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PART 1
INTRODUC TION
il These instructions are issued as the 2 Instructions contained in this EO apply
basic Engineering Order for the Equipment to all Lead Acid Storage Batteries used in
involved. RC AF Equipment.

Figure 1-1 - Unshielded Aircraft Storage Battery

1. Sediment Space 7. Filler Plug

2. Plates 8. Vent Manifold

3. Hard Rubber Container 9. Double Compartment for Inverted Flying
4. Cell Cover 10. Electrolyte Baffle

5. Terminal Polarity Markings 11. Separators

6. Terminals i2. Plate Feet
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Figure 1-2 - Typical Aircraft Storage Battery (Shielded Type)

1. Container Cover 10. Vent

2. Inter Cell Connectors 11. Cell Cover

3. Unspillable Vent Plug 12. Separator Protector
4. Cover Flange 13. Plate Strap

5. Outer Case 14. Plate

6. Teriainals 15. Plate Support Ribs
7. Washers 16. Strap

8. Terminal Wing Nuts 17. Separators

9. Terminal Box. 18. Container

19. Cell Cover Seal
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PART 2

DESCRIPTION

GENERAL DESCRIPTION
1 Alead acid storage battery is anelectro-
chemical device for storing energy in chemi-
cal form so that it can be released as elec-
tricity.

DETAILED DESCRIPTION

Z Fundamentally, there is no difference in
the operation of aircraft and automobile bat-
teries. Both have the same type of lead plates
immersed in a solution of sulphuric acid and
water and operate on the same basic principles.
The aircraft battery, however requires a great
deal more care because of the unusual condi-
tions under which it operates.

3 Aircraft batteries are specially built so
that they will not leak when the aircraft is
flying upside down or during aerobatic ma-
noeuvres.

4 The complete battery is usually shielded
by enclosing in a grounded, metal covered
housing (see fig. 1-2). This completely shields
the battery and its terminal connections, pre-
venting radio interference from the electrical
system being radiated by the battery or any
unshielded wiring. Some aircraft batteries
however are of the unshielded type as shown
in Figure 1-1.

5 Because of increasing requirements for
electrical power in aircraft, higher voltages
are being used than on automobiles, usually
12 or 24 volts. This permits the use of smaller
wires for transmitting a given amount of power.

6 To save weight, aircraft batteries have
exceedingly small capacity, being only about
one-third that of the average automobile bat-
tery. Consequently, they must be used and
serviced with much greater care. For example
if connected to a charging source, only a frac-
tion of a volt above normal, an aircraft battery
will overcharge considerably in a short time.
This overcharging causes the formation of
more hydrogen and oxygen gas than can enter

into chemical reaction with the plates. As the
excess gas is liberated at the surface of the
plates, it causes the solution to appear as
though it was boiling. The mixture of gases
given off during overcharging is highly explo-
sive, so that open flames or sparks should be
kept away from the battery at such times. The
gases liberated during overchar gingare formed
by the breaking down of water in the electro-
lyte. This action causes an excessive loss of
water which makes frequent addition neces-
sary. The sulphuric acid is not affected in any
way by this process.

7 The battery must be kept fully charged
at all times inorder to retain sufficientenergy
to function properly after starting the engine.

CONSTRUCTION
(see fig.1-1 and 1-2)
Chemicals Used
8 There are four essential chemicals in a
battery:-

Where found in Celis
Positive Plates

Essential Chemicals
Lead peroxide

Sulphuric Acid Electrolyte
Water Electrolyte
Lead Negative Plates
Plal.tes

9 The plates used in aircraft storage bat-

teries consist of an electrically conducting
grid framework in the meshes of which the
active materials are incorporated by electro-
chemical processes. These grids serve to
conduct the current to and from the active
materials of the positive and negative plates.
An alloy consisting of lead and antimony is
used for the grids which have a heavy outside
border with substantial vertical bars and light
weight horizontal bars. These serve as an
interlocking arrangement to hold the active
material firmly in place (see fig.2-1). The
small percentage of antimony (about 10%) is
to harden the lead, in much the same manner
that a small percentage of carbon or nickel
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Figure 2-1 - Grid with Half Active Material
Removed to Show Grid Construction

hardens steel. This makes the grids stronger
and harder and less susceptible to chemical
action during normal charge and discharge as
the antimony in the lead prevents rapid oxida-
tion of the grid. The presence of antimony in
the lead also facilitates casting the fine detail
of the wire structure of the grids so that the
battery weight can be kept to a minimum. How-
ever, when subjected to continued overcharg-
ing the positive grids are attacked chemically
by the continued formation of oxygen on them.
They then gradually change into active material,
lose their strength, and the plates crumble and
fall apart, which quickly ends the useful life
of the battery.

10 Positive plates are filled with lead per-
oxide active material. This is dark brown
chrystalline material which consists of very
small grains or particles, disposed so as to
provide a high degree of porosity in order to
allow the electrolyte to penetrate the plate
freely. The lead peroxide is a paste made up of
a mixture of commercial red lead and diluted
sulphuric acid (see fig. 2-2).

(a) Negative plates are of basically the

same consiruction as positive plates but are
filled with porous lead paste made up of yellow

4
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lead oxide and diluted sulphuric acid and are
a light grey in colour (see fig.2-2).

(b) The active material also contains so-
called "expanders'' included to prevent the
sponge lead from contracting and reverting to
the solid inactive state during the life of the
battery.

11 The plates are dried after pasting by a
special process which hardens the mixture.
They are then given an electrochemical treat-
ment or forming process, consisting of a
number of cycles of charge and discharge. The
treatment converts the lead compounds into
active material. In this forming process, a
large number of positive plates are connected
to the positive terminal of a charger and an
equal number of negative plates are connected
to the negative terminal. These two groups are
then immersed in a diluted solution of sul-
phuric acid and water and charged slowly for
a long period. After charging, the plates are
separated, washed and dried by a special pro-
cess, and assembled into groups.
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POSITIVE PLATE NEGATIVE PLATE
Figure 2-2 - Normal Storage Battery Plates

Separators

12 The positive and negative plates must be
electrically insulated or separated from each
other so theycannot touch. Thin porous sheets
of insulating material called "separators' are
inserted between each positive and negative
plate for this purpose (see fig.2-3). Separators
are usually made of micro porous rubber or
wood topermit easy flow of electrolyte through
them. They have a grooved face next to the
positive plate which permits free circulation
of the electrolyte between the plates. This also
allows for the normal shedding of active ma-
terial from the positive plates, to fall to the
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SEPARATOR RIBBED SIDE SEPARATOR SMOOTH SIDE

Figure 2-3 - Plate Separators

sediment chamber at the bottom of the cell
where it accumulates. This shedding takes
place much more rapidly on the positive plates
which wear out much faster than the negative
plates. The ribs also minimize the area of
contact with the positive plate which has a
highly oxidizing effect on wood separators.

13 Glass fibre retaining mats are some-
times provided between the positive plate and
separator toretard the loss of active material
from the plate and to protect the separator
from oxidation.

Elements

14 Since the capacity of a single plate is
relatively small, a number of plates are
grouped together to give the required capacity,
(see fig.2-4). Each plate has an extension, or
lug with which it is connected to a strap (or
bridge) by lead burning. Positive plates con-
nected to a strap form a positive group and
negative plates with a connecting strap form
a negative group. These groups assembled with
separators inserted between the positive and
negative plates are called an '""Element' of
which one is used per cell.

(a) The plates are arranged alternately
positive and negative with all the positive
plates connected through a strap to a post at
one side of cell and all the negative plates are
connected through a strap to the negative post
on the opposite side of the cell.

(b) Figure 2-5 shows an exploded view
which shows the relationship of the various
elements. A negative group always has one
more plate than the associated positive group.
Thus each positive plate has a negative plate
on each side. This is to equalize the effect of
expansion of the active material on the posi-

Part 2

tive plates during discharge. It minimizes the
buckling which would occur if expansion took
place on only one side of a positive plate. It
also provides the excess negative plate area
and material required for good battery per-
formance. The corner of the plates are rounded
and the edges beveled to prevent damage to
the separators.

15 There may be any desired number or
size of plates used in an element, depending
upon how much energy is to be stored. The
greater the number of plates used per element
the higher will be the voltage during discharge
at high rates and low temperatures. However
the open circuit voltage of a fully chargedcell,
no matter what the size of the cell or the num-
ber of plates in the element, is only a little
over 2 volts. The battery voltage is the sum
of the voltage of its cells.
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POSITIVE PLATE GROUP NEGATIVE PLATE GROUP

Figure 2-4 - Plate Groups

Cells

16 A cell is an assembly consisting of a
positive and negative group of plates immersed
in a solution of sulphuric acid and water.

Electrolyte

17 The sponge lead and lead peroxide which
fill the respective plates are referred to as
the "active' materials of the battery. These
materials cannot become active until they are
covered by a water solution of sulphuric acid
called "electrolyte'. The sulphuric acid of the
electrolyte supplies the sulphate which com-
bines with each of the plate materials and re-
leases the electrical energy. The sulphuric
acid electrolyte is also the carrier for the
electric current inside the battery between the
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Figure 2-5 - Assembled Element

positive and negative plates through the sepa-
rators. The antimony-lead alloy of the grid
framework of the plates carries the electric
current to and from the active materials to
the outside terminals. The electrolyte of a
fully charged battery usually contains about
38% sulphuric acid by weight or about 27% by
volume. This corresponds to a specific gravity
of 1.285,

Containers

18 The containers for aircraft batteries are
of the one piece molded type and are usually
made of hard rubber or bituminous composi-
tion. These must withstand extremes of heat
andcold as well as mechanical shock and must
be resistant to the absorption of acid. Inte-
grally shielded batteries have the containers
moulded in a metal case with gasketed metal
cover.
for attaching rubber tubing for ventilation and

drainage. In the bottom of each cell compart-

A hole is usually provided at each end

ment are molded narrow element rests or
"bridges' on which the element sits. The plates
are usually provided with stub feet on their
bottom edges which sit on alternative rests for
positive and negative plates. This minimizes
the danger of short circuits due to sediment
which falls from the plates onto the bridges
where the plates sit and provides a reservoir
for sediment between the bridges, (see fig.2-6).

Cell Covers and Vent Plugs

19 The covers are usually molded hard
rubber and provide an acid tight seal for the
two terminal posts which protrude through the
cover, (see fig.2-7). Covers also provide a
vent opening in which various constructions
and devices are provided to prevent over-
filling when rewatering the battery. Vent plugs
of special design co-operate with the cover
vent opening to baffle the gases andelectrolyte
splashed and sprayed against the under side
of the cover, to prevent loss of acid from the
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Figure 2-6 - Container Cut Away to Show
Partitions and Element Rests

cell, one type is shown in Figure 2-8. Spillage
and leakage of electrolyte when manoeuvring
or flying upside down is prevented by the de-
sign of the vent cap or opening and deepdesign
containers. Some batteries are provided with
solid plugs and are vented through a separate
vent hole into a vent manifold.

Figure 2-7 - Cell Cover

Cell Connectors

20 In order to connect the cells of a battery
in series to give the required voltage, the ele-
ments are placed in eachcell so that the nega-
tive terminal of one cell will be adjacent to
the positive terminal of the next cell and so on

Part 2

throughout the battery. Cell connectors are
placed over the protruding terminal posts and
lead burned to them to connect the cells in
series. Connectors must be heavy enough to
carry the high current required for starting
without overheating, (see fig.2-9).

Sealing Compound

21 Sealing compounds are used to form an
acid tight joint between covers and containers.
They are blends of specially processed bitu-
minous substances having resistance to flow
at high summer temperatures and resistance
to cracking at low winter temperatures.

“Ag

Vent ..

Lead
Valve
Grooved
Vent
Upside Down
SRR AR el iR
1. Vent 4, Vent
2. Lead Valve 5. Lead Valve
3. Grooved Vent 6. Seat

7. Seated
Figure 2-8 - Non-Leakable Vent-Cap

Terminals

22 Aircraft battery terminals are usually
of a threadeddesign on which the terminal end
of cable is secured by a nut or wing nut. Auto-
mobile type batteries are provided withtapered
posts, the positive post being slightly larger
than the negative post and the cable is attached
by a terminal clamp.

Figure 2-9 - Cell Conunector
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PART 3

THEORY OF OPERATION

CONVERSION OF ENERGY

1 A law of physics states that: Energy may
neither be created or destroyed but may be
changed fromone form to another. The battery
is an example of how this law works. Electri-
cal energy put into the battery by a charging
devise is changed into chemical energy. The
battery stores this energy until it is needed.
The chemical energy then changes back to
electrical energy when needed by connecting
the battery to a starter, lights, radio etc.

2 If any two dissimilar conducting elements .

are immersed so they cannot touch eachother,
in a solution which can attach them chemically
(diluted salt, alkali or acid solutions) an elec-
trical pressure or voltage will be developed.
If wires from the two elements are connected
outside the solution, current or amperes will
flow through them. At the same time, a chem-
ical change will take place in at least one of
the elements. Thus a simple battery cell may'
consist of two plates of dissimilar metals se-
parated from each other and immersed in a
solution called "electrolyte'.

3 Aircraft and automobile cells are usually
of lead element construction with diluted sul-
phuric acid as explained inPart 2. When a cell
is discharged by completing an external cir-
cuit, as in switching onthe lights the sulphuric
acid acts on both positive and negative plate
active materials to form a new chemical com-
pound called lead sulphate. The sulphate is
supplied by the acid solution (electrolyte) which
becomes weaker in concentration as the dis-
charge proceeds. The amount of the acid con-
sumed is in direct proportion to the amount of
electricity used from the cell. When the acid
in the electrolyte is partially used up by com-
bining with the plates, the batterycan no longer
deliver electricity at a useful voltage and the
battery is said to be discharged. This gradual
weakening of the electrolyte in proportion to
the electricity delivered is a very useful action
because it allows us to use a hydrometer to
measure how much unused acid remains with

the water in the electrolyte and this informa-
tion enables us to judge about how much elec-
trical energy is left in the cell. fihisdis ex-
plained in a later paragraph.

4 By passing an electric current through
the battery in a direction opposite to that of
the discharge, the lead sulphate is decomposed.
The sulphate is expelled from the plates and
returns to the electrolyte, thereby gradually
restoring it to its original strength. This ac-
tion frees the plate active materials of sul-
phate and they are restored to their original
chemical condition, ready todeliver electricity
again. Hydrogen and oxygen gases are given
off at the negative and positive plates respec-
tively as the plates reach the fully charged
condition. This is the result of the decompo-
sition of water by an excess of charging cur-
rent not utilized by the plates.

5 Figure 3-1 shows the simple arrange-
ment of a lead acid cell with color indicating
the composition of the plates and solution.
When charged the active portion of the posi-
tive plate is lead peroxide and the negative
plate is pure sponge lead, both being conduc-
tors of electricity. When the cell discharges,
the sulphuric acid reacts with both plates to
form lead sulphate. This leaves a very weak
solution of acid and water in the cell (specific
gravity 1.150) since part of the acid has united
with the plates. If discharge is continued the
active materials on both the positive and nega-
tive plates become alike; lead sulphate. There
is then, no voltage developedbetween them and
the battery is completely discharged.

CHEMICAL REVERSIBILITY
6 The most valuable characteristic of the
lead acid storage battery is its chemical re-
versibility. This means that unlike the dry-
cell battery which must be discarded when it
becomes discharged, the storage battery may
have an electrical current passed through it in
the direction opposite to the direction of dis-
charge and the battery's active chemicals are



Part 3

CHARGED
Sp. Gr. 1.275—1.300
Freezing Point=—80° to —95° F.

DISCHARGED (All useful energy used)
Sp. Gr. 1.150
Freezing Point= 4 5°F,

EO 40-5A-2

SULPHATED (Standing, discharged, ruined)
Sp. Gr. 1.050
Freezing Point= + 25° F.

Figure 3-1 - Battery Changes Accompanying
Discharge

restored to the ''good as new'' state. Figure
3-1 indicates what happens when a battery is
discharged, or when it is charged.

SELF DISCHARGE

7 The chemical actions which produce the
flow of current.may continue even though no
current is being withdrawn from the battery.
When current is being taken from the battery
the chemical action between the active materi-
als of the plates and the sulphuric acid in the
electrolyte takes place more or less rapidly,
depending onthe amount of current being with-
drawn. However, when the battery is discon-
nected so that no current is being taken from
it, the chemical activities continue, although
at a much lower rate. This produces what is
known as battery self discharge. This self
discharge takes place slowly at low tempera-
tures, but rapidly at high temperatures due to
the fact that all chemical reactions are has-
tened by high temperatures. A partially or
fully charged battery at 0°F experiences very
little self discharge over a period of two or
three months while a fully charged battery at
125°F may discharge itself completely within
one week. This is important when allowing
batteries to stand without charging particularly
in hot weather.

CAPACITY
8 The capacity of a storage battery or the
total amount of electrical energy a cell can
deliver, depends entirely upon the amount of

10

material available for chemical action. There-
fore to increase the capacity of a battery a
greater number of plates, or larger, or thicker
plates must be used in each cell, with enough
electrolyte to react with the active material.
Conversely, as a battery sheds active material
during charge and discharge, its capacity be-
comes gradually less. Capacity is measured
in ampere hours, which is the number of am-
peres flowing from a battery on discharge, at
a given temperature and down to a given volt-
age, multiplied by the time in hours the battery
will deliver this current. For instance, a bat-
tery discharged at two amperes for ten hours
would furnish twenty ampere hours. This might
be replaced by charging at five amperes for
four hours or one ampere for twenty hours.

CAPACITY RATING
< The capacity rating of aircraft batteries
is based on the maximum current which they
will deliver for five hours, with a starting
temperature of 80°F and a final terminal volt-
age of 1. 75 volts per cell. This is called the
battery's "Five Hour Discharge Rate' and the
rated capacity of the battery is this rate mul-
tiplied by five. For instance, a battery which
discharges 6.8 amperes for five hours under
the above conditions is rated at 6.8 x 5 equal
34 ampere hours capacity. A second rating
applied to aircraft batteries is based on the
maximum current they will deliver for five
minutes with a starting temperature of 80°F,
and a final average terminal voltage of 1.2



EO 40-5A-2

Part 3

SMALL CELL

y| POSITIVE

4 Posirive

PuaTes

Pressure Gauvge
corresponds to
Voltmeter

Flow Meter
corresponds to

G 2 |bs. per sq. inch es—)p

HEIGHT OF WATER
PRODUCES PRESSURE
4w 1.75 |bs. per sq. inch s

SMALL TANK

3).7X 5=8.5 GAL. (8.5 AMP. NOURS).

Ammeter .

THIS TANK WILL DELIVER 1.7 CAL /HR
(1.7 AMPS) FOR 5 HOURS. TOTAL CAPACITY

/,
(

LARGE TANK

THIS TANK WILL DELIVER 68 GAL/HR

(68 AMP3) FOR 5 HOURS. TOYAL CAPACITY

=6-8X5= 34 GAL (34 AMP. HOURS).

PRESSURE (VOLTAGE) IN EACH CASE WILL BE THE SAME. 2LBS/5Q.IN.(2V0LTS)
(WITH TANK FULL) AND 1.75 LBS/5Q-IN.(1.75 VOLTS) AT ENO OF 5 HOURS
(WiTH TANK EMPTY).

Figure 3-2 - Anology of Battery Cell Capacity

volts per cell. This rating is called the "Five
Minute Discharge Rate' and is a measure of
the battery's ability in normal starting.

10 The capacity of a battery appears to be
lower at a high discharge rate than at a low
rate. This is due to the inability of the elec-
trolyte to distribute the charge uniformly
through the plates when the surface is being
discharged so rapidly. In other words, al-
though the surface of the plate is discharged
and the internal resistance of the cell thereby
increased, the interior of the plates is still
charged. Under these conditions, the battery
will recover in a short time and discharge
may be continued again. This is particularly
true of a cold battery which even though fully
charged, will deliver only about 5% of its ca-
pacity at a high discharge rate and will crank
an engine for only a very short time. For ex-
ample a thirty-four ampere hour battery at
20°F will deliver only 2.5 ampere hours at a
discharge rate of one hundred and fifty am-
peres, which it will maintain for only three
quarters of a minute. The battery is then ap-
parently completely exhausted and will not
crank the engine. However, it will recover
after a few hours if allowed to stand idle.

VOLTAGE
11 The voltage of a cell on discharge is in-
fluenced very strongly by the size of the cell
as well as by the state of charge at the begin-
ning of the discharge, the rate of discharge,

the electrolyte temperature, the design and
condition of the battery. The average voltage
of a cell on discharge while cranking, at 80°F
may be about ''.95 volts whereas at 0°F the
voltage may be about 1.4 volts per cell. Gen-
erally speaking the larger the cell the higher
will be the cranking voltage under any given
set of conditions of discharge rate and tem-
perature, but it will never be as high as the
open circuit voltage of the cell.

12 In cold weather the viscosity of the acid
increases and slows down diffusion of the acid
into the plate pores and through the separa-
tors. This slows down the rate of the chemical
action and lowers the cell voltage, limiting the
output of the battery, especially at starting
rates. The starting capacity is roughly pro-
portional to the plate area.

WATER ANOLOGY
13 Battery operation may be explained
rather simply by comparison to a water sys-
tem.

PRESSURE
14 The tanks shown in Figure 3-2 represent
storage tanks filled with water, which may be
withdrawn by opening the valve at the end of
the pipe. A pressure gauge is shown near the
valve on each tank for reading the water pres-
sure. This pressure depends upon the height
of the tank above the ground. It will be a little
greater when the tank is full than when empty

11
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because of the difference in the height of the
water level in the tank under these conditions.
It will be noted that, regardless of the size of
the tanks, the pressure will be the same as
long as they are at the same level. This cor-
responds to a storage battery cell which de-
velops a pressure of approximately two volts
regardless of the size or number of plates in
the cell. By referring to Figure 3-2 it will be
noted that the pressure changes from two lbs.
per square inch when the tanks are full to one
and three quarter lbs. per square inch when
the tanks are empty. Similarly, the pressure
of a storage battery cell is two volts when
fully charged and approximately one and three
quarter volts when discharged or empty. By
adding storage batterycells together in series
any voltage can be obtained. Usually this is
six volts (three cells) to twenty-four volts,
(twelve cells). The capacity in terms of flow
is not increased by the series arrangement
which increases the pressure only.

CAPACITY
15 The two tanks shown in Figure 3-2 are
located at the same height so that the same
pressure will be read on their pressure gauges,
since one tank is much larger than the other,
a great deal more water may be taken from it
before it must be refilled. The larger tank is
thus capable of delivering a greater number of
gallons per hour than the smaller tank if they
are to supply water for the same period of

NEW TANK-=-
Full Capacity

THIS TANK WILL DELIVER 6-8 GAL /HR.
(6-8 AMPS) FOR 5 HOURS. TOTAL CAPACITY

=¢-8 X 5 = 34 GAL.(34 AMP HOURS).

EO 40-5A-2

time. It will also deliver the same number
of gallons per hour for a longer time. These
tanks correspond to large or small storage
battery cells as indicated in the Figure. The
small tank represents a cell made up of only
one positive plate and a negative plate, while
the larger cell, similar to that used in an air-
craft battery has four positive plates with their
associated negative plates. The larger cell has
four times the plate material of the smaller
cell and so has four times the capacity, or
storage space. Therefore, it will deliver four
times as much current for the same period of
time, or the same amount of current for four
titnes the period of time as the smaller cell.

16 The Figure shows examples of this with
the pressure gauges reading two lbs. per
square inch in both cases which corresponds
to the two volts pressure developed by either
the larger or smaller cell. The flow meters
read four times the flow for the larger tank,
which corresponds to adischarge of four times
the current for a large: cell. Under these con-
ditions, both tanks (or cells) would be emptied
in the same period of time.

LOSS OF CAPACITY WITH AGE
147 The capacity of a cell depends upon the
amount of useful active material on the plates.
This capacity is reduced when the battery gets
old because of the constant shedding of active
material by the plates during normal opera-

oLD, TANK -
sediment laaves only small
capacity for stordge space.

Worn out Cell
Buckled and Sulphated

THIS TANK WILL DELIVER 68 GAL /HR.
(68 AMPS)FOR 3 HRS. TOTAL CAPACITY
=6-8 X3 = 20-4 GAL . (20.4 AMP. HOURS),

PRESSURE (VOLYAGE) IN EACH CASE WILL BE THE
SameE, 2185/53Q.IN. (2 YOLTS) WITH FULL TANKS.

Figure 3-3 - Analogy of Decrease in Capacity with Age
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PRESSURE

GAGE READS READS

S EesinE PRESSURE

7 S./SQ. IN.
LBS./5Q. IN. L8

NO 1 NO 2

This tank is delivering no load. Will  This tank is delivering 17 gal./hour (17
maintain 2 Ibs./sq. in. (2 volts) indefi-  amperes). Will be empty in 2 hours.
nitely unless water leaks out. Pressure (voltage) will remain practi-
cally 2 Ibs./sq. in. (2 volts) until tank
is empty.

.

*
sz

READS
PRESSURE
1BS./SQ. IN.

NO 3

This tank is delivering 170 gal./hr. (170
amperes). Will be empty in 12 minutes.
Pressure (voltage) will not remain at 2
Ibs./sq. in. (2 volts) due to the resist-
ance of the pipe to the flow through
it, and loss in pressure (voltage) re-
quired to overcome this resistance.

Figure 3-4 - Analogy of Voltage Drop with High Discharge Currents.

Part 3
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OPEN CIRCUIT

Current 0 amps.
Voltage 2.0 volts

LOW DISCHARGE

Current 17 amps.
Voltage 1.95 volts

VOLTMETER

LIGHT LOAD ONLY

HEAVY DISCHARGE

Current 170 omps.
Voltage 1.6

o 100 2

AMPMETE R

HEAVY STARTERLOAD

Figure 3-5 - Batteries, Nos, 13928 and"3
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tion. If 40% of the active material has been
shed from the plates or battery, it is equal to
only 60% of its original size. Thus what was
once a thirty-four ampere hour battery be-
comes a 2U. 4 ampere hour battery, and so will
store only 60% as much current as when bat-
tery was new. This corresponds to the condi-
tion in Figure 3-3. The new tank has a capacity
of thirty-four gallons corresponding tothe new
cell having a capacity of thirty-four ampere
hours. The old tank is shown partially filled
with sediment which leaves a much smaller
space for the storage of water (60% in this case
or 20. 4 gallons). This corresponds to the worn
out cell which has shed 40% of its active ma-
terial and so has only 60% as much storage
capacity or active material left (20.4 ampere
hours in this case). The pressure or voltage
in each case will be the same, two lbs. per
square inch for the. water tanks or two volts
for the cells.

PRESSURE DROP
18 Figure shows an anology for voltage drop
which is most noticeable with high discharge
currents. The three tanks shown in Figure 3-4
are all of the same height, so that the pres-
sure developed by the height of water in tanks
would be the same in each case. The first tank
has the valve closed completely so that no
water is being withdrawn, and the pressure
gauge reads two lbs. per square inch. This
pressure will be maintained indefinitely un-
less there is leakage from the tank. If leakage
occurs, the tank will eventually become empty
and the pressure will then drop. The second
tank shows the valve slightly opened and the
flow meter indicates a flow of seventeen gal-
lons per hour which would continue for two
hours, as the full tank holds thirty-four gal-
lons. The pressure will remainpractically two
lbs. per square inch until the tank is empty,
although it will actually be slightly under this
because of the slight amount of friction as the
water flows through the pipe. The third tank
valve is shown nearly wide open, discharging
one hundred and seventy gallons per hour,
shown by the flow of the meter, which would
empty the tank in twelve minutes. With water
flowing through the pipe at this high rate, a
great deal of friction or resistance to flow will
be encounted through the pipe so the pressure
gauge may read only 1. 6 lbs. per square inch.
The height of water in the tank is the same as
in the other cases, so that the pressure from
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this height would be two lbs. per square inch.
The difference between the two lbs. pressure
and the 1.6 1b. pressure indicated on the gauge
is the loss of pressure due to the resistance
of the pipe to the flow of water through it.

19 The foregoing tank Figure No 1 corre-
sponds to a battery cell with no load connected
to it, as shown in Figure 3-5 battery No 1l in
which case the voltmeter reads two volts. This
voltage will be maintained indefinitely if there
is no leakage. However as explained later,
there is a small amount of leakage which oc-
curs within the cell which increases at high
temperature. Thus a battery will eventually
become discharged, due to this leakage, even
though no load is connected. Foregoing Figure
3-4, No 2 corresponds to the battery shown in
Figure 3-5 No 2 discharging seventeen am-
peres through a load such as lights only on an
aircraft, with radio, lights, pumps etc. turned
off. The battery will deliver this load for ap-
proximately two hours, as its capacity when
full is thirty-four ampere-hours. The voltage
of the battery under these conditions is mea-
sured by the voltmeter and would be approxi-
mately two volts, although actually it will be
slightly under this due to the resistance to the
flow of the currentthrough the plates and solu-
tion in the battery. This resistance is usually
neglected for light loads. Foregoing Figure
3-4 tank No 3 in which case the loss would be
four lbs. per square inch, the useful pressure
at the valve would be only 1.6 lbs. per square
inch. This corresponds to Figure 3-5 battery
No 3 where the battery is shown with a heavy
starter current being withdrawn from the bat-
tery which would continue but for a few min-
utes until the battery was discharged. The
voltmeter reads approximately 1. 6 volts at the
battery terminals under these conditions. Since
the voltage of a charged battery is two volts
the difference between the two volts and the
1.6 volts shown on the voltmeter represents a
loss, or voltage drop, of 4 volts caused by the
resistance to the flow of current through the
plates and solution within the battery so that
the useful voltage is only 1.6 volts.

VOLTAGE
20 The opencircuit voltage of a cell depends
upon the material from which the plates are
made and is not affected by the size or number
of plates in the cell. Since the composition of
the plates in a storage battery changes as it

15
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is discharged, the voltage also changes. The
open circuit voltage of a fully charged storage
battery is approximately 2.2 volts per cell
when first removed from the charging line
with nocurrent being drawn from it. This soon
drops to about 2.0 volts at a low discharge rate
and remains near that point until the battery
is practically discharged, after which its volt-
age drops rapidly. This variation in terminal
voltage is caused by two things. One is the
voltage produced by the chemical action in the
cell, and the other, the voltage drop caused by
current flowing through the internal resist-
ance of the cell. The voltage produced by the
chemical actiondecreases as the cell becomes
discharged. The voltage drop due to current
flowing through the internal resistance varies
with the current flowing. The open circuit, or
no-load terminal voltage is the same as that
produced by the cell's chemical action. How-
ever, when a load is turned on, such as lights,
radio etc., current flows through the circuit
and every part of that circuit tends to oppose
or resist the flow of current through it. The
greater the current flowing, the greater will
be the opposition. This opposition may be ex-
pressed in volts and must be substracted from
the no-load voltage of the cell to obtain its
terminal voltage under load. Thus, the greater
the current flowing, the lower will be the ter-
minal voltage of the cell.

VOLTAGE DROP
21 To fully understand this voltage drop, it
is necessary to realize that the current flow-
ing from a battery through an external load
must complete its circuit back through the
battery. Therefore, this same current actually

Heavier
than Water

Electrolyte is heavier than water. When it is
1.28 times as heavy, it is said to be ''1.280
Specific Gravity''.

Figure 3-6
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flows from one group of plates, through the
electrolyte within the battery tothe other group
as wellas through the plates themselves. Thus
the framework of the plates, and the electro-
lyte both offer resistance to the flow of this
current. Although small, so that it may be
neglected for small loads, this resistance be-
comes a recognizable factor whendealing with
heavy currents required for starting motors,
gun turrets, inverters etc. Upon charge, the
current is flowing in the reverse direction so
that this internal resistance causes a slight
increase in the cell's voltage. This accounts
to some extent for the slightly higher voltage
of a battery when it is on charge.

»n sd T e

8

Figure 3-7 - Hydrometer

AGE
22 Age affects the voltage of a battery on
charge and discharge. This is due to the grad-
ual loss of capacity during its life, with an ac-
companying increase in internal resistance.
This is indicated by low voltage on discharge.

TEMPERATURE
23 The effect of temperature on a battery is
a lowering of its internal resistance at higher
temperatures and a marked increase in its in-
ternalresistance at lower temperatures. Con-
sequently, at high temperatures a lower volt-
age is required to charge it (only about 2.2
volts per cell at 110°F). At lower tempera-
tures, a muchhigher voltage is required (about
2.8 volts per cell at 0°F). A battery is not as
efficient in cold weather and will deliver less
current than normal because of its greater in-
ternal resistance. Also its terminal voltage
will be lower due to the greater loss within
the battery at low temperatures.

ELECTROLYTE SPECIFIC GRAVITY
24 Let us suppose we have a simple balance
scale Figure 3-6. On one side we put exactly
one pint of water. On the other side we put ex-
actly one pint of battery electrolyte (solution
of sulphuric acid in water). The scale would
go down on the electrolyte side indicating that
the electrolyte is heavier than the pure water.
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The electrolyte in a fully charged battery is
usually 1.28 times as heavy asan equal volume
of pure water when both liquids are atthe same
temperature. The battery electrolyte would
therefore be described as having a iISpecific
Gravity of 1.280" meaning that its weight is
1.280 times the weight of pure water. When
the battery discharges, the sulphuric acid in
the electrolyte combines chemically with the
plates and the remaining electrolyte becomes
lighter in weight. By determining the relative
weight of the electrolyte we can tell how much
acid has combined with the plates and there-
fore estimate how much electrical energy is
still left in the battery. But actual weighing of
the electrolyte would be inconvenient, so we
use instead an instrument called a Hydrometer,
Figure 3-7. This consists of a glass barrel
and bulb syringe for sucking up a sample of
the electrolyte to float an enclosed glass hy-
drometer calibrated toread in terms of Speci-
fic Gravity. The depth to which the float sinks
in the liquid indicates the relative weight of
the liquid compared to water and gives us a
measure of the specific gravity of the liquid.
The hydrometer floats low in the liquid if the
specific gravity is low and it floats high in the
liquid if the specific gravity is high. The hy-
drometer float is made of glass and is equipped
with a paper scale built inside the hydrometer
with marks on it which mustbe read on a level
even with the liquid surface, and this reading
indicates the specific gravity of the liquid.

25 Figure 3-8A graphically illustrates the
relationship between specific gravity readings
and the combination of the acid with the plates
for various states of charge. Note the distri-

——_‘,t Correct method of reading
hydrometer. Eye on level with
liquid surface. Disregardcur-
vature of liquid against glass
parts. Do not tilt hydrometer
while reading - keep float ver-
tical.

Figure 3-8
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bution of the acid indicated by the small black
dots. Also note the corresponding height of the
hydrometer float for each condition.

26 A hydrometer of the syringe type Fig-
ure 3-7 used to measure the specific gravity
of the electrolyte in a cell, gives an indication
of how much unused sulphuric acid remains in
the solution andis therefore a convenientmea-
sure of the approximate capacity still avail-
able in a normal cell. For accuracy, the liquid

Specific
Gravity
below 1.280

GOING DOWN

FULLY CHARGED

Acid in water gives electro-
Iyte specific gravity of 1.280.

As battery discharges, acid
begins to lodge in plates.
Specific gravity drops.

Specific Specific
Gravity Gravity
1.225 1150
—)
i s
T
* UNSAFE *DISCHARGED

* Battery half discharged. More acid in plates,
less in electrolyte. Starting failure in sight if
battery is allowed to remain installed.

%% Acid almost entirely in plates leaving weak
electrolyte behind. Specific gravity lower; al-
most that of water.

Figure 3-8A
During discharge, as acid combines with both
Plate Materials, Hydrometer sinks lower. Note
changing position of black dots in illustrations.

1%



Part 3

level of the cell shculd be at normal height
when a hydrometer reading is taken and the
electrolyte should be thoroughly mixed with
any water which may have just been added.
Hydrometer readings should, therefore, never
be taken immediately after water has been
added. The water should be thoroughly mixed
with underlying electrolyte, by charging, be-
fore hydrometer values are reliable. The fol-
lowing table illustrates a typical range of spe-
cific gravity for a cell in various stages ot
charge with respect to its ability to crank the
engine at 80°F.

27 Inreading a hydrometer, the barrel must
be held vertically and just the right amount
of acid be drawn up into the barrel with bulb
fully expanded to lift the float freely so that it
touches neither the side, nor the top nor bot-
tom stoppers of the barrel. The hydrometer
barrel and float must be kept clean with soap
and water so that the float will not stick to the
sides. The float must be inspected occasion-
ally for cracks which would allow acid to enter
the airtight float and make any reading taken
with it unreliable. If the paper scale inside

Thermometer Built into Hydrometer

Figure 3-9
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the float is wet it indicates a leak in the float
and the float should be discarded.,

TEMPERATURE ERRORS OF
HYDROMETERS
28 No reading on the Hydrometer is strictly
correct until a temperature correction has
been applied. At ordinary temperatares it is
not usually necessary to correct the hydro-
meter reading for the temperature but at ex-
tremes of temperature the correction may be
important. Hydrometer floats are calibrated
to indicate correctly only at one fixed temper -
ature and if used in electrolyte at any other
temperature a correction must be applied. The
reason for this lies in the fact that the acid
volume expands when it is heated and shrinks
when it is cooled. When expanded due to heat,
it will not be as dense and will not raise the
hydrometer float as high in the acid, so caus-
ing the reading to be low. When the acid is
cooled the acid shrinks in volume and becomes
denser which causes the hydrometer float to
rise higher and read too high. The error due
to temperature is a known factor and it can be

F.
160 | +32
HT+30
150 FH+ + 28
Hp+28
140 HE + 24
B+ 22
130 5+ + 20
1+ 18
120 F4—++ 18
HT+ 14
1o Ha—++ 12
H++ 10
100 4+ + 8
H++ 6
90 FH++ 4
2
0
2
4
8

Temperature Correction of Specific Gravity

Figure 3-10
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easily corrected if we know the temperature
of the acid which surrounds the float in the
hydrometer. Draw electrolyte in and out of
the hydrometer barrel several times to bring
the temperature of the hydrometer float to that
of the acid in the cell and then measure the
electrolyte temperature in the cell. Some hy-
drometers, Figure 3-9 have a small thermom-
eter and a correction scale built into them so
that the temperature correction can readily
be made. The temperature correction amounts
to about . 004 specific gravity, sometimes re-
ferred to as 4 "points' of ''gravity" for each
10°F change in temperature. Most battery
manufacturers adjust the acid in their batter-
jes so that the specific gravity readings are
accurate only when the acid temperature is at
80°F, although some use a reference temper-
ature of 60°F as a standard. But whatever the
temperature used as a basis, the correction
for temperature is the same, that is .004 spe-
cific gravity per 10°F deviation fromthe stand-
ard base temperature.

NOTE

For an illustration on hydrometer read-
ings when the acid temperature (not the
air temperature) is above or below SO R
It should be noted how misleading a hy-
drometer reading can be at extremes of
temperature unless the temperature cor -
rection is taken into account.

EXAMPLE Hydrometer Reading 1.270
No. 1— Acid Tempesature 20° F.
Temperature Subtract .024 Sp. Gr.

below 80° F. ( Corrected Sp. Gr. is 1.246

Hydrometer reading 1.255

EXAMPLE

No. 2— Acid Temperature 100° F.
Temperature Add .008 Sp. Gr.

above 80° F. Corrected Sp. Gr. is 1.263

In example 1 above, in cold weather a
battery might be installed in an aircraft in a
partially discharged condition if the hydro-
meter reading alone was relied upon, since it
read 1.270 indicating nearly fully charged if
at 80°F, but when the temperature correction
is applied, the true value is only l. 246 which
corresponds to only about 2. 75% charged bat-
tery. Such a partially discharged battery
should not be installed in an aircraft during
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severe winter weather, since it may soon fail
causing possible danger to the aircraft and
unnecessary maintenance work to the ground
crews.

Example 2 might be encountered during
very hot weather and the hydrometer reading
would indicate a partially charged battery when
the battery was fully charged. This condition
is quite common when batteries are tested on
charge or when they have been sitting in a hot
place such as in the sun on a hot summer day.
Attention is called tothe fact thatgravity read-
ings may be misleading if taken just after bat-
tery has been discharged at a high rate, such
as prolonged cranking. This type of discharge
weakens the acid in and adjacent to the plates
and until this weak acid has had time to diffuse
outwardly and mix withthe remaining stronger
acid in the cell, the gravity readings of acid
taken atthe top of the cell, will betoo high and
indicate a higher state of charge than really
exists. The acid will slowly mix if the battery
stands idle for several hours or the mixing
will be more rapid if the battery is charged
and the acid mixed by gassing.

Comparison of Cranking Power
from Fully Charged
d 0‘°‘ Fahrenheit

% $2° and

Figure 3-11

29 Effect of Temperature and Oil Viscosity
on Battery Performance - Battery capacity is
greatly reduced by cold as it has a decided
numbing effect on the electro-chemical action.
The following comparison Figure 3-11 graph-
ically indicates the extent of the reduction in
cranking power when the temperature drops
from 80°F to 32°F or to 0°F.

NOTE
Note from the length of the bars thatonly

about 2/5 of the cranking power avail-
able at 80°F is available at 0°F even for

19
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20

a battery in good working condition and
fully charged. Stiff engine oil adds to the
load of starting. The following Figure
shows the relation of cranking power at
temperatures corresponding to ''sum-
mer', '"freezing'" and ''zero' tempera-
tures for an automobile engine using SAE
20 crankcase oil. We see that at 0°F the
engine requires two and a half times the
power to crank it that it required at
80°F. The combined effect of zero cold,
in reducing battery capacity to 2/5 of its
normal power and the increase in crank-
ing load due to stiff oil to two and a half
times the warm weather load, gives us a
better appreciation of the job a battery
has to do in cold weather and empha -
sizes the need for keeping a battery in
the nearly fully charged condition during
cold weather. The importance of keeping
a battery charged is shown in Figure
3-12. Here for temperatures of 80°F,
and 0°F we have compared the cranking
power available in a good battery at the
fully charged (1.280 Sp. Gr.) half charged
(1.255 Sp. Gr.) and discharged (1.180 Sp.
Gr.) condition.

Figure 3-12
NOTE

Note that a nearly discharged battery
at 0°F has less than 1/10 the available
dranking power of a fully charged battery
at 80°F. This emphasizes why it is a
wise precaution to keep batteries fully
chargedand torecharge when the gravity
falls to 1.225 or below. A battery dis-
charged to 1.100 specific gravity or less

EO 40-5A-2

may not crank an engine at any temper-
ature.

Figure 3-12A

The above gravities Figure 3-12A labeled '"half
charge' and 'nearly discharged" are related
to the ability of the battery to crank an engine
at 80°F and are not based on the twenty hour
discharge at 80°F.

30 In the absence of level indicators, the
proper electrolyte level is about '""a quarter to
a half inch" above the tops of the separators
at 80°F (see manufactures . instructions for
correct levels). The electrolyte level in very
cold batteries will be lower than normal so let
batteries warm to normal temperature before
judging electrolyte levels. Remember to cor-
rect hydrometer readings for temperature if
accurate values are desired and make due
allowances for the time and temperature in-
volved in transit.
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PART 4

INSTALLATION

. INSPECTION
1 The following inspections are to be car-
ried out in conjunction with the Minor Inspec-
tion of the Aircraft:-

(2) Inspect the specific gravity and the
level of the electrolyte in the battery.

(b) Inspect battery leads for condition of
insulation.
(c) Inspect the terminals and remove any

corrosion by brushing with a stiff (but notwire)
brush. Then wash with a solution of ordinary
sodium bicarbonate and water (1 1b. per gallon)
to neutralize any electrolyte remaining on the
metal surfaces and rinse with water. After
drying, apply a thincoat of terminal grease or
vaseline to the metal terminals. Imperfectly
lead-plated parts, such as washers or wing
nuts, on which the lead coating is worn or
scraped off, should be replaced. Always keep
vent caps in place during cleaning after which
they should be examined to ensure that the gas
escape holes are clear.

2 The following is to be carried out incon-
junction with the Major Inspection of the air-
craft: -

(a) Remove the battery sump (if used) and
the connecting hoses. Wash in clean water.
Resaturate the soda pads with the solution of
sodium bicarbonate and water (see Part 4,
para 4). Reinstal the sump and the connecting
hoses.

ANTI ACID COATING APPLICATION
3 Coating is to be applied as follows: -

(a) To neutralize the effects of acid on
trays and surrounding structure of battery
compartment, an application of Anti-Sulphuric
Paint or Nonslip Aircraft Walkway Coating
(Spec MIL-C-5044) should be applied before
the first battery is installed in an aircraft.
One coat of Anti-Sulphuric Paint is sufficient

and will dry to touch in approximately three
hours. If Nonslip Walkway Coating is used,
three coats will be required allowing 30 min-
utes between coats. The final coat will dry to
touch in approximately one hour.

NOTE

This treatment is unaffected by sulphuric
acid or the sodium bicarbonate solution
used to clean compartment.

(b) When replacing batteries, ensure that
the container and surrounding area is cleaned
of any corrosion and, if necessary, recoated
with Dektred.

VENTILATION

4 Because of the gases given off by bat-
teries under charge the battery storage should
be well ventilated. Integrally shielded batteries
are provided with anopening at each end. Vent
tubing is attached to these openings when the
battery is installed in the aircraft. One of the
vents normally the forward one (intake) shall
be exposed to the slipstream. The other vent
tube exhaust (rearward) should be connected
to the vent opening of the battery which is the
lowest when the aircraft is in a taxiing posi-
tion and should be located in such a manner
that battery acid may escape without injury to
the aircraft. When a battery drain sump is
used, the discharge tube from the battery will
be connected to a glass jar sump of not less
than one (American) pint capacity and shall ex-
tend into the jar approximately one inch. The
exhaust tube (from the sump jar) the end of
which should be cut off at a 30° angle from the
vertical and extended into the sump jar ap-
proximately 1/3 its depth, shall be routed to
the skin surface of the aircraft and the outlet
located in such a manner as to discharge to-
wards the rear. The sump jar will contain a
felt pad one inch thick, saturated with a solu-
tion of approximately one part sodium bicar-
bonate and eight parts of water for neutralizing
gases and excess battery solution.

21
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MOUNTING
5 On installation of battery, the nuts on the
mounting bolts should be snug enough to pre-
vent the battery from moving or shifting about
without overstressing the battery case and

22

cover. Too muchpressure may cause the seal-
ing compound to crack or may warp the con-
tainer or cover and permit leakage of gases
around the top of the battery.
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PART 5

OPERATION

BATTERY SWITCHES
1 Battery switches should always be left
in "OFF" position except when the aircraft is
in actual service, and all battery disconnect
switches should be placed in "OQFF!" position
before attempting a crash landing to avoid
danger of fire.:

2 The battery should not be used for start-
ing the engine if external power sources are
available. By following this instruction, the
energy stored in the battery is conserved. This
leaves battery energy available for starting
the engine in locations where external power
units are not available; or for emergency Op-
eration.

COLD WEATHER OPERATION
3 The following precaution are to be ob-

served: -
{ caurion}

When operated in extremely cold cli-
mates (below-17.8°C (0°F)) the battery
should have a full charge specific gravity
of 1.275 to 1.300. It should also be kept
above-1.1°C (30°F) whenever practic-
able, because of greatly decreased effi-
ciency and low charging rate at low
temperature. Auxiliary power should be
used, whenever possible, to conserve
battery energy. To prevent early deple-
tion of the battery DO NOT OPERATE
ELECTRICALLY HEATED FLYING
SUITS, GUN TURRETS, OR ANY UN-
NECESSARY ELECTRICAL DEVICES
UNLESS A SUITABLE GENERATOR 1S
IN OPERATION. FLIGHT SHOULD AL-
WAYS BESTARTEDINCOLD WEATHER
WITH THE SPECIFIC GRAVITY OF THE
BATTERY 1.250 OR OVER AFTER GOR~
RECTING THE READING FOR TEMPER-
ATURE, because the battery will not
charge as rapidly as normal when it is
cold. This is due to the fact that chemi-
cal action takes place much more slowly

at low temperatures, and the internal
resistance of the battery is higher. The
effect is the same as if a much smaller
battery were used.

PERFORMANCE
4 Figure 5-1 illustrates the effect of tem-
perature on the actual performance of storage
batteries in aircraft. This shows graphically
the time required to replace 40 percent of the
battery's charge at various temperatures,
based on starting flight with a half-charged
battery. This shows the much longer time re-
quired to charge batteries at temperature be-
low freezing, and indicates that at tempera-
tures below-20°F it is almost impossible to
recharge the battery in an aircraft while flying.

IDLE AIRCRAFT

5 When an aircraft located in below zero
temperatures is not in use, its battery should
be removed and kept in as warm a place as
possible, or heated in the aircraft. DO NOT
ATTEMPT TO KEEP THE BATTERY WARM
BY CHARGING as continued overcharging is
detrimental to its life. When available, always
use external power for cranking engines and
conserve battery for flying operations.

STARTING ENGINES
6 When necessary to start engines with
batteries, do not crank the engine continuously
until it starts. Crank the engine for short in-
tervals only. Always wait a few minutes be-
tween periods of cranking which allows the
battery to recover slightly.

SPECIFIC GRAVITY
7 The specific gravity of a fully charged
battery should be 1. 275 to 1.300. This is im-
portant in cold climates in order to prevent
the battery from freezing. Lower specific gra-
vities have been used in some tropical loca-
tions in an effort to prolong the battery life in
these places. These have been discontinued
because of the confusion resulting and the pos-
sibility of batteries freezing when aircraftare
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TIME

Figure 5-1 - Flying Time Required to Recharge Battery at Different
Temperatures (Based on Starting Flight With Half Charged Battery).

moved to colder climates or flown at high al-
titudes.

8 Aircraft operating in cold climates should
have their batteries checked to be certain that
the specific gravity of the electrolyte is cor-
rect. To make this check, remove the batteries

24

from the aircraft and charge fully until two
successive hydrometer readings, taken at two
hour intervals, show no further increase in
specific gravity. Then, if the specific gravity
corrected for temperature is not between 1.275
and 1.300, adjust to that value according to
instructions given in Part 7, para. 14.
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at 8OTF...

Fully charged battery
at 80° F. will crank engine
for approximately 20 “Starts”

at O°F...

at0°F
for appro

Fully charged battery

. will crank engine
ximately 3 “‘Starts”

at ~30°

Fully charged battery

for possibly 1 “Start”

F. will crank engine

Part 5

NOTE: A
conserve

lways use external power for cranking, and
battery for flight operations when possible.

=

Figure 5-2 - Battery Load - Temperature ~onsiderations
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PART 6
INSPECTION
DAILY INSPECTION (b) Correct reading for Temperature. The

1 Check Specific Gravity.

(a) Take Hydrometer Reading. Hydrometer
readings will be made to check the specific
gravity of each battery daily. Use approved
Temperature Corrected Hydrometer. Hold the
hydrometer in a vertical position where loca-
tion permits with the hose inserted in the cell
to be tested (see figure 6-1). If the battery
is so located that this is impossible, hold the
hydrometer horizontally and after filling pinch
the hose near its end and remove the hydro-
meter to a position where it can be held verti-
cally. The hydrometer reading should be taken
at eye level. Be sure the float is free (not
sticking to side of hydrometer). When filling
the hydrometer, do not suck in too much elec-
trolyte. Just enough should be drawn in to
raise the hydrometer float from the plug upon
which it normally rests. Always return the
electrolyte to the cell from which it was re-
moved in making the test.

ne ue un »

5.

| 1| TAKE READING
T1 AT EYE LEVEL

ny 0w nn Il}ﬁ

In hord to get ot pesitions, Fill
horizontally, pinch hose and

read as above.

Figure 6-1 2 Testing Specific Gravity
with Hydrometer

Temperature Corrected Hydrometer has a
thermometer which reads the temperature of
the electrolyte and shows the correction to be
made for various temperatures, (see figure
6-2). If the electrolyte temperature is between
65°F and 95°F, no correction need be made
because of the small correction between these
temperatures. However, correction should al-
ways be made for other temperatures. For

TT
1l

TTT
141

7

1l

TIT
11l

®

TIT
11

o
T
Ll

[

Figure 6-2 - Hydrometer Temperature
Correction

example, if its thermometer read 30°F, the
correction shown for this temperature is "sub-
tract20 points''. Thus, if the hydrometer read-
ing was 1.250, the actual specific gravity would
be 1.250 minus 20 = 1.230. If temperature
correcting hydrometer is not available, any
hydrometer may be used and the following tem-
perature corrections made for various elec-
trolyte temperatures:-
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Electrolyte Specific (b) If the electrolyte level can be seen and
Temp. Gravity specific gravity readings can be taken with a
17 Correction hydrometer, add no water. When adding water,
(Points) DO NOT ADD HIGHER THAN 3/8 INCH above
the protector as too much water will cause the
140 24 electrolyte to leak out the vents when the air-
130 20 craft is in operation.
120 16
110 12 (c) To add water to a cell, fill the self-
100 8 leveling syringe with water and insert it into
the cell. Hold in a vertical position regardless
90 No correction of level of battery and fill the cell. Then with-
80 required draw excess water back into the syringe until
70 air is sucked in, which leaves the electrolyte
at the proper level, (see figure 6-3).
60 8
50 12 (d) If battery is exposed to temperatures
40 16 below freezing, do not add water unless the
30 20 battery will be charged immediately after ad-
20 24 ding, so that the water will become mixed tho-
10 28 roughly with the electrolyte. Otherwise, it will
0 32 stay on top and freeze.
— 10 36
— 20 40 MINOR INSPECTION
— 30 44 (After every 50 hours use in aircraft)

(c) TEST LIMITS. REPLACE THE BAT-
TERY AS SOON AS PRACTICABLE IF ITS
SPECIFIC GRAVITY, CORRECTED FOR TEM-
PERATURE, ISBELOW 1.240 OR ABOVE
1.310, or if the difference between the spe-
cific gravity readings of any two of the cells
is greater than 20 points. The following spe-
cific gravity is for new batteries at 80°F with
the electrolyte level 3/8 inch above thé top of
the protector.

Specific

State of Charge Gravity

Fully Charged . . %@e " . 12275 to 1,300
1/3 Discharged. REPLACE WITH
FULLY CHARGED BATTERY

IF BELOW THIS READING ....... 1.240
2/3 Discharged. Not sufficient
capacity for satisfactory
ODETALI QD w ot os 515 uon® srotirie o sttt 1.200
Completely Discharged .......... 1. 150
ADDITION OF WATER
2 The following procedures to apply:
(a) When-necessary to add water to a bat-

tery,use distilled water. Clean drinking water
may be used if distilled water is not available.

28

3 AN Type shielded batteries: Remove bat-
tery from aircraft and clean thoroughly as
follows:

(a) Remove vent plugs from battery cells
and instal unvented plugs, or, instal vent plug
covers made from applicable rubber hose.

(b) Wash battery top with a solution of soda
and water to remove any acid contamination
that may exist oncell covers and battery case.
Flush thoroughly with clean water to remove
any trace of soda solution.

(c) Dry off battery by means of an air jets

(d) Remove rubber vent covers, or, un-
vented plugs fromcells and instal vented plugs.

(e) Test battery for high resistance leak-
age between terminals and metal case. A volt-
meter with a low resistance per volt is to be
used for this test.

g CAUTION g!

Unvented plugs installed when cleaning
batteries are to be of such a length that
the battery cover cannot be inadvertently
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fitted if the unvented plugs are left inthe
cells after cleaning.

NOTE

Unvented plugs may be manufactured lo-
cally, or old vent plugs modified to meet
requirement above. Another method of
protection is to cut suitable rubber hose
into lengths as required under "Caution"
and sealed at one end with wooden plugs.
These covers must fit snugly over the
vent plug of the battery cell to prevent
contamination entering the vent hole of
the plug.

MAJOR INSPECTION
(After every 100 hours use in aircraft)
4 Battery Capacity Test: Remove the bat-
tery from the aircraft and test as follows:-

(a) Charge battery fully. See Part 7 para-
graph 12.

(b) Overcharge two hours at normal rate.
(c) Check specific gravity of all cells.
(9) Adjust specific gravity if above 1.310

or below 1.260, (refer to Part 7, Para.14).

Part 6

(f) Capacity test with battery capacity
tester.
(g) Recharge fully if battery passes test.

This will require about five hours at norma!

rate.
CHARGING VOLTAGE TEST
5 Charging voltage test is as follows: -

NOTE

This test, while fairly accurate, is not
as certain as the capacity test covered
above and should be used only if battery
capacity tester is not available.

(a) Charge battery fully. See Part 7, Para-
graph 12.

(b) Overcharge two hours at normal rate.
(c) Check specific gravity of all cells.
(d) Adjust specific gravity if above 1.310

or below 1.260, (refer to Part 7, Para.14).

(e) Check terminal voltage while charging
at normal rate. Reject battery if its terminal
voltage under these conditions is less than the
value given in thefollowing table for the type

(e) Allow to stand 12 hours. and temperature of the battery being checked.

Temperature Degrees 6 Cell 12 Cell
Fahrenheit Volts Volts

35 r=rac RO et 44° 1555 3029
45° ----- to ----- 54° 15.3 30.6
55° ----- to ----- 64° 151 30.2
65° ----- to ----- 74° 14.9 RO
75° =---- to ----- 84° 14.7 295
gl mma—— O 94° 14.6 29.1
95° ----- to ----- 104° 14.4 28.8
iB5 - S 114° 14.2 28.4
3 L o 124° 14.0 s o
125° ----- to ----- 1352 13118 27.1

NOTE
Minor and major inspections of the battery are not to be confused with minor and major inspec-

tions of the aircraft. Times between battery inspections are calculated using the flying hours
for the aircraft in which the battery is installed.
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Above the Hole

‘ARl O

To Level of Hole

Figure 6-3 - Self-Leveling Syringe

INSPECTION CHART

OPERATION

Daily

Battery
Minor

Battery
Major

Aircraft
Minor

Aircraft
Major

Check specific gravity, correct
for temperature and if necessary,
replace.

Add water if unable to take specific

gravity reading. Fill to 3/8 inch
above protector over separators.

Inspect battery lid gasket for
condition.

Inspect battery lid for condition
and proper fit.

Inspect for leakage. Replace
battery if leakage is indicated.

Inspect vent tube. Clean out if
clogged.

Clean battery thoroughly (if AN
type shielded battery).

Check felt pad in battery sump
for proper condition and if dry,
resaturate.

Clean battery sump and connec-
ting hoses.

Test capacity. Reject from
active service if below standard.
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Part 7

PART 7

CARE AND MAINTENANCE

PREPARATION OF ELECTROLYTE

1 Electrolyte for lead-acid storage bat-
teries, stored and issued by the Air Force, is
concentrated commercial grade sulphuric acid
and has a specific gravity of 1.835. Either the
1.350 or 1.835 specific gravity sulphuric acid
must be.mixed with distilled or drinking water
to lower it to the proper specific gravity for
filling batteries.

HANDLING

2 Sulphuric acid or battery electrolyte may
cause painful burns if allowed to get on the
hands or other parts of the body. Personnel
engaged in the handling or mixing of electro-
lyte should be very careful to avoid hazards
from this cause. They should wear goggles,
rubber aprons, rubber gloves and rubber boots
or rubber overshoes. When sulphuric acid and
water are mixed together to produce battery
electrolyte, heat is generated chemically by
the process which raises the temperature of
the resulting mixture. Therefore, when mixing
electrolyte, always pour the acid into the water
slowly, and stir tomix. NEVER POUR WATER
INTO THE ACID SINCE HEAT MAY BE GEN-
ERATED SO RAPIDLY THAT THE ACID WILL
BE THROWN UPON THE OPERATOR. The
container should be glass, earthenware, lead-
lined wood or a similar vessel that is resis-
tant to sulphuric acid and can stand the heat
generated in mixing the water and acid. Allow
the electrolyte to cool below 90°F before using.
When checking the specific gravity offfhelelecs
trolyte, always correct the reading for tem-
perature.

3 The electrolyte may be siphoned into the
cells of the battery by means of a small dia-
meter hose, or may be put in by means of a
syringe. Do not exceed the level of 3/8 inch
above the protector on top of the separators.
Ordinarily, after filling, only water need be
added from time to time. However, if spillage
is known to have occurred, add electrolyte of
approximately the same specific gravity as
that remaining in the cells. Then recharge and

adjust the full charge specific gravity if ne-
cessary.

PROPER SPECIFIC GRAVITY
4 The proportions of water and acid to use
depend upon the specific gravity desired and
are approximately as follows: -

Gravity For Each Gal. For Each Gal.
Desired of Acid of 1.835 Acid
1.240 3/4 gal. water 3 1/2 gal. water
1215 1/2 gal. water 2 3/4 gal. water
1.300 1/3 gal. water 2 1/2 gal. water
17340 1/7 gal. water 2 gal. water
1.400 2 1/2 gal. water
5 The proper specific gravity of the elec-

trolyte used for filling new batteries (which
are shipped with plates dry charged) is 1.275.
Although some small battery life in the tropics
may be sacrificed, a more uniform operation
will result by using a universal fill 1,275 %0
1.300 specific gravity for a fully charged bat-
tery.

OTHER ELECTROLYTE

6 Never use any special or patented solu-
tions in aircraft batteries. Most of these are
detrimental to the life and proper operation of
the battery. THE USE OF ANYTHING EXCEPT
DISTILLED WATER, DRINKING WATER, OR
BATTERY ELECTROLYTE IN AIRCRAFT
BATTERIES IS PROHIBITED.

7 After a battery has had the electrolyte
added, it cannot again be made dry by remov-
ing the electrolyte and sealing the battery.
Such procedure would only ruin the battery.

PREPARATION OF BATTERY
FOR CHARGING
General
8 Before placing a battery on charge, it
should be prepared in the following manner.

(a) Clean the outside of the case and the
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top of the battery with a hose and plenty of
water. Use a solution of bicarbonate of soda
to remove any corrosion that may be on the
terminals. Inspect the physical condition of
the battery. '

(b) Remove the filler caps and inspect the
battery internally. If the level is low, add dis-
tilled or drinking water to bring the level to
approximately 3/8 inch above the protector on
top of the separators.

(c) While batteries are being charged, the
vent caps will be unscrewed but should be left
setting over the cell opening in order to pre-
vent the gassing and spraying of electrolyte
over the top and any foreign matter from fall-
ing into the battery.

(d) Place the battery on the charging bench
and connect it properly in the charging circuit
as described below.

NOTE

Batteries must be recharged if their
specific gravity is below 1. 240.

CHARGING EQUIPMENT
S Storage batteries can be charged only
with direct current. If alternating current only
is available, it must be changed to direct cur-
rent by a rectifier or motor generator set.

CONSTANT POTENTIAL - PARALLEL
CHARGING

10 Motor generator sets are used for con-
stant potential, parallel charging systems.
For charging aircraft batteries by this method,
extremely close voltage regulation must be
maintained at all points. This requires very
heavy buss bars on the charging bench and an
exceptionally well designed motor generator
that several discharged batteries may be con-
nected to the buss bars in parallel with a fully
charged one. Under these conditions, the buss
voltage must be maintained constant (even
though these discharged batteries may take 50
amp. each from the line) in order to prevent
discharge of the charged battery. The gener -
ator voltage must not increase, to compensate
for buss bar voltage drop, as this might apply
too high a voltage to the charged battery and
overcharge it.

92
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NOTE

This type of equipment is not regularly
supplied by the Air Force, but may be
used in emergency cases, provided it
meets the following specifications: -

(a) A 250-watt, . 1-ohm current limiting
resistor must be inserted between each battery
and the buss bars.

(b) Twenty-eight volts for 24-volt batteries
or fourteenvolts for the 12-volt batteries, plus
or minus not more than two percent, must be
maintained between all points onthe buss bars,
from no load to maximum load.

(c) Connections for this type charger are
shown in Figure 1, showing that the positive
terminal of each battery is connected to the
positive buss bar through a .l-ohm 250-watt
current limiting resistor, and the negative
terminal of each battery is connected directly
to the negative buss-bar. The charging volt-
age must be maintained as above, at all times.
The charging current at start of charge will be
somewhat higher than the normal current but
will gradually decrease asthe battery becomes
charged so that the finish charge will be less
than one-half the normal charging current.

CONSTANT CURRENT - SERIES
CHARGING
1l Bulb type rectifiers are the most com-
monly used for constant current, series charg-
ing. Controls are provided to adjust rates, and
an ammeter is employed for indication of the
charging rate. Connections for this type of
charger are shown in Figure 2, showing that
the positive terminal of one battery is connec-
ted to the negative terminal of the adjoining
battery, etc. The group of batteries in series
have the positive terminal of one end battery
connected to the positive terminal of the charg-
er, and the negative terminal of the opposite
end battery connected to the negative terminal
of the charger. However, when different size
batteries are to be charged, two of the smaller
capacity batteries having similar voltage and
capacity may be connected in parallel, and the
two then connected in the charging circuit in
series with the larger capacity batteries as
though theywere a single battery having double
the capacity of each, as shown in Figure 3.
Different combinations of various sized bat-
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Figure 7-1 - Constant Potential Charging Circuit

teries may be connected in this manner to
make more efficient use of the charger. With
such a combination the capacity of the smallest
size battery, or parallel group of batteries, in
the string determines the maximum charging
current for the entire string. Normal charging
current for circuit shown in Figure 7-3 would

be six amperes.

Battery maintenance personnel should
exercise extreme care when attaching
or detaching battery charging leads to
prevent shortcircuit flashes as this may
ignite hydrogen gas generated inthe bat-
tery cells during charging, thus caus-
ing battery to explode. Be sure that the
power switch is in the "off'" position at
the rectifier prior to disconnecting or
connecting battery leads to batteries.

CHARGING

Starting Charge (Series Charging).

12 Adjust the controls to give the charging
rate recommended for the type battery being
charged. It is desirable to use the same size
batteries in series inone string; otherwise the
smallest size battery in the string determines
the maximum charging current for the entire
string. See EO 40-5A-9 Part 2, paragraph 8,
for details on initial charging.

13 Batteries undergoing charge should be
inspected at intervals of two hours (after ini-
tial four hours) and a specific gravity reading
taken of the positive end cell of each battery.

Maintain suitable records of specific gravity
readings for reference in subsequent gravity
checks. All specific gravity readings should
be corrected for temperature in accordance
with temperature correction data shown on the
Hydrometer and in the table in Part 6, para-
graph 1(b). The temperature rise of the bat-
tery, obtained by a thermometer reading of the
electrolyte, should never exceed 15°F above
the surrounding air temperature. (In the ab-
sence of a thermometer, note the temperature
of the battery with the fingers. If it feels un-
comfortably warm to the hand it is too hot). It
should be kept below that point by reducing the
charging rate, if necessary, since higher tem-
peratures are detrimental to the life of the
battery. Remove battery from charging line
when after four hours of charging two succes-
sive readings taken two hours apart show no
increase in specific gravity of the electrolyte.
As a battery reaches a charged condition, gas
bubbles rise to the surface of the electrolyte.
This is a normal condition. However, if the
charge is continued for too long a period or at
too high a rate, excessive gassing will occur.
In this case, the electrolyte appears tobe boil-
ing violently and the charging rate should be
reduced or battery removed if fully charged.

ADJUSTING SPECIFIC GRAVITY

General

14 Unless electrolyte is actually lost through
spilling or leaking, or acid has been added, the
full charge specific gravity of the electrolyte
will not require adjusting during the life of the
battery, since it decreases very little with
age. It should be adjusted only if continued
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Figure 7-3 - Constant Current Charging Circuit



charging results in readings above
below 1. 260.

PROCEDURE

1'5 The following procedure applies:-

(@)
gravity shows no further rise with
gassing and then charge for two hour

Charge at normal rate until the specific

EO 40-5A-2

k310 o

16
withdraw some of
tery. Replace it
higher specific

Part 7

To adjust low specific gravity upwards,

right amo

all cells
s longer.

(Never adjust the specific gravity of a cell that

does not gas on charge).

of the battery,

trail, as the lower the specific grav
the more electrolyte must be
replaced with the stronger solution. Continue

the electrolyte from the bat-
at once with the electrolyte of
gravity. DO NOT ALLOW A
CELL TO STAND PARTIALLY EMPTY. The
unt to withdraw is determined by
ity reading

If below this voltage, reject the battery.

Temperature Degrees 1 Cell 6 Cell 12 Cell
Fahrenheit Volts Volts Volts
35° --to-- 44° 2.5 115225 3029
45° --to-- 54° 2,95 15. 8 30.6
550 --to-- 64° 2252 150k 30..2
65° --to-- 74° 2.49 14.9 2959
75° --to-- 84° 2. 46 14.7 2975
85° --to-- 94° 2.43 14. 6 29 ¥l
950 --to-- 104° 2.40 14. 4 28.8
105° --to-- 114° 2.36 14. 2 28.4
115 --to-- 124° 2. 34 14. 0 2851
125° --to-- 135° 2530 13%°8 VAL

NOTE

(b) Check specific gravity of all cells.

(c) Check terminal voltage while charging
at normal rate if specific gravity of any cell
is above 1.310 or below 1.260. If the voltage
is above that given in the following table, ad-
just specific gravity as below. If only 1l or 2
cells require adjustment, the voltage of these
cells should be above the value shown for
single cells.

charge until all cells have been gassing for
one hour and again check the specific gravity
of the cells. If not 1.275 to 1.300, repeat the
adjustment. To adjust high gravity downwards,
withdraw electrolyte and replace it with water.
Charge at the normal rate until all cells have
been gassing for an hour. Then if the specific
gravity is not between 1.275 to 1.300, repeat
the adjustment.

1177 INSPECTION CHART

OPERATION Daily Battery Battery Aircraft | Aircraft

Minor Major Minor Major

Check specific gravity, correct
for temperature and if necessary, 3 % x x X
replace.
Add water if unable to take specific
gravity reading. Fill to 3/8 inch
above protector over separators. x x X x
Inspect battery lid gasket for
condition. b4 X X X 3
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INSPECTION CHART (CONT'D)

OPERATION Daily Battery Battery Aircraft | Aircraft
Minor Major Minor Major
Inspect battery 1id for condition
and proper fit. x x X e X
Inspect for leakage. Replace
battery if leakage is indicated. x X x x
Inspect vent tube. Clean out if
clogged. X X
Clean battery thoroughly (if AN
type shielded battery). x
Check felt pad in battery sump
for proper condition and if dry,
resaturate. x
Clean battery sump and connec-
ting hoses. be
Test capacity. Reject from
active service if below standard. x
BATTERY RECORDS (c) The 8" x5 1/2" record card (fig. 7-4)
18 In order to ensure that all aircraft bat- is to be filled in as follows:
teries in Service use are maintained in a ser-
viceable condition, and to make available sta- (1) Heading - Battery Life and Installa-
tisticaldata on aircraft battery types, records tion Record.
are to be initiated by user units as follows:
(2) Section and Reference - RCAF Sec-
(a) A "Battery Life and Installation Re- tion and Reference Number (CAP 10).
cord" card is to be originated by the Electri-
cal Section. Speciman card shown in Figure (3) Make - Manufacturer's name.
7-4.
(b) On receiptof a battery for initial charge (4) Date - Date battery was manufactured

the electrical section of Repair Flight or Squa-
dron is to allot a coded number to the battery
as shown in Figure 7-5. Each numbe r will
consist of a group of letters and a number.
The letters will be the particular Units code,
(e.g. UP for Station Uplands) while the num-
bers will run from #1 consecutively for each
particular type of battery, e.g., if there are
ten 5J/65 batteries in use at Station Uplands
they will be numbered UP1 to UP10 inclusive,
similarly if there are also thirty 5J/174 bat-
teries, they will be numbered UPI to UP30 in-
clusive. When a battery becomes unservice-
able the serial number for the battery can be
used for the replacement battery and a new
card made up.

36

or shipped from factory.

(5) Type - AN or manufacturers type.
(6) Volts - Rated voltage of battery.

(7) AH - Ampere hour at specified rate.
(8) Serial No. - Local code and serial

number of battery.

(9) Column 1 - Date put into service or
removed from aircraft.

(10) Column 2 - Registration number of
aircraft from which removed.
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(11) Column 3 and 4 - Voltage on load and
specific gravity of electrolyte.

(12) Column 5 - Hours of operation taken
from L14 of aircraft from whenbattery instal-
led to when removed.

(13) Column 6 - Signature of tradesman
removing battery.

(14) Column 7 and 8 - Time and date bat-
tery placed On charge - Off charge.

(15) Column 9 and 10 - Voltage on load
after charge. Specific gravity of electrolyte.

(16) Column 11 - Capacity test (Section 6
paragraph 7).

Part 7

NOTE

Electrical personnel in Repair Flight or
Squadron are responsible for entries in
sub-paras. (1) to (8) inclusive and sub-
paras.(14) to (18) inclusive. Electrical
personnel in Servicing Squadron are re-
sponsible for entries in sub-paras.(9) to
(13) inclusive.

(d) The battery record card is to accom-
pany the battery at all times and is to be kept
on file in the Battery Shop when battery is in
for charging and/or storage. When battery is
used for installation in an aircraft the record
card is to accompany the battery and placed in
a card holder in or near the battery stowage
of the aircraft. When the battery is removed
from an aircraft the necessary entries are to

17 Column 12 - Signature of battery room be made on the record card and sent to the
g
attendant. Battery Shop with the battery. If a battery is
installed in a visiting aircraft the card of the
18 Column 13 - Remarks: unserviceable battery is tc be removed from
o
BATTERY LIFE AND INSTALLATION RECORD
SEC REF MAKE DATE OF MFG TYPE VOLTS AH RATE SER. NO.
S 174 GOoULD 2 =749 AN3/50-2 z4 36 SR upP I1Z
TOTAL TIME & DATE
DATE F:;DCM VOLTS| §.G. | HRS | SIGN kgl o0 DAL o SRR s REMARKS
USED ON Tigi || VL
OSEPRT 09oe /600
23-2-50 ff’U Myé 41;-&7// — 24.350 25"350 735 1.285 Lo é’glw e~ J—W_‘y
MUSTAN ’ Yy
12450 " ors S| 184 (118 | 22 | KMoste || ;14 50 g0 | 220 |1-282 | — Edenay [ TReE st gy
MUSTANG 100 1500
7550 rozo  |1-92 |i90 |34 |§-Omes | 7550 |9550| 2 32 |/283| — EGrnes
MUSTANG /1000 0900
3750 ;070 | 195 |1.23 | 64 |KMoge | 31350 ,,?."50 Zs0 ln2vs i = Efrnea
MuSTANG 2 ©9o0 |/700
1-9-50 /002 gz | 120 §6 %M 2.-9/.50|3.9-50 2:32 /284 % éﬂm
ST . .
30995705 | e | 117 | 101 |90mes || 20050 | se| 2020|1282 | 95°% | & Jrnas | Mepe imeprection
MUSTALS o9 60
25'105%0| s065 164 | 108 | 136 | AHeTh p.,ﬁ%@ 9,//,;0 2.3/ 128/ = 2}’\-‘4«
MITCHELL /100 /700
31250 vp,00 | 1292 | 122 158 | w dmdd 2.2 50| 4.12.50| 2-28 1295 = Sﬂna.u
 Ae 1200 /000 Rserieal
71250 AYrage S Jrwew || 1 s2.50029-02.50| 2-29  |1-276| - = S Jes || g wTorages
MUSTANG ; /200
261-51 | pes |94 |23 | 146 |Q-Heled sprgs |so.rar| 2225 1275 - VEOD
7 / .
2350 | gy | 1ig |07 \WImetd |55 |35 220 | 1296 | 907 |3 Jonta || mapre uapsction
F 86
30:35! | 0027 |7-857 |1.21 | 230 |Lfram ;,‘,’j}/ ,/.7:«.04—/ 2:2%5 \lif225 - & Yonaw
MUSTANG e 7 A iy o
12551 rora® | 1es | rzo | 285 |ttt || 3755 0 55| 2-25  |r296| — ASesck || oncichen
MUSTANG /100 /700
4651 | 065 | 193 | 1.25 | 302 |QHeleh ||4.6.57 | 5657 | 2-20 1278 | B2 Q Leack
MITCHE LL o0Qoo /600
30750 (kg 100 |1.65 | 117 | 366 W Ipdk ||31:757 /2. 51 2.12 1275 | — S frree
! v o Pl
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Figure 7-4 - Battery Life and Installation Record
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Figure 7-5 - Sample Battery Markings

the card holder of the aircraft and replace -
ment battery card inserted. Batteries may have
more than one code serial number through
these exchanges but the original card is to re-
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main with the battery at all times and new
serial number recorded below old one.

Reports

(e) An omnibus UCR is to be submitted on
the last day of March and September listing
all aircraft batteries that have become unser-
viceable during that six month period. This
report should list Section and Reference num-
bers, manufacturer's name and type and total
hours operated for each battery. The total
hours of operation is to be taken from when
the battery was installed until time of failure
or when the rated capacity has dropped to less
than 75 percent.

() Batteries having less than 75 percent
of rated capacity are to be classified as un-
fit for aircraft use and are to be marked for
GROUND USE ONLY (fig.7-5) or reported for
disposal. No record is required on a battery
after it has been classified for GROUND USE
ONLY.
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Part 8

PART 8

SAFETY PRECAUTIONS AND FIRST AID

1 The following neutralizing agents and
other materials are to be kept in a battery
room in a readily accessible position for use
in an emergency.

(a) Bicarbonate of soda in a saturated so-
lution.
(b) Bicarbonate of soda in a 5 percent so-

lution, obtained from station medical room and
clearly marked "For Eyes Only'".

(c) Ammonia in dilute solution.
(d) Olive Oil.

(e) First Aid Kit.

(£) Borax Powder.

(g) Sawdust.

PROTECTIVE CLOTHING

2 When handling storage batteries or acid,
aprons and rubber gloves are to be worn; in
addition goggles must be used when mixing
electrolyte. After use, these articles must be
rinsed free of acid and dried thoroughly. To
avoid cracking or perishing they should be
stored in a cool place, the aprons being hung
with as few folds as possible.

NAKED LIGHTS
3 The gases given off during battery charg-
ing are highly inflammable, therefore naked
lights are not to be brought into charging
rooms, or at anytime used to examine a bat-
tery.

SPILT ACID
4 When acid has been spilt on the floor or
benches, it should be soaked up with sawdust,
which should be removed and buried. The sur-
face should then be washed with a saturated
solution of bicarbonate of soda and finally with
warm water untilall signs of acid are removed.

5 When acid has beensplashed onclothing,
a little dilute solution of ammonia or saturated
solution of bicarbonate of soda should be ap-
plied. The affected part should then be rinsed
with plenty of water.

6 When acid comes into contact with the
skin a saturated solution of bicarbonate of soda
should be applied immediately. This should be
followed by washing with warm water. If the
skin is badly burned, a little olive oil should

" be applied afterwards.

7 If acid is splashed into the eye, bathe
immediately with a 5 percent solution of bi-
carbonate of soda, followed by plenty of warm

water.

On no account should ammonia be put
into the eye.

NOTE
In cases where doubt exists as to the
extent of an injury, or a burn appears

severe, report to the Medical Officer
immediately.
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