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A LOW COST BOUNDARY LIGHTING SYSTEM FOR SMALL AIRPORTS 

Thu report describes the developent of a low cost two-color gaseous tube 
boundary llghtlng system as Installed at Aretz Arport, a privately owned and 
managed air field at Lafayette, IndIana. 

Based on experience ganed m rrmntamlng two-color boundary lights mstalled 
at the Clvll Aeronautxs Admmmtratmn Expermental StatIon at 'Reu Cook Muncipal 
Au-port, Indxmapohs, Indxma, a "sw llghtlng-urut design was suggested by the 
author. A develqment contract was entered Into mth the Leland Electrrc Company 
at Dayton, Ohm, whereby ten of these umts wsre fu'mshed for a trml mstallatm" 
which was made by Clvll Aeronautxs Admnlsti-atmn personnel at Aretz Axport under 
a contract mth the owner 

It was found that such an mstallatlon complete with obsti-uctmn lights, 
poles, llghted wmd cone, rmscellaneous wlrlng materul, underground cable and ten 
tmo-color boundary lights could be made for approximately $2600 00, provided the 
owner purchased all material hlmself and hued umon labor to do the work. If con- 
tracted the lnstallatlon would cost appreciably more, depending upan the net proflt 
of the contractor 

Judang from avaIlable data the electrical energy to operate the lnstallatlo" 
should cost an avera@ of 15 cents per hour. 

Prelu,nnary flights shmed the lights to be dlstuxtlve I" appearance and de- 
flnltely dxcernlble from a" altitude of 1000 feet and from 15 to 18 rmles distance 
du-lng unllrmted vlslblllty weather The lqhts as desIgned are sultable for rec- 
tangular fields but may be dlffxnlt to Interpret on many-sided flelds,ln partlcu- 
lar those whxh are L-shaped or T-shaped. 

INTRODUCTION 

The Idea of a two-color gaseous tube boundary light was suggested by Mr. F C. 
Breckenrldge of the NatIonal Bureau of Standards, who observed single-tube units 
Installed I" Europe. In line alth this suggestlo", some two-color boundary lights 
were u&alled at the Civil Aeronautxs Adrmnlstratlo" Experimental Statlo" XI 190, 
the Installation contlnung I" operatlon ever since. 

As orl~nally conceived, the two-color boundary light conslsted of a red neon 
tube facing in one tire&lo" and a green fluorescent tube facing I" the opposite 
dlrectmn The uruts wsi-s u,stalled along the auport boundary so that the green 
faced away from the axport, mndxatlng to an approaching pilot the ai-ea 1" whRhlch 
a landu,g could be safely made, whnhlle the red faced Into the alrport, lndlcatlng to 
a pIlot lnslde the port that he must be off the ground before crossing the line of 
red lights * 

A number of unsatufactory features developed III the or1guXil llghts The 
tubes were started and operated at such a high voltage that spider webs caused them 
to ground out. Furthermore, they were designed mthout much thought to mamtemnce, 

which vas carrled on nlth dlfflculty. The lnstallatlon Itself was not too satIs- 
factory as the connectors which IInked the umts to the multiple feed were not 
weatherproof and would collect mouture and short-cucult the 1nstallat1o" I" 
spite of these difflcultles the lights operated most of the tune, very few tube 
burn-outs occurred and the operating cost was not high 



2 

EQUIPMENT AND INSTALLATION 

The two-color boundary lights proved to be so dlstmctlve that tie" the need 
for small airport lighting wee realized, It was decided to experiment further mth 
this type of llghtl"g, to the extent oi making a trial installation at a typlcal 
small privately owned field. The Arete Axport, Lafayette, IndIana, was selected 
because of Its proxlmlty to Indlanapolls and the Clvll Aeronautics Adnumstratlon 
Experimental StatIon and Its relative freedom from obstructlans, exxtlng under- 
ground clrcults and other common obstacles 

At this time, Mr Harold Cllne of the Leland Electrx Company developed and 
demonstrated a new low-voltage type of tube that apparently could be so adapted to 
a llghtlng unit as to make It efflcxnt, ="expe"slve, and easy to operate and ma="- 
tan while having flexlblllty for use on vai-=~us voltage s~ui-tee. 

Accordingly, L&and Electrx Company eng="eers were consulted and speclfxa- 
tlons wei-e drawn up covering a umt that vrould ellnunate the troublesome features 
of the old two-color boundary llghtlng wuts. A developat contract wae then 
entered Into with the company, whereby the latter would produce ten each of the 
desired type of unit It was agreed that to be practxal and wlthln the reach of 
all, the new unit should sell for approxlmztely $100 00 or less, and a design was 
accconpllshed on this baels Thx unit 1s shown I" Figure 1 

A 4RO-volt multiple system xes selected for supplying power to these ,xuts ae 
the voltage drop coula thus be held to a satisfactory rm~llmum while keeping mthx, 
the 1nsulatlon of common 600-volt underground cable 

Although cable and llghtlng units were ordered early I" the spring of 1946, 
dellvery of the cable was not completed until late I" September so that the 
lnstallatlo" of the system was conslderably delayed Completion of the work was 
accomplished I" October, 1946 

The new llghtr,g unit conslets manly of a tra"sformer, fuse block, power 
factor-correcting capacitor, two horizontal reflectors and one each red and green 
gas-fllled tubular lamps connected 1" series mth each other, the whole assembly 
being mounted on a ranforced metal base (Figure 2) mth a one-pvxe metal cover 
having tempered plate glass ~"c.owe (Flgui-e 3) The glass 15 sealed I" place mth 
a plastx cement 1" such a manner as to be weatherproof As I" the caee of the 
orlglnal unite, the tubes and reflectors are arranged to face 1" opposite dIrectlone 
so that the green tube can face outside the field and the red InsIde the field when 

the unit 1s Installed. 

The lamps are of the cold cathode type The red lamp 1s constructed of pyrex 
glass five feet long overall and one Inch 1" diameter In each end of the tube 1s 
a special condenser type ceramic electrode constructed to carry the relatively high 
currents used This electroae 1s shown I" Figure 4 Although the tube 1s filled 
mth "eon gas especially purlfled, the current capacity of this lamp 1s approximate- 
ly twenty times greater than that of the standard "eon tube such as 1s used I" "eon 
51gns. The lamp as used I" thle fixture draws 500 m~lllemperes at 375 volts, mth 
a startx,g voltage lees than 700 volts, while the average standard "eon tube oper- 
ates at not over 60 rmlllamperes and a relatively high operatang voltage, mth a 
st&lng voltage around 15,000 volts. In factory tests these lamps started at a 
temperature of *"us 75 degrees Fahrenheit 

The green lamp 1s sxralar I" dlmenslons to the red lamp Its InsIde -wall 1s 
coated vvlth a green fluorescent phosphor, ordlnarlly k"own as Wllllrmte. Instead 
of the electrodes and gas used I" the red tube, It has filaments sealed Into the 
ends of the tube. The tube IS exhausted and fllled mth Argon gas and a mx,ute 
quant1t.y of mercury The mercury produces a e~urce of ultra-violet whxh cauees 
the phosphor to fluoresce. The lamp as used I" this future operates at 500 rmlll- 
amperes and appronmately 130 volts 
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The reflectors are parabolx I" shape and are made of "alzak" treated reflec- 
tor sheet. They are mounted I" such a manner that the beam 1s tllted 20 degrees 
above the horlzbntal and I" practice It 1s cut off 10 degrees below the zen;th 
The design of the fxture pernuts a vlslblllty through a i-orlzontal angle of 150 
degrees. At each end of the light 1s mounted a slotted piece of bakellte cut to 
~ecelve the reflectors The top and bottom edges of the reflectors fit Into the 
slots which thus hold the reflectors rIgId This 1s illustrated I" Figure 2 

The glass 1s Ltbby-Owens-Fora Tti-flex tempered plate 5 x 56 x l/4 Inches 
whxh, as mentIoned above, 1s sealed I" plzce vrltl- a plastic cement The edges 
of the opening are flared out to the thxkness of tne glass, thus furnlshlng a 
rest or frame for the edges of the glass It 1s antlclpated that during the wx- 
ter any snow or ice that tends to accunulate on t-e fixture ml1 be nelted by the 
heat generated by the lamp wlthout any danger to the glass. 

The lamp transformers are tapped to operate on a primary voltage of 110 to 
575 volts and are designed w give satlsfactorg results at plus or rmnus 25 per 
cent varlatlon in line voltage A transformer 1s mounted on the base plate at 
one end of the llg\t in such a manner W&at the one-puce lid ml1 protect It 

The power factor 1s corrected to 85 per cent plus 

TX llghtlng umt nountlng consists of a Parr of wood supports 30 Inches 
abole the ground mth a horizontal board fastened across them as sham in Figure 1. 

A5 the landing area of the field 1s approxw,etely 973 feet by 2940 feet, 
lights were arranged at each corner vslth the red side dlrected to the center of the 
field One light was Installed at the center of each end, and two lights between 
corners along each elde at a spacing of approxlTately 950 feet The arrangement 
of lights 1s show" I" Figure 5 This Ilghhtlng syster was proposed manly for prl- 
vate flylng which 1s prx"arlly a fair nreather operation for small arcraft not 
equipped for fl?Tlng 1" instrument weather Such a varlatlan from the standard 
boundary light spaclnp of 300 feet was therefore consIdered practical If the 
spaang can be increased over normal, a great reduction I" cost can be effected 
This experznental lnstallatlon was for the purpose 02 checkvg the effectiveness 
of such imde spacing and the operation of the new lights 

Tb? cable lnstallatlon was made with No 12 solld single conductor 6CLvolt 
Crescent Impervex TrenchwIre mth x,sulatlon conslstlng of special Impervex molstwe- 
reelstIng rubber 3/64-Inch thick and armour I" the forr of a tough neoprene Jacket 
3/6&lnch t'wck vulcanr~d over the rubber The cable was Installed 18 Inches deep 
mth a cable plow feedlng tvro reels at a t-me for a multiple system Two-co"a"ctor 
cables would have been eatlsfactorJ but were more expensive 

The power for the system 1s supplxo through a 5 KVA-240/480 volt step-up 
transformer which 1s conrected to W-e 240-volt power service at We aIrport A 
tine switch and relay are provided far turning the lights on and off, and for this 
experiment a watt-hour meter was Installed to obtain power consumptlor data A 
schematIc x~i-=ng diagram 1s s'-own I" Figure 5 

Inasmuch as Clvll Aeronautxs Admlnlstrat~on regulations requze that obstruc- 
tlons be llghted when lights for landlrg are provided, It was necessary to set four 
45-foot poles approxxnately 7 feet 1" the ground for obstructlo" lights near trees 
at the west end of the field A ilghted wlncl cone was also installed 

A total of eleven 60-watt lamps were thus adaed to the load Thx amount 
would of course vary for different fields. 
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OPZRATING DATA 

The lights have not been operated long enough to deterrune exact mamtenance 
or operatmg costs, but It 1s estmakd that wltb a lap llie of at least 2000 
hours, malntenanca should not be expensive For the fust 25 rngW,s, while operatmz 
approxmately 12 hours a nqht, the system consumed 1077 kwh at appromnately 7 4 
cents per kwh or $1 50 per night 

Several prolmmary flight tests showed these boundary lqhts to be most dls- 
tmctlve in appearance and readily dlscernlble from a dxtance of 15 to i8 mles at 
a heqht of 1000 feet 

In vlevr of the low lnstallatlon cost which ml1 average around $2600 00 for a 
10%unit uxtallatlon (see Figure 6), this type of llghtlng should prove entu-ely 
satlsfactoly for small au-portz 
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i-~gure 5 Tua Color Expermental Boundary Lqhtmg, Aretz A,rporr 
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COST ESTIM&TE OF TYPICAL INSTALLATION 

2000 feet No 6 weatherproof wire $ 60 00 
18,000 feet No 12 - 600-volt Crescer,t Ti-ercb-~lre 590 00 
1 - Tune smtch 15 00 
1 - 60 ampere Z-pole safety smtch 11 90 
1 - 15 mpere relay or lme starter 16 00 
1 - 5 KVA 240/480-wit 011 transformer 85 00 
1 - 600-volt 30 ampere fusec disconnect 11 90 
5 - Pole brackets ana Insulators 2 50 
2 - Slpgle obstruct;on Ilghht assemblies 42 00 
2 - Double obstrustlon light assemblies 72 00 
10 - Leland tw-color bouncary lights @ $100 00 1000 00 
I -Westinghouse wlna cone light assamol:. wrth folding mast 185 00 
2 - Screw anchors 1 50 
loo fee: 3/a Inch guy wire 3 00 
41) feet - I inch galvanlzea conduit 5 20 
20 feet - 314 :nch galvanized cordut 9 39 
Mxcellaneous ells, nipples, weatherheads, bushings, 

locknuts, wire and tape - 5.00 
Purchase and lnstallatlan of four 45-foot Class 3 poles 200 00 
1 yard ready rmxea concrete for mind cone base 10 00 
hhcellaneous posts 2nd lux.ber for llg?tlng unit mounts 15.00 
Rental of cable plow 25 00 
Labor to make lnstallatlan 

1 z1ectr1c1an 7 man days 99 70 
1 Electrlclar's helper 7 man says 75 50 
2 Laborers 1L man days 112 00 

287 
$2652 59 

OPXRATING COST ESTIVATE 
CONE LIGHTING FOR ARETZ 

OF BOUND~Y, OBSTRWCTION & WIN3 
AIRPORT, LAFAYETTE, INDIAJA 

10 Boundary lights 0 approximately 300 watts 3 00 kw 
6 Obstruction llxhts @ 60 watts 0 36 kw 
5 Wind cone 1;ghts IZ 60 watts 0 30 !iw 

Estimated line and transfor;ner losses 0 34 kw 
4 00 

Hourly power consumption estunated at not pore than 4 DiH costing 
approximately 15 cents per hour 

Fqure 6 Cost Esnmates 



Figure 7 Hor,zonral Dmr,but,on - Lelsnd Two Color Boundary Light 




