Lo g

CIVIL

. £ g - 1 -

DEPARTMENT OF COMMERCE

AERONAUTICS ADMINISTERATION

FEDERAL ATRWAYS SERVICE
Technical Development Division

WASHINGTON

NOTE NO, 24

SERVICE TESTS ON SEADROME L1GH.S

By
Fred H. Grieme
Airport Bection

November 1940

.}_



SERVICE TESTS ON SEADRONE LIGHTING EQUIPMENT

Summary

This report covers the results of service tests conducted
by the Technical Development Division of the C.A.A. on newly
developed seadrome laghting equipment designed for permanent
installation 1n transocesnic seaplane operating areas.

The service test installation was made in the Restricted
Seaplane Operating Area near Treasure Island i1n San Francisco
Bay. This material covers observations of the test equipment
nade netween August 1 and September 11, 1940. The egquipment
was left 1n 1ts original location for further studies.

A corplete report on the origanal development ol seadrome
lishting equipment 1s under preparation at this time by the
Technical Development Division of the C,A.A,, which will con-
tain the material of this note as well as a supplemental cov-
erace of further observations made of the San Francisco Bay and
other installations. The purpese of releasing this note at
this tame 1s to make the information and experiences galined
through the San Francisco test available to all interestea
Federal agencies and ligktaing eguipment manufacturers and to
gxpedite the further develcopment and use of seadrome lighting

equipment.
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Introduction

The rapid development of transoceamic transportation
created many new problems relative to the design and marking of
seaplane operating areas. One of the most outstand:ng of these
problems was the necessity for special seadrome lighting equip-
ment to insure the safe conduct of large flyang boat operations.
The establishment of restricted areas for seaplane cperations
and the necessity for the construction of dredged seaplane
channels made the development of special marking equipment a
matter of extreme importance. The Air Carrier Inspeclion Section
of the C.A.A., responsible hy law for the safety of scheduled air-
line operations, requested that such a seaplane channel marker be
developed which would provide a dependable indication of the
water's surface during might operations, reduce colliision hazards
with sarcraft operating on tne water to a minimrm, and be suitable
for permanent i1nstallation.

As a result of studies of earlier types of seadrome lighting
equipment and of consultation with interested Federal agencies,
seaplane manufacturers, and operators, a tentative design for such
a marker was agreed upon. Development work and testing at Balti-
more, Marylana, and Norfolk, Virgimia, by the U. 8. Navy, Coast
Guard, C.A.A., and Pan American Aurways resulted i1n the production

of 2 mnat incorporating receommendations of all interested parties.

Purchase of the first 24 unats by the U. 5. Navy Department resulted

after completion of the acevelcpment tests at the haval Air Station

at Norfolk, Virginia, and conferer.ces were neld between the National
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Electrac Manufacturers' Association, Illuminating Engineering
Soclety, the Navy, the Coast Guard, the Lighthouse Service, the
C.A.A,, and transoceanic operators. These conferences developed

a defimte list of requirements, and from them the C.A.A., developed
standard specifications for seadrome contact light and seadrome
boundary light requirements. After completion of these specifica-—
tions the Airways Engineering Divasion of the C.A.A. purchased 30
urnts - 6 boundary units and 34 channel markers - to be installed
for service test purposes in the San Francisco Bay restricted area

astablished for the exclusive use of seaplanes.

Test Procedure

The test installation was accomplished through the cooperation
of the Pacific Divasion of Pan American farways, the Ccast Guard,
and the Lighthouse Service, at San Francisco. The boundary marker
locations were determined after proper clearance through the
Iighthouse Servace, spaced at approximately one mile intervals, on
two sides of the triangular area designated as the restricted area
for seaplane operations. The cormers of this area had been pre-
viously marked by standard Iighthouse Service buoys flashing a red
light at approxamately 75 flashes per minute. After conferences
with the Air Carrier Inspection Section and Pan American Pilots a
pattern for the marking of a seaplane operating channel within the
restricted area was agreed upon., The light umits consisted of gold
colorea, manuall, operated, fix~d-type seadrome contact lights

manufactured by the Westinghouse and Firestone companies. The
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channel was 600 feet wide, the lights on the south side being
spaced at 250 foot intervals, and the lights on the north side
spaced at 500 foot intervals. The total length of the channel was
approximately 4,000 feet.

In order to obtain comparative values, three available types
of lighting systems were installed. (1) The Pan American 3-light
system superamposed on pontoons, (2) the latest portable unit of
Lights, Inc., furnished by Pan American Airways; and (3) the
Westinghouse-Firestone boundary and contact lights purchased for
test installation. The installation was completed by August 1,
1940 and observations were started in conjunction waith Pan
American's night flying training program. The eguipment used
during these night flights consisted of Boeaing 314 Clippers,
Martin Philippine Clappers, and a Consolidated Commodore tralning
seaplane. Practically all pilots of the Pan American Pacific
Division and West Coast members of the Air Carrier Inspecticn Sec—
tion had an oppertunity to observe the equimment installed for test
purposes. The follo ing observations and comments on the three
systems are offered for consideraticn:

(1) The Pan Ameraican 3-Laght System

This system consists of a series of three incandescent
lights suspended on metal posts approximately 7 feet in height,
mounted on two metal pontoons and moored by a conventional anchor
device. The lights are spaced at intervals of approximately 500 to
1,000 feet and are intended to give the palet fixed reference points

while landing a seaplane.
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Perlormeznce ccrments:

(a) The equipmernt 1s aesigred en*irely for *emporary use and
15 not suitable for perranent installation.

(b) It is suitalle for training purpcses and other temporary
operations but appears teo be unsatisfactory for seaplane
channel operations such as those contemplated at Keehi
Lagoon, T. H., and Kortu Beach, N, ¥,

{e) The equapnent i1n 1ts pressnt condition 1s not suitable for
aaymacklng puro oses.

(d) It constitutes a hazard in case of accidental collisicn with
aircraft maneuvering on the water.

This equipment was not intended to meet the specifications agreed
upon by interested Federal agencies, therefore, no further detail 1s
given,

(2) Laghts, Inc., System

Tnis system consisted of a series of constant burming
white 1ncandescert lignts 32 inches in height, mountec on round Balsa
wocd floats, surrounded by a pneumatically inflated rubber tube, the
entire floal wnt b=2ang encased by carvas. Mooring eguipment con-—
s1sts of a manila rope and a conventionel type beat anchor. Iaghts
sere spaced at intervels of approximstely 350 feet in a single lane.

Perifcrmarce Commnents-

{a) The equapnent 1s suitanle for temperary operations only and
not adaptable for permanent installaticn.
(h) Dey vasaibality characteristics ares insufficient,

(¢) In spzte of th: inner tuce shock protection, this ecuipment
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offers collision hazards to boats and seaplanes maneuvering
on the water.

(d) Laght performance (14 candle power) 1s satisfactory, giving
visibility of three miles or more from altitudes up to
5,000 feet during 9C per cent transmissivaty.

(e) Handling characteristics are unsatisfactory because of fragile
construction, particularly the light post attachment, The
battery life 1s too short for average service requirements.

Since this equapment 1n i1ts present condition was not intended

to meet specifications agreed upon by all interested Federal agencaes,
no further details are given.

(3) Westinghouse~Firestone Boundary and Contact Laghts

Basically the boundary laghts and contact lights were
i1dentical in construction with the followang exceptions* The boundary
laghts were of flashing type, day and night operation of the lights
being controlled by sun valves. Boundary lights were installed to
1dentafy the limits of the restricted area for seaplane operations 1n
San Francisco Bay, spaced at approxamately 5,000 foot intervals. The
contact lights were steady-burning and operated by hand whenever re-—
quired for night cperation.

Performance Comments and Recommendations:

(a) Day visibility was good except for operations in sunlight
or reflected 1light on the water's surface.
(b) Flashing boundary lights were not usable because of the low

percentage of flash time. The lights became practically
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1nvasible at a distance of 500 yards.

(c) The light intemsity of the contact lights was satis—

factory near the water's surface and within glide angle.
Pilols expressed the opinion that the intensity appeared
to be unsalisfactory at an altitude of 1,000 feet, one
ard one-half mles away, against the background of the
laghted San Francaisco Bay Bridge and Berkeley Shore

Drive. (Soudiwr lights.)

(d) Five hundred foot spacing of conlact lights appeared

sufficient for most operating conditions. This 1s the

spacing recomnended 1n the specifications.

(e) In general the equiprert appeared to be suitable for

permavrent servace installation when necessary detail

changes have been incorporated in the design,

(£) The statality of the lights appeared to be satisfactory

gven during & sea runmng as high as 4 feet.

(g) The service life of the battery of the fixed contact

laght appeared to exceed 300 hours based on actual per-
formance of 10 hours each day for over 30 days. The light

was still puwrmng after a 30dey pericd.

“ecommsnaatlcns

boundary Lo, ht Flagharns Chzracterastics:

Since the service test at San Francisco, the manufacturers

Fave made cnanges an the flashang unit. Thas new unit was demonstrated

at Aracostia to representatives ol the U. S. Navy, U, 5. Coast Guard,

and the C.A.A., and was grven tentative approval. These umts, how-
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ever, should be given a service test as soon as possible.
Light Intensity:

It became evident that for general operating conditions an
improved vertical visibilaity of the seadrome contact lights would
have to be obtained. As previously mentioned, the ¢ontact lights
were not sufficiently visible from a distance of 1% miles at an
altitude of 1,000 feet against an illuminated background. This
condition made 1t dafficult for a pilot to locate the lane of lights
from the air under normal vasibility condltaions., In case other aids
for locating the area, such as beacons, are available, it will be
nacessary for the seadrome contact lights to provide only sufficient
intensity and vertical distribution as will be needad to mark the
channel. If such adaational aids are not available, the contact
laghts must have sufficient visibilaty to enable the pilot to locate
the channel from a distance of at least 5 mles.

Technical Comments and Recommendations Applylns to Westinghouse—
Firestone Unit.

Mechanical wealmesses of a minor nature, but 1n some cases
of considerable consequence, became apparent prior to and after
installation of the equipment. A majority of failures has been
caused by water leakage and the causes have been corrected by minor
etructural changes 1n some cases and by improved adjustment of
operating mechanisms. More serious problems having a definite bearing
on the design and proper functions of the unit are as follows:

I. Electrolytic action on mooring gear attachment. In the

original test installation a gelvanized clevls pin swivel shackle

was used for the attachment of the anchor chain to the copper basket
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supporting the light unit. It was realized that the 1ife of the
galvanized shackle would be very limited, but it was expected that
this material would last for at least a period of 3 months, or long
enough to complete a reasonable service test. Complete failure of
the clevis pin shackle was found within a period of 28 days, because
of electrolytic action. In order to arrive at a possible solution
to thls problem ILaghthouse Service and Marine engineers were con-
sulted end the following attachment has been installed for observation
purposes. An 18 inch strip of micarta, 2 inches wide and 1 Inch
thick was fastened by means of a bronze shackle and bolt to the copper
basket and by means of a wrought iron swivel shackle to the anchor
chain. It is expected that ths strip of insulating material will
reduce electrolytic action to a mimmm and prevent the rapid elec-
trolysis of metal parts.

Further desirable precaution would be the application of non—
fouling palnt on the copper battery case, specifically a type paint
of very high dieleetric value.

Recommendations

In all seadrome lighting equipment designed fﬁr future installa-
tion precautions should be exercised and necessary measures should
be taken to insure against ocurrence of rapid detericration due to
galvanic action. The use of bare copper may offer complications in
waters of high salt content, since emong other effects it might re-—
duce the life of the copper case to an unsatisfactory peraod. The
use of nonfouling paints of high dielectric value such as are now

being service tested, may offer possibilities.
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A1]1 mooring gear should be of materlal not affected by
electrolytic action,.

II. Day Vasibailaity Characteristics. It was discovered early

during the service tests that while the striped buoy gave satisfactory
daytime visibility under normal light conditions, neither the shape
of the buoy nor the color combination would provide effective day
marking during certain condaitions such as light reflection from the
water's surface and during operations intoe the direction of the light.
It became evident that during conditions of this kind a silhouette
effect was the only means of providing distinctive marking. In order
te reach a possible solution of this problem conferences were held
with a committee of Pan American pilots and 1t was recommended that
for experimental purposes, triangular and circular markings, similar
to those used 1n commection with inland navigation, be considered for
boundary markers. The use of triangular and circular shapes was
suggested in order that differentiation between the two sides of a
seaplane operating channel could be established. In other words, i1f
an aircraft landed on the water during low vasibility conditions such
as those encountered during rain squalls in the tropic regions, it
would be possible for the pilot to orientate himself and safely pro-
ceed to the operating base. Pan American Airways was confronted with
& serious marking problem of this nature at Canton Island and
immediate action to relieve this situation was strongly urged by the
committee. In order to expedite the development of an adequate day
marker, two of the rubber buoys shipped to San Francisco wers made

available to the Airport Engineering Department of Pan American for
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experimentation with light weight superstructures and necessary
observations by the pllets which could be started i1mmediately.

Recommendations:

Further study should be started ymmediately to determine what
changes can be incorporated in the present design to meet the re-—
quirements for unfavorable light conditions, such as those experienced
in Canton Island and during conditions when operations against the
light are being conducted. The experiments by Pan American Airways,
Pacific Davasion should be followed closely in order that suitable
changes may be decided upon without any unnecessary delay.

I1T. Accumulation of Marine Growth.

Upon removal of all seadrome lights after a service period of
28 days, 1t became evadent that the effect of marine growth upon the
service-requiring pertions of the buoys was a problem requiring
serious consideration. The effect of marine growth on the rubber
floatation may be of minor importance since according to rubber man-
ufacturers chemical treatments can be perfected which wall retard
such accumulations, The use of synthetic rubber is reported as a
possible solution to this problem. However, the effect of marine
growth on the batlery case offers a more serious problem since
excessive accumulation on the case would tend to make the wunit
unserviceable withan twe or three months. The paint used for the
original coating of the entire light unit was a silver enamel of a
very high qualaty. However, this material evidently was not resistant
to marine growth. After considerable study of the availability and

uses of various types of nonfouling marine paints, it was dis-
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covered that a product of the lecal office of the Chemical
Corporation of America, gave very promising performance. In order
to obtain further comparative information on the behavior of this
new product, four light umt battery cases were buffed and installed
in a portion of the San Francisco Bay offering the most severe water
conditions. Two of the units were coated with the product of the
Chemical Corporation of America while the other two were left in hLare
copper. The same material was applied to twe of the rubber floats
for test purposes, to determine whether thas type paint will be
usable as a protective coating for rubber.

Recommendations:

As mentiocned under recommendations on mooring gear attachment,
the use of nonfouling paints or other protective means on all parts
of any seadrome lighting equipment to which it 1s applicable, partic-
ularly to those parts constantly submerged, i1s imperative. The
performance records of the product now under service test at San
Francasco indicate that 1t may offer a solution and results of
present testing should be followed closely by 1nterested agencies.

IV. Construction of Switch Used on Channel Marker.

The type of control switch used incorporated a plunger. As the
switch 18 continually immersed, the packing allowed leakage and con-
sequent deterioration of the aluminum base plates and enclosed
mechanism. It 1s impractical to control this by tighteming the
packing gland, as 1t makes the plunger action stiff and difficult to

operate from a boat.
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Recommendations:

A new location of the switch should be given consideration.
Placing the switch directly under the light bulb attachment would
facilitate operations of the manually controlled unit. A rotary
type or a pneumatic pressure switch may accomplish the same resulta.

V. Daffaculty in Handling laght Umits During Servicang.

Frequent removal of the various light units necessary for
battery replacement or mechanical adjustments made 1t evident that
certaln changes in the design of the laght unit should be considered
because of the poss:bilities they offer to facilitate servicing
operations. After two weeks of servicing, ten out of 24 light ex-
tension posts were bent. It became extremely difficult—in some
cases 1mpossible—to disengage the light units from the floatation
devices 1n waves three or four feet in height. Variataion in sizes
of servicing boats did not seem to result in material improvement.
The problem became sufficiently acute to offer possibilities of serious
injury to service persommel,

Recommendations:

Iaght extension posts should be made out of heavier material
to avoid bending., Ewvidently there 1s no necessity for the use of
light material as a collision preventive, since the yield strength
of light aluminum or cther types of light tubing would be higher
than the force in foot pounds necessary to upset the buoy. Provi-
sions should be made for more simplified serviecing of buoys by means
of a bridle or eye bolts. The possibility of using an eye-hook

attachment directly above the light unit or the possibilaity of

rubber-lined, self-clamping tongues providing a straight 1ift should

Pl



be grven consideration.

VI. Design of Lens Hold—down Plates

The pregsent design of the lens hold—down plate securing the
Fresnel lens to the light base plate, calls for a thin rubber
gasket between the base and the lens. It became evadent that after
a short service pernod the thin rubber gaskets would be compressed
to such an extent that the hold-down plate reinforcements and the
lens plate would be caused to meet, destroying proper sealing of
the Fresnel lens and permtting possible leakage.

Recommendation:

Reinforcement of the lens hold-down plate at the hold-down
bolt holes should be omitted, the thickness of the gasket should be
increased, and the material should be of supericr quality,

The clamping lugs should be replaced by a pressure clamping
ring, bearing evenly on the shoulder of the lens.

VII. Servicing Requirements and Cost

In view of the information gained at San Francisco, 1t 18 evi-
dent that the proper servicing squipment such as suitable boatskand
hoisting equipment will be necessary to make efficient servicing
possible under varying weather and sea conditicns. A Iaghthouse
Service tender of approxamately 150 ton capacity was used for the
origimal installation. However, this type of boat was entarely
unsuitable for servicing purposes because lngh free board clearance,
and 1n some cases the actual removal of the light units from the

buoys had to be accomplished through the use of a small skiff.

Crodg



15—

Equipment such as the double—ender 28 foot power boats used by the
Coast Guard appear to be 1deally suited for service purposes. From
the informaticen available at this time 1t appears that seadrome
boundary units will requare complete servicing at least every 3
months and a 30 day performance inspection. For a 3 month completes
servacing operation the following personnel will be necessary:

3 men exclusive of hoat crew., Time required, based on the handling
of 20 buoys, 3 days for pick-up, servicing, and installation—or

9 men days for 20 buoys for routine servicing. Monthly inspections
could be handled by one man and a boat crew. Cleaning of buoys
every 3 months requires 2 men for 1 day for every 20 units.

Foguipment and Material

Battery replacement cost on a baslis of 20 units every three
months at $4.50 per unit replacement will amount to $90 or $360
anmually. Lamp replacement cost wall be negligible since the lamp
bulbs are guaranteed for 5,000 hours' operation. Spare parts and
unit replacements as well as spare flash mechamsm transformers and
meoring gear should be provaded for.

General Recommendation

Because of numercus variables entering into the estimation of
boat cost, 1t was impossible to determine accurate information on
this subject, which really lies outside the scope of this report.

For moorings over 30 feet in depth, the chains should be
supported by underwater floats.

Some of the difficulties encountered during the service test at

San Francisco caused considerable concern to some of the recognized
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authorities on marine and other types of lighting., As a whole, it
1s evadent that further observation of, and experamentation with,
this new typed of seadrome lighting equipment is imperative in order
that all concerned may profit by such servace testing.

Past experience indicates that flashing laghts would not be
practical for landings of aircraft on water. Flashing lights,
previously tried in Department of Commerce emergency fields, proved
to be unsuitable for vaisual reference purposes. However, seadrome
boundary lights with a flashing characteristic of 120 flashes per
minute, similar to the umt submitted to all interested Federal
agencies in Anacostia, D. C,, during October 1940, appear to be
practical for a twofold purpose. First, as a guide to mariners
and surface water craft and, second to outline to the airmen the
boundaries of the seaplane operating area. Seadrome boundary lights
are not i1ntended to be used for seaplane landing purposes.

Further studies and ccordination of many varied interests wall
doubtless be necessary, and should be undertaken i1mmediately, since
the development of seadrome lighting equipment suitable for uniform
marking of commercial and naval seaplane operating areas 1s essential

to the safe conduct of air commerce and National Defense,

Conclusion

The first period of the service tests at San Francisco, al-
though of short duration, has produced valuable information. The
results 1ndicate that some of the equipment tested shows

definite promise and may be considered as the first step toward the
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ultimate development of seadrcme lighting equipment suitavle for
permanent installation, Considering the rapad increase i1n the
establishment of restricted areas for seaplane operations, 1t is
evident that the proper facilities for the marking of such areas
must be developed without further delay. Additional service testing
w1ll contribute greatly to the perfection of acceptable seadrome
markings and will accelerate the recogmition and aveidance of
restricted seaplane operating areas by surface water craft.

It 13 recognized that other manufacturers are engaged in the
development of similar or improved types of seadrome lighting
equipment and 1t 1s hoped that the service test experiences at
San Francisco will be of material benefit both to the Federal
agencies interested and to the manufacturers engaged in and contem—

plating the design of permanent seadrome markang facilaities,
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