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CHARACTERISTICS OF SOME AIRCRAFT ANTICOLLISION LIGHTS* 

SUMMARY 

This report describes laboratory and flight tests of some recently developed external 
llghtmg umts for aircraft Photcmetrlc measurements of the lamps and light umts were 
made I,, the laboratory All but one of the light uruts were mstalled on a DC-3 airplane, and 
threshold-vlslblllty distances for each unit were obtamed m flight durmg clear mght condl- 
tmns For purposes of comparison, the characterlstlcs of the conventronal low-mtenslty 
posltmn lqhts also were measured and are reported 

INTRODUCTION 

The speed of arcraft has more than doubled in the last decade, and air-traffic 
densltxs ai-e contmumg to increase Untrl recently, however, external llghtmg arrangements 
for arcraft have remamed essentially unchanged Thx has resulted in a growmg need for 
greatly unproved effectiveness. and particularly kor mcreased vlslble ranges of external 
arcraft lights 

Several manufacturers have recogmzed this need and have developed a number of 
different types of high-mtenslty or,antlcolllsmn lights The Technical Development Center 
of the Clvll Aeronautics Admmlstratlon has collaborated in much of this development 1 A 
number of avallable lights were tested at the Center durmg 1953, 1954. and 1955 The 
physlcal characterlstxs of the lights and the maxrr,um azrplane-to-airplane distance at which 
they could be seen on a clear mght were measured This report describes those tests and 
observatmns 

DESCRIPTION OF LIGHTING UNITS 

The lxghtmg umts, Nos. 1 through 8, were Installed on a DC-3 airplane They Included 

1 A rotatmg V-reflector light supplwd by the Grxnes Mantiacturmg Company, Urbana, 
Ohlo 

2 Two sweep-beam lights supplled by the Standard-Thomson Corporatmn, Dayton, Ohm. 
3 Three rotatmg prlsmatx-lens lights or “Ghtterlltes” supplred by the Aero Flash 

Corporatmn, ChIcago, Illmols. 
4 A rotatmg parabolic-reflector light, the “Pounder,” supplied by the Aero Flash 

corporation 
5. An osclllatmg four-way-reflector light supplxd by the Federal Sxgn and Sxgnal 

Corporatmn. Chicago, Illmols 
b A four-lamp rotatmg cluster light made at the Techmcal Development Center for 

experunenta1 purposes. 
7 The standard low-mtenslty flashmg nangatmn lqhts 
8 A small two-lamp rotatmg lught, made for use on small or executive alrcraft, 

manufactured by the Grunes Manufacturmg Company 

+Manuscnpt recaved for publlcatmn February 1956. 

1 
Cecil B. Phllllps and Alan L. Morse, “A Revzew of AIrcraft External Llghtmg 

Actlvltles,” CAA TechnIcal Development Report No. 215, September 1953 



2 

Fig 1 Rotatmg V-Reflector Light 

Another umt, a large two-lamp rotatrng light developed by the Federal Sign & Slgnal 
Corporatmn, was tested m the laboratory only. It was not mstalled on the axcraft for flight 
testrng. 

A detalled descrlptmn of these milts follows 

1 Rotatmg V-Reflector Light 
The Grunes rotatmg V-reflector light was deslgned to provide a high degree of 

coverage and mtenslty from a smgle PAR-36 sealed-beam lamp m a compact, 
umt This light 1s shown m Fig. 1 The lamp 1s submerged In a metal base 4 
d,ameter and 3 l/4 mches deep. The red plastic dome wh,ch covers the two reflectors and 
their drlvmg motor IS 4 l/2 Inches In diameter and 3 3/4 mches high The total werght of the 
umt IS 2.5 pounds The beam of 1,ght from the lamp IS dlrected upward. Immedxately above 
the lamp are two reflectors m the form of a V whzch split the beam from the lamp and direct 
each half outward The reflectors are rotated so that the two high-mtenslty beams sweep the 
horizon and from a distance appear as a continuous successmn of flashes. One of the 
reflectors 1s shghtly curved so that the beam It reflects 1s spread vertically. The beam from 
the flat reflector 1s concentrated In a narrow cone. Each beam has a 360” horizontal sweep. 

2. Sweep-Beam Light. 
The sweep-beam light 1s deslgned for submerged mountmg wrthm the arcraft structure 

or wlthm a low drag housmg. Also, It 1s desrgned to provide wide coverage of high-lntenslty 
hght. This 1s accompllshed by sweeprng a relatively narrow but concentrated beam through 
a wide arc. This light was deszgned by the staff at TDC and 1s shown m Fig. 2 Its design 
characterlstxs were determmed by prevmus flight tests of a modrfled osclllatmg fire-engine 
light made by the Carpenter Manufacturing Company, Cambrxdge, Massachusetts It 
comprises a cylmdrxal base and an osclllatmg lampholder. The base houses the drlvmg 
motor, the osclllatmg mechamsm. and a radio-noise suppressor. The lampholder a accom- 
modates a PAR-36 sealed-beam lamp whxh sweeps h an angle of 70’. With the lamp- 
holder at Its extreme angle of sweep, the hght umt mches wide, 5 l/S mches high. 
and 5 3/S Inches deep Total weight of the umt 1s 2 2 pounds 

-- 
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Fig. 2 Sweep-Beam Light 

3 Rotatmg Prlsmatlc-Lens Light. 
The rotating prlsmatlc-lens light or “Gktterhte” also is deslgned for submerged or low 

drag mstallatron It was believed that the glitter effect would xnprove attentmn-gettmg 
quabtles and would facllltate tracking of the alrplane m flight This unit produces an mtense, 
steady light punctuated with flashes of greatly mcreased lntenslty at the rate of 600 per 
mmute It was deslgned by the Aero Flash Corporatmn. Chicago, Illmols. and 1s shown m 
Fig. 3 The light uses a PAR-46 sealed-beam lamp. The lamp 1s flxed, and a lens conslstmg 
of a series of molded glass prrsms 1s rotated in front of the lamp. The lamp and the drlvmg 
mechanism of the lens are supported by an alummum castrng The lens 1s rotated at 
sufficient speed m front of the lamp to cause the light to shmnner or ghtter. The light umt 
is 6 l/2 inches deep and 6 l/2 Inches high. Total weight of the unit 1s 3 7 pounds. 

4. Rotatmg Parabohc-Reflector Light 
The design obJectrves of the rotatmg parabolrc-reflector light or “Pounder” were to 

obtain 360” horizontal coverage of high-intensity light and to produce an effxlent, relrable 
umt which would be light in weight and low m cost. These qualltles should encourage Its use 

-- 

Fig 3 Rotating Prismatic-Lens Light 
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Fq. 4 Rotatnq Par&o&-Reflector Light 

on both transport and personal-type axplanes. The Pounder, shown 111 Fq. 4, was deslgned 
and supplied by the Aero Flash Corporatron. Chcago. Illmors. It utllmes a 100~cp mcandes- 
cent lamp, The unit has three parabokc alummum reflectors with noncorrosive Alzak 
surfaces One reflector 1s fIxed, the second reflector rotates around the lamp, thus gwmg 
360’ honsontal coverage, the third reflects lrght upward and rotates with a slqht wobb1m.g 
motmn Total weight of the umt 1s 1 0 pound. 

5 Osc&atmg Four-Way-Reflector Lqht. 
The desrgn objectives of the osallatmg four-way-reflector light were to obtan-, 360’ 

horizontal coverage with sector ldentlfxcatmn and to produce a lrghtelght umt whxh also 

Fq. 5 0sclllatm.g Four-Way-Reflector Light 
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would be smtable for smaller arcraft This umt, shown m Fig. 5, contarns a PAR-36 sealed- 
beam lamp with its beam dlrected upward Four reflectors above the lamp drvlde Its beam 
Into four beams whrch are directed outward The reflector assembly oscillates, causmg the 
four reflected beams to sweep through an arc of 110’. A three-color filter was Interposed 
between the lamp and the reflectors to provide green on the right, red on the left, and clear 
to the rear A clear plastic streamlined dome covers the osclllatmg reflectors. The hght IS 
3 Inches high, 6 mches wzde, and 8 l/4 Inches long The alummum base housmg the drlvmg 
mechanxsm for the lamp and the color filters 1s 8 3/4 inches long, 2 3/4 Inches deep, and 
5 mches wide The weight 1s 3 0 pounds. 

6 Rotatmg Cluster Light 
The man design oblective of the rotatmg cluster light was to mcrease the effectrve 

flash duratmn while mamtammg a flashmg frequency of 70 flashes per mmute The four lamps 
m a cluster rotatmg at 17 l/2 rpm provide 70 flashes per minute, but the flash duratmn IS 
four times that which would be provided If one lamp were‘rotated at 70 rpm Other obJectives 
were to obtam high-mtenslty coverage throughout 360” m the horleontal plane and to obtam 
sector ldentlficatmn 

This light umt. shown III Fig. 6, consists of four sealed-beam lamps whrch are mounted 
back-to-back This cluster rotates about a vertxal axis so that the four beams sweep m a 
horlaontal plane A metal base. 10 l/4 Inches m diameter and 2 3/4 Inches high, houses the 
drwmg mechanism Each lamp produces a narrow concentrated beam. The lamps are covered 
by a plastic dome which IS 10 l/2 Inches m diameter and 5 inches m height The dome 1s 
constructed so that red shows to the’ front and to the left, green to the right, and clear to the 
rear This provzdes the conventIona sector ldentxfrcatmn. The weight IS 8 2 pounds ~ 

7. Standard Low-Intensity Navlgatmn Lights. 
The standard low-mtenslty flashing navlgatmn lights were the conventIona type, that 15, 

the low-mtensity wing-tip-hght mstallatmn and the standard low-mtenslty red and white 
flashmg-talllrght mstallatmn 

8 Grxnes Small Rotatmg Light 
This hght, shown m Fig 7, was produced for small arcraft, but It 1s not necessarily 

lm-ated to such use because models are avallable for operation w1t.h 12- and 24-volt systems. 
The urnt tested here was the 24-volt light It has two smgle contact, bayonet, mdeung, 
reflector-type Adler lamps The two lamps, facmg away from each other, rotate 360’ m a 
clockwise dlrectmn. The beams are more thap 30’ wide, approxunately corucal, and are 
centered slightly above the horwiontal plane through the lamp filaments The glass cover 1s 
avmtmn red, and the complete unit weighs 23 ounces 

Beacon-Ray Light. 
The Federal Sign and Szgnal Corporatmn deslgned this light to provide a sultably strong 

antlcollalon light for large, hzgh-speed arcraft. The two General Electric 50-watt, PAR-36 
sealed-beam lamps are mounted back-to-back, and they rotate m an arcraft-red transparent 
glass dome One of these lamps, No. 4505, produces a concentrated conical beam which 1s 
centered cm the horizontal. The other, No. 4502. mcorporates a prism&c lens which provides 

Fig. 6 Rotatmg Cluster Light 
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Fig 7 Small Grimes Rotating Light. Filter Off 

wider vertxal coverage but lower mteeslty. This lamp 1s amed slightly above the horizontal 
to afford more complete vertical coverage. The unit weighs 8.8 pounds, and it IS shown 1~ 
Fig. 8. 

Lamps. 
A detaled descrrption of each of the various lamps used is presented in Table I. The 

two specral types of 1Ygh-mtensity lamps for use m flashmg-tarlhght umts are PAR-36 
sealed-beam lamps. but each embodies a different design prmclple. 

The prrnaple upon wbxch the Westmghouse lamp 1s based was concaved by Mr. Charles 
Adler, Jr , Baltnnore. Maryland. It mvolves the use of a spherical reflector or other means 
to obtain a wider dlstrlbutron of light than IS obtamed when the lamp filament 1s at the focal 
pant of a parabolic reflector The wider distrihutmn 1s obtamed through sacrifice of mtensrty. 

Fig. 8 TWA Constellatron Beacon-Ray Light, Filter Off 

---- _-,-__ _ -- 



TABLE I 

LAMP DATA 

Light Unit 

Flashing 
tallllght 

Flashing 
talllight 

Sweep-beam 4591 

Rotatmg 
V-reflector 

4594 

Rotating 
prlsmatzc-lens 

5190 

Rotatmg 
parabohc- 

reflector 

988 

Low-intensity 
flashing 

wing-tip 

Low-Intensity 
flashmg 
taillight 

Small rotating 

1524 

308 

A-7079-24 

Beacon-ray- 
tYPe 

Lamp No 

Expermental 

4501 

4502 

4505 

Manufacturer 

Westinghouse 

Westmghouse 

General 
Electrm 

General 
Electric 

General 
Electric 

Grunes 

General 
Electruz 

Grimes 

General 
Electric 

General 
Electric 

PAR 36 

PAR 36 

PAR 36 

PAR 36 

PAR 46 

D.C. G-16 I/Z 
B=Y 

S.C. GG-10 
Ind 

D.C. S-8 
B=Y 

S.C. 
Ind 
==Y 

PAR 

GG-10 

36 

PAR 36 

Rating 

28 volts, 
100 watts 

26 volts. 
5 3 amperes 

28 volts, 
100 watts 

28 volts, 
100 watts 

28 volts, 
250 watts 

28 volts, 
100 candlepower 

28 volts, 
24 candlepower 

28 volts, 
21 candlepower 

24 volts, 
65 watts 

28 volts, 
50 watts 

2 8 volts ) 
50 watts 

Fxlament 
Type*** 

Single 
Radial CC 

Four 
parallel CC 

Smgle CC 

Smgle cc 

Single cc 

Single C 

Single CC 

Single C 

Smgle C 

Smgle CC 

Single CC 

Remarks 

Wide beam 

Provides 
sharp eclipse 
when flashed 

electrically 

Filament 
sbmld used 

SIlvered 
back 

Prism front 

*PAR denotes sealed-beam lamp! D.C Bay ,double-contact, bayonet! S C Ind , single-contact, mndeltmg. 
**Figures refer to the approximate bulb dmmeter, in eighths of an inch Letters denote bulb shape 

**WCC means co&d coil. Wire 1s wound Into a hellcal ~011, and this coiled wire agarn 1s wound Into a helical coil. 
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The prmclple upon whxh the General Electric lamp 1s based was conceived by 
Mr A. D. Dlrcksen. Dayton, Ohm. It mvolves the use of several filaments connected in 
parallel. Thrs arrangement produces a sharp eclipse when the light 1s flashed electrically 
and thereby unproves Its consplcuty 

LABORATORY TESTS 

Lamps 
In addltron to measuremeats of electrical and hght-mtenslty character,stxs of lamps, 

the filament temperatures were measured to provide an mdxatmn of probable lamp lde 
The equxpment used for photometrlc measurements consxsted of a standard gonmmeter 

and photometer The gonlometer allowed horxontal and vertrcal angular ad,ustments about 
the lamp’s center T$e photometer Included a color-corrected, barrier-layer (dry disc) 
photocell, Weston Model 856RR. The cell housrng was baffled to elmnnate any stray hght, 
and the cell was located a sufflclent distance from the lamp to u-isure vahdrty of the measure- 
ments. The output of the photoelectric cell was mchcated by a sensltlve low-resistance 
galvanometer. A standard calibrated lOOO-cp lamp was used as a reference for callbratmg 
the photocell and combmatlon 

Prmr to measurement of therr characterlstlcs, the lamps were operated at their design 
voltage for approxrmately 16 hours to season and stabzl,ee the filaments They then were 
mounted on the table of the gomometer and wuere posltuaned so that the pornts of maximum 
mtenslty were sensed with the gomometer at 0 - in the horzzontal and vertxal drrectlons. 
Measurements of the lzght mtenslty were recorded for pomts along the horizontal and vertical 
planes wluch mtersected at 0’ or the photometric center of the beam. These measurements 
of light mtenslty were made wlthout filters. Curves showrng the light mtensrtxs are shown 
ln Figs. 9, 10, and 11. These curves represent the candlepower dlstrlbutlons, they also show 
the horleontal and vertxcal spreads of the beams. These data, together with electrical 
characterlstlcs and beam wldtbs, are lrsted m Table II. The two values of maxlmurn beam 
mtenslty llsted for lamp No. 4591 and shown m Fig. 11 Illustrate the varlatron between lamps 
of the same type. Several No. 4591 lamps were tested to obtam the range of maxxnum beam 
rntenslty whxh mxght be expected xn actual practice. 

Lamp hfe 1s an rmportant factor 1n evaluatmg the lamps used ln arcraft llghtmg A 
mayor factor m lamp kfe 1s the operatmg temperature of the f&a-nent Other factors berng 
equal, high f&ament temperatures ~111 mdxate short lamp life An optlcal pyrometer, Leeds 
and Northrup Company No. ~622, was used to measure filament temperatures These are 
llsted in Table II. All are relatwely low. mdxabng that the lights should not reqmre excessive 
mamtenance because of unusually frequent lamp replacements. 

Covers and Filters 
The transmlsslon characterrstlcs of the covers or filters used on the var’lous light units 

were compared to determrne effectrveness of the umts Ths also made It possible to estimate 
the effect of substltutmg other lamps havmg greater or lesser mtensltles than those used 
durmg the tests All of the filters were made of acryhc resm, and the tests were conducted 
at room temperature 

The equpment used to obtam transmlsslvlty data was a No. lo-210 Ammco photo- 
mult~pher mxrophotometer manufactured by the Amerxan Instrument Company, Inc , Sliver 
Sprmg, Maryland. The multiplrer phototube, No. lP22, ln the plckup unit was the hgh- 
sensltwlty type, with a spectral response srmlar to that of the human eye The micro- 
photometer was adlusted to give a deflectmn of 100 whrle sensmg the light from an 
Incandescent lamp. It was then adjusted to read zero when the lamp was tilrned off. The lamp 
was operated at constant voltage Next, the hght filter or cover to be measured was Inserted 
between the lamp and the photometer pxkup. Tlus procedure resulted 1n a readmg Of the 
mstrument in terms of per cent transmlssron of the filter. The results of these tests are 
llsted ln Table III 

Operatmg Characterrstlcs of Llghtmg Umts. 
In order to provide an addltmnal basis for analyemg and comparmg the flight-test 

results, and partxularly to permit an apprecratmn of the effectiveness of the va=lous llghtlng 
ults as mflue,,ced by both flash duratmn and mtenslty. It was considered desirable to obtam 
records of tbelr time-mtenslty characterlstxs wh& they were I* operatron Records and 
measurements were made of the llghtmg urnts as mounted on the airplane, mcludmg the Covers 
o+ filters. on the arplane, the filters of the submerged mstallatmns and the high-mten=ty 
flashmg talllIghts comprised a part of the mountrng arrangement. 

--- .- 



TABLE II 

LAMP CHARACTERISTICS 

Lamp Test Condltmns Maxmmm Beam Beam Width* Filament Remarks 
NO: 

(volts) 
Intensity Temperature 

(amperes) (watts) (candlepower) (degrees (degrees (degrees F ) 
horlaontal) vertical) 

Experimental** 28 0 32 

4501 28 0 56 

4591 2.3 0 36 

4594 28 0 

4594 28 0 

5190 28 0 

988 28 0 

1524 28 0 

308 28.0 

A-7079-24 26 o 

4502 27.8 

4505 27.0 

35 

3.45 97 52,200 

89 250 150.000 

20 56 120 

0 72 20 330 

0 68 19 25 

1.34 34 a 2.200 

3.7 102 a 2,160 

37 102.8 10,150 

90 

157 

100 

98 

9,000 

80,000 

29,000 
to 

84,000 

45.000 

24 25 4,000 

12 11 4,450 

14 9 4.500 

a 

14 

13 

36 

7 

10 

13 

7 

15 

**** 

**** 

**** 

33 

40 

6 

Not Filament shield 
measured*** 

4.400 No filament shield *o 

4,450 

4,250 

3,800 

3.900 

3.860 

4,045 

4,155 

*Beam width 1s measured at that portion of the beam where its intensity has dropped to 10 per cent of the maximum 
**Experimental lamp had a radmlly extended f&me& to increase width of beam 

***Unable to measure because of filament shield of lamp. 
****Lamp does not mclude reflector to provide concentrated beam. 

t , 



Fig 9 Candlepower Dlstrzbutmn of High-Intensity Lamps 

No addltmnal filters were used m the flight mstallatmns of the rotating V-reflector 
light, Fig 1, the rotating parabolic-reflector lrght, Fig 4, the osclllatmg four-way-reflector 
light, Fig 5, or the rotatmg cluster hght, Fig 6. These were mounted on top of the fuselage 
and were equipped with filters or filter domes 

Two sweep-beam umts, Fig. 2, were mcorporated m streamlmed housmgs mounted on 
the wing trps of the DC-3 alrplane as shown m Fig 12 Essentmlly, these are hrgh-mtenslty 
versmns of the standard wmg-tzp lights because a green plastic nose 1s used on the right wmg 
tip and a red cover IS used on the left wmg tip. As shown m the cutaway vxew. Fig 13, a 

_-.. 



Used 1u 
Light Unit 

Rotatmg 
V-reflector 

Sweep-beam 

Rotatmg 
prismatic-lens 

High-mtenslty 
ta,ll.ohts 

Rotating 

parabolic - 
reflector 

osc111at1ng 
four-way- 
reflector 

Rotatmg 
cluster 

Small rotating 

Beacon-ray- 
me 

TABLE III 

TRANSMISSION CHARACTERISTICS OF LIGHTING-UNIT COVERS OR FILTERS 

Shape 

Hemisphere 

Streamlmed 
nose 

Flat 

Hemisphere 

Hemisphere 

Streamlmed 
dome 

Flat 

Hemisphere 

Rounded 
dome 

Truncated 
cone 

S17.e 

(inches) 

4 l/2 high, 
4 l/2 

diameter 

7 front 
to rear, 

7 3/4 
diameter 

7 diameter 

2 l/2 high, 
4 l/2 

dxameter 

4 l/4 high, 
4 5/a 

diameter 

3 high, 
6 wide, 
8 long 

5 l/2 high, 
10 l/4 

diameter 

2 l/2 high, 
5 diameter 

5 high 
(aw=ox ) 

10 7/8 
dLameter 

Thickness 

(inches) 

l/a 

3/1b 
3/16 
3/16 

l/a 
l/8 

l/a 

l/16 

$2 

3/32 

l/a 

3/16 

Color lYransmlss10n 

Red 

(per cent) 

30 

Red 
Green 

20-32* 
I&60* 

Clear 92 
Red 15 

Green 16 

Clear 92 
Red 24-35* 

Red 30 

Clear ao-95* 

Red 32 
Green 32 

Clear 92 
Red 15-28 

Gl-eCXl 18-40 

Red 30 

Red 31 

Remarks 

Red dome or cover was used. however, 
clear and amber covers also are available 
from Grnnes Manufacturmg Company 

Red nose on left wmg, green nose on 
right wing 

Deslgned for use with clear cover Red 
and green covers also were used 

Clear cover for upper lamp, red cover for 
lower lamp 

Red cover used 

Clear plastic dome used, color filters 
between lamp and dome 

Constructed of three colors and arranged 
to show red m the front and to the left, 
green to the right. and clear to the rear 

Red glass 

Red glass 

*A range of transmlsslvlty values results from variation m thickness of plastic filters 
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Fig 10 Candlepower Dlstrlbutxm of Low-Intensity Lamps 

half-nose of metal on the Inboard side of the plastic nose shields the lights from the prlot 
Fig 13 also shows the 45’ reflector whxh mtercepts half of the light beam when the unit 1s 
m the straqht-ahead posltmn This beam 1s reflected outboard so that the horizontal sweep 
angle of 70”, provided by the sweep-beam unit alone, IS supplemented by a sweepmg reflected 
beam, makmg a total sweep of 110”. This combmatmn of direct and reflected beams from 
each of the wmg-t,p units sweeps from straght ahead to 110” outboard The beams do not 
sweep across the pilot’s lme of VISIOII, however. as he looks out and ahead 

The wing-tip sweep-beam mstallatlons actually are a part of a basic wmg-tip and 
tallllght conflguratmn, but they accommodate high-lntenslty llghtmg units The tallllght 
component of this system IS shown ,n Fig 14 Essentially, this 1s the standard type of red 
and whxte flashmg-tallhght arrangement The hqh-mtensrty unzt will accommodate two 
PAR-36 sealed-beam lamps, however Both the wrde-angle experimental (Wsstmghouse) and 
the multlfllament (General Electric No. 4501) lamps were tested 

Three Glltterlltes were submerged ln the fuselage, one III the nose and one in each side 
The nose unit was covered with clear plastic, and the right and left side units were covered 
w,th green and red plastx covers, respectively Thzs arrangement of the three Glltterlltes 
was not Intended to represent a llghtmg system, rather, It provided convenient mountmg 
arrangements and pernutted flight measurements of threshold-vlslblllty distances to be made 
for each color 

The small rotatmg Iqht was not mounted on an airplane, but rts operatrng characterlstlcs 
are much the same as the rotatmg V-reflector lqht Both beams of this light are narrow spot 
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Fig 11 Varlatmns m Maxmmm Candlepower of Lamp No. 4591 

beams with about 35’ coverage, and they revolve slightly above the horxzontal plane The umt 
may be mounted on the fuselage, dorsally, behmd the cockplt. or on the vertical stabrlreer 

The beacon-ray-type light operates m the same manner as the small rotatrng urut The 
beacon-ray light employs two lamps, much larger 1x1 svze One throws a spot beam of about 
6’, the other, which 1s set slightly above the horleontal, throws a wide vertrcal beam of about 
40’ by 7’ horleontal 

The tmne-mtenslty records of these umts were obtamed by mountmg the flight arrange- 
ment of each umt, mcludmg filter, on the gonmmeter Figure 15 shows one of the wmg-tip 

1 

-/ 

\ * 

Fig I2 Installatmn of Sweep-Beam Light 
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Fig 13 Cutaway View of Wmg-Tip Sweep-Beam Lqht 

sveep-beam mstallatmns so mounted The umts were operated at 27 4 volts dc wlnle the 
tune-mtenslty records were obtamed This 1s the voltage supplIed to the unrts by the 
auplane’s electrical system durrng fhght. 

The sensmg and recordmg mstrumentatmn comprised a system of hght baffles, a sensmg 
element, and a recorder. The sensmg element 1s a color-corrected Weston No. 856RR photo- 
electric cell The recorder 1s a Model 127 manufactured by the Sanborn Company, CambrIdge. 
Massachusetts. The recorder mcludes a Type MR-6iA mmro-m~croammeter manufactured 
by the Mllllvac Instrument Corporatmn, New Haven, Connecticut. an amphfler, D’Arsonval 
movmg cm1 galvanometers. and electrically heated stylr operatmg agamst heat-sensltxve paper 

Fig 14 High-Intensity-Tallllght Installation 



Fig 15 Llghtmg Umt Mounted on Gomometer 

The baffle arrangement used for mountmg the sensmg element elxnlnated stray reflections 
Care was taken to locate the sensmg element at suffzczent distance from the light being 
measured to InsUre valldlty of the measurements 

The accurately predetermmed lntensltles of standard incandescent lamps also were 
recorded to provide “yardstIcks” for analymng sxnllar records of the V~SKXUS llghtlng umts 
A lOO-cp standard lamp was used as a reference when measurmg the time-mtenslty charac- 
terlstlcs of the umts of lower candlepowers For the more Intense umts, a lOOO-cp standard 
lamp was used Neutral-density filters, with accurately predetermmed transmlsslon values, 
also were used as yardsticks of convement magmtude 

Fig. 16 Tune-Intensity Characterlstlcs of Standard IOOO-Candlepower Lamp 
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Fig. 17 Txne-Intensxty Characterlstrcs of Grunes Rotatmg V-Reflector Light 

In recordmg the mtensltles of the standard calibrated lamps, a sector drsc was rotated 
between the lamp and the senszng element. Its speed of rotatron and angular aperture were 
adJusted to provide a light duratmn and flashmg frequency approximately equal to the effective 
flash duratmn and flashmg frequency of the unit bemg measured. 

Time-mtensity records of the varmus units are presented m Figs. 16 through 25 
Figure 16 IS an osallogram of the mterrupted light output of a standard lOOO-cp lamp Figure 
17 shows a portmn of the osclllogram of the twne-mtenslty characterlstrcs of the rotating 
V-reflector light Figure 18 shows osclllograms of the left-hand (red) wmg-txp unrt which 
Incorporates the sweep-beam unit. These were measured from 5” mboard. straight ahead, 
and 10’. 45’. 90”, and 95’ outboard. Osclllograms of the right-hand (green) wmg-tip unit are 
ldentxal except for a slight difference m mtensltles Measurements of statrc mtensltles of 
both the red and green wmg-tip unxts at varmus approach angles were made and are dzscussed 
later in this report. Measurements at varmus angles were made to provide a basis for 

Fig 18 Tune-Intensity Characterlstlcs of Red Sweep-Beam Llghc 
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ng 19 Tme-Intenszty Characterdlcs of High-Intensrty Tallllghts 
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Fig 20 Tme-Intendy Charactenstlcs of Rotatmg Prlsmatlc-Lens Light 



.’ - 

Fig. 21 Txne-Intensity Characterrstlcs of Rotatrng Parabolx-Reflector Light 

comparmg the effectiveness of the umts as seen by the pllot of an approachmg airplane from 
varxous angles of approach An oscrllogram of a standard lqht was obtarned to provrde a 
yardstlck for analyzrng the osczllograms of the wng-tip sweep-beam unrts. 

Figure 19 shows the tune-n-,tenslty characterlstxs of the hqh-mtenslty talllIghts with 
both the multifilament lamp (General Electric No. 4501) and the wide-angle lamp (Westmg- 
house) These characterrstlcs were measured from a rearward posrtmn (180’) and from a 
sxie posltlon wlvch roughly corresponded to a 90 per cent drop m maxxnurn rntenslty of the 
beam This angle 1s 175’ for the multifilament lamp and 168’ for the wide-angle lamp 

Osc,llograms showmg the tune-mtenslty characterlstrcs of the Ghtterlrte, the rotatmg 
parabokc-reflector hght, the osclllatmg four-way-reflector lvght, the rotatmg cluster unrt, 
the small Grrmes lzght, and the beacon-ray unzt are shown m Fzgs 20. 21, 22. 23. 24, and 25, 
respectively Flgure 26 compares the rncandescence and nqrescence txnes of the experr- 
mental Westmghouse wrde-angle lamp and the General Electric multrf&wnent lamp. Because 
the ON-OFF tunes of the standard low-mntenslty navqatmn lights are essentially the same as 
those of the high-ml?enslty-tallllght umt, the osallograms are not shown. The mtensltltes of 
the standard navqatmn lqhts were measured, however, and are llsted elsewhere m tLus 
report 

A lmowledge of the dlstrlbutmn and magmtude of maxxnurn hght mtensrtles around the 
airplane, as provided by the various units or llghtmg systems usmg those umts. should ard 
further m their evaluatmn and should facllltate a better appreaatmn of the flight-test results 
Values of those mtensztles were obtamed manly from the tnne-mtenslty data prevmusly 
dxscussed In some cases, however. mtenslty measurements were necessary with the urut- 
actuatmg mechamsm moperatwe They are presented in graphic form m Fvgs 27 through 32, 
whxh also show dlagrammatxc representatrons of the motmn of the high-mtensrty beams 

Fvgure 27 illustrates the effect of the rotatmg V-reflector light when mounted on top of 
the fuselage and used I,, con,unctlon with the standard wmg-tip and tall co”f1guratlon 
Flgure 28 shows the wmg-tip mstallatmns of the sweep-beam light and the high-mtenslty 
flashmg taxlllghts Fzgure 29 shows a Ghtterlzte rntenslty dlstrxbutzon A system comprlslng 
Glltterlltes 1s not shown Figure 30 illustrates the effect of the rotatmg parabobc-reflector 
hght, the Pounder, when used 1~ coqunctmn with the standard low-rntenslty positron lights 
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Fig 22 Tmne-Intensity Characterlstlcs of Osclllatmg Four-Way-Reflector Light 

Figure 31 shows the effect of the osclllatmg four-way-reflector hght when used alone 
Figure 32 illustrates the four-lamp rotatmg cluster hght A resume of the txne-rntenslty 
characterlstvzs of the varmus light mstallatmns, together with lamp and filter data, 1s 
presented I” Table IV 

FLIGHT TESTS 

The llghtmg umts were mstalled on a DC-3 airplane Methods of mountmg and locatmns 
of the umts on the airplane were chosen to snnpllfy the work of mstallatmn and to facllltate 
flight observatmn These are not necessarrly the optmum locatmns from the standpant of 
economy. maintenance. or effectiveness Figure 33 shows where the varmus units were 
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TABLE IV 

SUMMARY OF LIGHT-UNIT CHARACTERISTICS 

Light Umt 

Rotating 
V-reflector 

4594 Red 

Sweep-beam 4591 

High-,ntens,ty 
tallllghts 

High-lntenslty 
talllIghts 

Rotatmg 
prismatx- 

k”S 

Rotatlng 
parabohc- 

reflector 

OsclLlatl”g 
four-way- 
reflector 

lbtat1ng 
cluster 

Standard 
talllIghts 

Standard 
wmg-t1p 

Small 
rotatmg 

Beacon- 
ray-type 

308 

Clear 80-95 
Red 32 

Green 32 

Clear 92 
Red 15-28 

Green 18-40 

Clear 75 
Red 16 

Red 25 
Green 10 

Red 30 

2,060 
1.000 
1;370 

39,000 
6,400 
8,500 

40 
14 

1524 

A-7079-24 

4502 Red 31 
4505 Red 31 

1,990 
10,000 

*Flash frequence 1s 60 except at end of sweep as lndlcated 
**Alternate red and white flashes combine to produce 80 flashes per mmute 

Lamp 
NO 

Filter Color Filter 
Trans- 

“l15510” 

(per c&t) 

30 

M~XlI”U”l 
Intensity 
of umt 

(candlepower) 

Tnne 
Cycle Flash Eclipse 

4,500 
940 

Red direct 
Reflected 

Green direct 
Reflected 

20-32 

32-60 

15.700 
5;ooo 

36.700 
10;000 

Experimental 
wide beam 

4501 

Clear 
Red 

Clear 
Red 

92 8,850 
24-35 3.200 

92 
24-35 

44,000 
15,500 

5190 Clear 92 48,750 
Red 15 7.850 

Ci*ee* 16 8,360 

(seconds) 

0 52 0 04 0 48 
0 52 0 04 0 48 

20 0 20 18 

20 0 20 1 8 

1 48 0 68 0 80 
1 48 0 68 0 80 

1 52 o 64 0 88 
1 52 0 64 0 88 

No deflmte eclipse 
Light seems to glitter 

988 Red 30 1,420 0 84 0 04 08 

4594 

4591 

1 04 0 10 0 94 
1 04 0 10 0 94 
1 04 0 10 0 91 

o 60 0 08 0 52 
0 60 0 08 0 52 
o 60 0 08 0 52 

0 75 0 54 0 21 
0 75 0 54 0 21 

0 75 0 54 0 21 
0 75 0 54 0 21 

0 67 o 16 0 51 

2 86 0 08 2 78 
2.86 0 12 2 74 

Flashes 

(per mmute) 

58 
58 

30* 

30 

40** 
40 

40** 
40 

70 

58 
58 
58 

100 

40** 
40 

40 

90 

22 
22 
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Fig 24 Tmne-Intensity Characterlstlcs of Small Grmnes Rotating Light 

Fig 25 Txne-Intensity Characterlstlcs of TWA Constellation Beacon-Ray Light 

WESTINtHOUSE WIDE I\NGLE BEAM LAMP GE MULTI-FILAMENT L&W NO 4501 “:““,z 

Fig 26 Incandescence and Nlgrescence Tunes for 
Lamps Used x, High-Intensity Tallllghts 

Fig 27 Beam Coverage, Grunes Rotating V-Reflector Light 
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Fig 28 Coverage and Intensltles. High-Intensity Posltmn-Light Arrangement 

Fig 29 Coverage and Intensrtles, Rotatmg Prlsmatlc-Lens Light 
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Fig 30 Hemspherlcal and Horleontal Beam Coverage, 
Rotatmg Parabolx-Reflector Lqht 

located on the amplane A second DC-3 arplane carried a group of observers durmg the 
flight tests Fhghts were conducted on clear nqhts and at altitudes above any haze that mght 
have eusted at the tune Varmus angles of approach were flown so that all of the light uuts 
were observed from all slgmhcant angles Omnrrange and DME mstrumentatlon m both 
airplanes made It possible to determme the distance between airplanes when the lqhts were 
sighted 

The airplanes were flown away from each other until they were separated by a distance 
greater than the maxrnum vlsrble range of the light to be observed They then were flown 
on convergmg courses at predetermined angles of approach 

The pilot, co-p&at, and two other observers III the observation airplane knew the 
due&Ion from which the llghted airplane would approach, and all were alert to sight It When 
It became Just vlslble and was sqhted, the pllot of the llghted airplane was advlsed by radio 
and both airplane posltlons were determined Through this procedure the separation distance 
between the airplanes at the nutlal slghtmg was determuied for each lrght umt and for each 
approach angle The threshold-vlslblhty distances for each light umt, as measured durmg 
the flight tests, together with other pertrnent data, are llsted m Table V. 



Light 
Unit 

Installatmn Lamp Used 
Type, Locatmn Filter Color 

Total Watts Beam 
at Coverage 

27 4 Volts 
(degrees 

horizontal) 

Rotating Dome, 4594 94 360 
v-reflector fuselage Red 360 

.%eep- 
beam 

Streamlmed 
housmgs , 
vmlg tips 

4591 
Red, green 

98 110 

High- 
intensity 
tallllghts 

Dome, Experunental 
talllight umts Red, clear 

aa 22 
cone 

High- 
mtenslty 
talllIghts 

Dome, 4501 150 12 
taillight unrts Red. clear cone 

Rotating Flush. r,ose 
prmnatrc- and sides of 

lens fuselage 

5190 
Clear 
Red 

Green 

252 56 
cone 

Rotatmg 
parabollc- 
reflector 

D0i-ll.Z. 
fuselage 

988 
Red 

58 360 20 

Oscrllatlng 
four-way- 
reflector 

DOllX, 
fuselage 

4594 
Clear 
Red 

Green 

101 
220** 
110 
110 

Fatatulg 
cluster 

Dome, 
fuselage 

4591 
Clear 
Red 

Green 

407 360 15 

Standard Dome, 
tallllght talllrght umts 

308 
Clear 

Red 

16 

Standard Streamlmed, 
wmg-tip wing tips 

1524 
Red 

Green 

18 

25 

TABLE V 

FLIGHT-TEST DATA 

(degrees 
vert1ca1) 

40 
10 

14 

Maximum 
Distance 

Observed 
(statute 
miles) 

43 

75 

* 

110 

75 
32 
32 

30 

30 40 
32 17 
32 16 

65 
50 
57 

13 

11 

*Distances not obtained in flight 
*F*TWO dear beams, each coverlng 110’ 
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Fig 31 Horleontal Beam Coverage, Osallatmg Four-Way-Reflector Light 

CONCLUSIONS 

Laboratory tests and flight observatmns of a number of recently developed hrgh-mknslty 
external hghtmg umts for arcraft were conducted The test data provide a means for 
comparrng the characterlstlcs of the llghtmg umts, and they facllltate an evaluatmn of the 
llghtlng units and systems tested. 



Fig 32 Hemspher~cal and Horumntal Beam Coverage, Rotatmg Cluster Llgl,t 
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Fig 33 Mountmg Locatmns of umts c,,, the ~n~k,ne 


