250.1 91 -6055.0 638.0 91
800 36.0 322.3 90 -6793.0 704.0 90
900 70.0 387.0 63 -7570.2 798.1 _ 63
1000 221.0 409.4 08 -8241.0 898.0 08

TABLE F-2. DAY DEPARTURES - TURNING (ALL DATA)

LATERAL-DEVIATION RANGE
ALTITUDE AVERAGE* STAND SAMPLE AVERAGE#*#* STAND SAMPLE
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT) SIZE
35 - 2.2 5.1 76 -1349.0 169.0 76
50 - 4.0 9.0 79 -1465.0 183.1 79
100 - 5.0 16.0 80 -1847.0  284.4 80
200 1.0 36.2 82 -2571.1 365.2 82
300 - 1.0 63,1 83 -3178.3 368.1 83
400 - 81.0 169.0 81 -3913.0 475.0 81
500 - 480.3 375.2 80 -4591.0 554.2 80
600 -1203.7 617.4 80 -4963.0 609.1 80
700 -1976.1 746.1 79 -4949.0 859.4 79
800 -2704.0 876.0 74 -4637.2 1128.1 74
900 -3327.0 983.0 53 -4131.0 1533.0 53
1000 -3660.0 1234.4 19 -4307.0 2010.2 19

Add 1500 feet to range data for A/C position related to threshold.

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

**% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.

F-1



TABLE F-3. NIGHT DEPARTURES - TURNING (ALL DATA)

LATERAL-DEVIATION RANGE

ALTITUDE AVERAGE* STAND SAMPLE AVERAGE#** STAND SAMPLE
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT) SIZE
35 - 0.2 4.3 58 -1288.0 131.4 58
50 - 1.0 5.0 59 -1396.0 143.4 59
100 - 2.3 9.0 57 -1727.0 215.0 57
200 - 2.4 31.0 63 -2521.0 411.0 63
300 - 12.0 58.1 62 -3162.0 460.4 62
400 - 39.0 105.0 61 -3730.0 586.0 61
500 - 256.0  243.2 65 -4421.0 697.0 65
600 - 903.4 515.0 65 -4936.0 761.4 65
700 -1654.0 599.3 65 -4999.3 859.0 65
800 -2330.0 601.0 64 -4709.2 1013.0 64
900 -2871.4 627.0 51 -4258.0 1243.0 ' 51
1000 -3258.2 659.0 24 -4019.0 1444.0 24

TABLE F-4. NIGHT DEPARTURES - STRAIGHT (ALL DATA)

LATERAL-DEVIATION RANGE
ALTITUDE AVERAGE* STAND SAMPLE AVERAGE** STAND SAMPLE
(FI) (FT) DEV (FT) SIZE (FT) DEV (FT) SIZE
35 1.0 5.0 69 -1343.4 132.0 69
50 - 1.0 6.0 69 -1470.0 150.0 69
100 - 1.0 10.0 69 -1844.0 248.3 69
200 - 1.0 27.2 69 -2628.0 374.3 69
300 - 12.0 56.2 71 -3259.0 412.0 71
400 - 33.0 93.0 70 -3839.0 529.4 70
500 - 72.2 157.3 69 -4470.0 658.0 69
600 - 119.0 228.0 69 -5167.0 760.1 69
700 - 155.0 307.0 69 -5865.2 826.2 69
800 - 183.0 377.4 67 -6565.0 922.0 67
900 - 209.0 452.1 61 -7105.0 1276.4 61
1000 - 305.0 641.0 08 -8413.0 1174.0 08

Add 1500 feet to range data for A/C position related to threshold.

* Negative (=) is left of centerline; positive is right of centerline
viewed from approach.

*% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE F-5. DAY DEPARTURES - STRAIGHT (WITH FLIGHT DIRECTOR)

LATERAL DEVIATION RANGE

ALTITUDE AVERAGE* STAND SAMPLE AVERAGE** STAND SAMPLE
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT) SIZE
35 0.5 4.0 29 -1360.7 154.1 29
50 0.9 4.8 27 -1489.9 168.0 27
100 0.9 10.5 28 -1853.3 259.1 28
200 - 5.6 37.5 28 -2589.9 348.4 28
300 - 12.5 76.8 28 -3289.6 414.6 28
400 - 0.3 120.1 28 -3950.9 558.0 28
500 13.8 173.4 28 -4659.5 657.9 28
600 22.9 233.1 28 -5396.6 631.5 28
700 40.7 297.3 28 -6127.3 666.4 28
800 48.3 379.4 28 -6875.2 768.1 28
900 21.7 446.2 19 -7679.5 807.7 19
1000 339.7 599.5 3 -8687.7 1416.8 : 3

TABLE F-6. NIGHT DEPARTURES - STRAIGHT (WITH FLIGHT DIRECTOR)

LATERAL-DEVIATION RANGE

ALTITUDE AVERAGE* STAND SAMPLE AVERAGE** STAND SAMPLE
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT) SIZE
35 - 1.3 4.7 29 -1341.1 135.1 29
50 0.5 4.8 29 =1472.7 157.5 29
100 0.7 10.8 29 -1862.9 230.5 29
200 1.8 31.5 29 -2658.7 365.2 29
300 10.6 64.8 29 -3275.2 418.0 29
400 29.4 108.8 29 -3830.2 496 .6 29
500 66.1 183.7 29 -4428.6 588.4 29
600 98.7 259.1 29 -5096.2 636.3 29
700 117.7 341.5 29 -5788.1 688.6 29
800 148.7 404.4 28 -6465.3 773.2 28
900 168.2 500.3 24 -7021.4 845.8 24
1000 244.6 394.1 5 -8114.2 1012.0 5

Add 1500 feet to range data for A/C position related to threshold.

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

*% Negative (=) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE F-7. DAY DEPARTURES - STRAIGHT (WITHOUT FLIGHT DIRECTOR)

~ LATERAL-DEVIATION RANGE
ALTITUDE AVERAGE* STAND SAMPLE AVERAGE** STAND
(FT) (FT) DEV (FT) SIZE (FT)  DEV (FT)
35 - 0.4 4.3 61 -1329.5 135.0
50 - 0.5 5.3 59 -1450.8 157.1
100 - 2.0 10.7 60 -1826.9  238.7
200 - 8.0 26.3 65 -2581.4  340.2
300 - 12.2 45.3 65 -3239.7 388.6
400 - 12.1 74.5 64 -3849.0 441.9
500 - 6.1 111.9 64 -4508.4 520.8
600 2.7 163.1 63 -5273.1 573.1
700 12.8 228.2 63 -6022.6  627.4
800 30.2 296.3 62 -6755.6 675.7
900 90.8 362.1 44 -7523.0 798.7
1000 149.6 311.1 5 -7989.0  422.2

TABLE F-8. NIGHT DEPARTURES - STRAIGHT (WITHOUT FLIGHT DIRECTOR)

LATERAL-DEVIATION RANGE
ALTITUDE AVERAGE* STAND SAMPLE AVERAGE#** STAND
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT)
35 - 0.1 5.1 40 -1345.2 131.1
50 0.9 6.2 40 -1467.7 146.0
100 0.8 8.7 40 -1830.0 262.5
200 0.4 24.2 40 -2605.0 383.8
300 12.5 50.8 42 -3247.0 412.0
400 34.8 80.8 41 -3845.7 557.5
500 76.7 137.5 40 -4499.2 709.5
600 133. 203.9 40 -5218.1 842.8
700 182.0 280.3 40 -5921.2 917.8
800 206.9 360.3 39 -6636.5 1019.4
900 235.6 423.1 37 -7159.1  1500.3
1000 404.3 1049.9 3 -8910.7 1476.1

Add 1500 feet to range data for A/C position related to threshold.

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

** Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE F-9. DAY DEPARTURES - TURNING (WITH FLIGHT DIRECTOR)

LATERAL-DEVIATION RANGE
ALTITUDE AVERAGE* STAND SAMPLE AVERAGE#** STAND
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT)
35 3.5 5.8 25 -1323.7 159.2
50 5.8 12.1 28 -1435.9 175.0
100 6.1 19.9 27 -1822.6 283.0
200 2.6 45.1 27 -2550.4 346.6
300 5.4 72.8 27 -3139.6 348.2
400 101.9 173.7 27 -3878.1 426.5
500 589.7 391.1 27 -4622.1 517.5
600 1384.0 644.5 27 -4939.1 587.5
700 2255.8 806.3 26 -4769.8 814.4
800 2949.8 960.5 23 -4410.8 1065.7
900 3429.0 1090.8 18 -3761.1  1430.8
1000 3636.2 1658.3 6 -4029.0  2804.9

TABLE F-10. NIGHT DEPARTURES - TURNING (WITH FLIGHT DIRECTOR)

LATERAL-DEVIATION RANGE
ALTITUDE AVERAGE* STAND SAMPLE AVERAGE** STAND
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT)
35 - 0.5 4.2 21 -1298.1 137.0
50 - 0.1 4.7 21 -1401.2 154.6
100 0.5 8.5 21 -1721.7 232.0
200 7.3 21.3 23 -2501.3 337.5
300 25.2 39.1 23 -3149.5 359.8
400 65.1 73.5 23 -3718.5 462.2
500 263.3 201.4 23 -4387.8 631.6
600 889.6  445.7 23 -4957.2 733.9
700 1629.9 558.6 23 -5070.8 865.8
800 2337.3 604.3 23 -4831.1 1082.7
900 2995.8 635.6 18 -4421.8 1393.4
1000 3446.2  633.6 10 -4098.0 1673.5

Add 1500 feet to range data for A/C position related to threshold.

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

*% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.



TABLE F-11. DAY DEPARTURES - TURNING (WITHOUT FLIGHT DIRECTOR)

LATERAL-DEVIATION RANGE
ALTITUDE AVERAGE* STAND SAMPLE AVERAGE**  STAND
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT)
35 1.7 4.8 51 -1360.7 173.5
50 2.3 5.9 51 -1480.9 187.2
100 4.3 13.9 53 -1858.7 287.0
200 - 2.1 31.3 55 -2581.4 376.7
300 - 1.0 58.6 56 -3197.1 379.0
400 70.2 167.1 54 -3930.5 500.3
500 424.7 357.9 53 -4975.5 576.2
600 1110.3 587.9 53 -4975.5 625.1
700 1839.0 681.5 53 -5036.2 873.8
800 2592.4 820.5 51 -4739.4 1150.8
900 3275.0 934.8 35 -4321.1 1568.2
1000 3670.7 1067.4 13 =4434.6 1651.4

TABLE F-12. NIGHT DEPARTURE - TURNING (WITHOUT FLIGHT DIRECTOR)

LATERAL-DEVIATION RANGE
ALTITUDE AVERAGE* STAND SAMPLE AVERAGE**  STAND
(FT) (FT) DEV (FT) SIZE (FT) DEV (FT)
35 0.7 4.5 37 -1282.4 129.8
50 1.7 5.3 38 -1392.6 138.9
100 3.4 9.4 36 =1792.4 207.6
200 - 0.3 34.9 40 -2532.5 451.2
300 4.0 66.1 39 -3169.2 512.0
400 23.1 118. 38 -3737.0 655.0
500 252.1 265.6 42 - =4439.0 736.8
600 911.0 554.4 42 =4924.0 784.6
700 1667.0 626.8 42 -4960.1 863.2
800 2325.3 606.6 41 ~4690.9 978.5
900 2803.5 620.7 33 -4168.7 1165.1
1000 3123.9 666.3 14 -3962.2 1319.3

Add 1500 feet to range data for A/C position related to threshold.

* Negative (-) is left of centerline: positive is right of centerline
viewed from approach.

%% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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APPENDIX G

' PILOT PERFORMANCE EVALUATION

Comments on Commuter Airline and Subject Pilot Performance
by Project Pilot Jack Ryan

The participating pilots, were well-experienced captains and current in

the De Havilland Twin Otter aircraft. Two of the participating airlines have
a microwave landing system installed on their airports set at a 6° glide slope
angle. Other airlines use the standard ILS/VOR/NDB.

Overall pilot performance varied to a greater extent between individual
airlines and to a smaller degree between individual pilots from the same
airline.

It became quite evident that for a safe operation from STOL runways under
IFR conditions a large amount of transition and recurrent training will be

required.

OVERALL PILOT HANDLING OF AIRCRAFT.

Good to excellent under test conditions.
TAKEOQOFF.
Good to excellent under test conditons.

APPROACHES (IFR).

Generally, the subject pilots performance on the interim MLS was good after
they became familiar with the beam sensitivities of the equipment. Several
pilots had difficulties due to lack of familiarity with the flight director,
and actually found it easier to fly the raw data on the course deviation
indicator (ID-249).

LANDING (DH TO TQUCHDOWN) .

The problems generally arose when the hood was removed at the 200-foot DH, and
the subject would find himself on what seemed to him to be an unusually steep
glide slope. He would then reduce power and dive until he achieved a more
normal glide slope. However, with full flaps, a large power application was
then required to carry the aircraft over to the touchdown zone, resulting

in an unstabilized approach and occasionally a poor landing.

TOUCHDOWNS .

The Twin Otter Aircraft (DHC-6) was operated on all project runs at or close
to maximum gross weight. After the initial transition, all touchdowns were
smooth and it was evident that these airline pilots stress the smoothness
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of landing rather than maximum performance. Touchdowns, relative to the runway
marks, were good but it appears that most pilots favor the left side of the
runway until this is brought to their attention.

STOPPING.

Except for a few instances, the airline pilot subjects were reluctant to use
maximum braking action, and elected to execute gentler stops than the FAA pilot
subjects. Many let the aircraft roll excessively increasing their stopping
efforts only when the end of the runway was in sight. There again, the passen-—
gers comfort seemed to be their main objective.

GO—AROUNDS.

Go-arounds were initiated at the 200-foot DH using the radar altimeter on
the safety pilot's command. No difficulties were noted on "both engines
operating" go-arounds with either straight-out or turning departures.
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DAY APPROACHES USING ALL AVAILABLE AIDS
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TABLE H-1. DAY APPROACHES USING ALL AVAILABLE AIDS

RANGE
(FT)

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2500

2000

1500

1000

W.G.P.*% 50

W.G.P. 35

1750

1335

1040

877

760
Threshold

LATERAL-DEVIATION ALTITUDE

SAMPLE AVERAGE* STAND SAMPLE AVERAGE STAND
SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)

4 -368.0 993.0 4 1505.3 64.4
5 -307.8 767.0 5 1395.4 276.0
6 -212.2 624.0 6 1398.7 251.1
9 -145.2 461.8 9 1295.9 327.4
11 -121.4 408.6 11 1282.4 329.0
12 - 95.3 350.1 12 1226.8 317.7
12 - 28.1 155.3 12 1171.7 283.7
14 - 62.7 205.3 14 1121.0 238.9
14 - 55.1 221.6 14 1057.1 177.2
14 - 66.4 214.5 14 974.8 132.5
15 -114.1 277.0 15 879.3 105.0
16 - 79.4 211.3 16 768.3 90.8
16 - 46.8 121.9 16 636.1 79.3
16 - 12.9 96.7 16 502.2 - 57.5
16 - 17.4 65.2 16 368.9 37 .4
17 - 24.4 51.9 17 304.3 33.1
16 - 22.9 37.7 15 246 .4 20.8
16 - 3.1 17.7 16 176 .5 17.4
17 - 4.4 14.9 17 119.4 19.9
13 - 5.1 9.2 13 58.5 10.3
13 - 5.1 7.9 13 46.2 9.4
17 - 11.4 27.6 17 207.8 26.9
17 - .9 15.1 17 161.3 25.4
17 - 3.9 14.8 17 124.5 20.4
15 - 2.9 12.8 15 103.7 19.5
14 - 3.9 12.0 14 90.0 18.0
15 - 1.1 4.2 15 11.4 2.5

% Negative (-) is left of centerline; positive is right of centerline

viewed from approach.

*% V.
W

G.P. 50 - Where Glide Path is 50-feet elevation.
.G.P. 35 = Where Glide Path is 35-feet elevation.



TABLE H-2. DAY APPROACHES USING VASI GUIDANCE ONLY

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE  STAND
(FT) SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
14000 2 - 66.5 79.9 2 903.5 5.0
13000 3 - 14.7 145.3 3 957.3 101.2
12000 6 - 63.0 205.3 6 910.7 152.0
11000 7 - 33.4 134.3 7 908.0 144.7
10000 8 - 18.0 90.7 8 898.5 159.5
9000 8 - 13.9 77.8 8 877.8 188.7
8000 10 - 6.3 74.9 10 842.3 172.7
7000 13 - 14.2 67.3 13 804 .5 132.4
6000 14 - 18.0 53.0 14 734 .4 120.9
5000 14 - 16.9 37.6 14 634.7 92.6
4000 14 - 14.1 29.7 14 513.1 77.7
3000 14 - 13.9 25.0 14 373.9 . 53.3
2500 14 - 16.1 24.7 14 307.0 42.0
2000 13 - 10.3 17.9 13 243 .4 30.0
1500 13 - 8.2 15.3 13 177.0 28.5
1000 14 - 6.1 10.1 14 123.5 17.8
W.G.P.** 50 4 - 3.3 4.0 4 45.8 3.3
W.G.P. 35 4 - 3.3 2.8 4 33.3 2.8
1700 13 - 7.8 14.0 13 212.9 26.0
1335 13 - 6.5 12.1 13 162.3 20.4
1040 14 - 5.8 10.6 14 129.1 19.3
877 12 - 6.8 9.1 12 108.3 13.5
760 11 - 7.5 9.1 11 94.6 11.3
Threshold 11 - 4.5 3.6 11 11.7 3.9

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

Where Glide Path is 50-feet elevation.
Where Glide Path is 35-feet elevation.

*% W.G.P. 50
W.G.P. 35



TABLE H-3. DAY APPROACHES USING NO AIDS - VFR

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE STAND
(FT) SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
17000 2 =187.5 0.3 2 1114.0 302.6
16000 2 -172.0 234.8 2 1131.0 328.1
15000 4 - 63.8 123.4 4 1053.3 263.6
14000 4 - 32.5 85.6 4 1050.0 271.0
13000 6 - 9.3 61.1 6 993.8 221.3
12000 6 - 19.8 79.3 6 965.2 210.8
11000 7 - 45.0 95.9 7 896.3 169.1
10000 7 - 52.1 106.5 7 839.3 150.7
9000 8 - 57.4 123.3 8 776.1 136.5
8000 10 - 37.7 104.4 10 729.5 123.5
7000 11 - 39.1 90.6 11 656.6 139.3
6000 13 49.5 266.1 13 606.3 "139.8
5000 14 - 8.6 72.2 14 530.1 141.6
4000 16 - 24.0 37.3 16 423.3 + 105.7
3000 16 - 16.8 26.5 16 313.8 89.1
2500 16 - 15.9 22.6 16 261.6 76.3
2000 16 - 11.0 18.1 16 209.2 58.0
1500 15 - 8.2 15.3 15 148.3 42.9
1000 15 - 5.9 12.1 15 98.1 30.4
1750 16 - 7.8 15.4 16 179.3 50.2
1335 15 - 7.6 15.4 15 131.5 38.2
1040 14 - 4.7 11.6 14 100.7 32.0
877 14 - 4.1 10.6 14 84.5 27.6
760 13 - 2.8 8.8 13 75.8 23.9
Threshold 13 - 2.0 4.4 13 12.0 4.7

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.



RANGE
(FT)

17000
16000
15000
14000
13000
12000
11000
10000

9000

8000

7000

6000

5000

4000

3000

2500

2000

1500

1000

LPoxx 50
P 35
1750
1335
1040
877
760

= =
[P !

Threshold

* Negative (=) is left of
approach.

viewed from

*% W.G.P. 50
W.G.P. 35

5
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TABLE H-4. DAY APPROACHES - 4° GLIDE SLOPE USING
SKEWED APPROACH MODIL EQUIPMENT WITH FLIGHT DIRECTOR

LATERAL-DEVIATION

SAMPLE
SIZE

10
12
16
20
22
25
26
26
26
25
27
28
28
27
26
27
27
25
23
20
21
25
25
24
22
21
22

Where Glide
Where Glide

AVERAGE*
(FT)

-656.7
-553.9
-497.7
-449.9
-420.3
-374.6
-336.3
-301.9
-279.9
-241.9
-214.0
-164.9
-129.3
- 92.4
- 42.2

1
=
w
=

. -

I
= WR N PANDWEWW
:.JH-D“\J-C‘\DUJUJ\DI\JC\

STAND
DEV (FT)

243.9
223.2
279.3
205.9
159.5
89.8
69.7
77.2
70.3
58.5
35.2
50.9
44.6
28.6
21.9
25.0
19.7

[
(=)}
=]

=
W~NWO WO O
A 2 . -
NN O YUt

SAMPLE
SIZE

10
12
16
20
22
25
26
26
26
25
27
28
28
27
26
27
27
26
24
23
26
26
26
27
27
26
27

ALTITUDE
AVERAGE
(FT)

830.1
815.7
822.5
842.3
847.6
828.1
799.7
740.0
661.9
573.2
498.1
430.9
364.1
295.1
213.3
177.0
141.2
108.6

74.0

51.6

38.2
124.9

97.2

76.8

64.9

56.6

12.5

Path is 50-feet elevation.
Path is 35-feet elevation.

STAND
DEV (FT)

100.6
64.5
49.1
67.0
67.7
66.1
47.9
42.3
41.6
42.9
27.5
23.1
23.8
15.4

=
(W]
(=]

1

.

MO N~N VoUW
a\:Db\D@NmO@mOOH

centerline; positive is right of centerline
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RANGE
(FT)

17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2500
2000
1500
1000

SRR 50
35
1750
1335
1040
877
760

e~ Mla~]

Threshold

TABLE H-5.

LATERAL-DEVIATION
AVERAGE*

SAMPLE
SIZE

7

8
10
10
11
12
14
14
15
15
16
16
17
17
17
17
17
17
16
15
15
16
17
16
16
16
15

DAY APPROACHES - 6° GLIDE SLOPE USING
SKEWED APPROACH MODIL EQUIPMENT WITH FLIGHT DIRECTOR

(FT)

-1070.6

-1030.3
-1033.2

960.9
810.6
761.3
665.4
511.9
503.5
461.3
414.9
348.5
283.8
200.0
129.2

86.4

45.7

=
(=)
o

Huwnh oo bW
=OWwWORKWO~P&

STAND
DEV (FT)

921.8
573.0
271.6
193.5
219.0
116.4
93.1
80.7
89.6
95.6
103.0
69.9
58.4
48.4
46.1
25.0
26.3
25.0

=
o

.

OoOhWwunoh =~
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SAMPLE
SIZE

7

8
10
10
11
12
14
14
15
15
16
16
17
17
17
17
16
17
16
16
16
16
17
16
16
17
17

ALTITUDE
AVERAGE

(FT)

1226.0
1220.4
1212.7
1203.0
1200.0
1195.3
1282.3
1116.7
1014.6

888.5

757.7

643.4

536.5

436.5
332.7
275.4
222.3
163.0
106.1
47.8
35.7
194.1
144.6
110.9
92.1
79.2
11.2

STAND
DEV (FT)

50.2
47.5
50.2
50.0
46.1
53.3
33.8
38.9
40.1
33.8
29.1
37.4
30.2
25.4
15.6
18.5
11.8
12.2
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* Negative (-) is left of centerline; positive is right of centerline
viewed from

kk

W.G.P. 50
W.G.P. 35

approach,

Where Glide Path is 50-feet elevation.
Where Glide Path is 35-feet elevation.



TABLE H-6. DAY APPROACHES - 7.5° GLIDE SLOPE USING
SKEWED APPROACH MODIL EQUIPMENT WITH FLIGHT DIRECTOR

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE  STAND
(FT) SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
18000 3 -1400.7 217.0 3 1617.3 120.9
17000 13 -1569.8  351.2 13 1537.4 80.2
16000 17 -1330.9  438.0 17 1543.1 71.7
15000 18 -1212.2  293.3 18 1533.7 55.8
14000 20 -1183.8 162.0 20 1522.4 61.3
13000 22 -1106.2 117.5 22 1537.0 59.6
12000 24 -1024.5 127.6 24 1549.4 59.4
11000 24 - 917.4 105.9 24 1524.7 34.5
10000 25 - 845.7 91.6 25 1429.6 35.8
9000 25 - 776.5 88.2 25 1288.5 47.8
8000 26 - 688.8 79.7 26 1131.4 0 52.4
7000 26 - 597.2 64.9 26 974.3 52.3
6000 26 - 492.5 55.8 26 819.8  42.2
5000 26 - 393.6 62.5 26 681.3 34.9
4000 26 - 297.5 42,8 26 542.2 20.5
3000 26 - 205.2 29.9 26 408.2 13.1
2500 26 - 150.1 28.5 26 341.2 10.5
2000 26 - 104.6 28.1 26 276.7 8.2
1500 23 - 62.1 28.6 23 208.0Q 11.7
1000 24 - 13.8 23.9 24 142.3 13.7
W.G.P,** 50 24 1.9 9.4 24 52.0 8.8
W.G.P. 35 24 0.3 6,9 24 38.8 8.1
1750 25 - 86.0 27.7 25 241.6 11.0
1335 21 - 47.0 28.4 23 186.2 12.3
1040 24 - 16.4 25.4 26 147.5 12.1
877 24 - 6.2 19.4 26 126.0 12.8
760 24 0.8 16.Q 27 109.5 10.9
Threshold 24 - 1.2 4.7 28 14.9 6.0

* Negative (=) is left of centerline; positive is right of centerline
viewed from approach.

Where Glide Path is 50-feet elevation.
Where Glide Path is 35-feet elevation.

** W.G.P. 50
W.G.P. 35



TABLE H-7.

DAY APPROACHES - 4° GLIDE SLOPE USING SKEWED

APPROACH MODIL EQUIPMENT WITHOUT FLIGHT DIRECTOR

LATERAL-DEVIATION

RANGE SAMPLE AVERAGE#*
(FT) SIZE (FT)

17000 8 - 570.0

16000 11 - 672.3

15000 13 - 588.,2

14000 17 - 522.7

13000 20 - 558.9

12000 20 - 469.9

11000 20 - 440.1

10000 20 - 414.1

9000 22 - 378.1

8000 22 - 316.0

7000 22 - 245.0

6000 22 - 208.0

5000 22 - 165.0

4000 22 - 110.9

3000 21 - 64.9

2500 20 - 49.7

2000 21 - 26.0

1500 21 - 7.0

1000 21 - 2.5
W.G.P.*%% 50 21 - 1.2
W.G.P, 35 21 - 1.2
1750 22 - 13.7

1335 21 - 5.7

1040 21 - 3.1

877 21 - 1.4

760 21 - 1.4
Threshold 21 0.1

* Negative (-) is left of
viewed from approach.

STAND
DEV (FT)

267.6
302.9
239.7
251.9
276.2
148.5
145.3
126.5
80.1
89.0
82.9
85.1
63.3
44.5
34.1
40.5
41.9
33.8
20.5
10.9

HENDww
WMNRDAIN O

. .

LN O HEHKEOWY

SAMPLE

SIZE

8
12
15
17
20
20
20
20
22
22
22
22
22
22
21
20
21
22
22
22
22
22
22
22
22
22
22

ALTITUDE
AVERAGE

(FT)

824.8
837.8
822.8
814.7
806.3
808.8
775.2
731.6
666.4
586.1
518.7
453.6
381.3
306.3
230.9
191.7
147.5
109.5

74.5

50.8

37.2
126.8

98.7

77.5

65.3

56.5

10.3

STAND
DEV (FT)

48.7
69.3
67.2
59.4
74.3
58.8
44 .4
44.0
37.5
33.4
37.0
31.4
31.8
19.1
14.7

centerline; positive is right of centerline

.G.P. 50 = Where Glide Path is 50-feet elevation.
= Where Glide Path is 50-feet elevation.



TABLE H-8.

RANGE
(FT)

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2500

2000

1500

1000

W.G.P.** 50

W.G.P. 35

1750

1335

1040

877

760
Threshold

* Negative (=) is left of
approach.

viewed from

k%

nn

W.G.P. 50
W.G.P. 35

LATERAL-DEVIATION

SAMPLE
SIZE

1

4

6

9
13
15
16
16
17
18
17
17
18
17
18
18
18
18
17
17
15
15
17
16
16
16
16
15

Where Glide
Where Glide

DAY APPROACHES - 6° GLIDE SLOPE USING SKEWED
APPROACH MODIL EQUIPMENT WITHOUT FLIGHT DIRECTOR

AVERAGE*
(FT)

- 615.0
- 960.5
-1053.7
- 865.7
- 873.1
- 821.5
- 730.3
- 626.8
- 579.2
- 531.9
- 497.8
- 440.7
- 347.4
- 255.2
- 216.3
- 142.8
- 110.4
- 80.8
- 3

- -
WHKFEOMWMWLWLWOo O

1
w
oO~NwVOw~NMPULOOoOONN

STAND

DEV (FT)

0.
253.3
127.8
382.3
186.7
137.6
119.1
117.0

98.5
100.2
81.3
73.0
57.4
39.0
52.3
64.1
48.8
39.7
41.4

= RN N W ]
FOOUNNONYO R
« s 8 s 8 e e

oo JNe-BLE RN VLI UL L Sl i

. e

H-8

SAMPLE
SIZE

1

4

6
10
13
15
16
16
17
18
17
17
18
17
18
18
18
18
17
18
18
17
17
17
18
18
18
18

Path is 50-feet elevation.
Path is 35-feet elevation.

ALTITUDE

AVERAGE
(FT)

1255.0
1170.8
1185.5
1220.2
1193.7
1207.7
1200.9
1196.3
1112.8
1009.6
894.5
776.4
663.7
556.5
450.1
337.8
278.1
226.7
164.2
112.6
49.3
35.4
197.2
151.2
117.3
96.8
82.1
11.3

STAND
DEV (FT)

0.
59.0
33.7
57.8
66.5
70.1
48.4
47.9
36.3
57.3
55.5
51.7
44.7
33.9
18.7
15.5
17.3
15.2
14.6
12.9
10.8
5.5
14.3
10.2
13.5
10.9
9.5
2.9

centerline; positive is right of centerline



RANGE
(FT)

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2500

2000

1500

1000

W.G.P.*% 50

W.G.P. 35

1750

1335

1040

877

760
Threshold

* Negative (-) is left of

TABLE H-9.

DAY APPROACHES - 7.5° GLIDE SLOPE USING SKEWED
APPROACH MODIL EQUIPMENT WITHOUT FLIGHT DIRECTOR

LATERAL-DEVIATION
AVERAGE* STAND

SAMPLE
SIZE

1
10
12
14
16
18
18
18
19
20
20
20
20
20
19
19
20
20
19
20
18
18
20
17
19
20
20
17

viewed from approach.

*% W.G.P. 50
W.G.P. 35

Where Glide
Where Glide

(FT)

-1813.0
-1510.0
-1437.2
-1361.9
-1272.3
=-1214,2
-1141.3
-1094.7
-1000.0
- 860.3
- 751.2
- 659.2
- 568.0
- 420.0
- 311.2
- 237.3
- 196.1
- 143.5
- 82.7

I
]
w

I
[
.

i
R
FNNOoO O WN

. = 0w

~NWOWH O~

DEV (FT)

0.
263.3
255.7
248.3
238.2
188.2
149.2
150.4
137.9
132.5
103.8

77.0
84.3
69.7
55.5
37.3
34.9
26.5
30.0
29.6
12.4
11.7
24,4
29.6
27.7
22.7
21.0

5.7

SAMPLE

SIZE

1
10
12
14
16
18
18
18
19
20
20
20
20
20
19
19
20
20
19
20
18
18
20
18
20
21
21
18

Path is 50-feet elevation.
Path is 50-feet elevation.

ALTITUDE
AVERAGE

(FT)

1574.0
1570.4
1573.8
1569 .4
1557.3
1550.4
1553.6
1514.3
1400.7
1259.6
1119.3
984.3

844.0

695.3
552.7
420.2
352.1
279.6
213.9
142.7

50.1

38.1
244.6
190.8
148.3
125.5
108.0

13.7

STAND
DEV (FT)

0.

89.5
97.1

105.1
90.3
79.4
66.1
41.9
36.9
43.4
47.5
39.6
38.1
32.8
21.0
13.5
16.8

=
N
X}

.

SO Ww oo o\ oo O W
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centerline; positive is right of centerline



TABLE H-10. DAY APPROACHES - 6.0° GLIDE SLOPE USING
CENTERLINE GUIDANCE TALAR EQUIPMENT WITH
FLIGHT DIRECTOR

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE STAND
17000 5 122.0 84.3 7 1342.2 173.5
16000 8 106.5 133.9 8 1278.0 149.2
15000 12 74.3 78.1 12 1257.8 99.5
14000 14 77.6 93.0 14 1226.8 70.9
13000 18 90.0 166.8 18 1209.8 57.4
12000 18 41.3 58.4 18 1198.7 52.1
11000 18 49.2 78.8 18 1150.1 66.0
10000 17 33.0 55.2 17 1062.4 81.8
9000 20 29.6 86.0 20 960.4 88.4
8000 20 24.2 50.6 20 841.0 57.9
7000 19 5.6 46.8 19 717.7 - 33.4
6000 19 4.8 40.0 19 606.7 30.8
5000 19 4.1 20.5 19 497.8 28.6
4000 18 5.8 29.0 18 396.7 24.0
3000 19 4.6 41.3 19 300.9 21.9
2500 19 - 0.1 25.5 19 249.6 21.9
2000 19 1.6 25.4 19 194.6 16.4
1500 19 4.1 40.8 19 141.7 13.1
1000 19 - 3.8 24.3 19 90.4 11.3
W.G.P.*% 50 18 - 5.9 15.5 18 51.0 9.2
W.G.P. 35 19 - 3.1 9.5 19 39.9 8.1
1750 19 5.3 38.3 19 165.4 16.4
1335 19 0.9 37.9 19 124.6 12.6
1040 19 - 3.6 26.1 19 94.3 11.5
877 19 - 3.7 19.4 19 78.6 11.1
760 19 - 4.0 15.5 19 67.2 10.6
Threshold 18 - 0.4 4.9 18 10.4 3.2

* Negative (=) is left of centerline; positive is right of centerline
viewed from approach.

*% W.G.P. 50 = Where Glide Path is 50-feet elevation.
W.G.P. 35 Where Glide Path is 35-feet elevation.

1]
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TABLE H-11. DAY APPROACHES - 7.5° GLIDE SLOPE USING
CENTERLINE APPROACH TALAR EQUIPMENT WITH
FLIGHT DIRECTOR

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE  STAND
(FT) SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
17000 8 153.4 189.4 8 1483.8 78.2
16000 10 131.7 153.6 10 1498.8 76.4
15000 15 143.0 136.0 15 1502.9 85.4
14000 16 134.1 152.7 16 1488.9 87.3
13000 18 63.2 168.5 18 1491.8 65.4
12000 14 62.9 151.5 14 1496.2 53.6
11000 16 93.4 115.2 16 1443.0 71.7
10000 16 76.8 102.5 16 1363.9 69.5
9000 17 7.1 114.7 17 1219.9 80.1
8000 19 - 22.7 99.5 19 - 1078.6 "55.5
7000 19 8.6 74.6 19 916.9 41.6
6000 19 30.2 57.5 19 760.6 -+ 45.7
5000 19 9.5 53.2 19 623.0 37.7
4000 19 2.9 45.7 19 499.2 30.6
3000 19 7.3 73.7 19 371.1 21.8
2500 19 3.3 35.8 19 310.7 21.4
2000 19 0.1 32.8 19 247 .4 18.0
1500 17 - 1.1 20.7 17 185.9 18.7
1000 19 - 5.4 20.6 19 117.7 13.5
W.G.P.**% 50 18 - 7.3 12.3 19 57.2 11.8
W.G.P. 35 18 - 6.3 10.8 18 45.8 10.3
1750 19 3.4 26.1 19 217.5 17.7
1335 17 - 2.8 22.1 17 161.9 18.3
1040 19 - 4.3 21.5 19 122.9 14.0
877 18 - 6.5 18.4 19 101.8 12.0
760 18 - 7.3 16.5 19 87.2 11.6
Threshold 18 - 3.7 6.0 19 12.5 4.8

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

*% Where Glide Path is 50-feet elevation.

Where Glide Path is 35-feet elevation.

o

W.G.P.
W.G.P.

50
. 35

H-11



RANGE
(FT)

17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2500
2000
1500
1000
PLER 50
P. 35
1750
1335
1040
877
760
Threshold

* Negative (-) is left of
viewed from approach.

** WUGIPO
W.G.P

50
P. 35

TABLE H-12.

LATERAL-DEVIATION

SAMPLE
SIZE

6
10
12
13
14
15
15
15
17
17
16
17
18
18
17
18
17
18
18
18
18
17
18
18
19
18
18

Where Glide
Where Glide

DAY APPROACHES - 6.0° GLIDE SLOPE USING
CENTERLINE APPROACH TALAR EQUIPMENT WITHOUT
FLIGHT DIRECTOR

" AVERAGE*
(FT)

. . -

I
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1
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1
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1
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I
HERE
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STAND
DEV (FT)

211.7
258.9
186.0
194.5
142.2
109.2
76.7
88.7
106.9
96.0
58.6
101.9
61.3
59.5
45.9
39.3
26.1

SAMPLE

SIZE

6
10
12
13
14
15
15
15
17
17
16
17
18
18
17
18
17
18
18
18
18
17
18
18
18
18
18

Path is 50-feet elevation.
Path is 35-feet elevation.

ALTITUDE
AVERAGE

(FT)

1206.0
1192.3
1193.8
1197.1
1198.1
1188.4
1139.6
1057.3

941.2

815.8

705.3 .

602.3
511.8
412.8
306.6
256.6
201.6
152.4
98.0
59.4
47.0
177.5
133.1
102.2
86.1
74.2
11.4

STAND
DEV (FT)

36.5
46.1
48.7
41.4
45.0
43.9
75.2
72.6

- 58.0

55.7
54.5
45.4
28.9
24,0
24.5
23.2
19.8
19.4
17.7
11.6

9.3
20.3
19.4
18.4
16.1
14.3

2.8

centerline; positive is right of centerline



RANGE
(FT)

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2500

2000

1500

1000

W.G.P.*% 50

W.G.P. 35

1750

1335

1040

877

760
Threshold

* Negative (-) is left of

TABLE H-13.

CENTERLINE APPROACH TALAR EQUIPMENT WITHOUT

LATERAL-DEVIATION

SAMPLE
SIZE

1
10
14
18
20
17
18
18
18
20
22
23
24
24
24
24
24
23
20
20
22
20
22
20
20
21
21
22

DAY APPROACHES - 7.5° GLIDE SLOPE USING

FLIGHT DIRECTOR

AVERAGE* STAND
(FT) DEV (FT)
88.0 0.
41.4 172.3
39.7 166.5
23.7 167.7
44,4 152.6
48.4 139.0
31.3 147.7
- 4.3 115.6
- 8.4 89.3
- 3.5 59.2
-18.4 69.3
-33.8 73.0
-23.3 60.7
-23.7 47.8
-20.4 65.3
-16.8 50.8
-15.3 50.9
-10.6 48.6
2.6 46.1
2.1 42.7
- 0.1 15.9
- 0.2 11.6
- 7.7 46.5
4.0 46.0
2.7 43.9
- 0.2 37.1
- 1.0 30.4
1.7 6.4

viewed from approach.

*% W.G.P,
W.G.P

50
. 35

G.
G.

Where Glide
Where Glide

SAMPLE
SIZE

1
10
14
18
20
17
18
18
18
20
22
23
24
24
24
24
24
24
22
22
24
21
23
22
22
23
23
24

ALTITUDE
AVERAGE
(FT)

1543.0
1566.6
1545.3
1539.2
1551.9
1526.9
1484.6
1404.2
1300.6
1167.8
1029.5

897.1

766 .4
642.0
511.0
386.9
325.1
254.3
185.3
120.9
63.1
49.5
219.0
164.5
126.2
106.0
91.9
12.8

Path is 50-feet elevation.
Path is 35-feet elevation.

H-13

STAND
DEV (FT)

0.
43.4
80.0
61.1
58.5
72.0
96.2

105.4
111.7
103.7
87.1
74.3
65.9
47.9
52.7
39.5
34.4
27.8
24,2
17.6
13.9
12.1
24.8
22.5
18.2
16.1
14.6
5.4

centerline; positive is right of centerline



RANGE
(FT)

17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2500
2000
1500
1000
P.*%% 50
P, 35
1750
1335
1040
877
760
Threshold

LATERAL-DEVIATION

SAMPLE
SIZE

4

6

7
11
12
12
12
12
12
12
12
12
12
12
12
12
12
11
10

8

9
11
10
10
10
10
10

DAY APPROACHES - 7.5° GLIDE SLOPE USING
CENTERLINE APPROACH TALAR EQUIPMENT WITHOUT

FLIGHT DIRECTOR (IFR WITH VASI)

AVERAGE*
(FT)

I I
b
. s =

I
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[ T T O B
=
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STAND

DEV (FT)

417.7

249.8
131.5
150.0
178.6
163.0
109.0
89.2
86 .4
93.1
69.6
51.0
51.8
71.5
44.6
41,2
31.1
21.8
29.8
24.2
17.9
28.5
21.7
28.6
31.8
30.6

8.1

SAMPLE
SIZE

4
6
7

11

12

12

12

12

12

12

12

12

12

12

12

12

12

12

11

10

11

12

12

12

11

11

11

ALTITUDE
AVERAGE

(FT)

1642.5
1594.5
1573.4
1543.5
1526.6
1512.5
1433.3
1314.5
1185.8
1052.8

912.4

784.8

645.5
510.4
384.1
322.2
260.4
193.3
129.1

64.7

50.5
226.8
175.1
137.4
111.7

95.8

10.4

STAND
DEV (FT)

99.0
124 .4
142.1
115.6

75.1

61.3

55.4

72.3

73.0

57.9

52.4

53.0

56.2

48.7

35.8

31.0

25.8

25.7

13.2

11.7

10.4

25.4

21.0

15.8

10.6

8.6
3.4

* Negative (-) is left of centerline; positive is right of centerline

viewed from approach.

Kk 0

W.G.P, 5
W.G.P. 35

= Where Glide Path is 50-feet elevation.
= Where Glide Path is 35-feet elevation.

H-14



TABLE H-15. DAY MISSED APPROACH - 4.0° GLIDE SLOPE USING SKEWED
APPROACH - MODIL EQUIPMENT AND STRAIGHT DEPARTURE -

ALL ENGINES
LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE STAND
(FT) SIZE - (FT) DEV (FT) SIZE (FT) DEV (FT)
18000 2 -1199.5 1099.6 2 868.5 92.6
17000 6 - 482.8 245.5 6 889.0 132.3
16000 8 - 481.5 173.0 8 883.1 126.5
15000 10 - 507.7 206.7 10 875.6 110.6
14000 13 - 445.8 221.1 13 860.1 94.1
13000 14 - 459.5 159.9 14 851.1 73.2
12000 15 - 439.9 114.2 15 831.9 66.5
11000 15 - 386.1 88.6 15 795.9 42.4
10000 15 - 353.7 69.4 15 733.4 44.3
9000 15 - 347.1 75.5 15 659.3 - 34.5
8000 16 - 296.5 82.7 16 591.8 37.3
7000 16 - 245.9 56.7 16 509.8 30.1
6000 16 - 182.6 55.6 16 437.4 20.9
5000 16 - 149.4 47.2 16 360.6 22.4
4000 16 - 89.1 41.4 16 296.0 15.7
ALTITUDE RANGE#**
(FT) (FT)
200 16 - 43.9 37.8 16 2759.1 157.6
Low Point 16 - 8.1 29.9 16 1863.1 274.1
200 16 7.6 47.3 16 1277.2 342.9
300 16 4.9 80.8 16 575.5 553.5
400 15 19.1 136.0 15 - 171.4 594.1
500 15 7.7 223.0 15 -1137.3 843.5
600 15 27.9 311.8 15 -2050.1 892.4
700 15 63.4 377.0 15 -2742.5 863.4
800 15 106.1 463.8 15 -3349.7 836.9
900 14 230.0 512.8 14 -3852.4 356.0
1000 5 59.5 840.6 5 -4170.2 1829.6
Power
Event 157 14 - 16.7 30.1 14 2089.3 314.2

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

** Negative (=) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE H-16. DAY MISSED APPROACH - 7.5° GLIDE SLOPE USING SKEWED
APPROACH MODIL EQUIPMENT AND STRAIGHT DEPARTURE -
. ALL ENGINES

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE  AVERAGE* STAND SAMPLE AVERAGE STAND
(FT) SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
17000 3 -1396.0 410.8 3 1616.3 37.8
16000 6 -1432.8 296.8 6 1603.7 75.8
15000 6 -1364.8 318.1 6 1590.7 55.9
14000 7 -1335.4 290.8 7 1584.9 50.2
13000 9 -1256.0 260.0 9 1536.8 63.7
12000 10 -1194.2 241.0 10 1535.9 58.7
11000 10 -1121.2 187.1 10 1521.5 58.6
10000 11 - 964.8 162.9 11 1411.0 47.3
9000 12 - 844.5 139.9 12 1283.8 54.2
8000 11 - 729.1 148.7 11 1136.1 - 45.8
7000 12 - 662.0 124.2 12 994,2 35.3
6000 13 - 593.6 97.1 13 840.7 31.4
5000 14 - 465.6 84.4 14 699.0 22.6
4000 14 - 339.5 68.5 14 556.5 25.5
ALTITUDE RANGE#**
(FT) (FT)
200 14 - 60.4 39.7 14 1432.4 86.7
Low Point 14 - 0.9 66.7 14 652.9 218.3
200 14 33.4 59.7 14 - 174.4 497.2
300 14 38.6 108.7 14 - 866.4 528.9
400 14 45.6 153.5 14 -1496 .4 556.1
500 14 27.4 220.6 14 -2441.6 899.6
600 14 39.5 261.7 14 -3072.1 908.2
700 14 58.9 304.1 14 -3731.5 861.6
800 14 83.5 361.5 14 -4347.0 983.4
900 10 175.9 334.6 10 - 487.2 1173.5
1000 1 217.0 0. 1 -4419.0 0.
Power
Event 142 14 - 19.6 49.6 14 905.5 282.5

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

**% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE H-17. DAY MISSED APPROACH - 4.0° GLIDE SLOPE USING SKEWED
APPROACH - MODIL EQUIPMENT AND TURNING DEPARTURE -

ALL ENGINES
LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE STAND
(FT) SIZE © (FT) DEV (FT) SIZE (FT) DEV (FT)
17000 4 - 567.8 220.4 4 854.4 11.7
16000 5 - 677.2 120.9 5 824.4 23.5
15000 8 - 690.5 230.9 8 816.9 30.2
14000 9 - 655.0 162.3 9 814.2 36.1
13000 11 - 581.0 156.3 11 813.9 38.1
12000 13 - 496.5 152.9 13 812.2 49.0
11000 14 - 392.6 142.7 14 794.6 60.9
10000 14 - 356.4 145.1 14 744.1 31.2
9000 14 - 317.4 136.8 14 673.8 46 .3
8000 14 - 289.7 124.0 13 608.6 - 76.2
7000 13 - 259.0 104.2 13 528.7 76 .9
6000 15 - 220.9 71.2 15 455.9 56.3
5000 15 - 153.8 63.1 15 380.1 43,7
4000 15 - 100.6 74 .0 15 300.6 45.6
ALTITUDE RANGE**
(FT) (FT)
200 15 - 42.5 39.4 15 2733.3 254.8
Low Point 15 2.7 42.3 15 1935.6 311.3
200 15 6.5 92.1 15 1354.3 474.7
300 15 25.8 135.2 15 621.4 691.4
400 16 172.6 239.8 16 - 298.7 897.9
500 14 856.5 708.3 14 -1109.5 832.2
600 14 1679.7 854.0 14 -1540.9 747.3
700 13 2456 .6 909.8 13 -1567.0 826.1
800 13 3116.2 1147.6 13 -1258.8 1054.5
900 11 3674.0 1247.2 11 - 702.2 1555.9
1000 6 4331.7 1065.2 6 - 290.2 1595.9
Power
Event 161 15 - 13.9 3.7 15 2143.0 320.0

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

%% Negative (=) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE H-18. DAY MISSED APPROACH - 7.5° GLIDE SLOPE USING SKEWED
APPROACH - MODIL EQUIPMENT AND TURNING DEPARTURE -

ALL ENGINES
LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE STAND
(FT) SIZE - (FT) DEV (FT) SIZE (FT) DEV (FT)
17000 4 -1277.0 1037.2 4 1585.8 105.1
16000 5 -1288.0 628.2 5 1536.2 97.0
15000 5 -1151.8 491.3 5 1536.0 90.5
14000 8 -1195.4 299.3 8 1550.9 87.6
13000 8 -1161.8 212.2 8 1558.0 81.2
12000 12 -1033.3 210.6 12 1534.0 88.0
11000 14 - 948.5 160.0 14 1502.9 94 .4
10000 14 - 871.4 116.7 14 1395.4 89.7
9000 14 - 786.2 126.8 14 1252.1 . 83.3
8000 14 - 697.2 128.6 14 1105.4 69.8
7000 14 - 604.6 107.1 14 953.6 | 59.5
6000 14 - 489.0 79.6 14 814.0 54.1
5000 14 - 385.3 84.9 14 669 .6 48.7
4000 14 - 303.1 67.9 14 540.8 35.6
ALTITUDE RANGE**
(FT) (FT)
200 14 - 121.6 101.5 14 - 121.6 352.2
Low Point 14 5.1 34.6 14 5.1 179.0
200 14 67.6 56.8 14 67.6 360.2
300 14 125.4 137.6 14 125.4 497.9
400 14 272.5 228.1 14 272.5 635.2
500 14 892.1 512.6 14 892.1 728.2
600 14 1610.1 643.4 14 1610.1 822.8
700 14 2278.3 814.3 14 2278.3 1191.6
800 13 2909.3 839.4 13 2909.3 1443.8
900 9 3876.2 851.7 9 3876.2 1336.7
1000 3 5177.0 1138.6 3 517.7 773.4
Power
Event 143 14 - 6.4 45.9 14 - 6.4 333.1

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

#% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE H-19. DAY MISSED APPROACH WITH ONE ENGINE OUT - 7.5° GLIDE
SLOPE USING SKEWED APPROACH MODIL EQUIPMENT AND
STRAIGHT DEPARTURE - ONE ENGINE INOPERATIVE

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE STAND
(FT) SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
17000 1 -1265.0 0. 1 1528.0 0.
16000 4 -1537.0 389.3 4 1573.0 59.6
15000 5 -1400.0 329.0 5 1538.0 87.3
14000 6 -1267.5 338.8 6 1528.3 87.0
13000 8 -1281.3 219.4 8 1506.0 82.3
12000 9 -1194.6 152.7 9 1498.3 62.4
11000 9 -1080.2 83.0 9 1464.6 63.2
10000 9 - 957.4 98.9 9 1359.3 56.7
9000 9 - 850.2 107.0 9 1231.3 55.7
8000 8 - 761.0 91.3 8 1081.1 - 48.2
7000 8 - 631.8 96.9 8 944 .1 37.6
6000 9 - 502.7 125.5 9 801.3. 26.0
5000 9 - 401.4 133.1 9 684.4 28.4
4000 9 - 315.8 111.3 9 557.1 18.9
ALTITUDE RANGE*#*
(FT) (FT)
200 9 - 81.6 39.4 9 1462.8 105.2
Low Point 9 19.2 106.7 9 375.7 528.8
200 9 124.8 293.3 9 -3007.6 2076 .7
300 9 160.6 317.5 9 -5355.9 2319.2
400 9 301.3 349.6 9 -7305.0 2910.0
500 9 445.0 425.2 9 -9140.0 3511.9
600 8 663.0 535.5 8 -10358.4 3970.3
700 4 597.0 266.9 4 -10530.5 5106.3
800 4 745.0 153.0 4 -10701.3 5639.8
900 3 960.7 123.5 3 -11558.0 7928.6
Power
Event 146 8 - 39.4 41.3 8 944 .5 200.5

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

*% Negative (=) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE H-20. DAY MISSED APPROACH WITH ONE ENGINE OUT - 7.5° GLIDE
SLOPE USING SKEWED APPROACH MODIL EQUIPMENT AND
TURNING DEPARTURE - ONE ENGINE INOPERATIVE

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE#* STAND SAMPLE AVERAGE STAND
(FT) SIZE - (FT) DEV (FT) SIZE (FT) DEV (FT)
17000 6 - 785.7 836.3 6 1553.3 77.0
16000 8 -1007.0 706.6 8 1542.8 72 .4
15000 8 - 957.5 639.8 8 1546.0 80.0
14000 10 - 899.1 569.7 10 1551.5 78.1
13000 10 -1028.1 621.6 10 1479 .6 197.0
12000 12 - 876.3 431.1 12 1546.3 71.4
11000 12 - 818.8 422.7 12 1527.4 39.8
10000 14 - 768.7 338.2 14 1416 .4 45.8
9000 14 - 704.6 288.8 14 1274 .4 56.9
8000 13 - 615.2 298.8 13 1115.5 = 48.9
7000 13 - 529.3 13.0 13 969.8 32.0
6000 13 - 448.7 219.0 13 853.2 23.8
5000 14 - 372.6 190.8 14 693.7 22.1
4000 14 - 270.0 144 .8 14 556.1 23.7
ALTITUDE RANGE#*#*
(FT) (FT)
200 14 - 58.6 54.5 14 1458.6 117.1
Low Point 14 19.6 60.8 14 331.1 385.8
200 14 261.9 348.9 14 -3037.8 1942.4
300 14 602.6 620.9 14 -5315.6  2147.9
400 14 1751.8 1239.5 14 -7224.6 2441.6
500 13 3229.2 1721.7 13 -7270.5 3226.4
600 8 3878.6 2171.8 8 -6892.5 3538.8
700 7 4817.0 2368.5 7 -6039.3 4362.4
800 5 5072.0 3061.5 5 -5873.6 4899.6
900 1 3396.0 0. 1 -4261.0 0.
1000 1 4055.0 0. 1 -4043.0 0.
Power
Event 139 14 3.8 59.8 14 - 842.6 329.1

% Negative (=) is left of centerline; positive is right of centerline
viewed from approach.

#% Negative (-) is the distance down the runway from threshold; positive
is the distance before the runway threshold.
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TABLE I-1. NIGHT APPROACHES - USING ALL AVAILABLE AIDS,
18000 FEET TO THRESHOLD (VFR)

LATERAL-DEVIATION
RANGE SAMPLE AVERAGE* STAND

(FT) SIZE . (FT) DEV (FT)
18000 1 -1655.0 0.
17000 4 -1109.8 853.1
16000 5 - 828.0 813.7
15000 5 - 675.7 719.3
14000 7 - 567.2 561.7
13000 9 - 337.9 601.7
12000 12 - 243.6  483.2
11000 15 - 177.3  411.3
10000 19 - 155.3 332.8
9000 21 - 175.1  271.3
8000 23 - 136.4  252.2
7000 25 - 107.1  218.3
6000 26 - 56.2 179.8
5000 28 - 25.4 147.6
4000 29 - 28.1 106.4
3000 29 - 20.7 61.9
2500 29 - 13.4 44,1
2000 29 - 5.5 31.5
1500 27 0.6 18.9
1000 27 3.5 11.1
W.G.P.** 50 29 0.9 7.2
W.G.P. 35 30 0.4 6.6
1750 28 - 1.2 25.1
1335 26 3.0 15.8
1040 27 3.6 11.3
877 29 2.9 9.6
760 29 1.9 8.7
Threshold 29 - 1.2 5.3

* Negative (-) is left of
viewed from approach.

*% Where Glide

Where Glide

mon

W.G.P. 50
W.G.P. 35

SAMPLE
SIZE

O~ unun -~

12
15
19
21
23
25
26
28
29
29
29
29
27
27
29
30
28
25
27
29
29
29

ALTITUDE
AVERAGE

(FT)

1169.0
1314.5
1220.0
1213.0
1341.3
1261.2
1265.1
1158.0
1076.4
1021.7
949.4
895.8
800.7
677.4
539.0
399.6
332.8
266.2
201.0
130.8
56.8
45.1
234.7
177.4
136.5
115.2
99.4
16.5

STAND
DEV (FT)

0.
337.6
353.7
360.2
359.1
356.3
348.9
313.4
252.0

190.2
129.2
105.1

73.4
55.7
44,8
35.5
31.0
27.3
23.1
19.4
12.4
11.2
24.7
22.2
19.7
18.2
16.8

6.9

centerline; positive is right of centerline

Path is 50-feet elevation.
Path is 35-feet elevation.
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TABLE I-2.

RANGE
(FT)

17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2500
2000
1500
1000
50
35
1750
1335
1040
877
760
Threshold

W.G.P, %%
W.G.P

NIGHT APPROACHES - USING VASI ONLY,

17000 FEET TO THRESHOLD (VFR)

LATERAL-DEVIATION

SAMPLE
SIZE

Oy pPLNNODEFEEFRFREF

12

AVERAGE#*
- (FT)

141.0
115.0
129.0
156.0
-533.6
-475.0
-225.0
-150.6
- 47.6
- 39.6
- 34.8

w
<o
(O8]

. . . .

HFP,oOoOUUULNDWRDWOL U O
VMUY WResENYOHEONO

STAND
DEV (FT)

0.
0.
0.
0.
1028.8
958.8
603.8
337.0
189.3
155.3
160.0
159.3
156.1
106.5
75.5
61.5

42.2
23.6

=
W

=W
L~ OOy Oy
- ® ® & ® = =

coURE=E L Oyl =

.

SAMPLE
SIZE

(V=R U S R e

12
12
14
14
14
14
15
15
14

8

8
15
13
14
15
15
14

ALTITUDE
AVERAGE
(FT)

1690.0
1674.1
1654.0
1671.0
1624.0
1599.0
1372.0
1174.0
996.4
918.6
859.0
775.0

642.0 -

515.1
383.6
317.9
253.7
194.4
128.9

49.6

38.3
224.1
171.0
134.1
113.3

98.6

14.7

STAND
DEV (FT)

0.
0.
0.
0.
69.

3
45.3
306.3
355.7
257.7
184.6
“134.5
122.5
105.0
79.4
57.9
47.4
36.1
28.7
18.8
9.3
8.3
32.6
26.4
19.7
15.7
13.4
4.0

* Negative (-) is left of centerline; positive is right of centerline

viewed from approach.

*% W.G.P. 50
W.G.P. 35

Where Glide Path is 50-feet elevation.
Where Glide Path is 35-feet elevation.
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TABLE I-3. NIGHT APPROACHES - USING NO AIDS,
17000 FEET TO THRESHOLD (VFR)

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE STAND
(FT) SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)

17000 1 -77.0 0. 1 857.0 0.

16000 1 -47.0 0. 1 851.1 0.
15000 2 -41.0 1.0 2 932.5 142.1
14000 4 -40.3 36.3 4 920.3 74.6
13000 6 -182.2 302.4 6 931.2 67.7
12000 6 -98.7 215.0 6 922.2 79.8
11000 7 -25.4 136.6 7 916.3 73.5
10000 9 -23.8 103.1 9 902.2 62.4
9000 9 6.1 82.6 9 895.8 73.6
8000 11 - 9.6 90.9 11 828.2 "116.2
7000 13 6.2 77.4 13 780.4 135.9
6000 15 - 3.3 71.9 15 676.2 - 122.3
5000 15 - 7.3 62.9 15 567.1 102.3
4000 16 8.4 89.9 16 450.1 79.6
3000 16 - 1.3 34.3 16 334.6 58.4
2500 16 -1.3 26.5 16 278.4 48.9
2000 14 0.9 23.9 14 220.4 51.8
1500 15 2.3 12.8 15 166.7 30.2
1000 16 2.4 8.6 16 109.5 20.9
W.G.P.**% 50 2 - 2.5 2.1 2 47.0 8.5
W.G.P. 35 2 - 1.0 1.4 2 37.0 7.1
1750 14 3.4 16.9 14 198.4 34.8
1335 15 2.9 11.8 15 147.9 26.6
1040 15 2.1 9.3 15 115.7 21.5
877 16 3.3 8.2 16 96.1 18.1
760 16 2.8 7.9 16 83.9 16.3
Threshold 17 - 0.3 6.5 17 14.5 4.8

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

k% Where Glide Path is 50-feet elevation.

G.
G. Where Glide Path is 35-feet elevation.

50
35

W.G.P.
W.G.P.



RANGE
(FT)

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2500

2000

1500

1000

W.G.P**, 50

W.G.P. 35

1750

1335

1040

877

760
Threshold

* Negative (-) is left of

TABLE I-4.

LATERAL-
SAMPLE
SIZE

1

8
11
14
16
15
16
17
19
19
18
18
18
18
17
18
17
18
18
18
17
18
17
17
15
15
15
15

viewed from approach.

** W.G.P. 50
W.G.P. 35

nn

Where Glide
Where Glide

NIGHT APPROACHES - 4° GLIDE SLOPE, SKEWED

GUIDANCE WITH FLIGHT DIRECTOR

DEVIATION
AVERAGE*

- (FT)

3968.0
- 618.9
- 533.3
- 496.6
- 454.4
- 422.1
- 388.1
- 359.9
- 337.1
- 304.3
- 254.2
- 225.4
- 181.5
- 129.3
- 90.6
- 53.4

I
e}
£~

(O
NFEORKRRRNDWN
. . .

OrHUVEEPFONODD S WY

.

STAND
DEV (FT)

0.
149.9
114.9

75.4
64.2
83.0
58.1
60.0
94.9
87.5
61.8
39.0
32.5
30.3
21.1
17.0
21.1
21.9
14.8
19.4
28.6
92.3
12.5
12.3

9.2
10.
1

.

D w o
Moo

1-4

SAMPLE
SIZE

1

8
10
14
16
15
16
17
19
19
18
18
18
18
17
18
17
18
18
18
17
18
18
18
18
18
18
20

Path is 50-feet elevation.
Path is 35-feet elevation.

ALTITUDE
AVERAGE

(FT)

794.0
816.4
811.3
793.1
789.5
783.8
797.9
791.0
744.3
675.6
593.3
521.7
441.4
363.8
289.9
217.7
181.1
146.3
117.8

81.0

57.5

42.9
134.0
105.8

83.9

71.9

63.3

12.3

STAND
DEV (FT)

0.
30.9
30.7
49.1
39.7
31.5
30.2
24.4
23.8
21.9
24,7
21.3
12.9

.

= s
[y

- . = ® 3 =
o~YouULoOoOouUuun e gOYUOhiw o

= =
N0~y O O~ O0H -\

. .

centerline; positive is right of centerline



RANGE
(FT)

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2500

2000

1500

1000

W.G.P,%% 50

W.G.P. 35

1750

1335

1040

877

760
Threshold

* Negative (=) is left of
viewed from approach.

** W.G.P. 50
W.G.P. 35

. .

TABLE I-5.

LATERAL-DEVIATION

SAMPLE
SIZE

12
15
17
18
21
21
24
24
24
24
24
24
24
24
24
24
24
23
24
24
24
23
23
24
24
24
24

NIGHT APPROACHES - 6° GLIDE SLOPE, SKEWED
GUIDANCE WITH FLIGHT DIRECTOR

AVERAGE*
(FT)

-972.3
-958.7
-915.6
-854.9
-808.0
-719.6
-629.8
-563.9
-529.5
-472.3
-402.8
-339.4
-256.8
-184.7
-114.6
- 80.1

-+~
[y

. 0 . - . .

i
(]
TR S S SN R
FNOOWWm—wOoWL O

STAND

DEV (FT)

474 .2
332.5
160.9
91.6
102.6
90.0
91.5
74.7
46.5
31.6
34.0
30.9
25.3
19.4
20.3
14.9
13.6
26.3

ra
=

~N U OwWw~ o
. . .
WO MO WWLb

N

SAMPLE
SIZE

12
15
17
18
21
21
24
24
24
24
24
24
24
24
24
24
24
23
24
24
24
23
23
24
24
24
24

ALTITUDE
AVERAGE
(FT)

1241.8
1247.7
1241.9
1235.3
1240.0
1233.9
1197.3
1114.7
999.0
877.9
760.3
648.4

540.0

435.5
330.1
276.5
221.3
168.0
119.3

59.7

45.8
194.6
152.7
123.1
107.1

94.7

17.3

= Where Glide Path is 50-feet elevation.
= Where Glide Path is 35-feet elevation.

STAND
DEV (FT)

73.8
60.2
58.8
71.8
62.4
59.3
35.0
37.2
27.2
23.0
-21.0
18.9
17.2

.

. s ®

}—‘:*JO'JUJMUJ\Q-I'-“‘O‘\UG\NI—“-J

=
LMoo~~~y oMN

centerline; positive is right of centerline



TABLE I-6. NIGHT APPROACHES - 7.5° GLIDE SLOPE, SKEWED

GUIDANCE WITH FLIGHT DIRECTOR

LATERAL-DEVIATION
RANGE SAMPLE AVERAGE*  STAND

(FT) SIZE (FT) DEV (FT)
18000 1 -1863.0 0.
17000 11 -1585.6 172.1
16000 12 -1447.3 152.9
15000 15 -1381.5 385.4
14000 17 -1246.1 291.7
13000 19 -1116.9 250.3
12000 20 -1004.8 230.3
11000 20 - 906.7 208.6
10000 23 - 855.5 172.2
9000 23 - 800.2 97.3
8000 22 - 699.8 64.7
7000 23 - 592.4 68.2
6000 24 - 509.9 68.2
5000 23 - 414.6 68.4
4000 24 - 311.9 44,0
3000 24 - 202.5 35.3
2500 24 - 153.6 27.1
2000 24 - 104.9 20.5
1500 24 - 50.2 14.4
1000 23 - 4.7 15.6
W.G.P.*% 50 24 6.7 12.2
W.G.P 35 24 4.7 10.6
1750 24 - 78.7 17.3
1335 24 - 33.0 14.2
1040 23 - 7.8 15.4
877 23 2.7 14.7
760 22 8.0 12.4
Threshold 24 0.3 7.0

* Negative (=) is left of
viewed from approach.

** W.G.
W.G

.

P.
P.

o

50
35

SAMPLE
SIZE

1
11
12
15
17
19
20
20
23
23
22
23
24
23
24
24
24
24
24
23
2%
24
24
24
23
23
22
2%

ALTITUDE
AVERAGE

(FT)

1552.0
1584.8
1580.5
1578.3
1572.2
1567.8
1557.6
1516.7
1396 .0
1250.7
1099.3
955.9
818.4
684.1
554.0
415.0
347.7
277.8
210.1
143.1

61.0

47.0
244.2
191.1
148.5
127.8
114.2

20.3

STAND
DEV (FT)

0.

65.4
67.2
59.5
60.6
62.3
56.4
32.1
43.7
49.2

48.1
40.5
31.9
29.1
19.5
11.0

. .

[
LM~ UBMYY o Oy
. =

PuN~N~NWwOOKHKHWLOOWW

centerline; positive is right of centerline

Where Glide Path is 50-feet elevation.
Where Glide Path is 35-feet elevation.



RANGE
(FT)

17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2500
2000
1500
1000
K% 50
. 35
1750
1335
1040
877
760
Threshold

* Negative (=) is left of
approach.

viewed fr

*k

W.G.P. 50
W.G.P. 35

TABLE I-7.

LATERAL-DEVIATION

SAMPLE
SIZE

7

8
15
19
21
23
23
23
24
25
26
24
25
25
23
23
25
21
21
22
22
22
22
22
22
22
22

om

NIGHT APPROACHES
GUIDANCE WITHOUT FLIGHT DIRECTOR

AVERAGE*
(FT)

-1265.1
-1080.5
- 802.5
- 689.7
- 606.8
- 509.2
- 404.2
- 371.4
- 336.0
- 313.7
- 289.1
- 226.5
- 148.5
- 108.2
- 53.0
- 3
- 17.

. .

UJ:-JO'\‘-JCDUJL.OCJU‘!MG‘\\O

. .

1
=
OHKFHFMNMUVOHEMNMEULYW

-

STAND

DEV (FT)

847.5
679.5
430.1
243.4
170.1
160.4
166.7
133.5
90.0
78.4
94.0
59.8
74.2
47.9
53.9
45.8

W W
o

FOMO PO OWWULO
. . e e e e

el i BV RN =RE N RV, [ SO o L, R =]

=N W

I-7

- 4° GLIDE SLOPE, SKEWED

SAMPLE
SIZE

7

8
15
18
21
23
23
23
24
25
26
25
25
25
23
23
25
23
23
24
24
24
24
24
24
24
24

ALTITUDE
AVERAGE
(FT)

877.3
872.1
833.7
822.4
822.8
819.7
791.3
735.2
649 .4
579.4
512.0
443 .2
369.9
299.5
225.0
187.1
150.4
117.2
82.0
58.6
43.7
134.6
105.8
85.2
73.3
64.3
12.3

Where Glide Path is 50-feet elevation.
Where Glide Path is 35-feet elevation.

STAND

DEV (FT)

32.5
49.2
53.7
45.2
56.5
50.9
34.6
42.9
33.7
29.2
23.6
23.0

16.6

20.0
13.5
15.8
12.9
12.5

e
-

=R

WO oMW
« * = ® s & = =
Hoohoh~ O MO W,

centerline; positive is right of centerline



TABLE I-8.

RANGE
(FT)

17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2500
2000
1500
1000
P.%% 50
P. 35
1750
1335
1040
877
760
Threshold

W.G.
W.G.

* Negative (=) is left of
approach.

viewed from

kk

nn

G.P. 50
G.P. 35

W.
W.

LATERAL-DEVIATION

SAMPLE
SIZE

4

8
12
16
19
20
21
21
22
22
23
22
22
21
22
22
22
21
21
21
20
22
20
21
21
21
20

Where Glide Path is 50-feet elevation.
Where Glide Path is 35-feet elevation.

NIGHT APPROACHES - 6° GLIDE SLOPE, SKEWED
GUIDANCE WITHOUT FLIGHT DIRECTOR

AVERAGE*
- (FT)

-1208.8
-1058.8
- 966.8
- 813.1
- 818.4
- 765.2
- 669.4
- 611.1
- 558.5
- 487.6
- 425.6
- 358.1
- 285.9
- 232.6
- 149.4
- 109.7
- 75.5

1
=~
]
=

1
el
HEREORRONWNAIMN
. . e+ s e
Mo WWND LW

STAND

944.6
449.6
251.8
260.7
131.7
140.4
122.6
126.0
111.8
110.8
101.6
88.2
63.4
51.5
56.0
57.1
57.7
43.4
34.8
21.2
13.7
50.4
40.7
36.0
31.6
28.0
5.7

DEV (FT)

I-8

SAMPLE
SIZE

4

8
12
16
19
20
21
21
22
22
23
22
22
21
22
22
22
21
22
22
21
22
21
22
22
22
21

ALTITUDE
AVERAGE

(FT)

1278.8
1260.4
1257.4
1241.1
1235.5
1234.3
1206.0
1226.9
1004.2
886.0
773.5
659.0
549.5
444.1
336.7
284.0
229.0
179.4
120.9
60.1
45.1
204.6
160.3
125.2
107.4
95.0
16.7

STAND
DEV (FT)

45.0
35.5
36.7
46.0
55.8
51.4
40.0
34.3
32.8
31.0
32.2
27.0

- 26.0

17.6
17.1
10.5
11.2
10.5

MW WO WO U~ 00
. « s s s
WoOowhkPrw~wo

centerline; positive is right of centerline



TABLE I-9. NIGHT APPROACHES - 7.5° GLIDE SLOPE, SKEWED
GUIDANCE WITHOUT FLIGHT DIRECTOR

LATERAL-DEVIATION ALTITUDE

RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE  STAND
(FT) SIZE (FT)  DEV (FT) SIZE (FT) DEV (FT)

17000 7 -1466.1  427.4 7 1617.1  48.1

16000 9 -1299.5 414.5 8 1615.0  48.5

15000 9 -1299.9  257.6 9 1601.2 45.3

14000 11 -1308.1 220.4 12 1585.1 47.3

13000 14 -1252.4  218.8 14 1571.1 54.1

12000 17 -1163.4 186.0 17 1572.8 56.5

11000 18 -1082.6 210.8 18 1528.6 55.1

10000 19 -1006.6  202.3 19 1391.1 62.3

9000 20 - 920.7 157.4 20 1246.8 64.2

8000 20 - 818.4 105.4 20 1098.2 62 .2

7000 20 - 680.6 70.6 20 964 .0 59.8

6000 21 - 539.2 90.1 21 828.2 39.5

5000 21 - 439.6 89.7 21 692.7 -18.8

4000 20 - 352.1 86.5 20 555.2 23.6

3000 20 - 245.9 53.7 20 419.2 19.7

2500 20 - 182.9 58.2 20 350.6 15.4

2000 21 - 120.1 69.1 21 282.5 15.9

1500 20 - 69.8 70.3 20 210.0 9.5

1000 20 - 30.4 60.8 20 144.6 12.1
W.G.P.%x% 50 21 - 2.7 21.3 21 60.0 10.5
W.G.P. 35 20 - 1.5 19.0 20 44.3 9.2
1750 21 - 93.5 70.5 21 244 .6 13.2

1335 18 - 47.4 63.9 19 187.8 10.0

1040 19 - 25.7 54.8 20 150.1 12.0

877 19 - 15.7 47.5 20 127.7 11.8

760 18 - 17.9 48.5 19 113.0 11.1
Threshold 20 - 0.3 7.3 21 19.5 7.4

#Negative (=) is left of centerline; positive is right of centerline
viewed from approach.

= Where Glide Path is 50-feet elevation.
= Where Glide Path is 35-feet elevation.

-9



TABLE I-10. NIGHT APPROACHES - 6° GLIDE SLOPE, CENTERLINE
GUIDANCE WITH FLIGHT DIRECTOR

LATERAL-DEVIATION
RANGE SAMPLE AVERAGE* STAND

(FT) SIZE
18000 1 -
17000 18
16000 19
15000 22
14000 23
13000 23
12000 23
11000 24
10000 24
9000 25
8000 25
7000 26 -
6000 26 -
5000 26 -
4000 26 -
3000 26
2500 26 -
2000 25 -
1500 25 -
1000 26 -
W.G.P.**% 50 24 -
W.G.P. 35 22 -
1750 24 -
1335 26 -
1040 26 -
877 26 -
760 26 -
Threshold 24 -

* Negative (-) is left of
viewed from approach.
Hk Where Glide

0
5 Where Glide

W.G.P. 5
W.G.P. 3

(FT) DEV (FT)

139.0 0.
11.0 250.3
62.7 185.5

109.8 224.1
96.5 153.2
63.3 126.6
60.6 126.3
72.1
45.4 102.

87.

65.

62.

41.

37.

30.

32.

28.4

24.7

23.1

18.7

11.6
9.0

21.1

24.3

19.9

14.5

12.7
6.0

=
[
~

]
(W8]
~

=
NOYO W WD
. = s »

oo~y B

[

OWWRrWOHWRPHEC

EDHJMOWOO\DO\O-P‘F‘C\\DWUOMO

SAMPLE
SIZE

1
18
19
22
23
23
23
24
24
25
25
26
26
26
26
26
26
25
25
26
24
22
24
26
26
26
26
24

ALTITUDE
AVERAGE
(FT)

1195.0
1260.4
1271.8
1267.0
1267.0
1262.7
1250.8
1182.0
1085.0
972.6
854.7
736.1
620.9
509.8
402.5
300.0
248.7
196.7
147.4
104.6
67.3
54.5
170.8
132.7
108.0
93.6
82.5
15.1

STAND
DEV (FT)

W~ ~ v O O~ ~ OO
WonWowoO~oWw oo\

centerline; positive is right of centerline

Path is 50-feet elevation.
Path is 35-feet elevation.
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TABLE I-11. NIGHT APPROACHES - 7.5° GLIDE SLOPE, CENTERLINE
GUIDANCE WITH FLIGHT DIRECTOR

LATERAL-DEVIATION ALTITUDE

RANGE SAMPLE  AVERAGE* STAND SAMPLE  AVERAGE  STAND
(FT) SIZE (FT)  DEV (FT) SIZE (FT) DEV (FT)

17000 16 69.8 264.1 16 1582.4 72.1

16000 20 63.3 294.0 20 1578.7 58.2

15000 21 99.1 261.9 21 1578.0 61.9

14000 23 93.4 210.5 23 1580.7 54.5

13000 24 65.5 144.6 24 1576 .4 46 .4

12000 24 51.8 157.9 24 1560 .6 50.6

11000 24 64.0 153.5 24 1485.0 56.1

10000 27 34.6 110.8 27 1364 .8 59.8

9000 29 -11.8 98.2 29 1216.2 56.3

8000 29 -22.2 75.8 29 1062.0 48.1

7000 29 - 9.8 70.3 29 910.5 42.1

6000 29 - 1.4 55.2 29 768.3 40.0

5000 29 - 0.3 44,8 29 634.1  35.6

4000 29 - 1.5 27.2 29 507.0 31.0

3000 29 - 4.6 35.5 29 378.5 27.7

2500 29 - 3.0 26.4 29 314.7 24.9

2000 29 1.4 24.2 29 250.1 22.2

1500 26 -10.4 35.8 26 186.5 16.7

1000 29 - 6.8 30.3 29 124.4 12.9
W.G.P.%% 50 26 - 2.2 13.2 26 66.5 10.3
W.G.P 35 28 - 0.8 10.3 28 54.0 10.1
1750 29 - 5.1 32.3 29 217 .4 18.8

1335 28 -11.6 34.4 28 173.5 41.6

1040 29 - 7.8 31.4 29 129.2 13.4

877 29 - 5.6 26.8 29 110.4 12.1

760 29 - 4.8 22.5 29 96.7 11.4
Threshold 29 - 0.8 5.2 30 15.2 6.6

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

Where Glide Path is 50-feet elevation.

**% W.G.P.
. Where Glide Path is 35-feet elevation.

50
W.G.P. 35

I-11



RANGE
(FT)

17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2500
2000
1500
1000
P.*% 50
.P. 35
1750
1335
1040
877
760
Threshold

* Negative (=) is left of
viewed from

*% W.G.P., 50
W.G.P. 35

TABLE I-12.

LATERAL-DEVIATION

SAMPLE
SIZE

11
14
16
20
22
22
21
21
23
23
23
23
23
23
23
23
22
20
23
22
20
22
22
20
19
19
21

nn

approach.

Where Glide
Where Glide

NIGHT APPROACHES - 6° GLIDE SLOPE, CENTERLINE
GUIDANCE WITHOUT FLIGHT DIRECTOR

AVERAGE#*
- (FT)

- 48.2
-132.6
-112.8
- 62.4
- 51.0
- 23.1
- 27.8
- 49.5
- 39.9
- 34.5

I
'_A
~J
.

[
=
SFUOOF ®O O

1
=
oo O NN
b A . . .
FPNOLVULUOPEPTUOWSNOWW

STAND

504.0
450.8
346 .4
185.8
161.7
154.6
109.7
111.4
124.6
112.7
100.1
69 .4
59.7
59.8
61.1
57.6
48.2
31.2
33.5
26.8
16.8
43.0
40.9
31.2
16.2
11.9
5.0

DEV (FT)

I-12

SAMPLE
SIZE

11
14
16
20
22
22
21
21
23
23
23
23
23
23
23
23
22
20
23
22
21
22
22
22
22
23
23

Path is 50-feet elevation.
Path is 35-feet elevation.

ALTITUDE
AVERAGE
(FT)

1293.5
1262.8
1259.3
1254.8
1262.6
1251.1
1178.7
1075.7
959.5
850.6
735.0
632.3
521.6
415.3
306.6
251.6
201.0
148.3
101.6
65.2
52.8
179.6
131.7
105.8
91.3
80.1
14.8

STAND
DEV (FT)

25.2
76.4
87.9
57.8
61.2
54.0
63.3
55.2
52.4
45.8
44.0
34.6
22.3
15.6
14.3

[
W
[

=

B
AU P W
FOMWNRMNDEHEOONO®

. .

centerline; positive is right of centerline



TABLE I-13. NIGHT APPROACHES - 7.5° GLIDE SLOPE, CENTERLINE
GUIDANCE WITHOUT FLIGHT DIRECTOR

LATERAL-DEVIATION ALTITUDE
RANGE SAMPLE AVERAGE* STAND SAMPLE AVERAGE  STAND
(FT) SIZE (FT) DEV (FT) SIZE (FT) DEV (FT)
17000 9 48.9 131.8 9 1601.7 57.4
16000 11 - 32.9 215.2 11 1585.7 60.2
15000 13 - 95.8 190.7 13 1578.5 49.0
14000 15 119.6 191.8 15 1573.9 40.3
13000 15 21.7 201.4 15 1571.1 40.2
12000 18 - 0.7 179.8 18 1557.3 49 .4
11000 17 - 32.5 162.8 17 1477.9 59.8
10000 18 - 41.8 135.7 18 1346.5 60.3
9000 19 - 3.2 138.2 19 1199.4 60.1
8000 21 - 29.2 119.8 21 1060.2 42.5
7000 20 - 30.6 103.2 20 919.6 39.9
6000 20 - 24.6 89.3 20 780.4 36 .4
5000 20 - 16.9 84.8 20 644.0  37.1
4000 20 - 13.0 71.7 20 515.6 33.8
3000 20 -17.9 43.0 20 386.6 23.2
2500 21 - 22.2 39.7 21 320.8 15.7
2000 21 - 21.8 39.0 21 254.1 16.5
1500 21 - 2.0 61.0 21 193.7 30.7
1000 21 - 0.5 34.2 21 126.3 11.4
W.G.P.*% 50 19 - 1.6 19.2 20 69.0 10.7
W.G.P. 35 18 - 1.2 15.7 18 55.9 10.1
1750 20 - 13.1 40.8 21 220.8 14.2
1335 19 1.0 45.1 20 169.2 17.1
1040 19 1.4 35.3 21 131.0 11.8
877 19 4.7 28.6 21 111.9 11.4
760 19 3.8 24.8 21 98.0 11.6
Threshold 18 - 1.3 6.2 20 16.6 5.1

* Negative (-) is left of centerline; positive is right of centerline
viewed from approach.

*k Where Glide Path is 50-feet elevation.

w.
W Where Glide Path is 35-feet elevation.

G.P. 50
.G.P. 35

I-13



TABLE I-14.

RANGE
(FT)

17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2500
2000
1500
1000
P.%% 50
P. 35
1750
1335
1040
877
760
Threshold

LATERAL-DEVIATION

SAMPLE AVERAGE#*
SIZE (FT)
4 - 7.3
5 39.4
5 6.2
5 - 80.6
7 24.4
7 22.7
8 31.9
8 48.5
9 16.1
9 - 33.0
9 - 13.6
9 - 20.2
9 - 5.2
9 - 11.7
9 18.6
9 13.4
9 - 10.7
7 11.1
7 19.1
7 - 2.4
6 4.5
9 5.8
5 24,2
9 - 0.4
7 16.9
6 11.2
6 - 0.3

* Negative (-) is left of

viewed from

*k

o

W.G.P. 50
W.G.P. 35

approach.

Where Glide
Where Glide

NIGHT APPROACHES - 7.5° GLIDE SLOPE,

CENTERLINE

GUIDANCE WITHOUT FLIGHT DIRECTOR AND VAST

STAND

429.0
348.1
288.2
365.8
327.0
247.6
201.9
181.9
131.1
128.9
129.9
89.7
58.0
69.0
58.5
37.1
34.7
32.7
37.6
27.8
10.3
40.1
28.3
53.4
35.3
29.6
5.5

DEV (FT)

SAMPLE
SIZE

\D\D‘-D\DM\DWW\DH\D\O\D\D\O\D\D\O\DODODH‘*--Ii.ﬂl.ﬂl.ﬂ-l;“-

ALTITUDE
AVERAGE

(FT)

1569.8
1564.0
1555.2
1541.4
1546.6
1533.7
1451.0
1318.0
1190.6
1041.9
917.2
779.0
642.1
514.2
385.7
322.9
257.7
189.9
130.8
168.1
56.6
223.2
194.6
136.1
113.9
99.3
18.0

STAND
DEV (FT)

50.6
51.9
83.6
109.3
125.0
159.4
144.6
125.5
109.2
92.4
8l.5
62.8
52.0
51.3
36.9
32.7
22.4
17.7
11.6
6.0
5.2
17.2
67.5
13.1
10.8
10.5
4.1

centerline; positive is right of centerline

Path is 50-feet elevation.
Path is 50-feet elevation.



APPENDIX J

DIAGRAMS OF AIRCRAFT POSITION IN SPACE
TO 1 STANDARD DEVIATION



Figure

J-1

J-3

J-4

J=5

J-6

J-7

J-8

J-9

J-10

J-11

J-12

J-13

J-15

J-16

J-17

LIST OF ILLUSTRATIONS

Page

4° Glide Slope Day - Skewed Guidance Without J-1
Flight Director

4° Glide Slope - Day = Skewed Guidance Without J=2
Flight Director - Missed Approach Straight

6° Glide Slope - Day - Skewed Guidance - Without J-3
Flight Director

6° Glide Slope - Day - Centerline Guidance - With J=4
Flight Director

6° Glide Slope - Day - Skewed Guidance - With ~J-5
Flight Director

7.5° Glide Slope - Day Skewed Guidance - Without J-6
Flight Director - Missed Approach - Straight Departure

7.5° Glide Slope - Day - Skewed Guidance - Without J-7
Flight Director

7.5° Glide Slope - Day - Centerline Guidance - With J-8
Flight Director

7.5° Glide Slope - Day - Skewed Guidance - With J-9
Flight Director

6° Glide Slope - Night - Skewed Guidance = With J-10

Flight Director

6° Glide Slope - Night -
Flight Director

7.5° Glide Slope - Night
Flight Director

Centerline Guidance - With J-11

— Centerline Guidance - With J-12

7.5° Glide Slope - Night - Skewed Guidance - With J-13
Flight Director

Departure - Day - Straight J-14

Departure — Day -Turning J-15

Departure — Night - Straight J-16

Departure - Night - Turning J-17

J-i
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