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This manwal rupersedes TM 1406, 16 Aprd 1942

SECTION |

GENERAL

1. GENERAL. o. This manual is intended as a source
of general information n!?uding the principles of op-
eration and maintenance of electrical equipment used on
aircraft. Specific information and the most recently au-
thorized maintenance procedures for each of equi
ment will be found in Technical Orders, whi ilI)LIE
be followed in all cases.

b. Electricity is used on aircraft for many purposes.
It fuenishes light, heat, and power. Some examples are:
starting the engines; igniting the fuel charge in the
cylinders (fig. 1); operating various types of lights
(hg. 2), instruments, radio equipment, turrets, bomb-
bay doors, signal devices, etc, advantages of elec-
tricity lie in its ease of control, ease of distribution and
the many uses to which it can be adapted.

CYLINDER HEAD

PISTON

Figwre 1. Eleciricity iguites the' fuel charge in cylinders,

Figare 2. Elecevicity furmishes lighe.

¢. To maintain electrical equipment, one should know
the fundamentals and prin::i?les of electricity. The first
7 sections of this manual cover electrical fundamentals
and should be studied thoroughly.
d. Analogies have occasionally been used to make
electrical fundamentals easier to understand; however,
sometimes do not exactly represent the scientific
explanation of the fundamentals,

2. WORK. Electricity 1s one form of energy. Ene
may be briefly defined as the ability to do wo
Mechanical energy, heat, and chemical energy are other
forms. Surrounding every there is some form of
encrgy 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, landing gear, gun
tur:::l:s, 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 the wires (conductors).
Most of the present aircraft have 12 or 24 volts of

re. 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 electrcal energy and can
set u‘; 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 3-phase, 208-volt equipment
and single-phase 120-volt equipment from the same cit-
cuit (par. 33¢).

b. g}e amount of voltage or difference of potential
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 (fg. 3).

BATTCARY [F=1}

Figure 3. Measuring potential diff evence.
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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 res by an ammeter
(fig. 4) which is described in paragraph 32. The sym-
bols used to express current are [ i.mf (sometimes) A.

HGHT Bl

Figure 4. Measuring current with an afimeter.

5. ELECTRICAL RESISTANCE. a. When electrons
pass through conductors they meet with varying degrees
of difhculty. This difficulty is called electrical resistance.
If a wire 1s of large diameter, the degree of difficulty is
less than when of small diameter (hg. 5). The wire
(conductor) will get hot if the electrons find great difh-
culty in moving. Resistance is also affected 1:3' length
of the conductor, material of which the conductor is
made, the temperature of the conductor.

charge of clectricity. Whenever a charged body comes
close to another non-conductor or to a conductor op-
E;im? charged, the electrons will jump from the one

y to the other and thus produce a spark. Almost
everyone has ugerienccd this spark when shuffling across
a2 rug on a cold dry day and then touching a metallic
object. This siaﬂ: 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-s ing discharge of static electricity.
Since wires used for this purpose are generally connected
to (or touch) the ground, they are frequently referred
to as ground wires,

b. Electrons may pile up on an airplane while in
flight so that there is a heavy static charge remaining
on the airplane after it is landed. A discharge 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 gisch:lrgrs of static
electricity.

8. SYMBOLS.
trical symbols.

Figure 7 shows the conventional elec-

Figure 3.

b. The electrical resistance of a substance is measured
by a unit of resistance called "ohm."” The symbol used
to express resistance is K, r or (1, 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)

Rertrtance fo & rordnctor.

9. ELECTRICAL CIRCUIT. a. An electrical circuit is a
closed path through which an electric current can flow,

A copper conductor uma[]ﬁafunm this path, In fgure
8, a wire is run from the battery to a fuel pump mator

Figure 6. Grownd wire to discbarge matic elecivicny.
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and back to the battery to complete an electrical circuit.
In most :.iﬂ:!mes, the return path is through the frame-
work or other metal portion of the airplane’s structure.

b. A short circuit 15 frequently the cause of electrical
troubles. If the wire leading from a battery to the fuel-

FUEL PUMP MOTOR BATTERY
™ L
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Figure 8. An electvical circuis.
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Conventional #lectrical symbolr.

m motor and back to the battery completes a path
it reaches the motor it will have its circuit
shortened [551 9}, Therefore, the motor will not run,
when a short circuit is present,

FUEL PUMF TwoToR

Figure 9. A rhors circuis,
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SECTION Il

DIRECT-CURRENT CIRCUITS

10. OHM'S LAW. a. The symbol for voltage differ-
ence between terminals of a Joed weit (starter motor,
formation lights, etc.) is E. [ represents current,
measured in amperes, K represents the resistance of the
load unit and 15 measured in ohms, The relationship
between the three is known as Ohm's law and may be
expressed by the following formulas:

(1) Amperes — volts divided by ohms; or ] =—
If ] = 4, E = 8, and R = 2, the following is
obtained: (4 — %}.

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

|

I

4 x 2,
(3) Ohms — volts divided by amperes; R = 7?".
Substituting values given in (1): 2 =- %

b. If voltage and resistance are known, formula (1)
can be used to Aind the amount of current (amperes)
used; if current and resistance are known for (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 n[:-rr:ﬁun to be perf with the other two
ﬂ,'unnlitiﬂ is shown by the direction of the line between

em (the vertical line signifies multiplication and the
horizontal line signifies division).

AMPERES OHMS

Chart for Obm's [aw.

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

Figure 10,

4

carries the current; a suiteh (control device) to stop the
flow of clectricity or to permit electricity to flow; and
an electrical device to use the electrical energy (fAg. 11).

PASSING LIGHT

Figure 11. Tjpical light circaii.

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 :m-c:s of
electrical circuits used in aircraft; series, parallel, and
12. SERIES CIRCUIT. A series circuit has ome closed
path through which voltage can the current. Sev-
cral 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 hnd amperage, voltage, or resistance, Ohm’s
law is used. If four coils are connected in series and a
current of ?t;tn:rus is forced through the drcuit by

28 volts, the resistance may be found by using for-
R1

——— BATTERY R2
Ra

Figure 12. Resistors in series.
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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). 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 cirouit.  Electrical appliances are con-
nected in parallel to decrease resistance and to allow
them to be operated separately. If one appliance in 2
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

R TRy
or:

1 1 1 1

R: ~ R, Ra Hy

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

R — resistance of one unit

— the number of units

For example, the total resistance of ten S-ohm units
connected in parallel 1s 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.

——

— —_—

14. SERIES-PARALLEL CIRCUITS. There are a few
scries-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
15, 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
15 the rate of doing work. For instance, an aircraft
engine is rated in ho wer. One horsepower is equal
to the work done in raising a 550-pound weight 1 foot
in 1 second (fg. 15). Some aircraft engines will
develop 2,000 hor er of more. The electrical unit
of power is the watt, 746 watts of electrical energy is

ual to 1 horsepower. The number of watts used is

culated 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, [, R, and
P,
b. The solution of typical electrical problems follows.
(1) Single load ani, (a) Problem. A typical 12-
volt aircratt landing light is rated to draw a current of
20 amperes. What is its resistance when in use (hot*)?
What 15 its wattage?
(&) Selation. Find the known and unknown values
as follows:
E = 12 volts. R = ? ohms.
I = 20 amperes. P = ? ohms,
Choose the appropriate formula from paragra h 10a to

+ IE | l determine the nown value. In this case, by use of
f formula (3)
= ' ' R=-L oR 12 o 0.60 ohms resistance
: e R-!I. Rz RI" = T or — _ﬁ_' 4 ohms resistance,
— To determine the wattage, use power formula given in
R — paragraph 16, table 1. Thus, by use of this formula:
'I'!, = 12 % 20 = 240 watts,
p— i T ® Unless otherwise specified, current ratings of electrical de.
Figure 13, Simple parallel civenis, vices are given under operating conditions [in this case "hot").
Table 1. Electrical relationships
Fx:];:: Cuf::ﬁrr%w Rn‘:'i}:::n: Power
] — — —— -~
Measured with ohm- Vol d
Meter used Voltmeter in parallel Ammeter in series meter or fgured oltmeter s0d - ar-
from formula. meter
1 3 E= P (watts)
Series circuit ET=E1+E=+-E3. Ip=I=l.=1 Ry =H; 4 R4+ R, Wlm_hp
746
Parallel Exr=E=E=EFL lp=h+4+bL+tly | =4+ Watts
Ry "Ry " Ry " Ky| —p==h

UNIVERSITY OF CALIFORNIA



(2) Load wmits in series. (a) Problem. A small 3-
volt cockpit instrument Ia.ml.iv similar to a tiny flashlight
bulb, is ommd 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 pand indicate the
known values at the appropriate places, Tabulate the

known and unknown values for each load unit and the
complete circuit, as follows:

Lam I:, Reststor Complete Circuit
E = 3 volts, E = ? volts, E = 12 volis.
| = ? amperes. [ = ? amperes. | = ? amperes.
R = ? ohms. R = 68 chms. R = ? ohms.
P = ? watts. P = ? watts. P = ? walts,
No set re of solution is recommended inasmuch
as the procedure must be designed to fit cach 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 nnl}r one
of the terms E, [, 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 {p-::ﬂ-nph 12). ore, E for the resistor
must be 9 volts. This having been determined, / and P
for the resistor can be determined as follows:

E 9
Iszﬁ-:n-l}zunpuu
El

= 9 W 0132 = 1.19 walts,

Inasmuch as the current I must be the same throughout
the series circuit, it follows that I in the lamp and in the

entire circuit is 0.132 amperes. R and P for the lamp
may now be :IettrEmin:d as follows:
= 3
R =— a3 = 227 ohms.

P = El = 3 % 0132 = 0.396 waits.
For the entire circuit:
g 8 .1
e - 0132

T = 90.9 ohms,

P = El = 12 w 0132 = 1.38 watls.

The sum of the wattages of the lamp and the resistor
should be to the wattage for the entire circuit.
Also, the sum of the resistances of the load units should
equal the total resistance of Ihecin:uit.i?lt. 12), These
conditions are satished within allowable limits by the
foregoing solutions, and the accuracy of the calculations
is thus verified.

(3) Load wnits 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 R; in pasallel, and back to the battery. The re-
sistance values of R, Rs, and R; are 2 2/3, 2, and 4
ohms, respectively. Calculate the rate at which charge
will Aow out of the A

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

R:l 1

The addition of this resistance to that of K, (2 2/3
ohms) gives a total of 4 chms for the net resistance
of the circuit. The current drawn from the battery will
then be—
E 12

(4) Load wnits in parallel. (a) Problem. Six 4-
watt navigation lamp bulbs are operated in parallel on
a pmich:r 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?

==
Ll

[

1]

i e % | )
‘H“‘-.'_E : _T""u.._].—r-_. e b

! # oo

- i
e ‘_:-@ e -J_‘_.q-F
----....h.‘ 4 | .-""-._-
. | #

s EOEMATION LAMPE

Figuee 14. A serics-pavallel civemit.

(b) Solwrion. Draw a diagram and indicate the
known values at the appropriate places (fig. 17), Find
the known and unknown values for each load unit and
for the entire circuit as follows:

Each lamp bulh Entire civcnil
= 12 volts. E = 12 volts.
[ = ? amperes. I = ? amperes
R = ? ohms. R = ? chma.
P — 4 watts. P — ? watts

Figure 13. Horiepower.

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 known, Ohm's law can be applied in the

L —1.333 = 11/, chms.

; P fi

] &= |
R: Ry 2 4

17 03504025 0.7




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 15 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 = El:

4= 12%1I
Or,
f =i = l_ampgr:
12 3

The remaining unknown value for each bulb, R, can
now be determined by use of Ohm's law. Applying

the formula E — -'?-

R:ILI-: 12 % 3 = 36 ohms
3
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 = -?-

as follows:
12

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

| m——

....
I—...-

wOLT
ﬂn':m-

]

1

Figare 16, Load wnits in feries-parallel

It should be noted that the same total power could be
obtained by multiplying the. 4-watt demand of each
lamp by the total number of lamps (6). The first pro-
cedure would work if the load units were to possesss

4 WATTS

— — — 6 ohm :
® 2 d unequal resistance; the second procedure would not.
awarrs  |owarrs Jawarrs  [awarrs  |awares
12 voLT
BATTERY

iy

Figuwre 17, Load wnits i parallel.
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SECTION Il
'

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

Figure 18. Atraction of flings 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

le toward the north, This pole is called the magnet's
north pole; the other pole is its sourh pole.

(3) If two magnets are suspended at midpoints by a
string and are free to move, their like poles rcpc'E cach

(1) LIKE POLES REPEL

other, whereas their unlike poles attract each other
(hg. 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-

uired to detach an iron nail from a magnet; but once

e 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 reality
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 magnetic influence of the
carth. 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 magnmetic

freld of the magnet.

b. The magnetic field is made up of liner 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 fAlings upon a piece of paper above a bar
magnet. The Alings will arrange themselves in accord-
ance with these lines of force (g 20).

c. Tests for direction of a magnetic field around a
wire are performed with a compass needle. The north
pole of the needle is attracted in the direction of the
field, while the south pole is pulled the other way. The
two forces cause the needle to turn until it becomes

.f\ 1\

(2} UNLIKE POLES ATTRACT

Figure 19, Inler-aciion o magmets.
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tangent to the lines of force, with the north pele 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

Figure 20. Paitern of lines of forece.

magnet (fig. 21) to show how their ncedles 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.

VAV

e |

—

. SRR

N

Figare 21. Magnetic feld sbost a U-shaped magnes.

e. A compass between the poles of 2 magnet behaves
in the same manner as it does between the poles of the
carth. The earth is a big magnet. One of the carth's
poles is in Northern Canada and the other 15 below
Australia. They are near, bat not af, the earth's geo-
graphic poles. The pole in Northern Canada is a south

magnetic pole, since the north end of the compass needle
paints that way. The pole at the southern part of the
earth is a north magnetic pole (fg. 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

Bl PR —

CECCRAPHICAL SO0UTH PALE
Figure 22. Earth'; magnetic field,

force in the field about a straight wire are concentric
circles, The force of the field 1s 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-band 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 (fg. 23).

Figure 23. Righit-band thumb rule (riraipht 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 (fg. 24 ().

d. _u_m..rn magnetic hield associated with a ar wire
is much the same as the field of a bar magnet. 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
Joop when a current passes through it.
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Figure 24,

20. MAGNETIC INDUCTION. The temporary magnet-
ization of a magnetic material (one which can be mag-
netized) i1s known as magnetic induction. Magnetic
induction takes place whenever a magnetic substance is
brought close to, or in contact with, 2 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 1n-
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 (fg.

26).
¢

MNAIL

FILINGS

Mugnetic induction.

Figure 25,

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 ;1[|u:|.' r.'::rmjsl:rSL'-uE of aluminum, nickel
and cobalt is difhcult to magnetize but will stay mif-
netized or retain its magnetism indehnitely if properly
handled. If any magnet is heated excessively or ham-
mered it will not retain its magnetism. Ma made
of soft iron are casy to magnetize but they will not re-

tain magnetism long. The magneto pole shoes (fig. 26)
are good examples of magnets which retain magnetism
for short pcn'ociz of time. %!;:54: 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 magnetirm.  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

mrfuﬁy 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 Fuw
erfully magnetize the pole shoes and coil core. It 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 ma which make up a magmretic circnit.
The field within the circuit may be represented by lines
which are given the usual directions with respect to the
poles in the drcuit.

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 mm.f. The amount of
magnetomotive force these field coils exert is “ﬁ[m
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
of 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 cirowt. Reluctance
determines how much flux will be established when a

™A

|
U-SHAPED
MAGNET

=4

NZ

—=-
il

LMFT IRON

Figure 27. Magwetic circnft formed by permanent magnet
and piece of soft from,

given amount of m.m.f. is applied to the circuit, 1le
greater the reluctance, the fewer will be the Hux lincs
which a piven mom.f. can establish in a magnetic circut
The shorter the length and the thicker the cross section
of parts of the magnetic circunt, the smaller will be its
reluctance. The closer the pole pieces are to the arma-
ture, the less the rehuctance.

e. Interrelationship. Magnetomotive force, fHux,
and reluctance are interrelated in 2 manner similar to the
Ohm's law relationship between the L'urr-:-'.]'ﬂ.‘md:'np quan-
tities in the electrical circuit (voltage, amperes, and re-
sistance )

23. ELECTROMAGNETIC FIELDS OF COILS. a. Ifa
current 15 passed through a coil of wire consisting of 8
turns closely wound, and an equal current is passed
through a single-turn loop of the same diameter as the
coil, the magnetic hclds will be found to be almost iden-
tical in direction at every paint. However, the magnetic
field strength of the S-turn coil will be approximately 8
times that of a single-turn |l_1u| since the helds of the
eight turns are virtually parallel with each other at every
]:u:rint, 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 field will be as shown
in fgure 28. The held is very weak between the turns,
because the helds of adjacent turns are upl"{::«uitt 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 ficld of fairly uniform intensity,
represented by nearly straight lines of force.

¢. Each of the coils mentioned will have a north n ap-
netic pole at one end and a south magnetic pole at the
other. The direction of the field 1|r.r-|-_'r||_h upon the di-
rechion of current flow and mg ay be determined t]. use of
the right-hand rule.

. SOLENOID AND ELECTROMAGMET. a. Sole-
noid. A solenosd may be defined as a2 coil af wire
wound around 1 hollow cylinder, and used to pr--il
magnetic held. In aircraft electrical equipment, a --I.-
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STARTER MOTOR:

Figure 29. Stavier circuil.

noid” has a core the whole or part of which is free to
move. The held 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. starter
motor has a solenoid whose movable core opens and
closes (controls) the circuit itting current to operate
the motor [FJB- 29). A small wire from the so id
to the cockpit and from cockpit to battery supplies
enough current to operate the solencid. A spring is
placed in the solenoid to 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 fl‘l:?uﬂ']ﬂf in aircraft
electrical equipment such as landing-light relay, voltage
regulator, current cut-out relay switch, and generator field
coils. The electromagnet is 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 piece 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

12

stop pin from actually making contact with the core.

‘At the other end of the non-conducting strig:herr.- are

contact points, arranged (depending upon the type of
relay) tgﬁclm or Tul;m one F::Tmrr cr:;uﬂiu when the
relay is actuated. e relay illustrated has 4 tecrminals,
2 for its coil, and 2 which are connected to the contact
points. In aircraft, the relay is em d as a remote-
control device. By its use, the weight of wire is
reduced and wires which carry large amounts of current
are eliminated from the cockpit.

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 (D)
shows a straight wire (resembling a wire from either
a motor or hgl:ncﬂtﬂr] without current. It is placed in
a magnetic held perpendicular to the lines of force pass-
ing from the north pole to the south pole. In fgure
31 (3) a current is flowing in the conductor. The field
surrounding the current-carrying conductor and the mag-
netic ﬁeldnfmm the pole pieces will result in a force Eﬁg
31 (3)). The direction of this force is found by the lefs-
band rule (g, 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 felds add to or
subtract from each other, depending 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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wite, and the field from the poles is from right to left,  fine wire, is mounted on jeweled bearings. Spiral hair-

the fields will add on the bottom of the armature wire
and subtract or neutralize at the top. This difference of
rmagnetic field will push the wire up,

26. TORQUE ON CURRENT-CARRYING COIL. a.
The tendency to produce a tufning motion is known as
torque (twisting force). If free to act, torque will pro-
duce rotation. For pu of theoretical reasoning,
;:Jn!i-:lrr a r;ﬂmgulu coil to be located between two

¢ pieces, figure 33, with current ing through the
coil in the direction indicated. ﬂm% will be
forced up, the other down.

b. The existence and direction of the torque created
on a current-careying 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 currentscarrying coil, One may de-
termine the polarity of this imaginary magnet by use of
the right-hand rule.

€. The amount of torque developed in a coil depends
directly upon four factors; the mmﬁfth: strength of the
ficld 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. 1f the coil carries a steady current and
15 situated in a uniform field, the torque at successive
positions of the coil will vary with the values shown in
mgure 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
zero,

27. D'ARSONVAL METER MOVEMENT. a. The
D' Arsonval type of meter movement has wide applica-
tion in Army Air Forces elecirical instruments,. The
cssential features of the movement are shown in figure
335. N and § are the pole pieces of a yoke-shaped magnet
made of an alloy which 15 capable of mmf:ing 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 Aux by reducing the reluctance of the circuit.
A movable coil composed of a number of turns of very

4

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 ite way.
Inasmuch as the current is limited, in normal use, to
values which will not I::rl?’ the coil outside the radial
Enim of the magnetic field, the torque developed will

proportional to the current. The hair-springs are so
designed that their opposing torque, regardless of the
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,

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

—

Figure 13,

Electrical features of IV Arvonval meter movemend.
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Figure 36. Fusdamentals of d-c motor operation,

b. Suppose a coil to be in the position shown in
figure 36 l:%] 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-hand 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), de-
creases as the coil rotates, and is at a mimmum when the
coil has rotated through the 90 degrees into position
shown in hgure 36 (2). 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
current 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

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 fAgure 36 (&) 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 E'r:l:‘t[:';d mo-
tors a number of coils are spaced uniformly about an iron
cylinder similar to that in the [) Arsonval meter move-
ments.  This coil assembly is known as an armarwre.
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

® - s conventional sign for current Aowing from observer
r ' & -
while =— is conventional sign for current flowing toward ob-
SEEVET.
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Figure 37. Elememtary dec motors.

motor may be increased by using four pole picces 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 Aux in
which the coils rotate. The field in which the coils move
15 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 ceils. 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 serier motor. If the circuits
are connected in parallel, as in (%), the motor is said to
be a “shunt wound" or shant maoter. Each type of wind-
ing has its own advantages and appropriate uses.
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f. The direction of rotation of a motor may be re-
versed by reversing either the connections of the brushes
or the held coils. This will reverse the magnetism of
either the armature coils or the magnetic held 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 5u|:rplied 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 upemted. For example, suppose a certain 12-volt
motor, when running under a constant load, draws 70
am 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 = "R
70 % 70 % 1/50
= 98 walts
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
equal 1 horsepower, the motor is developing mechanical
energy at a rate of approximately 1 horsepower.
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SECTION IV

MEASURING DEVICES

29. GENERAL. In the inspection, maintenance, and
operation of the aircraft electrical e?uipmmt, it is often
necessary to meaisre 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,
thermocouple thermometer, electnical tachometer, etc.

(fig. 38).

Figure 18, Galvawometer,

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 cotl (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 (fg. 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
COoIL

Figure 39. Cutaway of voltmeter,

VOLTMETER

e

Figure 40. Volimeter comnected acrorr an elecrrical wni,

sk adai 17
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the resistance of the meter is fixed, the current flow and
deflection of the needle will depend the
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.

¢. Yoltmeters 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 which will
exceed the voltmeter's scale. If the voltmeter is acci-
dentally connected in series with the circuit, no harm

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 crcuit (Ag. 41). The
ammeter is alwayr connected in series with the load
MNever 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-
q_l..hu is used instead of a current limiter a8 in & voltmeter.

is current b is called a shamt, The shunt is a
resistor made of a special , the resistance of which
s 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

ZERAD ADJUBTMENT

Figure 41.

Ameieter fu 2 civemi

Figuer 42,

|
18 Coaol
)

Nrvee ot an ammeter divectly arvaii @ battery

::'I'Il'_lll val fram
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give full scale deflect.on for a 300-ampere ammeter, oaly
0,01 of an ampere will flow through the meter when 300
amperes 13 measured. The rest of the 300 amperes or
299.99 amperes will How through the shunt ( hgure 43).

¢. In arplane construction, except for some small ase-
planes, the shunt part of the ammeter is installed in a2

AMMETER

Figurg 4 Ammeter witd exiern iy JENEl

juficticn oy and --'1:1r:‘.-~‘r..‘: in either the i lus or munus
; I 13 mounied on
the instrument panel. With this installation, the proper
. No attempt should be made
to alier their length (g 44)

TRCNE, OF (AN,

Ernorator icad IThe move

NEBN T WINIT ali il Dy & :_.'I

33. OHMMETER. o. General. 1he ohmmeterisan
mnstrument which measures resistance o ohms Ihe
ochmmeler is |II|||}'-.|x|_'-.| of a circuit Using 4 meter move
ment, network of resistors, and a small dry battery to far

= JUENLTION (B

Figurey d44d. Ammel sl fm pwechion Bax

rush the power. The meter is calibrated to read the
resistance of the wnit measured directly. Most ochm-
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 r::u[urlmn.

b. Veli-ehmmater. The volt-ohmmeter 15 a com-
bination voltmeter and reversed scale chmmeter Hig.
43). The meter shown has four ranges ol voltage: 0-3,
0-30, 0=300, and 0600 wvolts. and four ranges of re-
sistances: K, R % 10, R » 100, and R » 1000,

(1) 1o use the meter as a voltmeter, J~]-|L e the !ugg]f
switch 0 the M 1---x|rr-1r: If the approximate valoe of
the voltage 15 not known, use the scale having the high-
est range ol 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 (fg. 46)
With the black ['r-rl connected to the negative termunal
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 chmmeter, place the
switch in the "Ri position. Place the test leads in
jacks X (common to all ohmmeter scales) and . Ad-
3L'.=! metér o 2o |.!||_.-!|_.:::|_|.; ]':'._._i. !-._.3;:'.“1:!i f:-1. ”-'"““F
the battery adjustment knob until the pointer lines up

Frpwre 45 ¥ aodr

¥ Ryl
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with zero on the ohmmeter scale (fig. 47). The prods
are then 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 3 1000, multiply the readings on the
meter by 10, 100 or 1000 respectively. Cantion: Always
place the switch back to M position when the meter is
not in use as an ohmmeter.

Figure 46. Uiing meter ar 2 roltmeter,
¢. Circuit checking with an ehmmeter. The use
of an ohmmeter is a technique which requires consider-
able practice, However, only a few fundamental prin-
ciples are used.
43{1} Zero ohms indicate a completed circuit (hg.
-

Figure 47. 3Setting meter for nie ar an ohmmeter,

(2) Infinite (#rf) ohms indicates an open circuit (g,
49). Before using the ohmmeter, always estimate the
resistance of the unit to be measured. Whenever check-
ing for continuity, use the K scale unless the umit meas-
ured has a 11:ig|!:| resistance, o l'hﬁ]'iih;; for a short or
ground, use K % 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

power.
20

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

b. The voltage divider, or iometer, is similar

to a rheostat (varable resistor) except that it has three
connections instead of two (fig. 50). In using the volt-

VOLT = OHMMETER

Figure 48. Circuit checking (completed circusi).

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.

Figure 49. Cirenit checking (open circuit).

¢. 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 tiometer. This de-
vice is used to regulate turbo superchargers, to operate
gun turrets, fuel ratiometers, etc.

'-": |'_“I|'-= T
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Figure 30. Vollage divider,
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Figwre 31. Breidge circun,

Figure 3. Thermocouple thermometer. Figure 33. Thermocomple.













































































































































































































































































































































{2) The table equipment should be consulted to
identify a symbol aﬁ;ur to insure that the correct type
of equipment will be obtained when replacement is re-
uired.

4 d. Cables which connect various units are indicated by
solid lines, vertical or horizontal. For 1dentification, the
same serial ‘number which appears on the cable in the
aircraft is printed somewhere along the line which repre-
scnts 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 numencally.
Information for cach cable may include its length, size,
and types of terminal lugs.

{2) The wire table should be consulted when a cable
in the aircraft is to be traced or when a defective cable
is 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.

e. Conduit is generally represented on wiring 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 Figure 2731) illustrates
a conventional method used to show the relationship be-
tween the sketch and the main body of the wiring dia-

am.

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

order to avoid many wire crossings (fAgure 273(2)). The
full length of a cable is not drawn; only a small length
extending from its terminals is shown. At each terminal
of an item of equipment, various code numbers are
given. The wire connected to a terminal is represented
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.

g. The service instructions in the Technical Order for
a particular aircraft may contain diagrams of specific
circuits assembled from the complete wiring diagram.
Figures 274 and 275 are examples of such assembled

diagrams. An individual circuit diagram is especially
helpful when the mechanic is concerned with one particu-
lar circuit only. The service instructions may also con-

tain eqruipmem and cable tabulations compiled from the
quePrmL

(1} When an assembled diagram, as contained i
service instructions, 15 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.

1
HACELLE MO &
L 1T P a
e : ;
5 an -
1 "
EE
.E_a_‘l--‘-‘. . :.+i-..-.--|l _:'l'
| ;nu!;-i----_.--..--.:?"‘"'| L T I v
i i i ! C:Lu w LR LR
[ ': i : : "E -------- W
\ w1 W e 2 IAE TR ¥
n | AR i I...l.: i - =1
; L IS S I N .
i e e e (. i [T [E— 4
i ;
. Y sz mas ETT & AL
T G P |
Gl 1 B E -
o ey a5 [ - e |
prag -!r_....: ~ aaTy._ .. ¥ " o
M TITr g™ 4 1T iTT T 1
| B E;I:: |: i i T - enl
! -t L 3 PR LT LN N BN Lh Y R
---f- 5 ___;_#i‘.t;ﬁ:%{a--l:‘;.' i e R B e o
s 2 n i -is . i
iR s o RAF N : : :f_ i e ET ]
il | 1 i1 i U
13 “f Lf ! T j

Figure 270. Part of am aiveraft wiring diagram.

132

UNIVERSITY OF CALIFORNIA



aradrip Tuiun gjroue so pocw joguil raoiusies)

LMW e T3 TV WL IN D
WD WiLS00a moﬁ“:ﬂﬂu S INTYR UM

fil 2imkiof

.ﬂgl\w SBOLME YT e SHIInN Tu
b g TIONVD ATIVINVMIIN OVHE DHOTINE

\.” u_” \n % IMOLME T

L

.,.w
OLVEI0 WNEEIWE cme e e e

] MigTIE

BON T WOLIINNDD

| | |
WY LOLie _|w._n_“__
_

133

UNIVERSITY OF CA



134

T El L&
' i M T T T k] «a
& LRat |8 1 [ ) T
1] d 13-Sdild [TRET]
LRET Thil | =—— £ = &
e lmar Fiid b taa | Nid el
BSHITLD Baca Vel b TR GUTROY | § [BAE _|dvouid &E‘: T _'11":"
WA ROERTIN T e T T fag ikl wd ||
-qlg;:_'rrnﬁih [l I!-i'l‘!.;ih“”- B TERE e e ——
\ NNt wEY  1awiTiim @] s saares [arass
PN IELD - DA A I T 51 Eis fu-resa |
E b V= iELD ATANTH W o et i aE 0 |J-u||| L fan
AR
L L C—

.
lb)e
[t

0

‘lT_l_l
L]
[ 1] &
LR
1 84
a8 | b

:ltEFh

Figere 272, Tebslaion of equipment and wire.

] (a)

i ¥
—(C)

(F3

L] »(r)

PART OF MAIN BODY OF WIRING DIAGRAM

g) ()
L - --I-l l—1

!J’F‘Iﬂﬂtntl-‘“nlu

-l

| bt gt |
(r) >—4——s

L]
]
]
L]
e

TITEH NO

¥a

COMDUIT ND,
| r— WIRL WO,
WIRE COMMECTION TO BE

\}— c2ia UNDERSTOOD FRAOM CODE

€213 e r'ﬂll[l'ﬂ.

Cop-aid~ "'-..,,__ _rlaid L

\—
‘\hhgr___ﬂ¢,g.¢ MO OF (TEM 70 wicHD
EIE‘JP... WIRE CONNECTS n7

Cler208

(A nerna

@

Figure 273, Wiring-diagram code comventions,

i Ir |
girkal TIoIm

L )i !

Sy UNIVERSITY OF CALIFORNIA




HO.2 ENG,
@ —
T~ 13—

a0 o= 141 -u-im_@"‘“

T -3 =1 —f ]
.

WO Enil.

i 1 ¥ EE 1 34, 1. ;
. 12 -r"T s + v f-.,_;‘;fr t
£, | &
3 a
! ?
Z .
1% mi 1% =
— s —o-1% - A - lite
@ b g: -~
Fect M- 1
\ £ o
L
ca HEE i: "'"“l.]'ﬂi
9 &
- w, w
H'GL_-'IH —i- e —=11% u‘;__—lﬂ*‘“.“_“‘:@H- T
ttli@;Iw —= 1T =115 T ===147 -u-'j-i-:::n 114
WO e T MO A D
Figwre 274. Iguition civewits auiembled frovs complete wiving disgeam.

- l:m.'unlle! H H H H :um - .
Fa‘--- -— T __n
s T e 3§

! Wbt =2
+ 4 et by oe L
{ il t
®
e P 0 bS
T -G sl L.?-qu.—-ua
}ltii-—-!l a ‘ ‘ | I& '.:_."-"
L — i
L s bee L i PR
ﬁf’ 1—-—1m—l£&;—‘ lﬁ'f!'“_'_“"_-ﬂ-l
T I 205 s S - = 205 I
B s | 4
& = TEIEE e %'{,f
P Ir 5] ¢ ¥ l
y .= s
Crils WO E 0 LIIIJ =2e EwG. kO
e, WG IE Ench MO.4
BN WD I LuGuD S

Figure 273, Stirting ciecwits aviembled from compicte wiving disgram,

UNIVERSITY

IF CALIFORNIA

135



(2} An approximate lay-out of the basic items of a
single-engine aircraft electrical system is shown in
figure 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.

3

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 circwt 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 complete electrical circuit,
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1. Position light. 11. Fuse, fuel-pressure warning and  20. Booster coil.

2. Switch, position light. itot heater. 21, Generator.

-8 . 12, Fuse, generator. 22, Yoltage r o,

4. Relay L 13, Switch, starter. 23, Relay switch.

5. Warning 14. Switch, throttle. 24, Switch, pitot heater.

6. Horn. 13, Switch, ignition. 25. Switch, fuel-pressure wamming.

7. Switch, landing-gear warning. 16. Relay, starter. 26, Switch, fuel-pressure test

8. Puse, landing-gear warning.
9. Fuse, position light.
10. Fuse, starter.

18. Starter.
19. Magneto.

Figure 278,

a. The circuits illustrated in (7), (), 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. 1If, as shown in figute
2790), 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 sufhciently 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 deflection of the voltmeter
pointer occurs, an open circuit is indicated.

(2) In figure 279(3) 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 wire is
grounded at some point between its terminals, the wire

17. Solenoid, starter meshing.

27. Fuel-pressure warning light.
28, Pitot heater.
29, Switch, generator.

Wiring diagram and approximate layowt of basic electrical ftems,

is disconnected at each end; one test fl:ig 15 hooked to
the wire and the other clip is grounded as shown in
hgure 279(3). If the wire is grounded, the lamp will
light.

(4) When the methods of continuity testing outlined
are ap}ﬂli:d 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 map, The following procedure may be
applied to any branch circuit which is fed by the battery.

(1) First, draw a simple wiring diagram of the circuit
involved, as shown in () of figure 279. For this purpose,

the wiring blueprint or the service instruction diagrams
should be consulted.

(2) If the lamp lights when the switch is closed, the
indication to be expected in each position of the volt-

UNIVERSITY OF CALIFORNIA /4



meter is shown by the voltmeter symbols in figure 2793,
If the lamp does not light, check the battery for normal
voltage. e nepative 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 Fn?_*.e
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 to 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 frst zero reading is obtained. An
open circuit is indicated between the last point at which
voltage was indicated and the poipt of first zero reading.
This is illustrated in fgure 27 by an open fuse, in
hgure 279 by an open lamp hlament, and in hgure
279(7) by an open lamp-to-ground 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 is 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 Aowing
through the lamp. (Actually, the voltmeter does allow
some current to flow through it but this is not enough

¢. 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 commonly
called solder. For aircraft electrical use, solder is usually
composed of 50 percent tin and 50 percent Jead, 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-
petature, and cleanliness are of primary rtance, The
soldering copper should be in good condition. If the
soldering cop has been heated excessively and is
slightly pitted, it should be filed. Do not attempt to
use a deeply pitted cop It should go through a
reconditioning process before using. If a soldering co
per appears to be in good condition, it should next
tinned. Tinning may be accomplished by heating the
soldering copper so that heat can be noticed when bring-
ing the copper within & inches of the cheek. Then dip
the solde copper point in a paste flux or b the
point on a block of pine wood containing resin. Apply
enough solder to cover the surface of the point.
the soldering copper is properly tinned, two units
to be soldered should be prepared (cleanliness cannot be

to light the lamp.) 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 im figure 280. Atfter the soldering job is
Attach the conductor and terminal lug together imru heat  complete, the soldered units should be insulated. Solder-
them with the soldering coppet. 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,

T =

Figure 280, Soldering a lug on a cable.
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SECTION I XVl

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

fgure 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 wglir:h is mounted on the throttle control. If
either wheel is not down and locked, the circuit to the
horn is completed and the hor 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 hom will sound.

b. The signal system shown in figure 282 illustrates
a combination horn and signal-light landing-gear warmn-
ing system. The wheel switches are double-throw type
and have no neutral position, consequently one circuit
ar 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
toa 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-¢ power, provided by the airplane, to a-c
power for equipment which will function only on a-c
current,  Alternating current is used for the operation
of fluorescent lights, autosyn instruments, turbo-super-
charger control, and other special equipment.

a. Principles. (1) The vibrator 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

140

governed by the speed of the motor and the voltage
output is governed by the strength of the alternator's
held, See fhgure 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 held
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 wvolts;
the 26-volt output being 250-v.a. at 40-percent power
factor and the 115-volt output, 500-v.a. at 90-percent

wer factor, The circuit of the inverter is shown in

gure 284, The circuit shows a set of Foints shunted
by a resistor and controlled by a centrifugal governor
which regulates the frequency of the alternator.

¢. Trouble shooting. In trouble shooting the indi-
vidual inverter, refer to the Technical Order covening
inverters,

d. Maintenance. The maintenance of inverters will
be limited to brush replacement and general care. The
bearings are sealed 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 cireuit. The bridge circuit is a system of
potentiometers connected across transformer secondaries.
These potentiometers are controlled by a manual pressure
selector, the carburetor inlet pressurs, 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 is to furnish the amplifier with an a-c potential
of varying value,

¢. Amplifier. The amplifier builds up the incoming
signal from the bridge through a le triode tube
(7F7) and delivers this amplified signal to the paralleled
grids of the twe 7C5 discriminator tubes (hg. 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 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 amplificr. The phasing of current sup-
plied by the amplifier with the other phase supplied by
the transformer is determined by the two discnminator
tubes, resulting in motor rotation in one direction or the

other. The synchronous speed of the motor is 12,000
r.pam., 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 thmudgh a system of gﬂﬂn%_h‘l’ﬂ
approximately 50 inch-pounds at the crank arm.
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 iJJrl;q:-ul:r order. All potentio-
meters must be kept free of dust, dirt, inger marks, and
other foreign materials. Lubrication for the rutzntin-
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 gencrator sef,

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 motar which is used to operate auxiliary equipment
(hg. 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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