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21-3

21-1 GENERAL

21-1-1

A. Electric lighted aids to navigation apparatus
consists of the component parts of electrically oper-
ated lighted buoys, minor lights including range
lights, and major lights; which may comprise a
lantern, lens, power supply, lamp, wiring, lamp-
changer or stand-by lamp, flasher, time clock, light
sensitive control, alarm circuit, and stand-by power
supply. The component parts of minor electric lens
lanterns are generally interchangeable between mi-
nor lights and lighted buoys. See sections 21-2-1
for description of a minor light, 21-3-1 for a lighted
buoy, and 21-15-1 for a major light.

Definition—

21-1-5 Standardization of Lighting Equip-
i ment—

A, In view of the great diversity of apparatus in
use, the Service in the past was not restricted to
particular designs or makes. As a result there are
in use at the present time a large variety of makes
and types of apparatus from numerous manufac-
turers. However, the present trend is toward stand-
ardization, using as few types as possible, based
where practicable on Service plans and specifica-
tions.

B. A full description of the physical characteris-
tics of the particular type that is wanted should be
included in all work authorization requests in-
volving the establishment or change of lighting
apparatus. :

21-2 MINOR LIGHTS.

21-2-1 Description—

A. An electrically-operated minor light is exhib-
ited from a fixed structure which may be located
on shore or on a marine site in harbors, rivers, inland
waterways, or other location where an aid of rela-
tively low candlepower is required. Although many
range lights show relatively high candlepower, the
majority are still considered minor lights. The
illuminating apparatus is usually powered from low
discharge type storage batteries, primary cells, or
air cells, where commercial power is unobtainable,
and the lanterns are generally equipped with lamp-
changers and motor-driven flashers. Minor lights
are placed on various types of structures, such as
pile dolphins, skeleton towers, slatted piles, or occa-
sionally in the tower of a formerly attended light-
house. They are unwatched and are automadtic in
operation.

21-3 LIGHTED BUOYS

21-3-1

A. The illuminating apparatus of electric lighted
buoys is powered from low discharge nonspill-type
storage batteries stowed in pockets in the main body
of the buoy, and the lantern is equipped with a
flasher mechanism and lampchanger unit. When
electric buoys are received from the manufacturer,

Description—

they are fully wired, ready for installation of the
batteries and lanterns. The component equipment
is essentially the same as that for minor lights and
is largely interchangeable, i. e. flasher, lamp-
changer, lantern, lens; color shade, etc. Lighted
buoys may be converted from acetylene to electric.
A structural description of all standard and the
more prevalent existing nonstandard types of
lighted buoys may be found in Chapter 24, “Buoys,
Mooring Appendages and Minor Structures.”

21-4 STORAGE BATTERIES

21-4-1

A. Batteries for light stations.—Although there
are a few nickel-iron-alkaline bhatteries still in use
at light stations, the majority use a conventional
type lead-acid stationary battery.

B. Batteries for minor lights and buoys.—Several
types of batteries are in general use at present for
powering minor lights and lighted buoys such as:

(1) Conventional lead-acid storage battery.
(2) Low discharge lead-acid storage battery.
(3) Wet primary cells.

(4) Air depolarized wet cells.

(6) Nickel-iron storage battery.

C. Buattery type to use depends on service period.—
Two general service conditions are encountered—
that in which attendance occurs at frequent inter-
vals (more often than once a month), and that in
which service is attempted only at long intervals
(3 months or longer, for instance). Intermediate
conditions may exist and the selection of the partic-
ular type of battery must be considered in the light
of local conditions, which include: amount of cur-
rent drain, accessibility, cost, and importance of
the aid. Other factors in addition to service period
are involved when selecting the proper battery, and
inelude: existing practice in the area, seasonal tem-
perature range, and charging facilities. Selection
of the proper battery for a minor light or lighted
buoy should be made only after all of the factors
have been given careful consideration.

D When submitting work authorization requests
involving battery-operated lights, include complete
data on factors enumerated above and suggest type
of battery desired.

Types in Use—

21-4-5

A. The conventional type of lead acid storage bat-
tery is used at 115-volt high candlepower attended
and unattended lights, fog signals, and radiobeacons
and is also used for engine starting batteries at
light stations. These batteries are either floated on
direct current generators or recharged periodically
or continuously from commercial electric service
through rectifiers. The most frequently used size
is 200 ampere-hours. These batteries usually have
a one to two thousand cycle life. All batteries of
this type are furnished in hard rubber (monobloc)
or hard rubber and wood trays, in groups ranging
from one to four or more cells, or in glass jars.
Conventional-type lead acid batteries are generally
unsuitable for use in minor lights as they will not

Lead Acid, Conventional Type—



214 Aids to Navigation Manual

supply current for a sufficient length of time. This
is due to inherent internal losses which cause the
batteries to lose much of their charge within a com-
paratively short period, even when standing idle.
In addition, they are unsuitable for use in buoys due
to spillage of electrolyte which would be caused by
the motion of the buoy in a seaway.

B. Stationary power batteries are also used to
stabilize the voltage fronr, and equalize the load on,
direct current engine generators, and to assure
emzargency power at shore establishments, particu-
larly at radiobeacon stations. They may be either
of the pasted plate, or the Planté or formed plate
type. The latter type is preferable due to its long
life and comparative ruggedness, although the
recent addition of glass-wool retaining mats be-
tween the plates and separators in several pasted
plate types of batteries may extend their useful
life. Glass jars are preferred for stationary service,
principally to facilitate observation and good main-
tenance of the batteries. Starting batteries which
are assembled with mrany thin plates do not have a
particularly long life and should not be used except
indirectly for lighting, radio receivers, ete. Their
principal purpose is to supply a high current for
short periods.

21-4-10 Lead Acid, Low Discharge, Portable
Type—

A. The low discharge battery is a portable type
applied principally to aids to navigation in which
the discharge period may be extended from a few
weeks to a year or more. It is generally furnished
in 500 ampere-hour, single cell groups. It should
never be gpplied to._power or starting dufy. .Iiz_s
used as the source of pewer for-minor lights, lizhted
buoys fog signals, and low powered radiobeacons.
The expressmn “low_discharge”_is_applied to_the
Wiltard_type DH and DHE cells. because there is
pract;ca.lly no_loss of battery capacity due to self-
dlscharge over long penods of time. Thus practi-

cally all of the batterys energy is available for

useful work. The capacity of both the DH 5-1 and
the DHB-5-1 cell.is 500_ampere-hours_if discharged

at a rate of 1 ampere (to a cut-off voltage of 1.95).

B. Two types —The low d1scharge battery is fur-
nished in two types—one for use on shore structures
and the other being a nonspillable type for use on
buoys. This latter type has greater over all height
to accommodate the electrolyte when the cell'is in an
inclined position. The nonspillable type should
always be used in protective metal containers.

C. Difference between conventional and low dis-
charge batteries.—LqQw discharge cells, such as the
Wlllard 1 type DH-5-1 and DHB-5-1 differ from con-
ventional cells principally in the purity of their lead
grid structure and active material. In order that a
conventional storage battery may deliver large num-
bers of cycles, the plates must be alloyed with anti-
mony or other elements to inhibit the gradual
change (forming) of the grid (supporting structure)
into active material.  The presence of these alloys
increases local action at normal temperatures. As
stated, the low discharge cell is constructed from
pure lead, thus reducing local action to a low value.

Fi

& Wt g
For that reason, this type-of.cell is suitable for
service in which there may be a long_interval be-
tween charging periods. In order that ti the rating
may be attained, the rate of discharge must be low.
The weight of active material in a low discharge
500 ampere-hour cell approximates that in a conven-
tional 200 ampere-hour cell at the 8 or 10 hour rat-
ing. The foregoing explanation has been made to
bring out points which are involved in proper main-
tenance. Al]l storage cells have excess active ma-
terial and, if “discharged at low rates, will deliver
coife"iﬁerably more than their rated capacity at the
6, 8, 0r. 10 hour rate. The capacity is limited-at low
rates pr incipally by the available acid in the electro-
lyte. In conventional types, when discharged over a
leng period, local action also exhausts an increasing
proportion of the total available capacity as the dis-
charge period is extended. When a battery is dis-
charged over a long period the sulphation extends
very deep into the active material. A battery should
not be permitted to remain discharged, ="

"D, Chargmg low dascharge cells.—For the fore-
going reasons, a fully discharged low discharge bat-
tery must be charged atits normal rate for a period
of_ '75 homs This process should preferably be con-
tinuous to drive out the soft sulphates which lie
deep in the active material, and the charging rate
must not be increased. Since the low discharge cell
is constructed of pure materials, some of the grid
structure is converted during the charge to active
material, thus causing growth in height of the posi-
tive plates. The normal charging rate is 10 amperes
and it will take about 75 _hours to recharge.” Lower
charging rates may be used but the charge must be
carried through to completion. Excessive over-
charging must be avoided and only straight charge-
discharge basis shall_ be used. “Trickle”’ chargmg
or_floated service shall not be used. The low dig—~
charge characteristic of these cells is due to the
extreme purity of the electrolyte and component
interior parts, and scrupulous care must be exercised
to maintain this purity. More complete charging
instruetions and data on maintenance of storage
batteries will be found in section 21-4-40.

(1) Number of cycles—Low discharge batteries
will give relatively few cycles, being guaranteed for
10 cycles providing the cycles do not exceed 12
months. More than 10 cycles can be obtained if the
cycles are less than 12 months in duration, corre-
spondingly, less than 10 cycles may be expected if
the cycles exceed the 12-month period.

(2) Water—Low discharge cells must be filled
with water that is known to be free from impurities.
Pure distilled water should be used.

E. General construction.—The battery consists of

. two 1844 inch positive lead plates and three negative

plates and separators in sulfuric acid electrolyte,
assembled in a hard rubber container with a cover
supporting the vented filling plugs and terminal
lugs. The specific gravity of the cell is 1.300 at
80° F. fully charged, and 1.130 discharged. When
the specific gravity is some intermediate figure, it
is a measure of the ampere-hours capacity remain-
ing in the battery. For example: if the specific grav-
ity reads 1.232 (a drop of 68 out of a total of 170

S
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points), 40 percent of the capacity will have been
withdrawn and 60 percent remaining. The voltage
of the cell averages 2.05 volts throughout its period
of discharge. The self-discharge loss of energy in
1 year is less than 15 percent.

F. Specific construction—The DH-5-1 type bat-
tery is intended for shore installations and is not
equipped with the nonspill vent. The DHB-5-1
type battery is used in most electric lighted buoys
and is equipped with a nonspill vent purposely
designed for buoy use. It is installed in metal cans
for protection as shown in fig. 21-1. Paraffin, hav-
ing a melting point of 127° to 130° F., is poured
around the cells after the battery is placed in the
can. A mechanical vent located in the center of
the cover permits an inclination of the cell 120°
from the vertical (30° past the horizontal) without
loss of electrolyte. A filling and testing plug, lo-
cated in the corner of the cover, is provided for
taking specific gravity readings and for adding
water,

G. New batiery procedure.—The cells when re-
ceived from the manufacturer are fully charged and
ready for installation. The following procedure is
recommended before installing either a new battery
or a battery which has not been in service for a
period of several months.

(1) Remove filling plug and test the specific
gravity. It should read 1.285 to 1.300 at 80° F. when
fully charged. (If the specific gravity reads below

1,280, the cells are to be given an equalizing charge

at 10 amperes until the specific gravity stops rising.)

(2) Special filling syringe.—Test the level of the
electrolyte by means of the special filling syringe.
To do this, insert the syringe until it seats in the
filler opening. By squeezing and releasing the bulb,
excess acid or electrolyte will be drawn off. A low
level is indicated by lack of suction. If the elec-
trolyte is low and the specific gravity reading indi-
cates a fully charged condition (1.285-1.300 at 80°
F.) the level should be adjusted to the proper height
by adding pure distilled water until the specified
height of 134 inches above the plates has been
reached.

(3) After the proper electrolyte level has been
obtained, the cells should be placed on charge for
a few hours to allow the water to become thoroughly
mixed with the electrolyte. Before charging, loosen
the hard rubber packing nut on the positive terminal
one-quarter turn.

(4) Replace filling plugs and clean the tops of the
cells and retighten the rubber packing nut not more
than one-half turn. It is important that the filling
plugs be properly seated and acid-tight.

(6) Test mechanical vent in DHB-5-1 type—If
a DHB-5-1 type battery, sze that the mechanical
vent operates freely and is firmly in position, and as
a final test for the proper seating of the mechanical
vent and filling plug, lay the cell on its side and roll
it through 360° to detect any possible leakage which
might occur.

(a) To remove the vent, use the special wrench
provided to loosen it, then unscrew the vent, by hand.
(Caution: Place index finger on the counterweight
while the vent is still in a horizontal position to pre-
vent the counterweight from revolving rapidly and
expelling the acid.) To seat the vent, screw it into

position by hand, then take up with the wrench—a
quarter turn should be sufficient to securz a proper
seating. Avoid extreme pressure by renewing the
gasket if leakage is encountered,

H. Hydrometer readings.—The hydrometer is an
instrument used to ascertain the specific gravity of
the electrolyte or battery solution. The syringe type
hydrometer is used to test all batteries of the en-
closed type. To take a reading, insert the end of
the rubber tube in the cell; squeeze and slowly
release the rubber bulb, drawing up electrolyte from
the cell until the hydrometer floats. The reading on
the graduated scale at the surface of the liquid is the
specific gravity of the electrolyte. After testing, the
liquid must be returned to the cell from which it was
taken. If too much electrolyte is drawn into the

tube, the float will strike the stopper in the upper ~

end of the tube, giving an incorrect reading. The
specific gravity reading is expressed in points. Thus
the difference hetween 1.230 and 1.250 specific grav-
ity is 20 points. The specific gravity of the low
discharge cell ranges from 1.300 when cha.rged to
about 1.130 when discharged.

(1) Determining removal date -—Accurate hy-
drometer readings, correctly interpreted, are abso-
lute checks on the charge still remaining in a battery.

In event intermediate readings are taken, the date:

for removal may be predicted with reasonable ac-
curacy and arrangements made within sufficient
time to avoid undue discharge or electrical failure of
the installation. For example, in an installation of
low discharge cells that have been in service for
6 months, the specific gravity reading is 1.210. The
date for recharging the battery cells can be deter-
mined from the following data:

Specific gravity:
At start________.__

When discharged_ ... ______________ 1.130
Bange-—_ - - o A Ll 170
When testot - wcouiesee 2inpinensramny 1.210
Capacity used ______________________ 90
Elapsed time when tested, days...____ 180

(2) During 180 days the specific gravity has
dropped 90 points or a rate of 2 days per point.
There are 80 points remaining before reaching com-
plete discharge. Therefore 2 times 80 equals 160
days’ life still remaining in the battery.

1. Charging.—Cells used in buoy service shall be
removed from the battery racks when placed on the
charging line. This is necessary because of the test-
ing operations required to determine the proper
charge and condition of the cell before reinstalla-
tion.

J. Electrolyte level.—Before putting a cell into
service, check the electrolyte level with the special
filling syringe. If low, adjust to the proper level by
adding pure distilled water only. After adding wa-
ter, continue the charge until the water is thor-
oughly mixed with the solution as indicated by the
hydrometer readings. In this way, errors in subse-
quent hydrometer readings taken on discharge will
be avoided.

K. Maintain purity of electrolyte—These cells
show practically no self-discharge on open circuit.
This is due to the extreme purity of their component
parts. To maintain this purity it is necessary to
avoid scrupulously any contamination from metals,
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rust, or any foreign substance. For this reason,
during charge one should use a specific charging
-plug or place the vent plug in the vent hole to avoid
“contamination. Furthermore, it is imperative that
a special hydrometer, filling syringe, and thermome-
ter be provided for use on low discharge cells only.
Under no circumstances should these instruments
be used cn the regular charging line with other bat-
teries, as there is a possibility of transferring im-
purities from a conventional type battery to the
low discharge cells and thus causing considerable
damage.

L. Battery cells should not stand in discharged
condition.—Cells which have béen completely dis-
charged or have stood for some time in a discharged
condition should be watched for undue temperature
rise when recharged. Cells may be stored without
being placed in racks, but the tops must be kept
clear of any metallic substances which might fall
across the cell terminals and cause short circuits.
Short circuits not only prematurely discharge the
cells but (due to the heavy currents which may be
obtained from these cells) may damage the lead
plates or cause a fire.

M. See section 21-4-30 for installation instruc-
tions.

21-4-15

A. Characteristics—Primary cells of the copper-
oxide zinc alkaline electrolyte type are used i many
mmerm—hght mstana‘tibns
s%’ne:} for use in buoys The batteries resist cor-
rosion and are not affected by dampness. They
provide a self-contained power supply requiring no
charging. When the battéry is discharged, the ex-
hausted elements and the electrolyte are disposed
of and” the "batter?'fs ‘Testoredto full capacity by
inserting new elements and add1ng new electrolyte

B. When ezhausted. —For primary cells contained
in glass jars, an accurate indication of approaching
or complete exhaustion of the cell is given by visible
deterioration of the indicator panels at the bottom
of the zinc plates. When pinholes appear in the
indicator panel, the cell is 85 percent exhausted.
(See fig. 21-6.) Primary cells in metal cans are not
readily inspected, however, since the service time is
well established, periodic inspection of the plates is
not actually necessary.

C. A complete cell consists of the following:

(1) A unit assembly of positive and negative elec-
trodes.

{2) A can of caustic soda for mixing with water
to form the electrolyte.

(3) A glass or metal jar.

(4) A porcelain cover and gasket.

(5) A bottle of special battery oil (certain manu-
facturers of primary cells do not use separate bat-
tery oil but furnish it already mixed in the caustic
soda). ]

- (6) Nuts and washers for making connections
and to attach the elements to the cover.

D. There are two types in general use. Type
5-500 and M-1000, the numeral indicating the am-

pere-hour capacity at normal voltage of 0.66 volt
ber cell.

Primary Cells—

These cells are not de-

E. Overvoltage—A peak voltage is built up on
open circuit up to 38 percent in excess of normal
voltage, i. e., if the cell is permitted to stand without
current drain, the battery develops a peak voltage
considerably higher than the continuous discharge
voltage. During this period of overvoltage, the
lamp is overloaded, which may result in lamp fail-
ure. The number of cells generally used for flashing
lights are as follows:

3.5-volt lamp, 5 cells.
6.2-volt lamp, 9 cells.
12.0-volt lamp, 18 cells.

F. To install primary cells, proceed as follows:

¢1) Check all new material carefully. Do not
use cracked or broken jars, covers, or elements.
Keep boxes of new cells and renewals dry and un-
pack elements and soda only as needed.

(2) When renewing exhausted cells, remove ele-
ments from the jars and detach from the-eovers.
Save these elements to return for credit in ship-
ments of 100 pounds or more. Exhausted elements
should be drained and allowed to dry away from
inflammables. Do not pack for shipment when wet.
This is important since the chemical activity of
wet elements may, and on several occasions has,
caused spontaneous combustion.

(3) Discard used solution where it will not pres-
ently or potentially damage property, injure per-
sons or animals, or pollute streams or other water
supply.

(4) Be sure jars are thoroughly clean and fill each
half full with clear water. In the absence of fresh
water, salt water may be used. Pour in the can of
caustic soda gradually and stir the solution in a
pendulous and circular motion with a clean stick
long enough to reach the bottom of the jar.

(5) Add more water to within 11 inches from the
top of the cell, using a wood liquid gauge. Be sure
the soda is thoroughly dissolved.

Caution.—Handle the caustic soda carefully. It
will cause severe burns to the skin either in dry mix-
ture or in wet solution.

(6) Assemble the element to the cover, passing
the lead wire and suspension bolt through the holes.
Fasten with the hexagonal nuts and place two wing
nuts and washers on top of the hexagonal nut.

(7) Remove the paper separators from between
the element plates, being careful not to spring the
plates out of position.

(8) Insert the element in the solution. Make
sure it hangs vertically and the plates are spaced
evenly.

(9) Place the cell in permanent position and add
water until three-fourths inch from top of the jar.
Rotate the cover back and forth gently several times
50 as to mix the added water. Be sure the solution
covers the plates of the element.

(10) Tilt the neck of the cover and pour all the
oil from the bottle of special bat}tery oil on top of
the solution after restirring. With the oil added,
the solution should bé one-half inch from the top
of the jar. The purpose of the oil is to prevent
evaporation of the solution. (Certain manufac-
turers of primary cells may furnish the oil impreg-
nated in the caustic soda. In which case, follow the
manufacturers instructions for assembling the bat-
tery.)
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Ficure 21-4.—Edison-type S-507 . copper oxide
primary battery.

Freure 21-5.—Complete renewal for Edison-type
S-507 copper oxide primary battery.

(11) Short each cell by touching the negative lead
to the positive post for about two minutes, or until
the wire becomes too hot to hold. This dissipates
the normal surge of voltage (up to 38 percent) and
starts chemical action.

(12) Make the connections to the circuit, making
sure they are clean and tight. Use the same num-
ber and type of cells in each leg of a multiple-service
battery.

(13) Coat all connections with vaseline.

G. In preparing primary cells, seek to avoid the
following mistakes:

(1) Failure to place caustic soda in the water.

(2) Failure to dissolve all the caustic soda.

(3) Dissolving two cans of soda in one jar.

(4) Adding oil before putting the elements in
place.

(5) Failure to take proper precautions in han-
dling caustic soda. 3

(6) Failure to tighten connections.

H. The following treatment is recommended for
batteries used as stand-by units in A. C.-operated
installations in order to keep them in their most
active condition. When first set up, or renewed, con-
nect a series resistor across the battery for 15 min-
utes once each month. Batteries having a tendency
to give lower than normal voltage at service rates
of discharge, due to inactivity, should also be simi-
larly treated. Each separate bank of a multiple
series battery should be treated separately. The
ohmic value of the resistor is governed by the num-
ber of cells in each bank as shown below:

Number of cells Voltage Resistor value in ohms

5 3.5 0.12
9 6 .25
18 12 . 50

21-4-20 Air Celis—

A. The air cell is used in shore installations where
service conditions require light weight and ease of
handling. It has replaced many installations where
the dry cell packs were formerly used. The air cell
battery does not use the oxygen bearing chemical
depolarizer (manganese dioxide) such as the dry cell
battery but obtains its oxygen from the air through
a special carbon “lung” or electrode. The air cell
is purchased in 500-ampere-hour capacity and is
suitable for all types of shore installations where
the current drain is not over 0.66 amperes .

(1) The average initial voltage under discharge
conditions is 1.25 volts per cell, falling to 1.0 volt per
cell near the end of the service life.

(2) Reference is made above regarding use of this
battery where current drain does not exceed 0.66
ampere-hour. This applies where a closed circuit
is involved such as a fixed light, in which case a lamp
of higher rating should not be used without adding
enough banks to equal the lamp. In the case of
flashing lights, under normal conditions, a lamp of
up to 50 percent higher rating than the battery may
be used where the lamp is not burning more than
one-fifth of the characteristic cycle.

B. Electrolyte.—The battery is activated by the
addition of any water suitable for drinking. The
electrolyte is formed by the self-mixing of the water
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STEP 1
Caustic Soda and Water

Wood Liquid
Level Gauge

o ] ,1_‘.}"-;,5 Liquid Level

= Glass Battery Jar — -]

Fill jar half full of water and add caustic
soda, dissolve by stitring, then add water
1o bring liquid level to botiom af wooden L

N tion as shown.
gauge.

About 85% exhaustion

Assemble element and porcelain cover,
submerge element in caustic soda solu-

VISUAL INDICATION OF APPROACHING EXHAUSTION IN ELEMENT

As cell nears exhaustion

STEP 3
Battery Qil

5 bes
R ,——rj(- Liquid Level
7

Liquid Level

o Element —_

Raise one corner of porcelain cover just
sufficiently to permit pouring battery oil
over caustic seda solution; care should
be taken to prevent battery oil coming
in contact with element.

bt

Rated capacity has been de-
livered. Battery has about 10%
reserve capacity remaining.

Ficure 21-6.—Primary battery instructions.

with a cake of caustic soda within the cell and
requires no stirring.

C. As in the case of all wet-type batteries, a cer-
tain amount of care should be exercised in placing
air cells in operation and maintaining them. The
following instructions, which appear on the label on
the back of the battery, should be carefully followed.

To install air cells, proceed as follows:

(1) Remove the filler cap and punch out the
diaphragm. Pieces falling inside the battery do no
harm.

(2) Pour carefully two measured quarts of cool
drinking water into the battery. Then add slowly
the small amount of water needed to bring level
halfway into the filler openings. "Wipe off imme-
diately any spilled water on top of the battery.

(3) Replace the filler cap as soon as the water
level recedes sufficiently. The solution will auto-
matically fall to correct level without further addi-
tion of water.

(4) After filling, remove the card and transparent
covering from the breathing carbon. The battery
cannot breathe with these in place.

(5) The battery is now ready for service. After
the battery has been put in service, never again add

more water than is necessary to just cover the indi-
cator wire visible through the filler opening.

16) Caution.—This battery contains caustic soda
(lye) in solid form before filling with water, and in
solution after filling. This substance, including the
solution, is a caustic poison and must not be taken
internally or permitted to comre in contact with
the skin, eyes, clothing, or valuable articles. -

ta) In filling with water, do so carefully, and im-
mediately wipe up any water spilled on top of the
battery. Do not permit water to get on the carbon
breathing element,

(b) Do not fill the battery with water until it ar-
rives at its destination. If the battery is carried any
distance after filling, thoroughly wipe out the filler
cap before placing the battery in service.

(7) Inspection.—In hot dry locations the battery
should be inspected every 2 months (under normal
conditions, every 4 months). The vent hole in the
filler cap should be kept open and free from salts
at all times. Low temperatures do no harm on open
circuit, and have no serious effect at light drains
and short closures. For higher continuous drains,
the battery should be used at customary roomr tem-
peratures. Never fest the battery with an ammeter
as this short circuits the battery and causes damage.
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Ficure 21-7.—Eveready air cell batteries, T-1600 and T-2600.

(8) Types.—The following types of air cell bat-
teries are presently in use:
T-1600—1.25 volts, 500 ampere-hour capacity.
T-2600—2.5 volts, 500 ampere-hour capacity.
Cells—T-1600, one; T-2600, two, connected in series.
Voltage—T-1600, 1.25 volts; T-2600, 2.50 volts.
Maximum current rating—660 milliamperes at volt-
age rating. -
Weight unactivated—T-1600, 11 pounds 6 ounces;
T-2600, 21 pounds 5 ounces.
Weight activated—T-1600, 15 pounds 13 ounces;

T-2600, 31 pounds 9 ounces.

21-4-2

A. Care must be exercised in the disposal of bat-
teries and electrolyte when no longer serviceable.
This is particularly true in the case of the electrolyte
of primary cells when recharging and in the disposal
of exhausted air cell-type batteries. The electrolyte

Disposal of Batteries—

of all batteries is a poisonous substance capable of
inflicting burns externally, and severe injury or
possibly death from internal contact.

B. Streams or other water supply can become
polluted from the discard of electrolyte. A case is
on record where air cells were discarded in what
was apparently a safe place but which later became
accessible to cattle who perished from the contact.
Care in battery disposal cannot be too strongly
emphasized. :

21-4-25

A. Use in buoys.—DHB-5-1 low discharge bat-
teries for use in buoys are placed in racks or frames
which may be lifted in and out of the pockets in the
body of the buoy in much the same manner as acet-
yvlene cylinders. When battery racks are removed
for servicing, they should be cleaned and painted
with acid-resisting or asphaltum paint.

Low Discharge Battery Racks—
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B. Types.—Standard low discharge storage bat-
tery racks (fig. 21-8) are designed to accommodate
various numbers of batteries in cans. They are
classified as follows:

Type 13, 1 shelf for 3 batteries.

Type 23, 2 shelves for 3 batteries each.
Type 31, 3 shelves for 1 battery each.
Type 34, 3 shelves for 4 batteries each.
Type 44, 4 shelves for 4 batteries each.

C. The type and number of racks and total num-
ber of batteries used in electric buoys are as follows:

Buo Typeof | Number | Numberof| Volt-
v rack in cach | batteries | age
10 x 39 34 or 44 2o0r 4 24 or 48 12
9x38 34 2 24 12
9x32 | 34 2 | 24 12 ‘
8x26 34 2 24 12
6x 20 23 - 12 12
7 FE 23 2 12 12
5 FE 23 1 i 12
3% FE | 13 i o |
I

(1) The type 44 rack may be used in 9- or 10-foot
buoys for special purposes such as a radiobeacon or
electric bell striker.

(2) The type 31 rack is used in certain older-type
buoys converted from acetylene such as 5 x 15, 6 x 18,
7 x 18, etc.

21-4-30 Low Discharge Battery Installation—

A. Battery connection—Before proceeding with
the installation of the batteries in the rack, study

TYPE 23

WEIGHT 75 LBS.
FicUure 21-8.—Battery racks.

TYPE 34

WEIGHT 275 LBS.

TYPE 44

WEIGKT 290 LBS.

the wiring diagram and become familiar with the
battery circuit. (See fig. 21-10.) Then place the
cells in position with the positive and negative ter-
minals of each cell in their proper relation to the
terminals of the other cells, as indicated by the
wiring diagram. The polarity of each terminal is
plainly marked by the abbreviations “POS” and
“NEG" moulded in raised letters on the top cover
adjacent to the terminal. When placing the in-
dividual cans in the rack, make sure that the square
corner of the battery cell located inside the can
does not come at the point of contact of the pro-
tective can and the battery rack clamp assembly
(securing strap). Otherwise, the strap securing the
battery in the rack may crush the battery, causing
a leak. The strap should be set up firmly but not
excessively tight, as too much pressure may cause a
stress that will crack or break the sealing compound
between the hard rubber cell container and cover,
with resultant leaking when the cells are inclined
from the vertical. Connect cells for the required
voltage and capacity by means of the intercell and
intertier jumpers furnished. (Jumpers of definite
lengths are provided.) If the cells have been placed
in the proper position the wiring connections will
be simple. If the cells are not in the proper position
as regards polarity, the jumpers will not fit nor will
the circuit perform electrically. In making con-
nections, be sure that the contact surfaces of the
terminals and the jumper lugs are clean and drawn
up snugly by tightening the bolt connector nuts.
However, there is no necessity for applying extreme
pressure. Check the voltage of the circuit at the
terminal block with a direct current voltmeter. If
all connections are tight and correct, the voltage
when cells are fully charged should read initially as
follows:

(1) Three cells in series, or two or more strings
of three cells connected in multiple, 6.2 to 6.4 volts.

(2) Six cells in series, or two or more strings of
six cells connected in multiple, 12.4 to 12.8 volts.

B. To connect three cells in series, connect the
positive terminal of the first cell to the negative of
the second, and the positive of the second cell to
the negative of the third. The initial voltage of the
three cells measured across the positive terminal
of the third cell and the negative of the first cell
will be 6.2 to 6.4 volts. To connect two or more
strings of three cells in multiple, make the series
connections for each string as above, but connect
the positive terminals of each string together and
the negative terminals likewise, The total voltage
will be the same as that of each string, but the avail-
able capacity will be increased in proportion to the
number of strings used. Apply a coating of vaseline
to each terminal or connection after it has been
made. This will reduce corrosion to the minimum.

C. Installation of racks.—Before proceeding with

‘the installation of the battery racks in the body of

the buoy, see that all wiring has been properly made
and that all connections to the flasher and lamp-
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FI16URE 21-9.—Internal wiring for buoy battery racks.
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Battery connectors for type
34 Racks, 2 complete.

Connecf.__lgllgi jze_! Req'd
A 14" No.si 14
B | 36" iNo.B 19

C | 56" |No.8| 2

|2 VOLTS AT ZOOO A.H,

(o9

3

109 q

A\

SECURELY BOLT TERMINALS
__VTO(‘:ETHEE AND TAPE WELL
7 N
A

0]

-NoTE- U
TO WIRE OLD TYPE RACKS
CUT |5 DIA.HOLES THROUSH
PARTITIONS WHERE
NECESSARY FORCELL
CONNECTORS.

1ZVOLTS AT looo ALH. 1ZVOLTS AT 1000 AH.

FIGURE 21-10.—Schematic wiring diagram.

206430 0—52——10
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changer are correct. See that the battery cells are
properly wired and secured to the battery rack.
Check for correct voltage. See that all cells are
leakproof when the rack is rolled in a horizontal
position on deck or ashore, to assure that the elec-
trolyte will not spill inside of the buoy pocket. After
placing the battery racks inside of the buoy pockets,
see that the wedging screws are jammed against
the side of the pocket to prevent the racks from
moving out of position. The batteries must be se-
curely wedged in the pockets, however, the clamps
must not be set up too tight, or the cells may become
cracked and thus permit leakage of the electrolyte.
(In certain small buoys there is a framework open
to the entire body of the buoy in lieu of a pocket in
which the batteries are placed.) The batteries are
interconnected and wired to a pair of insulated lugs
or terminals at the top of the rack. The terminals
and connections should be firmly connected and
greased. Leads must be properly run inside the
racks so they will not shear off or be broken when
the rack is installed in a buoy pocket.

D. Buoy wiring circuit.—An electric buoy battery
rack wiring diagram is shown in figure 21-10. Two-

conductor rubber-covered No. 12 wear-resistant

cable is used for making the electrical circuits from
the inside of the buoy pocket terminals to the lan-
tern. The ends of the wire are to be securely sold-
ered to proper size terminals after it is run through
the connectors.

(1) The terminal box on the daymark plate pro-
vides for connecting the two ecircuits running from
the batteries in the two pockets with the wiring to
the lantern. Connections of this type are usually
made by securely fastening like terminals together.

(2) The electric cable is run through watertight
connectors which are located at the lantern, day-
mark terminal box, and wherever the wiring comes
through the buoy head or through the upper por-
tion of the battery pocket just below the flange (on
recently designed buoys).

(3) The electric cable is secured with Y-inch
diameter cable hook clips spaced about 24 inches
apart. The clips are located on the inside of the
tower legs or inside of the buoy body in such manner
as to afford the cable the best protection.

E. Ventilation—Caution.—Lead-acid batteries in
buoys have a tendency to create a highly explosive

- hydrogen gas and care must be observed when open-

ing battery pockets. The vent, which is similar to
that of an acetylene buoy, must be kept operating
freely. The rubber tube on buoy vents has a tend-
ency to dry out and should be inspected frequently
at each servicing and renewed if required.

21-4-35 Computing Service Time—

A. As previously mentioned, the number of bat-
teries required in a given installation will vary with
the requirements of the particular light. The length
of time that an electric battery installation will con-
tinue to operate a lighted aid depends on the
ampere-hour capacity of the battery, the light ratio,

————— —

the ampere rating of the lamp, and a surge factor
which is used to take care of the variation i carrent
consumed by an alternately hot and cold filament,

B. The service time is computed from the fol-
lowing formula:

T—. CXN_
24X RXaxF
T=Service time in days
C=Capacity of one string of batteries in ampere
hours
N=Number of strings in parallel
R=Luminous time ratio
a=Amperage of the lamp.
F=A surge factor obtained from figure 21-13
Example: There is a light consisting of a 200-mm.
lantern containing a 2.03 amp. 12-volt lamp show-
ing a charateristic of 0.4 second flash and 3.6
second eclipse and having 24 low-discharge cells
connected in four parallel banks of six cells to a
bank. What is the service time?

In the above formula,
C=500 ampere-hours
N=4
R=+sth
a=2.03
F=1.285
Substituting these values in the formula:

500 % 4
T=34% 4 x2.03X1.285 —2Pprox. 332 days

In the above, no allowance has been made for the
consumption of the flasher, which is considered
negligible.

C. Other methods of computation.—The nomo-
gram (fig. 21-11) may be used in lieu of the formula
for approximate results. Also, a very handy “Elec-
tric Beacon Calculaide” (fig, 21-12) is available from
the Wallace & Tiernan Products, Inc., which enables
ready calculation of all problems involving the serv-
ice period of electric battery installation without
the necessity of recourse to a formula.

D. Remaining service time.—The computation of
the remaining service time left in a battery instal-
lation may be accomplished in the following steps:

(1) Take the specific gravity reading of the
electrolyte.

(2) Find the difference in range of points be-
tween the present gravity reading and 1.300 (the
normal fully charged specific gravity).

(3) Determine the number of days installation
has been in service.

(4) Apply the figure found in step (2) to the
total range in points between fully charged and
discharged condition, (1.300 and 1.130 respectively),
or 170 points) to determine the number of days
used up per point of specific gravity drop.

(5) Compute the number of points of specific
gravity range remaining before cell is discharged
(i. e. present reading less 1.130).

(6) Multiply days per point (found in step 4)
by remaining range (found in step 5). Answer is
approximate remaining service period in days.
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FI6URE 21-11.—Chart for computing battery requirements of flashing lights.
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FIGuRE 21-12.—“Electric Beacon Calcul