TECHNICAL. DPEVELCPMENT REPCORT NO, 110

EVALUATION OF AW EXPFRIMENTAL
SIGNAL LIGHT GUN

FOR LIMITED DISTRIBUTION

By
Roy E. Warren

Airport Division
Technicel Developnent
April 1650

CIVIL AFROFAUTICS ADMINISTRATION
TECHNICAL DEVELOPMENT
AND EVALUATION CENTER
INDIANAFPOLIS, INDIANA

LIBRARY
CIVIL AFRONAUTICS ADMINISTRATION
TECHNICAL DEVELOFMENT
AND EVALLUATION CENTER



EVALUATION CF AN EXPERIMENTAL SIGNAL LIGHT GUN

INTRCDUCTION

Signal light guns presently used for comtrolling traffic at air-
ports are scmewhat bulky and unwieldy, being approximately 9 inches in da-
ameter, 15 inches long, and weighing 7 or 8 pcunds. An experimental model
of a signal light gun which 18 gmaller and lighter than the stardard light
guna wag submitted to the Technical Development and Evaluation Center by the
Office of Federal Airways for testing and evaluation.

DESCRIPTION OF THE MODEL SIGNAL LIGHT GUN

The model light gun 18 illustrated in Fig. 1. The body of the
light is enclosed in an aluminum tube approximately 5 inches in diazmeter and
16 inches long. Levers for controlling the color screen position are im-
mediately in front of the pistol-grip handle which houses the control
switches, An aircraft-type machine gun sight i1s used, The color of the
signal being exhibited 18 indicated to the operator by means of =z lucite red
which excends out of the body. The weight of the model light gun 1s 4.3
pounds,

An interior view of the model 1s shown in Fig., 2, The light source
1s a 10C-watt 120-volt projector-type lamp with a miniature bayonet base,
The reflector behind the lamp 18 approximately 1 3/4 inches 1n diameter. The
rear and front lenses are approximately 3/4 and 3 3/4 inches in diemeter re-
epsctively,

Normally the rear lemns 18 covered by the green color screen. When
the trigger 1s pulled toward the hardle the red color screem 18 moved 1n
ront of tne rear lene. To cobtain a white beam the thumb lever i1s depressed,
moving both color screens clear of the rear lens.

The upper control switch i1s normally open, and the lower cne is nor-
mally cloged. In the sbgence of any operating instructions 1t was assumed
that the upper switch 1s uszd to obtain a steady signal and the lower switch
18 used to flash the signal light,

Fig. 3 shows the operator's view of the sight. The reticle of the
gi1ght 1s shown 1lluminated with the sight properly eligned on the aircraft
1n the background,
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CALCULATIONS AND TESTS

Calculations showed that the brightness of this light should be
epproximately h6,000 candle power, The National Bureau of Standards' test,
recelved later from the Office of Tederal Airways, showed 51,3C0 candle
power mazxamum, Both the red and green beams will have a candle power of
approximately 22 per cent of the white beam, or about 11,000 candles. All
gubsequent calculations in this report are based on the candle power avall-
able 1n the colored beam,

This signal light wes cleerly wvisible at two miles i1n the daytime
vwhen used against a relatively dim background. When used behind a pane of
glass which wes 1n direct sunlight 1t was not sufficiently bright to furnish
a reliable signal.

In visibility calculations 1t 18 generally accepted thet a light
18 btarely visible at night when 1ts intensity 1s 0.5 mile-candle, On dull
days (when the background brightness is low) that threshold value often 1s
taken to be 500 mile-candles, On days when the background braightness is
high, that threshold value may be comsidered to be as high as 5,000 mile-
caadles.

Table I gives the light intensity available from the model pro-
Jector under several conditlons of dlstance and object visibility. In the
table, "Ratic of Brightness"” refers to the ratio of the light intemsity
avallable from the model projector to that required for the corresponding
conditions, Where this ratio equals or exceeds unity the signal light can
be considered adequate, The last four rows of the table give the minimum
candle power necessary for religble signaling.
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DISCUSSION AND RECCMMENDATIONS

From Table I 1t may be seen that the signal light under considera-
tion 15 more then adequate for night signaling, It 18 not sufficiently
bright for daylight signaling, however, except 1n clear weather and with
low background braghtness.

It 18 believed essential that signal lights should be visible at
least two miles, and 1t 1s desirable that they be visible at three miles with
objeet visibilaity distance as low as three miles. This would indicate that
the red and green beams should be of the order of 400,000 candle power, Suckt
brightnesses are not practical, of course, in a self-contained portable umit,
Brightnesses of the order of 400,000 candle powar are possible, however, with
a remotely comtrolled projector.

The beam 18 not sufficiently conatracted. At a distance of three
miles the beam 18 approximately 1,100 feet wide as compared to approximately
275 feet required in the standerd specifications. Reduction of the beam
spread will increase the candle power of the unit 1f the lumen output of the
lamp remeins constant. In any case the beam spread of the model 1s too great
both for accuratc signaling and for obtaining maximum candle power. The
Naticnel Burecau of Standards' tests show that there are four distinct beams
caused by the four filament coils in the lamp. The area to be covered by
the signal light as specified i1n Section VI D of Specification No, CAA-508a
18 ccnsidered entirely satisfactory.

The model light under ccnsideration could be improved materially
by certain modifications, The beam spread could be reduced by use of a
lamp with a much smaller low-voltage filament. Any increase in the dismeter
of the cpening behind the color screen would increase the brightness approxa
mately in propertion to the increase of that area.

The arrangcment of triggers 1s satiafactory, although 1t could be
improved by extending the thumb lever slightly farther back and slightly
higher for the convemience of operators with small hands., Another, and
posgibly better, trigger arrangement could be obtained by placing the color
screens so thzt white would be obtained by moving the trigger to the extreme
rear, A stop siumilar tc the safety on a rifle coculd be arranged to lock out
the white position except when it was required for signaling. This arrange-
ment would eliminate need for the thumb lever.

The sighting device on the model has some advantages over present
g1ghts. One particular advantage is that 1t does not require the operator's
eye to be at an exactly fixed point, A4nother advantage is that the target is
casiler to find., There are, however, two objectlons to the sight in 1te
present form., First, the illumination required on the reticle for daylight
use is much too bright for nmight use. This light on the sight cbscures the
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nevigetion lights on aircraft when used at night. Also, the sight 1e use-
less except when the reticle 1s i1lluminated, and the signal light must be on
before 1t can be aimed, Both of the cbjections could be overcome by adding
a separate source of 1llumination for the reticle and providing a means of
adjusting the brightness of that source. A convenient mcans of adjusting
the sight to make the line of aight parallel with the light beam 18 needed
also,

The telltele color screen indicator 1s inadequate because 1t does
not projgect fer enough into the tubular housing. If the lucite rod were
exlcnded approximately ome-fourth anch into the tube, 1t should te adeguate.
It would be desirable to offset the lucite rod slightly out of the line of
81ght or to shorten that portion extending out of the tube about one inch.
A color screen position indicator can be added by fastening a metal rod to
the arm which holds the color acreen and extending the rod through the
housing. The rod would be painted in red, whaite, and green sections to
Indicate the physical position of the color screcns,

The model incorporates three good features, viz.:

1, The sight, if modified as recommended, should be an 1m-
provement over exlsting sights.

2. The trigger arrangement requires the use of one hand
cnly.

3. This model 1s lighter and more compact than existing sig-
nal lights., It should be pointed out, however, that even
this light can be aimed and c¢ontrolled properly, only if
1ts weight 15 euppcrted by something cother than the hand
which manipulates thé controls.

While the optical system 1s inherently inefficient i1t must be of,
cr similar to, its present form i1f the color screen and trigger arrangement
ere retained. There is some possibility that the brightness could be im-
proved to meet Specification No, CAA-508e., As a result of these teats, no
change 18 recommended in this procurement specification. The possibility
of developing a better light should be investigated further. There are two
posslble alternatives that could be explored. One 13 a remote control unit
wilth larger lights located outside the control tower and contrclled from
Within. This would allow use of a light having approximately 2,000,000
candle power in the white beam or about 300,000 to 400,000 cendlc power 1in
the colored beama., The other alternative would be to improve the existing
portable type of light by improving the light source 1tself,
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