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DEVELOPMENT OF HELICOPTER BLADE-TIP LIGHTING* 

SUMMARY 

Thrs report describes the further development of blade-tip bghtmg for hellcopters. 
The program was conducted through the co-operation of the Department of the Ax Force, the 
Department of the Navy, General Electrrc Company, Westmghouse Electrrc Corporation, and 
the Technrcal Development and Evaluatmn Center of the Clvll Aeronautrcs Admlrustratron. 

Special tigh-mntenslty kgh’ung umts were developed to be housed in the blade tips, 
which were modxfred to accomodate the urvts and to Include clear plastic windows. The mass 
dynarmcs and the aerodynanuc contours of the tips were unchanged. 

Special lamps havmg high-strength filaments and havmg lntensltms of 32, 35, and 50 cp 
were developed. Flight obaervatmns were conducted vnth the 50-cp lamps mstalled in the 
tips. Ttis arrangement was vlslble from a distance of 6 l/2 nules on a relatively clear night 
and with a background of city hghts, and the axcraft could unmedlately be dlstmgushed as a 
h&copter. This llghtmg system requred less than 300 watts of electrical power and rt 
showed promise from the standpomt of both cormnerc~a.1 and nulltary usage. 

1. 
2. 
3. 

INTRODUCTION 

The requrements for external arcraft lrghtmg are that they 

Attract the attention of the p&t of other alrcraft. 
Identify the urcraft as an axcraft and broadly ldentlfy the type. 
Indicate what maneuvers the axcraft 1s malung. 

H&copters and fued-wmg alrcraft have very different flymg characterlstlcs. Therefore, 
they requre dlstmct types of kghtmg. 

The Naval A,r Test Center, Patwent River, Maryland, undertook the development of a 
dlstmct type of laghtmg for hellcopters and prepared development specrflcatmns for h&copter 
blade-tip laghtmg.1 Tbs development was contmued by the Naval Ax Test Center through a 
contract wxth Sikorsky AIrcraft Dlvlsmn of Urnted Alrcraft Corporatmn, BrIdgeport, 
Connectxut. Two sets of metal blades and one set of fabric blades were equpped with tip 
hghtmg and were delrvered to the Naval Air Test Center I,, May 1950. The two sets of metal 
blades were damaged in flrght before sufficxnt data concerrung this mstallatmn could be 
obtamed.2 

In the early part of 1950, the Clvll Aeronautics Admuustratmn called a meeting to 
discuss the near crashes mvolvmg hellcopters and other arcraft. H&copters were equpped 
wrth conventmnal red and green posltmn tights on either side of the fuselage. Thus equpped 
and vuzwed from a &lstance of 50 feet, a h&copter appeared as a frwed-wmg alrcraft flying 
at a much greater distance. It was deaded that pen&ng the development and testrng of 
satisfactory blade&p hghtmg an mterm, means should be taken to reduce this hazard. 

A Sikorsky H5H h&copter was supplled by the Department of the Air Force and was 
equpped with a dome-type rotating hght by the Naval Air Test Center This llghtmg uut 1s a 
standard item manufactured by The Federal Sign and Slgnal Corparatmn. formerly known as 
Federal Enterprises, Incorporated, of Chmago, Illmols, and 1s used on fire trucks and pcllce 
cars The urut conslsted of two 75-watt sealed-beam lamps located back to back, rotated at 
50 rpm in a horxeontal plane made a red glass dome, and glvmg 100 flashes per nunute This 
umt was mounted on top of the cabm ,ust ahead of the pylon This type of hghtmg was shown 

+Manuscrlpt subnutted for publxataon March 1954. 

1”E:xperunental and Development Speclficatmn Exterior Llghtlng for H&copters Rotor 
Blade,” TED No. PTR EL 650, U. S. Naval Air Test Center, Patuxent River. Maryland. 
December 12. 1949. 

2 
“Fmal Report on Installntmn and Test of H&copter Rotor Blade Llghtlng,” 

TED No. PTR EL 658 ET 311-120. U. S Naval Air Test Center, Patuxent River. Maryland, 
May 22, 1952. 
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at a meetmg of representatives of axcraft and air-transport industries held at the Techrucal 
Development and Evaluatmn Center In August 1950.3 It was the general opuuon of those 
attendmg the meeting that the hght was effecbve as a warmng light, was attentmn-getting, but 
lacked dlstlnctlveness. However, It was considered satisfactory as an interim measure. 

A demonstration of blade-tip llghtmg was conducted at TDEC In October 1950 4 A 
Sikorsky H5H helicopter was again suppled by the Department of the Air Force. A set of 
wood-and-fabric blades designed for the helicopter and equpped with 3-cp lamps m each of 
the three tips was supplied by the Naval Air Test Center. The lamps could be operated 
steadily or could be flashed 68 or 80 tunes per mmute, 

It was the consensus of those attendmg the demonstratmn that blade-tip hghtmg 1s very 
dlstlnctlve and that It does not disturb the pllot. In fact, the pllot stated that It was an ard to 
malung mght landmgs. 

It was also the consensus that further development of blade-tip hghtmg should be under- 
taken and that the followmg requrements should be met 

I. Clear (white) llghtmg should be used. 
2. The lights should not flash. 
3. The lights should be vlslble for a distance of 5 miles. 
4. The llghtmg system should not reqrure more than 300 watts of electrical power for its 

operation. 
5. The hghtmg system should add as little as passable to the weight of the hellcopter. 

It was recommended that ad&tmnal flight tests be conducted with specially constructed 
lamps of greater mtenslty In the blade tips. The program was to be conducted through the 
co-operation of the Department of the Air Force, the Department of the Navy. the lamp 
dlvlslons of both General Electric Company and Westmghouse Electric Corporation. and the 
Techrucal Development and Evaluatmn Center. 

DESIGN AND INSTALLATION 

A special set of Sikorsky H5H metal blades were supplled by the Naval Air Test Center 
for the blade-tip high-mtenslty-kghtmg program. The factory had mstalled No. 20 stranded 
copper wire mslde the blades and a smgle-contact bayonet-base lamp socket at the blade tip. 
The blade tips were modlfled at TDEC to provide higher intensity of lrght outboard in the 
horlaontal plane and lower mtensity m the direction of the h&copter cockplt. This was 
accomplished by mountmg special reflectors and lamps mslde the blade tips. 

The blade tips and the original lamp sockets were removed, and a rectangular se&on 
was cut from each blade tip. Transparent colorless plastx w&s formed to the contour of the 
cutaway sectlan and was secured made of the blade tip to produce a wmdow. This modlfi- 
catlan retuned the original contour of the tip end, therefore, did not Interfere with the aero- 
dynamics of the rotor blade. 

The space avalable lnslde the blade trps places deflrute llrnrts on the types and sizes 
of reflectors and lamps that may be used. Wlthm those louts, It was found that a circular 
parabolic type of reflector would provide what was consIdered to be a desirable dxtrlbutlon. 
A circular reflector 3/4 mch m radius and parabolic m elevation was so deslgned that the 
focal pomt of the parabola was concentric with the curvature of the circle. These reflectors 
were eqlupped with lamp sockets and were cut to fit witin the plastic wmdow of the blade tip. 
Screws were used for securrng the blade tip to the blade m order to reduce the amount of 
time and the number of tools requred to replace the lamps. 
blade-tip and lamp assembly. 

Figure 1 shows the modlhed 

ExperImental lamps were supplIed by the lamp dlvlsrons of Westinghouse Electric 
Corporation of Bloomheld, New Jersey, and of General Electric Company of Nela Park, 
Cleveland, Ohm. The lamps were deslgned for 12 to 16 volts with addztlonal filament supports 
to wlthstand the accelerations that eust at the blade tips. The desxgn characteristics of the 
lamps are llsted m Table I. 

3 Cecil B Phrlllps and Alan L Morse, “A Review of Aircraft External Llghtlng 
Actlvlties,” CAA Techrucal Development Report No. 215. September 1953 



Fig. 1 Modlked Blade-TIP and Lamp Assembly 

The addrtmn of items of weight In the modlfrcatlon of the blade tips was offset by 
removmg counterweights so that the mass dynamics of the blades remained unchanged. 

CENTRIFUGAL TESTS 

The blade&p assembles and three types of lamps were subjected to centrifugal tests 
to determlne their ablllty to withstand the rigors of fhght. These tests were conducted on a 
horlzonttal centrifuge. Each blade tip was mounted on the centrifuge. as shown in Fig. 2. and 
the table was balanced. One of the 50-cp, 12- to 16-volt lamps representIng the most powerful 
of the lamps then avallable for hellcopter blade-txp hghting was used for the tests. This lamp 
produced temperatures inslde the blade tips as high as the maxnnwn expected during fhght. 

TABLE I 

CHARACTERISTICS OF THE EXPERIMENTAL LAMPS 

Lamp Intensity Bulb Rated Base Filament Manufacturer 
NO. (Spherrcal cp) Voltage supports 

I 32 S-8 12-16 * 4 Westmghouse 
Electric Corporation 

2 35 s-11 14 * 3 General Electric 
Company 

3 50 s-11 12-16 * 4 Westxnghouse 
Electric Carporatmn 

*Single-contact bayonet 



Fzg. 2 Centtrlfuge With Mounted Blade Tip and Tachometer 

The lamp was supphed with 14.8 volts by means of slip rmgs. The acceleratmn at the lamp 
filament was computed from the relatmn 

a = acceleratmn in gravltatmnal umts, 

g = gravltatmnal ukts (32.2 feet per second2), 

R = distance of the filament from the ams of rotatron, m feet. 

Each test wut was accelerated at 510 g for 30 minutes at a lmear speed of 120 feet per second. 
Vibration of the centrifuge and of the test urut was not apprecmble durmg the test. At the end 
of the 30-minute test permd, the unrt was removed and inspected. No damage to any of the 
components was evident. 



Fig. 3 Three Experimental Lamps for Hellcopter Blade-Tip Llghtmg 

These test condltmns xnposed higher centrifugal forces than those forces encountered 
at the blade tips of the hellcopter on which the blades were to be used. The danger zone of the 
H5H hellcopter is established at 240 rpm (maxxnum allowable blade rotatmn) The radius of 
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TABLE II 

TESTS OF EXPERIMENTAL LAMPS 

Lamp 
NO. 

Rating ACCder.3tiO* Remarks 

(volts) (amperes) (9) 

850 Filament slightly dlstorted 
between filament supports 

1 14.0 3.3 1,200 Filament shows more distortmn 

2 14.0 3.8 

1,350 Filament and supports &storted 

400 Filament slightly distorted 
betieen supports 

1,000 Filament dxtortmn more 
exaggerated 

1.350 Filament elongated and distorted 

950 Ffiament slightly distorted 

3 14.0 4.1 1,280 Filament shows more tistortlon 

1,350 F&srnent and supports dxtorted 

Note Acceleratmn time for each test was one minute. 

the rotors IS 25.5 feet. Under these conditmns, the blade tip has an acceleration of 490 g and 
a linear speed of 630 feet per second. The linear speed of the blade tips durmg the test was 
less than would be reached m flrght. however, the effects of this lugher knear speed in flrght 
were considered negllglble since the aerodynarnxs of the blade tips were not changed. The 
results of these tests provided a reasonable mdrcatmn that the blade-tip assemblies were 
capable of withstandmg the rigors of tight. 

The three types of experimental lamps were also tested on the centrifuge to determme 
the maximum acceleration under which operatmn of each lamp would be practical. Figure 3a 
1s a photograph showing the strengthened filaments of the lamps. Each of the test lamps was 
mounted on the centrifuge wxth the base toward and perpendicular to the aus of rotatron. The 
lamps were hghted and were subJected to accelerations of one-nunute duratmn. They were 
removed and mspected after each acceleratmn step. No structural failures of the lamps were 
apparent at accelerations lower than those experienced at the blade tips of the H5H hellcopter. 
Table II shows the voltages and acceleratmns of the lamps durmg the test and also the results 
of the test. Figures 3b and 3c show the distortion of the lamp filaments after being subJected 
to accelerations as mdxated. These data mdlcate that all the lamps tested should operate 
successfully at the blade tips of the H5H h&copter. 

CANDLEPOWER DISTRIBUTION CHARACTERISTICS 

Candlepower distrxbution characteristics of the blade-tip hghtzng for the hellcopter were 
determmed from the measured candlepower dxtribution of a hghted blade tip and from an 
analysrs of the effect of blade rotatmn. 

Standard instrumentation consisting of a photocell and a galvanometer to Indicate the 
light lntenslty and of a gomometer to measure the angle from an arbitrary zero reference line 
was used to obtain the candlepower-dlstrabution measurements. The instrumentation was 
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Fq. 4 Isocandle Dmgrams for Blade-Tip Llghtrng 

calrbrated vntb a standard lamp. Lamps used for the candlepourer-dlstrlbutlon measurements 
were operated at their rated voltage for approxmately 20 hours to season and to stabllme the 
filaments before any measurements were made. 

A blade-tip umt was secured to the table of the gomometer with the symmetrm.1 ax15 
of the reflector perpendm,lar to the lqht-sensltlve face of the photocell. The symmetrmJ 

IS of the reflector was taken as the zero reference lme. and the leadmg edge and the upper 
surface of the blade tip were taken as the posltlve dlrectmn from the zero reference llne. 
The lamps were operated at 14 volts. 



Fig. 5 Intensity Versus Tnne Characterlstxs of Rotating Blade Tip 

Galvanometer ~ndxatmns mere recorded for photocell posltmns throughout the area 
rllnmmated by the blade tip. Thrs procedure was followed with each of the three experlmental 
lamps in the blade tip. After approxxmately 20 rmnutes operatron wvlth the 50-cp lamp ~TL the 
blade tip, the plastic xnme&ately above the lamp became distorted from the heat. Further 
heatmg of the plastic was prevented by coolmg the plastic with an electrrc fan. Isocandle 
diagrams for the blade tip kghted wrth each of the 32-, 35-, and 50-cp lamps are shown in 
Figures 4a, 4b, and 4c, respectwely. From these It ~111 be seen that the candlepower dlstrl- 
butmn produced by the 32-cp lamp IS srrnrlar to that produced by the 50-cp lamp but of less m- 
tenslty. The candlepower dlstributmn produced by the 35-cp lamp, however. does not resemble 
that of the other two lamps. The candlepawer-dlstrlbutlon varmtmns are caused by differences 
m filament suzs, shapes, and locatmns smce the same blade tip and reflector were used in 
each case. As mdrcated m Figure 3a, the 32-cp and 50-cp lamps have filaments of approu- 
mately the same sme, shape, and locatmn m the lamp. It ~111 be noted that the reflector has 
effectively Increased the candlepower of the helxopter kghts by 500 to 900 per cent of the 
rated candlepower of the lamps. 

Figure 5 1s a curve of mtenslty versus tune from a pant in the plane of rotatmn of the 
hellcopter blades. This curve was derived from the measured candlepower dlstrlbutmn when 
the blade tip was llghted with 50-cp lamps and when the blades on the H5H hellcopter rotate 
at approxxnately 200 rpm, or crusmg condltmns. A light on each of the three blade tips 
rotatmg at that speed gxves a flashing frequency of 10 cps. Because of the persistence of 
vzsmn and the flxker-fusmn frequency of the eye, thrs curve does not mdrcate how the hghted 
hellcopter appears to the observer. The passxng of the kghted blade tips at 10 cps causes 
them to appear to the observer as a slightly broken bne of light. However, this appearance 
varies greatly wurrth the mtenslty of the background brightness. As the background-brightness 
lntenslty Increases, the frequency must mcrease to make the lxght appear steady.5 Under 
normal operatmg condltlons of the hekcopter, the lme of lrght has a declded flxker effect. 

The relative mtenslties at varmus angles of elevation measured with respect to the 
blade axxs are shown in Fig. 6. 

The effects of voltage varmtmn on the total light output and current of the lamps were 
determmed by laboratory measurements. A five-foot Integrating sphere was used for these 
measurements. The test lamp was placed at the center of the mtegratlng sphere, and a 
calibrated photocell-and-galvanometer system was used to mdlcate the relative light output. 
The voltage across the hlament of the lamp was Increased m steps from 10 to 16 volts. 
Recordmgs were made of the light output and the current for each voltage setting. Figures 
7a. 7b, and 7c show the percentage of kght output versus the voltage and current as plotted 
from these data. The light output obtalned at 14 volts was consldered to be 100 per cent. 

5 Donald H. Jacobs, “Fundamentals of Optical Engmeermg,” McGraw-H111 Book Company, 
Inc., New York, 1943, Chapter V. 



Fig. 6 Relative Intensltxs at Yarmus Angles of Elevatmn 
Measured With Respect to Blade AXIS 

These curyes mdlcate that a 60 per cent mcrease of light output may be expected when the 
lamps are operated at 14 per cent above their rated voltage. however, the normal rated hfe 
of the lamps would be reduced. 

Fig. 7 Percentage of Light Output Versus Applied Voltage and Current 
for Experrmental Lamps 



Fig. 8 H5H Helicopter With Expermnental Blade-TIP Llghtmg 

FLIGHT TESTS AND RESULTS 

Fhght tests were conducted to observe and to evaluate the effect of the lrghted blades 
under operatmg condltmns. An H5H hellcopter with a pllot and a mechamc were suppled by 
the U. S. Air Force from Wright-Patterson Air Force Base, Ohm, for installation and demon- 
strabon of the kghted blades. Naval Ax Test Center and TDEC personnel asslsted m 
mstalllng the blades and electrIca wumg. 

Electrrcal power was suppled to the blades through a shp-ring system consisting of a 
copper rmg and a phosphor-bronze brush Installed on the rotor hub. Seventy mches of No. 20 
asbestos-covered rexstance wire was used between the slip rmg and the blade to reduce the 
voltage at the 50-cp experunental lamps m the blade tips from the 28 volts of the electrical 
system of the hellcopter to 14 volts. An ON-OFF toggle switch was located In the cockprt of 
the hellcopter wltlun easy reach of the pllot. Upon completion of the mstallatmn, the blades 
were checked for balance and tracking No adlustments were necessary. Figure 8 1s a vxew 
of the h&copter with the experxnental blade-tip Lghtmg. 

Flight observatmns were conducted at 7 30 and 8 45 pm April 2, 1953. The vlslblllty 
was 10 rmles, the cezllng was 3900 feet overcast, and the wmd was 0 mph. The lrghted hell- 
copter was flown at an altitude of 1500 feet. It clrcled about a small designated area at the 
western crty lmxts of Indmnapoks, IndIana, and 6.5 miles east of the Indranapolls VOR 
(Brownsburg, In&ax-a). Two DC-3 arplanes carrrng the observers approached from the w 
and clrcled around the hellcopter at 1300 and 2000 feet altitude. 

A plctorlal computer was available m one of the observer arcraft for deterrmmng the 
distance between the observers and the hghted hehcopter. This computer marks the posltlon 
of the axcraft an a chart of the area around the ground transnutter to whxh rt 1s tuned and 
provides posltlon mformatlon to an accuracy of * l/4 rmle. 

The hehcopter wltb the lights of Indmnapolls as a background was first slghted from a 
distance of 6.5 nules. It was easily ldentrfled from a distance of 5.0 rules. The rotatrng 
blades appeared to an observer to be a flxkermg kne of light m the plane of rotatmn of the 
blades. Any movement of the controls by the pIlot of the hehcopter was readily detected by 
the movement of the lme of hght. From 1000 feet overhead, the rotating blades appeared as 
a rmg of lrght. The vertical uxtenslty of the ring was not as high as the horleontal mtenslty. 

It was the consensus of the observers that ths type of hellcopter llgh’ung dlstrngushed 
the urcraft as a hehcopter and should be helpful to the rmhtary In form&on flymg. 
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CONCLUSIONS 

The reqlurements orlgmally establlshed for the continued development of hellcopter 
blade-tip llghtmg were exceeded. The tip-llghtmg arrangement usmg the 50-cp lamps 
operated at 14.8 volts 

(a) Was vlslble agamst a background of city lights on a relatively clear lvght from a 
distance of 6.5 miles. 

(b) Requred less than 300 watts of electrical power. 

(c) Increased the weight of the hellcopter by less than one pound. 

The tip-llghtmg mstallatmn was structually and aerodynamically satisfactory. 


