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SECTION |

GENERAL

1. GENERAL. a. This manual is intended as a source
of general information regarding the principles of op-
eration and maintenance of electrical
aircraft. Specific information and the most recently au-
thorized maintenance procedures for each type of equip-
ment will be found in Technical Orders, which should
be followed in all cases.

b. Electricity is used on aircraft for many purposes.
It furnishes h“ it, heat, and power. Some ulmplu are:
starting the engines; igniting the fuel charge in the
cylinders (fig. 1); operating various types of lights
(fig. 2), instruments, radio equipment, turrets, bomb-
bay doors, signal devices, etc. The ad\dnu;_,cs of elec
tricity lie in its ease of control, ease of distribution '.mnl
the many uses to which it can be adapted.

YCYLfNDER HEAD

SPARK PLUG

COMBUSTION
CHAMBER

J.;‘:IL"H yedy

; 3 e
furnisbes light

Figure 2.

Electrii 1y

. To maintain electrical equipment, one should know
the fundamentals and principles of electricity. The first
7 sections of this manual cover electrical fundamentals
and should be studied thoroughly.

d. Analogies occasionally been used to make
electrical fundamentals easier to understand: however,
they sometimes do not exactly represent the scientific
explanation of the fundamentals.

have

2. WORK. Electricity is one form of energy. Energy
may be briefly defined as the ability to do work.
Mechanical energy, heat, and chemical energy ate other
forms. Surrounding every person there is some form of
energy and man is able to transform one form of energy
to another. In aircraft, mechanical energy is trans-
formed (converted) to electrical energy and electrical to
mechanical. Electrical energy is doing work when it
operates a motor for bomb-bay doors, Imdm" gear, gun
turrets, starters, etc.

3. ELECTRICAL VOLTAGE. a. Electromotive force,
electrical pressure, voltage, and difference of potential
are names given to the force in electricity that pushes
small charged particles through the wires (conductors).
Most of the present aircraft have 12 or 24 volts of
pressure. Generators and storage batteries are two
sources of this electrical pressure or force. The alter-
nator (alternating-current generator) is also used on
modern aircraft as a source of electrical energy and can
set up a pressure of 115 volts, Some airplanes now be-
ing designed will have 3-phase, 4-wire alternators, the
voltage between phases being 208 and between any
phase and neutral, 120 volts. These generators make
possible the operation of ’:‘}"hw: 208-volt eqmpmult
and single-phase 120-volt equipment from the same cir-
cuit ( par. 53e).

b. The amount of voltage or difference of poteanI
is measured by a voltmeter the construction of which is
described in paragraph 31. The two wires (leads) of
the voltmeter are connected to the terminals of the unit
the voltage of (or at) which is to be measured (fig. 3).

~BATTERY (F=1)

—VOLTMETER

difference.

Measuring poténtial

Figure 3.




4. ELECTRIC CURRENT. a. When a generator, alter-
nator or battery produces a voltage or force on a con-
ductor, this voltage pushes little charged particles (called
electrons) through the conductor. The movement of
these electrons through a conductor is referred to as
electrical current.

b. Current is measured in amperes by an ammeter
(fig. 4) which is described in paragraph 32. The sym-
bols used to express current are [ and (sometimes) A,

Figure 4. Measuring curvent with an ammeter.

5. ELECTRICAL RESISTANCE. o. When electrons
pass through conductors they meet with varying degrees
of difficulty. This difficulty is called electrical resistance.
If a wire is of large diameter, the degree of difficulty is
less than when of small diameter (fig. 5). The wire
(conductor) will get hot if the electrons find great diffi-
culty in moving. Resistance is also affected by length
of the conductor, material of which the conductor is
made, the temperature of the conductor.

charge of electricity. Whenever a charged body comes
close to another non-conductor or to a conductor Op-
positely charged, the electrons will jump from the one
body to the other and thus produce a spark. Almost
everyone has experienced this spark when shuffling across
a rug on a cold dry day and then touching a metallic
object. This spark could be avoided by holding a wire
connected to the metallic object in one’s hand while
shuffling across the rug. Such a wire provides for the
harmless non-sparkling discharge of static electricity.
Since wires used for this purpose are generally connected
to (or touch) the ground, they are f:‘cqucntly referred
to as ground wires.

b. Electrons may pile up on an airplane while in
Hight so that there is a heavy static charge remaining
on the airplane after it is landed. A L{!‘SL.h.ll'kL{(.‘ of this
static electricity between a gasoline hose and the tank
might result in a dangerous explosion. For this reason,
airplanes are equipped with a ground wire which is
fastened to the metallic part of the airplane and drags
on the ground to discharge this static electricity as soon
as the airplane touches the ground (fig. 6). On some
airplanes, wheel tires which will conduct electricity are
used instead of a ground wire. Many other precautions
are taken to prevent the dangerous discharges of static
L‘iL‘g'II'iL’i[}'.

8. SYMBOLS.
trical symbols.

Figure 7 shows the conventional elec-

]

b. The electrical resistance of a substance is measured
by a unit of resistance called "ohm.” The symbol used
to express resistance is R, r or Q, the latter frequently
being used as an abbreviation for “ohm.”

6. CONDUCTORS. a. A conductor is a substance
which is able to transfer electrons with comparative ease;
in general, metals and their alloys are good conductors.
In aircraft, copper is the common conductor used to
transfer electrons (to conduct electricity) to and from
electrical devices such as navigation, landing, and in-
strument lights; motors operating landing gear mecha-
nism, bomb-bay doors, flaps, etc.

b. A substance that cannot transfer electrons with ease
is an insulator or non-conductor. Non-conductors are
used to cover or insulate a conductor (wire). Some
common non-conductors (insulators) are mica, glass,
rubber and bakelite. Specially treated cambric and nylon
are materials commonly used to insulate electrical con-
ductors in aircraft.

7. STATIC ELECTRICITY. a. A conductor or non-
conductor can have an excess or deficiency of electrons.
In this unbalanced state, it has a static (not moving)

2

a. An electrical circuit is a

9. ELECTRICAL CIRCUIT.

closed }\tE|] through which an electric current can flow.

A copper conductor usually forms this path, In figure
8, a wire is run from the batttr)' to a fuel pump motor

P

b

TAIL WHEEL —

—/' \ STATIC

GROUND

Frgure 6. Ground wire to discharge static electricity.
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k to the battery to complete an electrical circuit. pump motor and back to the battery completes a path
st airplanes, the return path is through the frame- before it reaches the motor it will have its circuit
or other metal portion of the airplane’s structure. shortened (fig. 9). Therefore, the motor will not run,
b. A short circuit is frequently the cause of electrical when a short circuit is present.
troubles. If the wire leading from a battery to the fuel-
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Figure 8. An electrical circuit. Figure 9. A shors circuis,




SECTION I

DIRECT-CURRENT CIRCUITS

10. OHM'S LAW. a. The symbol for voltage differ-
ence between terminals of a /ead wunit (starter motor,
formation lights, etc.) is E. [ represents current,
measured in amperes. R represents the resistance of the
load unit and is measured in ohms. The relationship
between the three is known as Ohm's law and may be
exprcsscd by the following formulas:
(1) Amperes — volts divided by ohms; or ] =—
4 R
If I = 4, E — 8, and R — 2, the following is
5 8
obtained: (4 = =)

(2) Volts — amperes multiplied by ohms; or E =
IR. Substituting wvalues given in (1): 8 =
4x 2.

(3) Ohms — volts divided by amperes; R = -j;—
8

Substituting values given in (1): 2 = -

b. If voltage and resistance are known, formula (1)
can be used to find the amount of current (amperes)
used; if current and resistance are known formula (2)
can be used to find voltage; if current and voltage are
known formula (3) may be used to find resistance.

¢. A convenient way to remember these relationships
is by the use of the diagram in figure 10. If one places
a finger over the symbol representing the unknown quan-
tity. the operation to be performed with the other two
quantities is shown by the direction of the line between
them (the vertical line signifies multiplication and the
horizontal line signifies division).

E

VOLTS

I R

AMPERES OHMS

Figure 10, Chart for Obm's law.

11. AIRCRAFT ELECTRICAL CIRCUITS. An elec-
trical circuit is a closed path through which electricity
can flow. A typical electrical circuit consists of a bat-
tery, generator, or alternator as a source of voltage to
force current through a path; a condwuetor (wire) which

4

carries the current; a switc/s (control device) to stop the
flow of electricity or to permit electricity to flow; and
an electrical device to use the electrical energy (fig. 11).

\PASSING

Figare 11,

LIGHT

Typical light circuit.

Connecting a wire from the source of electricity (gen-
erally through a switch) to the electrical device requiring
electric energy for its operation and back to the source
forms an electrical circuit. There are three types of
electrical circuits used in aircraft; series, parallel, and
series-parallel.

12. SERIES CIRCUIT. A series circuit has one closed
path through which voltage can push the current. Sev-
eral resistances may be connected to form a series cir-
cuit as in figure 12. The same amount of current as
forced through the first unit is also forced through the

others. To find amperage, voltage, or resistance, Ohm's
law is used. If four coils are connected in series and a

current of 7 amperes is forced through the circuit by
28 volts, the total resistance may be found by using for-

R1
VAVAYA

BAT TERY

A AN NN
W/ \"{f\vf \v/ \(.
P
n

—1[1111—

VvV
Ra

2. Resistors in Series.

Figure 12,




mula (3), paragraph 10. In a series circuit, the total
current flows through each unit. The total voltage is
equal to the sum of the voltages across each separate
unit. Total resistance is equal to the sum of the resist-
ances of the separate units,

13. PARALLEL CIRCUITS. Most of the electrical de-
vices on aircraft are connected in parallel. A parallel
circuit is one in which two or more electrical appliances
offer independent paths through which the current may
flow (fig. 13). The voltage across each appliance is the
same. The total current is equal to the sum of the cur-
rents in each appliance. The total resistance is less than
the smallest resistance. The more electrical devices or
resistors connected in parallel the smaller the resistance
of the complete circuit. Electrical appliances are con-
nected in parallel to decrease resistance and to allow
them to be operated separately. If one appliance in a
parallel circuit burns out, the others will remain in
operation. To find the total resistance of a parallel cir-
cuit, use the following formula:

1
R 1 1 1 :
5 R MR o ol e
or:;
Lt 1 1
Re o Ry = By o Ry

When the load units in parallel have equal resistance,
this formula may be simplified:

R resistance of one unit

e

the number of units

For example, the total resistance of ten 5-ohm units
connected in-parallel is 5/10 ohm. This shows again
that where two or more units are connected in parallel,
the effective resistance of all units together is less than
that for the unit with the smallest resistance,

il e = 1[— |
= T S
-t

e Figure 13. ¥ baralll cireiil: N

Voltmeter in parallel

Meter used

Series circuit ff-l- — El - fﬂ. - Eq [.i. — ,f[ — ,f_“, — I | R-;- = R] = R_ - R:; Watts i
746 P
Ll | e T e STt e on ST e
| |] / I I ‘ I X E = P (watts)
Parallel | Ep=E;=E.,—E, Ir=hL+4-L4l; |5-=——+4+—+4+=| Watts
! | i Jr\-J- Jr\] }\-_; R3 |! —71—6- —_— IIP

Hectrical relations bips

Ammeter in series

14. SERIES-PARALLEL CIRCUITS. There are a few
series-parallel circuits in an airplane. Some aircraft
starter-motor field circuits are connected in series-parallel,
A rheostat in series with the formation lights is a series-
parallel circuit (fig. 14). Each unit is grounded, that
is, one terminal of each unit is connected to the metallic
airplane structure; thus the metallic airplane structure
provides the return path to the battery.

15. POWER IN DIRECT-CURRENT CIRCUITS. Power
is the rate of doing work. For instance, an aircraft
engine is rated in horsepower. One horsepower is equal
to the work done in raising a 550-pound weight 1 foot
in 1 second (fig. 15). Some aircraft engines will
develop 2,000 horsepower or more. The electrical unit
of power is the watt. 746 watts of electrical energy is
equal to 1 horsepower. The number of watts used is
calculated by multiplying amperes by volts; for example,
a starter motor using 70 amperes with a pressure of 24
volts uses 1,680 watts of electrical power. By dividing
1,680 watts by 746 watts (the electrical equivalent of
1 horsepower) it will be found that such a starter motor
will develop approximately 2 horsepower.

16. SOLUTION OF SIMPLE PROBLEMS. a. Table I
is a summary of the relationships between E, I, R, and
/A

b. The solution of typical electrical problems follows.

(1) Single load unit. (a) Problem., A typical 12-
volt aircraft landing light is rated to draw a current of
20 amperes. What is its resistance when in use (hot*) ?
What is its wattage?

(&) Solution. Find the known and unknown values
as follows:

E — 12 volts, R ? ohms,

I = 20 amperes, P — ? ohms,
Choose the appropriate formula from paragraph 10a to
determine the unknown value. In this case, by use of
formula (3)

. B . 12 T At Sy
R — 5 o R = 5 0.60 ohms resistance.
To determine the wattage, use power formula given in
paragraph 16, table . Thus, by use of this formula:
P —= 12 % 20 — 240 watts,

* Unless otherwise specified, current ratings of electrical de-
vices are given under operating conditions (in this case “hot”),

Power

Voltmeter and am-
meter

or

meter figured
| from formula.

1 I E=P (watts)




(2) Load units in series. (&) Problem. A small 3-
volt LOLLp:t instrument lamp, similar to a tiny ﬂabhlléht
bulb, is operated successfully on the 12-volt d-c circuit
of an airplane by use of 68-ohm series resistor. Figure
all of the unknown values.

(b) Solution. Draw a diagram and indicate the
known values at the appropriate places. Tabulate the
known and unknown values for each load unit and the
complete circuit, as follows:

Lamp Reststor Complete Circuit
Ei— 3 wolts. E — ? volts. E = 12 volts.
Ih= 2 amperes. I =17 amperes. [ — 7 amperes.
R — ? ohms. R — 68 ohms. R — ? ohms.
Pr= "2 watts. P — ? watts, P — ? watts,

No set procedure of solution is recommended inasmuch
as the procedure must be dcugncd to fit each case, as will
now be shown. First, it is to be noted that the formulas
cannot be successfully applied in the case of either of
the load units, or the entire circuit, inasmuch as only one
of the terms E. I, R, and P (and not two as required)
is known in each case. Therefore, it is necessary to
make use of known relationships between the load units
and the entire circuit. The sum of E for the resistor
and E for the lamp should be equal to E for the entire
circuit (paragraph 12). Therefore, E for the resistor
must be 9 volts. This having been determined, I and P
for the resistor can be determined as follows:

o —i,— :———698 — 0.132 amperes.

P EL =0 0132 — 1.19 watts,
Inasmuch as the current [ must be the same throughout
the series circuit, it follows that [ in the lamp and in the
entire circuit is 0.132 amperes. R and P for the lamp
may now be determined as follows:

il = 4-’1

I 0.132

P =R S S =
For the entire circuit:

3 E 12

R = ———.

I 0.132

EEN B0 Se ()132 — 1.58 watts,
The sum of the wattages of the Iamp and the resistor
should be equal to the wattage for the entire circuit.
Also, the sum of the resistances of the load units should
equal the total resistance of the circuit (par. 12). These
conditions are satisfied within allowable limits by the
foregoing solutions, and the accuracy of the calculations
is thus verified.

(3) Load units in series-parallel. (a) Problem.
Three resistors are connected to a 12-volt battery in such
manner that current flows first through R,, then through
R, and Ry in parallel, and back to the battery. The re-
sistance values of R,, R,, and R are 2 2/3, 2, and 4
ohms, respectively. Calculate the rate at which charge
will flow out of the battery.

(b) Solution. Draw a diagram and indicate the
known values at the :lppmpndt(, places (fig. 16). The
net resistance of R, and R, is found as follows:

— 22.7 ohms.

0.396 watts.

— 90.9 ohms.

1 1
R 7 050
R 2 4

0.50 - 0.25 _ 0.75

The addition of this resistance to that of R, (2 2/3

4 ohms for the net resistance
The current drawn from the battery will

ohms) gives a total of
of the circuit.
then be—
E 12
— — = — = 3 amperes.

R 4

(4) Load wnits in parallel.  (a) Problem. Six 4-
watt navigation lamp bulbs are operated in parallel on
a particular aircraft which uses a 12-volt d-c system.
How much current does each bulb draw? What is the
resistance of each when hot? What is the total current
drawn? What is the resistance of the entire circuit?
What is the total power demand?

]
i
1
1 -
]
»F

Figure 14. A series-parallel circuit.

(&) Solwtion. Draw a diagram and indicate th-:
known values at the appropriate pi ices (fig. 17). Find
the known and unknown wvalues for each load unit and
for the entire circuit as follows:

ST : ; L
Each lamp bulb Entire circuit

E — 12 volts. E 12 volts.
I = ? amperes. I = ? amperes.
R — ? ohms. R — ? ohms.
P — 4 watts. P — ? watts.

1FT. in 1Sec.
|

J

Figure 15. Horsepower.

First, attempt to apply Ohm's law to any of the units
or to the entire circuit. If two of the three terms E, [
and R pertaining to any one of the units or to the entire
circuit are kﬂo“n Ohm's law can be 1[“"1[11.\1 in the

1/; ohms.




manner shown in paragraph 10. If only one of these
three terms is known if P is known, the problem can
be solved by use of the appropriate power formula
Thus, in the present example, it is seen that Ohm’s law
cannot be applied immediately. But the demand of
each lamp is given as 4 watts. Its current, I, may be

found by using the formula P — EJ:
GNP =
r!
4
= — = ——ampere
12 3

The remaining unknown value for each bulb, R, can

now be determined by use of Ohm's law. Applying

28
the formula R — T
12
R == 12 X 3 = 36 ohms

Since there are 6 lamp bulbs each drawing 1/3 of an

ampere, it is seen that the total current will be 2 am-
peres. The resistance R of the entire load circuit may

now be determined by use of the formula R — —.

The same result would be obtained by dividing the
resistance of 1 lamp (36 ohms) by the number of lamps
(6) since the lamps have equal resistance (par. 13).
The power demand of the entire load can can be deter-
mined by use of the power formula as follows:

P—=1%%E=12% 2 — 24 watts

12 vOLT
BATTERY _

Ral 4n

i

Figure 16, Load units in series-parallel

It should be noted that the same total power could be

_ [ obtained by multiplying the 4-watt demand of each
as follows: lamp by the total number of lamps (6). The first pro-
R 12 G ol cedure would work if the load units were to pOssesss
2 ' unequal resistance; the second procedure would not.
4 WATTS 4 WATTS 4 WATTS 4 WATTS 4 WATTS 4 WATTS
12 U0LT e N e

BATTERY | VIl | VAN
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SECTION 11l

MAGNETISM AND MAGNETIC DEVICES

17. CHARACTERISTICS OF MAGNETISM. a. The
following facts may be observed with respect to the
behavior of magnets:

(1) The ends of a magnet arc more active (mag-
netically) than its central part. If a magnet is dipped
into a box of iron filings, more filings will cling to the
ends than to the middle (hg. 18). The ends of a
magnet are called its magnetic poles.

Figure 18. Attraction of filings to a magnet.

(2) If a magnet is suspended at its midpoint by a
fine thread, it will always come to rest with one particular
pole toward the north. This pole is called the magnet's
north ‘FM."r' the other pole is its south pole.

(3) If two magnets are suspended at midpoints by a
string and are free to move, their like poles repel each

MAGNETS —

Inter-action of

other, whereas their unlike poles attract each other
(fig. 19).

(4) The magnetic force of a pole is comparatively
powerful in the area surrounding the pole but becomes
weaker farther away from it. Considerable force is re-
quired to detach an iron nail from a magnet; but once
the nail has been removed a short distance from the
magnet it may be removed farther with relative ease.

b. The needle of every magnetic compass is in reihty
a magnet. It has a north and a south pole. It is
mounted on a pivot having very little friction, so that
it may turn easily under the m: ignetic influence of the
earth. The end of the compass needle which points
northward is a north magnetic pole (by definition).

18. MAGNETIC FIELD. a. A magnet is surrounded
by a magnetic field. The space around a magnet in
which its force may be detected is called the magnetic
field of the magnet. .

b. The magnetic field is made up of /ines of force.
The manner in which the lines of force arrange them-
selves in a magnetic field of force may be observed by
sifting iron filings upon a piece of paper above a bar
magnet. The filings will arrange themselves in accord-
ance \\11]1 these lines of force (fig. 20).

Tests for direction of a magnetic field around a
wire are performed with a compass needle. The north
pole of direction of the
pulled the other way. The
needle to turn until it becomes

the needle is attracted in the
field, while the south pole is
two forces cause the

. STRING

MAGNETS —
\

(2 UNLIKE POLES ATTRACT
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tangent to the lines of force, with the north pole point-
ing in the direction of the field.

d. The magnetic field about a straight magnet is il-
lustrated in figure 20 by means of lines of force. Small
compasses have been placed in the field of a U-shaped

Pattern of lines of foree.

magnet (fig. 21) to show how their needles would
“set.” It should be noticed that lines of force emerge
from the north pole of the magnet and go into its south
pole, the compass needles indicating the directions of

the lines.
\ ‘t.f _/jjj//—_—x\\\ / /

Figure 21. Magnettc field about a U-_'-rif.{j!c:-'! magnet.

e. A compass between the poles of a magnet behaves
in the same manner as it does between the poles of the
earth. The earth is a big magnet. One of the earth’s
poles is in Northern Canada and the other is below
Australia. They are near, but not at, the earth’s geo-
graphic poles. The pole in Northern Canada is a south

magnetic pole, since the north end of the compass needle
points that way. The pole at the southern part of the
carth is a north magnetic pole (fig. 22).

19. ELECTROMAGNETIC FIELD. a. A wire which
carries current is surrounded by a magnetic field. Since
this field is caused by an electric current, it is called an
electro-magnetic field. It is found that the lines of

SOUTH MAGNETIC POLE

Figure 22, Earth's magnetic field.

force in the field about a straight wire are concentric
circles.  The force of the field is strongest close to the
wire and decreases rapidly with increased distance from
the wire.

b. The direction of the magnetic field about a wire
may be determined by the use of the right-hand thumb
rule. 1f one imagines the wire to be grasped with the
right hand in such a manner that the thumb points in
the direction of the current flow, then the fingers of the

hand point in the direction of the field (hg. 23).

Iomccrm OF FIELD
f

)
o DO M (o S

\ WM,
CONDUCTOR

Figure 23. Right-band thumb rule (straight conductor)

c. If a wire is made into a loop and a current passed
through the loop, the direction of the field can be found
by grasping the wire with the right hand, the thumb
pointing in the direction of current: the fingers will
then point in the direction of the field (fig. 24 @).

d. The magnetic field associated with a loop or wire
is much the same as the field of a bar magnet. The loop
may be imagined to have poles (fig. 24 (®), similar
to those of a bar magnet with lines of force emerging
from the north pole and entering the south pole. What-
ever is imagined to happen to such a magnet with re
spect to motion or torque, will actually happen to the
loop when a current passes through it.




IRECTION
J "‘oor CURRENT

DIRECTION
OF FIELD

@) Right-hand thumb rule (loop of wire).

CONVENTIONAL CHARGE
IN MOTICN

@) How current-carrying loop resembles bar magnet.

Figure 24.

20. MAGNETIC INDUCTION. The temporary magnet-
ization of a magnetic material (one which can be mag-
netized) is known as magnetic induction. Magnetic
induction takes place whenever a magnetic substance is
brought close to, or in contact with, a magnet (fig. 25).
Watch parts or other magnetic substances may become
magnetized when brought into the vicinity of a magnet.
Magnetism from a rotating magnet of a magneto in-
duces magnetism in the pole shoes. When the rotating
magnet does this it forms a magnetic path from the
magnet; to the pole shoes and back to the magnet (fig.

26).
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Figure 25.

Magnetic induction.

21. RETENTION OF MAGNETISM. a. Retention of
magnetism is the ability of a magnetized piece of metal
to hold its magnetism. Some magnets will stay mag-
netized longer than others. The length of time a magnet
retains its magnetism or stays magnetized depends on
the material of which it is made, and the way it is han-
dled. Alnico, an alloy composed of aluminum, nickel
and cobalt is difficult to magnetize but will stay mag-
netized or retain its magnetism indefinitely if properly
handled. If any magnet is heated excessively or ham-
mered it will not retain its magnetism. Magnets made
of soft iron are easy to magnetize but they will not re-
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tain magnetism long. The magneto pole shoes (fig. 26)
are good examples of magnets which retain magnetism
for short periods of time. These shoes can be magnetized
and demagnetized readily. Generators have electro-
magnets that will not retain their residual magnetism
if heated excessively or if abused.

b. There is usually just a little magnetic effect left in
a piece of iron which has been temporarily magnetized
by induction. This remaining magnetism is known as
residual magnetism. Generator and motor pole pieces
have a little magnetism retained as residual magnetism
when the unit is not operating ; however, this magnetism
is not retained long. If a generator or motor is not used
for a long period of time, if it is heated excessively, or
if it is handled roughly, the pole pieces may lose their
residual magnetism.,

22. MAGNETIC CIRCUIT. a. General. Anunmag-
netized piece of soft iron will become temporarily but
powerfully magnetized by induction if placed across the
ends of a U-shaped (horseshoe) magnet (fig. 27). The
rotating magnet in a magneto can temporarily and pow-
erfully magnetize the pole shoes and coil core. 1If the
area surrounding the U-shaped magnet or magneto pole
shoes is checked for magnetic field strength, the field will
be weak since the magnetic field is concentrated in the
soft iron and magnet which make up a magnetic circuit.
The field within the circuit may be represented by lines
which are given the usual directions with respect to the
poles in the circuit.

b. Magnetomotive force. Magnetomotive force, or
m.m.f., is the name applied to the magnetizing influence
which a magnet or coil of current-carrying wire can exert
in a magnetic circuit. It corresponds to e.m.f. (par. 3)
in electrical circuits. The field coils of a generator when
carrying electric current exert a m.m.f. The amount of
magnetomotive force these field coils exert is expressed
in ampere-turns. One ampere of current flowing through
1 turn of a coil constitutes 1 ampere-turn. A generator
pole having 20 turns of wire around the pole with 10
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amperes flowing through it will exert 200 ampere-turns
ol magnetomotive force.

¢. Flux. Flux in a magnetic circuit is similar to cur-
rent in an electrical circuit, Flux may be represented by
lines of force which are imagined to exist in the circuit.
The greater the number of turns of wire (that is. the
greater the number of ampere-turns) a generator pole
contains and the greater the current through them, the
greater the magnetc flux,

d. Reluctance. Reluctance in a magnetic circuit is
similar to resistance in an electrical circuit,
determines how much flux will be esta

Reluctance
blished when a

U-SHAPED
MAGNET

/- POLE SHOE
|

(2 FOUR POLE

neto,

given amount of m.m.f. is applied to the circuit. The
greater the reluctance, the fewer will be the flux lines
which a given m.m.f. can establish in a magnetic circuit.
The shorter the length and the thicker the cross section
of parts of the magnetic circuit, the smaller will be its
reluctance. The closer the pole pieces are to the arma-
ture, the less the reluctance.

e. Interrelationship. Magnetomotive force, flux,
and reluctance are interrelated in a manner similar to the
Ohm's law relationship between the corresponding quan-
tities in the electrical circuit (voltage,

sistance ) .

23. ELECTROMAGNETIC FIELDS OF COILS. a. Ifa
current is passed through a coil of wire consisting of 8
turns {'Inséi}' wound, and an equal current is passed
through a single-turn loop of the same diameter as the
coil, the magnetic fields will be found to be almost iden-
tical in direction at every point. However, the magnetic
field strength of the 8-turn coil will be approximately 8
times that of a single-turn loop since the fields of the
eight turns are virtually parallel with each other at every
point, and their effects are therefore cumulative at every
point.

b. If, however, the 8 turns are spread out into a heli-
cal coil or solenoid. the magnetic held will be as shown
in figure 28. ‘The field is very weak between the turns,
because the fields of adjacent turns are opposite in direc-
tion and tend to cancel each other. But inside the sole-
noid, the fields are cumulative for the most part, and the
net result is a strong field of fairly uniform intensity,
represented by nearly straight lines of force.

¢. Each of the coils mentioned will have a north mag-
netic pole at one end and a south magnetic pole at the
other. The direction of the field depends upon the di-
rection of current flow and may be determined by use of
the right-hand rule,

24. SOLENOID AND ELECTROMAGNET. a. Sole-
noid. A solenoid may be defined as a coil of wire
wound around a hollow cylinder, and used to produce a
magnetic field. In aircraft electrical equipment, a “'sole-

.LE'I'.'i"L:!'L'.\'_, »i]’hl re-
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Figure 28.
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noid" has a core the whole or part of which is free to
move. The field of the coil tends to pull the core into
the coil when the current is turned on. Many electrical
appliances can be controlled by this means. The starter
motor has a solenoid whose movable core opens and
closes (controls) the circuit permitting current to operate
the motor (fig. 29). A small wire from the solenoid
to the cockpit and from cockpit to battery supplies
enough current to operate the solenoid. A spring is
placed in the solenoid to push the core back to its normal
position after the current has been turned off.

b. Electromagnet. (1) The magnetic strength of
an electromagnet (a solenoid with a fixed core) depends
on the number of turns of wire wound around the core,
the kind of metal in the core, and the amount of current
sent through the coil.

(2) Electromagnets are used frequently in aircraft
electrical equipment such as landing-light relay, voltage
regulator, current cut-out relay switch, and generator field
coils. The electromagnet 1s frequently employed as the
essential part of an actuating device, such as is found in
the landing-light relay or the generator control panel.
The principle of operation of the electromagnetic actu-
ating device will be discussed with the aid of the ele-
mentary relay shown in figure 30. A small piuc of
soft iron is fastened to a strip of non-conducting ma-
terial which is pivoted at one end. The iron is held
away from the core of the electromagnet by a spring.
When the current is turned on, the iron is pulled toward
the core. In some cases, it is restrained by means of a
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stop pin from actually making contact with the core.
At the other end of the non- -conducting strip there are
contact points, arranged (depending upon the type of
relay) to close or open one or more circuits when the
relay is actuated. The relay illustrated has 4 terminals,
2 for its coil, and 2 which are connected to the contact
points. In aircraft, the relay is employed as a remote-
control device. By its use, the total w eight of wire is
reduced and wires which carry large amounts of current
are eliminated from the LULLp:b

25. FORCE ON CURRENT-CARRYING CONDUCTOR.
When a wire which carries current is placed in a mag-
netic field, the field of the wire reacts with the other
field, resulting in a force on the wire, Figure 31 (1)
shows a straight wire (resembling a wire from either
a motor or generator) without current, It is placed in
a magnetic field perpendicular to the lines of force pass-
ing from the north pole to the south pole. In figure
31 (2) a current is flowing in the conductor. The field
surrounding the current-carrying conductor and the mag-
netic field from the pole pieces will result in a force (fig.
31 (3)). The direction of this force is found by the /eft-
hand rule (fig. 32). The left-hand thumb gives direc-
tion of motion, the index finger gives the direction of
magnetic field, and the second finger indicates current
direction. As stated before, magnetic fields add to or
subtract imm each other, dc]undm'* upon their direc-
tions. If, in an armature wire, the current is flowing in
such direction as to create a clockwise field around the
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wire, and the field from the poles is from right to left,
the fields will add on the bottom of the armature wire
and subtract or neutralize at the top. This difference of
magnetic field will push the wire up.

26. TORQUE ON CURRENT-CARRYING COIL. a.
The tendency to produce a turning motion is known as
torque (twisting force). If free to act, torque will pro-
duce rotation. For purposes of theoretical reasoning,
consider a rectangular coil to be located between two
pole pieces, figsure 33, with current passing through the
coil in the direction indicated. One conductor will be
forced up, the other down,

b. The existence and direction of the torque created
on a current-carrying coil situated in a magnetic field
may also be considered on the basis of interaction be-
tween the pole pieces and the poles of the imaginary
magnet within a current-carrying coil. One may de-
termine the polarity of this imaginary magnet by use of
the right-hand rule,

c. The amount of torque developed in a coil depends
directly upon four factors; the current, the strength of the
field in which the coil is situated, the number of turns
of wire in the coil, and the position of the coil with re-
spect to the field. If the coil carries a steady current and
is situated in a uniform field, the torque at successive
positions of the coil will vary with the values shown in
figure 34. When the plane of the coil is parallel with
the field, the torque is at a maximum, When the plane
of the coil is perpendicular to the field, the torque is
ZEero.

27. D’ARSONVAL METER MOVEMENT. a. The
D Arsonval type of meter movement has wide applica-
tion in Army Air Forces electrical instruments. The
essential features of the movement are shown in figure
55, N and § are the pole pieces of a yoke-shaped magnet
made of an alloy which is capable of remaining mag-
netized at a constant value over a long period of time.
A cylinder of readily magnetized metal, situated midway
between the pole pieces, draws the magnetic field within
itself and thereby makes the lines of force between itself
and the pole pieces approximately radial in direction. The
cylinder becomes a part of the magnetic circuit, and in-
creases the flux by reducing the reluctance of the circuit.
A movable coil composed of a number of turns of very
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Lorque on a coil at varions angles with respect to this field.

fine wire, is mounted on jeweled bearings. Spiral hair-
springs, located at the front and back of the coil. hold
the coil in zero-current position. If rotated either way
from this position (no current flowing), the springs
bring the coil back into the original position, A pointer
attached to the coil indicates the degree of rotation on
a calibrated scale. Electrical connections to the coil are
generally made through the spiral springs.

b. If current is passed through the coil in the direc-
tion indicated,* clockwise motion results. If the cur-
rent is reversed, the coil is rotated the opposite way.
Inasmuch as the current is limited, in normal use, to
values which will not carry the coil outside the radial
portion of the magnetic field, the torque developed will
be proportional to the current. The hair-springs are so
designed that their opposing torque, regardless of t
direction of rotation, is exactly proportional to the de-
gree of their twist. Therefore, the deflection of the
pointer is proportional to the current in the coil.

c

28. DIRECT-CURRENT MOTOR. a. The d-c motor
operates on the same basic principle as the D’Arsonval
movement,

Figure
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Figure 36. Fundamentals of

b. Suppose a coil to be in the position shown in
figure 36 (1) and that connections for current are made
by a pair of brushes which ride on a commutator. Cur-
rent will flow from the positive terminal of a battery
to the positive () brush, to segment A, through the
coil to segment B, to the negative (—) brush, and finally
to the negative terminal of the battery. By using the
right-hnn;i rule, it will be seen that the armature will
rotate clockwise. The torque, which was at a maximum
with the coil in the position shown in figure 36 (1

creases as the coil rotates, and is at a minimum w
coil has rotated through the 90 degrees into position
shown in figure 36 (3). At this moment, segments A
and B slide from under the brushes, breaking the bat-
tery circuit. The brushes are then on an insulator and
rent will not flow through the coil. The coil will
coast past this position and the segments which conduct
current will again contact the brushes. Current will again
flow through the coil. This current will flow in the oppo-
site direction with respect to the coil but will continue

NO TORQUE

S

NO TORGQUZ

i-C Motor operation.

to enter and leave the armature (coil) as before. The
coil will have torque in the same direction as before.
When the coil passes through the position shown in
figure 36 (3), this twisting force (torque) will again be
at a maximum. The torque will again be at zero when
the position shown in figure 36 (3) is reached, but once
more the momentum carries the coil past the “point of
commutation.” Commutation, or reversal of the coil
terminals from -~ to — and — to 4~ occurs twice per
revolution.

¢. In order to obtain a steady torque, in practical mo-
tors a number of coils are spaced uniformly about an iron
cylinder similar to that in the D'Arsonval meter move-
ments. This coil assembly is known as an armature.
The use of a number of coils results in an Increase in
the number of commutator segments, The coils may be
wired together in several ways. The efficiency of the

15 C

* rentional sign for current flowing from observer
while — is conventional sign for current flowing toward ob-
server.
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Figure 37.

motor may be increased by using four pole pieces and
four brushes instead of two of each. The principle of
operation, however, remains the same as previously de-
scribed.

d. The torque developed by the armature is increased
in several ways.

(1) The slotted soft iron cylinder on which the arma-
ture coils are wound, reduces the reluctance in the mag-
netic circuits of the motor and thus increases the flux in
which the coils rotate. The field in which the coils move
is made more nearly radial by this cylinder. The cylinder
itself becomes magnetized by the current flowing in the
coils, thus improving the interaction of the armature with
the pole pieces.

(2) The magnetic circuits of the machine are mag-
netized by means of one or more field coils. These coils
are energized by the same source of electricity - which
energizes the armature coils. The flux thus created is
greater than could be obtained solely by use of permanent
magnets. This being the case, the iron selected for use
in practical motors is not chosen for its ability to retain
magnetism, but for its ability to be magnetized strongly
by induction.

e. Two common ways of connecting the field and
armature circuits of a motor are shown in figure 37.
When connected in series, as in (1), the motor is said
to be a ‘‘series wound" or series motor. If the circuits
are connected in parallel, as in (2), the motor is said to
be a “'shunt wound’’ or shunt motor. Each type of wind-
ing has its own advantages and appropriate uses.
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Elementary d-c motors.

f. The direction of rotation of a motor may be re-
versed by reversing either the connections of the brushes
or the field coils. This will reverse the magnetism of
either the armature coils or the magnetic field in which
the coils are located. If the wires to the motor are inter-
changed, the direction of rotation will not be reversed,
since exchanging these wires will reverse the magnetism
of both the armature and the field, and the torque will
have the same direction as before.

g. A part of the energy supplied to a motor is used to
overcome its resistance. This energy is converted into
heat and causes the temperature of the motor to rise as
it is operated. For example, suppose a certain 12-volt
motor, when running under a constant load, draws 70
amperes. The unit is absorbing energy at the rate of
840 watts (P — EI). Suppose the resistant between the
terminals of the motor has been found to be 1/50 of an
ohm, The rate at which energy is being used to create
heat 15—

P — I°R
70 % 70 % 1/50
— 98 waltts
It would, hence, appear that electrical energy is being
used at the rate of 840 minus 98, or 742 watts to produce
motion. But a portion of this energy is being converted
into frictional heat in the bearings of the motor, so that
the actual rate of mechanical energy output may be re-
duced to approximately 740 watts. Since 746 watts
uqu.t[ 1 h()rsep()\\'f_‘r. the motor is t]C\'eloping mechanical
energy at a rate of approximately 1 horsepower.




SECTION IV

MEASURING DEVICES

29. GENERAL. In the inspection, maintenance, and
operation of the aircraft electrical equipment, it is often
necessary to measure one or more of the electrical quan-
tities (voltage, current, or resistance). A number of in-
struments or meters developed for this purpose will be
discussed in the following paragraphs.

30. GALVANOMETER. a. The galvanometer is an
instrument used to measure very small currents. In the
airplane, only the moving-coil galvanometer known as
the D' Arsonval galvanometer is used. The galvanometer
movement is used as part of the voltmeter, ammeter,
tll('rn‘m\uuph- thermometer, electrical tachometer, etc.
(fig. 38).
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b. When the leads of the galvanometer are connected
to 2 points between which a voltage exists, a current will
flow through the coil of the galvanometer. The direction
of current flow will depend upon the polarity of the
voltage. The amount of current flow, which governs
the extent of the deflection of the needle, will depend
upon the applied voltage and the resistance of the gal-
vanometer coil (Ohm’s law).

31. VOLTMETER. a. The voltmeter is used to meas-
ure the potential difference or voltage between two
points.

b. The d-c voltmeter, as used on the airplane, is a
galvanometer movement connected in series with a high
resistance unit (fig. 39). The purpose of the resistance
is to limit the current flow through the movement. Most
voltmeters will give full scale deflection with less than
0.01 of an ampere flowing through the movement. As

RESISTANCE
COIL

Figure 39, Cutaway of voltmeter.

VOLTMETER

e ——

Figure 40. Voltmeter connected across an électrical unii.
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the resistance of the meter is fixed, the current flow and
deflection of the needle will depend upon the voltage
applied to the terminals of the meter (Ohm's law). The
sensitivity of a meter is usually measured in ohms per
volt, A voltmeter with a scale calibrated from 0 to 30
volts, which has a sensitivity of 100 ohms per volt, will
have a total resistance of 3,000 chms. A current of 0.01
ampere will be required to give full scale deflection.

¢. Voltmeters are always connected across the elec-
trical unit or across points, the difference of potential of
which is to be measured (fig. 40). To obtain the cor-
rect direction of deflection of the needle, the (4-) ter-
minal of the voltmeter must be connected to the point
of the higher potential. Care must be exercised not to
connect the voltmeter to a source of voltage which will
exceed the voltmeter’s scale. If the voltmeter is acci-
dentally connected in series with the circuit, no harm

A\

will result to the meter since the current will be limited
by the high resistance of the meter and the other units
in the circuit will not operate.

32. AMMETER. a. The ammeter is used to measure
electrical current flowing in a circuit (hg. 41), The
ammeter is always connected in series with the load.
Never connect the ammeter across the terminals of a bat-
tery or generator (hg. 42).

b. The ammeter uses essentially the same movement
(mechanism) as the voltmeter. However, a current by-
pass is used instead of a current limiter as in a voltmeter,
This current bypass is called a shunt. The shunt is a
resistor made of a special alloy, the resistance of which
is not affected by any change of temperature. The move-
ment may be the same as that used in a voltmeter, If a
movement is used which requires 0.01 of an ampere to

AMMETER

Ammeter in a circuit

Ot £
Figure 42,
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give full scale deflection for a 300-ampere ammeter, only
0.01 of an ampere will flow through the meter when 300
amperes 15 measured. The rest of the 300 amperes or
299.99 amperes will flow through the shunt (figure 43).

c. In airplane construction, except for some small air-
planes, the shunt part of the ammeter is installed in a

Figure 43, Ammeter with eéxternal shunt.

junction box and connected in either the plus or minus
generator lead. The movement, or case, is mounted on
the instrument panel. With this installation, the proper
beads must always be used. No attempt should be made
to alter their length (fig. 44).

33. OHMMETER. a. General. The ohmmeter is an
instrument which measures resistance in ohms, The
ohmmeter is composed of a circuit using a meter move
ment, network of resistors, and a small dry battery to fur

Frgure 44, Ammeter shunt in junction box.

nish the power. The meter is calibrated to read the
resistance of the unit measured directly. Most ohm-
meters have several scales or ranges. One common type
ohmmeter uses one direct scale and one reversed scale.
Another type uses one reversed scale with muit.iplicrs.

b. Volt-ohmmeter. The volt-ohmmeter is a com-
bination voltmeter and reversed scale ohmmeter (hg.
45). The meter shown has four ranges of voltage: 0-3,
0-30, 0-300, and 0-600 volts, and four ranges of re-
sistances: R, R > 10, R 3¢ 100, and R 3 1000,

(1) To use the meter as a voltmeter, place the toggle
switch in the VM position. If the approximate value of
the voltage is not known, use the scale having the high-
est range of voltage. « To use the 600-volt range place
the black lead in the negative (—) jack, and the red
lead in the 600-volt jack which is positive (fig. 46),
With the black prod connected to the negative terminal
and the red prod connected to the positive terminal, read
the voltage on the 600-volt scale. If the deflection is
small, read the approximate voltage and move the red
lead to the jack which will show a larger deflection. In
using the 3- and 30-volt scales read the values on the
0 to 300-volt scale dropping the appropriate zeros.

(2) To use the meter as an ohmmeter, place the
switch in the “Res” position. Place the test leads in
jacks X (common to all chmmeter scales) and R. Ad-
just meter to zero (holding prods together) by turning
the battery adjustment knob until the pointer lines up

f“f;.;'!.r re 45. Volt chmmeter.
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with zero on the ohmmeter scale (fig. 47). The prods
are then placed on the terminals or ends of the resistance
to be measured. Do not let the metal portion of the
prods make contact with the hands. Choose the scale
which gives a deflection preferably between the calibra-
tion of 0 and 50. Always recheck the zero setting before
measuring each resistance. When using jacks R X 10,
R > 100, and R ¢ 1000, multiply the readings on the
meter by 10, 100 or 1000 respectively. Caution: Always
place the switch back to I”M position when the meter is
not ir: use as an ohmmeter.

Figure 46. Using meter as a voltmeter.

¢. Circuit checking with an chmmeter. The use
of an ohmmeter is a technique which requires consider-
able practice. However, only a few fundamental prin-
ciples are used.

(1) Zero ohms indicate a completed circuit (hg.
48).

= f-‘-r!-){k
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Sc‘.’m.'_g: meler for Wie ar amn obmimeter,

Figure 47.

(2) Infinite (#72f) ohms indicates an open circuit (fig.
49). Before using the ohmmeter, always estimate the
resistance of the unit to be measured. Whenever check-
ing for continuity, use the R scale unless the unit meas-
ured has a high resistance. In checking for a short or
ground, use R 3 1,000 scale. If a ground is found,
recheck with the R scale to determine the extent of the

ground. Before using an ohmmeter, isolate the unit

being measured by disconnecting it from the source of
5 Y g

power.
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34. VOLTAGE DIVIDER AND BRIDGE CIRCUITS. a.
Much of the equipment on the modern airplane uses spe-
cial circuits in connection with galvanometers as indi-
cators and gages. The voltage divider and bridge cir-
cuit are the two fundamental circuits usually used.

b. The voltage divider, or potentiometer, is similar
to a rheostat (variable resistor) except that it has three
connections instead of two (fig. 50). In using the volt-

Figure 48. Circuit checking (complered civeuit).

age divider, the fixed ends of the resistance are con-
nected to a source of voltage, The movable contact and
one end then form a source of variable voltage which
can be used to operate an instrument, etc.

JUNCTION BOX

VOLT-OHMMETER

Circuft checking (open circuit).

Figure 49.

¢. The bridge circuit can also be used as a voltage
divider. It has the advantage of being able to change
the polarity as it has two movable contacts (fig. 51). It
may be considered as a double potentiometer, This de-
vice is used to regulate turbo superchargers, to operate
gun turrets, fuel ratiometers, etc.



Figure 51. Bridge circuit,

BACK OF INSTRUMENT

FRONT OF INSTRUMENT
o ///"'___:“"}:“-’
r/ \
100 <00 \
}\mm% 300

(sl
\_‘_l__———-'u =t )

THERMOCOUPLE
= /’?/ COPPER

{ i GBC!| |
THERMOCOUPLE  LE j BLACK j

Fig 2 Thermo _.,_.frg; bermom Figure 53. -1"!f-cr?f.-'-'n"-;:.‘l",-?:'.

21




35. THERMOCOUPLE THERMOMETER. a. A ther-
mocouple thermometer is used to measure the cylinder-
head temperature of a radial engine.

b. The thermocouple thermometer consists of a ther-
mocouple, connecting leads, and an indicating meter
(fig. 52). The thermocouple is a junction of two dis-
similar metals (constantan and iron) with a copper gas-
ket (fig. 53). Whenever the copper gasket becomes
heated, a voltage is set up at the junction according to
the difference in temperature between the cylinder head
and the indicating meter. This is registered in the cock-
pit on an indicating meter (fig. 54). Special leads of

Indicating meter.

Figure 54,
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materials similar to the thermocouple itself are used to
connect the thermocouple with the indicating meter in
the cockpit. The indicating meter is a delicate voltmeter
calibrated in degrees of temperature instead of volts.

c. The thermocouple is mounted on the cylinder
which operates at the highest temperature. On twin
radial engines it is usually placed under the rear spark
plug of the master rod cylinder in the rear bank (fig.
55). Only the leads provided for the instrument can
be used, and at no time should the leads be lengthened
or shortened.

— SPARK PLUG

ﬂ-i ERMOCOUPLE
LEADS




SECTION V

CONDENSERS

36. GENERAL. A condenser is a device used for tem-
porary storage of electrical energy. It is used on aircraft
as a voltage stabilizer in the generator circuit, radio noise
eliminator or filter, etc. The use of the condenser in
connection with the ignition system will be discussed in
the section dealing with ignition systems.

37. CONSTRUCTION. a. A condenser may be con-
structed in many different shapes and from a variety of
materials (fig. 56).

b. The parts of a condenser are 2 |‘J\‘.['L.\' or 2 sets of
plates, an insulator between the plates called a dielectric,
and the connecting leads (fig. 57).

¢. The capacity or effectiveness of the condenser de-
pends upon the area of the plates, the distance between
the plates, and the material used as the dielectric. To
make a condenser of a high capacity, a large plate arca
and a thin, high-quality dielectric should be used. The
plates are usually made of tin foil and the dielectric is
One type of construction
is the rolled condenser where the plates are insulated
from each other and rolled into a roll (fig. 58). An-
other common type is the stacked condenser where plates
are piled up with the dielectric between them (fig. 59).
Alternate plates are connected together giving two sets of
plates to which the terminals are connected.

made of wax paper or mica.

38. OPERATION. a. In a d-c circuit a condenser
will receive a charge from the circuit and will return
most of the charge when the voltage of the circuit drops.
It is in this respect that the condenser acts as a voltage
However, the condenser will not permit a
current to flow through it when a steady d-c voltage is
applied to it. In the case where the applied voltage of

stabilizer.
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Figure 58.

the circuit is varying d-c or a-c voltage, a current will
flow through the condenser. The condenser becomes a
better conductor of electricity as the frequency of the
applied voltage is increased. The action of the con-
denser can best be shown as a thin rubber diaphragm in
a hydraulic analogy. As the piston on one side is moved
toward the diaphragm, the diaphragm will be displaced,
thereby moving the water on the other side. When the
pressure on the piston is removed, the diaphragm will
spring back causing the water to flow back to its original
level. Only when the piston is in motion (when the
force on the piston is changing) will the water move on
the opposite side of the diphragm.

39. RATING A CONDENSER. a. A condenser is
rated in a unit of capacity which indicates its ability to
store electricity. The unit of capacity is the “farad.”
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(@ ROLL CONDENSER

Rolled condenser

This unit is much too large for practical work so one
millionth or a “microfarad” (mfd) is used.

b. The quantity of electricity that a condenser can
store also depmlds upon the voltage at which the con-
denser is charged as well as the capacity of the condenser.
However, not every condenser can be ('lmr‘u_cd at a high
voltage because the insulation will puncture under ex-
cessive voltage thereby shorting the plates. Therefore,
a condenser is designed with an insulation or dielectric
in each case sufficiently strong electrically to withstand
the voltage to which it is to be subjected.
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Figure 59. Stacked condenser,




SECTION VI

GENERATION OF VOLTAGE BY INDUCTION

40. INDUCTION. Magnetic flux can be made to pro-
duce an electric current. Whenever a conductor is
moved across lines of magnetic flux or magnetic flux cuts
across a conductor, a voltage is set up or induced in the
conductor (fig. 60). If the conductor is part of a closed
circuit, a current will flow through that conductor. There
are several types of induction all of which result in the
generation of voltage. The type of induction depends
upon the circuit or arrangement used. The three types
of induction that will be discussed in this section are
self, electromagnetic, and mutual induction.

LINES OF
MAGNETIC FLUX

CONDUCTOR

DIRECTION &
s

OF CURRE m-‘\
Ve

1

= DIRECTION OF MOTION

;":gnr:‘ 60. Induction.

41. SELF INDUCTION. a. Self induction is the elec-
trical inertia action of a circuit, that is, the tendenc y of
an inductive circuit to oppose any change in current fow.
It is this action which produces the "fat spark,” when-

,F MAGNETIC FIELD

(1) CIRCUIT CONTAINING INDUCTANCE

Figure 61.

ever a circuit containing inductance is opened. Self
induction is used when the points of magneto open to
produce a high voltage in the primary.

b. Any circuit which contains a coil of wire is said
to be an inductive circuit, That is, the circuit possesses
the property of self inductance. In a circuit containing
inductance the current will build up gradually when the
switch is closed. When the switch is opened, the field,
in collapsing, will induce a voltage in the circuit which
will k('cp the current flowing an instant after the switch
is opened (fig. 61).

¢. The value of the self-induced voltage existing at
any instant in a coil depends upon how much magnetic
flux was associated with the circuit, how fast the flux was
changing, and how many turns of wire were cut by the
flux. The “break-down"” of the field surrounding a coil
takes place in much less time than the “build-up;” there-
fore, the voltage induced on the “break” of the circuit is
much greater than that induced on the “make.”

d. The unit of measurement of inductance is the
"henry.” The value of inductance of any coil depends
upon its design. The inductance of a coil increases with
the number of turns of wire. The placing of an iron
core in the coil will greatly increase the inductance of a
coil because the flux is increased.

42. ELECTROMAGNETIC INDUCTION. a. Electro-
magnetic induction is the generation of a voltage by
causing a conductor to cut lines of magnetic flux. This
may be accomplished by mechanical movement of either

SF'AF!K—\ /{/
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@ SPARK WHEN SWITCH IS OPEN
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the field or the conductor. The moving magnetic field
of a magneto and the rotating armature in the generator
are examples of electromagnetic induction.

b. A generator is a machine which converts mechani-
cal energy into electrical energy by means of electro-
magnetic induction. An a-c generator (called an alter-
nator) produces an alternating current at its terminals,
while a d-c generator produces a direct current at its ter-
minals. Every generator, regardless of type or construc-
tion, operates by the induction of alternating voltage in
coils, prodmed by varying the amount and direction of
magnetic flux threading through these coils. The varia-
tion in flux linkage may be duomphshcd by any one of
a variety of methods, several of which will be discussed
in the following paragraphs.

Generator rule. The direction of voltage in-
duced in a conductor can be determined by the right-
hand generator rule, This rule will also indicate the
direction of current flow when the circuit is completed.
In using this rule the direction of the field must be de-
termined. If the poles are not definitely known they can
be determined with a small pocket compass. The north
pole of the compass will point to a south pole. The
flux then flows from the north pole to the south pole.
Use the right hand and extend the thumb, first finger,
and middle finger so that they are at right angles to one
another as shown in figure 62. Then turn the hand into
such a poamon that the thumb points in the direction of
the motion of the conductor and the first finger points
in the direction of the magnetic flux. The middle finger
will then point in the direction of the induced \oltngc‘
If the directions of any two of the factors are known,
the direction of the other can be determined by applying
this rule.

1 LERLLLE]

Figure 62. Generator right-hand rule.

d. Simple. alternating-current generator. A
method of generating voltage is shown in figure 63. As
the loop of wire is rotated in the magnetic field, a voltage
is induced in each side of the loop, and as the sides of
the loop cut the flux in opposite directions, the voltages
induced in the sides of the loop will be in ()pp()xitc di-
rections, This will cause the voltage appearing at the
two ends of the Iunp to be the sum of the two induced
voltages. Voltage 15 the only quantity induced in the
windimgs. The amount of current flow in the windings
will depend upon the load which is connected to the
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generator. The value of voltage will depend upon:
number of turns in the rotating armature; speed of ro-
tation; and strength of the magnetic field. The current
flowing in the load attached to the loop will follow the
pattern shown in figure 63. One complete turn of the
loop will generate one cycle. The numbers of cycles per
second is known as the frequency of the current.

e. Simple direct-current generator. The d-c gen-
crator has an automatic switching device which changes
the alternating current in the armature to direct current
for the external circuit. This automatic switching device
is called a commutator. It consists of copper segments
insulated from each other and mounted, by means of in-
sulating rings, on the armature shaft. Each segment is
connected to a coil end and, with a suitable brush ar-
rangement, the coils can be connected (as the armature
rotates) to the external circuit in such a way that the
current will flow in only one direction (fig. 64).

43. PRACTICAL DIRECT—CURRENT GENERATOR.

. The terminal voltage of a practical d-c generator is
much more constant than the very unsteady voltage of
the single-1 oop armature. This constant voltage is pro-
duced by using an armature consisting of a slotted soft
iron cylinder and a number of uniformly spaced armature
coils. Also the number of magnetic circuits, magnetized
pole pieces, and commutator brushes are increased. The
manufacturer may wire the armature coils together in
any one of several ways and connect them to a commu-
tator of many segments. The principles of operation,
however, remain the same. There will be a slight varia-
tion in the value of the terminal voltage of the machine,
known as commutator ripple, which may cause interfer-
ence in the airplanes radio receiver. This interference
may be reduced by stabilizing the terminal voltage with
a flter condenser attached across the terminals of the
generator. The condenser tends to lower the voltage
peaks and build up the lows, thus smoothing out the
voltage to a more steady value.

b. The magnetic fields in which the armature coils
move are gre: ill\' strengt hened, and consequently the in-
duced voltage is increased, by the use of electromagnets
instead of permanent magnets. All aircraft d-c genera-
tors have at least one shunt field coil shunted or con-
nected across the brushes (fig. 65 (1)). The magnetic
flux of the field is therefore d]ruth ptoportlonal to the
voltage difference between the brushes, unless limited
by a voltz age regulator. A generator with only this type
of field coil is called a shant-wound generator, The
terminal voltage of the shunt-wound generator (when
used without a voltage regulator) will decrease as the
load is increased. Figure 66 (1) shows graphically the
drop in terminal \EJ[ULL which takes place as the load
connected to a shunt generator is increased (that is, the
resistance of the load decreased with the generator speed
held constant). At no-load the terminal voltage is h:gh
and the load current is zero, As the load increases, the
load current increases and the terminal voltage decreases
as shown by the solid portion of the curve. With an
increase of load, the voltage of the generator will drop
to the place where the field will be reduced. This will
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its ability to retain magnetism. However, a small amount

of magnetism is retained by the pole pieces. It is the
small amount of flux which these poles produce that
starts generation. The voltage caused by this residual
magnetism is only a few volts, but it will cause enough
current in the field to start the voltage build-up. This
process of building up the voltage takes only a few sec-
onds. The polarity of the generator depends upon the
polarity of the pole pieces.
should be reversed, the polarity of the generator would
be reversed.

44. GENERATION OF ALTERNATING VOLTAGE BY
VARIATION IN FLUX IN A COIL. a. If the amount
of magnetic flux associated with a coil is varied by any
means whatsoever, a voltage is induced in the coil. A
simple method for producing a constant variation of
flux in a magnetic circuit is shown in figure 67. A per-
manent magnet is mounted so that it may be rotated
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Fignre 67,

within the gap of an unmagnetized iron yoke. The
magnetic field of the magnet is then capable of pro-
ducing flux in the magnetic circuit composed of the
magnet and the yoke. With the magnet in the position
shown, the flux 1s maximum, since the reluctance (mag-
netic resistance) of the circuit i1s minimum. As the
magnet is rotated 90°, the reluctance increases and the
effect of the magnet in the circuit decreases; both of these
changes reduce the flux. At the 90-degree position, the
flux decreases to 0, for in this position, the poles of the
magnet are equally distant from each pole piece of the
yoke, and the effect of one magnetic pole on the circuit
is cancelled by that of the other. As rotation is con-
tinued, the yoke circuit becomes remagnetized with the
flux lines reversed in direction. The flux reached a
maximum value at 180° of rotation of the magnet from
its original position, It again decreases to 0 at 270-
degree position, and is re-established to the original
value and direction when the original position is reached.
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The flux, therefore, reverses direction twice per revolu-
tion (at the 90-degree and 270-degree positions).

b. If a coil is wound about the yoke as shown in fig-
ure 67, it is said to be /inked with a magnetic circuit.
Whenever a coil is linked with a magnetic circuit in
which the flux rises, falls, or changes direction ptl'iudi-
cally, an alternating voltage is induced in the coil. A
graphical representation of an alternating voltage is
shown in figure 68. The important feature to be noted
is that the induced voltage reaches a maximum, not when
the flux linked with the coil is at maximum, but when
the flux is at zero value and just reversing its direction.
The two maximum values of voltage occur at 90-degree
and 270-degree positions of the rotating magnet. '

¢. The value of induced voltage depends upon the
rate of cutting a conductor with magnetic flux, This
will d{.'pcnd upon:

(1) Number of turns in a coil. Regardless of the
number of turns, the same value of voltage is induced
in each turn. As the successive turns are in series, the
total voltage is in proportion to the number of turns.

(2) Speed of rotation. The voltage depends on how
quickly the flux cuts across the conductors. The faster
the magnet is rotated, the more rapidly the fAux dis-
appears and appears again.

(3) The stronger the magnet, the greater will be the
values of flux and consequently of the rate of change of
flux.

(4) Clearance between magnet and pole pieces. The
smaller the air gap, the less reluctance there will be in
the magnetic circuit; hence, the greater will be the values
of flux established by the magnet.

45. MUTUAL INDUCTION. a. Mutual induction
takes place when two coils or conductors (one of which
is carrying a varying current) are placed near each other
(fig. 69). A change in amount or direction of current
in one coil will produce a change of flux in the system
which will induce a voltage in the other coil. The trans-
former is an example of inducing a voltage in another
coil (the secondary) by mutual induction.



b. All devices used on aircraft to generate high volt-
age for engine ignition operate on the principle of 7-
tual induction. Strictly spcakm;_, mutual induction is
the induction of \01[.11.[(. in a coil (called a secondary)
as the result of a change in the magnetism of another
coil in its immediate vicinity (called a primary). In
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Fionre 69. Mutual induction
f

ignition u]virwmut however, the bulk of the voltage
induced in the second: iry is due to loss of magnetism of
the core upon which both primary and '\L{{j[]dll". are
wound.

46 BASIC PRINCIPLES OF ELECTRICAL IGNITION.

Electrical ignition will be L\"‘i.i]ﬂL\] with the aid of
I'cvurc 70 which shows all of “]L essential parts in any
common type of electrical ignition system. A primary
coil (P) of about two hundred tutns of insulated wire is
wound around a laminated soft iron core, which is not
a magnet (although it may possess some residual mag-
netism). The core is represented by the three straight
lines between the primary and secondary coils. The

secondary coil () of perhaps ten or twenty thousand
turns of curunr:]) fine insulated wire is wound over the
primary coil. The secondary coil is well insulated from
the primary coil. The center electrode of a spark plug
is attached to one end of the secondary by means of a
well-insulated wire. The outer electrodes of the spark
plug are "grounded™ and thus electrically connected with
the other end of the secondary. The spark plug may be
considered as a load unit attached to the secondary. The
primary is in series with a switch, a battery, and a pair
of "make” and “break’” contact points. These points
remain in contact, under spring tension, until pushed
apart ‘-) a rotating cam timed to the engine. The pri-
mary circuit is lhuumr(- losed until the points are
opened. The points are ,shunlcd by a condenser, known
as the primary condenser (C). The condenser is nor-
mally “shorted” by the points, and cannot function until
the points are opened.

b. When the switch is closed, current rises in the
primary coil and circuit, reaching Ohm’s law value in
perhaps a few thousandths of a second. During this
time, energy is stored in the primary and in the core. If
the points are now pushed open, this breaks or opens the
primu:'y circuit. Th:: resulting rapid collapse of the
magnetic field induces a voltage in both primary and
secondary, the total voltage induced in each coil being
proportional in magnitude to its number of turns.

c. Under the influence of the induced voltage the free
electrons in the primary tend to rush toward and r.‘t[‘idly
accumulate on the first contact point will be drained
of electrons. If the condenser were not present, the
potential difference between the points would rise so
rapidly that the points would be unable to separate with-
out the occurrence of an arc between them. This arc
would burn the surfaces of the points, and because of
its conductivity, would prevent the sudden removal of
battery voltage from the primary circuit. The condenser
receives the electrons sent to the one contact point and
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supplies the electrons demanded by the other point. A
considerable quantity of electrons must flow before any
considerable voltage difference between the terminals of
the condenser can be established. Hence, the rise of
potential difference between the points is retarded and
suppressed. As soon as the value of the induced voltage
in the primary has decreased to, and falls below the volt-
age to which the condenser has risen, the latter dis-
charges back into the primary, The condenser thus re-
turns to the coil some of the energy received from the
coil. The condenser’s discharge current reverses the flux
of the primary and this reyersed flux tends to remove the
core’s residual magnetism. The total change of magnetic
flux is thus made greater. The primary condenser there-
fore accomplishes 3 desirable results:

(1) It lengthens the life of the points.

(2) It increases the total change in magnetism,

(3) It hastens the collapse of the magnetic fields.
The latter two of these results materially increase the
value of voltage induced in the secondary. The value
of the capacity of the condenser is important. If too
large, the condenser's counter-voltage does not build up
in time' to be fully effective. If too small, the voltage
rises to an excessively high value and arcing at the points
results. The design engineer selects a condenser of the
proper capacity to fit the appliance with which it is to
be used. A shorted condenser will prevent the opening
of the primary circuit and thus make the system in-
operative. An open condenser results in arcing points
and a low voltage output from the system,

d. The voltage induced in the secondary caused by
the collapsing fields is many times greater than that in
the primary because of the greater number of turns. The
current flow may be either toward the center electrode
of the spark plug, or toward its outer electrodes, in ac-
cordance with the direction in which the secondary is
wound on the core. The voltage difference might reach
30 to 40 thousand volts were it not for the fact that a
spatk jumps across the electrodes (when the plug is in
the engine cylinder) at approximately 20,000 volts. The
$|‘1.1rL is a conductor; it closes the wmnd.lr\ circuit and
further rise in voltage is thus checked. Current flows
in the secondary circuit as long as the collapsing fields
have sufficient energy to maintain the spark discharge.
When the voltage between the electrodes falls below the
minimum value required for the electrical discharge, the
spark “goes out” and the flow of charge ceases. All
of this happens in a very small fraction of a second.

The two coils and core previously discussed make
up the ignition coil. When such a coil includes a
mechanical vibration for interruption (make and break)
of the primary circuit, the coil is known as an induction
coil, or in the Army Air Forces, as a booster coil. The
booster coil is described in section X. The magneto, the
theory of which is discussed in paragraph’ 47, also con-
tains a primary, secondary, and core. Magnetic, self,
and mutual induction are essential in sources of high
voltage for aircraft electrical ignition. In each device
energy is forced into a primary and core, and is trans-
ferred to a secondary. In each device the energy de-
livered from the secondary is at a very high voltage
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because of the high turns ratio between secondary and
primary, and because of the rapidity of the collapse of
magnetic flux.

47. THEORY OF MAGNETO. a. The magneto is 2
special type of electrical generator which produces pulsa-
tions of high voltage. Flux is produced in the magneto
by magnets and motion, rather than by means of a bat-
[(_‘r)'

b. The essential parts of a 5!1]1}“1(‘ magneto are shown
schematically in figure 71. 4-pole permanent magnet
is arranged for rotation bLi\\ een the pole pieces of an
unmagnetized soft iron yoke. The pole pieces of the
yoke are so sp aced that they always match two mag-
netically opposite poles of the rotating magnet. A
primary coil (P) having perhaps 150 turns of wire, and
a secondary (§) of many thousands of turns are wound
upon the yoke. (These coils are shown on the sides of
the yoke in order to simplify the illustration.) One end
of the primary is permanently grounded. The other end
is connected to a ground through a pair of contact points
(B) known as “breaker” points which are normally
held together by spring tension. The prl.mr\, is there-
fore '\Il{}ﬂ.s.d when the breaker points are closed. The
breaker points are shunted with a primary condenser
(C). One end of the secondary is grounded for sim-
plicity in manufacture. This ;__muﬂx{ connection is at-
tached to the terminal which is common to the primary
coil, condenser, and one breaker point. When the breaker
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Figure 71. Eisential parts of a magneto.

points are open, the seccondary current easily reaches
a ground through the primary coil because of the low
resistance of the latter. The other end of the secondary
is connected to the spark plugs through a distributor.

¢. The operation of the magneto may be explained in
several ways. A complete and detailed explanation is
difficult because the circuits within the magneto are so
closely linked with each other, electrically or magnet-
ically, that an action in one is reflected (by induction)
in the others. The following is a simple explanation.



When the poles of the magnet are in the position shown
in figure 72, the m.m.f. applied to the yoke is maximum.
The mm.f. is in such a direction as to produce flux,
directed to the right in the core of the coils. When
the magnet is rotated, starting from the position shown,
the magnetomotive force applied to the magnetic circuit
(yoke and magnets) decreases to zero and reverses. The
m.m.f. decreases to zero, increases to the maximum in
the other direction, again falls to zero, and so on. There
are four positions per revolution of the magnet in which
the m.m.f. is zero, and four in which it is maximum
(2 in each direction). This varying m.m.f, creates vary-
ing flux in the yoke and induces alternating e.m.f. in
both the primary and secondary. The alternating volt-
age induced in the secondary by this flux change is too
weak to break down the gaps in the spark plugs. The
secondary circuit therefore remains open and no effective
energy leaves the magneto as a direct result of the rota-
tion of the magnets. The breaker points are opened and
closed by a cam which is on the shaft of the rotating
magnet. That is, the points are closed when a voltage
is induced in the primary and opened when the current
becomes a maximum. The opened points permit the
collapse of the magnetic field about the core which in-
duces a high voltage in the secondary. The collapse of
the flux is hastened by the use of a condenser across the
points. When the points open, the permanent magnet
is in what is called the E gap position—that is, a few
degrees past the 45-degree position as shown in figure
72. Hence, at E gap position the points open and the
spark discharge takes place.

48. CHARACTERISTICS OF DIRECT-CURRENT MO-
TORS. a. The physical and electrical features of a d-c
motor are the same as those of a d-c generator. There-
fore, when a motor armature rotates, a voltage is in-
duced in its coils. This induced voltage, known as back
or counter e.m.f., vitally affects the electrical characteris-
tics and the performance of the motor.

b. When a 12-volt battery is connected to a certain
model of series-wound motor, current at first flows at

FLUX TO RIGHT

NO FLUX

the rate of perhaps three or four hundred amperes, be-
cause the resistance of the motor is a small fraction of
an ohm. As the speed builds up, an increasing amount
of back e.m.f. is generated. ‘This increasing back e.m.f,
reduces the net voltage in the circuit, and the current
is therefore decreased to a value of about 100 amperes.
At this speed, the back e.m.f. is only a few volts less
than the al\plicd voltage.

c. Suppose this battery-driven rotating motor is
coupled to an engine which can cause the motor to rotate
at still higher speeds. The self-induced (back) e.m.f.
increase as the motor is forced to turn at speeds. in-
creasingly greater than that of its normal operation as
a motor. As the induced voltage becomes equal to the
battery voltage, the net voltage in the circuit, and con-
sequently, the current flowing between battery and motor
reach zero value. If this speed (which results in zero
current) is exceeded, the induced voltage will exceed
the voltage of the battery. The net voltage is now in
the other direction and the current is therefore reversed.
The motor has become a generator. It is converting
mechanical energy into electrical energy and is sending
it to the battery where it is converted into chemical
energy. This is charging the battery.

d. Although the d-c motor and the d-c generator may
be used interchangeably, this is seldom done in common
practice, The structural and electrical features of a
generator which efficiently fulfill 2 certain need on air-
craft will not necessarily be the same as the correspond-
ing features of a motor which efficiently fulfill a need,
and vice versa.,

e. If the load on a motor is increased, the motor will
slow down. The reduction in speed reduces the back
e.m.f., which in turn increases the net voltage, the cur-
rent, and the developed torque. Since, in the series-
wound motor, the field and armature circuits are in
series, the magnetism of both is strengthened by the
increase in current. However, in the shunt-wound mo-
tor, the current in the shunt circuit :ft-ptnd\' solely upon
the terminal voltage of the machine. Therefore, loss of

FLUX TO LEFT

Figure 72. Magnetic flux at three positions of magnetic rotor.
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speed does not affect the magnetism of the field coil:
only the current in, and the magnetism of, the armature
circuit are increased. The result is that it is much more
difficult to stall a series motor than a shunt motor. Cot-
respondingly, the torque of a series-wound motor at
starting is many times greater than that of a shunt-
wound motor of equal size. Therefore, in cases where
an electric motor must start from rest under maximum

load conditions, a series-wound motor is used. In cases
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where the load is light at starting and builds up with
the speed (as in the case of an electric fan) the shunt-
wound motor is very satisfactory. The shunt motor has
the characteristics of constant speed under varying loads.
One undesirable feature of a series motor is that if full
voltage is applied with no load on the motor, so great
a speed will be developed that the armature may fly
apart as the result of centrifugal force. This fact should
be kept in mind when bench-testing electric motors.




SECTION VII

FUNDAMENTALS OF
ALTERNATING CURRENT

49. GENERAL. At the present time alternating current
is used only on smaller aircraft units such as indicating
instruments, remote compass, fluorescent lighting, auto-
matic pilots, turbo r'(‘ngL:lors gyroscopes, etc. However,
with thc* increasing size of .urpl(mc\ the increasing power
requirements, the higher altitude, a-c systems will become
more pop sular. Direct-current motors and generators are
limited in output at high altitudes by l*rmh and commu-
tator troubles. With alternating current no brushes are
used in the power circuit, consequently, it has no advan-
tage over direct current in this respect.

50. ALTERNATORS. «. General. In the alternat-
ing-current system the generator is called an alternator. In
section VI the principles of voltage generation were ex-
plained. The common alternator is designed-somewhat
differently, but the principles of operation remain the
same. In the common alternator, the voltage is induced
in the stationary coils by a magnetic rotor (fig. 73).
The fixed part is called the stator and the rotating mag-
net is called the rofor. In order to have a strong, con-
trollable field, an electromagnet is used for the rotor.
A direct-current is supplied to the rotor by means of
slip rings mounted on the rotor shaft. The direct-

current (exciting current) must be furnished by an
auxiliary d-c generator which is usually mounted at the
end of the alternator shaft or driven |1\ an auxiliary en-
gine (fig. 74).

The alternator should be driven at a constant speed,
because the frequency of the voltage generated depends
upon the «i*ccd at which the alternator is driven. A
variation in frequency would cause faulty operation of
some of the ec ld[[‘ll.l_[]’. connected to the alternator. The
voltage output of the alternator is controlled by regulat-
ing the direct-current field (fig. 75).

Alternators are usually rated in voltage, amperage,
power factor, and phases. Voltage and amperage are
common to both d-c and a-c machinery but power factor
and phases are used only in a-c equipment. The power
factor is the relationship between the current and voltage
at which the machine is intended to operate. The num-
ber of phases of an alternator or motor is the number of
independent voltages it generates or to which it is con-
nected. Single- 2- and 3-phase a-c equipment are the
most comomn types used.

b. Single-phase alternator. The single-phase al-
ternator generates a single a-c voltage. A simple machine
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with a 2-pole rotating permanent magnet (rotor), and a
2-pole stator will be used to explain the operating prin-
ciples of the single-phase alternator (fig. 76). As the
magnetic rotor is rotated, the voltage induced in the sta-
tor w in\fir:_t__:\. sets up a current causing a flux which repels
cach approaching rotor pole and attracts each leaving
rotor pole. The change in the direction of voltage takes
place when the rotor i‘ulcx line up with the stator poles.
One complete revolution of the rotor will generate, in
the stator, a voltage which is positive one-half of the revo-

lution and negative the other half. One revolution in this
Case ;\schlllui 1 cycle (fig. 77). The frequency (cycles per
second) of the a-c \n!t.tw. or current will E"-_'l“._lal{ upon
the number of poles in the stator and the speed of the
rotor. A simple rule to find frequency is to multiply the
number of stator pole pairs (2 poles) by the number of
revolutions of the rotor per second. If 4 l‘[J]Lw are used,
the rotor will have to rotate 15 as fast as the 2-pole alter-
nator to generate a voltage of the same frn,--\]mr'n ¥.

Two-phuse alternator. The principles of oper-
ation and construction of the 2 2-phase alternators are the
same as a .\ln_"h phase alternator. However, a second
set (?!‘_t‘l)ii‘i is placed in the stator, independent of the
first (hg. 78). Actually 2 voltages are generated instead
of 1. The 2 are separated from each other by 90° or
one-quarter of a revolution of the rotor in the simple
2-phase alternator as shown in figure 79. This relation

the voltages cannot change as the coils are perma-
In 'ifmrm; the frequency,
the rule in & above can be used, counting only the poles
of 1 phase. The 2-phase alternator is used very little
because the 3-phase system is more economical.

Iiunii}' located in the stator.

————

s B
OO AR

—

WAse allernator,

d. Three-phase alternator. The 3][1.1~L alterna-
tor 1s a combination of 3 am:.c P hase alternators in one
unit. ‘This is done by h_mrm 3 sets of stator windings
equally spaced from each other (fig. 80). I
will generate a voltage as shown
lating the frequency of the

This machine
in hgure 81. In calcu-
3-phase alternator. one-third

of the pole pairs are used. The 3- phase alternator is by
far the most popular type alternator, the reason for which

will be discussed in a later paragraph.

ALTERNATING CURRENT CIRCUITS. a. Gen-
eral Many of the ideas obtained from the study of d-c
ircuits must be changed or enlarged upon when st lml\-
Ing a-c circuits. In the a-c circuit the volt: wwe and current
are never steady; they are constantly \h.:nlum_s; in value
and direction, : .

b. Sine wave. The voltage and current in a-c circuits
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STATOR

are said to follow a sine wave. Should a single loop of
wire rotate one complete ‘revolution in a magnetic field,
the voltage would follow a path as shown in figure 82.
More flux is cut when the conductors are H';l\'L‘ili];: per-

ux than when they are traveling [\.1:'.3[-

pendicular to the f
lel with the flux.

¢. Current in an a-ccircuit. In a simple a-c cir-
cuit, the current will have the same 1II'L1]uL-n\"\' as the

voltage. However, the current will not always be at the
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the current will be maximum after the
num (fig. 85). Often an a-c voltage can
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be applied to an inductive circuit resulting in very little
current flow. However, if the same d-c voltage were
applied, the current flow would be excessive and the unit
would probably burn up.

(3) When a condenser is connected across a supply
of a-c voltage, a current will flow through the condenser.
This is one of the fundamentals of a-c which differs from
d-c. The current and voltage relationship where the con-
denser makes up the load is very unusual; the current
leads the voltage (fig. 86).

d. Power in an a-c circuit is not always found by mul-
tiplying voltage by amperage as in a d-c circuit. The
d-c relationship is true in an a-c circuit only when the
power is consumed by a lamp, heating device, or other
resistors, Whenever the circuit contains capacity or in-
ductance the current will lead or lag the voltage and a
power factor (cortection factor) must be used (watts —
volts % amperes % power factor). The “power factor"
is a number which may vary (depending on the total ca-
pacitance or inductance of the circuit) from 0 to 1 or
from 0 to 100 percent and which is multiplied by the
product of volts and amperes to get the actual power
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consumed by the unit. To measure the power required
by a unit a “wattmeter” is used. The wattmeter auto-
matically takes care of the power factor. The important
thing to remember is not to measure power in an a-c cir-
cuit with a voltmeter and an ammeter, but instead, use a
wattmeter. To determine the power factor of a circuit
use a voltmeter, ammeter, and wattmeéter as shown in
ficute 87. To calculate the power factor use the formula:
watts

Power factor —m ————————
volts > amperes

Fi

To get the power factor (pf or P.F.) in percent, multiply
by 100.

T NON-UNIFORM SCALE

SPIRAL SPRING

MOVASBLE COIL
POINTER

, Y
STATIONARY COILS Y

RESIS TANCE\—\‘

Figure 88. Dynamometer type of voltmeter.

52. ALTERNATING-CURRENT MEASUREMENTS. «a.
The common d-c voltmeter and ammeter will not work
on a-c. The most popular movement m‘ui in a-c meters
is the ui\ namometer movement (fig, 88). This movement
uses two coils, one of which is a split fm.d field coil and
the other a movable coil, connected in series. Because the
coils are connected in series, and the current is in the
same direction in both coils, there is always an attraction
between the coils.

b. In measuring a-c current and voltage, certain rules
and standards must be d.LLLl"lL\{ All commercial meters
show a reading which is called the effective value of cur-
rent and voltage, not the maximum or peak value, The
effective value is sometimes sp{)lu.n of as R-.M.S. (root-
mean-square) value, This value is 0.707 of the maxi-
mum current or voltage. This effective value of a-c
current or voltage corresponds to the same d-c current or
voltage (fig. 89). In the case of the household 115-volt
system, the voltage actually varies from 0 to approxi-
mately 162 volts. A current flow in a circuit which has
a maximum value of 10 amperes has the value of 7.07
amperes as measured with an ammeter.

53. ALTERNATING-CURRENT MOTORS. a. Gen-
eral. The a-c motor most commonly used is the induc-
tion type. The 2- and 3-phase induction motors are sim-
ple in construction .uld have but 1 free moving part.
Single-phase induction motors are not as practical nor
as simple as 2- and 3-phase motors because a \‘turl'ing de-
vice must be used to start them. In this section 2- and
3-1.1}:;15(' motors will be given purtu.‘ul;tr attention.

b. Single-phase a-c motors. (1) A common sin-
"!::‘ ‘1}11‘\'(: motor is the universal (a-c, d-c) motor. It
will operate on cither a-c or d-c. It is a series motor and
has U}(r.ttlorml characteristics similar to the common
series motor as used on an aircraft starter. This motor
will operate on a-c because the current changes its direc-
tion in both the field and armature at the same time. Thus
the effect is the same as if the current were steady d-c.
This motor is not very satisfactory for aircraft use because
it uses a set of brushes which cause radio interference.
The motor also requires considerable maintenance.

(2) Any one of several induction-type single-phase
motors may be used where a small amount of power is
required. However, they are not used in aircraft work
because they require [‘tl.].ll starting devices which com-
plicate the construction of the motor and require con-
siderable maintenance.

Two-phase induction motors. In the 2-phase
squirrel-cage induction motor, the rotor is made to rotate
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by a rotational magnetic field (fig. 90). A series of il-
lustrations of the 2-phase alternator, 2-phase motor, and
the generated voltages will explain the field's rotation.
As this field cuts across the short circuited conductors of
the rotor (fig. 91), the current set up in them will cause
an opposing field, The rotating field will then drag the
armature along with it and produce rotation. (The speed
at which the field rotates is called the synchronous speed).
The rotor will travel somewhat slower than the field to
permit the field flux to cut the conductors in the arrature.
The percent of difference in speed of the magnetic field
of the stator and the armature s called the slip. The slip
varies with the load on the motor. However, it seldom
exceeds 10 percent. In order to reverse the direction of
rotation of the armature, the leads of one phase are re-
versed. The effect of reversing the leads of one phase
reverses the direction of rotation of the field.

END PLATE ROTOR SHAFT:

ROTOR CONDUCTOR

LAMINATED CORE

END PLATE

Figure 91,

Squirrel-cage induction-motor rotor,

d. Three-phase induction motor. For simplicity
the 3-phase induction motor will be explained in the
same manner as the two-phase motor; however, only
three leads are used to connect the alternator to the motor
(fig. 92). Also it will be noticed that 2 of the phases
work together to form the poles of the rotating field.
The rotor is constructed of an iron cylinder wound with
short-circuited turns of heavy copper bars. To reverse a
three-phase motor, any two of the connecting leads are
interchanged.  This produces a reversed field which
causes the reversing of the rotor.

e. Three-phase a-c circuit connections. (1) The
3-phase alternator can be represented by 3 coils equally
spaced as in figure 93. From figure 93 (1), it can be seen
that at the time when the instantaneous value of the volt-
age in phase “A" is 100 volts, that in phases "B and
“C" it is S50 volts. Similarly when the instantaneous
value of the current in phase “A" is 10 amperes, the
current in phases “B" and "'C"” The con-
ductors to the inside connections can be dropped and the
three points connected as shown by the dark line in figure
93 (2). This is known as a 3-phase, 4-wire generator and
the wire shown by the dark line is referred to as the
“common return” or “neutral.” The ratio of the effec-
tive voltage between neutral and any phase of a 4-wire

i_\ 3 '.I.[]'lp(.".'L'\.
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system to the effective voltage between any 2 phases is
always as 1 is to 1.732. For example, if the effective
voltage between any phase and neutral is 120 volts, the
effective voltage between phases is 208 volts. The ad-
vantage of the 4-wire, 3-phase system is exemplified by the
fact that in the case cited, 3-phase system, 208-volt equip-
ment and single-phase, 120-volt equipment may be con-
nected to the same circuit.

(2) With the instantaneous values of voltage shown
in figure 93 (1), the current in the neutral wire, figure
93 (2), would be 10 amperes in one direction for phase
"A" and a total of 10 amperes in the other direction for
phases "B’ and ““C", it is obvious that the neutral wire
carries no current and can be eliminated. Such a system
is known as a 2-phase, 3-wire system and the generator
as a 3-phase, 3-wire generator. As the 3-phase, 3-wire
system is the one in most comomn use, it is frequently
referred to merely as 3-phase (3-wire being understood ).
As compared with the single-phase, 2-phase, and 3-phase,
4-wire systems, the 3-phase, 3-wire system has the advan-
tages of simplicity, symmetry, and a somewhat smaller
copper requirement for conductors. For most purposes
it is also more practical than the other alternating-current
systems,

(3) In connecting a motor or generator to a 3-phase
circuit, each lead must be properly connected as reversing
two leads on a motor will cause a reversal in direction of
rotation. The wrong connection of a coil in one phase
of an alternator will produce an unbalanced voltage con-
dition in the system (fig. 94).

f. “Y" and delta (/\) connections. The coils of
an alternator may be connected in either "Y" or delta
(fig. 95). In the case where the coils ate connected in
A (delta) the voltage between any 2 of the 3 leads will
be the same as the voltage of an individual coil. When
the coils are connected in Y, the voltage between any
two of the three leads will be 1.732 times the voltage of
the individual phase coils. To make sure that all the
coils are connected correctly, make certain that voltmeter
readings between all possible combinations of phases are
the same.

54. TRANSFORMERS. . The transformer is used
to connect 2 a-c circuits (which usually operate at differ-
ent voltages). Power is transferred from one circuit to
the other by mutual induction. The voltage is raised
with a "step-up” transformer, or is lowered with a “step-
down" transformer. A transformer consists fundamen-
tally of two coils (primary and secondary) wound upon,
and electrically insulated from, a closed magnetic core
(fig. 96). The coils are thus linked with the same mag-
netic circuit. The secondary or output coil of a step-up
transformer has more turns than the primary. The sec-
ondary of a step-down transformer has fewer turns than
the primary. The two voltages are proportional to their
turns ratio. The current varies inversely as the turns
ratio. The power output is the same as the power input
except for some small heat losses.

b. The core consists usually of laminations (layers)
of soft iron. If solid iron were used, electrical eddy
currents would be set up in the core during operation
of the transformer. Eddy currents create heat which
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currents and voltap

f"."f,-'m: o Instantancon 106

would lower the efficiency of the transformer, Oxide
films or nonconducting coatings on the laminations tend
to prevent or to reduce eddy currents without interfering
with the magnetic operation of the core.

¢. When the primary of a transformer is connected to
a source of alternating current, it tends to magnetize the

core hirst in one direction, then in the other. Power from

Figure 94,

checking phase comnections.
the a-c source is stored in the core during each flux build-
up. When the secondary is without a load, the voltage

induced in the primary coil by the rising and falling flux
is almost as great as the voltage of the power source, so

1oasy
1905 v

Figure 95. "Y"

and “delrd” alternator connections
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ximum of 100 wvolts

that the difference of the voltages is almost zero, Conse-
quently, the alternating current in the primary is very
small. Transformers may therefore be left connected to
the high voltage feeders at all times with very little waste
of power. As long as the secondary circuit is open, the
a-¢ voltage induced between the secondary terminals does
not do any work and, so far as the magnetic core is

e IRON CORE \

PRIMARY ? SECONDARY
s T o T
% Ko

IANGAY

|

Figure 96, Alternating-current transformer.

concerned, the secondary is not on the core. But when
the secondary circuit is closed (as, for example, by switch-
ing on the lights in the circuit), the resultant flow of
alternating current in the secondary circuit periodically
removes some of the power placed in the magnetic circuit
by the primary. Therefore, the back voltage of the pri-
mary is reduced; and the net voltage in the primary
circuit is increased; and the primary current rises. A
well-designed transformer, therefore, draws current from
the line in proportion to the demand of the connected
load.

d. It has been found more satisfactory to use d-c
equipment on aircraft for a number of reasons, the pri
mary reason being that a-c electrical energy cannot be
stored. However, where certain devices require a-c, a
special source of a-c power must be provided, with which
the transformer finds application. In larger aircraft
where a power plant is necessary, the use of a-c on a
large scale may be found practicable. In such event, the
aircraft may be relieved of considerable weight in copper
by use of transformers and the transmission of energy at
high voltages over small wires.



SECTION VIl

AIRCRAFT STORAGE BATTERIES

55. GENERAL. a. The purpose of the aircraft storage
battery is to provide a reserve source of electrical energy
for operating the various units of aircraft electrical equip-
ment. During normal engine operation, the engine-
driven generator serves as the primary source of electrical
energy for operating the various units of aircraft electrical
equipment. The most common types of aircraft batteries
are shown in figure 97, The battery supplies the elec-
trical energy to start an engine and to operate electrical
equipment during low engine speeds and when the gen-
erator or engine fails,

b. A storage battery has a number of cells in series
(hg. 98). During discharge chemical energy in these
cells is transformed into electrical energy. This chemical
energy is later replaced as explained in the following
paragraph,

c. A storage battery is kept charged by sending a cur-
rent back into the battery. When a current from an
external source is sent through the storage cell, a reverse
chemical change of the plates and electrolyte occurs, This
process is known as “charging.” The usefulness of a
storage cell lies in its ability to be ‘“discharged” and
“charged” many times before it eventually becomes per-
manently deteriorated. In an aircraft installation the
battery is required on various occasions (especially during
starting) to furnish a very heavy current for a short time.
During flight the generator replaces this energy which
has been drained from battery, at a much lower rate, but
over a longer period of time. A storage cell does not

actually “store™ electricity; during discharge, chemical
energy is changed into electrical energy and during charge
electrical energy is changed into chemical energy.

d. There are two types of storage cells in common use,
namely the Edison (alkaline) cell and the lead-acid cell.
The Edison-cell storage battery is not used in aircraft.

56. PRINCIPLES OF LEAD-ACID CELLS. a. A lead-
acid cell contains positive plates coated with lead peroxide
(PbO,) ; negative plates made of lead (Pb); and a liquid
known as an ‘electrolyte, consisting of a mixture of sul-
furic acid (H,S0O,) and water (H,0).

b. During discharge of the lead-acid cell, lead sulfate
(PbSO,) is formed on both the positive and negative
plates; the acid content of the electrolyte is decreased and
water content is increased. As a result of the loss of
heavy acid molecules from the solution and because of
the formation of comparatively light water molecules, the
electrolyte gradually becomes more dilute and less dense
as the battery is discharged.

c. It is not the dilution of the electrolyte nor the loss
of acid molecules, but the formation of the lead sulfate
on the plates which causes the battery to become ''run
down.” When the sulfate coatings become so thick that
the electrolyte cannot effectively reach the active materials
(lead and lead peroxide), some chemical reaction is pre-
vented. In practice, the cell is not permitted to be dis-
charged to this extent. Thin coatings of lead sulfate are
easily removed by recharging the battery, but thick coat-
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ings are difficult to remove. Also, a cell is not very
useful when approaching a state of total discharge be-
cause of the high internal resistance caused by the sulfate
coatings on the plates. This resistance would be intro-
duced into any circuit to which the cell is applied, and
would reduce the current to a value too low for practical
use.

~VENT PLUG

1l
) o3

2

\— CELL STRAP

Figure 98. A storage battery has a number of cells in series.

d. When the cell is placed on charge, lead sulfate is
removed from both the positive and negative plates, and
acid is formed. The water content of the electrolyte is
decreased in the process. Consequently, the density of
the electrolyte increases as the cell is charged.

e. The open circuit voltage, figure 99, of a lead-acid
cell is approximately 2.2 volts. The e.m.f. of the cell is
dependent only upon the character, and not upon the
quantity of its active materials. This voltage is the same
for all lead-acid cells regardless of their plate size. The
open circuit voltage or =.m.f. of a lead-acid cell remains
close to 2.2 volts, regardless of the state of discharge of
the cell, until the cell is practically “dead.” It then begins
to drop rapidly (fig. 106).

VOLTMETER

—

Figure 99. Open-circuit voltage

f. The terminal voltage of a cell while under load de-
creases gradually as the cell continues to be discharged.
The gradual decrease in terminal voltage is due to a
gradual increase in the internal resistance of the cell. The
internal resistance of a lead-acid cell at the end of normal
discharge increases to more than double its value when
fully charged. The difference between the open-circuit
and closed-circuit terminal voltages (the voltage drop
within the cell while under load) is an indication of the
energy lost while under load, as a result of the internal
resistance of the cell (fig. 100).
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g. To obtain a high discharge current and a high ter-
minal voltage under load, low internal resistance is neces-
sary. Low internal resistance is achieved mainly through
the use of large plate area. The internal resistance of a
cell depends on its total plate area. The greater the num-
ber or area of its plates, the less the internal resistance of
a cell.  All the positive plates of a cell are connected by

VOLTMETER

Figure 100. Measuring the terminal voltage of a
cell under load.

one common connecting bar, and all the negative plates
are connected to another connecting bar. The value of
the e.m.f. of this assembly is the same as that of a single
pair of plates of the same materials.

57. AIRCRAFT STORAGE-BATTERY CONSTRUC-
TION. a. In order to have a 12- or 24-volt system,
6 or 12 cells are connected in series. The open-circuit
voltage (terminal voltage) is the voltage of the battery
when it is not undergoing discharge. A sectional view
of an aircraft battery is shown in figure 102.

b. A plate of a lead-acid cell consists of a framework
called the grid to which the active material is attached.
The positive and negative plates are assembled with a
positive plate placed between two negative plates, having
a negative plate at each end of the cell. Separators are
used to prevent plates from contacting. The separators
are porous; they are vertically ribbed on the side facing
the positive plate to permit the electrolyte to circulate
freely around the plates and to provide a path for sedi-
ment to settle on the bottom of the cell (fig. 102). The
bottom of the battery jar on which the plates rest is
ribbed. These ribs form channels into which the sedi-
ment may settle without shorting the plates.

c. The hard rubber cover of the cell is sealed with a
special sealing compound. The cover provides a base
for the installation of a non-spill vent plug and terminal
posts. The vent plug provides access for testing and ad-
justing strength of electrolyte, provides a means for the
escape of gases, and 1s so designed that a minimum of
electrolyte will leak out of the cell regardless of any po-
sition the aircraft might assume (hg. 103).

The lead weight, figure 103, is actuated by gravity. In
level flight the weight permits venting of gases through
a small hole; in inverted flight this hole is covered by the
lead weight.
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d. In the modern aircraft battery the containers for
the individual cells are constructed of hard rubber com-
position material (fig. 104). The cell assembly is en-
closed within an acid-resisting lined metal container
(battery box) which is used for electrical shielding and
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Figare 102, Positive and negative plares as arvanged in a cell.
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view of an aircraft battery.

mechanical protection. The battery box has a removable

top, held in place by hold-down rods. It also has a vent-

tube nipple at each end of the box for the attachment of

flexible tubing. These tubes lead out of the airplane,

one directed upward, the other downward. This ar-
VENTED

NON=SPILL FEATURE

BATTERY I
GASES 3

ELECTROLYTE 17—

BATTERY UPRIGHT BATTERY INVERTED

Figure 103, _\.'r-;:--l.‘h".";" vent {-’I“-'(_L’.

rangement serves to clear the battery container of gases
and any spilled electrolyte. The terminals of each cell
are connected permanently to each other in the plus to
minus order (series) by means of heavy lead straps. The
two end terminals are connected to their respective bat-
tery terminal posts which are provided with washers and
wing nuts for attachment of cable leads. A removable
terminal-box cover permits access to the battery terminal
posts (fig. 105).

58. RATINGS OF STORAGE BATTERIES. a. A lcad-
acid cell is rated at 2 volts. Therefore, a 6-cell battery
is rated at 12 volts; and a 12-cell battery is rated at 24
volts.

b. (1) Storage-battery capacity is rated in ampere-
hours. This rating indicates how long a battery may be
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used at a given rate before it becomes exhausted. An
ampere-hour is 1 ampere flowing from a battery for' 1
hour. Theoretically, a 100 ampere-hour battery will
furnish 100 amperes for 1 hour, or 50 amperes for 2
hours, or 20 amperes for 5 hours, etc. Actually, the
ampere-hour output of a particular battery is dependent
upon the rate at which it is discharged. Heavy discharge
currents heat the battery and decrease the efficiency and

/1.— HARD RUBBER CASING
|
\ j.:{\_

CELL DIVISIONS T\

.\ I||'

\/
L METAL CONTAINER

Figure 104. Battery Box.
ampere-hour output., For aircraft batteries, a period of
5 hours has been established as the discharge time in
rating of battery capacity. This time of 5 hours does not
necessarily mean the length of time which the battery
15 expected to furnish current. Under actual service con-
ditions the battery can be completely discharged within
a few minutes or it may never be discharged if the gen-
erator provides sufficient charge.

(2) Figure 106 shows a discharge curve ‘based on
values obtained during tests made on a 68 ampere-hour
battery. The load current was held at 13.6 amperes for

TLAMINAL BOX

/ COvER
THUMB SCREWS FOR

TERMNAL BOX COVER

Figure 105.
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6 hours (except during momentary opening of the circuit
at the end of cach hour to obtain open-circuit voltage).
It is to be observed that the open-circuit voltage remained
almost constant during the first 5 hours of discharge,
whereas the voltage while under the load decreased grad-
ually. After the rated capacity of the battery (68 (that
is, 13.5 x 5) ampere-hours) was exceeded, both voltages
decreased rapidly as the discharge was continued.

¢. The temperature'of a storage battery is one factor
which determines the output of the battery (fig. 107).
An acid battery will not deliver as much power as a warm
battery. In cold climates a storage battery is of little use.

d. The more common models of aircraft storage bat-
teries are rated as follows:

Volts Capacity in ampere-hours
12 68
12 34
24 17

The ampere-hour capacity of a cell depends upon the
total effective plate area. Cells connected in parallel have
a net capacity equal to the sum of the individual cell
capacities. A battery of identical cells connected in series
has the same ampere-hour capacity as one individual cell.
In multi-engine aircraft, where more than one battery is
used, the batteries are connected in parallel. The voltage
is thus equal to that of one battery but the ampere-hour
capacity is increased. The total capacity is the sum of
the ampere-hour ratings for the individual batteries.

59. BATTERY DETERIORATION. a. Various factors
aid deterioration of a battery and will make its service
life short. Excess sulfation of plates causes a permanent
increase in the resistance of a cell. Increased internal
resistance transforms the electrical energy of a battery
into useless and harmful heat within the battery, which
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Typical aircraft storage battery.
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could have been used on the external circuit. Internal
resistance also results in an increase in temperature within
the cell while the cell is being charged. Excessive heat
results in expansion and bm.Lim“ of plates and shedding
of active material. During the Ilt)l!]:.t] life of a b.t[[(,l},
approximately 20 percent of its active material may be
shed. The pores of material not shed may become
clogged with sulfate or other impurities, or the material
may corrode. Under any of these conditions the battery
capacity is decreased. In addition, accumulation of shed
material may cause shorting of the plates and result in
internal discharge, Internal disch 1arge may also result

n
Q

equal volume of pure water. A new, fully charged air-
craft storage-battery cell is fl”ud with a mixture of
ap proxmmul' 30 percent acid and 70 percent water (by
volume). This mixture, or solution, is 1.300 times as
heavy as pure water. During discharge the solution
(L]t\l.lU]\l\ ) becomes less dense and its “'specific gravity™
(weight as com ;mrtd with water) ‘rur\ below 1.300.
Thus, by determining the w[u[m gravity of the electro-
Iyte, a reliable indication of the state of charge of the cell
is obtained. The concentration of the electrolyte 1s not
the cause of the particular state of charge of a cell; it
is rather a normal incidental effect. Thus, if a cell has

G —o—-—o--—o—-—o———o.\
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Figure 106. Discharge characteristics of typical aircraft storage battery.

by reason of “local action™ between portions of the active
material and metallic impurities on the same plate.

b. The state of charge of a storage battery should not
go below a specific gravity of 1.200. (See following
paragraph.) A battery may be permanently injured if
it remains in a low or discharged condition.

60. TESTING METHODS. «. The state of charge of a
storage cell depends upon the condition of its active
materials, primarily the plates. It is difficult or imprac-
tical, however, to find out the plate condition or degree
of sulfation by visual lmpu[ton Therefore, an indirect
method (h}dmmnlu test) is used to determine the state
of charge of a lead-acid cell of a storage battery. In
order to find a cell's fitness for use, which condition can-
not be obtained by a hydrometer test, the high-rate dis-
charge test is used.

b. The specific gravity or hydrometer test is made
periodically on a storage battery installed in airc raft, as
a part of established inspection pmmdurc to determine
if the state of charge is adequate. The hydrometer test
determines the state of charge of a cell by measuring
the degree of concentration of electrolyte.

(1) Pure sulfuric acid is 1.835 times as heavy as an

a low specific gravity reading, the adding of some sulfuric
acid will increase the concentration and raise the specific
gravity of the electrolyte, but the state of charge of the
cell will remain as before, inasmuch as the sulfation of
the plates remains the same. Even if the electrolyte were
replaced with fresh electrolyte having a specific gravity
of 1.300, the condition of the plates, and hence the state
of charge, would remain the same. Therefore, the spe-
cific gravity test of a cell 15 reliable only if nothing has
been added to the electrolyte except occasional small
amounts of distilled water to replace the quantity lost as
a result of normal evaporation.

(2) The hydrometer commonly used to determine the
specific gravity of battery LlLL[I’()[\[" is shown in figure
108. It consists of a small sealed glass tube weigh hted at
its lower end so as to cause it to float upright. A paper
scale is enclosed within the narrow stem of the tube. The
scale is marked from 1.100 to 1.300 with intermediate
gradu:u}ons_ The hydrometer is generally inclosed (for
convenience) in the glass tube of a syringe. With this
‘-1Emnpf;mcm' sufficient electrolyte may be withdrawn from
a cell, by suction, to float the hydrometer. The more
dense th electrolyte, the higher the hydrometer will
float. The higher ‘number (1.300) will, therefore, be at
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the lower end of the hydrometer scale. The scale value
indicated at the level of the electrolyte is the specific
gravity.

(3) Aircraft batteries are generally of small capacity
but are subject to heavy loads.  The values specified for
state of charge are therefore rather high. An aircraft
battery in a so-called “low" state of charge may have per-
haps 50 percent charge remaining, but the charge is
nevertheless considered low in anticipation of heavy de-
mands which would soon exhaust it. A battery in such
state of charge is considered in need of immediate re-
charging, With present aircraft storage battery speci-

fications, a specific gravity reading between 1.275 and
1.300 indicates a high state of charge; of 1.250 a medium
state of char and of 1.200 or below, a low state of
¢ 109).
ieter readings should not be taken imme-
before, adding distilled water to electro-
i is necessary for the reason that
some tir requ for the water to mix thoroughly
with the electrolyte; the hydrometer syringe might thus
suck up a sample of electrolyte which is not re
tive of the ¢ -.iro}}'ta- as a whole.

(5) Following testing, the sample of 3
should be returned to the particular cell from which it
was drawn.

(6) Be r*rfﬂ.[ when taking the hydrometer test of a
lead-acid ¢ inasmuch as sulfuric acid has a 1 burning
effect on clothing and skin (fig. 110). First aid treat-
ment consists of thoroughly flushing with water. Bi-
carbonate of soda may be ap “]r. d, but only after thorough
washing with water.

(1) "I].h

igh-rate discharge tester is used in bench

: the terminal voltage of a cell while

tc\r. . :
it is under Iu‘u!, (which is test under operating condi-
tion). The tester (fig. 111) consists of two heavy

prongs (with handle) which are bridged by a thick
nichrome shunt of low resistance. A voltmeter, mounted
on the tester, is connected to the ends of the shunt so
as to measure any potential difference created between
them. The voltmeter is a zero-at-center instrument with
a range of 2.5 volts in either direction, so that either
tester prong may be P! laced on either terminal I‘()‘\[\ of a
cell. When the ends of the prongs are pushed into the
terminal posts of a cell, the resultant heavy current which
passes through the nu]amn“ shunt resembles an oper-

ating ¢ condition. The prongs are held in firm contact

with the cell terminals for approximately 15 seconds.

u‘l Q:*»———J

Figure 111, High-rate discharge tester.

During this time the observed voltage should remain al-
most constant,

(2) It must be remembered that the high-rate dis-
ch arge test is \ll’h'[:\' a {'[}[11[)-11;1ti\'t' test. Since the volt: 12¢
rmdmﬂ is affected ]1\ both the resistance of the shunt and
the mtcrn.i] resistance of a cell, the test consists solely of
a comparison between the performances of cells of equal
ampere-hour capacity when checked with the same
tester. In order that the test may accurately indicate the
condition of a cell, the latter must be fully charged be-
fore the test is made. The observed voltage should then
be compared with the average of the rL.lu]m,Lw of a num-
ber of cells in good condition, m[]‘, charged, and each
equal in capacity to the cell under test. If any cell of
a battery shows a voltage which is more than approxi-
mately 0.2 volt below the average of the readings of the
good cells of similar capacity, the cell ma 1y be considered
to be internally deteriorated. In border-line cases, the
general ].h)nlml condition and history of the battery
should be considered in deciding whether or not the bat-
tery should be discarded. For this reason, the high-rate
.I\\ll.l.h{_' test is um.‘.[l_\' ]“t'r]\(_ll'f‘.-'aLl] {m]}' E\_\‘ expe I i

ricnced
I‘l’.‘ rsons.

(3) An alternate method of determining the condi-
tion of the individual cells is by lu ding the battery and
measuring the voltage of the individus 1 cell Che 15258
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A cell whose reading is different from the rest indicates
a poor cell.

61. BATTERY CHARGING. a. A storage battery may
be charged by passing a direct current lhmuuh the i'nt~
tery in a direction opposite to that of the discharge
current.

b. (1) The voltage of the external charging source
must be greater than the voltage of the battery. The
e.m.f. of a G-cell lead-acid lmmcr\ is approximately 15.2
volts. When, however, a il].l]‘"!l1L current flows l}m‘m"h
the battery, its voltage soon rises to a value of ap [.r!’(}.\l-
mately 14.2 volts, known as the “gassing voltage.”” The
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Figure 112. Baitery load

explanation for this rise of 1 volt need not be given here,
but its existence must be recognized, Therefore, to
charge a battery normally rated at 12 volts, an external
voltage of more than 14.2 volts is required.

(2) The value of the charging current dL‘pcncfs on
the net voltage in the circuit, which voltage is the amount
by which the external volt: 1ge exceeds the battery e.m.f,
If the two are equal, no current flows. To maintain a
heavy charging current, the value of the external voltage
need be only a fraction of a volt higher than the voltage
of the battery because of the low internal resistance of the
charging circuit.

(3) The charging current must always flow in the
same direction. Hence, only d-¢c (and not a-c) may be
used in the charging process. The respective terminals
of the charging source must be connected to the like
terminals of the battery. If incorrectly connected (if the
value of the external voltage is below that of the bat-
tery) the battery would discharge through the intended
charging source at a fast rate,

(4) The charging current, in amperes, should be ad-
justed to the ampere-hour capacity of the battery and te
its state of L}\IFL{.’ A battery with large h:..n\ plates
may be charged, without risk of damage to its ]ﬂ.‘.t(\ with
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a higher current than that which could safely be used
with a battery having small thin plates. A battery in a
low state of Lhn'rc may be charged at a high b\,vmnmu
rate, and, as it approaches a fully “charged state, the ch aarg-
ing rate should be induced. If a bat ery in a low state
of charge is charged at a slow rate, time is wasted. After

1 battery has reached a high state of charge, the con-
tmLJLd J} plication of a high charging current heats the
cells and, further, causes the liberation of oxygen and
hydrogen. (These gases form an explosive mixture).
During charging, a small amount of ° normally
occurs. When the electrolyte violently gases, it isa sign
of charging at an excessive rate, or completion of the
process. During charging the temp _rl'_ur\. of the elec-
trolyte should not be pc:m:r!ui to exceed 100° E,

(5) A battery is permitted to remain on charge until
the specific gravity of electrolyte reaches normal value
(1.275 to 1.300) and no increase in specific gravity is
noted at three successive readings taken at 30-minute
intervals,

oassSINg

c. Batteries are charged in battery rooms by either of
two methods. By use of a motor-generator set (constant
voltage), it is po\mh]t. to start the process with a high
current which automatically tapers off, reaching a value of
approximately 1 ampere when a state of full charge is
reached. When a tungar rectifier outfit (constant cur-
rent) is used, the battery usually cannot be charged at
a rate higher than 5 to 7 amperes. The current remains
almost constant during the entire charging process. The
constant-voltage method requires less time, and does not
require much supervision, The constant-current method
requires a longer time to charge a battery fully, and
toward the end of the process care should be taken to
avoid overcharging.

(1) The constant-voltage method uses a generator
driven by an electric motor (fig. 113) or a gasoline
engine (fig. 114). The output leads of the generator
are connected to large copper bus bars, across which the
batteries to be charged are shunted. The batteries are
therefore connected to each other in parallel, and must
have the same voltage rating. The potential difference
between the bus bars is adjusted by means of a field
rheostat to a value of 14.25 volts or slightly higher.
Each battery automatically draws a current suited to its
own ampere-hour capacity and in accordance with its state
of charge. A battery of high ampere-hour capacity has
a lower resistance than a battery of low capacity. A bat-
tery of high c:ipzt(‘ir'\' draws a heavier charging current
than a low capacity battery in an u_[ut] state of charge
when both are subjected to the same charging e.m.f.
As the state of charge of any battery increases, its voltage
increases, the net voltage decreases, and the charging
rate of the battery decreases. The initial charging current
furnished to a battery in a low state of charge may be 30
to 50 amperes. The value of the charg
any battery may be found readily at any time by switching
an ammeter, provided for the purpose, into the battery
circuit. When a battery reaches a fully charged state it
may be permitted to remain connected to the bus bars
without harm, for the charging current is then approxi-
mately 1 ampere.

(2) When the available electrical source is a-c, a
tungar rectifier outfit may be used for battery charging




(fig. 113), This equipment includes a transformer to
step down the line voltage and a tungar rectifier bulb,
which converts the a-c into d-c, required for battery
charging. The rectifier outfit may include two indepen-
dent charging circuits, each separately controlled by trans-
former tap switches. Only batteries of equal ampere-hour
capacity should be charged in one circuit at one time;
whether they are 12- or 24-volt batteries is immaterial.
As many batteries as desired may be connected in series
(plus to minus) up to a total voltage not in excess of
84 volts (with most charging outfits) in one charging
circuit, The charging rate (5 to 7 amperes) does not
decrease to any great extent as the charging process goes
on. The resistance in the charging apparatus is much
greater than that of the batteries under charge. The
voltage applied to the charging circuit must therefore be,
from the start, some few volts above the voltage of the
batteries in order to overcome this resistance. Therefore,
the small increase in battery voltage as the batteries be-
come charged produces little change in the net voltage
in the circuit; and likewise, the decrease in internal
resistance of the batteries produces little change in the
total resistance of the circuit. As a result, the charging
current remains substantially constant, The specific grav-
ity of the batteries must be checked frequently, for some

batteries will reach full charge sooner than others, and
may be damaged as a result of overcharging if left in the
circuit,

d. A storage battery in service in aircraft is charged by
a constant-potential system, the voltage of the engine-
driven generator being held constant by use of a voltage
regulator. The generator voltage is predetermined and
adjusted in accordance with the voltage of the particular
storage battery to be used; the varying charging require-
ments of the battery are automatically satisfied,

62, MAINTENANCE. a. Aircraft storage batteries are
of relatively low capacities to save weight. It is imprac.
ticable to repair an aircraft battery; therefore, it is re-
placed when it becomes unfit for further service. In an
emergency, however, a defective cell may be replaced
with a cell taken from another battery. To remove a cell,
the connectors must first be removed. This is done by
drilling into each end of the connector at the terminal
post; use a drill slightly larger than the terminal post.
The connectors can then be removed by prying between
the connector and terminal nut with a suitable tool. The

cell can be pulled after the sealing compound has been

removed from the cell cover and cell jar. The plate

{

CONSTANT POTENTIAL CHARGING CIRCUIT

CONSTANT CURRENT CHARGING CIRCUIT

Figure 113. Two systems

of storage-battery charging.
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Figure 114. Constant-voltage method of battery charging using gasoline-engine-driven generator,

groups can then be separated by removing each terminal
nut and pulling the positive and negative plates apart.
When reassembling be sure to place a separator, grooved
side toward the positive plate, between each positive and
negative plate. In placing the cell back in the jar, the
cell covers must be sealed by running hot sealing com-
pound between the cell and jar (fig. 115). The terminals
and connector can be reconnected by using a small torch
to run the metal together. (Caution: Whenever a
flame is to be used near the battery, remove all explosive
gases with an air blast.)

b. (1) Check the vent tubing and note the condition
of the metal tubing that is used for protection of the
rubber tubing; make a rigid inspection at bends where
there is danger of pinching. The downward tubing out-

TORCH
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let should be located where there is no danger of the
vented electrolyte coming in contact with any part of the
aircraft. Check the outlet to see that the slip-stream has
not damaged the protruding tube-end. The vent tubing
must be clear of obstructions; otherwise there might be
dangerous accumulations of spilled electrolyte or battery
gases. Battery cell-vent plug Joles should be unob-
structed.

(2) Check the condition of asphalt-varnish coating
whenever it has been applied to protect aircraft or engine
surfaces from spilled electrolyte.

(3) If any electrolyte has been spilled on external
parts of the battery or on nearby surfaces, corrosive effects
may be neutralized by applying baking soda mixed with
water to the consistency of a thin cream. Fresh applica-
tions should be repeated until all bubbling action has
ceased. Following this, wash the battery with clear water
and dry. The soda solution must not be permitted to
enter any of the cells.

c. Check the security of terminal connections. The
plain washer should be under the wing nut and the lock
washer under the plain washer. Less corrosion results
when the terminals are kept clean and tight.

d. At specified periods, check the state of charge of
the battery with a hydrometer. Test each cell; if the
specific gravity is 1.200 or below and all the cells are
approximately the same, a normal discharged condition
is indicated and the battery should be replaced. Regard-
less of state of charge, if the specific gravity of any cell
differs appreciably from that of the remaining cells of
the battery, a defective condition is indicated which
requires battery replacement.

(1) After the hydrometer test, check the level of the
electrolyte in each cell and add distilled water if neces-
sary. The electrolyte level should be approximately 34
inch above the baffle plate.




(2), All cells in a battery should require about the
same amount of water: if one cell requires much more
than the others, examine the battery for leakage.

(3) Acid is never added to a cell to increase the spe-
cific gravity, Leakage may occur around the base of a
vent plug which is not tight or may result from the addi-
tion of too much water.

(4) Regardless of hydrometer readings, if a battery
does not hold its charge under normal service conditions
or otherwise fails to function normally, it should be

replaced.

€. (1) During low temperatures, it is absolutely
necessary that the batteries be kept well charged or the
electrolyte will freeze. Temperatures at which mixtures
of sulfuric acid and water will freeze are as follows:

‘\:.;?t . ,'_.'f." grat ;';_.; ¢ ele ‘.,,__".1 14 Free zing ‘r.,“_;”; (Fabrenbeit)
1.000 (pure water)
1.030
1.100
1.150
1.200
1
1
1

.250

)

™~

300 oo
(2) If water is added to the battery during freezing
weather, the battery should immediately be put on charge
to mix the electrolyte. The water, being lighter than the
electrolyte, will stay on top and freeze at a much higher
temperature than the electrolyte, )
f. When an aircraft is to remain idle for more than
one week, the battery should be removed and returned
to the battery room for proper maintenance,
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SECTION IX

GENERATORS AND REGULATOR
SYSTEMS

63. GENERAL. In modern aircraft the generator is
mounted on the engine and driven by the engine (fig.
116). The purpose of the generator is to supply the
power for all the units of the electrical system. The
generator also supplies the power to keep the battery
fully charged. The electrical system of most aircraft is

d-c in order that a battery can be used as a source of
€mErgency power.

The electrical systems of all earlier

; A _1:;‘ “ -j'-. .

it
S GENERATOR
=

-

Figure 116.

Generator mounted on engine.

ELECTRICAL TERMINALS
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type and small aircraft is 12 volts. A new high-output
system which maintains its voltage at 28 volts is known
as a 24-volt system. Each system has its individual types
of generators and control equipment. Table II gives the
types of equipment used in each system. In this section
particular attention is given to the latest equipment of
24-volt systems,

64. CONSTRUCTION FEATURES OF AIRCRAFT DI-
RECT-CURRENT GENERATOR. Figures 117 and 118
show cross section views of generators used on 12 and
24-volt aircraft systems. The main features of the
aircraft generators will be discussed in detail in the fol-
lowing paragraphs. Due to the fact that several
manufacturers build generators for the Army Air Forces
the designs vary somewhat. However, the general con-
struction features are the same.

da. Armature assembly. The armature is made up
of a steel shaft on which is mounted a laminated soft iron
core, armature coils or windings, and a commutator (hig.
119).

(1) The armature core is made by stacking soft iron
stampings on the armature shaft. The core is laminated
to reduce eddy currents which produce undesirable heat
(fig. 120). The laminations are placed side by side in
such a manner that the slots line up. The slots are lined
with insulating fish paper to protect the armature wind-
ings.
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Figure 118. Seciional view of typical high-outpur 24-

volt aircraft generator. (Courtesy of Delco-Remy Division,

General Motors (.-"_:f!'lgr), )

s COMMUTATOR ——

Figure 119. Generator armature.

(2) The armature windings are made of insulated
copper wire and are wound in the slots of the armature
corea The ends of the windings are brought out at the
commutator end and connected to the commutator seg-
ments. Wedges, and in some models, steel-wire bands
are used to keep the windings from flying out of the slots
when the armature is driven at high speeds.

(3) The commutator consists of copper segments in-
sulated from each other and the armature shaft with
mica and held firmly in place with insulated wedge rings.
The leads from the armature coils are soldered or other-
wise secured into slots or risers of the commutator lo-
cated next to the windings,

(4) The generator armature is coupled to the engine
through a suitable splined shaft. In order to eliminate
the violent twisting motions caused by the vibration of
the engine, a shock-absorbing coupling is placed between
the drive shaft and armature. In older styles, and in
some recent types, a rubber or spring coupling is used.
Some new high-output machines use a hollow armature
shaft with an inter-shaft which drives the armature from

the commutator end. The inter-shaft is small and takes
up the shocks and vibrations by twisting.

b. Field-frame assembly. (1) The cylindrical
steel or iron field frame serves as a mechanical support
for the generator and also forms a part of the magnetic
circuit connecting the poles (fig. 121).

(2) The pole pieces are rectangular in cross section
and are fastened to the field frame. Figure 122 shows

(1) LAMINATED IRON CORE () COPPER COMMUTATOR

SEGMENT

4 _—~MICA
WEDGE RING —}/

2

SLEEVE

b

(3) TYPICAL COMMUTATOR CROSS SECTION

Figure 120. Armature and commutator construction,
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Generator pypes

Table I1.
| Speed

Type Voles Amps. Range r.p.m.
F—SA 12 50 § | 2500/4,500
E-8 12 100 6 | 2,600/4,500
E-10 12 100 4 2,600/4,500
L-1 24 25 6 2,600/5,000
L-2 24 25 4 2,500/4,500
1-3 24 25 4 | 2,500/4,500
M-1 24 50 6 2,600/4,500
M-=-2 24 50 6 2,500/4,500
M-3 24 50 4 2,500/4,500
0-1 24 100 6 2.500,/4,500
0-2 24 100 6 5,000/10,000
0-3 24 100 4 2,500/4,500
0-4 24 100 6 5,000/10,000
P-1 24 200 6 2,500/4,500
P-2 24 200 6 5,000/10,000
P-3 24 200 4 2.500/4.500
R-1 24 300 6 5,000/10,000

1 Right hand roration.
a Spe on 94-3 =
3 Specification 94-32276.

the magnetic circuit of a 4-pole generator. The complete
magnetic circuit is made up of the armature core, pole,
pieces, and field frame,

(3) Generators used on aircraft have either shunt or
compound-wound fields. The shunt field winding is
made of many turns of small wire. The compound
generator has both a shunt field and a series field. The
shunt field of a compound generator is wound similar to
the shunt field of a shunt generator. The series field
winding is made up of a fraction of a turn to a few
turns of heavy wire on each field pole. The voltage of
a compound generator is regulated by varying the shunt-
field current. The series field is connected in series
with the load and aids the shunt field in proportion to
the load on the generator.

(4) Interpoles, which are used in some of the recent
models of generators, are small poles placed between the
main poles. The windings on these poles are connected

AIR COMMUTATOR FIELD
SCOOP END FRAME FRAME

DRIVE
END FRAME

ARMATURE
DRIVE SHAFT

Figure 121, Disassembled 24-volt generator.
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in series with the load and must carry the entire generator
current. The purpose of the interpoles is to improve
commutation, They will be discussed in a later para-
graph.,

c. Brush assembly. (1) Generator brushes are
usually small blocks of graphitic carbon which will give
minimum wear of the commutator and yet be sufficiently
hard to give long service. Each brush is provided with

a flexible lead and terminal to permit a good electrical
connection with the brush.




(2) The brush slides freely in its holder to allow it
to follow irregularities in the surface of the commutator
and to permit it to make good contact with the commu-
tator as the brush wears (fig. 123)., A spring provides
a constant pressure on the brushes to hold them against
the commutator. The brush pressure should usually be
approximately 6 pound.\; per square inch of contact area
—see Technical Order covering the individual generator.

d. End-frame assembly. (1) The supporting
frame at either end of the field frame (sometimes called
field ring) is called an end frame.* The end frames
contain the armature bearings, thus supporting the arma-
ture, On the commutator end, the end frame also forms
a suppott for the brush holder. The terminal bolts on
the 12-volt and early 24-volt models and the connector
plug on the néwer 24-volt models are mounted on the
commutator end (fig. 124). The end frame is flanged on
the drive-shaft end to permit mounting on the engine.

(2) The end frames are held in place with bolts
extending through the field frame, or by studs screwed
into the field frame. These bolts must be tightened
securely or the bearings will be thrown out of alignment,
permitting the armature core to drag on the pole pieces.

(3) The armature is mounted on ball bearings to
give long life at high speeds and good performance under
temperature extremes. These bearings are packed with

* Manufacturers do not all use the same nomenclature when
reterring to sub-assemblies. The terms end shields, front hous-
ing, rear housing, commutator-end housing, etc, are used by
some in referring to end frames

BEARING _
MOUNT 3

{

Figure 123.

Generator

engd

grease at the factory and should not be lubricated be-
tween overhauls. They should be replaced at overhauls.

(4) The engine is equipped with an oil seal. Holes
are provided in the mounting flange to allow oil leakage
to escape without creeping into the generator.

65. ELECTRICAL FEATURES OF AIRCRAFT DIRECT-
CURRENT GENERATORS. The generation of voltage
by electromagnetic induction, residual magnetism, voltage
build up, and the characteristics of different generators
have been discussed in a preceding section. However,
there are several other electrical characteristics which
will be discussed in this paragraph.

a. Rating generators. (1) A generator is rated in
power output (watts), that is, the number of amperes
that the generator can safely supply at a specified voltage,
The number of amperes that a generator can safely sup-
ply depends upon the amount of heat it can dissipate or
radiate; therefore, to make possible high outputs, cool-
ing ventilation is used as described in the following sub-
paragraph.

(2) The most popular of ventilation or cooling de-
vices are the air scoop, figure 121, and the forced-draft
fan, figure 125, the air scoop being the most effective.
It consists of a connecting tube from the air scoop to the
generator armature, the generator being cooled by the
air current created by the motion of the airplane., The
forced-draft fan used on some generators may be
mounted at either end of the armature shaft and forces
cooling air through the generator (fig. 125).

—TERMINAL ASSEMBLY

BRUSH HOLDER

BRUSH

BRUSH SPRING

! frame with brusbes,

59




b. Types of armature windings. Armature coils
are wound in a number of different arrangements. The
two general types of windings ate lap and wave
windings. However, for all practical purposes the
mechanic is not interested in the type of winding used.
The procedure for testing and servicing the armature is
the same in both cases.

—ARMATURE +
~—FIECD

N _ARMATURE —

1) 12 VOLT OR EARLY 24 VOLT MODEL|
|

FIELD+ T

,—~ARMATURE +
/

ARMATURE — —/ L_T0 EQUALIZER BUS

(@ NEW 24 VOLT MODEL

Terminal connections of 12- and 24-volt

generalors.

Fignre 124.
o

¢. Brush location. The number and location of
brushes will depend upon the number of poles in the
field. In small low-output generators with 4 poles, 2
brushes, located 90° apart, are used. In higher output
generators with four poles, 4 brushes are used, 2 positive

CONNECTOR PLUG

FAN

B L \ounTinG FLANGE

Figure 125. Generator showing cooling fan.
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and 2 negative. In G-pole generators, 4 or 6 bfushes
are used, located as shown in figure 126,

d. Field windings. (1) In the aircraft generator
used on the 12-volt system, and on small 24-volt sys-
tems there are three terminal posts marked A--, and
A—, and F- (fg. 127). These letters stand for arma-
ture positive (A+-), armature negative (A—) and field

@ FOUR POLE TWO

(@ TWO POLE GENERATOR BRUSH GENERATOR

@ FOUR POLE FOUR @ six POLE Six

BRUSH GENERATOR BRUSH GENERATOR

Fipure 126. Brush arrangement on d-¢ generator

positive (F--). The shunt field terminal F-- obtains
its current from terminal A-- through a voltage regu-
lator; the current then passes through the shunt-field
coils and back to the armature through the negative
brushes. In addition to this field current there is also
the load current which leaves the armature through the
positive brushes, passes through the series field coils
(shown in heavy lines) to terminal A~ and after pass-
ing through the load returns to the generator armature
through the A— terminal and the negative brushes. The
current generated in the armature is accordingly the sum
of the shunt current and the load current. The two field
coils (shunt and series) wound on each pole carry cur-
rent in the same direction and aid each other. If no series
field were used, the positive brushes would be connected
directly, through flexible leads, to terminal A--

(2) In some large 24-volt generators, a connector
plug has been used instead of connecting terminal (fig.
124}, but connector terminals will be provided on future
generators. The internal construction of small and large
generators are similar, but different letters are used for
the connections. Terminals B, A, and E in the large 24-
volt generators correspond to terminals A--, F} and
A— in the 12-volt generator and types L and M—1,
24-volt generators. In addition to terminals B, A, and E,
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two other terminals D and C are used. Terminal D is
connected to E inside the generator and is used in the
paralleling of two or more generators. However, in some
of the early generators this connection was omitted and
it became necessary to connect D to E inside the plug.
Terminal C is used at the present in one generator, as a
second field connection.

A+

Figure 127. Compound-wound generator.

e. Distortion of magnetic field. (1) When the
generator is in operation, the load and armature circuit
are connected in series; thus all the current must pass
through the armature. The armature conductors, there-
fore, are surrounded by electromagnetic fields, the
strength of which varies with the load current. These
added fields tend to distort the magnetic field furnished
by the main field poles. This distortion becomes greater
as the armature current increases (fig. 128),

(2) Because of field distortion, a voltage induced in

the coils shorted by the brushes would result in sparking
between the brushes and commutator segments, pitting
of the commutator, and excessive brush wear. Thus, the
output of the generator would be reduced. To correct
this condition, the brushes must be set at such a position
that the plane of the coils which are shorted by the
brushes is perpendicular to the distorted magnetic field.
Therefore, the brushes are moved forward in the direction
of rotation. This is referred to as shifting the brushes
to the neutral plane or plane of commutation. On some
generators, the brushes may be shifted manually as de-
sirted. On non-adjustable generators the manufacturer
sets the brushes for minimum sparking at 24 to 3/ full
load (fig. 129).

(3) Interpoles may be used to counteract some of the
effects of field distortion, as shifting the brushes in in-
convenient and unsatisfactory, especially when the gen-
erator speed and load are changing constantly. The mag-
netic strength (and therefore the corrective influence) of
the interpoles varies with the load on the generator. This
is ideal, because the field distortion varies with the load.
In the generator the polarity of the interpole should be
the same as that of the next main pole in the direction of
rotation. The interpole is so located that the flux pro-
duced causes the current in the armature to change direc-
tion as the conductors pass under it. This fixes the neu-
tral plane in one position for all loads on the generator.
By the use of interpoles, the efficiency, output, and sery-
ice life of the brushes and commutator are improved

(fig. 130).

66. REGULATION OF GENERATOR VOLTAGE. a.
General. Since most electrical circuits are designed to
operate within a definite range of voltage, it is important
to keep the voltage constant. In aircraft, the generator
is operated at variable speeds and wvariable loads. In
order to maintain the voltage constant under these con-
ditions, automatic voltage regulators have been devised.

b. Principle of field regulation. (1) The voltage
output of a generator depends upon three factors:

DIRECTION OF ROTATION

/

\
WEAK POLE 'r|='-—|II ™

STRONG POLE TIP.
[ N~ A A

,—\\ FN fﬁ:ﬁ“ l
#
N 1
|
‘_,——"“"!J': ) |
NEUTRAL PLANE
WITH LOAD—J'
i WITHOUT LOAD

Figure 128. Magneiic field distorsion and rotation of neutral plane.
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(@) The number of armature conductors connected in
series.

(&) The speed of the rotating armature.

(¢) The strength of the magnetic field. The strength
of the magnetic field depends upon the number of am-
pere-turns (ampere X turns) of the field windings, and
since the number of turns of wire in the field is fixed,
the current sent through-the windings is regulated to
control the terminal voltage of ‘the generator.

(2) Figure 131 is a simple diagram which illustrates
the principles involved in voltage regulation. If the

SCRATCH MARK ACROSS FIELD |
AND COMMUTATOR END FRAMES |
AFTER NEUTRAL POINT IS FOUND |

@ |

SHIFT COMMUTATOR END 116" TO 5/64"
IN DIRECTION OF ARMATURE ROTATION
FROM NEUTRAL POINT

116" 10 5/64°
L[]

L]

Figure 129.—Delco-Remy brush adjustment, (Courtesy of
Delco-Remy Division, General Motors Corp.)

field-circuit resistance is increased (as by a rheostat),
the field current decreases, which in turn decreases the
field strength and lowers the generated voltage.

c. Vibrator-type voltage regulator. (1) A sim-
plified vibrator-type voltage regulator (figure 132) con-
sists of a coil of fine wire (/) wound around a soft iron
core; two contacts (C), one mounted on a movable soft
iron arm and the other stationary; a helical spring (§);
and a resistor (R). The voltage winding (J/) is con-
nected across (in parallel with) the generator terminals,
A1 and A— and the resistor is connected across the
contact points.
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(2) When the generator is not operating, the spring
holds the contact points closed. As the generator comes
up to speed, current flows directly from the A-- terminal
to the F4- terminal through the closed contact points.
As the voltage rises, the current through I/ increases, and
its iron core becomes more strongly magnetized. When
the magnetic attraction on the movable arm becomes
strong enough to overcome the spring tension, the con-
tact points are separated. The field current must now
flow through the resistor, and because of the resistance
added to the field circuit, the current in the field circuit

Fignre 130.

Generator with interpoles.

decreases. The magnetic field of the generator therefore
is weakened and the pull of the magnetized core de-
creases, and the spring closes the contacts. As a result,
the field strength and the generated voltage rise again.
This cycle of events occurs over and over again, the
points openingand closing many times per second. The
terminal voltage of the generator rapidly varies above
and below an average value determined by the tension
of the spring, which may be adjusted. The vibrating
voltage regulator is used on 12-volt systems and on low-
output 24-volt systems.

67. REVERSE-CURRENT CUT-OUT RELAY. a. Pur-
pose. The purpose of the reverse-current cut-out relay
is to disconnect the battery automatically from the genera-
tor whenever the generator voltage is less than the bat-
tery voltage. If this device were not used in the generator
circuit, the battery would discharge through the generator
whenever the gengrator was not operating. This would
tend to make the generator operate as a motor, but be-
cause the generator is coupled to the engine it could not
rotate. Under this condition the generator, generator
wiring, or both may be severely damaged and a fire may
result,

b. Construction. In figure 133 a reverse-current cut-
out relay is shown as a part of a simple generator-battery
system, There are two windings on the soft iron core.
The current winding CW, which is in series with the
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line and must carry the entire generated current, consists
of a few turns on heavy wire. The voltage winding V' I/
consists of a large number of turns of relatively fine wire,
and is shunted across the generator leads. The two coils
are wound on the core in the same direction. The
movable arm carries a pair of contact points C which
normally are held open by a spring §.

¢. Operation. When the generator is not operat-
ing, the relay contact points are open so that the battery
does not discharge into the generator even if the main
line switch is left closed. As the generator voltage builds

—_—

+

up, the voltage winding of the cut-out relay magnetizes
the iron core. When the generated voltage produces
sufficient magnetism in the iron core, it attracts the
movable arm, thus closing the contacts C, and the gen-
erator begins to charge the battery. The coil spring is
so adjusted that the voltage winding will not close the
contact points until the voltage of the generator is at a
value such as to be in excess of the normal voltage of the
battery. The charging current passing through the current
winding of the cut-out relay aids the voltage winding in
holding the points tightly closed. When the generator
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slows down, or for any other cause the generator voltage
decreases below that of the battery, the current from the
battery flows through the current winding in such a way
as to tend to produce magnetism of opposite polarity,
This tends to counteract the magnetizing influence of the
voltage winding, reducing the magnetism of the core.
Therefore, the contacts are opened by the spring, and the
circuit between the battery and the generator is broken.
During normal operation, the contact points do not open
until the reverse current has reached a value of 5 to 10
amperes.

68. GENERATOR 12- AND 24-VOLT CONTROL
PANELS. a. Generator control panels are usually re-
fecred to as two-unit or three-unit control panels. A
two-unit control panel may consist of a vibrating-type
voltage regulator and a reverse-current cut-out mounted
on the same panel. Figure 134 is a top view of a 12-
volt, two-unit control panel. A simplified diagram of
a single-engine generator circuit with a two-unit control
panel is shown in (hg. 134 (2)). A simple wiring dia-
gram for use in circuit analysis (fig. 134 (3)). This panel
is adjusted to regulate the voltage at 14.25 volts and to
connect the generator to the battery at 13.5 volts.

b. Early 24-volt systems also used a two-unit control
panel with L type and M—1 type generators. The oper-
ating principle of the 24-volt vibrating voltage regulator
is similar to that of the 12-volt system; however, some
refinements have been added. The Leece-Neville 24-volt
panel has an extra set of points. These points short out
the field when a very low average value of field current
is required to maintain the voltage constant. Figure 135
shows a typical 24-volt vibrating regulator, type B-1A.
Type B-1B, 24-volt, control panel has a carbon-pile volt-

e

CONTROL PANEL

TWO-ELEMENT
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Generalor

age regulator clement. (See paragraph 70b (2) for prin-
ciple of operation,)

69. VIBRATOR-TYPE CURRENT LIMITER. a. Pur-
pose. The purpose of the vibrator current limiter is to
limit the current of the generator automatically to its
maximum rated output. This device will protect the
generators.

b. Construction. The construction of the current
limiter is similar to that of the voltage regulator except
that the actuating coil is in series with the main line.
Thus, the amount of current flowing in the line is the
determining factor in the operation of the limiter, instead
of the voltage across the ling, as in the case of the voltage
regulator. The coil consists of several turns of large
wire, since it carries the entire line current,

¢. Operation, In figure 136 a vibrator-type current
limiter is shown as part of a simplified wiring diagram
of a three-unit control panel. The spring S, holds the
contact points C, together until the current through the
main line and series winding SW becomes excessive,
magnetizing its iron core to such an extent that the mag-
netic pull on the movable arm overcomes the tension of
the spring, and opens the contact points. This inserts
resistor R, into the field circuit of the generator, de-
creasing the field current, the strength of the magnetic
field, and the generated voltage. With decreased volt-
age the gencrator current is reduced. The iron-core
regulator is therefore partly demagnetized, and the
spring closes the contact points. This causes the gener-
ator voltage and current to rise, until the current reaches
a value sufficient to start the cycle again. The spring
may be adjusted to limit the current to any desired value
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within the rating of the limiter. In other respects, the
three-element control panel is similar to the two-element
panel.

VOLTAGE REGULATOR

o
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Figure 135. Generator 24=volt control panel (B-1A).
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70. PLUG-IN MODELS OF 24-VOLT VOLTAGE
REGULATORS. a. General. In late models of air-
craft using -the high-output 24-volt system, the voltage
regulator and generator reverse-current relay switch are
installed as separate units. The voltage regulator plugs
into a standard panel socket or sub-base, so that it may
be easily removed for inspection or replacement. The
plug-in models are designed to control the voltage of
generators with an output of several hundred amperes
at 28 volts, and to provide regulation over a wide range
of generator speed and load (fig. 137).

b. Operating principles of field-rheostat voltage
regulator, The automatic field-rheostat type voltage
regulator does not use the vibrating contacts as discussed
in paragraph 66. One type of field-rheostat regulator
works on the principle of shorting out portions of a
tipped resistor (fig. 138). The General Electric and

REVERSE CURRENT
CuUT=-0uUT
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L

Figure 136. Typical 3-unit comtrol panel using borh voltage and current regulation.
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Figure 137. Voltageregulator sub-base with regulator

partially removed.

Westinghouse regulators operate on this principle. An-
other popular type regulator uses the variable resistance
of a carbon pile. A stack of carbon disks have a resis-
tance which varies with the mechanical pressure forcing
them together. The greater the pressure the less the
resistance (fig. 139).

(1) Tapped resistor voltage regulator. Two makes
of tapped resistor regulators are used by the Army Air
Forces, Westinghouse and General Electric (figs. 140 and
141). The principal difference between the two 1s in the
arrangement of the contacts. Both have the voltage of
the generator applied to an electromagnet which is fitted
with a movable regulating arm and balanced by a cali-
brated spring. Whenever the generator voltage is below
normal, the resistance of the resistor is short circuited
through the contact leaves or fingers. As the voltage
rises to normal, the electromagnet causes the movable
armature to open some of the contacts thus adding resis-

65



- : TO RELAY SWITCH
AND BUS :

[
I
i
L)
'
I
L]
L]
)
|
I
I
i
I
I
)
I
= I
I
i

|

1

ARMATURE Fi
F:

|

|

I

: TO _REGULATING MECHANISM

|: |
|

I

1

0
(]
z
>
0
-4
0
o
2
=
wi

T

igure 138, Reducing the resistance of a resistor by shorting-out tapped portions,

ADJUSTING
KNOB

ARMATURE

|
|

P

A

Figure 140. Westinghouse 24-volt voltage regulator. Figure 141. General Electric 24-volt voltage regulator.

66



= = ]

WA—a—A ,—.\—».,*, D E—

_\\\\ —

RESISTOR ASSEMBLY

e
A —<AW v—‘-’\f‘ﬁ"‘w—‘/_m_‘l_’\"\' W——AWA—gt— |

. '-

INSULATING BLOCK
ONTACT LEAVES

CALIBRATION
- SPRING

——_ ADJUSTING
— NUT

Figure 142. Detail drawing of Westinghouse 24-volt voltage

regulator showing fnternal circuits.

oA AT AN

-.'.‘.-_ci‘.t':?:,-\»\.'-{wﬁm-_&i'-;v.\'.-w,;uv—n

RE SISTOR ASSEMELY

= — |
CONTACT FINGERS
SILVER CONTACT
BAR

PVRTS" rincer !

7
-5-.-‘__‘_}:_
|
Po*tmh
COiLS 11

| S
EQUALIZING _+~
coiL

| :
| | | |Levem i
= Sl
) @ N [
BASE~_ / A Gl N =
~( 9, -0 )
\ Ll ® / |
L K GR_— |

Figure 143. Detail drawing of General Electric 24-volt voltage

regulator showing internal circuits.

b

SOLENOQOID CASE

CARBON PILE HOUSING:

FIXED RESISTOR

[RESISTANCE e

Figure 144. Delco-Remy 24-volt carbon-pile voltage regulator.

Figure 145. Eclipse 24-volt carbon-pile voltage regulator,

tance to the field circuit. To adjust the voltage of the
generator system the tension of the spring is increased
or decreased to Lorru]*omf to the desired voltage. The
detailed construction may be seen in figures 142 and 143,

(2) The carbon-pile voltage regulator. The carbon-
]1II€. voltage regulator also is used by the Army Air Forces
(fig. 144). The Delco-Remy, Leece Neville, and
[c]lp\{: are of this type and are similar in \0r1~{1'u(t1011
(fig. 145). General Electric and Westinghouse also
will soon produce carbon-pile-type voltage regulators.
In the Delco-Remy carbon-pile regulator, a group of
approximately 20 carbon disks and 21 graphite disks are
alternately placed in an insulating ceramic tube inside
of the carbon-pile housing which is fitted with fins to
radiate the heat. A solenoid arrangement regulates the
pressure of a spring on one end of the carbon disks (fig.
146). An insulated plate and adjusting screw which
makes a contact with the carbon-pile is mounted on the
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Figure 149. General Electric 24-volt relay switch.
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Leece-Neville 24-volt relay switch.
J

other ead of the carbon-pile housing. The other contact
with the carbon pile is made through the spring and
armature assembly. When the voltage of the generator
changes, the solenoid which is connected to the generator
varies the tension of the spring, thus changing the me-
chanical pressure on the disks. The disks, in turn, vary
the resistance in the field circuit of the generator. This
type of regulator is adjusted by means of a small rheostat
which increases or decreases the current flow in the regu-
lator solenoid.

71. PARALLELING CONTROLS. a. General. For
the successful operation of two or more generators con-
nected in parallel, it is essential that the generators share
the load equally. A very small increase of voltage in
one generator will cause the generator to supply the
greater part of the power. The load on a generator is
often referred to as ampere-load. The load or power
actually is measured in watts but because the voltage is
considered to be constant, the power is directly propor-
tional to the ampere output of the generator.

b. In order to distribute the load equally among the
generators, an equalizing coil is wound with the voltage
coil of the voltage regulator as shown in figures 143 and
146. The circuit of the equalizing system is shown in
figure 147. A fixed resistance is placed in the lead from
E to ground. The resistance of this lead will be such
that, when the generator is operating at full current out-
put, there will be a 0.5 volt (IR) drop between E and
the ground. The operation of the equalizing system de-
pends upon the IR drop in the separate ground leads.
The resistance in the ground lead may be put in the cir-
cuit by making the ground lead long enough to have the
required resistance, or special resistors may be used (fig.
148). In the installation of the auxiliary power plant
a piece of No. 8 nichrome wire approximately 414 inches
long is mounted between the negative brush and ground
for the equalizing resistor. The generator furnishing
the most power will have the greatest voltage (/R) drop
in its negative lead; the generator furnishing the least
power will have the »mn[lut voltage drop in its negative
lead. The point E of the generator supplying lhr: most
power will be at a lower potential than the correspond-
ing point E of the other generator, thus current will flow
Lhrough the equalizing system from E of generator No.

2 to E of generator No. 1. From the figure 147, it will
bc noticed that current will flow in the opposite direction
in the equalizing coil of regulator No. 2, than it does in
the equalizing coil of regulator No. 1; that is, the equal-
izing coil will aid the voltage coil of the regulator of
generator No. 1 and opposc the voltage coil of the regu-
lator of generator No. The effect will be that the
voltage of generator No. 1 will be low ered and the volt-
age of the other generator will be increased. The current
flow in the equalizing circuit thus tends to produce an
equal load division between generators.

72. 24-VOLT GENERATOR RELAY SWITCHES. a.
General. The generator relay switch performs the
same function in the high-output 25-volt system as the
reverse-current cut-out in the 12-volt system. It connects
the generator to the bus whenever the voltage becomes
26.5 == 0.05 volts and disconnects the generator from the



bus when the bus voltage exceeds that of the generator.
The relay switch uses a modified reverse-current cut-out
to operate a heavy relay which controls the bus circuit.
Another function of the relay switch is to break the gen-
erator circuit whenever the pilot wishes to disconnect the
generator from the bus. Rather than run a heavy lead
to the cockpit and use a large switch, the circuit is con-
trolled with a small switch in the relay or contactor-coil
circuit,

b. (1) The General Electric relay switch is shown in
figure 149. This switch incorporates a polarized relay
which will cause the main contacts to close whenever the
voltage of the generator becomes 26.5 -~ 0.05 volts. The
copper-oxide rectifier unit prevents the relay from closing
when the generator polarity is reversed. The polarized
relay also serves the same purposes with the result that
the rectifier’s main function is temperature compensation.
The polarization of the relay by means of a permanent
magnet also insures that the relay will open even on high
values of the reverse current which otherwise might re-
verse the magnetism of the voltage coil and hold the relay
closed.

(2) Whenever the generator voltage has reached
26.5 == 0.05 volts the polarized relay and switch connect
the generator to the contactor coil; thus the control circuit
is complete and the contact relay energized. The con-
tactor or relay is so constructed that two copper points
close first and open last; two silver points close last and
open first. This arrangement eliminates any arcing at
the silver points, thus insuring a good contact. In the
reverse process when the generator voltage drops below
the bus voltage, a series coil in the generator line will
neutralize the effect of the shunt or voltage coil on the
polarized relay. This will demagnetize the core of the
relay and the relay points will open. The opening of the
relay points will break the circuit of the contactor coil,
the contactor points will break the circuit of the contactor
coil, and the contactor points will then open and break
the generator circuit (fig. 150).

¢. The Leece-Neville relay switch is similar in con-
struction to the General Electric except for a few details
(fig. 151). The rectifier, instead of being a copper oxide
type, is a selenium oxide type. The shunt or voltage coil
of the polarized relay is connected somewhat differently

in that the current must also pass through the control
switch before the polarized relay points can close. The
contactor is very much the same as that used in the Gen-
eral Electric relay switch. It incorporates two sets of
points, one of which closes first and opens last to protect
a set of low-resistance points (fig. 152).

Figure 153.

Westinghouse 24-volt relay switch.
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Homelite HRU-28, 24-volr auxiliary power-plan: circuis.

PLUG

. S e e S e -
[ A STANDARD 1 | b
VOLTAGE REGULATOR i CONTROL BOX rq: A
= SUB BASE 1 7
e ) o
~ I D L 15 | | B
|_'[ T = 1 | "‘\
| ¥ I
e T B E P | S CONNECTOR
' | | | EQUALIZER =
i ENERATOR ' | FiLTER L
i ) i




VOLTAGE
REGULATOR

Figure 138,

d. The Westinghouse relay switch (fig. 153) is essen-
tially the same as the General Electric and Leece-Neville.
It uses a set of permanent magnets to gain its polarized
effects (fig. 154). From the figure, it can be seen that
the current passing one way will magnetize the movable
bar and cause it to be attracted to the south pole (where
the contacts are located). A current passing through the
current winding will neutralize the effects of the voltage
winding which is acting to hold the bar against the con-
tacts at the south pole and the spring will then pull the
bar to the stop at the north pole position, opening the
contacts. The circuit of the Westinghouse relay switch
is shown in figure 155. The contactor is essentially the
same except for a slightly different arrangement of the
contact points. Instead of using two points to break the
circuit, a rocker-type contact is used. Contacts are made
and broken at the beginning and end of the movement
of the armature. Hence, only the end of the point is
subjected to the arc.

73. AUXILIARY POWER PLANT. a. General. The
purpose of the auxiliary power plant (fig. 156) is to
serve as a source of electric power for storage battery
charging and for the testing of electrical aircraft equip-

ment while the airplane is on the ground. It may also
be used as an auxiliary source of electrical power at low
altitudes in case of an emergency. (The Homelite auxil-
fary power plant is limited in output at altitude above
5,00 feet and should only be used for limited periods of
time or in the event of emergencies.) The auxiliary
power plant is sometimes mounted in the airplane and
connected to the airplane's electrical system. The auxiliary
power plant consists of a gasoline engine coupled directly
to the generator. The \Oltig_,i_ output of the generator is
reguls i‘u] by a standard voltage regulator. The generator
furnished with Homelite auxiliary power units is usually
a standard aircraft model and replacements can be drawn
from stock.

Smg le-engine
o (-3

IGNITION
SWITCH

The gasoline engine is a

b. Engines.

cooled engine.

2-cycle air-
The speed of the engine is controlled by
a governor which regulates the fuel and air mixture en-

tering the engine’s cylinder. The ignition system consists
of a h]Lh tension m: agneto and a \}wuk plug in the cylin-
der head. Lubrication of the engine is pin_n\idu{ E\} the
mixing of crankcase oil with the fuel. The engine is
Lr'llll\‘.d by motorizing the generator or with a “rope-
t}pc starter.

¢. Generator. The generator is of a special design
and is connected directly to the crankshaft of the engine.
In order to make the generator an electric motor of suffi-
cient torque to crank the engine, a novel arrangement of
a series field is incor purltui in thL generator. When the
starter switch is closed the series field circuit is connected
to the battery and the generator normally operates as a
simple, shunt generator.

d. Voltage regulator. The voltage regulator of
the power plant is the standard Army Air Forces design.
The standard sub-Base is mounted on the generator and
any 24-volt voltage regulator available may be J'{".u“]}-’
attached. The reverse-current relay is of a :\']‘.L'L'i.l[ ij;n.
A diagram of the generator system is shown in figure 157

74. COMPLETE GENERATOR SYSTEM. a. In the
present Army Air Forces airplane, the electrical system
provides power for many of the airplane accessories and
armament. Without the electrical system, the propellers,
fuel pumps, radio, landing gear, lights, turrets,
ments, etc., would in many cases be inoperative.
sequently, the electrical system must be in working order.

b. The source of electrical power is the generator.
The airplane du_1ru'_:1] system 15 so designed that the
electrical Toad necessary for flight can be carried by one-
half of the generators on the .air}*] aine. The ]mr]n"'m of
the battery is to provide power for starting the engines
on the Il'rmmd and for testing the electrical system. The
only time it is needed in the air is to furnish power for
short heavy intermittent loads. The auxiliary power plant

arma-
Con-
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(if installed) provides power for starting the engines on
the ground, ground testing, and emergency power at low
altitudes.

¢. The electrical system of a single engine airplane
uses a generator regulator and relay switch; a diagram of
this system is shown in figure 158,

d. The complete system, as used on a large airplane
or a multi-engine airplane, is shown in figure 159. This
figure shows the main bus connected to the generator
system, auxiliary power plant, battery circuit and ex-
ternal power connection. The generating units and the
circuit are identical to the single-engine installation ex-
cept the generators are connected in parallel and a suit-
able device is used to evenly divide the load among
individual generators.

75. SYSTEM ADJUSTMENTS. a. General. The ad-
justments of the power system are chiefly to set the volt-
age regulators so that the generators will produce a
constant voltage of 28 volts and to adjust the relay switch
to close the circuit of the generators at approximately 26
to 261/ volts,

b. Voltage regulator. The voltage regulator is a
precision device, will not withstand rough treatment, and
must be handled with care. The adjustment procedure
for the Army Air Forces voltage regulator, given in detail
in TO 03-5-39, must be followed with care. This pro-
cedure is briefly as follows:

(1) Use a precision-type portable voltmeter, figure
160, 0-30 volt scale. This voltmeter must be handled
carefully as it will not maintain its accuracy under con-
ditions of mishandling, vibration, or shock.

(2) Place all generator switches located on the gener-
ator instrument panel in the “0” position.

(3) Start all engines which have generators and allow
them to warm up for the period necessary to bring en-
gines to operating temperature,

Figure 160. Precision voltmeter used in’ setting voltage

regulators and relay switches,

- ADJUSTING NUT

Figure 161.

Adjusting General Electric 24-vols
voltage regulator.

Figure 162, Adjusting Westinghouse 24-volt voltage regulator.

(4) Connect the negative terminal of voltmeter to the
metal structure of airplane and the positive terminal to
the B terminal of the voltage regulator (or to the general
terminal of the relay switch).

(5) Increase to 1,800 r.p.m. the speed of the engine
having the generator and voltage regulator being checked.
Keep remaining engines, if a multi-engine airplane, at
idling speed.

(6) If voltmeter does not indicate 28 volts, adjust
the voltage regulator until voltmeter reads 28 volts by
adjusting the spring tension on the armature in the case
of General Electric, figure 161, and Westinghouse,
figure 162, regulators by means of adjusting nut. In the
case of the carbon-pile regulator adjustment is made by
turning the small knob, figure 163, which changes the
resistance of the voltage-coil circuit. After regulator is
adjusted, reduce the speed of the engine to idling.

(7) On a multi-engine airplane, repeat the procedure
outline for each voltage regulator including the voltage
regulator of the auxiliary power plant,

(8) After the voltage regulator of all the generators
on an airplane have been adjusted to produce a voltage
of 28 volts, it is necessary to check to see if the generators
share the load equally. This is done with the aid of a
paralleling system (see TO 03-5-39). Close the gener-
ator main-line switches and equalizing switches (if pro-
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ADJUSTING
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Figure 163. Adjusting Delco-Remy 24-volt voltage regulator.
vided) and run the engines up to approximately 1,800
r.p.m.; the autosyn instrument inverter should be turned
on to provide a Joad, all other loads such as radio, lights,
etc., being off.

(9) Check ammeter reading which should be steady
and alike. Variation between ammeters should not ex-
ceed 3 amperes, If unbalance is severe, lower the high
reading by adjusting the corresponding voltage regulator
downward.

(10) Apply heavy load by closing switches for light-
ing equipment, inverters, and radio equipment. Check
ammeter readings again; they should be steady and nearly
alike. If the highest is no more than 20 amperes higher
than the lowest, the setting is satisfactory.

(11) Should amperage difference be more than 20
amperes, check the following: paralleling, wiring, and
regulators.

(12) If possible, all paralleling adjustments be made
with the generator system warm and not while the com-
ponent units are cold.

¢. Relay. (1) The reverse-current relay should
never be manually closed by pressing the contacts to-
gether as serious damage to the relay, the electrical sys-
tem, and to the individual closing the contacts may’ result.
Where possible, when a relay is removed, it should be
replaced by a relay of the same type.

ADJUSTING NUT

Figure 164. Adjusting Leece-Neville 24-volt relay switch,

76

(2) The adjustment procedure for a relay switch is te
set the relay switch to close at between 26 and 26.5 volts.
This is done as follows:

(2) Connect voltmeter in the same manner as for ad-
justment of the voltage regulator (see b above). Place
the generator switch on the instrument panel in the "0”
position. Slowly increase the speed of the engine on
which the generator whose circuit is being checked is
installed until a current reading is noted on the ammeter
on the instrument panel. The voltmeter reading will
show a slight drop as the relay closes. The voltage just
before the relay closes is the relay closing voltage, It
should be between 26 and 26.5 volts. If it is different
from that value, the relay should be adjusted or, if ad-
justing equipment is not available, replaced.

(4) Adjustment of the closing voltage of a Leece-
Neville relay (figure 164) is made by turning a small
slotted nut near the generator terminal. This nut con-
trols the tension on the small spring. Adjustment in the
case of the General Electric relay (fig. 165) is accom-

Figure 165. Adjusting General Electric 24-volt relay switch,

plished by turning a small screw in a spring clip imme-
diately above the name plate. Adjustment of the West-
inghouse relay is accomplished by turning a small screw
with a screw driver to adjust the position of the armature
inside the small coil. See TO 03-5-39 for details on
adjusting relays, A differential type of relay switch will
soon be placed in service which will require no adjust-
ment ; this fact will be noted on the nameplate.

(¢) After the relay has been adjusted, the reverse-
current value of each relay should be checked as follows,
With the battery switches, operate engine so that the am-
meter shows current output from generator, Slowly re-
duce engine r.p.m. Ammeter reading will decrease to
zero and then begin to read in reverse direction, Note
current reading just before the ammeter pointer returns
to zero; this reading should be between 8 and 20 am-
peres. If the pointer does not immediately return to 0,
advance the throttle until the ammeter shows a small
current output from the generator, open main-line switch,
and stop engine. In such cases, the relay is probably
improperly adjusted and should be checked and replaced
if necessary.
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Frgure 166,

76. SYSTEM TROUBLE SHOOTING. a. Trouble
shooting is the locating of the exact cause of the system's
fatlure to function properly. The generator operates in
connection with a voltage regulator and current-relay
switch. Thus the failure of the system to deliver power
to the bus can be caused by one of the three units or the
wiring svstem connecting them, In trouble shooting a
small sketch of the system’s circuits will often help in
finding the faults. Faults in the electrical power system
and the probable causes are listed in the following out-
line:

(1) Generator produces no voltage.

(a) Voltmeter lead may be broken.

(&) Generator should be flashed.

(¢) Commutator should be cleaned.

(4) Generator should be replaced.

(2) Generator produces approximately 2 volts or
“residual” voltage.

(4) Voltage regulator does not allow sufficient field
current to “build up” voltage.

(6) Field lead to regulator A terminal is open.

(¢) Generator field circuit is open. Replace generator,

(3) Generator produces high voltage.

(@) Regulator is set too high.

(&) Regulator is inoperative, causing excessive field
current. Replace voltage regulator. Causes may be:

1. Dash pot stuck.
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2. Voltage control coil open.
3. Contacts welded.
(¢) Field lead A is shorted to generator positive
within generator, at connector, or in wiring system.
(4) Generator delivers no current. Causes may be:
Main-line switch open.
+ Generator main-line circuit open.
Relay switch closing voltage set too high.
. Reversed connections at generator. Relay
switch is polarized so it will not close on
a reversed voltage,
Ammeter leads broken.
Relay switch inoperative, requiring replace-
ment.
7. Generator circuit open at either positive B or
negative E side,
8. Circuit protector open.
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Frgure 168.

77. MAINTENANCE OF GENERATOR SYSTEM. a.
Generator. (1) In the case where no voltage is pro-
duced by the generator, remove the voltage regulator
and with the engine running at approximately 1,800
r.p.m. short circuit the A and B terminals at the sub-base
(fig. 167). If this test gives excessive voltage it indi-
cates that the generator is not at fault but that the trouble
lies in the voltage regulator.

(2) If this test fails to produce a voltage the generator
field may have lost its residual magnetism. To restore
residual magnetism the field may be flashed by connect-
ing the A terminal of the regulator base (with-regulator
removed) to a source of battery voltage at a junction box
or bus (fig. 168) (engine running at 1,800 r.p.m.).
Again connect A to B as in (1) above and if still no
voltage is produced, check the leads for continuity, shorts,
and grounds. If the generator is so located that the
brushes and commutator can be in.‘;}k’(:tcd. they should be
checked for proper condition as specified in Technical
Orders. If necessary replace brushes and clean the com-
mutator. If the generator is so located that it cannot be
serviced remove it from the airplane.

(3) After removal, disassemble the generator and
check the field, armature, brushes, and commutator,
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(4) Check the field for opens, shorts, and grounds.
The resistance of the field as measured with an ohmmeter
should be from 1 to 7 ohms depending upon the type
of generator (fig. 169)

(b) Check the armature visually for such troubles as
burned insulation, unsoldered connections, dirty com-
mutator, high mica, etc. Check the armature in a growler
for shorts by placing the core of the armature in the
V-slot as shown in figure 170. Explore the armature
core with a hacksaw blade keeping the blade on top and
rotating the armature. Since the armature is wound
symmetrically, the blade will be attracted with the same
force by a good armature regardless of its position. On
the other hand, a shorted armature coil will cause a place
of stronger attraction. Check with a continuity light be-
tween commutator and shaft for grounded armature coils,

(¢) Check the brushes for length and general condi-
tion. Particular care should be given to generator brushes
when working with airplanes used for h:gh altitude fly-
ing. Consult Technical Orders on the specific generator
tor correct brushes. Use only the ;urmmn;hh’i brushes.
New brushes should be sc;ltcd with No. 000 or finer sand-
paper (fig. 171). Consult Technical Order on proper
brush spring tension.

(d) Clean commutator with No. 000 or finer sand-
paper and blow out with compressed air blast. Replace
armature if burnt.

(¢) Check for high mica (fig. 172).

(f) Check for dirt and oil in the generator. Blow
out any dirt with compressed air. If oil is found in the
generator check oil seal.

(g) No lubrication of the generator is required be-
tween overhauls. Do not attempt to lubricate; consult
Technical Orders.

b. Voltage regulator. (1) If the generator is
generating the proper voltage, the generator and voltage
regulator are not at fault.

(2) Maintenance of the voltage regulator will con-
sist of keeping it clean.

(3) Particular care should be taken with the finger
and leaf-type regulators not to bend the fingers or leaves.

NO. 000 SANDPAPER

(SAND SIDE NEXT TO BRUSH)




MICA PROPERLY UNDERCUT

HIGH MICA, NO CONNECTION
WITH COMMUTATOR

ith proper under cut of mica

The contacts should be kept clean and in case of burned
contacts the finger or leaf assembly should be replaced.
Consult Technical Orders on the seryicing operations.

c. Generator relay switch. (1) Generator relay
switch may be defective in that it will not disconnect the
generator from the bus when the generator switch is
0[&'1’!(1!. This can be &!cll::_'icd |\ a !'L;ldfng on the am-

meter with the engine running above 1,800 r.p.m. with
the generator switch opened or a reverse reading on the
ammeter when the engine is idling or stopped. This
condition may be caused by:

(a) Welded contacts.

(4) Shorted leads.

(¢) Broken contactor armature spring.

(2) A defective relay may be the cause of a generator
not delivering power to the bus. This condition will be
indicated by a normal voltage reading and a zero ammeter
reading.

(@) Make sure the generator switch is closed.

(&) Check all cables leading to and from the switch
relay.

(¢) Check the ammeter leads.

(d) Check with Technical Orders for methods of
cleaning contact points.

d. Auxiliary power plant. (1) The maintenance
of the voltage regulator of the auxiliary power plant is
the same as the regulator on the main engine-generator
system.

(2) The maintenance of the auxiliary power-plant
will be done in the same manner as outlined for the main
engine generators. The bearing on the generator end is
grease im'\'kuf and requires no lubrication between over-
hauls.

(3) In regard to the auxiliary power-plant engine,
care must be taken to mix the oil and gasoline properly
by actual stirring of the mixture. The engine must be
properly checked for carbon deposits, as carbon deposited
on the spark plugs will cause a short. Carbon will also
build up in the valve port, closing off the port to the
exhaust gases. Check the Technical Order covering the
individual power plant for detail inspections and IL-}\;lEr
LJpL-:':L{l(mﬁ,
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SECTION X

IGNITION SYSTEMS

78. GENERAL. o, When a mixture of fuel-vapor
and air is admitted into a cylinder and compressed, the
next event in the cycle of engine operation is the ignition
of the compressed charge at the proper moment. Even
and complete combustion is obtained conveniently by
means of electric sparks which are made to occur be-
tween the electrodes of spark plugs installed in the cylin-
der head or combustion chamber of the cylinder (fig.

173).
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Figure 173. Compressing and igniting the fuel charge.

b. An electrical ignition system furnishes sparks peri-
odically to each cylinder at a certain position of piston
and valye travel. The essential parts of such a system are
a source of high voltage, a timing device to cause the

T RIGID SHIELDWG-/—; ]

L .

Figure 174, Flexible and rigid shielding.
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high-voltage source to function at the set position of pis-
ton travel, a distributing mechanism to route the high
voltage to the various cylinders in the proper sequence,
spark plugs to conduct the high voltage into the cylinders
and produce ignition of the fuel mixture, control
switches, and the necessary wiring. The source of high
voltage may be either a magneto driven by the engine or
an induction coil connected to a battery ‘or generator.

c. All parts of the ignition system are enclosed in
flexible or rigid metal covering called shielding (fig.
174). The shielding “receives” and "' grounds-out” elec-
trical radiations coming from the ignition system which
would otherwise produce electrical interference (noise)
in radio equipment installed in the aircraft.

79. MAGNETO IGNITION. a. General. The mag-
neto is regularly used as the source of high voltage in
modern aircraft ignition systems. In starting an engine,
the starter turns the engine over too slowly to permit the
magneto to operate. Hence, a booster coil or vibrating
interrupter is required to generate the required voltage.
On small aircraft engines a starter impulse coupling is
used; this device is a spring-like mechanical linkage be-
tween the engine and magneto shafts which will “wind
up” and “let go™ at just the right moment to spin the
magneto shaft and thus provide the necessary high volt-
age. The “winding up” process also serves to retard the
spark a predetermined amount to prevent backfiring.

b. The essential parts of a typical magneto ignition
system, for a single engine, are shown in figure 175. For
better engine performance and safety two identical but
independent ignition systems are used. The magnetos,
which are identical, may be “turned on” separately (for
testing) or both at the same time (normal operation)
by means of an ignition switch. In figure 175, one mag-
neto is shown assembled and the other with the essential
parts exposed. When the magnet (rotor) of either
magneto is revolved, the cam on the end of the shaft
periodically opens the breaker contact points. It is when
the points first open that the high voltage is set up in
the secondary coil and the spark occurs. The voltage in-
duced in the secondary is applied to the leading electrode
of the distributor rotor which is properly geared to the
magneto; then the high voltage is supplied to each dis-
tributor electrode at the proper moment. The distributor
finger does not touch the electrodes but passes by them
with a small clearance. The high voltage must break
down two gaps in series, one in the distributor and the
other in the spark plug. The magneto is capable of de-
veloping sufficient voltage to do this. The high voltage
is conducted from the distributor electrodes to the spark




@ Essential

= \GNITION
SWITCH

» - > o '
/ I typical magneto 1 ton syskem
meorporating a booster coil for rtarting

PRIMARY _L |
CONDENSER | |

BREAKER
CONTACT /
POINTS -

CAM—

BOOSTER J

“‘;MN?
= e
7

Essential parts of magneto system jncorporating an induction

ZIGNITION MANIFOLD

STARTER
SWITCH

STARTER
ENGAGING
SOLENOID
STARTER
VIBRATOR
SWITCH MAGNETO
CAM-

Fignre 175,

81




plugs by well-insulated wire in flexible metal conduit and
a non-flexible metallic ignition manifold, referred to as
the “ignition harness’ (hig. 176). High voltage may be
wpphcd during cranking by an ignition booster which
is attached to onI} one of the magnetos. This ignition
booster may be in the form of a booster coil or an induc-
tion vibrator. The high-voltage output of a booster coil
is carried through a separate terminal and a collector ring
on the distributor finger to an electrode which trails the
regular or running e lLLlIU&L, thereby retarding the spark
for starting. The pulsating low-voltage output of an
induction vibrator is carried through the primary ground-
ing terminal to the primary winding of the magneto coil,
thereby utilizing the magneto coil for transformation to
high voltages. Distributor fingers in induction vibrator
systems incorporate only one electrode because the mag-
neto coil secondary is the source of high voltage for both
starting and running,

In figure 177 is shown a wiring diagram of the
magneto ignition system. The functions of the various
units are discussed in the following paragraphs.
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80. CONSTRUCTION FEATURES OF TYPICAL MAG-
NETOS. a. Magnetic circuit. The magnetic circuit
of the magneto may be designed in several different ways.
One system uses rotating permanent magnets; 2, 4 and
even 8 magnetic poles may be incorporated (fig. 178).

ductors which complete the magnetic circuit through the
coil core by two different paths thus giving the flux of
the magnet two directions through the coil core (figure
179). The latter type is called the inductor rotor and
the former the rotating-magnet type.

(@) Two PoLE

Figure 178. Arrangement o)

These magnets are made of Alnico material, which is an
alloy of iron, aluminum, nickel, and cobalt and will retain
their magnetism for a long period of time. The magnets
rotate under pole pieces which complete a magnetic circuit
through a coil core. Another type of magneto uses sta-
tionary permanent magnets and a system of rotating in-
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Figure 179. Inductor rotor type magneto,
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magneto magnet poles.

b. Coil assembly. The coil assembly consists of a
laminated soft iron core around which is wound a primary
and secondary coil. The coil is covered with a case of
hard rubber, bakelite, or varnished cambric. The pri-
mary condenser may be encased with the coil. The ends
of the core extend beyond either end of the coil assembly
and are fastened on top of the poleshoe extensions with
screws and clamps. One end of the primary is usually
internally connected to a coil-assembly primary terminal.
On some models connection is made to this terminal by
a spring contact; late models make the connection to this
terminal by means of a copper strap. One end of the
strap is connected to the primary terminal while the other
end is connected to the movable contact point of the
breaker assembly. The primary terminal, to which one
side of the condenser must be connected, is located where
a spring contact from the ignition-switch terminal of the
magneto may press against it. The underground end of
the secondary makes electrical contact with the distributor
rotor.

c. Distributor. The distributor rotor is a device
which distributes the high-voltage current to the various
connections of the distributor block. This rotor may be
in the form of a disk, drum, or finger arrangement | fig.
180). Also the distributor rotor may contain either
one or two distributing electrodes. The leading
electrode, which obtains high voltage from the magneto

FINGER

2% DRUM : - i

Figure 180. Typer of distributor rotors,
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secondary, makes its connection with the secondary
through the shaft of the rotor. The trailing electrode
obtains a high-tension voltage from the booster, by means
of a collector ring mounted either on the stationary dis-
tributor block or on the rotor itself. The numbers on
the distributor block mark the magneto sparking order
and do not represent the firing order of the engine. The
distributor-block position marked 1" is connected to
No. 1 cylinder; distributor-block position marked 2" to
the second cylinder to be fired; distributor-block pesition
marked 3" to the third cylinder to be fired, etc. One
end of an ignition wire is cut off squarely and washer ® Two-LOBE cAM (@ FOUR-LOBE caM
and spacing sleeve are installed. The wire is then forced
into the proper distributor-block hole (fig. 181) until it
butts up against the bottom and is then fastened with
a piercing screw driven through the insulation into the
wire thus making good electrical contact. The other end
is connected to the spark plug with a special fitting,

® EIGHT-LOBE caM (@ COMPENSATED 14-LOBE CAM

Figure 182. Pivatless-type breaker assemblies,

LEADS

Figure 181. Ignition wires fitted into distributor block holes.

d. Breaker assembly. (1) The cam on the end of
the magnet shaft (except a compensated cam) has as
many lobes as there are poles on the magnet. The num-
ber of high-voltage impulses produced per revolution of
the magnet, is equal, therefore, to the number of poles.
The number of cylinder firings per complete revolution
of the engine is equal to one-half the number of engine
cylinders, Therefore the ratio of the magneto-shaft
speed to that of the engine crankshaft is equal to the
number of cylinders divided by twice the number of poles
on the rotating magnet. Earlier models (lever-type
breaker) have a movable contact point mounted on a
pivot arm and are actuated by a cam follower. In the
modern, pivotless-type breaker assembly, the movable
point is mounted on a spring (fig. 182). The points
are made of platinum-iridium alloy. A frosty appearance
of the points indicates that they are in good working
condition. The cam is lubricated by means of a felt oil
]\.:td which rides on the cam on older models, and by a
plunger type oiler on later models. The plunger-type
oiler does not ride the cam, but is depressed at designated CYLINDER 6 AT TOP DEAD, CENTER
inspection pcriods. Figure 183. Top dead-center variations of pistons.

CYLINDER 1 AT TOP DEAD CENTER

84




(2) Magnetos used with radial engines may be
cquipred with a compensated cam (one lobe for each
cylinder). In this type of cam, the lobes are ground at
unequal intervals to compensate for the top dead-center
variations of each piston due to master and connecting
rod design (fig. 183).

e. Condensers. The primary condenser is always
connected across the points. It may be of several differ-
ent shapes—round, flat, or square. It may be located
in the breaker housing with the breaker points, on top
of the coil, or in the coil housing. Whenever a xccomiary
condenser is used, that is, a condenser in series with the
secondary wiring, it is located internally in the coil form
or in the distributor rotor.

Figure 184. Cutaway
f. Shielding and coil cover. The magneto has a
metallic cover which is made of a non-magnetic material;
the cover joints are tightly fitted to prevent moisture and
dirt from entering. The purpose of this metallic shield-
ing is to prevent the ignition system from interfering
with the radio circuits. Fittings are provided on the
magneto to attach a shielded ignition harness so that the
cables may be completely covered. Ventilation is pro-
vided to remove condensation and corrosive gases formed
by the arcing in the housing

81. TYPES OF MAGNETOS. a. Magnetos are built
in a number of different types. A cutaway of one of the
common types is shown in figure 184. The design of
(L'if.('h [\PL, d‘.’PC’ﬂﬂ.{S UPOE] f]IL‘ p;il’[‘i.’_u].‘xt rf.'(‘]l.]il'l.‘l]‘.l'_'[]!ﬁ ot
the aircraft engine on which it is to be used, In the
Army Air Forces, one type of magneto can often be used
on a number of different engines.

b. Magnetos are built in single and double types. The
double types consist of two magnets (fig. 185). The
double-type magneto contains two sets of breaker points;
therefore, an equal number of sparks will be produced

by each coil assembly per revolution of the magneto drive
shaft. The high voltage is distributed by two distributors
mounted elsewhere on the engine. The double-type
magneto 1s generally used on “in-line” engines. A
double magneto is also designed for use on radial engines.
This magneto is basically the same design as the double
magneto used on “in-line” engines except that two com-
pensated cams are added on some installations.

c. A base-mounted magneto is attached to a bracket on
the engine by means of cap screws which pass through the
bracket and into tapped holes in the base of the magneto
(fig. 186). A flange-mounted magneto is attached to
the engine by means of a flange on the magneto (fig.
187). The holes in the flange are slots which permit a

DISTRIBUTOR ROTOR - &
CONDENSER

BREAKER CAM

BREAKER
POINTS ’

rew of Bosch magneto.

slight adjustment, by rotation, in timing the magneto
with the engine. The single-type magneto may be either
base or flange mounted; the double-type magneto is al-
ways flange mounted.

d. The various types and models of standard aircraft
magnetos are designated by letters and numbers which
describe the magneto as follows:

Place in
! esignation Symbol Description
BRISE: . oo S el RETE HhYDE
| IO B 1o 1115) (< L}'[‘L‘
Second .......B ..Base mounted
B e I lange  mounted
Thipdigeh = S 9, 12, 14, etc....Number of distributor
electrodes
Fourth ... R A e Clockwise rotation
(from drive-shaft
end)
| D el Counterclockwise rota-
tion (from drive-

shaft end)
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Place in Example: The type DFISRN (fig. 188) is a double-

Yype designation Symbol i De SR type magneto, flange mounted for use on an 18-cylinder
B Gt e e N ETAL dSIEEEERE : . e pe ae e S : :
N cintilla engine. It is designed for clockwise rotation and is made
AN L 4 E . - = “ . .
A Delco Appliance by Scintilla. An additional number or letter in the type
0 B e .Bosch designation such as Iu following a dash, denotes that
C wrDelco — Bemy  (Bosch some change or new feature has been incorporated in the
: “1“""’\“{‘ ) - magneto.
D .Edison-Splitdorf s
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Figure 185. Double-type magneto cutaway and wiving diagram.
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82. INTERNAL TIMING OF MAGNETOS. The man-
ufacturer determines, for each model of magneto, how
many degrees beyond the neutral position a pole of the
rotor magnet should be in order to ‘result in the strongest
spark at the instant of breaker-point separation. This
angular displacement from the neutral position, known
as the E-gap angle, varies from 5 to 17 degrees depending
upon the model. The rotating magnet will be in the
E-gap position as many times per revolution as there are
poles. A step is cut on the end of the breaker cam for
internal timing of the magneto. When a straight-edge,
laid across the step, coincides with the timing marks on
the rim of the breaker housing, the magnet rotor is then
in the E-gap position and the breaker contact points
should be just opening (fig. 189). In a compensated

o

Figure 187. Mounting a flange-type magneto.
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cam, the cam may be put on in such a way that the step
or timing marks will not mean E-gap position. An ap-
proved timing light or synchronizer is used to determine
when the points have opened. An approved synchronizer
and its circuit is shown in figure 190, When the points
close, most of the current will flow through the points
and not through the transformers; therefore, the light
will not burn. When the points break the circuit, current
flows through the transformer and the light will burn.
The two magnetos are synchronized by this device. In
adjusting the points, the technical order for each type of
magneto should be consulted. In one common type of
magneto, the points are adjusted by loosening two lock
screws (fig. 191) and turning a third (eccentric screw)
which raises and lowers the contact-point bracket. On
all double magnetos, particular care should be taken to
get the distributor finger in line with the correct seg-
ment. A finger not in line at the time of firing will
increase the possibility of a "flash-over” in the distributor.

83. IGNITION BOOSTERS. a. A booster coil is a
small induction coil (fig. 192). The booster coil has
three terminals which, in figure 193 are marked G, B
and HY/. Terminal G is grounded while B is connected
through the starter switch to the distribution bus for
battery power. The B terminal connection may be
routed through the magneto safety ignition switch, then
the booster coil will remain inoperative, even if the
starter switch is closed, until the magneto switch is placed
in the “on” position. The terminal HI is connected to
the trailing finger of one magneto distributor rotor.
Later type coils for use on airplanes having one-wire
electrical systems do not incorporate a “G"” terminal.
When battery voltage is applied to the coil, magnetism
develops in the core until the magnetic force on the
soft-iron armature, mounted on the vibrator, overcomes
the spring tension and attracts the armature toward the

core. This opens the contact points and the primary
circuit which demagnetizes the core and allows the spring
to reclose the contact points and complete the circuit.
The armature vibrates rapidly, breaking and making the
primary circuit as long as the battery voltage is applied
to the booster coil. The booster coil generates high
voltage by the same process as the ignition coil. This
process is described in detail in paragraph 84.

b. The induction-vibrator starting coil is a source of
interrupted Jow voltage for the magneto primary coil
which induces a high voltage in the secondary for starting.
This use of the vibrator eliminates the present booster
coil and its high-tension leads and conduit. The advan-
tage of the vibrator is that the magneto, without the
booster finger, is less liable to “flash-over” gt high
altitudes (fig. 194).

(1) Operation. The vibrator supplies an interrupted
battery current through the primary winding of the regu-
lar magneto coil. This coil then acts like a battery
ignition coil, producing high-tension impulses which are
distributed through the distributor rotor, distributor
block, and cables to the spark plugs. This action occurs
during the entire period that the magneto contact points
are open. While these points are closed, no spark can
be generated, although the vibrator continues to send
interrupted current impulses through the magneto con-
tact points with no harm to itsclf or any other part of
the system,

(2) When the engine ignition switch is in the “on"
position and the starter is engaged, the current from the
battery is sent through the coil of the relay, causing the
relay points to close (fig. 195). The ("lusing of the
relay points completes the circuit to the vibrator coil, and
the vibrator produces a rapidly interrupted current. This
current is sent through the primary winding of the mag-
neto coil. High voltage is created in the secondary wind-
ing of the magneto coil by induction. This produces
high-tension sparks. When the magneto contact points
are opened, the sparks are delivered to the spark plugs
through the magneto distributor-block electrodes. This

Figure 192, A booster coil.
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action is repeated each time the magneto contact points
are separated, sending the interrupted current again
through the primary of the magneto coil, where the action
outlined occurs again. This action continues until the
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Diagram of ignition booster coil.

engine is firing under the regular magneto spark and the
engaging starter is released.

¢. The vibrator automatically starts to function when
the switch is in the "on” position and the starter is en-

gaged. It ceases to function when the starter is dis-
engaged. Hence, no special operating instructions are
necessary.

84. BATTERY IGNITION. In the type of electrical ig-
nition referred to as battery ignition, an ignition coil,
energized by a battery or generator, is employed as the
source of high voltage. The other elements in the system
are identical to those of the magneto ignition system
except for the omission of a booster, which is not required
since the system does not depend upon rotational speed
of the magneto. A representative battery ignition
system is shown in figure 196. The ignition coil does
not possess a mechanical vibrator. A cam, with several
flat surfaces, is geared to the engine shaft. A cam fol-
lower opens a pair of contact points and breaks the
primary circuit each time a spark is required. Either
manual or automatic control of the breaker mechanism
may be provided for advancing or retarding the spark.
Since the voltage which is applied to the primary by the
battery always has the same direction. the polarity of the
high-voltage impulses is always the same. This is in
marked contrast to the output of a magneto; the high
voltage impulses of a magneto alternate in direction.
However, the heat of the spark created in the gap be-
tween the spark-plug electrodes to ignite the fuel, is
independent of the polarity of the high voltage,

85. IGNITION SWITCHES. a. Control of ignition
units, separately and in all necessary combinations, is
provided at one point in the coc kpit by the ignition
switch. The ignition control switch for a magento func-
tions oppositely from a switch which controls a battery-
operated ignition unit, When a battery ignition unit is
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() FRONT

RIGHT MAG OFF LEFT MAQG ON
BATTERY CIRCUIT OPEN

STORACE BATTERY

RIGHT MAG. ON

R MAG,

SAFETY BUS
(BoosTER)]

LEFT MAG. OFF
BATTERY CIRCUIT OPEN

BOTH MAGNETOS ON
BATTERY CIRCUIT CLOSED

@  INTERNAL SWITCH

When the con-
pleted and the
1gnition unit is operative. The control switch for a mag-
neto is connected in parallel with the breaker points. In
the “off"" position, the switch is closed, thereby short-
breaker points. Thus, the magneto is in-
operative because no inrcrrui\[iun_\' of primary current
occur even though the breaker points are successively
opened and closed. When the control switch is in the
“on” position the switch is open; the magneto is then
operative because the primary current is interrupted by
the action of the breaker point.

inoperative, the control switch is open.

trol switch 1s closed, the circuit is cor

circuiting t
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POSITIONS

magnelo rgnition swikch.

BOTH MAGNETOS OFF
BATTERY CIRCUIT OPEN

(REAR VIEW)

b. A switch used in connection with a single-engine
ignition system will control the two magnetos and the
battery circuit. One type of
switch (A-8) has four positions—"'off,” “left,” “right,”
and “both™ (fig. 197). With this switch in the “off”
position, both the magnetos are grounded and the battery
Circuit o

single-engine ignition

en. In the “left” position, only the left magneto
is operative and the battery circuit is open. In the ‘right'
position only the right magneto is operative. In the
“both™ position both magnetos are operative and the
battery circuit is completed.  Another type of single-
engine ignition switch (A-9) has five positions— "off,”




“battery,” “left,” "right,” and “both™ (fg. 198). This
switch is similar in appearance to the other single-engine
ignition switch, Its battery circuit, however, can be com-
pleted individually and it remains ""on" when the switch
is in the "left,” “right,” and “both” positions.

c¢. The twin-engine magneto ignition switch (fig. 199)
provides independent control of each magneto on each
engine. In addition, it includes an emergency safety
switch which, in the “off” position, grounds all magneto
primaries and opens the battery circuit leading to the bat-
tery relay. The switch must be placed in the "'on" posi-
tion before the engines can be started. The terminal con-
nections at the rear of the switch are shown in figure 200.

d. The basic functioning of the A—2A-10 twin-engine
ignition switch is the same for the other types of twin-
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Figure 198.

Single-engine magneto ignition switch A-9.
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engine ignition switches. However, this switch, which
is déﬁ.l}\pc.aring from use, operates in a slightly different
manner. The A-2A-10 emergency safety switch is of
the push-pull type instead of the toggle type utilized in
other models. In addition, the individual magneto switch
levers both move in a clockwise direction from "off”" to
“both” positions instead of moving in opposite directions
as in the case of other twin-engine switches.

ok

86. IGNITION-SYSTEM WIRING. a. Low-tension
wiring. The low-tension wiring used on a magneto
consists of a single conductor from the primary coil to
the ignition switch. This wire is always shielded and is
taken through the fire wall with a connector plug. The
connector plug is often of a special design which auto-
matically grounds the magnetos when the plug is dis-
connected.
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b. High-tension cable. The high-tension wire is
always placed in a special conduit arrangement called the
ignition harness. This harness, which consists of both
flexible and rigid conduits, is so designed that its shielded
portion fastens directly to the magneto shield and also
to the shielded portion of the spark plug. The new type
cable used in the high-tension system incorporates a con-
ductor made up of several strands of small wire, a layer
of rubber, a glass braid covering, and a neoprene sheath.
It is used in three sizes: 5-mm, 7-mm, and 9-mm. The
5-mm size is used for spark-plug leads on engines of all
series while the 7-mm and 9-mm sizes are used for mag-
neto-to-distributor leads on some series. It will be noted
that high-tension cable differs from low-tension cable in
that the former incorporates a conductor of small cross
section and insulation of* comparatively large cross sec-
tional area, while comparable low-tension cable has a
large diameter conductor and a thin sheath of insulation.
Current-carrying capacity is of primary importance in
low-tension cable, whereas, dielectric strength is of
primary importance in high-tension cable.

87. SPARK PLUGS. a. General. (1) The spark
plug is that part of the ignition system which converts
the high voltage electrical energy produced by a magneto
or similar device into the heat energy required to ignite
the combustible mixture in the cylinder. It is composed
essentially of a high-tension conductor serving to intro-
duce the electrical energy into the combustion space and
a gap across which a spark will jump when the electrical
pressure (voltage) is sufficient to break down the resis-
tance of the gases in the gap space.

(2) Because of its simplicity of design and the com-
}‘lll'.lli\'c I'[']UI]U[UI'])' Uf. i[_‘; J'T].ljl‘ltL‘ﬂiiﬂL‘L’ ]‘rO('t‘dLif(.' \\'!](.'I:'l
large numbers of units are involved, some personnel feel
that a spark plug is unimportant and tend to grow care-
less in the performance of spark-plug servicing and re-
conditioning. It is true that present types of aircraft
plugs are simple in design, l'-.iiriv\' rugged, and, in some
organizations, are monotonous to work on because of the
procedure followed. However, there is no item of equip-
ment on an airplane which is more vital to its proper
operation and continued flight than its spark plugs.
When it is considered that- improper maintenance of a
small number of spark plugs can result in the loss of
several men's lives and an airplane costing many
thousands of dollars, it is seen that only experienced
maintenance personnel should handle spark plugs and

Figure 201. Ceramic aircraft spark plu
& ) £ &
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Figure 202. Cross-section of ceramic spark plug.

that spark plugs must be afforded the same painstaking
care which is given to other more intricate parts of the
airplane,

b. Structural features, The general type of spark
plug most universally used for high-output aircraft
engines (fig. 201) has ceramic insulation and consists of
three main parts: the core assembly, the shell, and the
shielding barrel (fig. 201).

(1) The center electrode is a continuous metallic lead,
as shown in figure 202, conducting the high voltage from
the contact cap at its upper end to the high-tension elec-
trode of the spark gap which forms its lower end. The
upper cap is contacted by a spring conductor which is
part of the ignition-harness spark-plug terminal. The
center electrode is insulated from the adjacent grounded
metallic part, that is the shell, by a ceramic core insulator.
Cement or other high-temperature pressure-sealing ma-
terial is used to maintain a gas-tight seal between the
center electrode and its insulator,

(2) The shell and radio shielding barrel form the
external portion of the spark plug and complete the
ground circuit for both the ignition system and the radio
shield, These may be constructed in two pieces or
machined as a single piece. In any case ceramic spark
plugs are considered as one piece and must not be dis-
assembled, as pressure tightness on the 2-piece type of
spark plug i.!{'pcnds upon the application of the correct




tension during assembly. The shell is externally threaded
to screw into the cylinder head and has an hexagonal
pottion for application of the spark-plug wrench, The
lower end of the shell carries the grounded electrodes
of the spark gap. The shielding barrel is a steel sleeve
threaded at its upper end to provide continuity with the
ignition-harness shielding, Internally, the barrel is fitted
with an insulating sleeve of mica or ceramic material to
provide electrical separation between the center contact
and the grounded barrel. A seal composed of gaskets
or cement is provided between the shell and the core
insulator.

(53) Unshielded spark plugs, figure 203, are used on
engines ins d in airplanes which are not equipped
with radio. Such engines are low-output types used in
training. The unshielded spark plug is similar to the
shiclded type except that it lacks a barrel and has a snap-
on type of connection,

(4) The threaded portion of the shell has been
standardized to two lengths, designated long and short
reach, and two diameters, 18-mm and 14-mm. Gen-
erally, long-reach spark plugs are used in high-output
engines.

c. Operating characteristics.  The operating char-
acteristics of a spark plug are determined by its design,
the characteristics of the engine in which it is installed,
and the type of engine operation imposed upon it.

(1) The temperature that the portion of the core
insulator exposed to the hot combustion gases will assume
in a given engine is an important characteristic of a spark
plug. The operating temperature is inherent in spark-
plug design. It is determined by the resistance of the
internal heat-exchange path in the spark plug. This
path is generally from the core insulator tip to the lower
internal-gasket seat, through the gasket to the spark-
plug shell, and into the cylinder-head material through
the external gasket. The longer this heat path, that is,
the greater its resistance to heat flow, the higher will be
the operating temperature of the spark plug. A satis-
factory spatk plug for a given engine is one whose op-

Figure 203, Unsbielded ceramic spark plugs.

crating temperature is not so cold that it will oil-foul
when the engine is idling nor so hot that it will cause
pre-ignition at maximum engine output.

(2) Aircraft spark plugs formerly used incorporated
mica insulation, both in the firing chamber and in the
shielding barrel. This material was subject to moisture
and lead absorption and, therefore, was not entirely
satisfactory for spark-plug insulation. Aircraft spark
plugs now in use incorporate ceramic insulation which
is not subject to lead or moisture absorption and which
has a much greater resistance to high temperatures than
porcelain material used in automotive spark plugs. In
addition, ceramic material is more adaptable to mass-
production methods than is mica material.

(3) Operation of a spark plug (sparking) is ac-
companied by removal of metal from both the ground
and center electrodes (gap erosion). The effect of such
erosion is to increase progressively the spark-gap width
and consequently the voltage required to force a spark
across the gap. Too wide a gap will result in misfiring,
rough engine operation, and perhaps even detonation.
Periodic removal of spark plugs is necessary to reset the
gaps to within the allowable limits. This is particularly
true on airplanes which operate at high altitudes. The
insulating efficiency of the less dense air at these altitudes
is considerably reduced and the consequent electrical
leakage may so reduce the voltage available at the gap
that sparking will not occur when the gap width is above
the designated limits. Latest design ceramic spark plugs
incorporate a resistor in the center electrode. This has
the effect of reducing gap erosion because the added
resistance in the high-tension circuit reduces current flow
at the instant of gap breakdown (sparking).

88. MAINTENANCE. a. Magnetos. (1) Check the
breaker assembly by removing the breaker cover and
inspecting for general cleanliness, damaged or worn cam
follower, and proper felt lubrication. If major defects
are found replace the breaker assembly. In the pivotless-
type breaker, cam-follower wear is indicated by a small
depression where the cam follower lifts against the end
of the main spring. The clearance between the cam
follower and the main spring is checked with the breaker
assembly removed. Felt lubrication is satisfactory if oil
appears on the surface when the felt is squeezed with the
fingers. If the felt is dry and requires lubrication, do
not apply too much oil for the excess oil may be thrown
onto the contact points during operation; this will cause
the points to burn and pit. Oil must not show on the
surface of the felt except when the felt is squeezed.

(2) Check the main breaker spring for proper tension
with an appropriate spring-tension gauge.

(3) With the breaker assembly installed, check for
worn or loose cams and cam bearings by turning the
engine crankshaft and measuring the opening of the con-
tact points for each lobe of the breaker cam.

(4) When checking the condition of the contact
points of the pivotless-type breaker, do not raise the
main breaker spring beyond one-sixteenth of an inch
(clearance between the contacts). A further separation
may weaken the spring and result in faulty operation.
If contact points are excessively burned or pitted, they

S

should be replaced (see applicable Technical Order).
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(5) Check the internal timing of the breaker contact
points. With the pivotless-type breaker points, use a
timing light or a thin strip of shim stock. Do not use
cellophane or cigarette paper because of the danger of
leaving a tiny piece between the points. As the crank-
shaft 1s turned, the light will indicate point opening or
the shim stock will become free when the straight edge
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Chrecring te timing of the breaker contact points.

15 lined up with the timing marks (fig. 204), Permissible
service tolerances (maximum distances which may be
permitted between the straight edge and the timing mark
on the rim of the breaker housing) are given in the
Technical Order for the particular type of magneto, If
the adjustment is not satisfactory, the lock screws A
(fig. 189) are loosened, the eccentric pin B (hg. 189)
rotated until the proper adjustment is obtained and then
screws A (fig. 189) are retightened. The adjustment is
rechecked, When checking the contact-point clearance
on the lever-type breaker, rotate the engine crankshaft
until the lever rests upon the peak of any lobe of the
cam and adjust the contact-point clearance in accordance
with the applicable Technical Order.

(6) Check the distributor head and distributor finger
for cracks and results of electrode arcing. Check the
distributor finger for security of mounting. Check dis-
tributor block and rotor for cleanliness. If carbon dust
or oily finger prints are found on the distributor block
they should be removed. If the distributor is dirty, clean
with acetone and a stiffly-bristled brush. Check for stick-
ing or broken brushes. Determine that proper ventila-
tion is being obtained by checking lines and/or vent
screens for cleanliness.

(7) Magneto ball bearings and gears do not require
lubrication between overhaul periods.

(8) Check security of magneto mounting.

(9) The magnetos are individually checked while the
engine is operating at cruising manifold pressure, Op-
erate the engine on one of the magnetos for 15 seconds
and observe the tachometer to see that the decrease in
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r.p.m, does not exceed the amount specified in the Tech-
nical Order. The switch should be turned back to the
“both” position to allow the engine to operate normally
before the other magneto is checked. Magnetos which
permit an excessive loss of r.p.m. should be replaced
after definitely determining that the magneto is the cause
of the r.p.m. loss.

(10) When it becomes necessary, during magneto
maintenance, to disconnect the primary ground lead, be
sure this lead is grounded. When the primary ground
lead is open the magneto is in the “on” position.

b. Spark plugs. (1) Check the terminal connec-
tion of unshielded spark plugs for condition and security,

(2) Check the barrel core nut (of mica-insulated
plugs only) for tightness and if it is loose, remove the
plug for tightening; special tools are used for the tight-
ening process. After tightening, the gap clearance is
checked. Before reinstalling, check the threads of the
spark plug for evidence of damage and apply specified
lubricant to the threads of the base.

(3) Check the shielded spark-plug elbow terminal
and shielding nuts for condition and security. A suug
but nol-too-tight fit is desirable.

(4) Check shielded-type spark-plug terminal for
mechanical or insulation failure and for accumulation of
moisture,

(5) When spark plugs are removed from an enge,
they should be set out in a row tor comparison. Be sure
to identify each plug with the cylinder from which it
was taken. Before installation, visually inspect the
ceramic core and shielding-barrel insulator for cracks and
check gap clearance for proper tolerance in accordance
with the applicable Technical Order.

Figure 205. Do not tighten plugs excessively,




(a) If the plug is clean and the metal parts show
sign of overheating, the cylinder has been running “hot.”
T'his indicates pre-ignition, detonation, or inadequate
cooling.

(6) If the plug is generally clean but is wet with
gasoline or covered with a film of fresh oil, no conclusion
should be drawn on this basis alone; the appearance of
the plug may have been caused by conditions which were
present at the moment the engine was stopped.

(¢) Caked carbon on a spark plug is evidence of ex-
cessive oil consumption or that the plug has not been
firing because of magneto failure, terminal wire defects,
or a failure of plug to clean-up after starting,

(d) A thin layer of black soot on the nose of an
insulator which otherwise appears free from d('i‘mir-\
may be an indication that the plug has not been operating
hot enough. If this condition exists, check in Technical
Orders for approved plug for that engine. The plug
may have to be changed,

(6) Use proper tools when removing or installing
spark plugs. Install new gaskets where necessary and
do not tighten the plugs excessively into the cylinder
bosses (fig. 205). This is very important. The use of
an excessive installation torque will result in stretching
of the spark-plug shell with resultant loss of the gas-
tight seal. This, in turn, will allow gas leakage and
high-tension failure and, in more severe cases, complete
loss of internal parts.

c. lgnition switch. (1) Check the switch mount-
ing, terminal connections, plugs, and leads for security
and condition.

(2) With the engine running at approximately one-
third throttle, turn ignition switch, momentarily, to
the "off”” position; if the engine does not entirely cease

tiring, a defective switch and/or connection are indicated.

{

During the test, the engine must not be excessively hot.
The period when the switch is in the “off" position must
be brief to insure that an excessive charge of fuel does
not accumulate in the cylinder or that the spark plugs do

not become fouled with oil. If the engine does not cease
firing when the switch is placed in the "off"" position,
the engine can be stopped by cutting off the fuel. After
the engine has stopped, do not rotate the propeller until
the cause of the trouble has been found and corrected.
d. Ignition boosters. If a battery-operated ignition
booster is installed, check the contact points for condi-
tion. Dirty or pitted points may be resurfaced with an
oiulstone and then washed with carbon tetrachloride. If
no vibrating sound can be heard when the switch is
closed, check the battery circuit at the switch and coil
terminal. This trouble, provided the battery circuit is
complete to the coil, probably results from defective con-
tact points or open primary winding; if the latter is true,
the booster will be replaced. If the vibrating sound can
be heard when the switch is closed Jm| the booster does
probable trouble is a
slacement of the

not furnish seeondary voltage, the
defective secondary winding and r
booster is required.

e. Ignition cable. (1) Check ignition manifold,
for cracks, dents, moisture, anchorage, and lead connec-
Is for broken or worn con-

tions. Check spark-plugs |
duit, and securing of lead attachments to spark plugs.
Check spatk-plug lead terminals for contact, broken
springs and ceramic insulation, also for security of at-
tachment to lead cable.

(2) Trouble in the ignition cables is usually the result
of rough handling of spark-plug leads, vibration. or
loose cable clamps. Sometimes excessive engine heat

1 .ow a
and adverse weather conditions cause trouble within the

ienition manifold
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SECTION XI

MOTOR SYSTEMS

89. GENERAL. Electric motors on an airplane produce
mechanical motion from electrical power for the opera-
tion of a great number of units, Some of the units
operated by electrical motors are the starter, landing-gear
mechanism, trim tabs, retractable landing lights, electrical
variable-pitch propeller, fuel pump, engine-cowling flaps,
de-icing equipment, dynamotor, inverter, turret, wing-
flap mechanism, heaters, propeller governors, bomb-bay
doors, hydraulic pumps, automatic pilot, etc.

90. DIRECT-CURRENT MOTOR CONSTRUCTION.
a. The direct-carrent motor is constructed in much the
same way as the d-c generator. However, the windings
are usually heavier, particularly the field windings of a
series motor. Usually the motor is not built as heavy
as the generator since it is used for shorter periods.
Figure 206 compares a motor to a generator. An ex-
ample of a motor being used for a short period of time
is the starter motor. It is used for less than a minute
to energize the starter.

b. The following parts of a d-c motor are similar to
those of a d-¢ generator (fig. 207).
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(1) The armature 1s the rotating part of the motor,
The parts of the armature are the shaft, commutator,
core, and-armature windings.
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(2) The field assembly is mounted in the frame
anné the inner wall of the housing. The field assembly
is made up of the pole pieces and field w indings.

(3) The brush assembly consists of the brushes and
brush holders and is usually built into one of the end
plates which forms the support for one of the bearings.
The brushes ride on the commutator and serve to con-
duct electricity to the commutator and through it to the
armature \\-‘indingu.

(4) The end frame opposite the commutator is usually
designed to fit the gear box of the unit it is driving.
The drive-end bearing is also located in this end frame
(fig. 208). In some special cases the end frame is
machined as a part of the unit the motor drives. When
this is done the bearing on the drive end may be located
in any one of a number of places.

91. TYPES OF MOTORS. a. General. There are
fundamentally two types of d-c motors: the shunt-field
motor and the series-field motor. In some special
stallations a compound motor is used,

Figure 208, [ack and Heintz starter wnotor.

b. Shuni-field motor. The shunt-field motor has a
high-resistance field connected across the armature, The
speed of a shunt motor can be varied with
placed in series with the field (fig. 209). The speed of
the motor will vary inversely with the applied field cur-
rent, that is, an increase of field current will slow down
the motor. The shunt motor has the characteristic of
maintaining a constant speed under load. The shunt
mo{'or has a very low starting torque, which eliminates

t from some applications on the .ii!‘]Ti;iﬂCJ however, it is
mud on pumps, inverters, in the amplydyne circuit for
turrets, etc.

rheostat

c. Series-field motors. The series motor has a
few turns of low resistance wire for the field which is
connected in series with the armature (figure 210). The

SHUNT FIELD

- COMMUTATOR

\e RHEOSTAT
Figure 209. Shuni-field motor,
series motor has the characteristics of high speed and
high starting torque. The speed of the motor varies with
the load. The motor is always directly ('ouplul with
the load. The series motor will fly apart due to speed
when run without a load on rated \oluu This motor
has wide use on modern airplanes. Several variations
of the series motor are used but they all have the same
general characteristics.
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Figure 210, Series-field motor.

d. Compound-wound motors. The compound
motor 1s used where the combined characteristics of the
shunt- and series-field motors are desired—that is, where
a motor which will run at a somewhat constant speed and
have a greater starting torque than a shunt motor is
Lli:‘sirl'.'\;,

e. Reversing the direction of rotation. In any di-
rect-current motor the direction of rotation may be
reversed by changing the direction of current flow in
either the armature or the field, but not both. The two
common methods of reversing the direction of the rota-

tion of a motor are split field and D.P.D.T. (double-
pole double-throw) switch.
—SPLIT FIELD ON SAME POLE
nrmnn;rft—\/ h
X DT o
——l I ‘ [ ‘ |‘
Figure 211, Series motor with I opporire

directions on i




(1) Split-field motors are used where the two direc-
tions of rotation of the motor are required. The eplit
field is actually two field windings wound in opposite
directions on the same [u]L pleces or two separate fields
wound on alternate pole pieces as shown in figures 211
and 212.

(2) The D.P.D.T. switch is a means of changing
the direction of current flow in either the armature or
field. Figure 213 illustrates the reversing of the current
through the field with the armature current remaining
unchanged in direction.
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92. MOTOR CIRCUITS. a. Electrical retraction of
landing gear. One type of landing-gear retracting
motor with its circuit is shown on figure 214. A train
of gears is employed to reduce the speed and increase the
torque. A torque- overload release clutch is built into the
device as a safety factor. Limiting switches, mechanically
operated by the landing gear, open the circuit to the
solenoid switches and thus prevent over-travel of the
landing gear or damage to the motor. A magnetic en-
gaging clutch may also be incorporated in the system to
engage the motor with the retracting Il‘tLdlumm ()l'll‘,
when the motor is energized. In the event of failure of
the electrical system, the pilot may operate the retracting
mechanism manually without the dead load of the gear
train and motor.

b. Electrical propeller. An electrical controllable-
pitch propeller is used extensively with pursuit airplanes.
The pitch of the propeller is changed with a split-field
series motor. The motor torque is transmitted through
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a train of gears to a gear which is connected to the
propeller blades (fig. 215). The pitch is increased and
decreased by driving the motor in the required direction.
The direction of motor rotation depends upon the field
used. The complete electrical system is shown in figure

216.

¢. Cowling-flap motors. The flap-motor assembly
is a remote means of opening and closing the cowl flaps
which govern the flow of cooling air over the engine in
radial-engine installations. The electrical circuit is shown
in figure 217.
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d. Anti-icer pump motor. A small series motor
is used to drive anti-icer pumps which furnish the pro-
pellers with anti-icer fluid. The amount of fluid fur-
nished is controlled by a small rheostat which varies the
speed of the motor. The electrical circuit is shown in
hgure 218,

e. Hydraulic-booster motor. The hydraulic boos-
ter-pump motor and its circuit are shown in figure 219.

f. Fuel booster-pump motor. The fuel booster-

pump motor circuit 1s a simple circuit requiring only a
switch and fuse as controlling devices (hg. 220).

93. TROUBLE SHOOTING. a. General. In trouble
shooting on the different motor systems several general
troubles are common to motors and their systems.

(1) Chattering relay switch, The chattering of a re-
lay switch controlling the motor is usually caused by a
low battery. The open-circuit voltage of the battery is
sufficient to close the relay, but with the heavy current
draw of the motor, the voltage drops below the “hold-

voltage on the relay. This permits the relay to open.
When the relay opens the voltage of the battery will
again increase enough to close the relay. Chattering is
very harmful to the relay switch as the heavy current will
cause an arc which will burn up the contacts.

(2) Non-operation. Non-operation of the unit,
where the fuse is not blown, is usually caused by an open
circuit. The open in the circuit can be traced with a volt-
meter (switch on) as shown in figure 221. Start from
the power source; whenever a zero reading is observed
on the meter, the open is between that i\oint' and the last
point where a voltage was indicated.

(3) Ground or sh fuse).
With fuse out, disconnect lead at motor and check back
for. grounds using an ohmmeter. Disconnnect each lead
s0 as to isolate the trouble in one lead or unit (hg. 222).
Where the ground is in the connector plug, the plug
shell must be checked by holding one terminal on the
shell.

it (Blown e piacement

b. Motor trouble shooting. Whenever the motor
has been definitely proved to be at fault by a voltage
check at the terminals, remove the unit and disassemble.
(Consult Technical Orders covering the individual unit.)

(1) Check armature for binding; armature may be
locked by gear train, ete.

(2) Check field and brush assembly for opens or
grounds.

(3) Check armature visually for condition.

(4) Check armature for ground with ochmmeter or
continuity light between commutator and shaft.

(5) Check armature for short and open on growler.

condition of commutator and brushes.

[_(i] Note

94. MOTOR-SYSTEMS MAINTENANCE. . Check
all wiring, connections, terminals, fuses, and switches for
general condition and security.

b. Check relay switches and clean points in accord-
ance with the Technical Order covering the unit.

c. Keep motors clean and mounting bolts tight.

d. Check brush lengths and spring tension. Brushes
and springs should be replaced when nec essary in accord-
ance with Technical Order covering the individual motor

e. Sce that new brushes are scated properly and com-
mutator cleaned with 000 or finer sandpaper,

f. Lubricate, if called for by Technical Orders cover-
ing the unit. Motors which are used on aircraft usually
require no lubrication.

g. Adjust and lubricate the gear box or unit which the
motor drives in accordance with the Technical Order
covering the individual unit.

h. Check all other parts that may be listed for check-
ing in applicable Technical Order,
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Table L.

Starters
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SECTION XlI

STARTING SYSTEMS

95. GENERAL, In ecarly type aircraft, engines were
small and could be started by manually turning the pro-
peller. With the development of more powerful engines,
special starting systems were devised. No single type of
starter will serve for all types of engines. Brief descrip-
tions of cranking systems, including those which are not
electrical, are listed in this section. Table III, gives the
characteristics of some aircraft starters used at present.
In some cases the clutch setting of starters listed in Table
[1I may be changed for adaption to engines with different
cubic-inch displacement than that indicated. Applicable
Technical Orders should be consulted for information
relative to the interchangeability and clutch setting of
starters.

96. PRINCIPLES OF THE INERTIA STARTER. An en-
gine of considerable power or one having extensive ac-
cessory equipment imposes a heavy load upon the crank-
ing mechanism. To obtain the necessary starting torque,
the inertia starter is frequently used. The cranking
ability of the inertia starter depends upon the amount of
energy stored in a rapidly rotating flywheel, that is,
energy is stored slowly during the energizing process
and then the energy is used, in a very short period of
time, to crank the engine. Consequently, a great deal
of power can be obtained from the rotating flywheel for
a short period of time. This energy is sufficient to
rotate the engine crankshaft (under ordinary conditions)
three or four times at a speed of approximately 80 to
100 r.p.m. If the engine uses magnetos for ignition,
this speed may be less than its “coming-in speed” (the
minimum crankshaft speed at which the magneto will
function adequately) and therefore an ignition booster
is usually installed on the engine and operates while the
inertia starter is cranking the engine. There are twa
types of inertia starters; the hand-crankingtype, in which
the flywheel is accelerated by hand only; and the com-
bination hand-cranked and electric type, in which the
flywheel is accelerated either by hand-crank or electric
motor. During the energizing of an inertia starter, all
movable parts within it, including the flywheel, are set
in motion,

97. HAND INERTIA STARTER. Figure 223 shows a
hand inertia starter. A sectional view of this starter is
shown in figure 224. When a hand crank is inserted in
the crank socket and the crank rotated, the speed of all
movable parts is gradually increased with each revolution
of the crank. One revolution of the crank increases the
speed of the flywheel 100 or more revolutions, depending
upon the model, Most of the energy used in cranking

the starter is stored in a rapidly revolving flywheel. A
pull rod, figure 225, or a cable is used to mesh the starter
jaw with the engine jaw after the required r.p.m. of the
flywheel is reached by cranking. The energy stored in
the flywheel is transmitted to the starter jaw through
speed-reduction gears and a torque overload release,
which consists of a multiple-disk clutch under spring
pressure. The clutch prevents damage to the starter in
case of an overload or engine kick-back, If, for any
reason, the engine .crankshaft cannot rotate, the clutch
will slip until the flywheel comes to rest. 'The Eclipse
clutch consist of one set of disks fastened to the shaft
and another set (of a different kind of metal) fastened
to the barrel. Springs are used to press the disks to-

L - ——

Figure 223. Typical band inertia starter,

gether and the retaining ring, which compresses these
springs may be adjusted to set the value of the slipping
torque. The normal operation of the clutch is to slip
for an instant after the starter and engine jaws become
meshed, but, while slipping, a torque is exerted on the
crankshaft until the initial resistance of the engine is
overcome and the clutch is able to hold again. The
specified values of the break-away (maximum holding)
and slipping torque of the clutch are in accordance with
the size of the engine to be cranked.

98. COMBINATION INERTIA STARTERS. a. The
combination hand and electric inertia-type starter uses a
gear and clutch arrangement similar to that of the hand
inertia starter. The starter shown in figure 226 is the
hand-cranked type to which an electric motor has been
attached. The flywheel may be accelerated by either a
hand crank or electric motor. When the starter is
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energized by hand cranking, the motor is inoperative
because of a mechanical disconnection, When the motor
is used, it is engaged directly to the inertia-starter fly-
wheel by means of a movable jaw on the helically-splined
shaft (fhg. 227) of the motor. On some type starters
when the motor armature starts to rotate, the starter jaw
will tend to remain at rest. As the shaft turns the jaw
will move forward along the splined shaft until it en-
gages the flywheel jaw. One of the most common
troubles with this starter is that the motor jaw binds on
the armature shaft and does not engage the flywheel jaw.

TORQUE OVERLOAD
RELEASE CLUTCH

SPRINGS  DISKS

/ BARREL\ \

Be careful when energizing this starter not to throw the
switch “'on’" until the flywheel is completely at rest. It
this caution is not observed, either the motor jaw will
not engage with the flywheel jaw with the result that the
motor will race and damage itself, or the motor jaw will
strip the flywheel jaw.

b. In another type of inertia starter, the starter motor
is engaged to and disengaged from the flywheel by
means cf a roller clutch which fits snugly inside the fly-
wheel (fig. 228). A slight rotation of the motor shaft
forces the rollers out against the inner surface of the

FLYWHEEL—|

ENGAGING
LEVER =

STARTER B MOUNTING
DRIVING FLANGE
JAN
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flywheel. Whenever the motor rotates more slowly than
the flywheel, the rollers become free and the motor is
automatically disengaged. There is no need to wait for
the flywheel to come to a stop before re-energizing this
electric motor. This type starter is very effective when
used as a combination electric inertia and direct cranking
starter. 'When used in this way, the flywheel is energized,
as in the inertia starter, and then the starter jaw is meshed
with the engine jaw; at this moment, the motor is en-
ergized again, as in a direct cranking starter. This adds
the energy of the motor to the energy of the rotating fly-
wheel.

c. In other types of inertia starters, such as the type
G-6, JH-5 and JH-10 series, the flywheel is mounted on
the motor shaft (fig. 229). Thus, the inertia of the
armature is added to that of the flywheel. In-the early
JH-5 and JH-10 series, the brushes of the electric motor
are lifted from the commutator by spring action (hg.
230) and caused to go down by solenoid action. On
some models, the motor is turned off (by raising the
brushes) when the starter jaw is engaged with the en-
gine; while on others, the motor is permitted to remain
ranning. Thus, by direct cranking action, the engine
is rotated through several additional revolutions before
the energy of the starter is exhausted. Later designs of
this brush-lifting starter (JH-SE and JH-5F) use four
brushes. These brushes are lifted manually for hand
cranking, as a flywheel is connected directly to the motor
armature. In order to lift the brushes, the hand energiz-
ing lever must first be pulled as in the hand mc:shing
of the starter. On completion of the hand energizing,
the starter may be engaged to the engine by again pull-
ing the hand-meshing lever. To operate the starter
electrically, after it has been used as a hand inertia
starter, the meshing solenoid must first be energized
to lower the brushes onto the commutator. On a similar
type starter of another make (G-6) the brushes are

i -
s TORQUE OVERLOAD
: RELEASE CLUTCH

'STARTER
DRIVING
JAW

SOCKET
FOR CRANK
. EXTENSION

Figure 226.

e N

MOTOR DRIVING JAW

lifted by moving a small knob on the motor end of the
starter to the “off"" position when the starter is to be
hand energized. The knob must be returned manually
to the "on” position before the starter can be energized

electrically. Figure 229 (7) shows the “on” and “off”
positions controlled by the knob.

99. INERTIA-STARTER ELECTRIC MOTOR. Series-
wound 12- or 24-volt d-c motors are employed with elec-
tric inertia starters. The constructional features of the
motors are similar to those of the d-c generator. The
electrical resistance of the windings of the motor used
in an inertia starter is very small so that the instant the
starter switch is closed, the current draw is extremely
high; this results in a powerful starting torque. As the
motor gains in speed, induced counter-clectromotive
force causes less current to flow. An inertia starter motor
which draws approximately 350 amperes at starting will
draw approximately 75 amperes at high speed; the value
will depend upon the load. If the load is entirely
removed and if the internal friction of the motor is
small, it will “"race” and the armature may “burst” from
centrifugal stresses. For this reason, it is not safe to
test an inertia starter motor at full voltage unless there
is a load upon it.

100. INERTIA STARTER SWITCHES (STARTER RELAY
AND ENGAGING SOLENOIDS). . When the starter
15 located some distance from the cockpit, the inertia-
starter motor is usually operated by means of a solenoid-
actuated switch controlled from the cockpit. The starter
relay (fig. 231) is usually mounted in a junction box
near the starter. When the cockpit control switch is
closed, a current of low amperage energizes the solenoid
causing the solenoid plunger to advance and compress
a spring. This action closes the relay contacts and com-
pletes the battery circuit through the starter motor.

FLYWHEEL

= - SRS R o e TN T

Cutaway view of hand and electric inertia starier type C=21.
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When the required flywheel speed of the starter is
reached, the cockpit control switch is opened; the solenoid
coil loses its magnetism: the spring returns the solenoid
plunger to its (Jrl"iIl.ll position, and the starter circuit 1s
thus opened.

b. When electrical control of the engagement of the
inertia starter is desired, a meshing solenoid is used. The
mechanism of the meshing solenoid is similar to that of
the starter relay except that the plunger of the meshing
solenoid is connected to the starter jaw-engaging lever.
A meshing solenoid is shown in figure 232.

HELICALLY SPLINED
MOTOR SHAFT

XMOTOR JAW

Jaw-type starter motor-engaging mechanism.

STARTER
DRIVING JAW

&

\ \\\\\\\\\‘

TORGQUE OVERLOAD
RELEASE CLUTCH

c¢. A diagram of a typical inertia starter electrical sys-
tem is shown in figure 233. When the ignition switch
is placed in the "both” position, battery voltage reaches
the cockpit control switch. If the latter is placed in the
“energize” position, the starter relay is thereby closed
and the inertia starter begins to »I\ccd When sufficient
speed has been rf..mhcd, the cockpit control switch is
placed in the “engage” position. This actuates the
meshing solenoid and at the same time energizes a
booster coil which supplies high voltage to the trailing
distributor finger of the right-hand magneto until the
cockpit control switch is released.

d. The circuit shown in figure 234 will not permit
the starter to be used as a direct cranking starter. In
order to operate a starter, either for direct or inertia
cranking, a switch arrangement must be provided
energize both the meshing solenoid and starter relay at
the same time. A conventional system for single- and
multi-engine airplanes is shown in figure 234.

101. DIRECT CRANKING STARTERS. a. General.
Another type of starter is the electrical-cranking type.
This starter, when energized électrically, provides instant
and continual cranking. The starter consists basically
of an electric motor, reduction gears, and an automatic
engaging and disengaging mechanism which is operated
through an adjustable torque overload release clutch,
The engine is cranked directly by the starter. There is
no preliminary storing of energy as in the inertia type
starter.

b. Portable starters. With the increasing size of
airplanes and the increasing number of engines used,
much weight can be saved by having the starter gear box
and a separate portable starter motor. When this method
is used only one motor is needed for any number of

FLYWHEEL—
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Figure 228. Roller clurch.
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engines, The gear box is mounted directly on the engine
and a small flexible shaft connects the gear box to a small
coupling at the cowling surface. The shaft of a portable
electric motor is inserted into the coupling. The motor
is connected directly and has a speed of ‘approximately
3 to 4 thousand r.p.m. The electric motor can receive
its power from the airplane battery or from a portable
power supply through a suitable plug arrangement. To
date, this design has been limited to direct cranking
starters only. Also, no provision has been made to crank
the engine manually.

102. HAND-TURNING GEAR-TYPE STARTER. This
type of starter may be used on low horsepower engines
where a source of electrical power is not available.

Using a gear ratio of 6:1, an engine rated up to 250
horsepower may thus be started b)' hand. The starter
consists of a gear assembly which operates an automatic
engaging and disengaging mechanism through an adjust-
able torque overload release clutch. A ratchet is provided
on the hand crankshaft to prevent the possible trans-
mission of any reverse motion to the crank handle,

103. PORTABLE FIELD STARTING SYSTEMS. The
purpose of the various types of portable field starting
units is to eliminate the manual labor rcqujrcd to opéerate
hand starters and (with the electric starter) to minimize
discharge of the aircraft battery, especially when starting
the engine in cold weather. Two types of portable
starting systems in common use are the portable battery
cart and portable energizer.

a. An effective method to supply power to the ait-
plane’s electrical system externally is through the “ex-
ternal power source” receptacle (fig. 235). The external
]"t’:\\'t_'l‘ 5{]}3]'1!.\_‘ 1‘17;1‘\' h(.,‘ L'i{}l\',‘l_ a ]“-‘H'TL‘]"\' (.;‘lrt or a kf_:‘,'['lt.‘f.l[or
driven by a gasoline engine. Often the power source
is a combination of a gasoline engine-driven generator
and a battery. The external source of power is always
equipped with a flexible cable and a plug which fits the
receptacle on the airplane.

b. The portable energizer consists of an electric motor
which will operate either from an alternating- or direct-
current 110-volt circuit. The electric motor is attached
to a gear reduction unit which has some type of torque-
limiting clutch for overload protection. The drive shaft
of the portable energizer sticks out from the driving unit
and engages with the crank socket of the engine starter,
A trigger switch is used to control the electric motor of
the energizer. Some energizers have a friction clutch
similar to that used in the starter; however, the clutch
is set with a slipping torque of approximately 70 foot-
pounds. In another type of energizer, a fluid clutch is
located on the motor shaft; this clutch is of a design
similar to that used in modern automobiles. In order to
make the energizer usable for both right-hand and left-
hand starters, a means of reversing the direction of the
energizer is always provided; one method is to reverse
the direction of the motor rotation; another method is
to change the final drive shaft from one side of a gear
assembly to the other. To use the energizer with an
inertia starter, the drive shaft is inserted into the pro-
truding starter crank socket. The drive shaft pin fits into
the spiral slot of the starter socket and accelerates the
starter flywheel. As soon as the desired cranking speed
is attained, the trigger switch is released and the
energizer removed from the starter socket thus allowing
the flywheel to run free, The operator may then engage
the inertia starter with the engine. The energizer should
never be used to drive the starter when it is engaged to
the engine, as this may cause serious damage to the
energizer or injury to the operator.

¢. The portable electric power plant (fig. 236) consists
of a generator driven by a gasoline engine. Although it
may be used to energize various units of ground equip-
ment which require 110-volt direct-current power, its
principal use is to furnish power for the operation of the
portable energizer. The speed of the unit is controlled
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by a governor. If it becomes necessary to increase or
decrease the speed, this may be accomplished by varying
the tension of the governor spring. The voltage of the
generator is controlled by a field resistor located in a
terminal box into which the extension cord of the portable
energizer is plugged.

104. MAINTENANCE. a. General. Starting equip-
ment should be checked for security of mounting, tight-
ness of bolts, and proper safetying. " Check for breaks or
cracks in housings and flanges. Equipment should be
lubricated whenever necessary.

b. Starter. (1) When installing a starter on the
engine, first remove the cover which is placed over the
starter jaw for shipment and storage, and match it with
the engine jaw. Check the jaws for the same direction
of rotation, the same number of teeth, and the same size.
With the starter jaw engaging rod properly adjusted for
correct travel, determine the clearance between the starter
jaw and the engine jaw, with the starter jaw in a retracted

position. This clearance should be approximately 1/16
inch. (Check Technical Orders for exact measurements, )
This clearance can be adjusted by adding shims or gaskets
between the starter flange and the mounting pad.

(2) To check the operation of an inértia starter, hold
the control switch in the "start” position for the time
required to bring the flywheel up to speed and then move
the switch to the “mesh" position. When the engine
starts, release the switch which should return to its neutral
position. IF the engine fails to start and the starter jaw
remains meshed with the engine jaw, it will be necessary
to turn the propeller by hand (with magnetos off) part
of a revolution in the direction of rotation to release the
starter jaw before operating the starter again,

(3) To check the free turning of gears, the fAlywheel
is energized and, without meshing to the engine, is
allowed to "run down.” (Check with the Technical
Order for the correct “free-coasting” time.,)

(4) Electric circuits should be examined for loose
terminals.
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(5) If operating troubles are experienced with cither
the starting or meshing solenoids, use proper test instru-
ments to determine the cause, and, if necessary, replace
faulty units.

¢. Motor. Maintenance of a motor is concerned
mainly with brushes and commutator,

(1) Remove the motor brush strap and check for worn
or binding brushes. Short brushes should be replaced.
New brushes are seated with a fine grade of sandpaper
(No. 000) inserted between the brush and commutator
and pulled in the direction of rotation. Test brush
springs for correct tension.

(2) Dirty commutators and brushes are cleansed with
a lint-free cloth moistened with carbon tetrachloride or
undoped gasoline.

(3) Commutators are smoothed in accordance with
the Technical Order for the particular starter. If the
commutator is badly scarred, replace the motor or the
entire starter if the motor is not detachable.

(4) Motor jaws should be checked to see that they
do not bind on the shaft.

(5) If the motor is to be tested with no load, use
approximately half the voltage normally required.

(6) If the motor should fail to operate, check the
electrical circuits before replacement of motor or starter.

Figure 235. External power source (batteries).
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SECTION XIil

ELECTRONIC TUBES

105. GENERAL. a. Electrical circuits are usually con-

fined to closed metallic paths in which the current may

flow. However, with the use of electronic tubes a current

can be made to flow in a vacuum or gases. The electronic

tube is sometimes called a vacuum tube, or a thermionic
valve.

b. The electronic tube was originally developed for
radio work. Today, a great number of different types
of tubes are in use in many different types of aircraft
electrical equipment such as automatic pilot, turbo-
supercharger regulator, radio transmitter and receivers,
interphone system, etc. Figure 237 shows some typical
vacuum tubes and symbols.

In the following paragraphs
the fundamentals of the electronic tube and a few simple
circuits mnt.umné tubes are discussed.

106. FUNDAMENTALS OF THE ELECTRONIC TUBE.
a. In any conductor the elements making up the con-
ductor have a great number of free electrons. When a
current is flowing in the conductor, the electrons are said
to be in motion and traveling in a definite general direc-
tion. The electrons are also in motion whenever a metal
is heated. When the temperature of the metal is high
increase their speed and actu-
ally leave the surface of the metal. In the electronic
tube, a heated filament is used to supply the electrons
(fig. 238). The filament is heated by passing electric
current through it. Within limits, the hotter the filament
the greater the number of electrons given off. Also, to
increase the number of electrons given off, the filament
or cathode is usually coated with chemical compounds.
With just the hot filament the electrons form in a cloud
about the filament. This cloud is negatively charged
because the electron is a unit of negative electricity.
When this cloud of electrons (space charge) becomes
dense enqugh, the electrons are forced back into the
filament as fast as they leave it because the electron is
repelled by a negative charge.

b. In some tubes, especially those designed for a-c
filament OPLmt:(m a heated element is used instead of
the open wire filament (fig. 239). This part of the tube
is called the cathode, It is usually cylindrical in shape
and incloses the heater which heats the cathode to a red
heat, In this case the heater is insulated from the cath-
ode.

107. DIODE TUBES. a. Construction. If a ]htc
tw[plin-d with a }“LJ\III\L potential) is incorporated i

the tubes, the electrons given off by the filament will bc

attracted to the plate. This constitutes a current flow
from the plate to the filament or cathode (fg. 240). The
electrons, being negative charges, are attracted only to
a positive object. Whenever the plate is negative, the
electrons will not be attracted to the plate and no current
will flow in the circuit (fig. 241).

b. Uses. The diode or 2-clement tube is used prin-
cipally as a rectifier. When one plate is used the tube
is said to be a half-wave rectifier. See figure 242. When
two plates are used the tube becomes a full-wave rectifier

(fig. 243).

108. TRIODE TUBE. a. Construction. The triode
tube uses, in addition to the plate and filament, a third
element called the “grid,”
mesh or screen between the plate
figure 244,

which consists of a fine wire
and filament. See

b. The operations of the filament and plate are the
same as in the diode tube. The purpose of the grid
is to control the electron flow between the filament and
the plate. See figures 245 and 246. As the voltage
on the grid is made more positive (less negative) the
plate current will increase. Conversely as the grid volt-
age is made less positive (more negative), the plate
current will decrease. The grid is usually negative with
reference to the cathode. One method of making the
grid negative is to use small battery connected in series
with the grid circuit. The operating characteristics of
the triode tube can best be shown from a set of curves
(fig. 247). The negative voltage or bias on the grid
requited to reduce the plate current to zero is called
the cut-off voltage. The grid current is zero until the
grid is made positive. However, for iﬁusm\c values of
grid voltage a grid current will Alow. This current is
usually very small because the grid has a smaller area
than the plate and the plate has a greater attraction for
the electrons.

The triode tube is manufactured in a great many
dIIILFLIIE sizes and types for many uses. The most
important use is as an amplifier tube. When the tube
is used as an amplifier a small variation of grid voltage
will produce a corresponding variation in pl:!f. current
(fig. 248). The plate voltage is furnished by a high
voltage battery or d-c power p.uk (B supply) thmu:,h
a series resistor or transformer primary (fig. 249). The
variation of plate current will set up a varying voltage
in the resistor or primary of the transformer. This volt-
age will then be much greater than the voltage applied
to the grid. To get the desired amplification, several
tubes and their circuits are usually connected in series.
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Figure 237. Typical vacuum iubes and vacuum-tube symbols.
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109. TETRIODE TUBE. a. Construction. The oper-
ating characteristics of the triode can be improved by
the addition of a fourth element—the screen grid. This
grid is placed between the control grid and plate (fig.
237 (@)

b. Operating characteristics. The tetriode or
screen grid tube is used for the same purposes as the
triode. It has a higher amplification factor and less

m
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Figure 246. A

electrons from rea

interference between the elements of the tube. The
screen grid is supplied with a steady d-c voltage slightly
Jower than the plate voltage. The screen grid always
draws a current. However, due to its small area and
the stronger attraction of the plate for the electrons, this
current is quite small.

110. OTHER TYPES OF ELECTRONIC TUBES. a.
The pentode tube has replaced many of the triodes and
tetriodes. It uses a fifth element known as the “'sup-
pressor grid” (fig. %)). This grid is connected to
the filament or cathode,

— A
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The connection may be inside
the tube or in the circuit. The purpose of this element
is to prevent secondary emission of the plate and further
increases the shielding effect of the screen grid in the
tube. The pentode has a very high amplification factor
and is used to amplify very weak signals.

b. Other types of tubes include those with the char-
acteristics of several tubes in one. Often two triodes are
built into one tube. Also, a rectifier diode and an
amplifier triode are often found in one tube.

AMPERES)

CUT OFF

c. Another type of tube known as a "power output
tube” is designed to pass a large current in the final stage
of an amplifier. The "beam-power” tube is a special
design of a tetrode or pentode where the elements are
arranged so that the electron beam can be directed most
effectively. The “beam-power” tube is very sensitive but
still has a high output.

111. IDENTIFICATION OF TUBES. a. General.
Electronic tubes vary in size from very small hearing-aid
tubes to large radio transmitter tubes. The type of tube
used in each case will be determined by the job it has
to perform.

Each indi-
In considering the

b. Numbering and lettering of tubes.
vidual tube type has a number,

electronic-tube held as a whole, there is no definite
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numbering system. However, in recent years radio tubes
have been systematically identified with numbers and
letters. In the older types of radio tubes where only
numbers are used as 27, 45, etc, the number has no
connection with the tube except as an identifying number.
Generally a number and letter identification (Radio
Manufacturers Association (R.M.A.) designation) will
tell several things about itself. The first number indi-
cates the approximate filament or heater voltage. The
letter has nothing to do other than to identify the tube
as to type. The next number designates how many
elements have been brought out to terminals. but is not
the number of prongs or connections on the tube. Often
a letter is added on the end to designate various features
such as M (metal tube); G (glass tube); GT (small
glass); GL (lock-type base), etc. Tubes of different
types with the same characteristics can be recognized by
having certain letters and numbers the same. For ex-
ample, the 7A7G, 12SA7 and 25A7GT all have the
same working characteristics as indicated by the 4 and 7

which appear in each case. The 6, 12, and 25 indicate
the approximate heater voltage. The § before the A in
the case of 12SA7 indicates the tube is single ended.
In this case the grid cap is eliminated and the grid is
connected to a prong in the base. The 6A7G. and
12A7G are glass tubes which look alike. The 25A7GT
is a small glass tube,

112. MAINTENANCE. a. General. Electronic tubes
require no maintenance other than keeping them prop-
erly placed in their sockets. As the tube is sealed, no
internal maintenance can be done to the tube.

b. Testers. Tube testers with switches and adjust-
ments have been designed to test all types of tubes. As
all makes of tube testers are of a different design, the
instructions for each individual tester must be followed
in each individual case. Tubes should be tested and
replaced according to the Technical Order coy ering the
individual piece of equipment.
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SECTION IV

LIGHTING

113. FUNCTIONS. Electric lighting serves three im-
portant functions in military aircraft; for illumination of
instruments, cockpits, cabins and landing fields; for mark-
ing the position of the airplane; and for indicating certain
conditions of the aircraft or its equipment by means of
indicator lamps.

114. REFLECTORS AND COVER GLASSES. a. Re-
flectors are used in lamp assemblies to redirect the light
emitted from the incandescent filament, into the desired
zone. Different types of reflectors may be used de-
pending upon the service for which the lamp assembly
15 intended. For example, in a landing lamp, where a
concentrated beam of highest candlepower is desired, a
parabolic reflector with a polished surface is used (fig.
250). In a recognition lamp assembly, from which a
wide beam of light is desired, a spherical reflector with
a diffusing surface is used.

b. Cover glasses protect the interior of the lamp as-
sembly from dirt. In addition, they may be colored to
produce a beam of a given color.

115. EXTERIOR LIGHTING EQUIPMENT. a. Land-
ing lights. (1) Landing lights are extremely power-
ful and are directed at an angle which will give the pilot
the maximum assistance in landing on unlighted airports

PARABOLIC MIRROR

RAYS OF LIGHT

Figare 250, Parabolic reflector
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and fields, The lights may be located midway in the
leading edge of each wing (fig. 251) ot streamlined into
the airplane surface. The landing lights draw a high
current. A relay, remotely controlled from the cockpit,
may be used to control each lamp. Both the control
circuits and the lamp circuits are fused for safety.

(2) In some installations, retractable landing lamps,
set into the under surfaces of the wings, are used. Icing
of the lamp lenses is thus greatly reduced. The installa-
tion is usually made as shown in figure 252. It s possible
to lower or retract the light and to turn it off in the
extended position. The landing-light motor has a split-
ficld winding (fig. 253). The center terminal of the
field is connected to one of the brushes. The other
brush is grounded through the coil of a solenoid which
fits a brake shoe. This brake shoe is held by spring
tension against the motor shaft. The other two field
terminals are connected to the outer terminals of the
control switch § through contact points C and D. When
the landing light is retracted, points C are pushed upon
by the geared quadrant and points D are closed by spring
tension. If switch § is now placed in the “lower” posi-
tion, the battery current which passes through,the com-
pleted motor circuit energizes the brake solenoid, with-
drawing the brake shoe so that the motor may turn and
the lamp will start to lower. After approximately 10
degrees of movement, contact A touches and rides along
copper bar B, lighting the lamp. When fully lowered,
the projection on the end of the gear quadrant opens
contacts D thus stopping the motor and reengaging the
brake. If the control switch is now placed in the “re-
tract” position, the motor will operate in the opposite
direction.

/-— LEADING EDGE

Lights in leading edge of wing.

Figure 251.




b. Navigation or position lights. A set of navi-
gation lights is the minimum exterior lighting equipment
for aircraft operating at night. The set consists of one
red, one green, and one white unit. On more recently
built aircraft, each unit consists of one lamp streamlined
into the aircraft surfaces to which it is attached. On
some of the older aircraft, each unit consists of 2 lamps
streamlined into the surface. The green lamp is mounted
at the extreme tip of the right wing and the red lamp is

2 2 ?

Figure 252, Landing light (extended) on under surface

,’_,_{ 44 '.;-.'I;{ ;

similarly located ca the left wing.

The white lamp is
usually located on the vertical stabilizer in such a position
that it may be seen through a wide angle when viewed
from the rear. The wing-tip lamp units are connected
in parallel and are controlled by a single switch in the
pilot’s compartment. This switch has two “on” posi-
tions one of which is connected to the lamps through
a resistor (fig. 254). This gives the pilot the choice of
two intensities for the wing-tip lamps. The tail lamp is
similarly connected through a separate switch.

c. Formation lights. Formation lights are used on
certain military aircraft for night formation flying. On
large aircraft, this set of lights consists of nine blue
lamps. Three are installed in a straight line running
along the upper surface of the fuselage and three are
placed on the upper side of each wing or on the horizon-
tal stabilizer (fig. 255). The formation lights are not
visible from the ground yet they provide sufficient illu-
mination for group maneuvers with all other lights
turned off. The formation lights are controlled through
a two-position switch, one position of which is connected
to the lamps through a resistor thus giving the pilot the
choice of two intensities.

d. Recognition lamps. Airplanes equipped for
night flying are usually supplied with upward and down-
ward recognition lights. The upward recognition light
is located on the top side of the fuselage and emits a
white signal visible from any position above the airplane.
Three downward recognition lights are located in the
bottom of the fuselage or the right wing. The downward
recognition lights emit red, green, and amber signals
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Figure 253.
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Landing-light mechanism and circuit.
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visible from any position below the airplane. All four
recognition lamps are controlled from a switch box in
the cockpit and may be keyed (usually by means of a
pushbutton) to give a prearranged recognition signal
(fig. 256).

e. Passing lights. A passing light may be included
in the lighting system for use on or near civil airways
at night. The lamp (generally controlled by a simple
toggle switch) is provided with a red lens and is located
in the leading edge of the left wing. It is used in addi-
tion to the regular wing-tip navigation lights and as
a precaution against collision when meeting other air-
craft. See figure 251.

f. Formation bomb-release signal light. A for-
mation bomb-release signal-lamp assembly is located in
the tail of bombardment type of airplanes. This lamp
assembly gives a white signal when the airplane is ready
to release bombs and a red signal for a few seconds
immediately after a bomb is released. It is used as an
aid to formation bombing technique.

116. INTERIOR LIGHTING EQUIPMENT. a. In-
strument and cockpit lighting. (1) Indirect light-
ing of the instrument panel may be provided by lamps
set in the panel. The light from these lamps is dis-
tributed over the entire instrument panel by a reflector
panel which has openings for observing the various in-
struments.  This method is not widely used in Army
Air Forces airplanes,

(2) Individual instrument lighting is provided on

some of the older aircraft by means of small 3-volt bulbs
which are mounted within the instrument case. These
small lamps are operated from the generator battery sys-
tem by inserting resistors in series with the lamps. The
3-volts necessary for the instrument bulbs may also be
obtained from a winding on the inverter or from the
auxiliary box as described in the following sub-para-
graphs.

(3) Fluorescent lighting is another form of instru-
ment or cockpit lighting. It eliminates the glare which
is so common in other types of lighting. The lamp
assembly (fig. 257) consists of a shell, a special lens
which will pass only ultraviolet light, a scfeen to regulate
the amount of light, and an automatic starting switch
(glow lamp). A screen is used for passing visible light
also. Instruments used with this type of lighting have
the dial figures painted with a material which is sensitive
to ultraviolet light. When the invisible ultraviolet light
is directed on the instruments, the figures are outlined
in a soft glow which makes them very distinct even
though there is no visible light coming from the lamp.
The voltage for the ultraviolet lamp may be obtained
from either an inverter or a so-called auxiliary box.

(a) The inverter changes the direct current of the
generator battery system into 110-volt alternating cur-
rent with a frequency of approximately 400 cycles per
second. The inverter is a special type of induction coil
having a double action vibrator (fig. 258). The vibrat-
ing element sends pulsations of current, successively, in
alternate directions through the primary coil, producing

}' 750 — 7TW— FOR 32 LAMPS
> 25— 17TW— FOR 9 LAMPS
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L : g H i L
B e M K &
Figure 25 with electrical circuit
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alternating current in the secondaries. One secondary
operates the fluorescent lamps. Another secondary pro-
vides 3-volt a-c to operate the instrument lights. The
resistors R;, R, and condenser C, are primary circuit
elements which improve the operation of the inverter.
The inverter is provided with a choke coil K and con-
densers C, and Cy as a filter system; the input and output
leads are shielded to eliminate radio interference.

(b) When the aircraft is equipped with a central 110-
volt, 400-cycle a-c power supply, the fluorescent lamps
may be operated by an auxiliary box. The auxiliary box
(fig. 259) includes a reactor for each fluorescent lamp
and a stepdown transformer for the 3-volt instrument
bulb.

(4) Another type of fluorescent lighting fixture is
known as the type C-5 lamp assembly. This lamp assem-
bly operates directly on the 28-volt direct-current system
of the aircraft without the necessity of an inverter. It
consists of a small fixture containing a special 4-watt,
28-volt fluorescent lamp and is equipped with a light
filter which transmits only the invisible ultraviolet light;
however, the filter may be opened to obtain visible light.
The lamp is controlled by a combined starting switch and
intensity cheostat mounted on the instrument panel (figs.
260 and 261).

(5) Many airplanes are now equipped with a small
incandescent spotlight known as the type C-4 cockpit
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lamp assembly. The beam from this lamp assembly may
be focused to either 2 small spot or to a wide beam of
light. A red filter is provided when minimum light is
desired during a bombing mission. The lamp assembly
is equipped with a combined “on-off” switch and inten-
sity control rheostat (fig. 262).

b. Cabin and passageway lighting. The cabins
and passageways are illuminated by dome lights properly
located in the ceiling or sides of the airplane.

3t L
CONPLETE A33EMBLY
o

Figure 257. Cockpit lamp assembly (fluorescent).

c. Indicator lights. Indicator lights are used for
various purposes such as indicating the position of land-
ing gear, bomb-bay doors, etc. and to indicate other
conditions of the airplane or its equipment. In the more
recent types of indicator lamp assemblies, an arrangement
is included by which the intensities of the signal may be
varied to suit the pilot, by simply turning the outer cap
of the lamp assembly (I]g‘ 263).

d. Inter-communication call light. Some air-
planes are now equipped with inter-communication call
lights by which personnel at different stations in the
airplane may signal each other. Each call light consists
of an indicator light and keying switch.

117. MAINTENANCE. a. Check all visible wiring in-
cluding connections, terminals, fuses, and switches for
condition and security.

b. Keep lamp lenses and reflectors clean and highly
polished. If a reflector is found to be cloudy, remove
lacquer with acetone, polish with a mixture of lampblack
and alcohol and relacquer. If it does not remove cloudi-
ness, reflectors will be removed and turned in for replat-
ing. Inasmuch as cloudy reflectors are usually caused by
an air leak around the lens, install 2 new gasket when
the lamp is reassembled. Exercise care to insure proper
focus and alinement.

c. The cause of malfunctioning of the lighting equip-
ment may be located by systematically testing each lamp
circuit with a continuity tester.
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Figure 263. Indicator lamps and controls.
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SECTION XV

WIRING SYSTEMS

118. GENERAL WIRING FEATURES. Various types
of aircraft do not have identical electrical systems, but
certain typical features are in general use. The intér-
relation of the more common features of a power distri-
bution system are shown in figure 264.

a. From the battery and generator, feeder lines carry
current to the main bus, which is considered the central
point for the distribution of electrical energy to the vari-
ous electrical devices. Both the battery and generator
feeders are generally provided with master or main-line
switches to enable all current to be cut off in one quick
olurmun, as may be desirable in an emergency or when
testing. These switches may be controlled remotely by
means of relays.

(1) The main bus is a copper bar enclosed within a
metal junction box. Branch-circuit fuses are usually
attached to the screw terminal of the bus; from these
fuses, wires run to control switches in the cockpit and
then to various electrical units located throughout the
aircraft.

(2) In some installations, other buses, fed from the
main bus, are located in compartments occupied by the
radio operator, gunner, or other personnel, and serve as
centers for the distribution of electrical energy to a special
group of devices.

b. When the battery master switch is closed, any
device directly connected to the main bus may be operated
at any time by means of its individual switch. Certain
devices, on the other hand, are connected to the main
bus through a safety switch and auxiliary bus arrange-
ment. The auxiliary bus is referred to frequently as the
safety bus.

(1) Although the magnetos are entirely ll]{]n_i“l([']dt_ﬂ[
of the generator-battery system, the safety switch is often
Inum‘l‘ur;ilm{ in the same assembly as the magneto switch.
For example, in a single-engine safety ignition switch
three of the terminals are for the magneto system, the
remaining two (often designated B and B. aux. or Bat.
and Awnx,) serve to connect the main bus with the auxili-
ary bus.

(2) The pitot-tube
starter control,

element, the electric
and other equipment which ordinarily
should not be operated unless the aircraft is in flight
or the engine is being cranked, are connected to the
auxiliary bus. Thus, these devices cannot be operated by
their individual control switches before the pilot has
turned on the ignition preparatory to starting. Also, no
damage or current waste can result because of failure of
the pllt:[ to turn off these devices at the end of a flight,
provic ded he has shut off the ignition.

heating
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c. (1) The lead wire from the positive battery termi-
nal proceeds first to one terminal of the motor-starter
switch because the starter-motor circuit draws the heaviest
current and requires conductors of very low resistance.
Therefore, the battery, starter motor, and starter switch
are generally located as close to each other as practicable,
to allow their heavy leads to be as short as possible. The
line which connects the bus to the battery may then be
a lighter cable.

(2) In some installations the starter and main bus are
connected to a heavy connector plug. This plug is
located so as to permit easy connection to a battery cart
or a ground power plant (fig. 235).

d. (1) Wires used in aircraft electrical systems carry
an identifying number. This number may be prefixed
with a code letter to identify the general circuit of which
the wire is a part. When replacing a defective wire, no
splices are permitted, and a complete new length of wire
is installed, of a type, length, and size in accordance with
specifications. Before the wire is installed, a band of
cellulose tape is wrapped around it near each of its termi-
nals. The identifying number is t\p(‘d on the tape, and
a protective coating of shellac applied. With this means
of identification, a circuit can be traced and tested easily.

(2) A connector panel is a panel of insulating mate-
rial provided with terminals which are insulated from
each other. Each terminal serves as a convenient junction
for a wire to be connected to one or more lengths of wire.

119. WIRING. a. Power cables. The power in the
electrical system is transmitted from the source to the
unit through a system of wires and cables. In any elec-
trical circuit, a conducting path must be provided from
the source to the unit and from the unit back to the
source. In most airplanes, the return path is through the
framework or other metal portion of the airplane’s struc-
ture.

(1) Cable The aircraft cable is con-
structed of a large number of small, tinned copper wires.
The use of a large number of wires makes the finished
aircraft cable more flexible. The wires are braided
twisted together and then covered with an insulating
material. The insulation may be varnished cambric or
any other suttable insulating material. In table IV are
listed Army-Navy specifications for aircraft cables. The
size of the cable is designated in the American Wire Gage
number (A.W.G.). In the Army Air Forces, only even
number sizes of cable are used.
No. 20 to No. 00 (2/0).
smaller the cable.

construction.

The size varies from
The larger the number the
Consequently, No. 20 is the smallest
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cable and No. 00 is the largest. The ampere rating or
current rating of a cable depends upon the cross. section
area of the cable. The fuse capacity of any cable is the
maximum current the cable will s;Lf'cl)' Carry.

Table 1V. Aircraft cable specifications

Resistence of [ Fuse
Wire Si cable (ohms per Rating | Capacity
A.W. G, 1.000 ft, at 20°C.) (amperes) | (amperes)
AN=20 10.25 0.8 2
AN-18 G.44 7.0 15
AN-16 4.76 11.0 20
AN-14 299 16.0 30
AN-12 1.88 23.0 35
AN-10 1.10 33.0 50
AN-8 0.70 45.0 70
AN-G 0.436 63.0 100
AN-4 0.274 90.0 125
AN-2 0.179 130.0 175
AN-0 0.114 185.0 250
AN-00 0.090 220.0 300

(2) Size of cable. In choosing the size of cable for
any particular installation the cable must be selected with
the correct (or bigher) current rating. The IR drop, in
the cable, must not exceed 1 volt for continuous duty or
2 volts for intermittent duty. (28 volts are used in mak-
ing any IR drop calculations). Often a certain size
cable will carry a load as far as the heating effect is
concerned but because of its length, the voltage drop in
the cable becomes excessive. In this case, a larger cable
must be used.

" | STARTER SOLENOID SWITCH
|

( }'—|lllu

STARTER MOTOR

Typical features of power distribution system.

(3) Routing of cables. In modern tactical aircraft,
conduit is eliminated, wherever possible, to facilitate the
wide separation of cables. Its elimination also facilitates
cable installation and maintenance and, in addition, saves
weight. Where there is wide separation of cables, the
airplane electrical system becomes less vulnerable to gun-
fire. In the individual routing of cables, particular care
must be taken that the airplane structure is used to the
best advantage as an electrical shield for the cable.
Channels and even the surface covering of a metal air-
plane will provide excellent shielding effects. In replac-
ing a cable, particular care must be taken to replace it in
the exact position in which it was originally installed.
No attempt should be made to reduce the length of the
cable by taking what may seem to be a logical short cut.

b. Ignition cables. (1) Ignition cables need not
have a high current carrying capacity, but must be able
to withstand a high voltage. Hence, the greater portion
of the cable is insulation.

(2) Ignition cables used in the Army Air Forces are
of two sizes—the 7-mm is the standard size for nearly
all original installations; a S-mm cable is being used on

Spark plug S-mm cable adapter.
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some of the newer installations and to replace some of
the 7-mm cable whenever a replacement is required.
The 5-mm cable has a better type of insulation and its
smaller size facilitates installation. If a 5-mm cable is
used to replace a 7-mm cable, special adapting devices
are used on each end (fig. 265).

c. Terminals and connectors. (1) A terminal is
a device which can be connected to the end of a cable.
It facilitates attachment of the cable to the source of
power supply or to the unit which is to be operated.
Terminals are of two general types; the soldered terminal
and the patent solderless terminal.

(2) To facilitate removal and installation of wiring
connections to electrical appliances, a conventional con-
nector is used.

(a) Types and construction, Connector types are
numerous, Plug assemblies are of two types: straight or
90°. Receptacle assemblies may be of the wall-mounting,
box mounting, and integral-mounting types. To identify
the receptable from the plug, the receptacle is always the
fixed lwor'iion ol the connector and the'plug is the movable
part, Army-Navy specification numbers and letters
identify a connector’s type, style, and arrangement. For
example, a commonly used connector may be identified
as an AN3106-28-58 plug with an AN3102-28-5P
rurp[alc'f_‘.

AN—Army-Navy
3106—Specification number for plug
3102—Specification number for receptacles
28—Size of the shell
5—Contact arrangement
P—Pin contacts
S—Socket contacts

The connector mentioned is used on 2 28-volt,

100-ampere generator system. Figure 266 shows the
parts.and p

(b) Muintenance. 1f a connector is to be replaced
in a circuit, disassembling, soldering, and assembling
must be properly done (fig. 267).

d. Junction panels. Inthe modern airplane, cables
are run from one end of the airplane to the other through
several junction boxes. Provision must be made to re-
Ntu and II]\PL’L! these various cables. If the cables were
in one piece, from the source to the unit, greater difhculty
would be encountered in replacing the cable; hence, ter-
minal boxes and strips are provided for the connection
of the cables. Cables are never spliced between junc-
tions; if a cable is damaged, it is removed and replaced
with a4 new one.

e. Shielding. Shiclding is the enclosing of cables
or electrical units with metal. The purpose of shielding
1s to cawse the high-frequency voltage (interference) to
be induced 7z the shield rather than in the adjacent units.
Shielding is used where one unit is to be protected from
the effects of a high frequency current in a unit near it
or where a cable is to be protected from radio frequency
noise. An example of this would be the flexible, metal
C()\'cring about the radio antenna.

f. Bonding. (1) Construction. A bond is usually
made up of a flexible metal strap provided with a termi-
nal at each end. The bond can be made of either alu-
minum or tinned copper wire. However, care must be
taken not to place two dissimilar metals in contact with
one another. Brass, bronze, copper, and steel in contact
with aluminum will result in corrosion, especially when
in the presence of moisture.

BARREL

HALVES OF END BELL

COUPLING RING

ASSEMBEYRHHS>5

PLUG

lNSEFiT

SOCKET CONTACTS

SHELL
SNAP RING
\ ) ,
PIN S—— ;
CONTACTS = :

INSERT —» R
. ' lr

SOLDER CUP .
FACE PLATE '

RECEPTACLE

Figure 266. Cable connector plug.
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@ Disassembly and assembly,

% 8@8

TERMIMAL IS DIPPED INTO SOLDER CABLE END 15 WOUND WITH WIRE

LARGE YEAMINAL 1S THEN CARE=

FULLY TAPED BEFORE DIPPING IK POT TO TIN SOLDERING CUP AND TO HOLD SMALL WIRES OF THE

SOLDER POT, TO PREVENT THE FILL CUP WITH SOLDER BEFORE CABLE TOGETHER WHILE SQLDER=
INSERT ING END OF TABLE. ING INTO LARGE TERMINAL.

SOLDER FROM ADHERING TO
CONTACT END.

THE LARGE TERMINAL AND END OF END OF CABLE IS ALSO DIPPED WITH LARGE TERMINALS REMOVED

CABLE ARE THEN BROUGHT TOGETHER INTO SOLDER POT TO TIN THE . IT IS EASY TO SOLDER SMALL

IM THE SOLDER POT, FORCING LARGE EXPOSED WIRES BEFORE INSERT= TERMINALS THAT STILL REMAIN
! ING INTO SOLDER CUP OF THE IN THE BAKELITE INSERT.

CABLE INTO THE SOLDER Cup,
LARGE TERMINAL.

SOLDERING
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(2) Uses of bonding. Bonds are used to tie together
electrically any parts of the metal structure of the airplane
which are not already an integral part of the airplane.
Any part of an airplane which is movable or is connected
by a hinge, etc., should be bonded to the main structure
of the airplane. This usually can be done with a bond
only a few inches in length. Some of the most important
units which require bonding are engine to mount,
ailerons to wing, radio to the airplane structure, cowling
flaps to the support, and conduit to airplane structure.

(3) Maintenance. Maintenance requirements are
that the bond be intact and make a good electrical con-
nection at all times. In replacing a bond, care must be
taken to make a good metal contact. If, in preparing
the surface for the bonding connection, the surface has
to be cleaned with sandpaper, care must be taken not to
damage the original finish on the metal. Bonds should
be placed in such a position as not to interfere with the
operation of the unit and not be damaged or broken loose
because of the motion or vibration of the unit.

120. ELECTRICAL SYSTEM PROTECTION. . Gen-
eral, Various devices and arrangements of circuits are

used to protect the electrical system of aircraft from
damage and failure.

ARMATURE

ELECTROMAGNET
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b. Fuses. A fuse is a strip of metal bridging the
ends of two wires in a circuit, the metal having a very
low melting point. Most fuses are made of an alloy
of tin and bismuth; however, some are made of copper.
If the fuse is made of copper it is called a current limiter.
The current limiter is used in sectionalizing the airplane
circuit. A fuse will melt and break the circuit whenever
the current becomes excessive, whereas a current limiter
will stand considerable overload for a short time. There
are a number of types of fuses. The ones most used in
the Army Air Forces are the “plug-in’" type or the “clip”
type. The capacity of the fuse will always be slightly
higher than the anticipated load on the circuit.

¢. Circuit breakers. (1) A circuit breaker is a
manually operated switch which has a mechanical trip-
ping device; it will break the circuit when the current
reaches a predetermined value. The circuit breaker is
often used in place of a fuse and it may eliminate the
use of a switch (fig. 268). The circuit breaker can be
made to control a number of circuits as shown in the
diagram. Several types of circuit breakers are used by
the Army Air Forces. The magnetic type operates by
the pull of an electromagnet on a small armature which,
in turn, trips the breaker.

(2) Another type of circuit breaker is the thermal-

MECHANICAL TRIP

CONTACTS




overload breaker or switch. When a bi-metallic strip
becomes heated, it will bend away from a catch on the
switch lever and permit the switch to trip open. If a
circuit breaker is used, the switch must be turned all
the way "off" then back to the “on™ position to put the
circuit back in operation. If the overload is still present,
the circuit breaker will again trip without damage to the
circuit.

d. Circuit protectors. A circuit protector is a device
which automatically opens the circuit whenever the tem-
perature of the wnit becomes excessively high. It has
two positions, automatic “off” and automatic "on.” If
there is a fault which will cause the temperature of a
motor to become excessively high (a locked rotor, for
example) the circuit will be broken intermittently. This
may pc:m'n't the motor to break loose and complete its
operation. The operation of the circuit protector is
accomplished by a bi-metal disk or strip which will bend
and break contact when it'is heated. On cooling, the
bi-metal disk will assume its original position and close
the contacts.

e. Sectionalization, Sectionalization is a proposed
plan for the arrangement of an electric circuit which pro-
vides alternate paths for an electric unit to receive its
power (fig. 269). At each junction current limiters are
placed in the circuit. Fuses and circuit breakers can be
used in place of current limiters; however, the circuit will
not function as well. Circuit breakers have the advantage
of not requiring rupl;u‘mntnt. Since sectionalization pro-
vides an alternate electrical path to a device, it could be
especially valuable to aircraft in combat. If an electrical
path feeding a unit such as a gun turret has been broken
by gunfire, the turret can be fed by another path and
will continue to operate. If a path has a fault such as

a short circuit, the circuit will be so arranged that current
from two or three lines will feed into the current limiter
installed in the line having the short circuit, and will
break the circuit. Therefore, the faulty line will be cut
from the circuit. The power will then be transmitted to
the unit intended to be operated.

121. WIRING DIAGRAMS. a. The manufacturer of
the particular aircraft furnishes a wiring diagram of the
electrical system. This wiring diagram is in blucpri;et
form and is kept in the data compartment of the aircraft
s0 as to be available at all times. The wiring diagram
is helpful to the mechanic when making inspections,
testing circuits, and replacing electrical equipment. A
small part of an aircraft wiring diagram is shown in
figure 270,

b. The type and serial number of the aircraft.and
various explanatory notes are given on the blueprint. The
wiring diagram is sub-divided by dashed lines to indicate,
in a general way, the main sections of the aircraft,
Dashed lines may also denote a junction box or other
inclosure and in some instances mechanical linkage,

¢. In addition to many of the common symbols shown
in figure 7, various other symbols, as shown in figure 271,
appear on aircraft wiring diagrams to designate items of
electrical equipment. A reference number is assigned
to cach separate item and printed (frequently under-
lined) near the symbol which represents the item.

(1) A table of equipment is given on the blueprint
and each item of equipment is listed numerically. In-
formation, for each item, includes its serial number,
name or description, quantity required, Army Air Forces
type, etc. Tabulation of equipment shown in part in
figure 272 includes some of the items shown symbolically
in figure 270.

~GENERATOR

Figure 269. Profused diagram

5
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(2) The table equipment should be consulted to
identify a symbol and/or to insure that the correct type
of equipment will be obtained when replacement is re-
quired.

d. Cables which connect various units are indicated by
solid lines, vertical or horizontal. For identification, the
same serial number which appears on the cable in the
aircraft is printed somewhere along the line which repre-
sents the cable on the diagram.

(1) A wire table, shown in part in figure 272, is also
given on the blueprint, and it lists the cables numerically.
Information for each cable may include its length, size,
and types of terminal lugs.

(2) The wire table should be consulted when a
in the aircraft is to be traced or when a defective cable
15 to be replaced. When replacement is made, the num-
bers must be put on the new cable just as they were on
the cable which was replaced.

cable

e. Conduit is generally represented onwiring diagrams
by a single solid line. At each end of the line a bracket
is drawn to include all the separate cables entering or
leaving the conduit. All cables entering a conduit at
one point must leave it at another point but not neces-
sarily in the same order of entry. Care must be exercised
not to confuse conduit and cable lines. A conduit line
may or may not have an equipment number but it will
never have a cable number.

f. (1) Occasionally, a unit (or group of units) ap-
pears in a separate sketch Figure 273(1) illustrates
a conventional method Li\t_d to show the rLfdtmn\lup be-
tween the sketch and the main body of the wiring dia-
gram.

(2) Some wiring diagrams use a complete “code” in

order to avoid many wire crossings (figure 273(2)). The
full length of a cable is not drawn:; only a small length
L\rmdmv from its terminals is shown. At each terminal
U[ an lt&ln tJl Llllllplnf.“t \(lriulla L(H.l(. nilﬂ‘lb(‘.TS are
given. The wire connected to a terminal is rc}‘rucnt{.d
by a number. Another number adjacent to the cable
number designates the item of equipment to which the
cable connects. When tracing a cable on such diagrams,
the item of equipment is located first and then the
terminal to which the cable (which is being traced)
connects.
The service instructions in the Technical Order for
p-.lrtiful-u' aircraft may contain diagrams of s specific
circuits assembled from the complete wiring diagram.
Figures 274 and 275 are L\llﬂpl(.b of such assembled
du": ums.  An individual circuit diagram is Ewpt.cn lly
1Llpful when the mechanic is concerned with one particu-
lar circuit only. The service instructions may also con-
tain equipment and cable tabulations compiled from the
b]:.u.-print,

(1) When an assembled diagram, as contained in
service instructions, is not available or when it is desired
to further simplify a specific part of a circuit, a detailed
diagram may be used. Typical details of a wiring dia-
gram are illustrated in figure 276. The essential features
of the generator-battery circuit may be simplified by
following the connections from the proper terminals.
The cable, from the A terminal on the voltage regulator
to the A terminal on the generator, passes through two
lengths of conduit, a pull box, and a connector plug; one
short line may be used to indicate this connection. By
use of this method, the features of the circuit may be
simplified to the extent shown in figure 277.
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(2) An approximate lay-out of the basic items of a
single-engine aircraft electrical system is shown in
hgure 278. A diagram of this direct-line type is particu-
larly helpful when a comparative study is to be made
of the electrical features of new models of aircraft. The
simplified diagram may be drawn from the wiring blue-
print or the diagrams in the service instructions.

122. CIRCUIT TESTING. If trouble develops in an
electrical device, there are two general causes—the device
itself may be at fault (burned out, damaged mechanically,
etc.) or that part of the circuit leading to or from the
device may be at fault, Continuity testing refers to the
checking process used to determine whether or not there
is a L'Um}‘it_'[(: electrical circuit.
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1. Position light. 11. Fuse, fuel-pressure warning and 20. Booster coil.
2. Switch, position light. pitot heater. 21. Generator.
3. Battery. 12. Fuse, generator. Voltage regulator.
4. Relay battery. 13. Switch, starter. Relay switch.
5. Warning horn. 14. Switch, throttle. 24. Switch, pitot heater.
6. Horn. 15. Switch, ignition, 25. Switch, fuel-pressure warning.
7. Switch, landing-gear warning. 16. Relay, starter. 26. Switch, fuel-pressure test
8. Fuse, landing-gear warning. 17. Solenoid, starter meshing. 27. Puel-pressure warning light.
9. Fuse, position light. 18. Starter. 28. Pitot heater.
10. Fuse, starter. 19. Magneto. 29. Switch, generator.

Figure 278. Wiring di

a. The circuits illustrated in (1), (&), and (3) of figure
279 include a portable type of continuity tester wherein
dry cells are used as a source of voltage. A lamp within
the portable tester serves as the indicator.

(1) If the alligator clips of the tester unit were
touched together, a complete circuit would be established
and the lamp would be lighted. If, as shown in figure
279(1), the clips are brought into contact with the
terminals of the resistor (or coils, etc.) under test and the
lamp does not light, an open circuit in the resistor is
indicated. This test is conclusive only if the resistance
of the unit under test is sufficiently low to permit the
lamp to light. If the resistance is too high (more than
approximately 10 ohms) a voltmeter (mounted on the
panel of the tester) can be connected in the circuit in
place of the lamp. If no aflcfk-ctiofn of Itllﬁ' voltmeter
pointer occurs, ‘an open circuit is indicated,

(2) In figure 279(2) the tester indicates the presence
of a short circuit across the terminals of a switch which
is the “'open” position,

(3) To determine whether a length of wite is
grounded at some point between its terminals, the wire

gram ana approximate

J ga P § § Lartesial lavm
layour of bafic electricar tlems

is disconnected at each end; one test clip is hooked to
the wire and the other clip is grounded as shown in
figure 279(). If the wire is grounded, the lamp will
light.

(4) When the methods of continuity testing outlined
are applied to installations on the aircraft, the disconnec-
tion of a number of wires may be necessary,

b. To test for open circuits in wiring and equipment
installed in aircraft, the aircraft storage battery may be
used as a source of voltage and a voltmeter with long
flexible leads used to test the circuit. This method of
circuit testing may be illustrated by reference to a simple
aircraft circuit containing a 12-volt battery. fuse, switch.
and landing

The following procedure may be
applied to any branch circuit which is fed by the battery.

map.
(1) First, draw a simple wiring diagram of the circuit
involved, as shown in (@) of figure 279. For this purpose,
the wiring |'\J|:-:-|-1'|11: or the service instruction diagrams
should be consulted.
(2) If the l'.l[ﬂ[‘ |i|u!1!\' when the switch is closed, the
indication to be expected in each position of the volt-
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meter is shown by the voltmeter symbols in figure 279(2).
If the lamp does not light, check the battery for normal
voltage. The negative test clip of the voltmeter is
attached to any convenient ground connection; the posi-
tive test clip is connected to the battery end of the fuse.
If the voltmeter reads zero. it must then be determined
whether the battery is at fault or whether the battery leads
to ground or fuse are at fault. If the reading of the
voltmeter is approximately 12 volts, no defect is indicated
up to this point and the test may be continued along the
circuit,

(3) The negative clip is kept connected toa ground.
The positive clip is moved from point to point along the
circuit with the diagram for a guide; test each unit and
length of wire (by attachment of positive clip to its
terminal) until the first zero reading is obtained. An
open circuit is indicated between the last point at which
voltage was indicated and the point of first zero reading.
This is illustrated in figure 279(G) by an open fuse, in
figure 279(§) by an open lamp filament, and in figure
279(%) by an open lamp-to-gmund connection.

(4) When testing a lamp, it is to be noted that in
figure 279(7) the voltmeter reads 12 volts when the posi-
tive clip 1s connected to either terminal of the lamp. This
means that there is no potential difference across the
lamp. This is reasonable, because no current is flowing
through the lamp. (Actually, the voltmeter does allow
some current to flow through it but this is not enough
to light the lamp.)
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SHORT BETWEEN SWITCH TERMINALS

¢. An ammeter should not be used in the methods of
continuity testing described in this section because the
ammeter has a very low resistance which would short-
circuit the battery and damage the meter.

123. SOLDERING. a. General. Soldering is join-
ing of two metals by the use of a third metal which has
a lower melting point. The third metal is commonily
called solder. For aircraft electrical use, solder is usually
composed of 50 percent tin and 50 percent lead. The
solder may be melted by an electric soldering copper
or a soldering copper heated by a blow torch.

b. Preparation. To make a good soldering job on
aircraft wiring, proper equipment, proper heating tem-
perature, and cleanliness are of primary importance. The
soldering copper should be in good condition. If the
soldering copper has been heated excessively and is
slightly pitted, it should be filed. Do not attempt to
use a deeply pitted copper. It should go through 2
reconditioning process before using. If a soldering cop-
per appears to be in good condition, it should next be
tinned. Tinning may be accomplished by heating the
soldering copper so that heat can be noticed when bring-
ing the copper within 6 inches of the check. Then dip
the soldering copper point in a paste flux or rub the
point on a block of pine wood containing resin. Apply
enough solder to cover the surface of the point. After
the soldering copper is properly tinned, the two units
to be soldered should be prepared (cleanliness cannot be
overstressed), If a conductor is to be soldered to a
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terminal lug, remove the insulation and scrape all foreign  wire, the solder will not stick properly. Heat the units
matter from the wire, and apply a little soldering paste. as shown in figure 280. After the soldering job is
Attach the conductor and terminal lug together and heat complete, the soldered units should be insulated. Soldet-

them with the soldering copper. CAUTION IN HEAT-  ing of plug and receptacle connector is explained in para-
ING COPPER: If color is noticed on the terminal or  graph 119.

Figure 280, Soldering a lug on a cable.
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SECTION XVI

AUXILIARY SYSTEMS

124. WARNING SIGNAL SYSTEM. Landing-gear
warning signals warn the pilot to lower the landing gear
when preparing to land and notify him whether or not
the landing gear is down and locked.

a. A diagram of a warning signal system is shown in
figure 281. A switch is linked with each landing wheel
so that when the wheel is not down and locked, the
switch is closed. The spring § in the relay normally
holds contact points C, closed. When the throttle is
closed beyond a set point, the throttle lever closes a
switch which is mounted on the throttle control. If
either wheel is not down and locked, the circuit to the
horn is completed and the horn will sound. In the
event that the pilot has no intention of landing, he
momentarily closes the horn-release relay switch, which
energizes the relay, opening contacts C,, silences the
horn, and closes contacts C;. The horn-release relay
switch is thus shunted, the relay remains energized, and
the horn is inoperative when the momentary-contact
switch is released. When the pilot reopens the throttle,
the throttle switch is opened, and the relay is de-ener-
gized, permitting contacts C, to reclose. When he again
closes the throttle, the horn will sound.

b. The signal system shown in figure 282 illustrates
a combination horn and signal-light landing-gear warn-
ing system. The wheel switches are double-throw type
and have no neutral p():u'r.jon, {'Lmscqucn[[_\' one circuit
or the other is always completed. If either wheel is not
down and locked, the red lamps are lighted; in addition,
the warning horn will operate when the throttle is closed
beyond a set point. (A horn release relay may be added
to the system.) The green signal lamps are lighted only
when both wheels are down and locked. The signal
lamps may be dimmed, for night flying, by means of
dimmer resistors. A test switch is incorporated to deter-
mine if the horn is operative,

125. INVERTERS. The function of the inverter is to
change the d-c power, provided by the airplane; to a-c
power for equipment which will function only on a-c
current. Alternating cucrent is used for the operation
of fluorescent lights, autosyn instruments, an']“O—su[‘.cI-‘r
charger control, and other special equipment,

a. Principles. (1) The wvibrator type inverter
switches a direct current intermittently through the pri-
mary coil of a transformer. This action creates an a-c
voltage in the secondary coil. The switching arrange-
ment is usually called a vibrator.

(2) The rotary inverter consists of a d-c motor which
drives an alternator (a-c generator). The frequency is
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governed by the speed of the motor and the voltage
output is governed by the strength of the alternator’s
field, See figure 283. However, in some inverters,
complicated winding arrangements have been used in
order to gain the desired frequency and voltage control,
where the motor and alternator are interconnected. Only
the rotary inverters of a simple design will be treated in
this section.

b. Construction. One type of rotary inverter is con-
structed with a motor armature at one end of the shaft
and the rotating part of the alternator at the other end
of the same shaft. The field frame contains the field
coils of the motor and the starter coils of the alternator.
The motor brushes are located at the motor end of the
frame. The rotary inverter is built in a number of differ-
ent sizes. The size is always determined by the power
output of the unit. The v.a. (volt-ampere) is the unit
used to rate the alternator at a certain power factor; an
example of this is the 400-cycle, 750-v.a. inverter. This
output is delivered at two voltages; 26 and 115 volts;
the 26-volt output being 250-v.a. at 40-percent power
factor and the 115-volt output, 500-v.a. at 90-percent
power factor. The circuit of the inverter is shown in
figure 284. The circuit shows a set of points shunted
by a resistor and controlled by a centrifugal governor
which regulates the frequency of the alternator.

c. Trouble shooting. In trouble shooting the indi-
vidual inverter, refer to the Technical Order covering
inverters.

d. Maintenance. The maintenance of inverters will
be limited to brush replacement and general care. The
bearings are scaled at assembly and will never require
lubrication. Other services on the inverter require spe-
cial tools and should be done by qualified mechanics
only.

126. ELECTRONIC TURBO-SUPERCHARGER CON-
TROL. a. General. This control system is a device
which permits the manual selection of a desired manifold
pressure and which automatically maintains the desired
manifold pressure within the limits of the turbo-super-
charger by regulating the position of the turbo waste
gate. The complete system consists of a bridge circuit,
amplifier, and a waste-gate motor. The power to operate
the system is furnished by a 115-volt, 400-cycle alternator
or inverter.

b. Bridge circuit. The bridge circuit is a system of
]K\tc[)liOil‘.cfch connected across transformer st{:énd.iriw:\',
These potentiometers are controlled by a manual pressure
selector, the carburetor inlet pressure, a governor, and
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the movement of the waste-gate motor. The manifold
pressure selector is a potentiometer manually controlled
to select the desired manifold pressure. In this unit are
mounted the calibrating potentiometers used to equalize
the manifold pressure on all engines. The pressuretrol
potentiometer is operated by a bellows controlled by the
carburetor inlet pressure. The accelerometer and over-
speed potentiometers are controlled by a governor driven
by the turbo. The balance potentiometer is operated by
the waste-gate movement. The function of the bridge
circuit 1s to furnish the ump]iﬁcr with an a-c potential
of varying value,

¢. Amplifier. The amplifier builds up the incoming
signal from the bridge through a double triode tube
(7F7) and delivers this amplified signal to the paralleled
grids of the two 7C5 discriminator tubes (fig. 285).
The 7C5 tube which has a positive plate when the grids
are positive will pass a current to one winding of the
waste-gate motor, The two tubes pass current 180° out
of phase with each other or of opposite instantaneous
polarity which depends on the input signal. The 7Y4
tube is a full-wave rectifier which furnishes d-c voltage
to the plates of the 7F7 amplifier tube.

d. Turbo waste-gate motor. The waste-gate motor
is a small two-phase motor, One phase (line-excited field
winding) is supplied by the inverter through a series
condenser and the other phase (amplifier-excited field
winding) by the amplifier. The phasing of current sup-
plied by the amplifier with the other phase supplied by
the transformer is determined by the two discriminator
tubes, resulting in motor rotation in one direction or the

other. The synchronous speed of the motor is 12,000
r.p.m., but due to slippage inherent in a squirrel-cage
motor, its actual r.p.m, is much lower., The torque of
the motor is increased through a system of gearing to
approximately 50 inch-pounds at the crank arm. The
crank arm is connected to the waste gate through suitable
rods and levers.

e. Maintenance. In servicing the electronic turbo-
supercharger control system, particular care must be taken
to keep all leads in their proper order. All potentio-
meters must be kept free of dust, dirt, finger marks, and
other foreign materials. Lubrication for the potentio-
meters must be strictly in accord with Technical Orders.
Crossing of leads or poor connections between potentio-
meters and wipers will cause the entire system to mal-
function.

127. AMPLIDYNE. a. Amplidyne is the name given
to a special control system of an electric motor through
4 motor generator set.

b. The principle of the amplidyne circuit is to control
the field current in a generator driven by a constant-speed
motor from the battery supply; the generator drives a
shunt motor which is used to operate auxiliary equipment
(fig. 286). The advantage of controlling the field of
the generator which drives the motor is that a very small
controlling device can be used since only a very low cur-
rent is required to excite the generator field. If the
controlling device were placed in line controlling the
motor, considerable current would have to be handled.
The amplidyne principle is used to operate gun turrets.
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