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INTRODUCTION

U: .*2on International Systems, Inc., 1s the manufacturer of
the "Visual Vector” REIL and RAIL systems. They have %oaned
these systems to the Federal Avi..lon Administration for an
evaluation to determine whether the 360 degree type systems
should be introduced intc the Nationai Airspace System (NAS).
The washingtor headquarte:: has assigned the evaluation task
to the Standards Devslopment Branch of the National Flight

Inspection Division.

The lighting systems are 360 degrze strobes. They are desig-
nated godels 1600 and 160CE REILs and Mcdel 1400 RAIL.

"¢ 1600B REIL consists of two fixtures, one of which 1s
wiaced on each side of the runway at the threshold. It pas a
fixed intensitg of 2500 candelas and flashes at the rate of
once per second., ¥

The 1600 REIL also consists of two fixtures, one of which is
placed on each side of tine runway at the threshold. However,
it reatures a variable intensity. High intensity 41s 6000
candelas and low intensity is 1200. The tested lights had a
capability of being set to rlash at once per second or twice
per second.®

The 1400 RAIL consists of a minimum of five light fixtures.
They are set up along the extendad runway centerline. Like
the 1600 REIL, they have a variasble intensity of 6000 or 1200
candelas and the tested system coculd be flashed at once per
second or twice per second.¥®

A1l systems may be set up to be controlled by the pilot by
wiring in a receiver-controller similar to that unit meeting
FAA Specification L-854.

In comparison, strobe (condenser discharge) lights specifisd
for use in the standard REIL and RAIL comply with Specifica-
tion L-849, which requires that thelr intensity at peak beam
be 10,000 to 17,000 candelas with 5,000 candelas cutput over
the 25 degrees of beam spread. They have no intensity con-
trol capability.

* Intensity values are ‘'as stated'! by manufacturer.

STATEMENT OF THE PROBLEM
The FAA does not list a 360 degree REIL or RAIL system. No
listing exists either for a2 variable intensity REIL or RAIL.

An operatlional evaluation was requested to determine whether
these systems should be included in the NAS.
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OBJECTIVES
Specific objectives of the project were as follows:

Model 16G0 and 1600E REIL Systems.

Determine whether these systems will provide rapid nd posi-
tive identification of & runway or landing area:

a. From 360 deyrses around the lights.

b. When surrounue:l by other lights.

c. During strailgl<-in and circling approaches.
d. Without spatial disorientation to pilots.
e, Without blinding ef"ect on pilots.

Model 1400 RAIL System.

Determine whether the system wiil provide runway alignment
information:

a. During straight-in, offset, and circling approaches.
b. Withcat spatial disorientation to pilots.
c. Without blinding effect on pilots.

Determinz thz desfirablility of the variable intensity feature
of the system.

DRetermine the Zezsiovility of the pilot having control of the
ights from the zockpit.

Determine which of several confligurations of RAIL, RAIL/REIL,
RATL/T-bar, LDIN, etc.. is the preferved configuration.

Determine the preferred spacing of RAIL light units and the
effect of lrregular spacing (if terrain Tfeatures prevented
regular spacing installatiorn).

Determine the preferred flash rate; once per secong or itwice
per second.

METHODOLOGY

The Zoneral plan was o install the test equinment at air-
ports in the Oklahoma City asrea and have subjects observe the
lights during epproaches. FExpressway Junction airport, north
east of the city, was selected as the test site for the Model
1600B REIL., Wiley Poat airport, northwest of the city, was
chosén for the RAIL and Model 1600 REIL. Th2 runway selected
at Wiley Post was 17L.
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Subjects included nilots, engineers, and 1lighting experts.
Pilot experience ranged from 16 to over 13,000 flight hours.
Certificates of subject pllots included student, private,
instrument, commercial, and airline transport ratings. Some
were civll pilots, others were military.

Interviews were recorded after day and night flights. 39 runs
were made at Expressway Junction airport and 40 at Wiley Post
airport. Each subject viewed hoth the REIL and RAIL at Wiley
Post. Weather was VFR, sometimes with haze, except for 1 IFR
flight at Wiley Post. Additional flights were therefore made
during IFR weather at Wiley Post to evaluate the strobes un-
der reduced visibility. These special flights were made in
fixed wing and rotary wing aircraft.

Subjects were encouraged to make any voluntary comments they
wished after thelr f{lights.

Special video tape reports were filmed at the Wiley Post air-
port to show the 360 degree capability of the REIL/RAIL, and
to compare the test system with the standard MALS/RAIL.

For the evaluation of the Model 1600B REIL at Expressway
Junction, the light units were placed approximately 20 feet
off the side of the runway edge. Tests were run with the
lights at the north end and at the south, depending upon wind
direction. The south end of the runway lies in an area with
many other lights, 3including expressway arc 1lights, flood
lights, and large iiluminated signs. The north end area has
little or no other lighting.

The evaluation of the RAIL and REIL at Wiley Post airpert in-
volved, 1in addition to effectiveness, the selection of the
best configuration, best flash rate, best light spacing, and

an evaluation of irregular spacing of one or more lighting
units,

Pive l1light configurations were observed. They 1included the
RAIL only, RAIL and T-bar, LDIN, and RAIL/REIL. Approaches
to Wiley Post were made over city lights from the east, and
over relative darkness from the west.

Configurations are shown in Figures 3 through 8.

Subjects whose observations were recorded on the REIL, elther
the Model 1600 at Wiley Post or the 1600B at Expressway Junc-
tion were, whenever possible, asked to observe the Runway 12
REIL installation at Will Rogers World Airport in order to
compare the standard system with the test systems.
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Figure 3. RAIL System Cenfiguration.
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(LDIN PORTION)

Figure 4. LDIN System Configuration.
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Figure 5. REIL System Configuration.
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Figure 7.

Figure 8.

RAIL with Roll Bar.

RAIL with 3 Roll Bars.
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DATA REDUCTION

Model 1600B REIL -~ EXPRESSWAY JUNCTION

Summary of questionalres.

1.

2.

10.

11.

12.

Does it assist you in locating the airport ?
YES - 36 NO - 1 NO COMMENT - 2

Did it provide you a rapid and continuous 360 degree vis-

~ual fix to the runway threshold ?

YES -~ 38 NO - 1 NO COMMENT -~ O
Lid it provide you orientation to the runway ?
YES - 38 NO - 0 NO COMMENT - 1

Did 1t provide you guidance t¢o the runway threshold ?
YES - 39 NO - 0O NO COMMENT - O

Does it override the preponderance of other surrounding
Jights ?

YES - 38 NO -1 NO COMMENT - O

Did it provide you assistance on your low visibility
approach?

No low visibility approaches were flown at Expressway.

Did you find the sequence flashkers blinding on the ap-
proach ?

YES - 3 NO - 36 NO COMMENT -~ O

Do you think the flash rate should be increased ?
YES - 1 NO - 36 NO COMMENT - 2

Did you encounter any sratial disorientation %
YES - 0 NO - 39 NO COMMENT ~ 0

Did tha 360 degree strobe light blind you while taxiing,
during runup, or while aligning for takeoff ?
YES - 0 NO - 38 NO COMMENT - 1

What altitude and distance from Expressway Airpcrt did
you first observe the lights ?

Night altitude 2000-5000, distance 4-15 miles.

Day altitude 2000-2100, distance 3-6 miles.

Have you flown into an airport wnich utilizes the stan-
dard REIL ?

YES - 18 NO - 19 NO COMMENT - 2

If "YES", how do you compare the systems ? Explain under
"Comments".

ek Boneaes
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Comments:

"The REIL at Will Rogers appeared somewhat brighter after
using the 360° strobes."

"Far superior."

"Equal."

"Better than REIL."

"Provide 360° visibility of lights." (Two subjects)

"The standard REIL was noticeably brighter. Lowever, due to
the other superior runway lights associated with the standard
REIL it was no more effective than this 360° strobs,”

"They seem to be very similar in effect. and as a basic quick
runway identification and reference."

"The lights at Wiley Post 17L (test set of standard REIL)
were very distracting. These are not as distracting."

"Very favorably."
"Think the new system is better for airpost location."

"360Y strobe much more effective in quick location of runway
end and general orientation."

"This system is not as blinding and is visible from all an-

gles and required distances. I like it much better than the
REIL."

"360 system much more desirable. Lower rate of flash is more
comfortable, and the ability tc sight the runway threshoid
from 360 degrees is an outstanding aid for locating a runway
located among numerous city lights.”

"It assists the pilot quite a bit for visual fixes."

"Prefer the continuous (360°) fix to the approach end of
runway."

NOTE: See Appendix for additional comments.
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DATA REDUCTION
¥odel 1600 REIL ~ WILEY POST

E
1
3
k
1
fi.

B ramesssafe— ¢ e —

Summary of questionaires.

1. Does it assist you in locating the airport ?
YES - 34 HO - 1 NO COMMENT ~ 0O

TR TR Y VL T .

ek a L

2. Dig it provide you a rapid and continuous 360 degree vis-
ual fix t¢ the runway threshold ? ‘
YES - 34 NO -0 NO COMMENT - 1 ;

o

3. Diqd it provide you orientation to the runway ?
YES - 34 NO -1 NG COMMENT - O

k. Did it provide you guldance to tne runway threshold ? :
YES - 35 NO - O NO COMMENT - O :

5. Did they override the preponderance of other surrounding
lights ?

YES - 33 NO - 2 NO COMMENT - 0 |

6. Did it prcocvide you assistance on your low visibility ap~
proach ?
YES - 17 NO - 0 NO COMMENT - 16 (No low vis)

7. Did you find the sequence flasher blinding on the ap- :
proach ?
YES - 2 NO - 33 NO COMMENT -~ O

T TR T T

8. Do you think the flash rate should be increased ?
YES - Q NO - 35 NO COMMENT - O

9. Did you encounter any spatial disorientation ¢
YES - 0 NO - 35 NO COMMENT - O

10. Did the 360 degree strobe lights blind you while taxiing, ' ;
during runup, or while aligning for takeoff ? ;
YES « 2 NO - 31 NO COMMENT - 2 i

i PN . o
EETowApeee v P T VR
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11. What altitude and distance from Wiley Post did you first §
observe the lights ? j :
Night altitude 2000-5000, distance 3-10 miles.

Day altitude 200C-3500, distance 5-7 miles.

12. Have you flown 1into an airport which utilizes the stan-

dard REIL ?

YES -~ 32 NO - 2 NO COMMENT - 0

If "YES", how do you compare the systems ? Explain under ;
"Comments".
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Comments:

"Definitely superior at any angle more tiaan 30° from runway
centerline."

"The standard REIL are directicnal and have little value bey-
ond 90° either slde of the center of the runway they are al-
igned to."

"Both systems appear the same and are highly beneficial in
both VFR and JFR weather.”

"Better because they can be seen from 360°."
"This system is better due to 360° visibility."

"Phis (is the) way Midway in Chicago (is) with one REIL 1light
(on each side) and this system is far superior."

"Better during circling maneaver. No difference on final."

"Belleve it advantageous to have runway end identification
for 360° as compared for example with Will Rogers."

"Look the same."
"The 360° lights were as good or better."
"This is of more help in locating tne runway."

"If good VFR or not too bad vis, standard system in my view
is adequate."

"It is an improvement over standard REIL since it provides a
greater visual fix area."®

"Favorably. Visible lights from all angles."

"This system seems to be better since it i easier to deter-
mine the exact 1location of the runway by the difference in
rL.rightness between the two REIL 1lights indicating respective
distances from the pilot."

"Much better for locating runway."

"The standard REIL 1s not visible from all directions and is
not as good for locating an airport & runway."

"Equal except for the full 360° visibility factor - include
this and this experimental system is much superior."”

"The 360° strobes are excellent. I was able to locate the
runway with no trouble."

10
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"Much more improvement."

"Similar"

3 "This one is much better due to guidance in all quadrants,
gives better orientation to runway in use.”

"phe Gifference is in the omnidirectional operation of the
360° REIL."

"he standard REIL is much less effective than the REIL ob- '
served at Wilzy Post." i i

TR T T Ty

s "This system better except for approaches which are within :
F 10° of runway." f ]

E "Phe system compares favorably with the standard REIL."

NOTE: See Appendix for additional comments.
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DATA REDUCTION

Model 1400 RAIL - Wiley Post.

Summary of questionaires:

1.

10.

Does it previde you rapid and positive runway alignment
information ?

YES - 40 NO - 0 NO COMMENT - 0

Did it assist you in making a safe 1landing when your fi-
nal approach course was offset more than 15 degrees from
the centerline ?

YES - 38 NO -1 NO COMMENT ~ 1

Did it assist you in completing your circling approach ?
YES - 39 NO - 1 NO COMMENT - O

Did you find any of the 1light configurations as being
objectionable ?

YES - 18 NO - 22 NO COMMENT - 0
RAIL Only (Figure 3)........... tecesoneceasal
LDIN (Pigure #).......ccccn.... teceeecasenns 5
RAIL with Roll Bar (FPigure 7). ..eeeececcced
RAIL with 3 Roll Bars (Figure 8).....ceccc...b

High intensity or fast flash rate...........k

Does 1t override the preponderance of other surrounding
lights ?

YES - 38 NO -1 NO COMMENT - 1

What do you consider th pest light configuration ?
LDIN - 1  RAIL only - 8 RAIL & roll bar - 4

Two parallel rows (not tested in project) - 1

RAIL with REIL - 26

What do you consider the minimum number of lights needed ?
FEWER THAN FIVE - 7 FIVE OR MORE - 31

Do you think the flashing rate is adequate ? (once per
second)

YES - 37 NG - 2% NO COMMENT - 0
#when on high intensity or over 6 lights.

Do you think the sequence flasher time interval 1is ade-
quate ?

YES - 34 NO - & NO COMMENT - 2

Did you find the sequence flashers blinding ?
YES - 6% NO -~ 34 NO COMMENT - 0
#When on high intensity at night.

12
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11. What light intensity deo you consider the best ?
High day - 35 Low night - 37 Mixed - 1
On pilot's request - 1 No comment - 4§

12. Do you think the flash rate should be increased (Over :
1 flash per second)? .

o e e R
.
1
, .

YES - 0 No - 40 NO COMMENT - 0 g
] 13. Did you encounter any spatial disorientation ? ]
YES - 4% NO - 36 NO COMMENT - 0

®} subjects identified distraction, not disorientation.
1 stated a need for runway lights.
1 stated distraction due to LDIN.
2 stated distraction due to roll ba system.

14, How does this compare with other RAIL systems you have
flown ? :
Same as other systems - § 4
No previous experience or no comment - 12
Need system with 2 parallel lines - 1
Better system - 18 (Because of dimming and 360° feature)

‘| ¢ Lt D 0 i e

DATA REDUCTION
RAIL/REIL System.

After the first 29 subjects had been recorded, a review of
the questionaires was m&de. Comments had been received that
the RAIL with 3 roll bars (Figure 8) was too bright, so it
was eliminated early. Other comments eiiminated the LDIN
system as unnecessary when lights have a 360° capability. It
also was identified as giving one subject distraction. The
next runs concenctratea on HAIL, REIL, RAIL with REIL, and
RAIL with roll bar. Special emphasis was also made on the
best flash rate, and 9 extra questionaires were recorded.

bl sl
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Summary of special questionaire: ; ;

1. What flash rate did you like best on the RAILs ?
Once per seconéd ~ § Twice per second - 0

2. What flash rate did you like best on the REILs ? ; :
Once per second - 9 Twice per second - 0 i 3

3. Did either flash rate on REIL distract you on runup ?
Aware of lights but not blinded -~ 1
Twice per second much more distracting - 1
No distraction - 7

13




What distance and altitude did you observe the REILs?
2 1/2 miles and 300 feet in IFR - 1 (Wx was 300/2)

Up to 8 miles in VFR night - 5

Up to 5 miles in VFR day - 2

What light cornfiguration would you consider test for
standard IFR approach system?

RAIL with REIL - 8

RAIL with REIL or roll bar - 1

(A1l preferred 1 per second flesh rate)
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DATA ANALYSIS

REIL, Model 1600 and 1600E.

Baslec fectors used in the evaluation of the 360° REIL systems
from questionnaire responses were as follows:

1. Effectiveness in runway identification. (Items 1-6).

LT Ty

2. Intensity and flash rate. {Items 7, 8, and 1i0). 3
3. Spatial disorientation. (Item 9).
4, Effective altitude/distance. ({(Item 11.).

U b e Y

5. Comparison with standard REIL. (Item 12).

The system effectiveness 1in runway identification and orien- !
tation was referenced by six questions, whichk resulted in 402 {
responses. Over 93 percent of the responses favored the sys- .
tem. Many comments favored the special advantage of having

REIL indication in the 360° pattern, and considered this sys-

tem superior to standard REIL for that reason. At the Ex-
pressway Junction site one end of the runway is in an area

where freeway arc lights, city lighis, and many other bright

lights are located. The other end (north) is located where

very little lights exist. The Wiliey Post site is located so
anproaches could be made from the cast over c¢ity lights or

from the west over dark rural areas. The systems were very
effective in runway l1ldentificstion under both conditions.

e AU i ol S

Intensity and flash rate were checked in several ways. After
the first subject reported blinding effect on the Expressway
sunction runway, subjects were asked to look at the lights,
then try to read cockpit inatruments. Over 98 percent found
that they had no visual impairment. One cbserver waliked out
to within 6 feet of the lights, lcoked directly intc the beam
for several rlashes. then f.und he couird read his wristwateh
without difficulty. Cne suvjeet suggested increasing the
output of the threshold lights. Nearly =211 subjects agreed
that the once per second flash rate was far auperior to twice
per second. Where the system had intensity contrsl (Mcdel
1600), 1t was agreed thet higk intensity was desired during
daylight operation, low intensity was much better at night.

No spatisl disorientation was =2xperienced by zubjects. Runs
at the Expressway Junction site ware all made under VFR con-
ditions, but 17 runs were made gt Wiley Post undevr less than
VFR. Both runways were equipped with edge llghts.
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Altitudes end distances at which the lights were effective
ranged from 2000 vo 500C feet and from 8 to 15 miles at night
in clear weather. Day values were 2000 to 3500 feet and from
3 to 7T miles. One pllot commented that he had overheard an-
other say he had seen the 1lights from 35 miles out (clear
weather at night. A few pilots who reported shorter distance
visibility at nlght also stated that they were rot out any
farther but thought the lights would be usable at the greater

distances.

In the comparison with stzudard REIL, 40 out of 63 subjects
had flown into airports where standard REIL were installed.
32 comments indicated that the 36G° system was superior to
the standard system, crimarily tecause of 1its being usable
from all directions. The remalning 8 subjects indicated that
the system was similar in effectiveness.

RAIL, Model 1400, also tested with REIL. Model 1500.

260° RAIL and the
follows:

Basic factors used in the evaluztion of the
RAIL/REIL in seversl configurations wers as

1. Effectiveness in providing runway alignment. (Items 1,
2, 3, and 5).

2. Possible: spatial disorientation. (Item 13).

3. Intensity and flash rate. (Item 8, 9, 10, % 12).
y, Preferred configuration. (Item 4, 6, & 7).

5. Comparison with stancdard DAIL. ({Item 14).

After the first 29 subjects nad been vrecorded, questionnaires
were screened, and, since the RAIL system with REIL was by
far the most popular system, an addendum was made up for the
questicnnaire in order to determine:

1. Best flash rate.

2 Possible distraction on runup.

- &

3, Distance and altitude observed.

&, Best configuration.

Effestiveness items resulted in 97 percent of the responses
in Tavor of the system. Most subjects were in favor of the
capability of the system tec rrovide runway alignment infor-
matiori in all directions and the information it provided for

g8 circling aporoach.
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No spatial disorientation was experienced by the pillots. The
four who responded other than negatively to disorientat’ .
guestions admitted some limited distraction only. One pi . &
commented that the runway lights should be on (as they w .-

in the tests). Three others were distracted when flying with
the roll bar or LDIN system and the RAIL. These last config-
urations were eliminated as undesirable. One pilot remarked
that when he looked back at the lights from southeast of the
alrport he experienced a mild visual effect. However, phys-
iological phenomena of vertigo caused by turning the head to
the side or rear have been demonstrated repeatedly, and may
have no relation to lightirig cues 2% all.

Intensity and flash rate questions show that §0 percent of
the subjects thought intensity should be high in day opera-
tion and low at night. One suggested that the pllot control
intensity so that he could call up the 1lights on bright when
identifying the airport, then reduce Intensity as he reached
the final approach portion. The obvious danger of another
pilct signalling high intensity callup while an aireraft is
on final approach indicates the better desirability 1is to
couple a photo-electric cell to the system so that dayiight
operation would be on high intensity and night operation on
low. Of 40 pilots, 6 identified a blinding effect, all when
the lights were on high 1intensity at night. The once per
second flash rate was identified as most desirable in 95 per-

cent of the responses. Pilot on-off control was recommended.

The configurations tested were as follows:

1. RAIL only. See Figure 3, Page 4i.

2. LDIN. See Figure U4, Page 4.

3. REIL. See Figure 5, Page 5.

i, RAIL/REIL. See Figure 6, Page 5.

5. RAIL with Roll Bar. See Figure 7, Page 6.

6. RAIL with 3 roll bars. See Figure 8, Page 6.

Configuration 6, RAIL with 3 roll bars, was considered too
bright by some, but mainly was considered to be confusing,
by presenting a 1large ‘'blob' ol 1light. It was therefore
eliminated from the test in the early st-ges. The LDIN was
visual rezeption occurred without any advantage from the off-
set lead-in light units; the 360° feature of the 1lights was
very effective 1in circling approaches, and there was no ad-
vantage to offsetting the farthest out lights. Likewise, the
RAIL with roll bar was dropped during the final runs when s0
few subjects considered it to be advantageous. OQf the two
remaining systems, RAIL was considered adequate by 8 subjects
and RAIL/REIL by 26. 82 percent felt that a minimum of 5
RAIL lights and 2 REIL lizhts were necessary.
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Comparison with standurd RAIL system resulted in the follow-
ing comments:

i Same or similar to standard.....eeeccccccceol
- Not familiar with standard system..........12
1. This system better than standard...........18

One pilot suggested two parallel rows of RAIL lights &s the
best system.

Three responses suggested that the runway threshold lights
should be increased in intensity. One of these was lighting
expert C. A. Douglas, of the National Bureau of Standards.
Mr. Douglas has been evaluating aviation 1lighting for many
years and is considered one of the world's leading author-
ities on the subject.

ADPENDUM SHEET RESPONSES - RAIL/REIL cystem.

1. Flash rate - once per second.
2. Distraction on runup -~ only on fast flash.
3. Distance effective - to 8 miles, clear weather.

Altitude observed - 200 to 5000 feet.
g, Best light configuration - RAIL with REIL.

Optimum spacing of light units was evaluated on a number of
flights. Distances between light units was varied from 150
to 300 feet. The optimum was agreed to be from 200 to 300
feet, with tne closest fixture to the threshold set 300 to
350 feet out. The minimum tested, 150 feet, was found to be
acceptible but marginal. When two lights were offset along
the eaxtended centerline to form I1irregular spacing, 1t was
found that with 200 to 300 foot spacing one or two lights
could be placed plus-or-minus 50 feet from their interval
position without any visual problems developing, so siting
difficulties can be solved in this way.

Low visibility weather conditiors prevailed on severai 1riight
evaluation runs, In helicopter runs with low ceilings, the
RAIL/REIL system was visible for 1/2 to 3/4 mile before the
runway lights could be seen. On several runs in fixed wing
aircraft the 1lights could be picked up at approximately 1%
miles from the runway when visibility was 1 mile or less.

Video tape recordings were made of the systems as a means of

reporting findings of this project. The RAIL/REIL was com-
pared with the standard MALS/RAIL installation.
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The RAIL portion of the MALS/RAIL system has a peak intensity
of 10,000 to 17,000 candelas. Its minimum intensity across
the full 25 degrees of beam width is 5000 candelas. One of
the most discouraging features of the standard system is the
fact that it 1s blinding to the pillot on final approach at
night. For this reascn, the system, when installed with MALS
and HIRL, is wired so that the strobe lights will not turn on
unless the MALS and HIRL are on the higher intensity steps.
In compering the standard system with the 360 degree system,
the two step intensity selection eliminated the problem of
too bright RAIL fixtures so that the entire MALS/RAIL system
could be used at night in clear weather.
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FINDINGS
REIL, Models 1600 and 1600B

3 In the course of this evaluation it was found that most of
the subjects considered the 360° lighting systems to be su-
perior to the standard REIL. The lights provide rapid and
positive ldentification of the runway regardless of the posi-
tion of the aircraft relative to the airport. They provide
] : guidance during circling AND straight-in approach, and over-
] ride other lighting.

) No subjects experienced spatial disorientation attributable
3 to the lights while flying the REIL.

There 1s nc blinding effect on the Model 1600B. With the in-
tensity setting high for day and -low for night operation, the
blinding effect on the Model 1600 is very minimal.

Night usable distances in clear weather zre 8 miles or over. : 1
X Day distances are approximately 5 miles. : 3
: RAIL, Model 1400 (and coupled with REIL, Model 1600) ]

3 Most subjects considered the 360° RAIL to be superior to the i
L standard RAIl,. The lights provide alignment for straight-in, 3
offset, and circling approach. They override other lighting.

There was no spatial di:orientation due to lights.

Blinding effect 1is minimal when lights are set to high in-
tensity for day and low intensity for night operation.

Pilot control for on-off was usable. Intensi‘-y control might
be better lieft to a photo-cel or other ground method.

B i b b

Of configurations tested, the RAIL with REIL 1s the preferred 1
system, with once per minute flash rate. .

Optimum spacing between fixtures 1is 200-300 feet, with 150 : ;
feet minimum, with the first fixture located 300-350 feet 3
from the threshold. A tolerance of plus-or-minus 50 feet In :
spacing distance 1s acceptable. No apparent problem exlsts 1
when the lights are not on a flat plane out from the runway. ;

Lights are effective under low visibility conditions.
Increased threshold light intensity is desirable.
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Figure 10. Model 1600B REIL Light.

Figure 11. Model 1600 REIL Unit. Same unit is used
as Model 1400 RAIL Light.

Figure 12. Interior of Model 1400 RAIL/1600 REIL.

Figure 13. L~854 Recelver-Controller.

Figure 14. Interior of L-85U4 showing Receilver.

Figure 15. Interior of L-854 showing Controller.

Figure 1€. Model 1600 REIL installed at Threshold.

Figure 17. RAIL System Installed on Centerline.

Figure 18. Sequencing Control Box.

Subjects' Comments, Model 1600B REIL.

Subjects® comments, Model 1600 REIL.

Sutjects' Comments, Model 1400 RAIL.

Exerpt from ICAO Doc 7920-AN/865, Part 4 of ICAO

Aerodrome Manual - Visual Ground Aids.
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Model 1600B REIL Light.
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Figure 12. Interior of Model 140G RAIL Unit (1600 REIL).
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Subjects' Comments - Model 1600B REIL
Overall

"Thic system is very beneficial in 1locating the airpoft due
to the surrounding lights and provided a visual fix for the
threshold while flying the pattern."

Expressway airport has a very short runway and is located be-
tween the hills in a creek bottom. Therefore this type of
lighting 1s very beneficlal toward locating the airport and
runway threshold."

"I felt the 360 degree strobe was very effective and es-
peclally at this airport and I feel the flash rate was very
distinctive at its present rate." ’

"I found the lights to be helpful in lighting the active run-
way to the airport and they could be 1life-saving 1in smog or
fast-closing weather."

"The 360 degree strobe system should prove very etffective in
reducing pilot workload for night 1landings at strange air-
ports located in large cities (high aircraft density areas).
This would allow the pilot to devote more time to traffic
sevaration and aircraft control. I find that landing under
the above conditions most of my time 1s devoted to trying to
locate the airport often with 1limited success in spite of
VOR radios and radar vectors. Orientation for downwind,
crosswind, and base leg correction should be improved."

"A large Mobil gasoline sign was 1located on the turn from ’

downwind to base leg and if this turn was made short and low
it. had a tendency to blank out the left REIL. However, it is
questionable if this sign over-rode the REIL."

"Due to the low intensity of the runway lights and the exces-~
sive amount of freeway as well as the bypass 1light and other
lights such as motel, service station, restaurants, etc., it
is very difficult to locate the Expressway airpark airport
and direction of landing. The 360 degree sirobes are a wel-
come ald toward locating the airport and the runway threshold
especially in the existing confusion of 1light at this air-
port."

"360 degree much more effective in quick location of the run-
way threshold and general location of the airport."

"I found the lights to be more noticeable at a distance ra-
ther than close-in during daylight hours."

A-10
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Flash rate.

"The flash rate of 1 per second seems superior to the 2 per
second standard. The slower rate 1s not so frantic. Based
on this observation I would be willing to endorse this con-
figuration and flash rate over the exlsting standard. A de-~
parture was made from the opposite end into the lights and no
blinding effect was noted."

"From previous experience with strobe lighting, I believe the
rate could be increased and the intensity reduced and the
effect would be just as good. However, also from this pre-
vious experience the strobe may be an irritant to nearby res-
idences at night, and the increased rate would worsen the
irritation factor."

"A faster flashing rate may be of some assistance in locating
the ailrport when located on the approach end of runway 02,
due to the preponderance of other surrounding 1lights. How~
ever, faster flashing rates could cause student or low time
pilots to increase their alrspeeds on the ‘inal approach and
possible emotional upset to some if increased above the two
flashes per second rate."

Intensity.

"The flash rate is sufficient to catch your attention and not
so much as to blind you on taxi, rump, and approach."

Parked 30 feet from the strobe light, looked directly at the
light for 5 seconds, then read the numbers on the fuel flow
meter (small numbers) in the corkpit without difficulty.”

"Lights were not blinding as such, but were in a small way
disconcerting, especially as this was my first time in making
an approach to this system. After familiarization, distrac-
tion would, I feel, be eliminated."

"Was not blinding, but did seem distracting on final ap-

proach.™ (This pilot emphasized the REIL's help in finding
the airport). .

"Phis system is not blinding and is visible from all angles.
The flash rate is recognizable from a distance well beyond
that which might be considered usabie. I prefer the system
over the ncw accepted standard.”

A-11
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Subjects' Comments - Model 1600 REIL

Overall

PRI e

3 "These REILs do not differ from most REILs except they are

3 visible from the "back" at a lower than normal intensity.

They ere not objectionable and give a strong (demanding) at-

tention to the runway end and width of the runway. They are :
extra effective when combined with the RAIL." 3

i "Airport orientation from any direction 1s greatly improved.
! Other than that I see no difference from other REILs at other
locations."

el daaat .
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"On an actual low visibility approach I was able to identify
the runway almost 1mmediately. Also on the CAVU flight the X
runway end was in sight from every direction and I was able i
to immediately distinguish the REILs from the city lights. X
During taxiing and also waiting for takeoff I 1looked at the i
strobes for a few seconds and then into the cockplt and was {
able to read the instruments with no trouble at all." .

F e T I O

LLr o i d

: "This omnidirectional system is excellent for acquisition and

! identification of airfield in a circling approach situation.

| For an inexpensive installation at a general aviation field
it will provide an excellent improvement over existing low
visibility lighting installations. The feature for genera-
ting the system from the air will prove invaluable for un-
attended airfields."

"No approaches made during reduced visibility, but feel it
would be definlte help. Definitely better than standard
system."

"Omni-directional REIL is very useful for initlally acquire-
ing the airfield/duty runway. This 1s especially true when
surrounding/lighting patterns mast and/or resemble the run-
way lighting."

"I feel this should be helpful in uncontrolled airports where
both IFR and VFR approaches are made."

"Would there be objections from airport neighbors (the non-
flying neighbors) to the brilliance of these lights?"

"The REILs were effective for aligning the aireraft and
identifying the runway."

A-12
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"The maximum distance I was away from the airpcort was 8 miles
at 3000 feet and TI feel they could have assisted me in lo-
cating the alrport much further away at this altitude."

"Airport orientation from any direction 1is greatly improved,
other than that I see no difference from other REILs at other

locations."

"I feel that aviation safety would certainly be enhanced with
a set of REIL lights at the end of each runway."

"Might be better if beam slignment with the runway was more
definitive as with standard REIL. Very satisfactory for low
cost small airport locations."

"No chance to try low visibility evaluation, but should be
definite assist."

"These conditions (low visibilities) did not exist during
this flight, but I feel had low visibility been present these
lights would have helped. At night only, these lights were
somewhat blinding during runup."

"Overheard another pilot state that he observed the lights
when 35 miles northeast of PWA. Did not state altitude."

"The standard REIL is not visible from all directions and is
not as good for locating an airport and runway. They help
to maintaln visual contact with the end of the runway during

a circling approach."
"Better during circling maneuver, no difference on final."

"Believe it advantageous to have runway end identification
for 360° as ccmpared for rxample with the REILs installed at

Will Rogers World Airport, Runway 12."

Flash rate

"Much batter for locating the runway. I think the strobe
rate should be reduced, not increased. The 1lights are a
great help in airport lccating."

Other lights

"Recommend the threshold lights intensity be increased. I
could not see them until I was directly over them, and they
could be a valuable assist in providing roll guidance."

A-13
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Intensity

"Lights should be shielded so as to protect pilots eyes when
at runup position."

"There was no blinding from the 1lights even with continued
observation of the lights. The aircraft instruments could be
read clearly."

"The lights should be shielded more in the direction of the
taxiwey-runup area by using a prism arrangement."

"The REIL lights could be toned down during the final seg-
ment."

"No problem reading small print in cockpit after staring at
lights."

"Lights seem quite bright, but do not disturb night vision or
near vision capability."

"Did not override runway lights, but is more prominent than
all other lights."

"] made an effort to impair vision by staring directly at the
lights. There was no impairment."

"Annoying when stared av but not blinding. When I was con-
centrating on the runway the lights were not annoying."

"Very distracting at night when on high intensity."

"Although the REILs were considerably brighter than any sur-
rounding lighting it didn't appear to distort my vision."




Subjects' Comments - Model 1400 RAIL

i Overall.

"Overall impression very good. 360° wvisibility feature 1is
excellent."

"I thought it was easy to identify the runway, and thought 1
it would stand out even when there were many other lights in
the vicinity of an airport."

boon to aviation. It should prove invaluable for orientation ;
during low visibility circling approaches. In fact, with £he
use of this system the offset angle that presently defines a
straight-in approach could possibly be increased."

3

3

E

- "This system is readily identifiable and should prove to be a
E’ .

E

:

"I wonder if the 360° feature might be disconcerting to pi-
lots at other fields. What would be the results if similar
RAILs were installed at other airfields in the same areat"

"On the circling approach I was gulded directly to the ap-
proach end of the runway."

PRI PRSP K. SIS PTLCUPRY DIVIOIRIL TR B 3. W JUNC R Y IR

"This lighting system indicates progress, and I found them
extremely helpful not only for an approach aid but for air-
port identification, runway orientation, and a very usefal
guide to visual height above the ground on final approach.”

il o, Ve i S ek st o

"It is very helpful in picking up the runway approach from
any direction and from a considerable distance away."

"The omnidirectional feature greatly improves the acquisition
of the field on circling or low visibility approaches when
final approach course 1s not consistent with the ianding run-

vl Lok haln e,

Disorientation

"While looking back at the iights (RAIL) on a 215° heading
from the field (over Lake Overholser) the sequence of the
iights appeared to give & rocking chalr effect. This may be i
peculiar to me only but since we have had, within the past
year or so, a fatal Queenaire accident at PWA as the result
of disorientation, the posslbility of ground light induced
vertigo should be considered during circling approach."

A-15
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Jonfiguration

"RAIL/REIL reduces the effort required to initially acquire
he airfleld. Once vlisually acquired, use of the lights pro-

7ides an easy method for runway alignment. (Circling or
3traight-in)."

"Looks like a very promising system with 6 (RAIL) and 2
(REIL) configuration. I douybt that less than 6 lights would
he very effective.”

"By combining the two systems you can tell which end of the
runway the lights are on before you can see the runway."

"Under the conditions (VFR) RAIL wasn't all that important.
I can see that it might be another matter under marginal ov
IFR conditions."

"Suggest consideration be given for use of 6 light RAIL as
replacement for C & G airport beacon."

"REIL only is minimum lights for VFR and RAIL is minimum for
IFR approaches. The best configuration is to have both RAIL

and REIL systems to be better oriented throughout any kind of
approach."

"In using the complete system, the fact that the REILs are
located outside the lines of the RAILs (This is the FAA stan-
dard) gives an explosion illusion at the RAIL location. In

flying the project I wondered why they were not on a straight
line."

"The full configuration (RAIL with 3 roll bars) 1s too much
and does not give a good intultively correct pattern."

"I felt that the directional advantage of the system was lost
using the side 1ights of the RAIL system until the last %
mile of the approach. This was especlally true with the
lights on bright." (Reference to RAIL with roll bar).

"I found none of the lighting really objectionable, but Sys-
tem 5 (RAIL with roll bar) on high intensity under clear con-
ditions was a little much."

"The wing bars did not help me and provided too much and too
many lights."

"The t-bar could be confusing and does not add any apprecia-
ble lateral orientation -~ in fact at angles foreshortedning
could give you an erroneous impression."

"No advantage and some possible confusion of roll bar w/RAIL."
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"I felt that my approach would not be affected by the "guide-
in 1ights (LDIN) once I am close enough to identify the guide

in effect.
"I feel that all lights should be in a straight line with the
runway."

"The LDIN would probably cause some disorientation due to the
motion created by the effect of the last two lights."
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"The RAIL is excellent for runway orientation during circling
approach. The pigtall (LDIN) is nice to have but distracting

on a straight-in approach."
"I did not like the straight in approach with the full system
It

operating including the circling approach 1lights (LDIN).
gave the feeling of losing some runway alignment accuracy.®

Lowd xrat
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3 "Lead in 1lights are not useful in their present position.
3 They are too close to the end of the runway. I believe they
] would be beneficial in their present location only for very
] low speed aircraft (60 mph final approach speed)."

i "A low time pilot may bank too steep during a circling ap-
] proach with an adverse wind. This concerns the bent area of
3 two lights when making a VOR 1 circling approach.™ (LDIN)

s L VEL TR L T ST A

"Angle of offset lights for circling approach seems too sharp
- they should not be more “han 30 degrees." (LDIN)

"I do not believe the dogleg 1s necessary that was used on
the VOR 1 approach."

"Do not feel the 3 additional lights provide an adequate test
for circling patterns - consider expanding to minimum 6."

Hoa St 1 LT AR it s YA ¥ v e

"I do not think the additional 3 of'fset lights were much help
under good visibility conditions. I preferred the streight ;

line configuration."

"The curved tall signifying pattern direction greatly en-
hances down wind set up to final approach."

a2 et € as
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"The lights helped to find runway but lead-in effect was
missing due to too short a system - if anything a little dis-

E

A

tracting due to apparent artificial hor .zon established by 1
the angled lights."™ (LDIN) i
. 1

"Excellent system, especlially the curved leadin for approacn g
3

3

i

i

opposite landing direction. Good alignment information from
all quadrants. Good roll guidance from 3 light bar, but not

necessarily for most applications.”

"I noted no advantage and some possible confusion from I.DIN."
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Flash rate

L "There should be time between last light off and first light
] on 80 the pattern will not run back and forth."

"The system was not 1improved significantly by increasing the
flash rate from 1 per s8ec to 2 per sec, and the 2 per sec
flash rate 1s more annoying to ground operations.”

el il

"Also Ehe faster flash rate of the two settings appeared best
to me.

Log nitodde d atoz

"Light intensity by pilot's request."

"Should be a 1little 1longer time between flash sequences to
reduce the bouncing back and forth appearance presencly pro-
duced by the flash sequence rate." (2 per sec) ;

"I experienced some problem with the reduced flash rate when
the light intensity was low and the roll bars on."

"At the existing rate (1 per sec) and delay between the last
RAIL and the REIL there 1is no tendency for the direction of
the strobe run to reverse itself."

Kl
= |
4
¥
{

"The fast pulse rate at a distance or at low altitude appears i
as a centerline REILs light alternating in pulse cycle and to 1
me 1is also objectionable. In fact on a c¢cireling approach
with fast pulse rate I found myself watching ¢ = 1light. On
slow rate I observed a whole picture concept . .th no appar-
ent effort on my part."

"The 1 per second flash rate with one light delay before the
REILs fire is very effective. It is not annoying to watch, i
clearly identifies the runway end, and on straight in ap-
proach provides some roll guidance when the REILs fire."

A

"The flash rate and sequencing seem that both could be slower
in this pilot's opinion."”

Other lights

"Would say it is mandatory to also have the runway edze light
operating."

"Threshold needs beefing up. Suggest the addition of 6 or 8
200 watt elevatad approach lights as wing bars." cad.
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Intensity effect

"I didn't notice any blinding effects of the lights on the
low approach.”

"Blinding with too many condenser discharge 1lights near the
threshold plus REIL 1’ghts. The REIL lights could be toned
down during the final segment."

"I stared at the lights for 6 or 7 flashes, then immediately
read small print in the cockpit with no problem."

"Also, flashers should be shielded to provide protection at
runup pcsition.”

"During taxi and runup the strobes were blinding. They should
be shielded from ground level in the taxi and runup areas."

"At night I believe low intensity setting would be best, how-
ever undernlimited visibility and weather conditions this may
not be so.

"When set on bright intensity, the flashers are almost too
bright as the boundary 1s reached. No problem on low inten-
sity."

"Maybe excess light close in even on low setting - possibly
do not need as many of the roll bar lights." This flight was
flown on 3 roll bar systen.

"The flashers were very blinding on night landing over ap-
proach end with all burning even in 1low position." (Refer-
ence 1s to RAIL with 3 roll bar configuration which was elim-
inated early in the test series).

"iigh intensity on the RAIL blanks out the sequence effect."

"With all lights operating, I had an overwhelming urge to
pitch the nose up. I feel this may be due to 1light reflec-
tion from the ground."

"Believe we have to have high intensity for scud or low ceil-
ings on instrument day conditions. Do not know about night
as not observed."

"The intensity 1is very important and should be adjustable to
conform to the degree of darkness and the prevailing visi-
bility."
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"The only derogatory comment I can make about the lights in-
volves having all the RAIL and REIL lights going while the
pilot 1s in runup pad on the airport. It was no more than a
confusing display of fireworks which resulted in some uneasi-
ness or disconfort. However, it might be disquieting to a
novice pilot unfamiliar with the purpose and benefits of the
lights. There vwere no ill effects on my night vision either
on the ground or in the air."
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EXERPT FROM ICAO DOC T7920~AN/ Part 4
AERODROME MANUAL
Visual Ground Aids

%

CHAPTER 2 - APPPOACH LIGHTING A0 MW G 3

] 2,1 Circling Guidance Lighting

2,1.1 Lighting for circling guidance is required primarily to assist the pilct in
- nanoeuvring the aircraft and positioning it for a landing on a runway which may not he
1 clearly in view because of reduced visibility and/or ceiling. Typi:al conditions of cloud 3
base and meteorological visibility under which large et aircraft could execute a circling ]
approach are in the order of 200 m (600 ft) and 2 NM and for smaller propeller-driven air- 3
§ craft currently in use in the order of 120 m (400 ft) and 1 NM, However,. in providing

lighting .for circling guidance under these mirimal conditions, consideration should also
: be given to the value of such lighting in facilitating manoeuvring under visual coniact
conditions and thus expediting the flow of traffic at high traffic densit - a rodrcoees. In

this situstion the aircraft may begin its downwind leg at a height of 3L = - 44 m E
(1 000 -~ 2 000 ft)., The most usual circumstances under which pilots fina ofso.ate circling
§ . guidance to be lacking are in daylight haze conditions, and a lighting - ~<iza which is A
5, found to be suitable under these circumstances will also be satisfactor :fter suitable E
i control of intensity to avoid dszzle on finsl appreach at night) for the lowest conditiouns ;
of visibility and ceiling under which circling approaches are likely to be conducted by i
day or by unight. ?

2.1.2 To be satisfactory, s circling lighting system should provide the following
elements of guidance:

(1) Adequate indication of the position and alignment of the landing 1
tunvay. This facilitates the positioning of the zircraft on the down- ;
wind leg at the desired distance from the runway, and ensbles the ]
pilot to detect and compensate for tracking errors. 3

{11) A distinct indication of the landing threshold, so t .t a pilot can a
determine when he is abeam of the threshold.

Timing procedures employed hw pilots, under visual contact conditiomns,
to positicn the aircraft on final anrroach at a suizable distance

from the runvay threshold, require accurate knowledze of the position
of the threshold. 3

(i11) Adeqaate lighting along the extended runway centre line in the direc- :
tion of the aporoach und coxpatible with che threshold indication, 3

2.1.3 In order to have alignment guidance a pilot needs te szee aporosch lighes,

runuay alignment indicators or aporoach light bescons or runway lighting or marking. In

this connexion, consideration should be given to the possibility that, where traffic density

is high, aircraft may be required to extend the downwind les to a greater discance than is

. operationally necessary in crder to establish adequste separa.ion from other landing air-
craft. Under these circumstances, the provision of additional alignment euidance along the 3
runvay extended centre line will be desirable to a correspondingly arearer distance from

B the landing threshold. The addition of runway alicament indfcators or .noroach licht

- besons would slso provide useful puidance of atrcraft conducting straight-in appro-iches.
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It 1s desirable alac that the method used to identify the threshold should provide as much
ral! guidance informsiion as possible, Where sdequate roll guidance (e.g. in the form of
a simple approsch lighting system) is otherwiss sbesent, provision of this guidance in the
threshold srea for final approach {s essential.

2.1.4 Pig. 2-1 illustrates the approximste dimensions of typical circling approaches

and will indicate the ssimuths, elevations and areas throughout which the system should
provide visusl guidance.

2,1.5 Pig. 2-2 {llustrates s system of circling guidence lights.
\ —
) {
RUNVAY

W

+
-~

I (L«

Ci~CUIT GUIDANCE LiGHT
AL (SO0IUM LAMP, FIXED IMTENSITT)

Fig. 2-2.- HIGH INTENSITY CIRCUIT GUIDANCE LIGHTING SYSTEM
AS PROPOSED FOR NON-PRECISION APFROUACH RUKWAYS
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2.2 Runway Alignment Indicator

2.2.1 The dimensione of the pattern flown by an sircraft making a visual circuit
2 depend largely upon the aircraft's size and speed. The dimensicns associated with the 4
3 large turbo-jet aircraft are so great as to discoursge this landing technique even on rum-
vays not equipped with precision approach radio aids. There is a tendency, in such cases,
to use somg form of navigacionsl radio aid to align the aircraft as accurately as possible

with the runvay, and then make a straight-in approach. Depending upon what radio aid is 1
aveilable, and other factors such as obstacles in the approach area, the critical height i
for such operations may be anything from about 120 m (400 ft) to 240 m (800 ft) or even
mora. This means that for a 24° approach angle, the aircraft will reach critical height
at distances varying from about 1} ¥M to pe:aaps more than 3 NM from the runwsy threshold, : 4
Under these circumstances, therefore, it is of little significance whether the approach ; j
lighting pattern is § NM or § NM long since the basic requirement in restricted visibility :
conditions is for the necessary visual information to be svailable from positions on the

F ground much further out in the approsch, The informstion which the pilot needs on first

1 making visusl contact under these circumstances is, first, distance from threshold,
sscondly, approximate height and thirdly, s sufficiently accurate indication of his lateral
displacement to make a correction of the right order of magnitude and finish with the air-
craft on a heading substantially thet of the runway.
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2,2.2 This informstion cannot be given by 3 single beacon on the extended centre
line of the runwsy, and not very well even by two such beacons. What is needed {s s wulti~
light array such that the pilot can obtain the nacessary positional and displacement
information, Clearly, the lights sust have an adequate lateral coverage to allow for
moderately large navigational errors; they must 2lso have the maximum intensity consistent
with scceptable cost. 4n arrangement comprising seven lights vhich is still being assessed,

is showm in Pig. 2-3.
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EXTENDED RUNWAY €

L.
250
1.234m TO 3hm (¥ TO 2 MAUTICAL MILES)
TO RUNWAY THRESNOLD

13
$380%)

A RUNWAY ALIGNMENT INDICATOR
LAMP CAPABLE OF BEING FLAIHED

—Lasseact-

’ ! '
10
13¢)

Fig, 2-3,- HIGH INTENSITY RUNWAY ALIGNMENT INDICATOR
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