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CHAPTER XXIII
MOTORS

An electric motor is just the reverse of a dynamo; it is a
machine for comverting electrical emergy into mechanical energy.
~ The electrical energy delivered by the dynamo must be
obtained from a steam engine, gas engine, or other power;
the mechanical energy obtained from the motor comes from the
energy of the current flowing through its armature.

Ques. What is the construction of a motor?

Ans, It is constructed in the same manner as a dynamo.

Any machine that can be used as a dynamo will, when supplied with
electrical power, run as a motor, and conversely, a motor when driven
by mechanical power, will supply electrical energy to the circuit con-
nected toit. Dynamos and motors, therefore, are convertible machines,
and the differences that are found in practice are largely mechanical;
they arise chiefly from the conditions under which the motor must work.
Hence, the study of the motor begins with a knowledge of the dynamo,
and accordingly the student should understand thoroughly all the
fundamental principles of the dynamo, as already given, before pro-
ceeding further with the study of the motor. ‘

Principles of the Motor.—All the early attempts to intro-
duce motors failed, chiefly because the law of the conservation
of energy was not fully recognized. This law states that energy
can neither be created nor destroyed.

-
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Early experimentors discovered, by placing a galvanometer
in a circuit with a motor and battery, that, when the motor was
running, the battery was unable to force through the wires so strong
a current as that which flowed when the motor was standing still.
Moreover, the faster the motor ran, the weaker did the current
become.
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F1c. 389.—Conductor, lying in a magnetic field and carrying no current; the field is not
distorted whether the conductor be at rest or in motion.

Ques. Why does less current flow when the motor is
running than when standing still?

Ans. Because the motor, on account of its rotation acts as a
dynamo and thus tends 'to set up in the circuit a reverse electro-
motive force, that is, an electromotive force in opposite direction
to the current which is driving the motor.
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Ques. What is the real driving force which causes the
armature of a motor to rotate?

Ans. The propelling drag, that is, the drag which the magnetic
field exerts upon the armature wires through which the current
is flowing, or in the case of deeply toothed cores, upon the pro-
truding teeth.

The Propelling Drag.—In fig. 389 is shown the condition
which prevails when a conductor carrying no current is placed
in a uniform magnetic field. The magnetic lines pass straight
from one pole to the other. The field is not distorted whether
the conductor be at rest or in motion, so long as there is no
flow of cuyrrent. This represents the condition in the air gap
of a motor or dynamo, when no current is flowing in the arma-
ture.

Ques. What happens when a current flows in the
conductor of fig. 389.

Ans. It sets up a magnetic field of its own as shown in fig.
390.

13

Ques. What is the effect of this magnetic field?

Ans. It distorts the original field (fig. 389) in which the
conductor lies, making the magnetic lines denser on one side
and less dense on the other as in fig. 390.

Ques. What is the nature of these distorted magnetic
lines?

Ans. They tend to shorten themselves to their original form
of straight lines.
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Ques. What effect has this on the conductor?

Ans. It produces a force on the conductor tending to push
it in the direction indicated by the arrow, fig. 390.

The distorted magnetic lines may be regarded as so many rubber
bands tending to straighten themselves; The result then is clearly to
force the conductor in the direction indicated.

According to Lenz’ law, the direction of the current in the armature
of a dynamo is such as to oppose the motion producing it. When the
armature of a dynamo is rotated, the bending of the lines of force of

P1G., 300.—Conductor carrying a current in a magnetic field. The current flowing in the
conductor sets up a magnetic field which distorts the original field as shown, i
the etic lines denser on one side and less dense on the other. This results in a force
uﬁn the wire, which, in the case of a dynamo (fig. 391) opgoses its movement, and
which forms the propelling drag in the case of a motor (fig. 392).

the main magnetic field due to armature reaction acts as a drag against
the motion of the armature. Armature reaction increases with the
increase of the armature current. Therefore, the effect of the drag
increases with the increase of load and requires an additional expenditure
of power to drive the armature. )

In a motor, the direction of the actuating current is the reverse of
that of the armature current of a dynamo, consequently, the armature
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reaction which constitutesa drag,acting against rotation of the armature of
a dynamo, becomes a pull in the direction of rotation of the armature of
a motor and constitutes its real turning effect or forgue which is used
at the pulley to do mechanical work. The greater the load applied
to the motor, the greater will be the amount of current taken from the

supply mains, and consequently, the greater the forgue.

F1Gs. 391 and 392.—Action of the magnetic force in a dynamo and motor. * In the first
instance, according to Lenz’ law, the direction of the current induced in the wire is such
as to oppose the motion producing it. In the operation of a motor, the current supplied
in flowing t! h the armature winding distorts the field and thus produces rotation.
In the ﬁﬁes, e direction of the force is clearly indicated by remembering that the

distorted lines of force act like rubber bands tending to straighten and shorten themselves.

oo

Ques. What are the essential requirements of construc-
tion in a motor? Coe

Ans.” They are: 1, a magnetic field, 2, conductors placed
perpendicular to the field, and 3, provision for motion of the
conductors across the field in a direction perpendicular to both
themselves and the field.
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The Reverse Electromotive Force.—When an electric cur-
rent flows through some portion of a circuit in which there is an
electromotive force, the current will there either receive or give
up energy, according to whether the electromotive force acts
with or against the current.

This is illustrated in fig. 395, which represents a circuit in which
there is a dynamo and a motor. Each is rotating clockwise, and
accordingly, each generates an electromotive force tending upward
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F16. 393.—Force exerted on a current carrying conductor placed across a magnetic field. Let .
N, S, be the pole pieces of an ordinary electromagnet, having their faces flat and with
only a narrow air gap between. In this gap is stretched the vertical copper wire A B,
kept taut by a strong spring at A; current can be passed into the wire from the leads C
and D. Attached to the wire in the middle of the gap is a horizontal cord passing over
a pulley P and kept taut by a weight W; the pulley carries a pointer F which moves in
front of a scale s s. If the electromagnet be now excited and have the polarity indicated,
it will be found that on passing a strong current down the wire, the index F moves toward
the right, showing a similar 1novement in the wire. The index returns to zero when the
current in the wire ceases, and moves in the o] gosite direction if the current in the
wire be reversed and sent up instead of down. e experiment can be further varied
by reversing the magnetizing current of the electromagnet.

from the lower to the upper brush. In both cases the upper brush is
positive. In the dynamo, however, where energy is being supplied
to the circuit, the electromotive force is in the same direction as the
current, and in the motor, where work is being done, the electromotive
force is in the reverse direction to that of the dynamo.
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F1G. 394.—Showing relative directions of armature current and reverse electromotive force of a
qmtog'. ‘When a motor is in operation, the wires around the periphery of its armature
*“cut’* the magnetic lines of force produced by the field magnet exactly as in the case of
the dynamo. Con uently, an electromotive force is induced in each wire, as in the
dynamo armature. This induced electromotive force is in opposition to the flow of cur-
rent due to the electromotive force of the supply circuit, and tends, therefore, to keep
down the flow of current. The ﬁfure shows a single loop of wire, on the armature core
connected directly to the source of electricity. With current flowing in the loop in the
direction indicated by the arrows marked ¢, a magnetic field is set up in the direction
indicated by the large arrow marked ‘‘direction of armature flux.” With the field magnet
energized so as to produce a field in the direction indicated by the large arrow F, the
reaction between the two fields will turn the armature core in the direction indicated b
the arrow R. As the core turns, the upper wire of the loop will cut the flux under the sout
pole of the field magnet, and the other side of the loop will cut the flux under the north
pole. The result will be the induction of a reverse electromotive force in the loop, the
direction being indicated by the small arrows marked e. The actual flow of current in the
armature is that due to the difference between the impressed and reverse voltage;
the latter is proportional to the speed of the armature, the number of armature
wires and the st h of the magnetic field in the air gaps between the armature and
the pole faces. e speed of a motor supplied with current at constant voltage varies
directly with the reverse electromotive force, also with other conditions fixed, the
stronger the field, the slower the speed. Weakening the field will increase the speed up
to the point where the increase in reverse electromotive force due to the increased
cuts down the armature current below the value necessary to give the requisite pull at_the
armature periphery. When this point is reached, any weakening of the field will reduce
the of the armature. The pull or forgue of a motor armature is directly propor-
i to the strength of the magnetic field, and to the strength of the armature current,
the number of armature inductors being fixed. In a field of constant strength, therefore,
the pull of the armature depends on the amount of current passing through the winding.
The torque must be just sufficient to overcome the load; if in excess, the speed will
increase until the increase of the reverse electromotive force reduces the current and the
increase of speed increases the load to the point of equilibrium between load and torque.
If the torque be insufficient for the load, the speed will diminish until equilibrium is
established, assuming the motor is running on constant voltage circuit.
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Ques. Describe similar conditions which prevail in the
operation of a dynamo.

Ans. When no current is being generated by the dynamo,
little power is required to drive it, but when the external circuit
is closed and current is forced through it against more or less
resistance, work is being done, hence more power is required.

GENERATOR MOTOR

F16. 395.—Circuit with generator and motor. Whenever current flows through some portion
of a circuit in which there is an electromotive force, the current will there either receive

or give up energy according to whether the electromotive force acts with the current .

or against it. In the figure, the generator and motor are rotating clockwise, and hence
each generates an electromotive force tending upwards from the lower brush to the higher.
In each case the upper brush is the positive one. In the dynamo, where energy is
being supglied to the circuit, the electromotive force is in the same direction as the current,
while in the motor where work is being done and energy is leaving the circuit, the electro-
motive force is in a direction which opposes the current.

In other words, there is an opposition to the mechanical force
applied at the pulley which is proportional to the electric power
delivered by the dynamo. An opposing reaction or reverse force
then is set up in a dynamo when it does work.
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Ques. In the operation of a motor what is the nature
of the reverse electromotive force?

Ans. It is proportional to the velocity of rotation, the
strength of the magnets, and to the number and arrangement of
the wires on the armature, that is, the reverse-voltage depends
on the rate at which the lines of force are cut.
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F1Gs. 396 and 397.—Water and electric circuits. Diagrams showing comparison between wate.
motor and electric motor.

In the diagrams :
The p corresponds to the dynamo.
The high level pipe B ) b ‘“ * positive conductor.
The low level pipe i “ ‘ *¢ negative conductor.
The valve L . ‘¢ switch.
The watér motor . “ ‘“ “ electric motor.
The water pressure (called head) “ “ ¢ electric pressure (called voltage).
The flow in gallons per minute “ ‘“ “ amperes. .
The size of pipe “ “ ¢ size of conductor.
‘The foot pounds “ “ ¢ watts.

The greater the difference between the height of the two pipes the higher the pressure,
and the greater the difference between the pressures of the two conductors the higher the
voltage. The larger the diameter of the pipes the less resistance is offered to the flow of
water, and the larger the di of the conductors the less resistance is offered to the
flow of electricity. The more water required by the water wheel, the more power is
required to drive the tgum;:o. The more electricity required by the motor the more power
is required to drive the generator.
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Ques. Describe an experiment which shows the exist-
ence of a reverse electromotive force in a motor.

Ans. The apparatus required consists of a small motor,
battery, and ammeter. They should be connected in one cir-
cuit and the deflection of the ammeter observed when the arma-
ture is held stationary, and when it rotates with various loads.

In an experiment of this kind made on a motor with separately excited
magnets, the following figures were obtained:

Revolutions per minute 0 50 100 160 180 195
Amperes 20 -16.2 12.2 7.8 6.1 5.1

216, 399.—Pairbanks-Morse field coil and pole piece. The field coils are wound upon iron
forms, each layer treated with insulating compound. Afterward they are removed from
the forms and baked hard and dry and finally wrapped with insulating materials; all
but the three smaller sizes are wrapped with a protecting cord. The series and shunt coils
of the compound winding here shown are wound separately, the smaller one being the
series coil and the larger the shunt coil.

Apparently, if the motor had been helped on to run at 261}4 revolu-
tions per minute, the current would have been reduced to zero. In
the last result obtained, the current of 5.1 amperes was absorbed in
driving the armature against its own friction at the speed of 195 revolu-
tions per minute.

Ques. Explain the action of the current supplied to a
motor for its operation.

Ans. The motor current passing through the field magnets
polarizes them and establishes a magnetic field, and entering
the armature, polarizes its core in such a way that the positive
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ole of the core is away from the negative pole of the magnetic
eld, and the negative pole is away from the positive pole of
he magnetic field. The magnetic repulsions and attractions
hus created cause the armature to rotate in a position of mag-
etic equilibrium or so as to bring its positive and negative poles
pposite the negative and positive poles respectively of the
nagnetic field. It is evident that unless suitable means were
rovided to reverse the polarity of the armature core at the

1G. 400.—Fairbanks-Morse armature for 7% H.P., 1300 R.P.M., TR type motor. The
armature core is built up of thin sheet steel laminations with notches in the circumference,
which, when the discs are placed together, form grooves or slots to receive the armature
coils. The armature cores for the larger machines are mounted on a cast iron spider, which
also carries the commutator, making the two parts entirely self-contained, and with this
construction, it is possible to remove the armature shaft, without disturbing the core,
commutator or windings. Cores of all sizes are provided with ventilating spaces, running

from the surface to the central opening of the core, so that air is drawn through the core -

and blown out over the windings by the revolution of the armature.

nstant it reached the position of the magnetic equilibrium, the
rmature would not rotate any further. The construction is such
hat the polarity of the armature core, or the direction of the
urrent in the armature coils is reversed at the proper instant
utomatically by the commutator, thus giving continuous
otation.

Direction of Rotation of Motors.—In the case of either
. motor, or a dynamo used as a motor, the direction in which the
rmature will rotate is easily found by the left hand rule, as
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illustrated in fig. 411, when the polarity of the field magnets and
the direction of currents through the armature are known.

Ques. How may the rotation of a motor be reversed?

Ans. By reversing either the current through the fields, or
the current through the armature.

Ques.” What will happen if both currents be reversed?
Ans. The motor will run in the same direction as before.

F16. 401.—Fairbanks-Morse wire wound armature coils. These coils are form wound and are
thoroughly insulated and baked before assembling in the slots. Material of great mechan-
ical strength as well as high insulating value is used, and the coils are subjected to dippings
in insulating compound and to bakings, thus driving out all moisture and making a coil
which is practically waterproof and which will withstand rough handling. These coils,
when completed, are placed in the slots, where they are retained by bands on the three
smaller sizes and by hardwood wedges on the larger sizes.

- Ques. What is the effect of supplying current to a
series dynamo?

Ans. It will run in a direction opposite to its motion as a
dynamo.

Ques. What is the result of reversing the direction of
current at the terminals of a series motor?

Ans. It will not change its direction of rotation, since the
current still flows through the armature in the same direction
as through the field.
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MOTORS GENERATORS
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Fics, 402 to 410.—Diagrams showing relative direction of rotation of motors and dynamos.
From figs. 391 and 392, it is seen that the direction of the current in a motor armature
must be such as will increase, by the flux it produces, the intensity at the leading polar
edge and decrease the intensity at the frailing polar edge. In a dynamo, the armature
has to be moved by mechanical force, against a magnetic force, hence the leading gola.r
edge is weakened, while the trailing edge is strengthened. The magnetomotive force
in a motor armature is, therefore, opdposed to the direction of that in a generator armature,
when the direction of rotation and the direction of the field magnetomotive force are
the same.  Upon this depends all the relations existing bet the direction of rotation
of a machine when acting as a motor or as a dynamo.
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Ques. What is the behavior of a shunt dynamo when
used as a motor?

Ans. Its direction of rotation remains unchanged.

Ques. Why is this? !

Ans. Because if the connections be such that the current
supplied will flow through the armature in the same direction
as when the machine is used as a dynamo, the current through
the field will be reversed, since the field windings are in parallel
with the brushes.

T16. 411.—The “left hand rule” for direction of motion in motors. Place the left hand, as
shown, so that the thumb points in the direction of the current, the 3rd, 4th and sth fingers in
the direction of the lines of force, then will the 2nd or forefinger, at right angles to the others,
point in the direction in which the conductor is urged.

Armature Reaction in Motors.—In the operation of a
motor the reaction between the armature and field magnets
distorts the field in a similar manner as in the operation
of a dynamo. A current supplied from an outside source mag-
netizes the armature of a motor and transforms it into an

rl
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electromagnet, whose poles would lie nearly at right arigles to
the line joining the pole picces, were it not for the fact that
negative lead must be given to the brushes.

Negative lead is the amount of backward advance of the brushes
against the direction of the rotation -of the armature, measured it
degrees from the neutral plane.

If the brushes be given positive lead, that is, placed in advance of the
neutral plane in the direction of rotation, the cross magnetizing force is con-
verted into one that tends to increase that of the field magnet, while
if they be given negative lead, it tends to demagnetize the field magnet.

+

F1G. 412.—Principle of the electric motor as illustrated by experiment showing effect of a
magnetic field on a wire carrying an electric current. ~Let a vertical wire ab be rigidly
attached to a horizontal wire gh, and let the latter be suzported by a ring or other metallic
sup&ort as shown, so that ab is free to oscillate about gh as an axis. Let the lower end of
ab dip into a trough of mercury. When a et is held in the position shown and a
current from a cell is sent through the wire asindicated, the wire will move in the direction
shown by the arrow f, that is, at right angles to the direction of the lines of magnetic force.
Let the direction of the current in the wire be reversed, then the direction of the force
acting on the wire will be found to be reversed also. The conclusion is that @ wire carrying
a current in @ magnetic field tends to move in a direction at right angles both to the direction
of the field and to the direction of the current. The relation between the direction of the
magnetic lines, the direction of the current, and the direction of the force, is often remem-
bered by means of the following rule, known as the motor rule, and which differs from the
dynamo rule only in that it is spylied to the fingers of the left hand instead of to those of
the right. Let the forefinger of the left hand point sn the direction of the magnetic lines of force
and the middle finger in the direction of the current sent through the wire, then will the thumb,
at right angles to the other two fingers, point in the direction in which the wire is urged.

Since with positive lead the armature polarity strengthens that of
the field magnet, it is possible, disregarding sparking, to operate a motor
without any other means being taken to magnetize the field magnets,
because the armature will induce a pole in the field magnet and then
attract itself towards this induced pole,
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Ques. What effect has the cross magnetizmg force on
the field?

Ans. It tends to shift the field around in a direction opposite
to that of the rotation. - :

3ATIVE LEAD
iL NEUTRAL PLANE

P1G. 413.—Current commutation in a motor. Considering the coil W which is ascending,
current is flowing through it from the top brush, while it is itself the seat of an electro-
motive force that tends to stop or reverse its current. The condition for sparkless com-
mutation requires that during the interval the coil is short circuited by the brush, the
coil should be passing through a field that is not only sufficiently strong but one that
tends to reverse the direction of its current. The coil is already in such a field, hence,
commutation must take place before it passes out of this field. To accomplish this the
brushes must be shifted backward, that is, given megative lead, to overcome sparking.
In other words, the commutating plane must be shifted back of the neutral plane in a
motor instead of being placed in advance as in a dynamo.

Ques. What are the conditions of minimum sparking?

Ans. The same conditions must obtain as in a dynamo,
that is, the current in the coil undergoing commutation must be
brought to rest and started again in the opposite direction.
This involves that while the coil is short circuited by the brush,
it should be passing through a field that tends to reverse the
direction of the current. Since the coil is already in such a

.
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field, the act of commutation must take place before it passes
out of this field. Accordingly, a negative lead must be given
the brushes.

Method of Starting a Motor.—Although motors and dyna-
mos are practically similar in general construction and either
one of them will act as the other when suitably traversed by
an electric current, there are certain differences between the

F1G. 414,—Railway motor. This ¢t; of x—notor. since it must operate under cars, has taken
on the peculiar form under which it is most familiar. As illustrated, the case is of such
shape that compactness and water proofing are secured, and the means of attachment
to the car axle and support from the axle and truck frame are provided.

connections and accessories of a machine operated as generator

and one employed as a motor. For instance, when a machine
is operated as a dynamo, it is first driven up to speed until it
has excited itself to the right pressure, and then it is connected
to the circuit; but when a machine is used as a motor it will
not start until it has been connected to the circuit, and this
must not be done until the proper precautions have been taken
to ensure that the current, which will pass through it when so
connected, will not be excessive and thereby result in serious
injury to the motor. For this reason a rheostat or variable
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resistance, commonly called a starting box is usually inserted
in the armature circuit of a motor to prevent an undue rush
of current before the motor attains its speed, and subsequently
the speed is regulated by the cutting in or out of the circuit
of certain extra resistances which constitute the contro’ler used
on a series motor requiring variable torque at variable speed, as
in the case of elevator or e’ectric traction service.

Fc. 415.—View of railway motor, open. The frame is of cast steel for lightness, and which
serves as magnetic circuit and protecting case. It is circular or octagonal in form except
in very e motors. Four short magnets project from the case. The armature is
large in order to secure the required torque. It is always series wound, requiring two
brushes. The brush holders are mounted upon a frame of insulating material which is
attached to the upper half of the case. The brushes are adjustable radially, but usually
it is not necessary to provide for shifting as they remain in the neutral plane. In motors
which receive o little attention as these, special attention must be given to the design
of devices for keeping oil and grease out of the case. These would injure the insulation
of the coils and produce sparking at the commutator. Oil rings are, therefore, placed
on the shaft, and these discharge into chambers connected to the oil wells or allow the oil
to overflow on the track. The bearings are made self-oiling or self-greasing by means of
rings or wicks and will run for weeks without attention.
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Classes of Motor.—Motors are classified in the same manner
as dynamos. The fields may be either bipolar or multi-polar,
and with respect to the type of armature winding employed,
motors are classed as:

1. Series wound;
2. Shunt wound;
-3. Compound wound.

TARMATURE

OFF PDSITION
o

RHEOSTAT
FLELD R
2

FI1G. 418.—Series motor connections. A series motor on a constant voltage circuit does not
have a constant field strength, and does not run at uniform speed. If the load be taken
off it will run at'excessive speed. To start the motor, the circuit is completed t! h
a variable resistance or rheostat by moving the switch S so that the resistances R, R,
Rz,ﬁ Rs, are gradually cut out of the circuit. To stop, the switch S is moved back toits
“off " position.

Series Motors.—A series motor is one in which the field
magnet coils, consisting of a few turns of thick wire, are con-
nected in series with the armature so that the whole current
supplied to the motor passes through the field coils as well as
the armature. Fig. 416 is a diagram of a series motor showing
the connections and rheostat.

Ques. What are the characteristics of a series motor?

Ans. The field strength increases with the current, since the
latter flows through the magnet coils. If the motor be run on a
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constant voltage circuit, with light load, it will run at a very
high speed; again, if the motor be loaded heavily, the speed will
be much less than before.

P16, 417.—General Electric type CL-B motor for slow and moderate . It is of multi-
polar construction, having six pole pieces. The advantages of slow speed machinery
are generally understood, and in motors the additional outlay to secure slow speeds is
warranted, inasmuch as it results in diminished wear and friction losses in gearing, belting,
bearings, and commutators, and decreased brush renewals. The comparatively slow
speeds ®f these motors are of importance in that they permit belting or gearing the motors
directly to_ordinary slow speed line shafting without employing intermediate counter
sha.ftl'ng. When motors are eared to heavy duty machines, it is considered better
practice to supply an out bearing to take up additional strain that would other-
wise be put on the gearing and bearing.

Ques. For what kinds of service are series motors
unsuited?

Ans. Series motors should not be employed where the load
may be entirely removed because they would attain a dangerous
speed. They should not be used for driving by means of belts,
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because a sudden release of the load due to a mishap to the belt
would cause the motor to “run away.”
Very small series motors may be used with belts since their com-

paratively large frictional resistance represents an appreciable load,
restraining the motor from reaching a dangerous speed.

Ques. For what service are series motors adapted ?
Ans. For gear. drive.

In the casé of a sudden release of the load the gears provide some load
on account of the frictional resistance of the gear teeth.

4 ARMATURE l

RHEOQOSTAT

F16. 418.—Shunt motor connections. A shunt motor runs at constant speed on a constant
voltage circuit. In connecting the motor in circuit, the field coils must be placed in
circuit first, so that there is a certain amount of field strength to produce rotation of the
armature and thus prevent excessive current through the armature. If the field -
nets were not put in the circuit first, the armature, at rest on receiving current, would
probably burn out, because it is of low resistance, and would take practically all the
current sugialied. especially since no reverse voltage is generated in the armature at rest.
The method of starting is shown in the illustration. To start, the switch is closed, and
the rheostat lever pushed over so as to make contact with A and B, thus first exciting
the magnets. On further movement of the lever, the rheostat resistances R, R,, R,
Ry, etc., are gradually cut out as the speed increases, until finally all the resistance
coils are cut out. To stop, the lever is brought back to its original position.

Ques. What advantage is obtained with series motors
with respect to the connections?

Ans. A single wire only proceeds from the rheostat to the
mwotor, so that, with the return wire, only two wires are required.
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Ques. For what service are series motors specially
adapted?

Ans. Series motors are used principally for electric railways,
trolleys, and electric vehicles, and similar purposes where an
attendant is always at hand to regulate or control the speed.
They are also used on series arc light circuits in which the current
is of constant strength. Very small motors are generally provided
with series windings. : :

ARMATURE

RHEOSTAT

FIELD RHEOSTAT

F1G. 419.—Speed regulation of a shunt motor. The speed of a mo.or depends on the voltage
of the ctirrent supplied and the field strength. The motor tends to rotate so fast as to
produce a reverse voltage nearly ec%xal to that supplied to the brushes; hence, the speed
varies with the voltage supplied. By decreasing this voltage then, the speed is decreased.
Accordingly, the speed may be reduced by inserting, by means of a rheostat, a resistance
in series with the motor. By inserting this resistance in the field circuit, the voltage at
the terminals of the motor is lowered, thus giving the condition necessary to reduce
the speed. The arrangement for speed regulation shown in the figure includes a start-
ing regulator and a shunt regulator.

Shunt Motors.—A shunt motor may be defined as one in
which the field coils are wound with many turns of compara-
tively fine wire, connected in parallel with the brushes. The

-
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current then is offered two paths: one through the armature,
and one through the field coils. .

Ques. What may be said with respect to the speed
of a shunt motor?

Ans. It is practically constant with varying loads.

The variation of speed ranges from yj to 5 per cent., except in the
case of small motors, in which the variation may be much greater.

Ques. How should a shunt motor “be started?

Ans. To properly start the machine, the field coils must be
fully excited. ’

It is, therefore, necessary to switch the magnet coils immediately on
to the voltage of supply, while a variable resistance must be provided
for the armature circuit. To get both connections at the same time,
rheostats for shunt motors are arranged as shown in fig. 418.

Influence of Brush Position on Speed.—In the case of
a shunt motor supplied with current at constant pressure, the
speed is a minimum when the brushes are in the neutral plane,
and the effect of giving the brushes either positive or negative
lead is to increase the speed, especially with little or no load.

Ques. Why does the speed increase?

Ans. When the brushes are shifted from the neutral plane,
the reverse voltage between the brushes is decreased, speed
remaining unchanged. Accordingly, the pressure in the supply
mains forces an increased current through the armature thus
producing an increased armature pull which causes the speed
to increase until the reverse voltage reaches a value sufficiently
large to reduce the current to the value required to supply the

negessary driving torque.
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Compound Motors.—This type of motor has to a certain
extent, the mqrits of the series motor without its disadvantages,
and is adapted to a wvariety of service. If the current flow in
the same direction through both of the field windings, then the
effect of the series coil strengthens that of the shunt coil; this
strengthening is greater, the larger the armature current.

—
ARMATURE

A B

T

D RHEOSTAT

FIELD WINDINGS
SERIES m SHUNT

71G. 426.—Compound motor connections for sta.mng a distant point. A compouna
wmdmgmybeusedonmowtsformanydxﬁ purposes. If the current flow in the
. same direction through both windings, then the effect of the series co:l strengthens that of
the shunt coil. This strengthening increases with the load. Thus the motor gets, at
increasing load, a stronger magnetic ﬁeld and will therefore, if the voltage remain constant
run slower than before. Accordingly, for a given current, the starting power will be
ter than that of a shunt motor. With a decreasing load the motor will run faster.
T‘:‘ compound motor has, to a certain extent, the merits of the series motor without its
es. Bymeemoteom d motors the starting at a distance with only two
maina may be effected, just asin the case of the series motor. The connections are shown
in the dmgram. If the motor be regard as being without the shunt coil, then it is con-
nected up exactly as the series motor in fig. 416. The current coming from the starter
enters the series coil at F, flows through t! e series coil and leaves it at E, ﬁowutmguf)rom
there to the armature brush B, t through the armature to brush A, and from there
the second main back to the generatot The shunt winding is connected directly vnth
the armature brushes A and B, and gets at starting, therefore, only a very small voltage,
hence its field is nearl ineffective. But on account of the series winding, the motor stal:ts
as a series motor. Obviously such a motor will not develop a very large starting pow:
like a real series motor, for, on account of the large space occupied by the llmnt eoi!.s
there is less space available for the series coils than with a series motor. compoun
motor may, however, even with this arrangement, be easily started, provided the load
on starting be not too heavy. When once running the armature will produce a reverse
voltage and the shunt coil wﬂl be supplied with nearly the full terminal voltage.
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Ques. Mention some characteristics of the compound
motor.

Ans. Since it is a combination of the shunt and series
types, it partakes of the properties of both. The series wind-
ing gives it strong torque at starting (though not as strong as
in the series motor), while the presence of the shunt winding
prevents excessive speed. The speed is practically constant
under all loads within the capacity of the machine.

Ques. Describe the connections for starting a com-
pound motor at a distance. '

Ans. Control at a distance can be effected with only two
wires, just as in the case of a series motor. In the diagram fig.
426, the current coming from the rheostat enters the series coil
at F, and leaves it at E, thence it flows to the armature brush B,
through armature to brush A, and from here back to the dynamo.
The shunt winding, which is connected across the brushes, gets
a very small voltage at starting and is accordingly very ineffect-
ive. The motor then starts as a series motor. The starting
effect is smaller than in a series motor because of the fewer turns
in the series winding, most of the available space being occupied
by the shunt coils.

Power of a Motor.—The word ‘“‘power” is defined as the rate
at which work is done, and is expressed as the quotient of the work
divided by the time in which it is done, thus:

work

power = —
time

The difference between power and work should be clearly
understood.
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Work is the overcoming of resistance through a certain distance.
It is measured by the product of the resistance into the space
through which it is overcome, thus:

work =distance X space

For instance, in lifting a body from the earth against the attraction
of gravity, the resistance is the weight of the body, and the space, the
height to which the body is raised, the product of the two being the work
done. :

The unit of work is the foot pound, which it the amount of work
done in overcoming a pressure or weight equal to one pound through
one foot of space. :

The unit of power is the horse power which is equal to 33,000
foot pounds of work per minute, that is:

foot pounds per minute

horse power =
33,000

The unit of power was established by James Watt as the power of a
strong London draught horse to do work during a short interval, and
used by him to measure the power of his steam engines.

In order to measure the mechanical power of a motor, it is
necessary to first determine the following three factors upon
which the power developed depends:

1. Pull of the armature, in pounds;

2. Distance in feet at which the pull acts from the center of
the shaft; ’

3. Revolutions per minute.

ExaMpLE—If the armature pull of a motor having a two foot pulley.
be such that a weight of 500 lbs. attached to the rim, is just balanced.
and t};e speed be 1,000 revolutions per minute, what is the horse
power
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Here, the distance that the pull acts from the center of the shaft
is one foot, hence for each revolution the resistance of 500 pounds is
overcome through a distance equal to the circumference of the pulley or

% X diameter = 3.1416 X 2 = 6.2832 feet.

The work done in one minute is expressed by the following
equation :

1G. 427.—General Electric t; CQ Motor. These motors range in capacity from %to
20 horse power. The 1 sizes are bipolar, and the larger sizes have four poles. For
installations where the motor is ex; to dust, mechanical injury or moisture, it may
be partially or entirely enclosed by means of hand hole covers. The standard voltages
are 115, 230 and 550.

work . circumference :
~ | weight revolutions | _
{ Pev:te } { in Ibs. } X { oti' np?iiy } X { . 'nute} = foot pounds

= 500 X 6.2832 X 1,000 = 3,141, 600.

Hence, the power developed is
3,141,600 -+ 33,000 = 95.2 horse power.
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Ques. What is “brake’ horse power?

Ans. The net horse power developed by a machine at its
shaft or pulley; so called because a form of brake is applied to
the pulley to determine the power.

Ques. Describe the apparatus used in making a brake
test.

Ans. Tests of this kind are usually made with a Prony brake
as shown in fig. 428. It consists of a band of rope or strip iron—

$ig. 428.—Prony brake for determining brake horse power. It consists of a friction band
ring which may be placed around a pulley or fly wheel, and attached to a lever bearing
upon the platform of a weighing scale in such a manner that the friction between the
surfaces in contact will tend to rotate the arm in the direction in which the shaft revolves.
This thrust is resisted and measured in pounds by the scale. In setting up the brake
the distance between the center of the shaft and point of contact (knife edge) with the
scales must be accurately measured, the knife edge being placed at the same elevation as
the center of the shaft. An internal channel permits the circulation of water around the
interior of the rim as shown, to prevent overheating.

the latter is the arrangement shown—to which are fastened a
number of wooden blocks, several carrying shoulders to prevent
the contrivance from slipping off the wheel rim. The brake
band is drawn tight, as shown, so that the blocks press against
the surface all around. The brake thus formed is restrained
from revolving with the pulley by two arms attached near the
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top and bottom centers of the wheels, and joined at the opposite
ends to form a lever which bears upon an ordinary platform
scale, a suitable leg or block being arranged to keep its end level
with #he center of the shaft. By this arrangement the amount
of friction between the brake band and the revolving wheel is
weighed upon the scales. Since the brake fits tightly enough
to be carried around by the wheel, but for the arms bearing upon
the scale, the amount of frictional power exerted by the wheel
in turning free within the blocks may be transmitted and meas-
ured, just as would be the case were a machinery load attached,
instead of a friction brake.

Ques. Why must the point of contact of the brake with
the scales be level with the center of the shaft?

Ans. In order to determine the force acting at right angles
to the line joining the point of contact and center of the shaft.

Ques. What is the distance between the center of the
shaft and point of contact with the scales called?

Ans. The lever arm.

Ques. What three quantities must be determined in
a test in order to calculate the brake horse power?

Ans. The lever arm, the force exerted on the scales, and the
revolutions per minute.

Ques. How is brake horse power calculated?
Ans. From the following formula:

B.H.P. =2xLNW
33,000
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in which
B.H = brake horse power;

= lever arm, in feet;

= number of revolutions per minute;

= fo;c;l in pounds at end of lever arm as measured by
es.

. P,
L
N
A\

ExaAMPLE —In making a brake test on a motor, the lever arm of the
brake is 3 ft., and the reading of the scales is 30 lbs. When the motor is
running 1,000 revolutions per minute, what is the brake horse power?

Substituting the given values in the formula,

2% X 3 X 1,000 X 30
33,000

B.H.P. = = 17.1

Now, if the voltmeter and ammeter readings be 220 and 65
respectively, what is the efficiency of the motor at this load?

The amount of power absorbed by the motor, or in other
words, the tnput is

220 X 65
746

and since the vutput is 17.1 horse power,

E.H. P. = = 19,16

output _ brake horse power _ 17.1

input electrical horse power 19.16

efficiency = =89%.

Speed of a Motor.—The normal speed at which any motor
will run is such that the sum of the reverse electromotive force
and the drop in the armature will be exactly equal to the elec-
tromotive force applied at the brushes. The drop in the armature
is the difference between the applied voltage and the reverse.
voltage.
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Mutual Relations of Motor Torque and Speed.—The
character of the work to be done not only determines the con-
dition of the motor torque and speed required, but also the
suitability of a particular type of motor for a given service.
There are three general classes of work performed by motors, and
these require the following conditions of torque and speed:

1. Constant torque at variable speed;

Suitable for driving cranes, hoists, and elevators, etc., where the
load is constant and has to be moved at varying rates of speed.

RESISTANCE

FIELD WINDING

MAIN CIRCUIT

G, 429.—Two path method of speed rgﬁlatxon of series motor. A rheostat {s connected
in shunt to the field coils as shown, current passing from a to b divides between the
magnet coils and the rheostat coils; the higher the r of the rheostat the less
gmld nt met. through it, and the more through the magnet coils, hence the stronger the

magn

2. Variable torque at constant speed;

Suitable for driving line shafting in machine shops, which must
run at constant speed regardless of variations of torque due to varia-
tions in the number of machines in operation at a time, or the
character of work being preformed.

3. Variable torque at variable speed.
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Suitable for electric railway work. For example: when a car is
started, the torque is at its maximum value and the speed zero, but
as the car gains headway, the torque decreases and the speed
increases. : .

Speed Regulation of Motors.—The speed of motors con-
nected to constant voltage circuits is usually regulated by the
two following methods:

f

S

R.
A

_—3) RHEOSTAT

N J
\-_.n_

F1G. 430.—Variable field method of speed regulation of series motor. The field winding is
divided into a number of sections with leads connecting with switch contact points as
illustrated. The speed then is regulated by cutting in or out of the circuit sections of the
field winding thus varying the strength of the field.

1. By inserting resistances in the armature circuit of a shunt
" wound motor;

2. By varying the strength of the field of a series motor.

The first method is sufficiently explained under fig. 418 and
the second method is illustrated in fig. 430. The controller
switch S is so arranged that a greater or lesser number of field
coils can be inserted in the field circuit. When the switch arm is
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on point 1, the motor current will flow through all the field
windings, and the strength of the field will be at its maximum.
When the switch arm is moved so as to successively occupy
positions 2, 3, and 4, thus cutting out of circuit a greater and
greater number of field coils the strength of the field will be
gradually decreased until practically all of the motor current
is led or wired through the armature. Under these conditions,
when the field of a motor is at its maximum strength, the motor
torque will be at a maximum for any given strength of current,
and the reverse electromotive force will also be at a maximum
for any given speed, therefore, when the field strength is increased
the speed will decrease and vice versa.

Ques. What results are obtained by this method of
regulation? :

Ans. The speed of a series motor may be nearly doubled,
that is, if the lowest permissible speed of the motor be 250
revolutions per minute it can be readily increased to 500 revolu-
tions per minute by changing the field coil connections from
series to parallel. It is on this account, as much as on their
powerful starting torque, that series motors have been until
recently almost exclusively employed for electric traction pur-
poses.

Series Parallel Controller.—When two motors are used in
electric railway work, their armatures are connected in series
with each other and an extra resistance which prevents the
passage of an excessive current through the armature before
the motor starts. As the speed of the car increases, the extra
resistance is gradually cut out.of circuit and the field winding
connections changed from series to parallel by means of a series

|
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parallel controller, which finally connects each motor directly

across the supply mains, or between the trolley line and the

track or ground return.

Efficiency of a Motor.—The commercial efficiency of a motor
is the ratio of the output to the input. As a rule, the power
developed by a motor increases as the reverse voltage generated
by it decreases, until this voltage equals one half of the voltage

TO LINE

TO LINE

P16. 431.—Double throw, double pole switch for reversing direstion of rotation of a motor.
The direction of rotation can be reversed by changing the direction of current in either
the armature or the field coils. It is preferable, however, ‘to reverse the direction of
rotation by changmg the direction of current through the armature. The switch is wired
gs stggvi'lnn, means of reversal being provided by running the wires as indicated by the

ot €s.

applied at the brushes. After this point is reached, the power
developed by the motor decreases with the decrease of the
reverse voltage. Therefore, a motor performs the largest
amount of work when its reverse voltage is equal to one half
the impressed voltage.

The efficiency of a motor as just stated is the ratio of the
output to the input; this is equivalent to saying that the efficiency
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of a motor is equal to the brake horse power divided by
the electrical horse power.

The electrical horse power is easily obtained by multiplying
the readings taken from volt meter and ammeter, which gives
the watts, and dividing the product by 746, the number of watts
per horse power. That is:
volts X amperes _ watts

746 746

Electrical horse power =

P16. 432.—Wiring diagram, showing electrical connections between the armature, field, and
interpoles of an interpole motor. ~As the name implies, an interpole motor has in addx-
tion to the main poles, a series of interpoles which are placed between the main %es.
and whose function is to assist in the reversal of the current under the brushes. ey
prowde a separate commutating field of a correct value at all loads and s, and theu-

windings are for this P urpose connected in series with the armature. e proper fun
noning of the interpoles is int egendent of the direction of rotation of the armature, a.lso
load carried over the w! s speed range. In ‘an ordinary motor without mter-

goles cC n is fring ing from the main_poles,

t as the value of this fnnge w altered by the load of the-motor and by rheostatic field
, if higher speeds desired from such & machine, commutation becomes

impetfect and sparking results, making a readjustment of the brushes necessary.

Interpole Motors.—An interpole motor hasin addition to
the main poles, a series of interpoles, placed between the main
poles. The object of these poles is to provide an auxiliary flux

.or ‘‘commutating” field at the point where the armature coils

are short circuited by the brush.

|
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Ques. What is the object of the commutating field
produced by the interpoles?

Ans. Its object is to assist commutation, that is, to help
reverse the current in each coil while short circuited by the
brush,. and thus reduce sparking.

P16, 438.—Interpole motor as built by the Electro Dynamic Co. Thxs type of motor is
devmed to prevent sparking at all loads by the use of interpole magnets, that is, small
b the.field ts. The interpoles set up a field in a direction to
%top a.nd reverse the current in the armature coxls while they are short circuited by the
es.

Ques. What is the nature of the commutating field?

Ans. The excitation of the interpoles being produced by
series turns, the field will vary with the load, and will, if once
adjusted to give good commutation at any one load, keep the
same proportion for any other load, provided the iron parts of
the circuit be not too highly saturated.
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Ques. State briefly how sparking is reduced or pre-
vented by the action of the interpoles.

Ans. Sparking is due to self induction in the coil undergoing
commutation, which impedes the proper reversal of the current.
The action of the interpoles corrects this in that they set up a
field in a direction that causes a reversal of the current in the
coil while it is short circuited. Thus, the coil at the instant it
leaves the brush, is not an idle coil, but has a current flowing
in it in the right direction to prevent sparking.

Ques. Mention some of the claims made for interpole
motors.

Ans. Constant or adjustable speed and momentary over-
loads without sparking; constant brush position; operation at
adjustable speeds on standard supply circuits of 110, 220, and
300 volts; constant speed with variable load reversal without
changing the position of the brushw
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CHAPTER XXIV

SELECTION AND INSTALLATION,
OF
DYNAMOS AND MOTORS

General Conditions Governing Selection.—In any par-
ticular case, the voltage, current capacity, and type of dynamo
selected will depend upon the system of transmission or distri-
bution to which it is to be connected, and the character of the
work which it is required to perform. The suitability of the
different types of dynamo for various kinds of work has already
been considered to some extent, but there are certain general
conditions which are applicable to almost all cases, such as:

1. Construction;

2. Operation;

3. Cost;

4. Number and size of units.

. Construction.—This should be as simple as possible and of
the most solid character. All parts should be interchangeable,
and have a good finish. All machines should be provided with
eye bolts or other means by which they can be lifted or moved,
as a whole or in parts, easily and without injury. These features
are so carefully attended to and guaranteed by the manu-
facturers as to leave little choice in this direction. J
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Operation.—The considerations relating to the operation of
a machine involve an examination of the details of its construc-
tion, in order to determine the amount of attention it will require,
the character of its regulatmg device, its capacity, form, and
weight.

Ques. What may be said regarding capacity?

Ans. Dynamos and motors should not be overloaded, because

the efficiency is greater when the working load does not exceed
the rated capacity of the machine.

Form.—As a rule, there is not much choice in the matter of
form between standard machines, as they are uniformly symmet-
rical, well proportioned and compact. It is a mistake, however,
to select a light machine for stationary use, as the weight of a
machine increases its strength, stability and durability.

Cost.—In some cases, the matter of first cost is important
and deserves careful consideration. It should be remembered,
however, that high grade electric machinery cannot be built out
of low grade materials and with poor workmen; therefore, when
necessity compels the selection of a cheap machine, it should not
be expected that its service will be as sa.t1sfactory as that of a
first class machine.

Number and Size of Units.—The best number and size of
units for an electrical plant is usually governed by the require-
ments of the driving engines. As a rule, dynamos and motors
are not much less efficient at quarter load than at full load, and
the smaller dynamos are fully equal to the larger machines in
this respect, therefore, a generating plant can be subdivided,
and if so desired, without any detrimental results except those
due to a multiplicity of units.

| .
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Ques. What is the important consideration with
respect to efficlency?

Ans. Efficiency at maximum load is not so important as
efficiency at average load.

For instance, in the diagram, fig. 439, the rated efficiency of one
dynamo as shown bﬁ he curve A, is 95 per cent., and that of another,
as shown by curve B, is 91 per cent., but it will be observed that the
average efficiency of B is much higher, being 75 per cent. at quarter-

load, 89 per cent. at half-load, and 91 per cent. at three-quarter load,
to 55, 77 and 89 per cent. of A, at the corresponding loads. In this

" =
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P16 439.—Efficiency curves for 100 K. W. dynamos. The efficiency of a dynamo at maximum
' load is not so im; t as at average load. For instance, if in the re the curve O B C

represent the efficiency of a 100 K. W. dynamo and O A D, that of another machine, it
would be in accordance with common ice to com; them at rated load, at which
the efficiency of the first is only 91%, while the other is 93%. The first machine, however,
is far better than the second, since its av e efficiency is much higher, being nearly 91%
between half foad and 25% overload. It should be noted that load is a limit whid’:
should be but occasionally reached, and then only for short periods of time.

case, A is higher than B only at full load, and as full load is a limit
which should not be reached except in special cases, and then only for
short intervals of time, the service rendered by B would be much more
satisfactory in the long run. In order to avoid the difficulties ible
under these conditions, a guarantee to carry 25 per cent. overload for
two hours without injury should be required, and either this or the
é%ted loadt.be taken as the full load, so as to give a factor of safety of
per cen .

]

-
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Ques. Upon what does the choice of field winding of a
dynamo depend?

Ans. The different classes of field winding have already been
discussed, but in general the conditions governing selection are
as follows: The series dynamo is used where a constant current
at variable voltage is desired, as in series arc lamp circuits. A
shunt dynamo is used on constant voltage circuits, where the
distance from the machine to the load is not great, that is, where
there is small line loss. With a compound dynamo there is

FIG. 440.—Holtzer-Cabot _performance curves of standard 20 H. P. motor, showing effi-
ciency, speed regulation, and amperes input.

compensation for line loss, that is, it can be constructed so that
the voltage at its terminals, or at the load can be maintained
constant or allowed to increase or decrease with a change in
load. It can thus operate lamps at constant voltage though
they be located at some distance, or the voltage at the end of
the line can be made to increase with an increase of load, as is
frequently the case in railway work. ‘

—
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Ques. For what conditions of service are series motors
adapted?

Ans. They are used on constant current circuits, and also on
constant voltage circuits as in railway work and similar purposes
where an attendant is always at hand to regulate the speed.

Ques. Name some advantages and disadvantages of
series motors.

Ans. They are easily started even under heavy loads, the
winding is cheaper than the other types and the speed is nearer
constant than shunt motors when operated on constant current
circuits. When used on constant pressure circuits, such as is
employed for incandescent lighting, the speed will depend on
the load.

Ques. What kind of circuit is suitable for shunt
motors?

Ans. They are used on constant voltage circuits.

Ques. What are the advantages of shunt motors?
Ans. The speed remains nearly constant for variable load.

Ques. State the disadvantages.

Ans. They start less easily under a heavy load than do series
motors, and the speed cannot be varied through any wide range
without considerable loss. The shunt motor requires more
attention than the series type and is more liable to be burnt
out.

Location.—The place chosen for the dynamo or motor should
be dry, free from dust, and preferably where a cool current of air
can be had. It should allow sufficient room for a belt of proper
length when a belt drive is used.
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Foundations.—It is most important to secure a good founda-
tion for every dynamo, and great care should be taken to have
them entirely separate from those of the walls of the building
in which the machine is installed, and if the dynamo be directly
driven, but not on the same bed plate as the engine, a founda-
tion large enough for both together should be laid down. Stone
or concrete may be used, or brick built with cement, having a
large thick stone bedded at the top.

For small machines the holding down bolts may be set with
lead or sulphur in holes in the stone top, but for large machines
the bolts should be long enough to pass down to the bottom,
where they should be anchored with iron plates.

Setting up of Dynamos and Motors.—In unpacking the
machines care should be taken to avoid injury to any part,
and in putting the parts together, each part should be carefully
cleaned, and all the parts put together in exactly the right way.
The shafts, bearings, magnetic joints, and electrical connection
should receive especial attention and be thoroughly cleaned of
every particle of dirt, grit, dust, metal clippings, etc.

Ques. Who should preferably assemble the machines?

Ans. Whenever possible, they should be assembled by some-
one thoroughly familiar with the construction; but if the services
of such a person cannot be had, no one should attempt to put a
machine together unless he has a drawing or photograph of the
same for a general guide.

Ques. What precaution should be taken with. the
armature?

-Ans. It should be handled carefully to avoid any injury to
the wires of the winding and their insulation.
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If it become n to lay the armature on the ground it should be
laid on clean paper or cioth, but it is better to support it by the shaft on
two wooden horses or other supports, and thus avoid any strain on the
armature body or commutator.

Connecting Up Dynémos.—The manner in which the con-
nections.of the field magnet coils, brushes, and terminals, are
connected to one another depends entirely upon the type of
machine. The field magnet shunt coils of shunt and compound

P16, 441.—Foundation. It may be made either of concrete, stone or brick. The machinery

44
is held firmly in place on the foundation by anchor bolts built into it; the proper position
for the bolts are determined a wooden template suspended above the foundation as
shown. The bolts are surroun by iron pipe that fixes them vertically but permits &
Hlittle side play to allow for any slight errors in locating the centers on the template.

wound dynamos, are invariably arranged in series with one
another, and then connected as a shunt to the brushes or termi-
nals of the machine. The series coils of series and compound
wound machines are arranged either in series or in parallel with
one another, according to conditions of operation. and then
cannected in series to the armature and external circuit,
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Coupling Up Field Magnet Coils.—In coupling up the
coils of either salient or consequent pole field magnets,
assume each of the pole pieces to have a certain polarity (in
bipolar dynamos two poles only, a north and south pole respec-
tively, are required; in multipolar dynamos the poles must be
arranged in alternate order around the armature, the number of

- N and S poles being equal), then apply Flemming’s rule as given
under fig. 132, to each of the coils, and ascertain the direction
in which the magnetizing current must flow in each in order to

P1G. 442.— parison of :Pm occupied by direct and belt connected dynamos. In oftice
buildings space is of value and the room required by belt connected dynamos can always
be put to proﬁt;able use. For this n the direct connected unit has become generally
adopted in the best mof office bu.lldmgs. In large factories the direct connected unit
is generally adopted to save space. Where these conditions do not obtain, belted
type of dynamo can be used to advmtage asa Pven output can be obtained with a ‘smaller

size machine than where it is direct the This is due to the limited
rotat.we speeds at which engines can be run. The illustration shows the relative space
required by the two types.

produce the assumed polarity in each of the pole pieces. Having
marked these directions on the coils, they can be coupled up in
either series or parallel connection according to requirements, so
that the current flows in the proper direction in each.

The Drive.—Various means are employed to connect the
engine or other prime mover with the dynamo, or the motor
with the machinery to driver. Among these may be mentioned
the following:
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1. Direct drive;
2. Belt drive;

3. Rope drive;
4. Gear drive;

5. Priction drive.

P16, 443.—General Electric type M P, marine generating set with tandem compound e.
The requirements of such units are compactness, light weight, simplicity, freedom from
vibration and noise at high speed, perfect regulation and durability. By adopting a short
stroke for the engines and a special armature winding for the dynamos, the height and
length of the sets have been reduced. The bed is carried out to the full width of the
dynamo frame, mlm;f an ample base surface for foundation without increasing the floor
space required. While the construction gives a massive appearance, the bed has been
cored out and the various parts so designed that the complete sets have an approximate
capacity of 8} watts per pound, All of the moving parts are enclosed by the engine
eolumn, exclu dust and redu wear and attention to a minimum. The bearing are
oiled automatically under pressure. ese sets are made in sizesfrom 25 K. W.t0 75 K. W.,
the cylinder dimensions for the smallest size being 6% and 10} by 5, and for the largest
size and 18 by 8. Single cylinder sets are made in sizes ranging from 2} K. W. te

60 K. W., the cylinder dimensions ranging from 3} x 3 to 12 x 11, |_See fig. 730.
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Ques. What is a direct drive?

. Ans. One in which the driving member is connected direct
to the driven member, without any interposed gearing.

Pig. 443 shows a direct connected unit, which is an example of direct

Ques. What may be said with respect to direct drive?

Ans. It is the simplest method and the space required is less
than with belt drive. With direct drive the engine and dynamo
must run at the same speed; this is a disadvantage because the
most desirable speeds of the two machines may not agree.

F1G. 444.—Belt clamp for stretching belt and holding the ends wh:]e ma]g.:g lolnt. It con-
gists of a siretching frame, the two ends of which are coupled b used for
pulling the ends of a belt together with the proper tension, when or Joinmg the ends.

Since the usual engine ds are slower than dynamo speeds, direct
drive involves the use of a larger dynamo for a given output than would
be necessary with belt connection, and involves a corresponding increase
in cost and greater friction loss due to the rotation of larger and heavier
parts.

Ques. Mention some of the features of belt drive.
Ans. Greater flexibility in the original design’of a plant is
possible and new arrangements of old apparatus can be made at

any time. It gives conveniently any desired speed ratio and
permits the use of high speed dvnamos and motors.
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Ques. State some of the disadvantages of belt drive.

Ans. Considerable space is required and the action is not
positive. Belts exert a side pull on the bearings which results
in wear, also loss of power by friction.

Fres. 448 and 446.—Two methods of laa.n’fh a belt. In fig. 445 two rows of oval holes should
bemadewithapu.noh as indicated. e nearest hole should be 3{ inch from the side,
and the first row 2§ inch from the end, and the second row 1% inches from the end of the
belt. In e belts these distances should be a little greater. A regular belt lacing (a

strong, pliable strip of leather) should be used 5 at hole No. 1, and passing con-
secutively through all the holes as numbered. . 448 the holes are all made in a row.
‘This thod has the advan! of the lacers lie parallel with the motion tme

pulley side, Thelamnqudou led to find its middle, and the two ends are
the two holes marked ‘'1" and “1a"" reclselyasl_nlacmgashoe. The two ends are then
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Ques. Give a rule for determining the proper size of
belt.

Ans. A single belt travelling 1,000 feet per minute will transmil
one horse power per inch of width; a double belt will transmit twice
this amount.

EXAMPLE.—What size of double belt is required to transmit 50 horse
power at 4,000 ft. speed, and what diameter pulley must be used for 954
revolutions per minute at 4,000 ft. speed of belt?

/

P1G. 447.—Wrong way to run a belt. Thé pull should not come on the top side, because, witn
slack at bottom there is a tendency to slip.

The horse power transmitted per inch is

4,000

2=8
l,_OOO)<

accordingly, the width of belt required to transmit 50 horse power is
50 + 8 = 6.25, say 6.

For 4,000 ft. per minute belt speed, the distance ¢n inches travelled
by the belt per revolution of the pulley.
4,000 X 12

= 50.31 i
954 31 inches

This is equal to the circumference of the pulley, and the correspond-
ing diameter is

50.31
T = 16.1, say 16 inches.
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Ques. What is the proper speed for a belt?
Ans. From 3,000 to 5,000 feet per minute, depending on
conditions.

Points Relating to Belts.

1. The amount of power that a belt of given size can transmit is not
a very definite quantitly. The rule just given is conservative and will |
give an amply large belt for ordinary conditions. \
2. A belt should make a straight run through the air and over the
pulleys without wabbling; it should maintain an even and perfecy
contact with that part of the pulley with which it comes in contact.
In order to do this it should be kept soft, pliable, and have no abrasions
or rough places.

7

Fia. 448.—Right way to run a belt, The pull should come on the lower side bringing the
glack on top.

3. When belt fasteners give way there is too much strain upen belt.
The greatest amount of slack in a belt is found where it leaves the driving
pulley, hence the tightener should be near the driving pulley, as it takes
up tge slack, prevents vibration and diminishes strain on belts and
bearings. More than 100 degrees of heat is injurious to belts.

4. Double belts should always run with the splices, and not against
them. Quarter turn belts should be made of two ply leather, so as to
diminish the side strain.

5. Friction is greatest when the pulleys are covered with leather.
Friction depends upon pressure, but adhesion depends upon surface
contact; the more a belt adheres to pulley surface without straining,
through too much tightening, the better the driving power. Slipping
occurs on wet days because the leather absorbs dampness.

6. A leather covered pulley will produce more resistance than polished
or rough iron ones. A good belt dressing makes a smooth, resisting sur-
face, and as it contains no oils which create a slippery surface to belts,
it increases belt adhesion. The friction of leather upon leather is five
times greater than leather upon iron. ’

|
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7. Moisture and water distend the fibres, change the properties of
the tanner’s grease and softening compounds. Repeated saturation and
drying will soon destroy leather. Leather well filled with tanner’s grease
or animal oil, if allowed to hang in a warm room for several months
without handling, will dry out, become harsh, and will readily crack.

8. A running belt is stretched and relaxed at different times and
unless there be perfect elasticity in all its parts there will not be uniform

distension.
9. There should be 25 per cent. margin allowed for adhesion before
a belt begins to slip.
A - WA
- - r—
- - - mw
A 1 F
D %
P
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FiGs. 449 to 451.—Method of ahg;ll:;g engine and dynamo. In fig, 449, a line {s stretched
from A to E and the dynamo shifted until the line contacts with points A, D, I, and E.
a small dynamo, the pulley may be loosened and set back on the shaft as in ﬁ(w%i&
while li.n.i.n%up the faces, and then moved back to its original position as in fig. 451.
the pulley is not easily shifted the distances at A and D (fig- 449) may be measured.

Rules for Calculating Speed and Sizes of Pulley.—When
‘two pulleys are working together connected by a belt, the one
which communicates the motion is called the driver and the
" other which receives it, the driven pulley.

To Find the Size of the Driving Pulley: Multiply the diameter of
the driven pulley by its required number of revolutions, and divide
the product by the revolutions.of the driver. The quotient will be the
diameter of the driver.

To Find the Number, of Revolutions of the Driven Pulley: Mul-
tiply the diameter of the driver by its number of revolutions, and divide
by diameter of driven.. The quotient will be the number of revolutions
of the driven, .
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To Find the Diameter of the Driven that shall Make a Given
Number of Revolutions, the Diameter and Revolutions of the
Driver Being Given: Multiply the diameter of the driver by its number
of revolutions, and divide the product by the number of revolutions of
the driven pulley. The quotient will be the diameter of the driven pulley.

Rope Drive.—In this method of power transmission, rope is
run in V-shaped grooves in the rims of the pulleys; this form

of drive, in some cases, is more desirable than others.

—

FiG. 452.—General Electric C Q back geared motor driving Hamilton sensitive drill. When
slowly moving machines are to be driven, or where, for any reason, very moderate belt
8| are required. the back geared motor is desirable. Two ratios of gear reduction have
been adopted as standard; they are:—4 to 1and 8 to 1.

Ques. What are some of the advantages of rope drive?
Ans. More power can be transmitted with a given diameter
and width of pulley, on account of the increased grip in the
grooves. Rope drive can be employed for long or short dis-
tances by reason of its lightness and the action of the grooves.
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Gear Drive.—This method is used where a positive drive is
desired, as for elevator or railway motors. It admits of any
degree of speed reduction without attending difficulties as would
be encountered with belt drive.

Thus, with the worm type of gear as used on elevator motors a great
reduction in velocity can be made without incurring the expense of
countershaft as with a belt.

F1G. 453.—Watson_vertical motor designed to ogerate a vertical shaft, either through bel
connection, or by direct drive. Hess-Bright bearings are used, taking the dnwnwa.rd
thrust due to the weight of the armature. For mount on the floor or ceiling, a tri;

base (as shown) is furnished, the standard g used on a slde wall, e
shaft may be exterded for pulley or couphng either above or below the motor.

Friction Drive.—This is a very simple mode of transmitting
power and has the advantages of simplicity and compactness.
In operation, the driving wheel is pressed against the wheel to
be driven, transmitting motion to the latter by the frictional
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grip. The drive is thrown out of gear by slightly moving the
machine on its sliding base. In construction, the friction may
be increased by making one wheel of the pair of wood, com-
pressed paper, or leather.

Electrical Connections.—Circuits for dynamos and motors
should be carefully planned so as to secure the simplest arrange-
ment, and to avoid unnecessary expense and delay, the wiring
should be installed in accordance with the requirements of the
National Electrical Code.

FiG. 454.—Sling for handling armatures. In raising an armature it should be supported by
the shaft to avoid any strain on the armature body or commutator.

Ques. What may be said with respect to exposed and
concealed wiring?

Ans. Exposed wiring is cheap and accessible; a short circuit
or ground is easily located and repaired. Concealed wiring,
especially when placed under the floor, has the advantage of
being out of the way, and thus protected from injury.
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Ques. In wiring a dynamo what are the considerations
with respect to size of wire?

Ans. All conductors, including those connecting the machine
with the switchboard, as well as the bus bars on the latter,
should be of ample size to be free from overheating and excessive
loss of voltage. The drop between the generator and switch-
board should not exceed one-half per cent. at full load, because
it interferes with proper regulation and adds to the less easily
avoided drop on the distribution system.
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CHAPTER XXV
AUXILIARY APPARATUS

There are numerous devices that must be used in connection
with dynamos and motors for proper control and safe operation.
Among these may be mentioned:

1. Switches;

2. Fuses; .
3. Circuit breakers;
4, Rheostats;

5. Switchboards.

Switches.—A switch is a device by means of which an electric
circuit may be opened or closed. There are numerous types of
switch; they may be either single or multi-pole, single or
double throw and either of the ‘“snap’ or knife form.

Queé. What is the difference between a single and
double pole switch?

Ans. A single pole switch controls only one of the wires of
the circuit, while a double pole switch controls both.

Ques. What is the difference between a single break
and a double break switch? ‘

Ans. The distinction is that the one breaks the circuit at one
point onlv. while the other breaks it at two points. '
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Ques. What i§ the advantage of a double break?

Ans. If the circuit be opened at two points in series at the
same instant, the electromotive force is divided between the two
breaks and the length to which the current will maintain an arc
at either break is reduced to one-half; thus there is less chance
of burning the metal of the switch. Another reason for providing
two breaks is to avoid using the blade pivot as a conductor, the
contact at this point being too poor for good conductivity.

| %

PiGs. 455 to 457.—Adam’s single throw knife switches without fuse connections. Fig. 458,
single pole switch; fig. 456, double-pole switch; fig. 457, three-pole switch.

PIGs. 458 to 460.—-Adam's single throw knife switches with fuse connections at the handle
end. Fig. 458, single pole switch; fig. 459, double pole switch; fig. 460, three pole switch.
Ques. When should a knife switch be used?

Ans. When the capacity of the circuit in which it is to be
placed exceeds 10 amperes.
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Ques. Describe a knife switch.

Ans. Fig. 461 illustrates a knife switch of the double pole,
single throw type. It consists of the following parts: base,
hinges, blades, contact jaws, insulating cross bar, and handle,
as shown.

Ques. How should knife switches be installed?

Ans. They should be placed so that gravity tends fo open
them.

P16. 461.—A single throw, two pole knife switch, As usually constructed it is made of hard
drawn copper with cast wrnl:inal lugsand fibre cross bary

Otherwise if the hinges become loose, the weight of the blades and
handle would tend to close the switch, thus closing the circuit and possibly
resulting in considerable damage.

Ques. How should switches be proportioned?

Ans. The minimum area of the contact surfaces should not
be less than .01 square inch per ampere, and in those used on arc
lighting or other high voltage circuits where the current is usually
small, the area of the contact surfaces are usually from .02 to

—
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.05 inch per ampere. Since dirt or oxidation would prevent
good contact under a simple pressure between the contact sur-
faces, the mechanism of a switch provides a sliding contact.

In the general design of switches, all parts which carry current are

iven a cross sectional area of at least one square inch per 1,000 amperes
if they be made of copper, and about three times as much if made of
brass, as the conductivity of the latter is only one-third that of the
former. Furthermore, the current should never be permitted to pass
through springs, as the heat generated will destroy their elasticity.

Fi1G. 462.—Triple pole, double break double throw knife switch for very heavy current, The
blades are made up of numerous strips to give adequate contact area. A double throw
switch is used when it is desirable to open one circuit and immediately close another, or to
transfer one or more connections from one circuit to another in the least practical interval
of time, also, when one connection is to be broken and another closed and it is undesirable
to allow both to be closed at the same time.

Ques. What difficulty is experienced in opening a
circuit in which a heavy current is flowing?

Ans. It isimpossible to instantly stop the current by opening
the switch, consequently the current continues to flow and
momentarily jumps the air gap, resulting in a more or less intense
arc which tends to burn the metal of the switch.
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Ques. How is this remedied to some extent?

Ans. The contact pieces are so shaped that they open along
their whole length at the same time, so as to prevent the con-
centration of the arc at the last point of contact. This feature
is clearly shown in fig. 461.

F1G. 463.—A “quick break” knife switch of the single throw, single break, one pole, type.
The contac(tl blade is held between the jaws by their clamping friction until the handle
compresses the spring sufficiently to force the blade out. As soon as it breaks contact with
the jaws, the spring expands and drives the blade away from the jaws with greater rapidity
than could be done by hand. The object of this action is to break the arc as q y as

possible to prevent burning the metal of the switch.

Fics. 464 and 465.—Snap switch; views showing switch with cover on, and exposed to show
mechanism. The switch is provided with indicating dial which registers “on’’ and “off **
positions.

PIG. 466.—Gas Engine snap switch. The first snap makes connection so that igniter is run
from storage battery; second snap connections are changed so that igniter is supplied
from dynamo; third snap makes connections so that dynamo supplies igniter and charges
storage battery; fourth snap, all off.

Ques. For what service are *‘ snap *’ switches suitable?

Ans. They are used on circuits containing lamps in com-
paratively small groups, and other light duty service. ‘
|
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Ques. What is a quick break switch?

Ans. A form of switch in which the contact pieces are snapped
apart by the action of the springs, as shown in fig. 463, so as to
make the duration of the arc as short as possible.

The current allowed in each branch circuit of an electric lighting
system is limited by the insurance rules to a maximum of 660 watts
equivalent to 12 lamps of 16 c.p. each at 110 volts. They are also

" employed to control lamps in groups in theatres and other places where
many lamps are turned on or off at about the same time.

FiG. 467.— %ol of fuse wire. The wire is usually'made of an alloy of tin and lead, such as
half and half solder. Bismuth is frequently added to the alloy to lower the meltgzg point.
For half and half solder the melting point is 370° Fahr. The quickness with which a fus?
will melt after the current has reached the limit depends upon the specific heat and latent
heat of the metal. The current required to *‘blow” a fuse increases somewhat with the
age of the fuse owing to oxidation and molecular changes. Fuses are sometimes rated
according to the number of amperes to be taken normally g the circuit they are to protect.
Thus, a 10 ampere fuse is supposed to protect a circuit whose regular current should not
exceed 10 amperes, and to blow if the current rise to say 12 amperes. The Underwriters
rule requires that the rating be about 80% of the maximum current it can carry indefinitely,
thus allowing about 25% overload before the fuse melts. The fusing current varies con-
siderably according to circumstances. The temperature of the surrounding air or other
substances affects the melting current greatly, because the rate at which heat from the fuse
will be transferred to the surroundings depends upon the difference of temperance between
them and the fuse. Hence, a fuse in a warm place will be melted by a smaller current than
a similar fuse in a cold place. For a similar reason, a fuse in an enclosed place where there
is little chance for the heat to be dissipated, will melt with a smaller current than the same
in an open place. If the current increase gradually to that which would ordinarily melt the
fuse, the high tempearture makes the fuse wire oxidize rapidly; this sometimes makes a
sort of tube of oxide which will not break even after the fuse wire inside has melted, and
so the fuse carries more than its rated current. Open fuses are so unreliable that circuit
breakers are preferable for large currents; when fuses are used, the enclosed type as shown
In figs. 468 to 470, is usually the more desirable.
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Fuses.—All circuits subject to abnormal increase of current
which might overheat the system, should be protected by fuses
which will melt and thus open the circuit. A fuse is simply
a strip of fusible metal, often consisting of lead with a small
percentage of tin, connected in series in the circuit.

Experiments have shown that for large fuses, a multiple fuse is more

sensitive than a single one. A one hundred ampere fuse may be made
by taking four wires of twenty-five amperes capacity. A fuse block may

Fics, 463 0 470.D & W, enclosed “cartridge" fuscs Pig. 468, type for 3 to 60 amperes;
fig. 469, for 61 to 100 amperes; fig. 470, type for 10. tol.mm

be overloaded, not because the metal of the terininals is not of sufficient
cross section to carry the current, but because of insufficient area of,
contact, or loose contact of fuse and wires; the overload thus caused
results in heating and frequently melts the fuse.

Ques. Where should fuses be placed?

Ans. Theyshould beinserted wherever the size of wire changes
or wherever there is a branch of smaller size wire connected, un-
less the next fuse on the main or larger wire is small enough to
protect the branch or small wire,
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FiG. 471

F1G. 472

PG, 473

PiG. 474

PG, 475

FiG. 476

FiG. 477

Fi1G. 478

FiGs. 471 to 478.—Interior construction of D. & W. fuses. In the manufacture of these ruses,
four types of fuse link are used according to capacity of fuse, and classified as: 1, air Jrum
link; 2, flat link; 3, multiple link; 4, cylinder link. In the air drum link, figs. 471 and 472,
a capsule provides an air space about the center of the link, the rate of heat conduction
through the confined air being very slow, the temperature of that portion of the link rises
npidlgy with increasing current, rendering the blowing ﬁ:int ractically constant; r&i 473
shows a section through the complete fuse. In the flat link, fig. 474, the section is reduced
in the center, cutting down as far as possible the volume of metal to be fused. Figs. 476
to 478 show various form of multiple link construction. By sub-dividing the metal, in-

radiating surface is obtained which permits a reduction in the volume of fusible

metal necessary, and the metal vapor formed when the fuse blows on heavy overload is

more readily dissipated. ::igs. 477 and 478 show two forms of the cylinder link, the plain

linder fig. 477, being u for low voltage and large current, and fig. 478, for certain

high tension service. The corrugated cylinder presents more surface to the fuse filling

than the fpl‘ain type and secures a maximum radiating surface with resulting minimum
volume of metal for a given current.
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Ques. How should fuses be mounted?

Ans. They should be placed on a base of slate, porcelain,
marble, or other incombustible material. : :

Ques. What is the objection to copper fuses?

Ans. They heat perceptibly soon after their rated capacity
is passed. The melting temperature is higher than lead alloy.

Ques. Upon what consideration does the choice be-
tween switches and circuit breakers depend?

Ans. Simple knife switches are suitable for use when the
circuit is not liable to be opened while carrying large current. A
circuit breaker, operated automatically or by hand should be
used for interrupting heavy currerts.

-—

Pi68. 479 and 480.—D & W fuse indicator. The operation is illustrated in the figures which
show appearance of the label before the blowing of the fuse, fig. 479, and the same fuse
‘blown, as indicated by the appearance of the black spot within the circle fig. 480.

Circuit Breakers.—A circuit breaker is a switch which is
opened automatically -when the current or the pressure exceeds
or falls below a certain limit, or which can be tripped by hand.

Ques. What is the construction of a circuit breaker?

Ans. It is composed of a switch and a solenoid in the main
circuit. When the current, flowing through the circuit, exceeds
a certain value, the core of the solenoid is drawn in and trips a
trigger which allows the switch to fly open under the action of
a spring. -

[
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F1G. 482,

Fic. 484. F1G. 485.

T ——
Fic. 486.

P1sc. 481 to 486.—Various open fuses. Pig. 481, fuse for main and branch blocks; fig. 482,
standard railway fuse; fig. 483, Edison main style; fig. 484, W. U. pattern;
Bell telephone o:zle; . 486, sneak current fuse. en an O use “ blows as a
result of overlcading, the rupture is accompanied by a_flash, and by sptmﬁ of the
fused material. With large currents this phenomenon is a source of danger, the
of enclosed fuses is accordingly recommended whenever the rating of the fuse excecds 26
amperes. Vanouatypelotenc{osedfusemubovnhﬁa.mm‘ )
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There are numerous kinds of circuit breaker to meet the varied
conditions of service of which may be mentioned the following:

1. Maximum circuit breaker;

2. Minimum circuit breaker;

3. Reverse current circuit breaker;

4. Maximum and reverse circuit breaker;
5. No voltage circuit breaker.

Fics. 487 and 488.—Reverse current circuit breaker; fig. 488, view looking at end of coils of
cut out, showing direction of current. A to + bus bar; B, resistance lamp; C, brush of
cut out; D, shunt coil; E, series coil; F, core that trips cut out; G, to — bus bar; H, to
+ pole of dynamo. :

Of these the maximum, reverse, and maximum and reverse types are
the more important.

A maximum circuit breaker is e%uivalent to a fuse, but has the advan-
tage that it can be at once reset, whereas a fuse must be replaced.

A reverse breaker is used in connection with dynamos in parallel, to
automatically cut out a machine if it take more than say, 10 per cent.
motor current.

Maximum and reverse circuit breakers are frequently used on dy-
namo panels
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Ques. Describe a reverse current circuit breaker or
discriminating cut out.

Ans. This type of circuit breaker is arranged to open a cireuit
in the event of current flowing in the circuit in a direction
reverse to thenormal. Thisis sometimes effected by winding the

o F
;
®
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'f""
D
o A

FiGs. 489 and 490.—Front and top views of I-T-E automatic overload circuit breaker.
In fig. 480 the current in the circuit enters at A, passes through the solenoid coil B (which
in itsiron jacket becomes a powerful magnet), through the copper terminal C, to the contact
blades D, across the bridge at E to the contact blades F, am{J out into the line at G. The
gelth of the current as indicated above is more clearly indicated in the top view fig. 490.

hen the current in the solenoid coil produces sufficient magnetism to overcome the weight
of the plunger, the latter is drawn up with constantly increasing velocity until it strikes
a restraining latch or trigger which forces the arm out of the switch, thus automatically
opening the circuit. The device is so constructed that in opening the circuit the arcis
broken on the carbon contacts instead of the copper contacts.

electromagnet of the circuit breaker with two coils, one connected
as a shunt across the main circuit and the other in series with the
main circuit, the two coils being so arranged that when the main
current flows in the normal direction their effects assist one
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P16. 491.—Roller-Smith “S.E.” plain overload circuit breaker. In operation, current entering
through the lower studs flows through the laminated strap windi (5, from this into
the arm D, through the contact plate E, into the stationary b F, and finally out
through the upper stud Q. In its é)assage through the laminated windings C, the square
core A is of course magnetized to a degree dependent on the current strength. When this
magnetization reaches a pre-determined value, the attraction exerted on the ends K of
the pivoted armature causes the same to rise with great and increasing velocity, finally

ingi e er D which forms part of the armature into violent contact with the
face R of the corresponding projection on_the housing which carries the handle and the
roller H. This heavy blow causes H, in its rotation about the shaft J, to go over the
center and consequently allows the strong outward pressure of the brush F and the
resilient coil C to throw the arm outward with a high velocity and so break the circuit,
first between the brush fingers and the contact plate and finally between the carbons S
and F, the one of which is rigidly secured to the arm and the other of which is resiliently
mounted on its supporting spring. To reset the breaker, the handle,. which the act of
opening has raised, is pulled down, thus bringing roller H into engagement with roller G
once more and in that way forcing the arm back into its initial position.

Pic. 492.—Roller-Smith “S.E.” combination overload and underload circuit breaker, At-
tached to the supporting frame B is the cxtension Z, which like B, is of non-: etic ma-
terial and carries a rectangular magnetic core around which there are wrapped inated
copper conductors. Hinged at U is a heavy cup shaped mass of magnetic materia!, and
hinged at V is a flat lever X which bears against the extension Y secured to the housing
which carries the operating handle. The circuit through the breaker conveys the current
around the windings of this underload coil carried by frame Z and passes from it to the
regular overload winding C from which it %hursues the same course and exercises the same
function as in a_plain overload breaker. e core of Z being thus magnetized, the cup-
shaped member W is held in firm contact therewith and the lever X hangs free. Should,
however, the current fall below the minimum value, W is no longer sustained by the

etic attraction but drops away, swinging on its hinge U until the projection on the
heel thereof strikes the lever X, which blow is transmitted through Y to the handle and
thus trips the breaker. When closing to reset the breaker, the handle is manipulated just
as in the case of a plain overload b: er, that s, itis pulled down, thus not only closing and
locking the breaker as before but through the pressure exerted by Y on X and by X on W,
putting the latter into contact with its rectangular core to which it will if the
necessary current be present. .
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another, whereas, when the main current reverses, the eifects of
the coils are neutralized and the breaker opens.

Ques. State some disadvantages of a discriminating
cut out.

Ans. If one current reverse very rapidly, and soon reach a
large value in the opposite direction, it is possible the cut out
may not open at the desired instant, and thereafter the effect of
the heavy reverse current will be so great that the breaker will
be held in more and more strongly; a second disadvantage is that
should the supply fail, the breaker will open in any case, and have
to be reset before the supply can be resumed, though in ceriain
cases, as, for instance where there is a motor load, this feature
is an advantage and not a disadvantage, since the breaker acts
as a no-voltage cut out as well as a reverse current cut out.

Reverse breakers, however, can be made positive in their action;
that is, they can be so arranged that a reverse current exerts a positive
pull on the tripping gear, so that the greater the reverse current, the
greater the tripping effect.

Ques. What are time limit attachments?

Ans. Devices which are fitted to circuit breakers and wkich
act as dampers and prevent the too sudden operation of the
breakers on what may be only a temporary overload or reverse
current. i

By having different time limits on feeder and dynamo breakers it can
be ensured that the former operate before the latter, and suitably in
othei'1 cases where it is desired that one breaker shall operate before
another.

Ques. Describe a time limit attachment.

Ans. There are numerous types. It may consist of a clock-
work device, a weight acting on a small drum or pulley.
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a modified dash pot arrangement, or a device operating by the
expansion of a conductor due to the heat generated by a current
passing through it.
Ques. How should a time limit device be arranged?
Ans. It should be so arranged that the heavier the overload

the quicker the device acts, until with a short circuit the device
is almost instantaneous in its action.

Pic. 498.—Diagram showing connections of a rheostat. The various resistanee coils ar¢ con-
nected to brass buttons or ‘“contacts.”” The rheostat is connected in series in the circuit
that it is to control. In operation when the lever is on contact 1, the current is opposed

all the resistance of the rheostat so that the flow is very small. As the lever is moved
over contacts 1, 2, 3, etc., the coils are successively cut out, thus diminishing the resistance
and when contact 11 is reached all the resistance is short circuited allowing the full current
to flow. In some types of rheostat the wire is wound around an iron frame-work which has
been previously dipped into a fireproof insulating enamel. The advantage of this con-
struction is that the heat from the wire is dissipated much more rapidly, so that a much
wire can be used to carry a given current. The size of such an enameled rheostat
required for absorbing a given amount of ene is much smaller than one made of coils
of wire stretched between an iron supporting framework.

Rheostats.—These devices consist of conductors inserted into
a circuit for the purpose of diminishing, either constantly or in a
variable degree, the amount of current flowing, or to develop
heat by the passage of a current through them. Rheostats de-
signed to be used in starting electric motors are frequently called

¢ starting boxes.” ,
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Ques. Describe the construction of a rheostat.

Ans. In fig. 493, resistance coils, A, B, C, etc., are mounted
in a frame or box, and are connected at intervals to the contacts
1,2, 3, etc. Therheostatarm orlever L is pivoted at S, and when
moved over the contacts, inserts more or less of the resistaace
in the circuit thus regulating the flow of the current. One
terminal M of the rheostat is connected to the first contact and
the other terminal O, to the lever at S.

F1G. 494.—Starter with no voltage release for a series motor. A helical spring coiled areund
the lever ’ngot P, and acting on the lever A, tends to keep it in the off position agains; the
stop S. is lever carries a soft iron armature I, which is held bﬁ the poles of the ele:tro-
magnet E, when, in starting the motor, the arm has been gradually forced over as farasit

ill go. Should anything hapxen to interrupt the current while the motor M is runaing,
E will lose its magnetism and A will be released, and will fly over to the off position. Eis
usually shunted by a small resistance R, so that only a portion of the main current fows
through it. This device constitutes the %o voltage release, and ensures that all the resistanoe
is in circuit every time the motor is started.

Ques. How is a starting box connected to a motor?
Ans. In series. '

Ques. Why should a starting box be ﬁéed with a motor?

Ans. If the line voltage should be applied directly to the
terminals of the armature when not running, an excessive
flow of current will result, on account of the low resistance.

[
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P1G. 495.—Starter with no voltage release for a shunt motor. The terminals of the motor are
at M, M’, m, and those of the starteratS,S’,s. Thelever SA isshowninthe* on" position.
The current enters the motor at the terminal M, and there divides, part going through the
field coil F, and the main current through the motor armature A. The armature current .
enters the starter at the terminal §’, and traversing the lever SA, leaves by the terminal S,
The field current enters th= starter at the terminal s, traverses the coil of the magnet E
(which holds up the armature a linked to the lever) and thence completes its journey
through the whole of the resistance R, and through the lever SA, to the terminal S. When
the suppéy is cut off by opening Sw, or should the field circuit be accidentally broken, the
magnet E will release ¢ and the lever, which will thereupon fly to the *’ off " stop O. It should
be noticed that when SA is off, A and F form a closed circuit with the resistance R and

t E. The induct of Fhas consequently no chance of causing destructive spark-
ing when the current is shut off. In starting the motor, Sw is first closed, and then, as the
lever is slowly moved, the resistance R, which at first is all in circuit with A, is gradually
transferred from A to F. The resistance of R is too small to affect appreciably the current
in P, which necessarily consists of a com%aratively large number of turns of fine wire. The

ement is adopted to render the breaking of the shunt circuit unnecessary and is

rendered clearer bi the diagram fig. 496. It should be noted that E may be provided with
ey or push if required.

a short circuiting
L

w

) m &
P16, 496.—Simplified diagram of the connections of fig. €95.
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Accordingly, to prevent injury to the winding, a variable resist-
ance or starting box is inserted between one supply terminal
and the armature so that the pressure may be applied gradually
while the motor is coming up to speed.

:

Ay

F1G. 497.—Starter withno volta%e release and overload release connected to a compound motor.

With a shunt motor, the only difference in the diagram would be that the series winding
SE would be absent, and the armature A would then be connected straight across betveen
the main terminals M and M. When switch Sw is closed, the current will enter the starter
at its terminal S, and pass through the magnet coil m’ of the overload release to the svitch
lever L, which is shown in the off position. As soon as L is moved up to make'contact
with the first contact S the current divides; part going through the resistance R and the
terminals 8’ and M’ to the series coil SE (if a compound motor) and armature A; and
through the no voltage magnet E to the shunt winding SH. As the lever L is moved up
toward E, the effect is to take R out of the armature circuit and put it into the shunt cir-
cuit. When the iron armature @, fixed on the switch lever, comes against the poles of E,
the laminated copper brush C bears against the blocks B, B, and so affords a better path
for the current than through the spindle s. Should the sgpply voltage fail, either t.en‘ram-
arily or permanently, E will release a, and L will fly off under the tension of a helical
spring coiled round s. If there should be an overload on the motor, tending to pull it up
and cause an excess of current to flow through the armature; this excess current, m
through m’, will make it attract its armature, so bringin’ghtwo contacts together at '
will short circuit E, and allow the switch to fly off. e connections between E and »’
are not shown in the figure, but they are indicated at C in fig. 498, which is a simplification
of fig. 497, and which should be carefully compared therewith. When only the normal
current is flowing, the attraction between m’ and its armature is not sufficient to pull the
latter ufp The actual forms and arrangement of parts on the starters are well shown in
some of the figures,
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Ques. What attachments should be provided on a
starting box?

Ans. An overload release, and a no voltage release.

Ques. Describe these devices.

Ans. The overload release is an electromagnetic circuit
breaker that opens the circuit if the motor become greatly
overloaded. A no voltage release may consist of an electromagnet
in series with the shunt field circuit; it holds the rheostat arm

F1G. 498.—Simplified diagram of the connections of starter connected to compound motor as
shown in ﬁg 497.

in the operating position as long as current, flows through the
shunt field from the line. If the line switch be opened or the shunt
field circuit accidentally broken, the device becomes demagnetized
and releases the arm, which returns to its starting position by
the action of a spring.

The general arrangement of switches, cut outs and starting
boxes should be in accordance with the requirements of the
National Electrical Code as follows:

“Each motor and starting box must be protected by a cut out and
conttolled by a switch, said switch plainly indicating whether ‘on’ or

‘off.” The switch and rheostat must be.located within sight of the |

B g
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F1G. 499.—View showing general arrangement of a
switchboard. The wires are shown to illustrate
the various connections, but in actual construc-
tion these wires are connected on the back of the

8wil

.

motor, except in cases where
special permission to locate
them elsewhere is given, in
writing by the inspection de-
partment having jurisdiction.

‘“Where the circuit break-
ing device on the motor
starting rheostat discs discon-
nects all wires of the circuit,
this switch may be omitted.

““Overload release devices
on motor starting rheostats
will not be considered to take
the place of the cut out re-
guired if they be inoperative

uring the starting of the
motor.

“The switch is necessary
for entirely disconnecting the
motor when not in use, and
the cut out to protect the
motor from excessive cur-
rents, or careless handling
when starting. An automatic
circuit breaker disconnecting
all wires of the circuit, may,
however, serve as both switch
and cut out.”

Switchboards.—A
switchboard consists of a
panel or series of panels of
slate, marble, soapstone or
brick tile erected in an
electric plant for the pur-
pose of mounting in a con-
venient group the instru-
ments for controlling and
distributing the current-
and safeguarding the sys-,
tem. Switchboards may
be divided according to
operation into two classes:




AUXILIARY APPARATUS 427

1. Direct control;
2. Remote control.

A direct control switchboard has all its apparatus mounted
directly on the board and controlled by hand, while in the remote
control type, the main current carrying parts are at some distance
from the operating board, the control being effected by mechan-
ical devices or by electric motors or solenoids. When the control
system of a plant is very extensive, it sometimes occupies a
separate building known as the switch house.

Ques. What may be said with respect to the material
for switchboards?

Ans. In order to avoid danger of fire from short circuits, the
panel should be made of some non-combustible material, such as
marble, slate, glass plates or earthenware tiles. If slate be used,
care should be taken to have it free from conducting veins, or it
should be marbleized, that is, subjected to a treatment that will
fill up the pores of the veins and thus prevent the absorbtion of
moisture. :

Wood is seldom used, except in cases where the switches, fuse blocks,
wire snt;gports, etc., are all mounted on porcelain or other incombustible
material.

Ques. How should the instruments and connections
be arranged on a switchboard?

Ans. They should be arranged so as to provide the shortest
possible path for the current, and preferably always in the same
direction, that is, from right to left or from top to bottom, the
connecting wires being brought in on one side and out on the
other, and the crossing of wires avoided as far as possible

All wires and current caryyingai)arts should be kept far enough apart
‘at all points to prevent accidental contact or the jumping across o? the
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current where there is a great difference of voltage. Such wires should
be also kept at a sufficient distance from screw heads, metal brackets,
gas pipes, water pipes, and othcr conducting bodies, in order to prevent
accidental grounds or short circuits. )

All instruments and switches should be placed so as to be conveniently
accessible for observation and operation, and sufficiently out of reach of
accidental contact by persons; otherwise they should be protected by
some form of insulating shield.

F1G. 500.—Small switchboard suitable for two dynamos; view showing ammeters and volt
meters, switches, circuit breakers, etc.

Ques. What type of switch is used on switchboards?
Ans. The “knife” switch.

Ques. Describe a small switchboard.

Ans. Fig. 500 shows one suitable for two dynamos. At the
top is a voltmeter and two ammeters. Immediately below is a
row of feeder switches serving to connect and disconnect the

|
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various feeders with and from the bus bars which are mounted
behind the board. Below are two rheostat handwheels, and two
large switches connecting the dynamos with tne bus bars. V' S
is o voltmeter switch connecting the voltmcter with various parts
of the systecm. Below the voltmeter switch is a double throw

-
TO CENTER
OF DISTRIBUTION
TOOvRANO B + TO DYNAMO A
-+ +
...t
‘TO EXTRENE TO BUS BARH
&no or
omoury O o
‘/o 0\;0 EXTREME
BUS BAR

END OF CIRCUIT

; C\ TODYNAMO B
—
TO CENTER

OF DIBTRIBUTION

FiG. 501.—Diagram showing various eonnectnons of voltmeter switch of the small switchboard
shown in fig. 500.

TOOVNAMO A

switch to transfer the bus bars from connection with the dynamo
switches to one with some other source of current such as a street
circuit, in the event of a breakdown. At the bottom are two
circuit breakers.

Ques. Describe the voltmeter switch.

Ans. Fig. 501 shows the connections, from which it can be
seen that the voltmeter can be connected with the terminals of
either dynamo or with the bus bars, or with either a central or
remote part in the lamp circuits. ‘
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Under ordinary conditions it remains connected to the circuit at the
central point of distribution. When one dynamo is already in circuit,
however, and it becomes necessary to connect up the other one, the volt-
age of the latter must be the same as that at the bus bars. sordingly,

F1G. 502.—Roller-Smith, single pole, plain overload circuit breaker. As its name indicstes,
the function of the plain overload circuit breaker is to automatically interrupt the circuit
in which it is placed when the flow of current through it exceeds the predetermmned
limit for which the apparatus is set. It is the most common of all of the types and is
utilized for the protection of dynamos and motors and all other electrical apparatus whch,
by reason of the conditions of operation, may become subject to loads in excess of the
normal. The single pole t may be used separately for the protection of a single wire
of a given circuit or grouped to protect the two or more wires of one circuit, becomirg in
the latter case the so ed indef:;dent arm multipole apparatus. The action of this
type of circuit breaker is fully explained in fig. 491.

connections are provided to the voltmeter switch such that the attendant
can compare the voltages at the dynamo terminals and bus bars before
closing the dynamo switch. All the positive connections are on one
side of the circle swept by the switch and all the negative connections
on the other side.
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CHAPTER XXIX
OPERATION OF DYNAMOS

Before Starting a Dynamo or Motor.—When the machine
has been securely fixed, it should be carefully examined to see
that all parts are in good order. The examination should be
made as follows:

1. The field magnet circuit should first be inspected to see that
none of the wires or connections have broken or have become
loose, and that the coils are correctly ‘connected;

2. The caps of the bearings should be taken off, and these
and the journals carefully cleaned of all grit and dirt. They
should then be oiled, and the caps replaced and screwed up
by hand only;

3. The gaps between the outer surface of the armature and
the polar faces should be examined in order to ascertain whether
any foreign body, such as a small screw or nail has lodged therein.
if such be the case, it should be carefully removed with a bit of
wire;

4. The guard plates protecting the armature windings should
be removed, and the windings carefully inspected by slowly
rotating the armature, to see that they are not damaged, and
that the insulation is perfect. The armature should then be
finally rotated by hand to see that it revolves freely, and that
the bearings are securely fixed:
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5. The commutator should be examined to see that it is not
damaged in any way through one or more of the segments being
knocked in, or the lugs being forced into contact with one

~another;

6. The brush holders and brushes should be inspected to see
that the former work freely on the spindle, and that the hold off
catches work properly, are clean and make good contact with
the brush holders or flexible leads;

7. Having ascertained that the machine is not injured in any
way, and that the armature revolves freely, the brushes should
be adjusted.

In the subsequent working of the dynamo it will of course be un--
_necessary to follow the whole of these proceedings every time the machine
is started, as it is extremely unlikely that the machine will be damaged

fror.rfaazxternal causes while working without the attendant being aware of
the fact.

Adjusting the Brushes.—The adjustment of the brushes
upon the commutator requires careful attention if sparking is
to be avoided. There are two adjustments to be made:

1. For pressure;

The brushes must bear against the commutator segments with
sufficient pressure for proper contact.

2. For lead.

The brushes must have the proper angular advance (positive or
negagze, according as the machine 1s a dynamo or motor) to prevent
sparking.

Ques. At what point on the commutator should the
brushes bear?

Ans. The points upon the commutator at which the tips of
the brushes (carried by opposite arms of the rocker) bear, should
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bé, in bipolar dynamos, at opposite extremities of a diameter.
In multipolar dynamos the positions vary with the number of
poles and the nature of the armature winding.

Ques. What provision is made to facilitate the correct
setting of the brushes? .

Ans. Setting marks are usually cut in the collar of the
commutator next to the bearing. .

P1Gs. 664 and 665.—Diagramsillustrating how toset brushes. Some brush holdersrequire brushes
set with the direction of rotation of the commutator, and others, set agasnst the direction
of rotation. Infig. 664 is shown a brush holder of the first class, which must always be set
as indicated b; e arrow. If set in the opposite direction, trouble will ensue, as an
inspection of the e will show, because the surface of the commutator and the brush
would form a e joint, and the brush would tend to dig into the commutator and
either break itself or d the brush ng%ng In fig. 665 is shown a brush holder of the
second type. This brush is set against the direction of rotation, but an inspection of the
cut will show that there is, in this case, no tendency for the brush to dig into the com-
mutator surface. Each type of brush holder, of which there are several, should be adjusted
as recommended by the manufacturer to secure proper working.

Ques. How are the brushes set by these marks?

Ans. The tips of all the brushes carried by one arm of the
rocker are set in correct line with the commutator segments
marked out by one setting mark, and the tips of the brushes
carried by the other arm or arms are set in correct line with the
segments marked out by the other mark or marks.

If one or more of the brushes in a set be out of line with their setting

mark, it will be necessary to adjust the brushes up to this mark by push-
ing them out or drawing them back, as may be required, afterwards
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clamping them in position. When adjusting the brushes, the armature
should always be rotated, so that the setting marks are horizontal. The
rocker can then be rotated into position, and the tips of both sets of
brushes conveniently adjusted to their marks. In those brush holders
provided with an index or pointer for adjusting the brushes, the setting
marks upon the commutator are absent, length of the pointer being so
proportioned that when the tips of the brushes are in line with the ex-
treme tips of the pointers, the brushes bear upon the correct positions on
the commutator. © e

P1G. 666.—Method of soldering cable to carbon brush. Drill a hole in the end, also in the side
of the brush, as shown in the sketch, and after thoroughly tinning the “ pig-tail,”” place
it in the end hole and fill the holes up with solder through the side hole. Another method
is to drill a hole through the carbon so that the cable will just slip through, countersink

. the edge of the hole a little, clean the cable thoroughly and pass it through the hole.
Then with any good flux and solder, fill the countersunk part on both sides.

Ques. What should be done after adjusting the brushes
to their correct positions upon the commutator ?

Ans. Their tips or rubbing ends should be examined while
in position to see that they bed accurately on the surface of
the commutator. '

In many instances it will be foun;'l that this is not the case, the
brushes sometimes bearing upon the point or toe, and sometimes upon
the heel, so that they do not make contact with the commutator through-

out their entire thickness and width. The angle of the rubbing ends
will therefore need to be altered by filing to make them lie flat.
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Ques. How is the proper brush contact secured?

Ans. When the brushes do not bed properly they should be
refitted to secure proper contact.

Ques. How is the pressure adjustment made?

Ans. This is effected by regulating the tension of the springs
provided for the purpose upon the brush holders.

Ques. With what pressure should the brushes bear
against the commutator?

Ans. The tension of the springs should be just sufficient to
cause the brushes to make a light yet reliable contact with the
commutator.

The contact must not be too light, otherwise the brushes will vibrate,
and thus cause sparking; ner must it be too heavy, or they will press too
hard upon the commutator, grinding, scoring and wearing away the

latter and-themselves to an undesirable extent, and moreover, giving
nse to heating and sparkmg

* The correct pressure is attained when the brushes collect the full
current without sparking, while their pressure upon the commutator
is just sufficient to overcome ordinary wbratxon due to the rotation of
the commutator.

‘Direction of Rotation.—This is sometimes a matter of
doubt and often results in considerable trouble. As a general
rule, a dynamo is intended to run in a certain direction; either
right handed or left handed according to whether the armature,
when looked at from the pulley end, revolves with or against
the direction of the hands of a clock. Dynamos are usually
designed to run right handed, but the manufacturers will make
them left handed if so desired.

It may be necessary to reverse the direction of rotation of a
dynamo, if the driving pulley to which it has to be connected
happen to revolve left handed, or if it be necessary to bring the
loose side of the belt on top of the pulley, or to place the machine
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SERVING TOOL

Fi1Gs. 667 to 669.—Method of winding cables with marlin. When connecting the feeders and
dynamo and service leads to a switchboard, the wires are often served with marlin. By
serving is meant to tightly wrap the wires of each set together with marlin. A tool for
serving may be made as in fig. 667, using a piece of oak 2 ins. wide, 7§ in. thick and 14 ins.
long, having four holes drilled through it, as shown. The marlin is passed through the
holes, commencing at the hole nearest the handle, the object being to cause a strain on
the marlin at the point where it passes around the wire, so that the marlin may be wralm
tightly. It is necessary to serve the first four or five inches by hand, pushing the windi
into the conduit as far as possible. This acts as an additional protection to the wires
where they leave the conduit. The serving is continued, as in fig. 668, to within four or
five inches of the first lug by means of the serving tool, passing the ball of marlin around
the wires with the serving tool. The wires are then bent in shape, asin fig. 669. To serve
the wires properly it is necessary to tie the ends of the wires taut. The wires should be
straightened and run together so as to be parallel, being bound with tape at different
points to keep them 8o. When the serving is complete the marlin should be thoroughly
painted with a moisture resisting compound. The marlin serving will stiffen the _wires
and they can be bent very neatly to avoid touching the bus bars of the board. When
famted the marlin hardens so that it is difficult to bend the wires after th:J)qint has dried.

t then requires a strong pressure to bend them. The marlin acts as an additional insula-
tion and mechanical protection to the wires, and while no harm would result from the
wires coming in contact with the bars while thus protected, it looks better to bend them so
as to avoid touching the bars.
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in a certain position on account of limited space. The direction
of rotation of ordinary series, shunt, or compound bipolar
dynamos may be reversed by simply reversing the brushes
without changing any of the connections, then changing the
point of contact of the brush tips 180°.

In multipolar dynamos, a similar change, amounting to 90°
for a four pole machine, and 45° for an eight pole machine, will
reverse their direction of rotation. It will be understood that
under these conditions, the original direction of the current and
the polarity of the field magnets will remain unchanged.

F1G. 670.—Method of assembling core discs. For this operation two wooden ‘‘horses *'should be
provided to support the core at a convenient height, as shown in the illustration.

This rule does not apply to arc dynamos and other machines,
which have to be run in a certain direction only, in order to suit
their regulating devices.

If the direction of current generated by a dynamo be opposite
to that desired, the two leads should be reversed in the ter-
minals, or the residual magnetism should be reversed by a
current from an outside source.
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Starting a Dynamo.—Having followed the foregoing in-
structions, all keys, spanners, bolts, etc., should be removed
from the immediate neighborhood of the machine, and the
dynamo started.

FiGs, 671 and 672.—Tinning block for electric soldering tool. It is made with two soft bricks.
One brick is used to support the soldering tool, and the other to contain the tinning
material and to furnish a material which will keep the copper bit bright enough to receive
its coating of *“tin.” Fig. 671 represents a section of the tinning brick, which is scooped
out on top as shown by the lower line. Into one end of the hollow in the brick, some
sal-ammoniac is placed to help tin the copper bit. Sal-ammoniac is a natural flux for
copper and aids greatly in keepinf the tool well tinned. Next, some melted solder is run
into the hollow of the brick, and lastly enough resin to fill the cavity nearly to the top.
When the tool is not in use, the electricity is switched off and the tool permitted to lie in
the resin. If it be desired to repair the tin coating a little when the tool is in use, the
latter is rubbed on the brick below the layer of solder, and the layer of resin. If the tool
be in very bad condition, it may be pushed into the sal-ammoniac once or twice and then
rubbed in the solder again. It requires but little heat to keeg the brick and its contents
ready for use. In fact, the brick is a fair non-conductor of heat and prevents the esca
of heat from one side of the tool. When momentarily not in use, the tool remains in the
solder which becomes melted underneath the layer of resin. When the eog.e bit
becomes too hot, it will bmlzo volatilize the resin, thus calling attention to this fact,

the electricity be turned off from the tool.
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Ques. How should a dynamo be started?

‘Ans. A dynamo is usually brought up to speed either by
starting the driving engine, or by connecting the dynamo to a
source of power already in motion. In the first case, it should
be done by a competent engineer, and in the second case by a
person experienced in putting on friction clutches to revolving
shafts, or in slipping on belting to moving pulleys.
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F16. 673.—Connections for two shunt wound dynamos to run in parallel. The positive lead of
each machine is connected to the same bus bar. In starting, if but one machine is to be
used, the dynamo is first brought ug to speed and the voltage regulated by means of the
rheostat R and the voltmeter V. The main switch is then thrown in. The connections
for the field are taken off the dynamo leads so that the opening of the main switch will not
open the field circuit and for this reason the field will begin to build up as soon as the
machine is started. When but one of the machines is running, the idle machine is brought
up to sf)eed with the main switch open, and the voltage regulated by means of the rheostat
and voltmeter until the voltages of the machines are the same. Then the main switch is
thrown in and the load on the machines (which is ascertained by the ammeters) is equalized
by means of the rheostats. Should there be any great difference in voltages, the higher one
will run the other as a motor without changing the direction of rotation. The field current
will remain unchanged, and the armature current of the low dynamo will be reversed,
which will cause it to run as a motor in the same direction as it ran as a dynamo. When
dynamos feeding current to motors are to be shut down, the switches on the motors should
first be opened. Otherwise some of the motor fuses will blow. As the voltage goes down
the motors will draw more current to do the work. If a plant be shut down with the
motor switches ““in "’ it will generally be found impossible to start a shunt dynamo, the
low resistance in the mains not allowing enough curreat to flow around the shunt
to energize them. !
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Ques. Should the brushes be raised out of contact in
starting?

Ans. The brushes should not be in contact in starting if
there be any danger of reverse rotation, as might happen when
the dynamo is driven by & gas engine. Aside from this, it is

desirable that the brushes be in contact, because they are more
NEGATIVE BUS

F1G. 674.—Connections for two shunt dynamos to run on the three wire system. The
two machines are connected in series, three wires being carried from them, one from the
outside pole of each machine and one from the {’unctibn of the two machines. The vol:
between the outside wires is equal to the combined voltage of the two machines and the
voltage between the outside and the central or neutral wire is equal to the voltage of
the corresponding machine. If the load on each side of the system be equal, there will be
no current in the neutral wire, while if the loads be unequal, the neutral wire will have to
carry the difference in current -between the twa outside wires,

easily and better adjusted, and the voltage will come up slowly,
so that any fault or difficulty will develop gradually and can be
corrected, or the machine stopped before any injury is done.

Ques. How should a series machine be started?
Ans. The external circuit should be closed, otherwise a
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closed circuit will not be formed through the field magnet wind-
ing and the machine will not build up.

Ques. What is understood by the term ‘¢ build up”?
Ans. In starting, the gradual voltage increase to maximum.
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P1G. 675. —Oonnectxons fot two compound wwnd dynamos to run in parallel. The series
fields of in parallel by means of wire leads or bus bars,
which oonnect together the brushes from which the series fields are taken. This is known
as the equalizer and is shown by the line runnmito the middle pole of the dynamo switch.
By tracing out the series circuits it will be seen that current from the upper brush of either
dynamo has two connections td its bus bar. One of these leads through its own field, and
the other, by means of the equalizeg bar, through the fields of the other dynamo. As’ long
as both machines are generating equally there is no difference of pressure between the
brushes of either, but should the voltage of one be lowered, current from the other would
flow through its fields and thereby raise the voltage, and at the same time reduce its
own until both maam The equalizer may then be called upon to carry much current,
but to have the es teﬁlate closely it should be of low resistance. It may also be
run as shown by the dotted lines, but this will leave all the machines alive when any one

erating. e ammeters should be connected as shown. If they were on the other

e they would come under the influence of the equalizing current and would indicate

wrong. ‘either too high or too low. The equalizer switch should be closed a little before
the main switches are closed.

Ques. How should a shunt or compound machine be
started? :

Ans. All switches controlling the external circuits should be
opened, as the machine excites best when this is the case. If

-
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the machine be provided with a rheostat or hand regulator and
resistance coils, these latter should all be cut out of circuit, or
short circuited, until the machine exeites, when they can be
gradually cut in as the voltage rises.

When the machine is giving the correct voltage, as indicated by the
voltmeter or pilot lamp, the machine may be switched into connection
with the external or working circuits.

Qués. In starting a shunt dynamo, should the main
line switch be closed before the machine is up to voltage
or after? '

Ans. If the machine be working on the same circuit with
other machines, or with a storage battery, it is, or course, neces-
sary to make the voltage of thé machine equal to that on the
" line before connecting it in the circuit. If the machine work
alone, the switch may be closed either before or after the voltage
comes up. The load will be thrown on suddenly if the switch
be closed after the machine has built up its voltage, thus causing
a strain on the belt, and possibly drawing water over the engine
cylinder. On the other hand, if the switch be closed before the
voltage of the machine has come up, the load is picked up grad-
ually, but the machine may be slow or may even refuse to pick
up at all.

Ques. Why does a shunt machine pick up more slowly
if the main switch be closed first?

Ans. Because the resistance of the main line is so much less
than that of the field that the small initial voltage due to the
residual magnetism causes a much larger current in the armature
than in the shunt field. If this be too large, the cross and back
magnetizing force of the armature weakens the field more than
the initial field current strengthens it, and so the machine
cannot build up.
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Ques. If a shunt dynamo will not pick up, what is likely
to be the trouble?

Ans. The speed may be too slow; the resistance of the
external circuit may be too small; the brushes may not be
in proper position ; some of the electrical connections in the
dynamo may be loose, broken or improperly made; the field
may have lost its residual magnetism.

F1Gs. 676 and 877.—Diagrams of ground detectors. Pig. 676, a ground detector switch suitable
for mounting on a switch board. The two arms pivoted at their upper ends are connected
.with an insulating bar A and make contact at their lower ends with two brads strips
and a contact button, which are connected to the bus bars and ground, respectively.
When the arms are moved to the left, the positive bus bar is connected to the ground
through the voltmeter V. In fig. 677 is another form of ground detector. This is known
as a la.mgﬂground detector. On a 110 volt system two ordinary lamps are connected in
series, while the line connecting the lamps is connected to the ground through a snap
switch S. When current is on, the two lamps will burn with equal brilliancy, but at a
lower candle power. When the switch S is closed, if the two lines be clear, the brilliancy
of the lamps will not be affected, but if there be a ground on the Fositive side, one lamp
will burn_ brighter, the brightness depending on the resistance of the ground. If there
be a dead ground, the lamp will burn to its full candle power.

. Ques. What is the indication that the connections
between the field coils and armature are reversed?

Ans. If the machine build up when brought to full speed,
the_ connections are correct, but if it fail to build up, the field
coils may be improperly connected.
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F1G. 678.—Method of correcting reversed polarity in large shunt dynamo by transposing the
shunt field leads, and then starting up, the machine. As soon as the voltmeter registers
any voltage, the dynamo m? be stopped and the field leads restored to their original

sition, when it will be found that the residual magnetism in the pole pieces will usually
g%ng the dynamo up to its polarity and proper voltage. This method has the disadvan-
tages, of the uncertainty as to the machine building up, and that a temporary wire must
probably be run from the switchboard to one terminal of the field circuit, which is usuall
connected to a terminal back of the dynamo frame, so that the flow of current throug
the field coils may be reversed. With dynamos having 1 ted field magnet cores of
comparatively low residual magnetism, this method may suffice, but in the case of solid
field magnetic cores it is not practical. A better method is to disconnect the shunt
field leads and temporarily extend them to some other source of direct current. If the
current be of higher voltage than the coils are designed for, as for instance 110 volt
dynamo and available current 500 volt, caution must_be exercised and a suitable resist-
ance be provided to protect the coils. A 500 volt coil, however, may be supplied from
110 volt circuit, providing the field winding to be energized is equipped with a cut off
switch having a discharge resistance, so that it ma¥ be used to close and break the circuit
when the temporary leads have been connected. If the field windings be not so provided,
a bank of lamps or some other non-inductive resistance must be connected across the
leads between the field magnet coils and the point at which the circuit is to be opened
and closed. This is to f)rovide a path for the discharge of the induced electromotive
force. The circuit should not remain closed more than a few seconds if the full vol
can be applied. It is well, however, to leave the current on long enough to run
machine up to about half speed and make sure, by means of a voltmeter, that the polarity
has been corrected. When this has been ascertained the dynamo should be stopped and
the field winding leads returned to their proper terminais. Then the voltage will be
brought up in the right direction. provided the work has been done correctly.
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This can be tested by connecting a voltmeter across the terminals of
the armature, or by means of a magnetic needle placed at a short dis-
tance from one of the pole pieces in such a position that it does not point
to the north pole. If the field coils be improperly connected, the current
due to the initial voltage will weaken the field magnetism and thus pre- -
vent the machine building up, and when the field circuit is closed the
voltmeter reading will be reduced, or the magnetic needle will be less
strongly attracted.

Ques. What will be the result if the connections of
some of the field coils of a dynamo be reversed?

Ans. If one-half the number of coils oppose the other half,
the field magnetism will be neutralized and the machine will not _
build up at all; but if one of the coils be opposed to the others,
the machine might build up, but the generated voltage will be
low, and there will be considerable sparking at some of the
brushes.

Ques. How may it be ascertained which coil is reversed ?

Ans. In all dynamos there should be an equal number of
positive and negative poles, and in almost all of them the poles
should be alternately positive and negative. Therefore, if a
pocket compass be brought near the pole pieces, and it show that
there are more poles of one kind than the other, the indication
is that one or more of the coils are reversed, and the improper
sequence of alternation will determine which one is wrongly
connected.

Ques. When a dynamo loses its residual magnetism,
how can it be made to build up?

Ans. By temporarily magnetizing the field. To do this a
current is passed through it from another dynamo, or from
the cells of a small primary battery. Usually, this will set up
sufficient initial magnetism to allow the machine to build up.
The battery circuit should be broken before the machine has
built up to full voltage.
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Ques. What should be done if a dynamo become
reversed by a reversal of its field magnetism due to light-
~ ning, short circuit, or otherwise?

Ans. The residual magnetism should be reversed by a current
from another dynamo, or from a battery; but if this be not
convenient, the connections between the machine and the line
should be crossed so that the original positive terminal of the
dynamo will be connected to the negative terminal of the line,

and vice versa.
POSITIVE BUS-BAR

L NEGATIVE BUS-BAR
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F1G. 679.—Method of correcting reversed polarity in compound wound dynamo. The polarity
may be reversed without disconnecting or changing the wire. The figure shows twe
compound dynamos, and essential connections. The current from any machine connected
to the e%ua.lizer bar by its equalizer switch will divide, a portion going through the series
field winding of the other machines connected to the, bus bar, the division being determined
by the resistance of the different sets of coils. For instance, assume that No. 1 dynamo
has had its polarity reversed and that No. 2 is running connected to the bus bar. The
method of reversing the polarity of No. 1 machine is as follows: No. 1 machine should
be at rest and then make sure that the circuit breaker and negative switch are open and
that any other special connections to other machine or station lighting circuits are o]
Then close the positive and equalizer switches, thus allowing a part of the current
the other dynamo to pass through the equalizer connection and through the series field
winding of No. 1 machine in the usual direction, which will ma?xetize the magnetic core.
If No. 1 machine be a large unit and No. 2 a small unit, it will be necessary to cut out
the resistance of the shunt field circuits b{ means of the rheostat, if it be desired to
maintain its bus bar voltage at its normal point. This will rob the series winding of
any other machines which may be connected to the bus bars and will lower the voltage
slightly. No. 1 machine is then brought up to full speed when it will be found to have
<ccovered its correct polarity. The positive switch may be readily ned, watching the
t=g bar voltage closely as it will rise when the current is restricted again to the series
field winding of the other machines. The dynamo will then be ready to cut in with the
other machines as soon as the voltage has been brought up to the proper point, or it may
be shut down until required
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Ques. Can a dynamo be reversed by reversing the
connections between the field coils and the armature?

Ans. No, for if these connections be reversed, the machine
will not build up.

Ques. Will a dynamo build up if it become reversed?
Ans. Yes.

Ques. Then whatis the objectiontoa reversed dynamo?

Ans. Since the direction of current of a reversed dynamo is
also reversed, serious trouble may occur if it be attempted to
connect it in parallel, with other machines not reversed.

Attention while Running.—When a dynamo is started and
at work, it will need a certain amount of attention to keep it
running in a satisfactory and efficient manner. The first point
to be considered is the adjustment of the brushes. If this be
neglected, the machine will probably spark badly, and the
commutator and brushes will frequently require refitting to
secure good contact.

Ques. What may be said with respect to the lead of
the brushes? v .

Ans. The lead in all good dynamos is very small, and varies
with the load and class of machine. The best lead to give to the
brushes can in all cases be found by rotating the rocker and
brushes in either direction to the right or left of the neutral plane
until sparking commences, increasing with the movement.
The position midway between these two points is the: correct
position for the brushes, for at this position the least sparking
occurs, and it is at this position that the brushes should be
fixed by clamping the rocker.

c
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Ques. How does the lead vary in the different types of
dynamo?

Ans. In series dynamos giving a constant current, the
brushes require practically no lead. In shunt and compound dy-
namos the lead varies with the load, and therefore the brushes
must be rotated in the direction of rotation of the armature with
an increase of load, and in the opposite direction with a decrease
of load. :

F16. 680.—Method of taking temperature. In taking the temperature of a hot , it is con-
venient to use a thermometer in which the scale of degrees has been etcheJ):: the stem.
Bind this to the heated part, having first taken the precaution to cover the bulb with
waste to prevent the radiation of heat and take the reading when the column of mercury
has ceased to rise. - The question which most often presents itself to the attendant is how
hot can the various parts of a dynamo or motor become and yet be within the safe limit.
The degree of heat can be determined by applying the hand to the various parts. If th
heat be bearable it is entirely harmless, gut if the heat become unbearable to the thand for
more than a few seconds, the safety limit has been reached and the machine should be
stopped and the fault located. Of course when the solder begins to melt at the commutator
connections and shellac begins to *‘fry out’ of the armature and an odor of burnt cotton
begins to pervade the air, the safe limit has been far exceeded, and in most cases, asa
matter of fact serious damage is the result. To be more definite, #0 part of the dynomo
or motor should be allowed to rise in temperature more than 80 degrees F. above the temperature
of the surrounding air, excepting in the case of commutators where no solder has been
used to connect the leads. ese can be allowed to rise to a still higher temperature.

- In cases where the dynamos are subjected to a rapidly varying or
fluctuating load, it is of course not possible to constantly shift the
brushes as the load varies, therefore the brushes should be fixed in the
positions where the least sparking occurs at the moment of adjustment.
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If at any time violent king occur, which cannot be reduced or
suppressed by varying the position of the brushes by rotating the
rocker, the machine should be shut down at once, otherwise the com-
mutator and brushes are liable to be destroyed, or the armature burnt
up. This especially refers to highs tension machines.

Ques. What should be done if the brushes begin to
spark excessively?

Ans. First, look at the ammeter to see if an excessive amount
of current is being delivered; second, see if the brushes make
good contact with the commutator, and if the latter have a bar
too high, or too low, and an open circuit.

VA

/// Z

Fi1Gs. 681 and 682.—Remedies for 1 of oil from self-oiling bearings. If there be sufficient
:Race. a metal n.ng may be attached to the shaft asin fig. 681.  With this arrangement
e high speed of the shaft will carry the ail outside of the ring and throw it off in the oil
reservoir. Another way is to insert a tin apron, as shown in fig. 682 at T, which will serve
to drain the oil which may creep along the shaft, and also cut off the draft from the pulley
which may suck the oil out of the bearing. Sometimes a tin fanis attached to the pulley,
gohich tinds to drive the oil back into the bearing, and which also assists in keeping the

X COO!

Ques. What should be done if the current be excessive?

Ans. If the current exceed the rated capacity by more than
50 per cent., and continue for more than a few minutes, the
. main switch should be opened, otherwise the machine may be
seriously injured. '
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Ques. How does an excessive current injure a dynamo?

Ans. By causing it to overheat which destroys the insulation
of the armature, commutator,‘ ete.

Lubrication.—The shaft bearings of dynamos may be
lubricated by sight feed oilers or oil rings. The latter method is
almost universally used. An oil well is provided in the hollow
casting of the pedestals as shown in fig. 728. Oil rings revolve

¥1G. 683.—Imaginative view of a shaft showmg 1ts ular structure. Inoperatwn
these minute i arities interlock and act as a re g force, or frictional resistance.
Hence, the necessity for lubrication—a lubricant presents a thin intervening film against
which the surfaces rub

with the shaft and feed the latter with oil, which is contin-
uously brought up from the reservoir below. The dirt settles to
the bottom and the upper portion of the oil remains clear for a
long period, after which it is drawn off through the spigot and a
fresh supply poured in through openings provided in the top.
The latter are often located directly over the slpts in which the
rings are placed, so that the bearings can be lubricated directly
by means of an oil cup, if the rings fa11 to act or the reservoir
become exhausted.
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Ques. What kind of oil can should be used in filling the
reservoir, or oil cups?

Ans. One made of some nqn-magnetic material such as
copper, brass, or zinc.

If iron cans be used, they are liable to be attracted by the field magnets,
and thus possibly catch in the armature.

Ques. What is the indication of insufficient lubri-
cation?

Ans. The bearings become undul.y heated.

Ques. What precaution should be taken with new
dynamos? _

Ans. They are liable to heat abnormally and for the first
few days they should be carefully watched and liberally sup-
plied with oil.

After a dyname has been running for a short time under full load, its
armature imparts a certain amount of heat to the bearings, a little more
also to the bearing on the commutator end of shaft; beyond this there

is no excuse for excessive heating. The latter may result from various
causes, some of which are given with their remedies, as follows:

ot

. .A poor quality of oil, dirty or gritty matter in the oil;
{(oumal oxes too tight;

. Rough journals, badly scraped boxes;

. Belt too tight; .

. Bearings out of line;

. Overloaded dynamo;

. Bent armature shaft,

No o ON

Ques. What is the allowable degree of héating?

Ans. It may be taken as a safe rule that no part of a working
dynamo should have a temperature of more than 80° Fahr. above
that of the surrounding air.

Accordingly, if the temperature of the engine room t;e noted before

applying the thermometer to the machine, it can at once be seen if the
latter be working at a safe temperature. In taking the temperature,
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the bulb of the thermometer should be wrapped in a woolen rag. The
screws and nuts securing the different connections and cables should be
ined occasionally, as they frequently work loose through vibration.

Instructions for Stopping Dynamos.—When shutting
‘down a machine, the load should first be gradually reduced, if
possible, by easing down the engine; then when the machine is
supplying little or no current, the main switch should be opened.
This reduces the sparking at the switch contacts, and prevents
the engine racing. o
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F1G. 684.—Diagram illustrating forces acting on a dynamo armature. In the figure the normal
field magneto-motive force is in the direction of the line 1, 2, produced by the field circuit
G, if there were no current in the armature. But as soon as the armature current flows,
it produces the opposing force 3, 4, which must be combined with 1, 2 to give the
resulting force to produce magnetism and hence voltage. The resultant 1, 5, if 3, 4be
large enough, does not differ much from the original force 1, 2. Or, exp: in a more
physical way, the brushes E, F, rest on the commutator and all the turns embraced:-by twice
the angle 6, 3, F, oppose the flow of flux through the armature core as well asall the turns
embraced by twice the angle, 7, 3, E. The remaining turns distort the flux, making the
pole corners at A and B denser, and at C and D rarer. So that all the effect is to kill an
increase of flux, or voltage. This cross magnetism _tends also to decrease the flow of
flux, for the extra ampere turns required to force the flux through the dense t{:le tips are
greater than the decreased ampere turns relieved by the reduction of flux at other pole
tips; this follows, since iron as it increases in magnetic density requires ampere turns greater
in proportion than the increase of flux.
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When the voltmeter almost indicates zero, the brushes should
be raised from contact with the commutator. This prevents the
brushes being damaged in the event of the engine making a
backward motion, which it often does, particularly in the case of
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a gas engine. On no account, however, should the brushes be
raised from the commutator while the machine is generating any
considerable voltage; for not only is the insulation of the ma-
chine liable to be damaged, but in the case of large shunt
dynamos, the person lifting the brushes is liable to receive a
violent shock.

Ques. What attention should the machine receive after
it has been shut down? :

Ans. It should be thoroughly cleaned. . Any adhering copper
dust, dirt, etc., should be removed from the armature by dusting
with a stiff brush, and the other portions of the machine should
be thoroughly cleaned with linen rags. Waste should not be
used, as it is liable to leave threads or fluff on the projecting
parts of the machine, and on the windings of the armature,
which is difficult to remove.

~ Ques. What attention should be given to the brushes
and brush gear? :

Ans. They should be examined and thoroughly cleaned. If
necessary the brushes should be refitted and readjusted. All
terminals, screws, bolts, etc., should be carefully cleaned and
screwed up ready for the next run. The brush holders should
receive special attention, as when dirty, they are liable to stick
and cause sparking. All dirt and oil should be removed from the
springs, contacts, pivots, and other working parts.

It is advisable at stated intervals to entirely remove the brush holders
from the rocker arms, and give them a thorough cleaning by taking
them to pieces, and cleaning each part separately with emery cloth and

. benzoline or soda solution.

Another point to which particular attention should be given is the
cleaning of the brush rocker. This being composed wholly of metal,
and the two sets of positive and negative brushes being only separated
from it by a few thin insulating washers, it follows that if any copper
dust given off by the brushes be deposited in the neighborhood of these
washers, there is considerable liability for a short circuit of the machine
to occur by the dust bridging across the insulation.
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Ques. What further attention should be given?

Ans. It is a good plan, when the machine has been thor-
oughly cleaned and all connections made secure, to occasionally

test the insulation of the different parts. If a record be kept of
these tests, any deterioration of the insulation can at once be |

detected, localized and remedied before it has become suffi-
ciently bad to cause a breakdown.
As a means of protecting the machine from any moisture, dirt, etc,

while standing idle, it is advisable to cover it with a suitable waterproof
cover.
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CHAPTER XXX
COUPLING OF DYNAMOS

Series and Parallel Connections.—When it is necessary
to generate a large and variable amount of electrical energy, as
must be done in central generating stations, apart from the
question of liability to breakdown, it is neither economical nor
desirable that the whole of the energy should be furnished from
a single dynamo. Since the efficiency of a dynamo is dependent
upon its output at any moment, or the load at which it is worked
(the efficiency varying from about 95 per cent. at full load. to
80 per cent. at half load), it is advisable in order to secure the
greatest economy in working, to operate any dynamo as near
full load as possible.

Under the above circumstances, when the whole of the output is
generated by a single dynamo this can evidently not be effected, for the
load will naturally fluctuate up and down during the working hours, as
the lamps, motors, etc., are switched into and out of circuit; hence,
although the dynamo may be working at full load during a certain
Eortion of the day, at other times it may probably be working below

alf load, and therefore the efficiency and economy in working in such
an arrangement is very low.

Ques. How is maximum efficiency secured with vari-
able load?

Ans. It is usual to divide up the generating plant into a
number of units, varying in size, so that as the load increases,
it can either be shifted to machines of larger size, or when it
exceeds the capacity of the largest dynamo, the output of one
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can be added to that of another, and thus the dynamos actually

at work at any moment can be operated as nearly as possible at
full load.

Ques. What should be noted with respect to connecting
one dynamo to another?

Ans. It is necessary to take certain precautions (as later
explained) in order that the other dynamos may not be affected
by the change, and that they may work satisfactorily together.

Ques. What are the two methods of coupling
dynamos?

Ans. They are connected in series, or in parallel.

In coupling dynamos in series, the current capacity of the plantis
kept at a constant value, while the output is increased in proportion to
the pressures of the machines in circuit.

When connected in parallel, the pressures of all the machines are kept
at a constant value, while the output of the plant is increased in pro-
_ portion to the current capacities of the machines in circuit.

Coupling Series Dynamos in Series.—Series wound dyna-
mos will run satisfactorily together without special precautions
when coupled in series, if the connections be arranged as in fig.
685. :

The positive terminal of one dynamo is connected to the negative
terminal of the other, and the two outer terminals are connected directly
to the two main conductors or bus bars through the ammeter A, fuse F,
and switch S. If it be desired to regulate the pressure and output of the
machines, variable resistances, or hand regulators R, R}, may be ar-

ranged as shunts to the series coils as shown, so as to divert a por-
tion or the whole of the current therefrom.

Series Dynamos in Parallel.—Simple series wound dynamos
not being well adapted for the purpose of maintaining a constant
pressure, are in practice seldom coupled in parallel; the condi-
tions or working, however, derive impertance from the fact that
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eompound dynathos, being provided with series coils, are subject
to similar conditions when workmg in parallel, which is frequently
the case.

Ques. What may be said with respect to coupling two
or more plain series dynamos in parallel?

Ans. The same procedure cannot be followed as in the case
of plain shunt dynamos, for the reason that if the voltage of the

L-I-
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O R O IR
F1G. 685. —-Dlagram ahowmg method of coupling series dynamos in series. R and R’ are two
and r ch are p d in shunt across the coil terminals to regulate the pressure

and output of the max

dynamo to be coupled be exactly equal to that of the bus bars
when connected in parallel, the combination will be unstable.

Ques. Why is this?

Ans. If, from any cause, the pressure at the termmals of one
of the dynamos fall below that of the others, it immediately
takes a smaller proportion of the load; as a consequence, the



600 HAWKINS ELECTRICITY

current in its field coils is reduced, and a further fall of pressure
immediately takes place. This again causes the dynamo to re-
linquish a portion of its load, and ‘again occurs a further fall of
pressure. Thus the process goes on, until finally the dynamo
ceases to supply current, and the current from the other dyna-

.mos flowing in its field coils in the reverse direction reverses its
magnetism, and causes it to run as a motor against the driving
power in the opposite direction to that in which it previously
ran as a dynamo.

EQUALIZER

P1G. 688.—Diagram showing method of coupling series dynamos in parallel. In the diagram
A,A’,are a.mmeterg 3 F?F’, fuses ; S, S’; switches.

Under such circumstances the armature is liable to be destroyed if
the fuse be not immediately blown, and in any case it is subjected to
a very detrimental shock. -This tendency to reverse in series dynamos
can be effectually prevented by connecting the field coils of all the
dynamos in parallel.

Ques. How are the field coils of all the dynamos con-
nected in parallel?

Ans. This is effected in practice by connecting the ends of all
the series coils where they join on to the armature circuit by a

|
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th1rd connection, called the ‘‘ equalizing connection,” or “ equal-
izer,” as shown in fig. 686.

Ques. What is the effect of the equalizer?

Ans. The immediate effect is to cause the whole of the current
generated by the plant to be divided among the series coils of the
several dynamos in the inverse ratio of their resistance, without
"any regard as to whether this current comes from one armature,
oris divided among the whole. The fields of the several dynamos
being thus maintained constant, or at any rate being caused
to vary equally, the tendency for the pressure of one dynamo
to fall below that of the others is diminished.

Shunt Dynamos in Series.—The simplest operation in
connection with the coupling of dynamos, and the one used prob- -
ably more frequently in practice than any other, is the coupling -
of two or more shunt dynamos to run either in series or in parallel.
When connected in series, the positive terminal of one machine
is joined to the negative of the other, and the two outer terminals
are connected through the ammeter A, fuses F, F’/, and switch
S, to the two main conductors or omnibus bars as represented in
fig. 687, The machine will operate when the connections are

. arranged in this manner, if the ends of the shunt coils be con-
nected to the terminals of their respective machines.

Shunt Dynamos in Parallel.—The coupling of two or more
shunt dynamos to run in parallel is effected without any difficulty.
This method of coupling dynamos is one that is very frequently
used. Fig. 688 illustrates diagrammatically the method of
arranging the connections. The positive and negative terminals
of each machine are connected respectively to two massive
insulated copper bars, shown at the top of the diagram, called
omnibus bars, through the double pole switches,0S,08/, and
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the double pole fuses F, F/. Ammeters, A, A’ are inserted
in the main circuit of each machine, and serve to indicate the
amount of current generated by each, An automatic switch or
cutout, Ac, Ac/, is also shown as being included in the main
circuit of each of the machines, although this appliance is some-
times dispensed with. The pressure of each of the machines is"
regulated independently by means of the hand regulators R, R/, .
inserted in series with the shunt circuit.

BUS BARS

O

SHUNT COILS SHUNT COILS

FIG. 687.—Diagram showing method of oour:g:g shunt dynamos in series. The ends of the
shunt coils may be connected to the termi. of their respective machine, or they may be
connected in series as shown.

The shunt circuits are represented as being connected to the positive
and negative terminals of the respective machines, but in many cases
where the load is subjected to sudden variations, and when a large
number of machines is connected to the bus bars, the shunt coils are
frequently connected direct to these. In such circumstances this
method is preferable, as by means of it the fields of the idle dynamos
can be excited almost at once direct from the bus bars by the current
from the working dynamos; hence, if a heavy load come on suddenly,
no time need be lost in building uﬁ a new maz.\’ne previous to switching
it into parallel. The pressure of the lamp circuit is given by a voltmeter,
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whose terminals are placed across the bus bars; and the pressure at the
terminals of each of the machines is indicated by separate voltmeters
or pilot lamps, the terminals of which are connected to those of the
respective machines.

- Ques. Describe a better method of parallel connection.

Ans. Better results are obtained by connecting both the
shunt coils in series with one another, so that they form one long
shunt between the two main conductors, the same as in fig. 687.

I BUS BARS

SHUNT COILS SHUNT COILS

£1G. 688.—Diagram showing method of coupling shunt dynamos in parallel.

‘When arranged in this way, the regulation of both machines may be
effected simultaneously by inserting a hand regulator (R) in series with
the shunt circuit as represented.

Switching Dynamo Into and Out of Parallel.—In order
to put an additional dynamo in parallel with those already work-
ing, it is necessary to run the new dynamo up to full speed, and,
when it excites, regulate the pressure by means of a hand regu-
lator until' the voltmeter connected to the terminals of the
machines registers one or two volts more than the voltmeter
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connected to the lamp circuit, and then close the switch. The
load upon the machine can then be adjusted to correspond with
that upon the other machines by means of the hand regulator.

Ques. In connecting a shunt dynamo to the bus bars,
must the voltage be carefully adjusted? .

Ans. There is little danger in overloading the armature in
making the connection hence the pressure need not be accurately
*adjusted.

It is, in fact, common practice in central stations to judge the voltage
of the new dynamo merely by the appearance of its pilotlamp.

Ques. How is a machine cut out of the circuit?

Ans. When shutting down a machine, the load or current
must first be reduced, by gradually closing the stop valve of the
engine, or inserting resistance into the shunt circuit by means of
the hand regulator; then when the ammeter indicates nine or
ten amperes, the main switch is opened, and the engine stopped.

By following this plan, the heavy sparking at the switch contacts is
avoided, and the tendency for the engine to race, reduced.

Ques. What precaution must be taken in reducing the
current? ‘

Ans. Care must be taken not to reduce the current too
much.

Ques. Why is this necessary?

Ans. There is danger that the machine may receive a reverse
current from the other dynamos, resulting in heavy sparking at
the commutator, and in the machine being driven as a motor.

Ques. What provision is made to obviate this danger?

Ans. Dynamos that are to be run in parallel are frequently
provided with automatic cutouts, set so as to automatically
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switch out the machine when the current falls below a certain
minimum value.

Dividing the Load.—If a plant, composed of shunt dynamos
running in parallel, be subjected to variations of load, gradual
or instantaneous, the dynamos will, if they all have similar
characteristics, each take up an equal share of the load. If,
however, as is sometimes the case, the characteristics of the
dynamos be dissimilar, the load will not be shared equally, the
dynamos with the most drooping characteristics taking less than
their share with an increase of load, and more than their share
with a decrease of load. If the difference be slight, it may be
readily compensated by means of the hand regulator increasing
or decreasing the pressures of the machines, as the load varies.
If, however, the difference be considerable, and the fluctuations
of load rapid, it becomes practically impossible to evenly divide
the load by this means.

Under such circumstances, the pressure at the bus bars is
liable to great variations, and there is also liability of blowing the
fuses of the overloaded dynamos, thus precipitating a general
breakdown. To cause an equal division of the load among all the
dynamos, under such circumstances, it is needful to insert a small
resistance in the armature circuits of such dynamos as possess
the straightest characteristics, or of such dynamos as take more
than their share of an increase of load. By suitably adjusting
or proportioning the resistances, the pressures at the terminals
of all the machines may be made to vary equally under all varia-
tions of load, and each of the machines will then take up its
proper share of the load.

Coupling Compound Dynamos in Series.—Since com-
pound dynamos may be regarded as a combination of the shunt
and series wound machines, and as no special difficulties are
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encountered in running these latter in series, analogy at once
leads to the conclusion that compound dynamos under similar
circumstances may be coupled together with equal facility.

Ques. How are compound dynamos connected to
operate in series?

. Ans. The series coils of each are connected as in fig. 685, and

the shunt coils are connected as a single shunt as in fig. 687, which

+
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P1G. 639. —Couplmg pound dynamos in series; short shunt tion. The dotted lines
indicate the changes that would be made for long shunt connection.

may either extend simply across the outer brushes of the machines,
so as to form a double short shunt, or may be a shunt to the bus
bars of external circuit, so as to form a dguble long shunt.

Compound Dynamos in Parallel.—Machines of this type
will not run satisfactorily together in parallel unless all the
series coils are connected together by an equalizing connection,
as in'series dynamos. The method of arranging the connections
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as adbpted in practice, being illustrated in fig. 690. By means
of it idle machings are completely disconnected from those at
work.

Ques. How is the equalizer connected?

Ans. The equalizer is connected direct to the positive brushes
of all the dynamos, a three pole switch being fitted for discon-
necting it from the circuit when the machine to which it is con-
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F16. 690.—Diagram showing method of coupling pound dy in parallel

nected is not working. The two contacts of the switch are re-
spectively connected to the positive and negative conductors,
while the central contact is connected to the equalizer.

Switching a Compound Dynamo Into and Out of Parallel.
—If the characteristics of all the dynamos be similar, and the
comnections arranged as in figs. 690, or 691, the only precaution
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to be observed in switching a new machine into parallel is to
have its voltage equal, or nearly equal to that of the bus bars
previous to closing the switch. If this be the case, the new
machine will take up its due share of the load without any shock.

Ques. How isa compound dynamo, running in parallel,
cut out of circuit?

Ans. Theload is first reduced to a few amperes, as in the case
of shunt dynamos, either by easing down the engine, or by

T [ o L
([ [

S

FSERIES
COILS

SHUNT COILS

Pic. 691.—Di§ra.m showing another and better method of coupling compound d: in
parallel. With this arrangement the idle machines are completely disconnected from those
at work. The same reference letters are common in both diagrams. S, S’ are switches;
F, F’ fuses; A, A’ ammeters, which indicate the total amount of current generated by each
of the machines; AC, AC’, automatic switches, arranged for automatically switching out
a machine in the event of the pressure at its terminals being reduced through any cause;
R, R’ are hand regulators, inserted in the shunt circuits of each of the machines, by means
of which the pressures of the individual machines may be varied and the load upon each
adjusted. The pressure at the bus barsis given by the voltmeter V, one terminal of which
is connected to each of the bars; a second voltmeter may be used, to give the pressure
any jndividual machine, by connecting *‘ voltmeter keys'’ to the terminals of each of the
ma.cﬁm'. es, or a separate voltmeter may be used for each individual machine. The only

3 1 difference bet figs. 690 and 691 is, that in fig. 690 the equalizer is connected
direct to the positive brushes of all the dynamos, while in fig. 691 the equalizer is brou%h(
up to the switchboard and arranged between the two bus bars, a switch being fitted for
dneonnecﬁnxit from the circuit when the machine to which it is connected is not working




 COUPLING OF DYNAMOS 609

cutting resistance into the shunt circuit by means of the hand
regulator, and then opening the switch. Previous to this,
however, it is advisable to increase the voltage at the bus bars to
a slight extent, as while slowing down the engine the load upon
the outgoing dynamo is transferred to the other dynamo arma-
tures, and the current in their series coils not being increased in
proportion, the voltage at the bus bars is consequently reduced
somewhat.

Equalizing the Load.—When a number of compound dyna-
mos of various output, size, or make, are running together in
parallel, it frequently happens that all their characteristics are
not exactly, similar, and therefore the load is unequally dis-
tributed, some being overloaded, while others do not take up
their proper share of the work.

NOTE.—The action of an ua.hzm* ing bar in equalizing the load on compound dynamos run
in parallel may be explained as follows: e compound winding of a dynamo raises the pressure
in proportion to the current flowing through it, and if, in a system of parallel mﬁted com d
dynamos without the equalizing connection, the current given by one machine were sf:%l;ag
greater than the currents from the others, the pressure of that machine would increase. it]
this increase in pressure above the other machines, a still greater current would flow, and so
raise the pressure further. The effect is therefore cumulative, and in time the one dynamo
would be carrying too great a proportion of the whole current of the system. With the equal-
izing connection, whatever the current flowing from each machine, the currents in the various
compound windings are all equal, and so the added pressure due to the compound winding is
practically the samein each machine. Any inequality in output from the machines is readily

liminated by adjusting the shunt currents by means of the shunt rheostats. When compound
wound dynamos are operated in parallel, the equalizer bar insures uniform distribution among
the series coils of the machines.

NOTE.—To secure the best results in parallel operation, dynamos should be of the same
design and construction and should possess as nearly as possible the same characteristics; that is,
each should respond with the same readiness, and to the same extent, to an’i:hchange in its field
excitation. Any number of such machines may be operated in parallel. e usual practice is
to connect the equalizer and the series field to the positive terminal, though if desired, they
may be connected to the negative terminal; both however, must be connected to the same
terminal. The resistance of the equalizer should be as low as possible, and it must never be
greater than the resistance of any of the leads from the dynamos to the bus bar. Sometimes a
third wireis run to the switchboard from each dynamo and there connected to an eqalizer bar,
but the usual practiceis to run the equalizer directly between the dynamos and to place the
equalizer switches on pedestals near the machines. This shortens the connections and leads to
better regulation. The positive and equalizer switches of each machine differ in pressure only
by the slight drop in the series coil, and in some large stations these two switches are placed
side by side on a pedestal near the machine. In such cases, the equalizer and positive bus bars
are often placed under the floor near the machines, so that all leads may be as short as possible.
If all the gym\mos be of equal capacity, all the leads to bus bars should be of the same length,

and it is sometimes necessary to loop some of them.
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If the difference be small, it may be compensated by means
of the hand regulator; if large, however, other means must be
taken to cause the machmes to take up their due proportion of
the load.

If the series coils of the several dynamos be provided with
small adjustable resistances, in the form of German silver or
copper ribbon inserted in series with the coils, the distribution
of the current in the latter may be altered by varying the
resistance attached to the individual coils. The effect of the
series coils upon the individual armatures in raising the pressure
may be adjusted, and the load thus evenly divided among the
machines.

Shunt and Compound Dynamos in Parallel.—It is
not practicable to run a compound dynamo and a shunt
dynamo in parallel, for, unless the field rheostat of the shunt
machine be adjusted continually, the compound dynamo will
take more than its share of the load.
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CHAPTER XXXI
DYNAMO FAILS TO EXCITE

This trouble is of frequent occurrence in both old and new
machines. If a dynamo fail to excite, the operator should first
see that the brushes are in the proper position and making good
_ contact, and that the external circuit is open if the machine be
shunt wound, and closed if series wound.

In starting a dynamo it should be remembered that shunt and
compound machines require an appreciable time to build up,
hence, it is best not to be too hasty in hunting for faults.

The principal causes which prevent a dynamo building up are:-

8.
9. Reversed field magnetism.

Noopewh-

Brushes not properly adjusted;
Defective contacts;
Incorrect adjustment of regulators;

. Speed too low; .
. Insufficient residual magnetism;

Open circuits;
Short circuits;

a. In external circuits;
b. In dynamo.

Wrong connections;

Brushes not Properly Adjusted.—If the brushes be not in
er near their correct positions, the whole of the voltage of the
armature will net be utilized, and will probably be insufficient to
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excite the machine. If in doubt as to the correct positions, the
brushes should be rotated by means of the rocker into various
points on the commutator, sufficient time being given the ma-
chine to excite before moving them into a new position.

Defective Contacts.—If the different points of contact of
the connections of the machine be not kept thoroughly clean and
free from oil, etc., it is probable that enough resistance will be
interposed in the path of the exciting current to prevent the
machine building or exciting. Each of the contacts should
therefore, be examined, cleaned, and screwed up tight.

Ques. Which of the contacts should receive special
attention?

Ans. The contact faces of the brushes and surface of the
commutator. These are very frequently covered with a slimy
coating of oil and dirt, which is quite sufficient to prevent the
machine exciting.

Incorrect Adjustment of 'Regulators.—When shunt and
compound machines are provided with field regulators, it is
possible that the resistance in circuit may be too great to permit
the necessary strength of exciting current passing through the
field windings. Accordingly, the fault is corrected by cutting
out more or less of the resistance. The field coils of series ma-
chines are sometimes provided with short circuiting switches or
resistances arranged to shunt the current across the field coils.
If too much of the current be shunted across, the switch should
be opened, or if there be a regulator, it should be so adjusted
that it will pass enough current through the field wmdmgs to
excite the machine.
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Speed too Low.—In shunt and compound dynamos there is
a certain critical speed below which they will not excite. If the
normal speed of the machine be knowhn, it can be seen whether
the failure to excite arises from. this cause, by measuring the
speed of the armature with a speed indicator. In all cases it is
advisable, if the machine do not excite in the course of a few
minutes, to slightly increase the speed. As soon as the voltage
rises, the speed may be reduced to its regular rate.

F1G. 692.—Method of testing for break by short circuiting the terminals of the hi Ir
the external circuit test out apﬁ)arently all right, and there be no defective contacts in
any part of the machine, and all short circuiting switches, etc., be cut out of circuit, the
macﬁ.n‘ e still refusing to excite, short circuiting the terminals of the hine should betried.
This should be done very cautiously, especially in case of a high tension machine. It is
advisable to have, if possible, only a portion of the load in circuit, and the short circuit
should be effected as shown in the figure. The short circuit may be made by momentarily
bridging across the two terminals of the machine with a single piece of wire. As this, how-
ever, is liable to burn the terminals, a better le is to fix a short piece of scrap wire in one
terminal, and then with another piece of insulated wire make momentary contacts with the
other terminal and the short piece of wire. If the machine excite, it will be at once evident

-the arc which occurs between the two pieces of wire. As the voltage of a series machine
when induced to build in this manner generally rises very rapidly, great care should be
taken that the contact is at first only momentary, merely a rubbing or acmpm%much
of the wires. The contact may be prolonged if the machine do not excite at the first
contact. Compound wound machines can often be made to excite quickly by short cir-
cuiting their terminals in this manner.
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Insufficient Residual Magnetism.—This fault is not of
frequent occurrence; it takes place chiefly when the dynamo is
new, and may be remedied by passing the current from a few
storage cells, or from another dynamo, for some time in the
proper direction through the field coils. If a heavy current, such
as is obtainable from a storage battery, be not available, and the
machine be shunt or compound wound, a few primary cells
arranged as in fig. 693 will generally suffice.

- B
.
A

F16. 693.—Method of overcoming insufficient residual magnetism. The flexible ““lead” L ct
tl;et Iczyma.mc; D is disconn cted g‘on{) the pOSiBﬁvi tenginal of th'eﬁ hi e, Mdlisf;dn‘ e
e negative or zinc pole of the bat , the other or positive carbon pole con.
nected to the terminal, from which thteeliyead was removed, and shunt circuit S. As thus
arranged, it will be seen that the battery B is in series with the armature and shunt circuit,
and therefore its voltage will be added to any small voltag: generated in the armature.
When the machine is started, the combined voltages will probably be able to send sufl.cient
current through the shunt to excite the machine. As the voltage rises and the strength
of the current in the shunt windings increases, the flexible lead may be again inserted into
the terminal from which it was removed. The battery will thus be short circuited, and
may be cut out of circuit without any danger of breaking the shunt circuit, and thus caus-
ing the machine to demagnetize.

Open Circuits.—Dynamos are affected by open circuits in
different ways, depending upon the type. Series machines re-
quire closed circuit to build up, while an open circuit is necessary

I
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with the shunt machine. An open circuit may be due to: 1,
broken wire or faulty connection in the machine; 2, brushes
not in contact with commutator; 3, safety fuse blown or re-
moved; 4, circuit breaker open; 5, switch open; 6, external
circuit open. If the trouble be due merely to the switch or
external circuit being open, the magnetism of a shunt machine
may be at full strength, and the machine itself may be working
perfectly, but if the trouble be in the machine, the field mag-
netism will probably be very weak. Open circuits are most
likely to occur in: ‘

1. The armature circuit;
2. The field circuit;
3. The external circuit.

‘When the open circuit is due to the brushes not making good contact,
simple examination generally reveals the fact.

Ques. What causes breaks in the field circuit?

Ans. Bad contacts at the terminals, broken connections, or
fracture of the coil windings. -

Ques. How is the field circuit tested for breaks?
" Ans. The flexible leads attached to the brushes are removed
from their connections with the field circuit, and the latter is
then tested for conductivity with a galvanometer.

Ques. Where is a break likely to occur in a shunt
machine? .

Ans. In the hand regulator through a broken resistance coil
‘or bad contact. '

Very frequently the fault occurs in the connecting wires leading from
the machine to the hand regulator fixed upon the switchboard, or in
the short wires connecting the field coils to the terminals or brushes.
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The insulation of a broken wire will sometimes ‘hold the two ends
together so as to defy any but the most careful inspection or exam-
ination; therefore, in order to avoid loss of time, it is advisable to dis-
connect the wires if possible, and test each separately for conductivity
with a battery and galvanometer connected, as in fig. 694. If the fault
be not located in the various connections, the magnet coils should be
tested with the battery and galvanometer coupled up as in fig. 706, care
being first taken to disconnect the ends of each of the coils. A faulty
coil will not show any deflection of the galvanometer.

FRAME OF DYNAMQ

1Y

F1G. 694.—Method of testing dynamo for short circuits. In the figure, one pole of the battery
B is placed in contact with the frame of the machine at a point which has previously been
well scraped and cleaned; the other pole is connected to one of the galvanometer terminals
as shown. The other terminal of the galvanometer is connected to each of the dynamo
terminals T T under test in turn. If a deflection of the needle be produced when the gal-
vanometer terminal is in contact with either, the terminals are in contact with the frame,
and sﬁ]::{ﬁsgould then be removed, and the fault repaired by additional insulation or by
rein! .

Ques. Atwhat point of a shunt coil does a break usually
occur?

Ans. At the point where the wire passes through the flanges
of the spool or bobbin. :

[N
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Ques. How should the coil be repaired?

Ans. . In'most cases a little of the wood or metal of which the
flange is made can be gouged or chipped out, and a new connect-
ing wire soldered on to the broken end of the coil without much
difficulty.

If it be necessary to take the magnets apart at any time, care should
be taken in putting them together again to wipe all faces perfectly clean,

and screw up firmly into contact, and to see that the connections of the
coils are made as they were before being taken apart.

F1G. 695.—Watson armature discs. Each lamination is made from low carbon electrical steel
of high magnetic permeability. Each disc is annealed and afterwards varnished.

If the faulty coil cannot be repaired quickly, and the machine is
urgently required, the coil may be cut out of circuit entirely, or short
circuited, and the remaining coils coupled up so as to produce the
correct polarity in the pole pieces.

Ques. What trouble is liable to be encountered in
operating after cutting out a coil?

Ans. The remaining coils are liable to heat up to a greater
extent than formerly, owing to the increased current, hence it
is advisable to proceed cautiously in starting the dynamo, since
the temperature may exceed a safe limit. If this occur, a resist-
ance may be put in circuit with the field coils, or the speed of
the dynamo reduced.
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F16. 696.—Fort Wayne

pedestal type commu-
tator truing device.
When this device is
used, the armature is
revolved in its own
bearings by means of
a handle clam to
the pulley. e tool
has a horizontal trave!
of 21 ins., ( 3 ins.
wide inside the fasten-
ing bolt in the base),
and a vertical adjust-
ment of 12ins., aciapt,-
ing it to machines with
commutators up to 36
ins. in diameter.

F1G. 697.—Fort Wayne '

yoke type commutator
truing device for ma-
chines having brush
mechanism mounted
on a g'oke carried b{
the eldof frame. It
consists a_carriage
for the tool holder
having a screw f

and a bracket for at-

yoke. The bracket re-
glacestwo brush holder

rackets on the brush
yoke,and is made tofit
the yoke of the par

ticular e on
which it is te be used,
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Ques. What kind of dynamo is affected by breaks in
the external circuit?

Ans. A series dynamo.

Ques. Name the kind of break that is difficult to locate.
Ans. A partial break.

Short Circuits.—In a series or compound dynamo a short
circuit or heavy load will overload the machine and cause the
fuses to blow. A shunt machine will not excite under these
circumstances, for the reason-that practically the whole of the
current generated in the armature passes direct to the external
circuit, and the difference of potential between the shunt ter-
minals is practically nil.

Ques. What should be done if it be suspected that the
failure to excite arises from this cause?

Ans. The main leads should be taken out of the dynamo
terminals, then, if due to this cause, the machine will excite.

Ques. What parts of a dynamo are specially liable to
be short circuited?

Ans. The terminals, brush holders, cornmutator, armature
coils and field cails.

Ques. How are the terminals liable to be short cir-
cuited ?

Ans. The terminals of the various circuits of the machine
are liable to besghort circuited, either through metallic dust
bridging across the insulation, or through the terminals making
direct contactwith the frame of the machine.

The various terminals should be examined, and if the fault cannot be
located by inspection, they should each be disconnected from their cir-
cuits and tested with a battery a.nd galvanometer arranged as in fig. 694.
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Ques. What precaution should be taken with the
brush holders?

Ans. Since, they are liable to be short circuited through the
rocker by metallic dust lodging in the insulating washers, they
should be kept clean,

Ques. How are the brush holders tested?

Ans. A galvanometer and battery are connected in series
with one terminal of the galvanometer connected to one set of

INDER TEST

\TED
QORE

P1G. 698.—Field coil testing with telephone receiver. In the method here shown, a telephone
receiver is connected in series with two symmetrically placed coils A and B. Very little
sound will be heard when the flux through the two coils AB is the same; but if a short-
circuited coil is being tested, the fluxes through the coils A, B will not be equal and a noise
can be heard in the receiver.

brushes; the unconnected terminal of the battery is then eon-

nected with the other set of brushes. A deflection of the needle

will indicate a short circuit.
Ques. What is the effect of a short circuit in the field
coils or field circuit? :

Ans. The machine generally refuses to excite.
Ques. How are the field coils tested for short circuit?

Ans. By measuring the resistance of each coil withanohmmeter
or Wheatstone bridge. The faulty coils will show a much less
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resistance than the perfect coils. The fault may also be dis-
covered and located by passing a strong current from a battery or
another dynamo through each of the coils in turn, and observing
the relative magnetic effects produced by each upon a bar of iron
held in their vicinity. ’

The short circuit may be in the terminals or connections, and these
should first be examined and tested.

Some series dynamos are provided with a resistance, arranged in
parallel or shunt with the field coils, to divert a portion of the current
therefrom, and thus regulate the output. ‘

F16. 699.—Watson armature complete. The armature coils are form wound, heavily insulated
and so mounted on the core as to insure rapid dissipation of heat by ventilation. Each
coil is protected by an insulating sheath and tape covering before mounting. The arma-
ture is baked after the coils are mounted to drive out all moisture, then, while hot, is
treated with insulating compound and again baked twelve hours.

When making a series dyramo excite, all resistances and controlling
devices should be temporarily cut out of circuit by opening the shunt
circuit. Series machines have frequently a switch which short circuits
the field coils. Care should be taken that this is open, or otherwise the
machine will not excite.

Wrong Connections.—When a machine is first erected, the
failure to build up may be due to incorrect connections.
The whole of these latter should therefore be traced or followed
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out, and compared. with' the diagrams of dynamo connections
given in figs. 190 to 198.

Sometimes errors are made in connecting the field coils, causing them
to act in opposition. This may occur when the dynamo is a new oneor
the coils have been removed for repairs. It may be caused either through
the coils having been put on the field cores the wrong way, or through
incorrect coatzfling up. Under these circumstances, the dynamo, if bi-
polar, will fail to excite; and if multipolar, poles will be produced in the
yokes, etc. It may be remedied by removing one of the coils from the

" core and putting it on the reverse way, or by reversing its connections.
The correctness of connections of all the coils should be verifisd.

In compound dynamos it sometimes happens that the machine will
excite properly, but that the series coils tend to reverse the polarity of
the dynamo, thus reducing the voltage as the load upon the machine
increases. This may be detected when the machine is loaded by short
.circuiting the series coils, not the terminals. If the voltage rise in doing
this, the series coils are acting in opposition to the shunt coils, and the
connections of the series coils must be reversed.

Reversed Field Magnetism.—This is sometimes caused
by the nearness of other dynamos, but is generally due to re-
versed connections of the field coils. Under such conditions the
field coils tend to produce a polarity opposed to the mag-
netization to which they owe their current, and therefore the
machine will refuse to excite until the field connections are
reversed, or a current is sent from another dynamo or a battery
through the field coils in a direction to produce the ceorrect
polarity in the pole pieces.
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CHAPTER XXXII
ARMATURE TROUBLES

A large proportion of the mishaps and breakdowns which
occur with dynamos and motors arise from causes more strictly
within the province of the man in charge than in that of the
designer. The armature, being a complex and delicately built
structure, is subject in operation to various detrimental in-
fluences giving rise to faults.

Many of the faults which occur are avoided by operators
better informed as to the electric and magnetic conditions which »
obtain in the running of the machine, especially the mechanical
stresses on the copper inductors due to the magnetic field and
the necessity of preserving proper insulation.

The chief mishaps to which armatures are subject are as
follows:

1. Short circuits;

. In individual coils;

. Between adjacent coils;
Through frame or core;

. Between sections of armature;
Partial short circuits.

an o

)
¢

2. Grounds;
3. Breaks in armature circuit.
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Short Circuit in Individual Coils.—This is a common
fault, which makes its presence known by a violent heating of
the armature, flashing at the commutator, flickering of the light
on lighting circuits, and by a smell of burning varnish or over-
heated insulation. When these indications are present, the
machine should be stopped at once, otherwise the armature is
liable to be burnt out. The fault is due either to metallic dust
lodging in the insulation between adjacent bars of the com-

F16. 700.—Method of locating short circuited armature coil. Disconnect the external and field
circuits the armature, and pass a large current—say from 20 to 100 am; from a
battery (B) or another dynamo through the whole armature by means of the brushes.
Then, having previously well cleaned the commutator, measure the difference of potential
between adjacent segments all round the commutator (C), by means of a voltmeter or
%&lva.nometer (G), the terminals of which are connected to adjacent segments, as shown.

'he short circuited coil or coils will be located by the difference of potential between the
corresponding segments being little or nothing. It may be remarked, however, that this
is not always a decisive test. In some cases the short circuit may be intermittent, or may
disa; as soon as the armature ceases to rotate. In such cases, the short circuit is caused
by the wire coming into contact through the action of the centrifugal forces developed by
the rotation of the armature.

mutator, or to one or more convolutions of the coils coming into
contact with each other, either through a metallic filing be-
. coming embedded in the insulation or damage to the insulation.

Ques. How is the faulty coil located?

Ans. When the machine is stopped, the faulty coil, if not
burnt out, can generally be located by the baked appearance of
the varnish or insulation, and by its excessive temperature over
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the rest of the coils, being detected also by the baked appear-
ance of the varnish or insulation.

Ques. What should be done if the machine do not
build, and it be suspected that the fault is due to short
circuited armature coils?

Ans. The field magnets should be excited by the current
from a storage battery or another dynamo, and, having raised the

FI1G. 701,—Test for break in armature lead. Clean the brushes and commutator, and apply

current from a few cells of battery having a telephone receiver in circuit as shown in the

+  figure. If the machine have more than two brushes, connect the leads to two adjoining

- brushes and raise the others. Now rotate the armature slowly by hand and there will

be a distinct click in the receiver as each segment passes under the brushes until one brush

bears on the segment at fault, when the clicking will cease. In making this test, the
brushes must not cover more than a single segment. .

brushes from contact with the commutator, the armature should
be run for a short time. In stopping, the faulty coil or coils may
be located by the heat generated by the short circuit.

When the dynamo is started for the purpose of localizing a short
circuit, precautions should be taken, and the machine only run for a few
minutes at a time until the faulty coil is detected.

When the faulty coil has been located, the insulation between the
segments of the commutator to which its ends are connected should be
carefully examined for anything that may bridge across from segment
to segment, and scraped clean. If the commutator-be apparently all
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right, the fault probably lies in the winding. The insulation of the
winding should be carefully examined, and any metallic filings or other
particles discovered therein carefully removed, and a little shellac var-
nish applied to the faulty part.

Qués. If the insulatibn on adjacent conductors has
been abraded, how should it be repaired?
Ans. A small boxwood or other hardwood wedge, coated with

shellac varnish should be driven in tightly between the wire;
this will generally be sufficient.

GAOP00TY

BATTERY

F1G. 702.—Bar to bar test for open circuit in coil or short circuit in one coil or between segments,

, in testing as in fig. 701, on rotating the armature completely around, the receiver indicate

no break in the leads, connect the battery leads directly to the brushes, as shown in the

above figure, and touch the connections from the receiver to two adjacent bars, working

from bar to bar. The clicking should be substantially the same between any two com-

mutator bars; if the clicking suddenly rise in tone between two bars, it indicates a high
resistance in the coil or a break (open circuit).

Ques. If a faulty coil cannot be quickly repaired and
the dynamo be needed, what should be done?

Ans. The coil may be cut out of circuit, and the correspond-
ing commutator segments connected together with a piece of
wire (of a size proportionate to the amount of current to be
carried), soldered to each. It will not be necessary to cut out
and remove the entire coil.
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If the active portions only be separated so that they do not form a
closed circuit, it will answer the purpose. If the wires be cut with a chisel
at the point where they pass over the ends of the core, and the eads

arated, it will be quite as effective as removing the entire coil. It is
- wise, of course, to rewind the coil at the first opportunity.

Short Circuits between Adjacent Coils.—In ring arma-
tures the presence of this fault does not necessarily imply that

the machine will not build; in drum armatures, wound into a
single layer of conductors, it entirely prevents this occurring.

TELEPHONE
RECEIVER

BATTERY

P16, 703.—Alternate bar test for short circuit between sections. Where two adjacent com-
mutator bars are in contact, or a coil between two segments becomes short circuited, the
bar to bar test described in fig. 702 will detect the fault by the telephone receiver remai
silent. If a short circuit be found, the leads from the receiver should then include or

dle three commutator bars, as here shown. The normal click will then be twice that
between two segments until the faulty coils are reached, when the clicking will be less.
‘When thishappens, test each coil for trouble and, if individually they beall right,the trouble

. is between the two. To test for a ground place one terminal of the receiver on the shaft
or frame of the machine, and the other on the commutator. If there be a click it indicates
aground. Move the terminal about the commutator until the least clicking is heard and
:ﬁe or near that point will be found the contact. Grounds in field coils can be located in

same manner,

Reference to a winding diagram will show that adjacent coils
are during a certain period of the revolution at the full difference
of pressure generated by the machine. Hence, if any two adjacent
coils be connected together or short circuited, the whole of the
armature will be practically closed on itself, any current gener-
ated flowing within the armature only.
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Large drum armatures wound with compressed and stranded
bars and connectors are particularly susceptible to this fault,a
slight blow generally forcing one or more of the strands into
contact with the adjacent bars, thus short circuiting the arma-
ture, and rendering it practically useless so far as the generation
of current is concerned. In this class of short circuit in drum
armatures, the method of locating the faulty coils by exciting
the field, and running the armatures on open circuit, does
not apply, for the reason that the whole armature will be heated
equally.

F16. 704.—Method of locating short circuits between adjacent armature coils. Fasten a mon:
key wrench to the rim of the pulley, or a crank to the shaft. Now, excite the fields, and,
to make the effects more marked, connect the coils in parallel. When this has been done
it will require considerable force to rotate the armature, and then it will move quite
slowly, except at one position. ‘When this position has been found, mark the armature
at points in the center of the gole ieces at points A and B and at both ends of the armature.
The explanation is that both halves of the armature oppose one another at this positioa;
but when not at these points a continuous circuit is formed, and the resultant magnetic
effect is considerable. The ‘‘cross’’ or *short" circuit is nearly always found on the com-
mutator end in the last half of the winding, where the wires pass down through the first
half terminals. This applies to an unequal winding. In armatures where the windings are
equal, it is as liable to occur at one point as at another. With this method a defect can be
found and remedied in a few moments, for it has always been a simple matter to repair it
when discovered. These results can be observed in a perfect armature by connecting the
opposite sections of the commutator.

A method of locating such fault is illustrated in fig. 704. This applies
to drum wound armatures. Faults of this description can frequently,
be discovered by a careful inspection of the windings of the armature
without recourse to testing. When located, the fault can usually be re-
paired with a hardwood wedge, as explained above, or a piece of mica or
vulcanized fibre cemented in place with shellac varnish.,
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Short Circuits between Sections through Frame or Core
.of Armature.—Detection of this fault can be effected by the
methods described above, and by disconnecting the whole of
the armature coils from the commutator and from each other,
and testing each separately with a battery and galvanometer
coupled up as in fig. 705, one wire being connected to the shaft
and the other to the end of the coil under test. As a rule, there
is no way of remedying this fault other than unwinding the
defective coils, reinsulating the core, and rewinding new coils.

1|1 ]

=
"
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Fic. 706.—Method of locating short circuits between coils through armature core. The
galvanometer, battery and coil to be tested are connected in series as shown, and then the
unconnected terminal of the galvanometer is brought into contact with the shaft. If then
some portion of the insulation of the wire has been abraded or destroyed, thus bringing
the bare wire into contact with the metal core, as at A in the figure, the needle of the gal-
'vanometer will be deflected since a closed circuit is formed through the core and wire. If
the insulation be perfect, the needle will not be deflected.- It will thus be seen that in the
conductivity test (fig. 700) it is necessary that the needle should be deflected, or turned,
to prove that all is right, while in the insulation test the converse holds good; if the needle’
be deflected, it proves that the insulation is broken down.

Short Circuits between Sections through Binding Wires.
—This fault is the result of a loose winding, and is caused by the
insulation upon which the binding wires are wound giving way,
thus bringing coils at different pressures together. As a conse-
quence of the heavy current which flows, the binding wires are
as a rule unsoldered or burned. The location of the fault can
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therefore be effected by simple inspection. To remedy, it will be
necessary to unwind and rewind on new binding wires, on bands
of mica or vulcanized fibre, soldering at intervals to obviate
flying asunder.

Partial Short Circuits in. Armatures.—This is usually due
to the presence of moisture in the windings. To remedy the
fault, the armature should be taken out and exposed to a
moderate heat, or subjected to a current equal to that ordina-

1/
8

F1G. 708.—Method of testing for breaks, The Instruments are connected as shown. B is the
battery, G the galvanometer, and S the coil of wire being tested. One terminal of the
battery is connected to a terminal of the galvanometer, and the other to one of the ends of
the coil under test. The other terminal of the galvanometer is connected to the other end
of the coil, If the connecting wires be making good electrical contact with the respective
terminals, and the wire of coil being tested be unbroken, the needle of the galvanometer
will be deflected as soon as a closed circuit is made by the end of the coil coming into con-
tact with the galvanometer terminal. If the wire of the coil be broken in some part or the
ends of the connecting wires do not make good electrical contact with the terminals, the
needle will not be deflected. In order to prevent mistakes, it is advisable to test the battery
and galvanometer c« tions and contacts by short circuiting or bri the ends of the
wire connecting the terminal of the galvanometer and negative pole or the battery together
before starting to test the circuit or coil. If the needle be deflected, the connections are
all right; if not deflected, there is a bad contact somewhere, which must be made good
before the test can proceed.

rily given by the dynamo. Under the action of heat or of
this current the moisture will be gradually dispersed. When
thoroughly dry, and while still warm, a coat of shellac should
- be applied to the whole of the windings.



ARMATURE TROUBLES - 631

Burning of Armature Coils.—The reason for the burning
of an -armature coil may be explained as follows: The coil,
segments, and the short circuit between the segments form a
closed circuit of low resistance so that it is only necessary to have
a low pressure set up in the active portion of the coil to force a
very large current through the coil and the short circuited com-
mutator bars. The heating effect of this current is sufficient to
burn out the coil. '

FiG. 707.—Watson field coils. Automatic machinery is employed to wind these coils; after
winding, they are bound with tape, then baked to expel all moisture, and while hot, are
saturated with an insulating comﬁound and again baked for twelve hours to make them
g;actl_cally oil and water proof. Heavy flexible! eads are brought out to avoid danger of

eaking or other damage.

Cutting Out Damaged Armature Coils.—To cut out a
damaged coil from an armature, first, disconnect the coil from
the commutator, and after cutting off the leads, insulate the
exposed parts with tape. Then connect the commutator bars
(which were connected with the leads) with a wire of the same size
as the wire winding.

-To remove the coil entirely, cut the band wire or remove the
wedges, and lift up a sufficient number of leads and coils to
permit of the removal of the damaged coil. A
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Grounds in Armatures.—These faults occur when the
“armature coils become connected to the frame or core of the
armature. When this grounding is confined to a single coil, it
is not in itself liable to do damage. A simple method of locating
a grounded coil is illustrated in fig. 708.

P1G. 708.—Method of locating grounded armature coil. B is a battery or dynamo circuit
8ving a current of a few amperes through the armature by its own brushes (1 and 2). At
is placed a roughly made galvanometer, to carry some 25 amperes or so, one terminal
ing in connection with the shaft of the armature, and the other attached to a_movable
brush 3. Since the function of the particular galvanometer is simply to show a deflection
when a current is passing, and to mark zero when there is none, a coil of thick wire with a
ket compass in the center will do all that is required, but care must be taken to remove
it sufficiently far away from the disturbing effects of the armature magnetism. The manner
of testing is as follows: Assume a steady current to be flowing from battery B through the
armature; touch the commutator with brush 3, and a current will flow through G.
Slowly rotate the armature or the brush 3 until the galvanometer (> shows no deflection.
The coil in contact with 3 will be found to be grounded. A hand regulator or rheostat R
may be inserted in series with the battery or dynamo circuit to regulate the strength of the
current passing.

Ques. What is the advantage of this test?

Ans. The damaged coil can be located without unsoldering
the coils from the commutator, which is sometimes a difficult
operation without proper tools; further, the fault can frequently
be repaired without disconnecting any of the wires if its exact
position be determined.
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Magneto Test for Grounded Armatures.—A magneto test
for grounded armatures is not to be recommended, as armatures
often possess sufficient static capacity to cause a magneto to

- ring even though there be no leak. This is due to the alternating
current given by the magneto for when the circuit has capacity
it acts as a condenser and at each revolution of the armature of
the magneto a rush of current goes out and returns, charging the
surfaces of the conductor alternately in opposite directions, and
ringing the bell during the process.

- P1G. 700.—Method of binding armature winding. Complete appliances for handling armatures

: . in making repairs are usually not available with most street railway companies, since they are
so seldom required. When needed, therefore, some temporary contrivance must be resarted
to for help in the dilemma. Should an armature burn out, some local concern that makes
coils and rewinds armatures may be available to do the work; again, it will be necessary
to send to the manufacturers for a man, as soon as coils can be made ready for the work.
Inno case should any but an experienced man be given charge of this work. But if there be
any doubt as to whether the armature is really burnt out, let a competent man be the
judge. When a I armature needs repairing, a pair of chain tongs can be used on
some part of the 't when putting in the coils, and a block and tackle, as shown, can
used, when putting on the band wires. Do not finish one band and then cut off the wire,
but run it over for the next, etc. Then solder and trim off the wires.

Breaks in Armature Circuit.—A partial or complete break
_ in the armature circuit is always accompanied by heavy sparking
. at the commutator, but not, as a rule, by an excessive heating
~ of the armature or slipping of the belt, and this enables the
~ fault to be distinguished from a short circuit. The faulty part
can always be readily located by the * flat ”’ which it produces
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.

upon the surface of the commutator. The armature circuit
being open at the faulty part, heavy sparking results at every
half revolution as the brushes pass over it, and as a consequence
the corresponding segments become * pitted ”’ or ‘‘ flattened "
with respect to the others; they may easily be discovered on
examination.

. Breaks in the armature circuit may occur in either the commutator
or in the coils of the armature. To ascertain whether it be in the latter,
carefully examine the winding of the faulty coil.

The defect may be sought for more particularly at the commutator
end of the armature, as breaks in the wire are most frequent where the
connections are made with the commutator segments. If no break can
be discovered, try passing a heavy current through the faulty coil by
means of the brushes.

If a partial break exist with sufficient contact to pass a current, the
coil will be heated at that point and may be discovered by running the
fingers over the coil.

When located, the fault may be repaired by rewinding the coil, or
carefully cleaning the broken ends and jointing.

The fault may also be temporarily repaired by soldering the adjacent
commutator segments together without disconnecting the coil.
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CHAPTER XXXIII .
CARE OF THE COMMUTATOR AND BRUSHES

For satisfactory operation, the brushes and commutator must
be kept in good condition. To this end the main thing to be
guarded against is the production of sparks at the brushes. If
care be taken in the first instance to adjust the brushes to their
setting marks, and to regulate their pressure upon the commu-
tator, and afterwards to attend to the lead as the load varies, so
that little or no sparking occurs, and also to keep the brushes
and commutator free from dirt, grit, excessive oil, etc., the sur-
face of the commutator will assume a dark burnished appearance
and wear will practically cease. Under these circumstances the
commutator will run cool, and will give very little trouble.

In order to maintain these conditions it will only be neces-
sary to see that the brushes are kept in proper condition and
fed forward to their setting marks, as they wear away, and
that the commutator is occasionally polished.

If the pressure of the brushes upon the commutator be too
great, or their adjustment faulty, or the commutator be allowed
to get into a dirty condition, sparking will result, and, if not at
once attended to and remedied, the brushes will quickly wear
away, and the surface of the commutator will be destroyed. As
this action takes place, in the earlier stages, the surface of the
commutator will become roughened or scored, resulting ‘in
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jumping of the brushes, and increased sparking; in the later
stages, the commutator will become untrue and worn into ruts,
moreover, owing to the violent sparking which takes place
through this circumstance, the machine will quickly be rendered
useless.

Ques. How is the commutator easily tested as to the
condition of its surface?

Ans. It is readily tested by resting the back of the finger
nail upon it while in motion; the nail being very sensitive to any
irregularities, indicates at once any defect.

Ques. What causes grooves or ridges to be cut in the
commutator?

Ans. They result from using brushes with hard burnt ends
which are not pliable; also by too great a pressure of the brush
upon the commutator surface.

Sparking at the brushes is expensive and detrimental, chiefly because
it results in burning the brushes and also the commutator, necessitating
their frequent renewal. Every spark consumes a particle of copper,
torn from the commutator or brush. The longer the sparking continues,
:;ihfa greater the evil becomes, and the remedy must be applied without

elay.

Ques. What kind of oil should be used -on the com-
mutator?

Ans. Mineral oil.

Ques. What attention should be given to the brushes?

Ans. At certain intervals, according to the care taken to
reduce sparking and the length of time the machine runs, the
brushes will fray out or wear unevenly, and will therefore need
trimming. They should then be removed from the brush holders
and their contact ends or faces examined. If not truly square,
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they should be filed or clipped with a pair of shears, the course
of treatment differing with the type of brush.

If the machine be fitted with metal strip brushes, frayed ends should be
clipped square with a pair of shears, the ends thoroughly cleaned from
any dirt or carbonized oil, and replaced in their holders. éauze and wire
brushes require a little more attention. When their position on the
commutator has been well adjusted and looked after, so that little or no

king has taken place, it is fenerally only necessary to wipe them, clean

e brushes and clip off the fringed edges and corners with the shears,
ora &Of strong scissors. If, however, the machine has been sparking,
the will be worn or burnt away, and probably fused. If such be
the case, they will need to be put in the filing clamp, and filed true.

F1G. 710.—Bissell brush gear. The brushes are held in the brushholders radially and work
ually well with armature running in either direction. Brushes can be renewed and
ﬁjummt made while machine is in operation.

A convenient method of trimming carbon brushes, or of bedding a
complete new set of metal brushes, is to bind a piece of sandpaper, face
outwards, around the commutator after the current has been shut off, and
then mount the carbon or metal brushes in the holders, adjusting the
tension of the sirings so that the brushes bear with a moderately strong
pressure upon the sandpaper. Then let the machine run slowly until the
ends of the brushes are ground to the proper form. Care should be taken,
however, that the metal dust given off does not get into the commutator
connections or armature wim%lngs, or short circuiting will result.

If the contact faces of the brushes are very dirty and covered with a
coating of carbonized oil, etc., it will be necessary to clean them with
benzoline or soda solution before replacing.
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Ques. Describe a filing clamp.

Ans. As usually constructed, it consists of two pieces of
metal, both shaped at one end to the correct angle, to which the
brushes must be filed. One of the pieces of metal (the back part)
has a groove sufficiently large to accommodate the brush, which
is clamped in position by the other piece of metal and a pinching
screw. : : :

If the clamp be not supplied with the machine a convenient substitute
can be made out of two pieces of wood about the same width as the
brush. One end of each piece is sawn to the correct angle,and the brush
placed between the two. .

F16. 711.—]}ig for filing brushes to the correct bevel; used with copper brushes to fit themto
the commutator.,

In filing, the brush is fixed in the clamp, with the toe or tip projecting
slightly over the edge of the clamp, and the latter being fixed in a vise,
the brush is filed by single strokes of a smooth file made outwards, the
file 1lgeing raised from contact with the brush when making the. back
stroke. '

Sparking.—In all well designed machines there are certain
positions-upon the commutator for the brushes at which there will
be ho sparking so I6ng as the commutator is kept clean and in
good~ condition. - In other dynamos, badly designed or con-
structéd, sparking occurs at all positions, no matter where the
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brushes are placed, and in such dynamos it is therefore impossible
to prevent this no matter how well they are adjusted.

Ques. What two kinds of sparking may be generally
distinguished? o

Ans. One kind of sparking is that due to bad; adjustment of
the brushes, and a second kind, that due to bad condition of the
commutator.

) /7
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P16, 712.—Commutator clamp; a useful device for holding the segments firmly in position in
ing out the end rings of the commutator to repair for internal grounds. It is made of
2 x }4 inch gheet steel, with a )4 inch screw. The illustration clearly shows the adjustable
fastening. The notches fit around rivets on one side of each fastening, which can be moved
bytremoving the two cotters. The clamp is made loose or taut by screwing the bolt in the

nut.

Sparks due to bad adjustment of the brushes are generally of a bluish
color, small when near the neutral plane, and increasing in violence and
brilliancy as the brushes recede from the correct positions upon the
commutator.

When sparks are produced by dirty or neglected state of the com-
mutator, they are distinguished by a reddish color and a spluttering or
hissing. When due to this last mentioned cause, it is impossible to sup-
Fress the sparking until the commutator and brushes have been cleaned.

n the former case, the sparks will disappear as soon as the brushes have
been rotated into the neutral points. .

Another classof sparks appear when there is some more or less developed

fault, such as a short circuit, or break in the armaturelor.commutator.
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These are similar in character to those produced by bad ad]ustment of the
brushes, but are distinguished from the lattter t{ their not decreasing
in violence when the brushes are rotated towards the neutral plane.

Having distinguished the classes of sparks which appear at the
commutator of a dynamo, it remains to enumerate the causes
which produce them. These are: )

1. Bad adjustment of brushes;
2. Bad condition of brushes;

3. Bad condition of commutator;
4. Overload of dynamo;

5. Loose connections, terminals, etc.;

6. Breaks in armature circuit;

7. Short circuits in armature circuit;

8. Short circuits or breaks in field magnet circuit.

Bad Adjustment of Brushes.—When sparking is produced
by bad adjustment of the brushes, it may be detected by rotating
or shifting the rocker, by the indication that the sparking will
vary with each movement.

To obtain good adjustment of the brushes, it will be necessary
to rock them gently backwards and forwards, until a position is
found in which the sparking disappears.

Ques. If, in rocking the brushes, a position cannot be
found at which the sparking disappears, what is the prob-
able cause of the trouble?

Ans. The brushes may not be set with the proper pitch, that

" is they may not be separated a correct distance, or the neutral

plane may not be situated in the true theoretical position upon
the commutator through some defect in the winding, etec.

In this last named case, the brushes may be stnctly adjusted to their
theoretically correct positions before starting the machine; then, wheo
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the machine isstarted and the load put on, violent sparking occurs, which
cannot be suppressed by shvat;ﬂnf the rocker. If, however, one set of
brushes only be observed, it wi fenera.lly be found that, at a certain
position, the sparking at the set of brushes under observation ceases or
18 greatly reduced, while sparking still occurs at the other set. When
this position is found, the rocker should be fixed by the clamping screw,
and the brushes of the other set at which sparking is still occurring
adjusted by drawing them back or pushing them forward in their holders
until a position is found at which the sparking ceases. Correct position
of the brushes and the suppression of sparking is a matter of importance,
and any time spent in carefully adjusting the brushes will be amply
repgd y the decreased attention and wear of the brushes and com-
mutator.

. es making bad contact. Abnuhmaldngnbadeontact.uonl&nt
the shaded portion of 713 and 714, will not allow the short circuited coil enough
to reverse, causing spar and heating. The latter will also result from bad contact on
8

Bad Condition of Brushes.—If the contact faces of the
brushes be fused or covered with carbonized oil, dirt, etc., there
will be bad contact which is accompanied by heating and spark-
ing. Simple examination will generally reveal whether this be
the case. The remedy is to remove the brushes, one at a time
if the machine be running, clean, file if necessary, trim, and
readjust.

If the brushes be exceedingly dirty, or saturated with oil, it
will be necessary to clean them with turpentine, benzoline, or
soda solution, before replacing. ' '

Bad Condition of Commutator.—If the surface of the
commutator be rough, worn into grooves, or eccentric, or if
there be one or more segments loose or set irregularly, the.}
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“brushes will be thrown into vibration, and sparking will result.
A simple examination of the commutator will readily detect
these defects. A rough and uneven commutator is due to bad
adjustment of brushes, bad construction of commutator, and to
neglect generally, If allowed to continue, it results in heavy
sparking at the brushes, and the eventful déstruction of the
commutator. The fault may be remedied by filing or re-turning
the commutator. :

F16. 716.—Rough and grooved commutator due to improper brush adjustment and failure to
keep brushes in proper condition.

Ques. How is an untrue commutator detected?

Ans. If the commutator be untrue, the fact will be indicated
when the machine is slowed down by a visible eccentricity, or
by holding the hand, or a stick in the case of a high tension
machine, against the surface while revolving, when any irregu-
larity or eccentricity will be apparent by the vibration or
movement of the stick. The only remedy for an untrue com-
mutator is to re-turn it in the lathe.
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Ques. What should be done in case of high segments?
Ans. They should be gently tapped down with a mallet, and

if possible the clamping cones at the commutator end should
be tightened.

If it be impossible to hammer the segments down, they should be filed
down to the samé diameter as the rest of the commutator, or the com-
mutator re-turned. For low segments, the only remec{y is to pull
out the segments, or turn commutator down to their level. :

Ques. Explain the term ‘‘ flats on the commutator.”

Ans. This is the name given to a peculiar fault which develops
on one or more segments of the commutator. It is not confined
to dynamos of bad design or construction, but frequently appears
on those of the highest class, and may be recognized as a ‘‘ pit-
ting *’ or * flattening *’ of one or more segments.

Ques. What is the effect of flats on the commutator?
Ans. Sparking at the brushes.

Ques. What are the causes which produce flats?

Ans. " Periodical jumping of the brushes due to a bad state
of the commutator, bad joint in the driving belt, a flaw, or a
difference in the composition of the metal of the particular bar
upon which it appears. But more frequently flats may be
traced to a more or less developed fault, such as a break, either
partial or complete, in the armature coil.

The break may occur either in the coil itself, or at the point where its

ends make connection with the lug of the commutator, or at the point
where the lug is soldered to the segment.

Ques. What should be done in case of flats?

Ans. The brushes should be exarhined to see if any periodical
vibration take place. If such be the case, the cause should be
removed, the flat carefully filed or turned out, ‘and the brushes
readjusted.

A
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If it be due to a difference in the composition of the metal of which
the segment is made, the flat will exist as long as the particular segment
is in use, and will need periodic attention.

With hard drawn copper or phosphor bronze segments, this fault is
rarely due to this last mentioned cause. It is more frequently due to
bad soldering, of the conductors to the lugs, or of the lugs to the segments,
In all cases of flats, if the disconnection in the armature circuit be not
complete, and cannot be readily located, the effect of re-soldering or
sweating the ends of the coils into the lugs should be tried. Flats may
also frequently be cured by drilling and tapping a small hole in the
junction between the lug and the segment, and inserting a small screw,
or bit of screwed copper or brass wire, afterwards filing down level with the
surface of the commutator.

-

P1Gs. 717 and 718.—Method of repairing broken joint between commutator segment and
To repair such a break push asbestos in between adjacent bars, 8o that heat from the
will not affect them. Asbestos should also be worked in at the back if possible, for the
purpose of keeping solder from places where it would cause trouble. Then lder the
armature leads from the lug and remove the latter. Next, with specially made cape chisels,
cut in a slot in the commutator bar for a new lug. Care and skill are required not to de-
stroy the mica insulation between the segments. The slot should be cut one-quarter to
three-eighths inch deep. The connector is then soldered in place. With care a satisfac-
tory connection can be made in this way, which willlast well. If it donot last, the trouble
in almost every case is due to Foor soldering. Short circuits sometimes occur after this
operation, because of solder falling in at the back and lodging on lower connections, In
large hi he ive current ﬂowtie:? is quite likely to melt this solder, and the
machine may buck, throwing out the melted solder, after which it may be all r‘?ht again.
While the bar connector is out, however, asbestos should be packed in back of it to pre-

vent this occurrence, which may be a serious affair. All surplus solder and the asbestos

packing should be removed after the connection is finished, and the connections cleaned
mth chonmpremd air. The armature should be turned over slowly, air being applied all
e while.

Segments Loose or Knocked In.—When the segments are
loose, it is an indication that the clamping ring or cone has worked
loose. Thisshould therefore be tightened up, and the commutator
re-turned if necessary.

—_—
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Ques. How should low commutator segments be
treated? :

Ans. The commutator surface may be turned down to the

-level of the low segment, or the latter may be pulled out again

to its former level, this latter being the préferable method, if it
can possibly be effected. '

Ques. How is a commutator segment pulled out to its
correct position?

Ans. A hand vise is firmly clamped to the lug, or a loop of
copper wire is passed round the conductor where it joins the
commutator. A bar of iron, to act as a lever, is supported on a
fulcrum over the commutator, and one end of the bar is passed
through the loop or vise. Pressure is applied to the other end
which will generally bring the segment up to its proper position.

How to Re-turn a Commutator.—In re-turning the com-
mutator, the armature should first be carefully taken out of the
armature chamber, avoiding knocks or blows of any kind. The
whole of the winding should then be wrapped in calico or
canvas before the armature is put into the lathe, to prevent
any particles of metal becoming attached to the surface of the
armature at the time the commutator is being turned. The
armature should on no account be rolled upon the floor, or
subjected to blows or knocks while being put into the lathe.

In re-turning the commutator, a sharp pointed tool should be used
with a very fine feed. A broad nosed tool ought not to be used, as it is
liable to burr over the segments. After turning, the commutator should
be lightly filed with a dead smooth file, and finally polished with coarse
and fine sandpaper. After the commutator has been turned and polished,
the insulation between the segments should be lightly scraped with the
tang of a small file to remove any particles of metal or burrs which might
short circuit the commutator.
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The points where the armature wires are soldered to the lugs should
' aldo be carefully cleaned with a brush, and should then receive a coat
or two of shellac varnish.

While the commutator is being turned, care should be taken that the
settm%emarks for the adjustment of the brushes are not turned out if
these be present. The same care should be used in putting the armature
back into the armature chamber as was used in taking it out, otherwise
the insulation may be damaged.

FiGs. 719 and 720.—Bissell commutators. The segments are of hard drawn copper d are
insulated from each other and from the shell by mica. an

Ques. Should the commutator be run without any
lubricant?

Ans. In most cases it will be fourid that a little lubricant
is needed in order to prevent cutting the brushes, cutting the
commutator; this is especially the case when hard strip brushes
are used. The quantity of oil apphed should be very small; a
few drops smeared upon a piece of clean rag, and applied to the
commutatpr while running, being quite syfficient.

Ques. What kind of oil should be used on the com-
mutator?

Ans. Mineral oil, such as vasehne or any other hydro~
carbon. Animal or vegetable oils should be-avoided, as they
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have a tendency to carbonize, and thus cause short circuiting
of the commutator, with attendant sparking.

Overload of Dynamo.—It may happen, through some cause
or other that a greater output is taken from the machine than
it can safely carry. When this is the case, the fact is indicated
by éxcessive sparking at the brushes, great heating of thearmature

P1Gs. 721 to 723.—Method of repairing a large hole burned in two adjacent bars of a com-
mutator. Pig. 721 shows the hole. The first operation is to clean carefully and tin the sur-
face of thehole. The two barsare then wedged apart and mica strips, A B, fig 722, of the re-
quisite size and thickness forced in. The commutator must now be warmed up as much as
mﬂble bﬁ means of soldering irons, and strips of mica, C D, E F, fig. 723, placed at the

t and back of the hole, being kept in position by pieces of wood W, solder is poured
into the hole from a ladle, using a rough mica funnel to guide it.

and other parts of the dynamo, and possibly by the slipping
of the belt (if it be a belt driven machine), resulting in a noise.
The causes most likely to produce overload are:
NOTE.—In operatiiig dynamos having metal brushes, it is of imiortance to keep the
commutator smooth and glossy. To accomplish this, it is necessary to keep the commutator
and brushes clean and:free from grit, and to occasionally lubricate the commutator with some
light oil, such as ordinary machine oil. This should be done daily if the machine be in constant
use. Keep the brushes resting upon the commutator with just enough pressure to insure a
iood firm contact. This will be found to be much less than the springs are capable of exerting.
good method to followin cleaning the machine is as follows: Loosen the brush holder thumb
screws and tjlt the brushes off thicommutator (or, if box brush holders be used, take them
out of their holders).* Then run the machine and hold a clean cloth against the commutator.
Aftxr the commutator is clean, hold against it a cloth or piece of waste moistened with machine
oil &nd reset the-brushes. :f for any reason the brushes begin to cut or score the commutator,
it may be readily detected by holding the er against the commutator; the ridge may be
easily felt by the ﬁggér This should be attended to at once in the following manner: Tilt back
the brushes (or'if x Braghes-até used take them out of their holders),and hold lightly against
the commutator g pieco of :Nq, 00 pp.ndeaKer well moistened with oil, passing it back and forth
until the surface g erfec,t‘.g/ smoath. , Then wipe off the commutator with a clean piece of
cloth or waste and Juticate with atiother clean piece moistened with oil and reset the brushes.

M O
EDJER
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1. Excessive voltage;

2. Excessive current;

3. Reversal of polarity of dynamo;

4. Short circuits or grounds in dynamo, or external circuits.

Ques. What is the indication of excessive voltage?

Ans. It is indicated by the voltmeter, or by the brilliancy of
the pilot lamp.

P1G. 724.—Method of smoof commutator with a stone. The proper stone to use is made
out of white sandstone similar to that used for grindstones, but a trifle softer. It is dove-
into a holder, as shown in the illustration, and held in ghce by a set screw. When
being used, one knob is grnped in one hand and the other knob in the other hand, the stone
being moved back and forth along the length of the commutator. As the stone will
become coated with copper at first, it must be cleaned fre%ueutly ty means of coarse
sandpaper. The fine dust from the stone will get under the brushes and wear them toa
very close fit. After using .he stone, finish with fine sandpaper.

>

Ques. What are the causes of excessive voltage?
Ans. Over excitation of the field magnet or too high speed.

In the former case, resistance should be introduced into the field cir-
cuit to diminish the current flowing therein if a shunt machine; or ifa
series machine, a portion of the current should be shunted across the
field coils by means of a resistance arranged in parallel with, the series
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coils; or the same effect may be produced in both cases by reducing the
speed of the armature if this be possible.

If due to excessive speed, which will be indicated by a speed indicator,
the natural remedy is to reduce the speed of the engine driving the
d 0, or, if this be not easily done, insert resistance into the dynamo
circuit, as described above.

Ques. What are the causes of excessive current?

Ans. If the dynamo be supplying arc lamps, the excessive
current may possibly be caused by the bad feeding of the lamps.
If this be the case, the fact will be indicated by the oscillations
of the ammeter needle, and the unsteadiness of the light.

If incandescent lamps be in the circuit, the fault may be caused by
there being more lamps in circuit than the dynamo is designed to carry.
Under such circumstances, another dynamo should be switched into
circuit in parallel, or, if this be not possible, lamps should be switched off
until the defect is remedied. .

When motors are in the circuit, sparking frequently results at the
dynamo commutator, owing to the fluctuating load. In such cases the
brushes should be adjusted to a position at which the least sparking
occurs with the average load.

Ques. What may be said with respect to reversal of
polarity of dynamos?

Ans. When compound or series wound dynamos are running
in parallel, their polarity is occasionally reversed while stopping
by the current from the machines at work.

Loose Connections, Terminals, etc.—When any of the
connecting cables, terminal screws, eic., securing the different
circuits are loose, sparking at the brushes, as a rule, results, for
the reason that the vibration of the machine tends to continually
alter the resistance of the various circuits to which they are
connected.

When the connections are excessively loose, sparking also
results at their points of contact, and by this indication the
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faulty connections may be readily detected. When this sparking
at the contacts is absent, the whole of the connections should be
carefully examined and tested.

Breaks in Armature Circuit.—If there be a broken circuit

" in the armature, as sometimes happens through a fracture of

the armature connections, etc., there will be serious flashing or

sparking at the brushes, which cannot be suppressed by adjust-

ing the rocker. As a rule it results in the production of * flats ”
upon one or more bars of the commutator.

FiG. 725 —Sa.nd holder for commutator. The sa.ndga.per i{s made fast on top by a clamp
and screw. two face blocks are pivoted and adjust themselves to the commutator,
and will fit any snze of commutator. If it have four brushes, the lower block will go in be-
tween the brush-holders.

Ques. How may such sparking be reduced without
stopping the machine?

Ans. By placing one of the brushes of each set a little in
advance of the others, so as to bridge the gap.

Short Circuits in Armature Circuit.—This fault is indi-
cated by sparking at the commutator, and in bad cases by an
excessive heating of the armature, dimming of the hght and

N
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slipping of the belt, and in the case of a drum armature, by a
sudden cessation of the current.

Short Circuits or Breaks in Field Magnet Circuit.—
Either of these faults is liable to give rise to sparking at the
commutator. If one of the coils be short circuited, the fact will
be indicated by the faulty coil remaining cool while the perfect
coil is overheated. The fault may arise through some of the

P16. 726.—Sandpaper block. It is made to fit the surface of the commutator. At S isa saw
cut into which the ends are pushed after being wrapped around the block. The latter
should be cut down on the dotted lines to form a handle.

connections to the coils making contact with the frame of the

machine or with each other. To ascertain this, examine all the

connections, and test with a battery and galvanometer. A total

break in one or more of the field coils may readily be detected by
means of the battery and galvanometer.

A partial break is not, however, so readily discovered, for the reason

that the coil wires may be in sufficiently close contact to give a deflection

of the galvanometer needle. The only methods of detecting this fault
is by measuring the resistance of the coils with an ohmmeter or
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Wheatstone bridge, or by placing an ammeter in circuit with each coil
in turn, and comparing the amount of current flowing in each. If the

. partial break be not accessible, the only way to remedy the fault is to

rewind the coil, and the same applies to a break in the interior of
the ooil. -

Short Circuits in Commutator.—These are of frequent
occurrence, and result in heating the armature and sparking
at the brushes. They are caused either by metallic dust ot
particles lodging in the insulation between the segments, or by
the deterioration of the commutator insulation.

To remedy, the insulation between the segtents should be carefully
examined, and any metallic dust, filings, or burrs cleaned or scraped out.
When the commutator is insulated with asbestos or pasteboard (as is
oftentimes the case in dynamos of European make), short circuits ve:
frequently occuethrough the insulation absorbing moisture or oil, whi
is subsequently g¢arbonized by the sparking at the brushes. In faults of
this description the only remedy is to expel all moisture from the com-
mutator insulation by means of heat, and scrape out all metallic dust
which may be embedded in the surface of the insulation. If this do not
effect a cure, it will be necessary to dig out the insulation, as far as pos-
sible, with a sharp tool, and drive in new insulation. Oil should not be
used on commutators insulated with these materials, but only asbestos
dust or French chalk. .
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CHAPTER XXXIV
HEATING

The excessive heating of the parts of dynamos and motors is
probably the most frequent and annoying fault which arises in
operation. When the machine heats, it is a common mistake to
suppose that any part found to be hot is the seat of the trouble.
Hot bearings may cause the armature or commutator to heat,
or vice versa.

All parts of the machine should be tested to ascertain which
is the hottest, since heat generated in one part is rapidly diffused.
This is best done by starting with the machine cold; any serious
trouble from heating is usually perceptible after a run of a few
minutes at full speed with the field magnets excited.

Heating may be due to various electrical or mechanical causes,
and it may occur in the different parts of the machine, as in:

. The connections;

. The brushes and commutator;
. The armature;

. The field magnet;

. The bearing.

Ul O N

Ques. How is heating detected?

Ans. By applying the hand to the different parts of the
machine if low tension, or a thermometer if high tension, and
also by a smell of overheated insulation, paint, or varnish. '
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Ques. What should be done if the odor of overheated
insulation, paint or varnish be noticeable?

Ans. It is advisable to stop the machine at once, otherwise
the insulation is liable to be destroyed.

Ques. What is the allowable rise of temperature in a
well designed machine?

Ans. It should not exceed 80° Fahr., above the surrounding
air, and in the case of the bearings, this temperature ought not
to be reached under normal conditions of working.

If this limit be exceeded after a run of six hours or less, it indicates a
machine either badly designed and probably with the material cut down
to the lowest possible limit with a view to cheapness, or some fault or

other which should be searched for and remedied as early as possible,
otherwise the machine will probably be destroyed.

Ques. Howshould the rise of temperature be measured?

Ans. It is not sufficient to feel the machine with the hand,
but special thermometers must be placed on the armature wind-
ing, immediately on stopping the machine, covering them with
cotton or wool to prevent cooling. Readings must be taken at
short intervals, and continued till no further rise of temperature
is indicated.

Heating of Connections.—A rise of temperature of the
connections may be due to either excessive current, or bad con-
tacts, or both. The terminals and connections will be excessively
heated if a larger current pass through them than they are de-
signed to carry. This nearly always proceeds from an overload
of the dynamo, and if this be rectified, the heating will disappear.

If the contacts of the different connections of the dynamo be not kept
thoroughly clean and free from all grit, oil, etc., and the connections

themselves be not tightly screwed up, heating will result, and the oon-
nections may even become unsoldered. .
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Heating of Brushes, Commutator and Armature.—
When heating occurs in these parts, it may be due to any of the
following causes: 1, excessive current; 2, hot bearings; 3, short
circuits in armature or commutator; 4, moisture in armature
coils; 5, breaks in armature coils; 6, eddy currents in armature
core or conductor.

Fi1G. 727.—Ventilated commutator; sectional view showing air ducts. Air is freqtiex{tly circu~
lated through a commutator in order to maintain it at a sufficiently low temperature,
suitable openings being provided for this purpose as shown.

Ques. What may be said with respect to excessive
current? )

Ans. When a dynamo is overloaded, the temperature of the
armature will rise to a dangerous extent, depending upon the
degree to which the safe capacity of the machine is exceeded, and
heavy sparking of the brushes will also result. If the overload
be not removed, the insulation of the armature may be destroyed.
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Ques. State some causes of hot bearings.

Ans. Lack of oil; presence of grit or other foreign matter in
the bearings; belt too tight; armature not centred with respect
to pole pieces; bearings too tight; bearings not in line; shaft
rough or cut.

F1G. 728.—Self-oiling and self -nhfnmg bearing. The self-oiling feature consists of rings w

revolve with the slmft. and feed the latter with oil continually, which they bnng up

the reservoir below. The dirt settles to the bottom, and the upper portion of the 011

remains sufficiently clean for a long, tune. after which it is drawn off, and a fresh supply
poured in through holes provided in the top. These latter are often located directly
over the slots in which the rings are placed, so that the bearings can be lubricated imme-
e bearing ia made self allemng by “""dfm“"g e bering proper with ae eelored e
Yy provi e roper wi

tral portion of spherical shape, held in a spherical seat formed in the pedestal l:g turning,
milling, or by Babbitt or other fusible metal around it, thus allowing bearing
to adjust melf e éxact direction of the shaft. The upper half of the box can be
taken off to fwihtate renewal, etc., and to permit the armature to be removed.

Ques. What is the effect of hot bearings?

Ans. Besides giving trouble themselves, the heat :ﬁay be
conducted along the armature shaft and core, thus giving rise
to excessive heating of the armature.
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POINTS RELATING TO HOT BEARINGS

1. Use good oil;

2. See that oil cups or reservoirs are full and all oil passages clear;

3. In self-oiling and splash systems where the oil is used over again, it
should be kept in clean condition by frequent straining;

4, Keep bearings clean and properly adjusted;

5. Maintain bearings in good alignment;

6. Avoid tight belts;

7. Examine the air gap or clearance between armature and pole
faces and see that they are uniform.

Ques. What troubles are encountered with short
circuits in the armature or commutator?

Ans. This results in sparking at the brushes, and in the
heating of one or more of the armature coils, and even in the
burning up of the latter if a bad case.

When the armature is overheated, and the defect does not proceed

from an overload or the causes mentioned below, the dynamo should be
immediately stopped and tested for this fault.

Ques. What will happen with an overheated com-
mutator? ’

Ans. It will decompose carbon brushes and cover the com-
mutator with a black film, which offers resistance and increases
the heat.

Ques. What should be done if carbon brushes become
hotter than the other parts?

Ans. Use higher conductivity carbon. Reduce length of
brush by adjusting holder to grip brush nearer the commutator.
Reinforce brushes with copper gauze, sheet copper or wires, or
use some form of combined metal and carbon brush. Increase
size or number of brush if necessary, so the current does not
exceed 30 amperes per square inch of contact.
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Brushes heat sometimes due to too much friction. . They should not
press against the commutator more than is necessary for good contact.

Ques. Give some caﬁses for heating of armature.

Ans. Eddy currents; moisture; short circuits; unequal
strength of magnetic poles; operation above rated voltage, and
below normal speed.

Ques. What trouble is encountered with eddy currents?

Ans. Considerable heating of the whole of the armature
results, which may even extend to the bearings.

F1G. 729.—Eck Manchester type motor. Itisa ve?:bsmall size unit and is designed for special
geurposes where very little room is available. e motor occupies a space of 234" X 434"
tween bearings and develops ff horse power at 2,000 R. P. M. The frame of this motor
is made of high permeability steel so as to reduce the weight to a minimum. The armature
is of the hand wound bipolar type built up of thin punchings. The armature, after being
wound, is baked at high temperature for a prolong J)enod and then dipped while hot in
insulating varnish. 1ly is one inch in diameter and takes a }{ inch round belt. Weight

of motor 5% pounds.

Ques. How can this be overcome?

Ans. There is no remedy for eddy currents other than the
purchase of a new armature, or reconstruction.

The fault may be detected by exciting the field magnets and running
the machine on open circuit, with the brushes raised off the commutator
for some time, when the armature will be found to be excessively heated.
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Ques. How does moisture in the armature coils affect
the armature?

Ans. The effect of this fault being to practically short circuit
the armature, a heating of the latter results. In bad cases, steam
or vapor is given off. :

Ques. What is the effect of short circuits in the arma-
ture? i

Ans. It produces overheating.

Ques. What trouble is likely to occur when the arma-
ture is not centered in the armature chamber?

Ans. A heating of the bearings is liable to be occasioned
through the attractive forces developed by the center of the
armature core not being parallel with the centre of the armature
chamber or bore, or through the core being nearer one pole piece
than the other. '

This may result from unequal wearing of the bearings, and therefore
the bearings should either be relined or the bolt holes of the bearings

readjusted, or the bearings packed up until the armature is correctly
centered. : )

Ques. What happens in case of breaks in the armature
coils?

“Ans. This fault results in local heating of the armature, for
the reason that resistance is interposed in the path of the current
at the fracture. It always results in sparking at the brushes,
and the heating being confined to the neighborhood of the break.

Ques. Whatare the effects of operation above the rated
voltage and below normal speed?

Ans. Voltage above normal is a possible cause of heating,
and operation below normal speed calls for an increase of field
strength and reduces the effective ventilation, thus tending to
cause heating.
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Frc. 7304:31’0:0&1 system of linobrlcatnon applied tto ; ‘bl?i‘ tae th lt hichin
3 In engines em l stem of lubrication e cran] » W)
formed by the D oroesibie Hoors in the front and back of the engine,

The base of the engine forms an oil umk to which is attached a small plu.niet pump dnven
by an eccentric on the shaft. "The lubricant is carried under pressure to t!

}, the engine by the mechanism shown in the accompanying diagram. The oll is fomed
by a pump to a groove in the main bearmi and a drilled hole in the ab t connects this
sin m e D g Trons she s o the comenting o T paeoune wrist

t! the pi; o e side of the conn
crosshead allows l:hgeoil to be f from the wrist pin to the guides. As the oil is forced
from one bearing to another, it is quite impomnt that the ring caps be set tight,
othuwhethemlmlleecapebdorereachmgt he last bearing. Aftu;ﬂunnx l:.\-\'mg° the
b“ﬂnf" the oil is collected in base, strained and used again. 0 oxl should be free
from foreign substances, and to gutrd against the introduction of any f matter,
& strainer, which may be taken out for examination or cleaning, is attached to the suction
valve of the pump. An oil&reemre of from 10 to 20 Ibs.should be maintained,and may
be reguhted by adj e set lcrew on the rehef valve of the oiling l?stem The
Fa not remain in the circuit Only oils should
or bricntl A heavy oil gives better results a.nd prevents knocking more
eﬂ'ectwel than thin oil. An oil which has been found to give good results, consists of
two-t red engine oil and one-third heavy cylinder oil. As the oil passes through
the beari tedly, it gradually loses its lubricating properties, becoming thick and
itty, and should be occasionally run through a filter and mixed with new oil. The
requency of this change d ds on the oil, as well as the number of hours the engine is
tion, and can easily be determined by observation. The oil in the reservoir
should stand about 2 iuchea ovet the suction and dwch-.rye valves, and no water should
be allowed to mix with it. ould any water accumulate in the base, it should be drawn
oﬁbytheeockpmvidedfwthepmbdoremingthendn
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Ques. How may the field magnets become heated?

Ans. By excessive field current; eddy current in pole pieces;
wmoisture; short circuits.

Ques. What may be said with respect to excessive field
current?

Ans. When heating results from this cause, all the exciting
coils will be heated equally. It may be due to excessive voltage,
in the case of shunt dynamos; or to an overload in the case of
compound and series dynamos. In either case it may be remedied
by reducing the voltage or overload. If due to the coils being
incorrectly coupled up, that is, coupled up in parallel instead of
in series, it will be necessary to rectify the connections or insert
a resistance in series. )

Ques. State the causes of eddy currents in the pole
pieces?

Ans. This fault may be due to defective design or con-
struction of the armature. Slotted armatures are particularly
liable to cause this fault, if the teeth and air gap be not properly
proportioned. The defect may also be occasioned by variation
in the strength of the exciting current.

If due to this latter cause, it will be accompanied by sparking at the
brushes. If a shunt dynamo, insert an ammeter into the shunt circuit,
and note if the deflection be steady. If this be not the case, the variation

in the current most probably proceeds from imperfect contacts thrown
into vibration.

Ques. How is the insulation affected by moisture?

Ans. Moisture tends to decrease the insulation resistance,
thus in effect producing a short circuit with its attendant heating.

Ques. How is moisture in the field coils detected?
Ans. It is easily detected by applying the hand to the coils,
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when they will be found to be damp, and in addition steam or
vapor will be given off where the machine is working.
The fault may be remedied by drying and varnishing the coils.

Ques. What is the indication of short circuits in the
field coils?

Ans. This fault is characterized by an unequal heating of the
field coils. If the coils be connected in series, the faulty coil will
be heated to a less extent than the perfect coils; if connected in
parallel, the faulty coil will be heated to a greater extent than the
perfect coils. The former can thus be easily located. -
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CHAPTER XXXV
OPERATION OF MOTORS

In operating motors of any considerable size, whether con-
nected to the public supply mains of a central generating station
for combined lighting and power service, or to power service
mains only, there are certain precautions to be observed in
starting, stopping, and regulating the motor, in order that the
efficiency of the supply, and indirectly the working of other
motors and lamps connected to the mains in the immediate
~ neighborhood, may not be affected by abnormal variations of
pressure. These precautions should be observed also to prevent
any danger of the motor itself being subjected to detrimental
mechanical shocks and excessive temperatures in the working
parts. ‘

Before Starting a Motor.—The general instructions relat-
ing to inspection and adjustment, lubrication, etc., which have
already been given, should be carefully followed preparatory
to starting.

Starting a Motor.—In starting a motor, resistance must be
put in series with the armature because, since there is no reverse
electromotive force to counteract the applied voltage when the
motor is at rest, the switching of the latter direct to the motor
would result in an abnormal rush of current. This, in addition
to being uneconomjeal and productive of a drop of, voltage in
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the mains, would injure all except the smallest motors. Hence
motors above two horse power usually require a rheostdt.

Ques. Describe a rheostat or * starting box.”’

Ans. It consists essentially of a suitable resistance to be
inserted at starting to reduce the initial rush of current, and
which can be cut out in sections by successive movements of a
lever as the speed increases.

2 @ pate 8
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F1G. 731.—Press for forcing on and removing a commutator. Small commutators are pressed
on to the shaft by a hand press. All of the larger commutators are pressed on by means
of a power press. In the above figure is shown a hand press. The plate B is used in
removing old commutators. It is placed back of the commutator as at x » with the slot
C over the shaft. Bolts a b are passed t! h the holes in the plate and secured by
nuts. The commutator can then be forced off the shaft. In pressing on a commutator, a
sleeve is placed over the shaft at O, and against,the commutator. The rear end of the
shaft is secured so it will withstand the pressure, and the commutator is forced on. The
power presses are built on the principle of a hydraulic press. In pressing on a commuta-
tor a s&?ce of babbitt metal or soft brass should be used against the end of the shaft.
The shaft should be painted with white lead before having the commutator

on,
in order to lubricate the shaft so that the commutator will press on easily. The wiper
rings are pressed on after the commutator and then the armature is ready to be connected.

Ques. Describe what occurs in starting a motor.

Ans. When the lever of the starting box is moved to the first
contact some of the resistance is cut out of the circuit and current
flows through the motor. This produces a torque and starts the
armature rotating. The movement of the armature induces a
reverse voltage, which, as the speed increases, gradually reduces

[N
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the applied current. With this reduction of current, the torque
is reduced and the speed not accelerated as quickly as at first.
‘When the applied current has been reduced to a certain value by
the increasing reverse current, the handle of the starting box is
moved to the next contact, and so on till all the resistance in the
starting box has been cut out, the motor then attaining its normal

speed.

s
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=
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FIGS. 732 to 735.—Various starting resistances. The type of resistance used in motor starting
rheostats of small size consists usually of tinned iron wire wound on asbestos tubes, as
shown in fig. 732, the tubes being firmly supported by porcelain nipples, the ends of which
fit into holes in the top and bottom of the enclosing case. In starters of larger size, cast
metal grids, as shown in fig. 733, are used. In addition to these types of resistance, some
forms of starter are equipped with what is known as “unit” type resistance. In this
form, the resistance is built up of a number of separate sections, or units, which are con-
nected to form the complete starting or regulating resistance as the case may be. A single
unit consists of a moulded core of vitreous material upon which is wound the resistance
wire, as shown in fig. 734. The surface of the unit is then coated with a special cement and
baked. By this method the resistance material is protected from mechanical injury and
is also made proof against moisture and other conditions which sometimes affect the
ordinary type of resistance. In addition to units coated with cement only, there are still
other types of units, as in fig. 735, which are provided with a sheet metal covering around
the cement, as a further precaution against injury. Each of the various types of resist-

. ance described possesses certain characteristics not shared by the others, the use of any

- particylar type ﬁmg largely governed by conditions of service.

Ques. What is the difference between a starting box

and a speed regulator?

Ans. Motor starting rheostats or “starting boxes,” are
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designed to start a motor and bring it gradually from rest to full

speed. They are not intended to regulate the speed and must not
be used for such purpose.

Failure to observe this caution will result in burning out the resistance

which, in a motor starlter, is sufficient to carry the current for a limited

time only, whereas in the case of speed regulators sufficient resistance is
provided to carry the full load current continuously.

P16, 736.—View of Cutler-Hammer starter with slate front removed showing open wire coil
resistance. The type of resistance here used consists of tinned iron wire wound on asbestos
tubes. The bottom of the casing is perforated to secure ventilation.

Ques. For what kinds of service are speed regulators
used? .

Ans. In cases when the speed must be varied, as in traction
motors, organ blowers, machine tool drive, etc.

Ques. How long does it take to start a motor?
Ans. Usually from five to ten seconds.
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Ques. How is the starting lever operated?

Ans. It is moved progressively from contact to contact,
pausing long enough on each contact for the motor to accelerate
its speed before passing to the next.

Ques. What are the conditions at starting in a series
motor?

Ans. There is a rush of current, the magnitude of which
depends on the amount of resistance cut out at each movement
of the starting lever.

Fi1cs. 737 and 738.—Sliding contact starters. Pig. 737, starter with button contacts; fig. 738,
starter with renewable contacts. Motor startersin which the successive steps of resistance
are cut out by a pivoted lever carrying a contact shoe which slides over button contacts
or over contact segments, are known as sliding contact starters. Button contacts are
usually furnished with motor starting rheostats of small size while contact segments are

on those of greater capacity. e contact segment being held in position by two
screws, is readily renewable when worn by long service or damaged by arcing. The fixed
button contact 18 not so easily renewed but being used only on small size starters is never
likely to be subjected to severe service. Some starters, however, have renewable button
contacts.

Ques. How are small series motors started on battery
circuits?

Ans. By simply closing a switch to complete the circuit, the
resistance of the battery being sufficient to prevent a great rush
of current while starting. :
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Ques. How is a shunt motor started?

Ans. In starting a shunt motor, no trouble is likely to occur
in connecting the field coils to the circuit. Since the resistance
of the armature is very low, it is necessary on constant voltage
circuits to use a starting rheostat in series with the armature.

The necessary connections are shown in fig. 756. The switch is first

closed thus sending current through the field coils, before any passes
. through the armature. The rheostat lever P is then moved to the first

F1Gs. 739 and 740.—Multiple switch starters. PFig. 739, starter with no voltage release; fig.
740, starter with no voltage release and circuit breaker. The multiple switch type of
starter is designed to overcome the arcing on sliding contacts which, in the case of large
motors would be very severe. The cutting out of each step of resistance is accomp]jshed
in the multiple switch starter by a separate carbon contact switch which breaks the circuit
with a quick snappy action.

contact to allow a moderate amount of current to pass through the
armature. The resistance of the rheostat is gradually cut out by further
movement of the lever P, thus bringing the motor up to speed.

Ques. How does the reverse voltage affect the starting
of a motor?

Ans. When a motor is standing still, there is no reverse
voltage, and the current taken at first is governed principally
by the resistance of the circuit. If the motor be series wound,
there is a momentary reverse voltage, due to self-induction while
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the field is building up. If the motor be shunt wound, self-
induction delays the current through the field coils, but that
through the armature is not impeded by such cause. When the
armature begins to revolve, reverse voltage is developed which
increases with the speed. The resistance of the starting box
may be gradually cut out as the armature comes to speed. Thus
the reverse voltage gradually replaces ohmic drop in limiting the
current as the motor comes to speed.

{

F1G. 741.—Starting rheostat with no voltage and overload release. The no voltage release
permits the starting lever {o fly to the *off position’’ should the voltage fail momentarily,
thus protecting the motor against damage should the voltage suddenly return to the line.
The movement of the lever is due to a spring. The overload device causes the lever to
back to the off position should the current exceed a predetermined maximum for which
the release is adjusted.

Pic. 742.—Compound starter. Rheostats designed for the doubiz duty of starting a motor
and regulating its speed are commonly known as compound starters, the resistance pro-
vided being a combination of armature resistance for starting duty and shunt field resistance

for speed regulation.

Failure to Start.—This fawt, which is liable to occur in a
motor of any description, is similar to failure to excite in a dy-
namo, and is liable to be produced by any of the causes mentioned
in connection with the latter fault, excluding insufficient speed,
and insufficient residual magnetism.

When a motor fails to start, it should first be ascer-
tained if a supply of electrical energy be available in the
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——

mains. This may readily be discovered by means of a voltmeter,
or if low tension service, by means of the fingers bridging across
the main terminals. If the supply of energy be present, the
contact arm of the starter should be moved into such position
that all resistance is inserted into circuit with the motor. This is
important, as the motor may start suddenly while trying to
ascertain the cause of the stoppage.

F1G. 743.—Starting panel. In installing any kind of motor starting rheostat, it is necessary
to provide main line knife switch and 1uses in addition to the starting box. The appearance
of the installation can be much improved by mounting all of these upon one panel.

Having closed the switch, if the motor fail to start, it will be
advisable to remove the load if possible, as the failure may arise
from an overload of the machine. This being effected and the
motor not starting, the terminals of the latter should be tested
by the means already described for voltage. If no_voltage be

- --
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generated, a broken circuit or a defective contact may be looked
for in the main fuse, switch, or starting box. The resistance
coils of the latter, through the heat developed, frequently break
in positions out of sight. If a defective contact of this nature
cannot readily be seen, the contact arm should be moved slowly
over the contacts, as it is possible the broken coil may be cut out
of circuit by this means.

If a difference of pressure exist between the motor terminals, the field
magnets will, if shunt or compound wound and in good order, be excited,
which may be ascertained by means of a bar of iron. If no magnetism

P1Gs. 744 to _746.—Cutler-Hammer motor starting rheostats with no voltage and overload
release., Fig.&;ﬁ, starter with fixed button contact, fig. 745, with renewable button contact,
and fig. 746, with contact segments. In construction the resistance is enclosed in a pressed
steel box on which is mounted a marbleized slate panel carrying the starting lever, contacts
and protective devices. By means of a calibrated scale, the overload release (shown in the
lower left hand corner, figs. 744 and 745, and in the lower right hand corner fig. 746) can
be set to break the circuit on any overload not exceeding 50 per cent. of the rated capacity
of the motor. This calibrated scale can also be used for determining, with a fair degree of
accuracy, the amount of current being consumed by the motor.

be present, it will of course, indicate a broken or bad connection, either
between the terminals of the field coils, or one or more of the coils them-
selves. If the bar pull strongly, the position of the brushes upon the
commutator in regard to the neutral points should be ascertained, and
the rocker adjusted, if necessary, to bring them into their correct posi.
tions. If this fail to start the motor, the connecting leads from the motor
terminals to the brushes and the brushes themselves should be carefully
examined for broken or bad connections, and defective contact of the
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_ brushes with the commutator. In the latter case, it may arise from a
dirty state of the commutator, or from the brushes not being fed properly.
If due to these causes, pressing the brushes down upon the commutator
with the fingers will probably start the motor. If the failure to start
arise from none of these causes, it is probably due to the field coils
acting in opposition, or to a short circuited armature. This latter
remark applies more especially to motors provided with drum armatures.

p ! &

P1G. 747.—Allen-Bradley compression typeresistance units. The contact resistance between the
discs composing the resistance column is subject to variations of pressure, thereby producing
proportionate resistance changes in the column as a whole. In the complete resistance
unit, the resistances column is encased in a drawn_steel tube,which islined with a highly
refractory cement, for purpose of insulation, affording the column both mechanical and elec-
trical protection and excluding the air which effectually prevents any combustion should
the column become red hot due to overload. The ends of the tube are closed by means
of caps through which fass electrodes for making connections between the discs and exterior
c?nduct.or& N Tltle steel tube, when necessary, is provided with ribs or fins for the dissipation
of acquired heat.

Precautions with Shunt Motors.—With motors of this type,
bécause of the large amount of self-induction in the shunt wind-
ings, it is important to note: 1, that in switching on the field
magnet, the current may take an appreciable time to grow to its
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#1G. 748.—Allen-Bradley type Z automatic motor starter. The operation of this machine is
as follows: When the main switch is closed, the motor circuit is made through the fuses,
resistance unit, current relay, and the motor armature. At the same time, the solenoid
circuit is closed (this is connected directly across the line, and takes a current which
is a_small fraction of an ampere), and the plunger of the solenoid is drawn up, which
produces a pressure on the resistance unit, and increases the current in the motor circuit
to the predetermined value at which the current relay is set. When this value is reached
the current relay operates and opens the solenoid circuit, which reduces the magnetic pull
and allows the solenoid plunger to drop back slightly. This action increases the resistance
in the motor circuit, which decreases the current sufficiently to allow the relay to close
again. Similar cycles of operation are repeated as the motor accelerates, and each time
the plunger is drawn a little farther into the solenoid, until the short circuiting contacts on
the top are pushed together, which short circuits the current relay and resistance unit,
making them inoperative, and completing the operation of starting the motor. It will
be noted that in starting a motor with this device the current is always held down to a
certain predetermined value, and it is impossible to overload the motor by too rapid
starting. The current relay is calibrated in amperes, and may be set to suit existing ‘
conditions. The action of the starter being controlled by a current relay and not by an
oil or air dash pot, the motor will start rapidly when under a light load, and slowly when
more heavily loaded. The fuses or circuit breakers may be set at a value that will furnish |
protection to the motor under running condi.ions, S
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normal value, and 2, that in switching off, especially with quick
break switches, high voltages are induced in the windings, which
may break down the insulation.

K

F1G. 749.—Monitor starter giving automatic start with knife switch control; designed for use
with printing presses. It consists of a set of solenoids connected in series and so inter-
operating as to cut resistance out of the armature circuit of the motor as the apparatus
it is driving comes up to speed. This type is for small motors or where no need arises
for speed regulation; there is, therefore, no adjustment of speed possible asida from
an acltuililn change in motor conditions. At full speed the motor is directly across the main
supply lne.

F1G. 750.—Monitor automatic starter, equipped with relay for push button control.

Ques. What provision is made so that the magnetizing
current will have time to reach its normal value?

Ans. The field connections are generally separated from the
actual starter, and taken to the main switch, so that wherever
the main switch is closed, the current flows through the field
coils, before the starting lever is moved.
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Ques. How are the connections arranged to avoid
excessive voltage in the windings due to self-induction?

Ans. Generally the armature and field magnet circuits are
placed in a closed circuit that is never opened.

In other cases, in order that the rise of voltage may not injure the

insulation when the shunt is opened, a form of main switch is
sometimes used which, before breaking from the supply, puts a non-
inductive resistance across the shunt of the motor. 18 known as a
flashing resistance.

FiGs. 751 to 753.—Monitor control switches. Pig, 751, push button “start’ and *stop”

Pig

switch; fig. 752, safety lever control switch with *“slow’’ and ‘‘fast’ buttons for rotary
printing presses, This device will upon pressure of the “start’ button, set the machine
in motion and bring it up to the predetermined speed, either as previously set by the
starter limits or by the setting of the rheostat arm. The stop button projects some dis-
tance beyond any other portion of the device, in order that in case of emergency the
operator may stop the machine merely by hitting the face of the switch with his open
hand. The lever control switch, fig. 753, 18 similar in its action to the push button switch
but combines two other features: locking point, and visual indication of the station from
whence the press has been stopped. With the lever at the downward position, the press
is locked and cannot be started from any other station. In order to make the press ready
to start the lever must be raised to the central position. Thus a man may safely enter
the press without delay by setting his station to the locked position, knowing that it
cannot be started except by some one coming to that station and realizing that the press
has been y locked. ~Also, by looking along the press, it is possible to tell from
which station it has beenlocked, and proper action can be immediately taken. The safety
control station is usually combined for use on large rotary presses with the *“slow” and
“fast” buttons as shown in fig. 752. A pressure upon the fast or slow buttons will
cause the press speed to be corresponding(lly accelerated or retarded, and this action will
continue 8o long as the button is pressed. The press continues to run at the speed
attained at the instant of releasing the button. Any speed may, therefore, be selected or
changed to suit momentary requirements, This gives complete control excepting reversal
vhicg is not required of such a press,

’ N |
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ARMATURE [®

SHUNT
FIELD

P1G. 754.—Wiring diagram of the standard form of Monitor controller. A set of solenoids are
connected in series and so interoperating as to cut resistance out of the armature circuit of
the motor as the apparatus it is driving comes up to speed. The controller is designed to
be used on all classes of work, In its simplest form, a single copper and graphite contact,
is controlled by two magnets, so proportioned as to cut out the entire starting resistance
when the armature current falls to a predetermined value. In the larger sizes, the number
of steps controlling the resistance is increased and arranged to produce the correct acceler-
ation. In every case the regulation of the starting resistance is effected entirely by the
current passing to the motor without the use of dash pot, mechanical governor or delicate
cut outs. The time element is thusdirectly proportioned to the load and the motor brought
u}) to speed in the shortest time consistent with the load, but always with safe limitation
of the armature current. The distinction between the current controlled starter and the
starter with dash pot governor should be noted. The starter here shown limits the start-
ing current to a fixed value throughout the starting operation, which is an idesl
and prevents blowing fuses in starting.
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Ques. How can shunt motors be controlled from a
distant point? .

Ans. The starter and switch are placed at the desired point
and the two main wires and the field wires run from that point
to the motor.

This requires additional wire which increases the cost and line loss.

Regulation of Motor Speed.—Motors are generally run on
constant voltage circuits. Under these conditions, the speed
of series motors varies with the load and at light loads becomes
excessive. Shunt motors run at nearly constant speeds.

For many purposes, particularly for traction, and for driving
tools, it is desirable to have speed regulation, so that motors
running on constant voltage circuits may be made to run at
different speeds. *

The following two methods are generally used for regulating
the speed of motors operated on constant voltage circuits:

1. By inserting resistance in'the armature circuit of a shunt
wound motor; ‘

2. By varying the field strength of series motors by switch-
ing sections of the field coils in or out of circuit.

Ques. Describe the first method.

Ans. This method is illustrated in fig. 756. When the main
switch is closed, the field becomes excited, then by moving the
lever P of the starting rheostat the various contacts (1, 2, 3, 4, 5),
more or less of the rheostat resistance is cut out of the armature
circuit, thus varying the speed correspondingly. '

This is the same as the method of starting a motor, that is, by variation
of resistance in armature circuit, but it should be noted that when this
method is used for speed regulatlon, a speed regulating rkeostat should
be used instead of the ordinary starting box, because the latter, not being
designed for the purpose, will overheat and probably burn ous,
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FIG. 755.—Monitor printing press controller. It provides variable speed and other control
features required in the operation of large rotary presses, such as those used for printing
newspapers. From any one of various stations similar to the one illustrated in fig. 753,
located at all desirable rlaou about the press, the latter may be started, . acceler-
ated, slowed down or locked. It differs other types of printing press controller in
that the solenoid has an overall maximum pull of less than one inch and does not actuate
the main line current directly but through pilot circults, which in turn, operate flapper
switches; there are no sliding contacts. At the control stations, the operator can distin-
guish the accelerating button from the retarding button by the sense of touch and obvi-
ously he can in the same manner ascertain the position of the lever. The positioh of the
lever whether at start, stop or safety, can be readily observed at a distance. When the
lever of either control station is placed at stop, the current is disconnected from the motor
and a powerful dynamic brake Erings the press to rest without delay and without shock
or harmful strain. The start will always be made with all resistance in the armature
circuit, and with full field, and should the current supply fail, the controller will release
and open the circuit to the motor.  This controller will give a speed range as low as 10%
of nm&al thsep:gtgty armature resistance and, by field coatrol, any increase within the

- ’ ¢ bl
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Ques. Describe the second method.

Ans. This method of regulating the speed of a series motor
is shown in fig. 757. The current through the armature will
flow through all the field windings when the position of the switch
lever S, is on contact 4, and the strength of the field will be the
maximum. By moving the arm to contact 3, 2, etc., sections of
the field winding are cut out, thus reducing the strength of field
and varying the speed.

—
T SHUNT FIELD

< !
MOTOR S
£

T STARTING
RHEQOSTAT l

F16. 756.—Speed regulation of shunt motor by variable resistance in the armature circuit.

Ques. Howdoes the speed vary with respect to variation
of field strength?

Ans. Decreasing the field strength of a motor increases its
speed, while increasing the field strength decreases the speed.

Under the conditions of maximum field strength, as with switch S on

point 1, the torque will be greatest for any given current strength and

the reverse voltage also greatest at any given speed. The current through
the armature of the motor, to perform any given (work, will thus be a
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P1G. 757.— Speed regulation of series motor by cutting out sections of the field winding.
In this method the field winding is tapped at several points, dividing the coil into sections
and the leads frofh these points are connected a multi-point switch of the type that would
be used on a rheostat. y moving the lever S, to the left or right, the current will flow
through one or more sections of the field winding, thus decreasing or increasing the ampere
turns and thereby providing means of regulation.

NOTE.—A compound motor may be made to run at constant speed, if the current in
the series winding of the field be arranged to act in opposition to that of the shunt windi.n%.
In such case, an increase of load will weaken the fields and allow more current to flow throug
the armature without decreasing the speed of the armature, as would be necessary in a shunt
motor. Such motors, however, are not very often used, since an overload would weaken the
fields too much and cause trouble. If the current in the series field act in the same direction
as that in the shunt fields, the motor will slow up some when a heavy load comes on, but will
take care of the load without much trouble.

NOTE.—Motors have much the same faults as dynamos, but they make themselves
manifest in a different way. An open field circuit will prevent the motor starting, and wili
cause the melting of fuses or burning out of the armature. A short circuit in the fields, if
it cut out only a part of the winding, will cause the motor to rum faster and very likely spark
badly. If the brushes be not set exactly opposite each other, there will also be bad sparking.
If they be not at the neutral point, the motor will spark badly. Brushes should always be set
at the point of least sparking. If it become necessary to open the field circuit, it should be
done slowly, letting the arc gradualty die out. A quick break of a circuit in connection with
any dynamo, or motor is not advisable, as it is very likely to break down the insulation of the
machine. The ordinary starting box for motors is wound with comparatively fine wire and
will g:% ve]?' h!:t if left in cxrc&xt ,lotxlzigl.'ty’l‘he ns)ven:;nft tl)af the arm fr(ém the first to the last
point should not occupy more than thirty seconds and if the armature do not begin to move
at the first point, the arm should be thrown back and the trouble located.

_—
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minimum, as well as the speed at which the motor has to run, in order to
develop sufficient reverse voltage to permit this current to flow. Regu-
lation of speed by varying the field strength is limited in range of action,
since the field saturation point is soon reached, moreover, with too low
a field strength, armature reaction produces excessive field distortion,

sparking, etc.
L
Trolley
Line
Controller
+a+ta[ +C t Handle
I . Swilch
| ~Z) Barrel
+A +50%
) v
LAd v LAd . ~.
.'
4 |p {c & v
% A
- [ 4
G
12345672
To Earth -

1G. 758.—Speed regulation of a series motor by the method of short circuitin% sections of the

field winding. It will be seen that there are seven different positions for the contact

rings on the barrel contacts. _A. represents the armature and brushes, little A, B, and c.

the divided field magnet coils, L the line connection, and G the earth connection. The
gram shows the connections for trolley car operation.

Ques. How is the speed of shunt and compound
motors varied with respect to the normal speed in the two
methods? '

Ans. The first method (variable resistance in armature
circuit) reduces the speed below the nermal or rated speed of the
machine, while the second method increases the speed above the
normal.

~ In the first method the amount of speed reduction depends partly
upon the amount of resistance introduced into the armature circuit, and
partly upon the load.
In the second method the amount of speed increase depends entirely
upon the amount of resistance placed in the shunt winding circuit.
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Eighty-five per cent. is about the maximum speed reduction
obtainable by armature resistance but so great-a reduction is
seldom satisfactory since comparatively slight increases in the
load will cause the motor to stall.

Shunt field regulation may be obtained up to any point for which the
motor is suited, the only limitation in this case being the maximum
speed at which the motor may be safely operated.

It should be remembered, however, that speed increase by shunt
field weakening increases the current in proportion to the increase in
speed, and care should be taken not to overload the armature.

F16. 769.—Cutler-Hammer multiple switch starter with no voltage release; for use with large
motors, or with motors of medium size where the starting conditions are severe or when
more than fifteen seconds are required to accelerate the motor. In operation, the cutting
out of each step of resistance is accomplished by a separate lever and the ievers them-
selves are so interlocked as to prevent closing switches except in proper order, beginning
with the lever on the left. The last switch (the one on right hand side) is held by an electro-
magnet when closed, each of the other switches being held in the closed position by a
latching device on the switch next toit. In front of each switch is placed a metal stop, so
arranged as to prevent anly switch being operated until the one next to it on the left has
been closed. These metal stops constitute the interlocking mechanism and prevent the
starting of the motor in any way except by closing the switches in regular rotation, thus
insuring proj resistance in the circuit and protecting the motor from excessive starting
currents.” When the current is interrupted, the electro-magnet rel the last switch,
which, on opening, releases the latch on the switch next to it, allowing that switch to open,
and this in turn releases the next latch and so on, the switches opening automatically one
after another. In starting the motor, each switch should be closed quickly and firmly,
pausing a second or two before closing the next switch to give the motor time to accelerate.

NOTE.—In starting a motor, first see that the bearings contain sufficient oil and that the
brushes bear evenly on the commutator. If a circuit breaker be used, close it; then close the
main switch. Rotate slowly the handle of the starting rheostat as far as it will go.
should be taken, in starting the motor, that the handle of the rheostat be not rotated too fast.
To stop a motor, open the circuit breaker or switch, which will cut in the resistance of the
starting box. Never attempt to stop a motor by forcibly pulling open the starting box.
Disregard of these instructions may cause burning out of the field coils.
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Ques. How is a wide range of speed regulation secured?
Ans. By a combination of the two methods.

Regulation by Armature Resistance.—Speed regulators
for this method of regulation, are designed to carry the normal
current on any contact without overheating and when all the
resistance is in the circuit, they will reduce the speed of the motor

F16. 760.—Cutler-Hammer speed n}guhtor with no vol release, regulation by armature
ressst y, red ma?eed of motor below normal. No resistance in the armature cir-
cuit. No provision is e in regulators of this type for increasing the speed of the motor.
The obtainable when these regulators are used is, therefore, the no:

speed at which the motor is designed to operate with no resistance in circuit. With all
resistance in circuit and the motor taking normal current these regulators will reduce the
speed of the motor 50 per cent. If the motor be taking less than normal current the per-
centage of speed reduction obtainable will be correspondingly less. The notched fan tail
extension on the lower end of the lever with a tically operated pawl to hold
the lever squarely on any contact so long as the no voltage release magnet is energized.

about 50 per cent. provided the motor be taking the normal
current. When operating without resistance in. the armature
circuit, shunt wound and compound wound motors will regulate
to approximately constant speed regardless of loadl- This
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characteristic of inherent regulation is lost, however, when
armature resistance is employed to reduce the speed of the motor,
fluctuations in load resulting in fluctuations in speed, which
become more noticeable as the amount of resistance inserted
in the armature circuit is increased. Accordingly, it becomes
necessary to move the lever of the speed regulator forward or
backward to again obtain the speed at which the machine was
operating before the load changed.

PF16. 761.—Cutler-Hammer compound starter with no voltage and overload release. This is
a starting rheostat and field regulator combined. In operation, two levers are emplo;
both being mounted on the same hub post and one lying directly under the other. e
upper lever only is provided with a handle, but when moving from the off tion to the
starting position (that is to say, from left to right) the lower, or starting, lever is carried
along by the upper, or speed regulating. lever until it comes in contact with the no voltage
release magnet where it is held fast the attraction of the magnet, leaving the uf
lever free to be moved backward over the field contacts, thus weakening the shunt field of
the motor little by little until the desired speed is attained. During the operation of start-
ing the motor, the field resistance is short circuited by an auxiliary contact (the slotted
metal strip shown near center of rheostat) but as soon as the starting lever touches the no
:;lgﬁge release net or, in other words, when the motor has been accelerated to normal

, this short circuit is removed, and the field resistance becomes effective for speed
regulation. The motor is accelerated from rest to normal speed by moving both levers
from left to right, while increases in speed above normal are obtained by moving the u
lever from right to left. Only the lower, or starting lever comes into contact with the

. no voltage release magnet, is lever i;provided with a strong spiral spring which tend:
always to throw the lever back to the off position. Hence shoul?the voltage fail, the no
voltage release magnet releases the starting lever and this, in flying back to the off position,

ns the armature circuit of the motor and carrics the speed regulating lever with it to

the off position. The upper, or speed regulating lever, not being influenced by the spring,
though mounted on the same hub post as the starting lever, may be moved back and forth
at or left indefinitely in the position which gives the speed desired. .
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When the speed of a motor driving a constant torque machine is
reduced by inserting resistance in the armature circuit there is no
corresponding reduction in current consumed. The motor runs more
slo #ly simply because a part of the energy impelling it is shunted into
the resistance and there £ssipated in the form of heat. Hence, whether
the motor be operating at full speed or half speed, the amount of current
consumed is the same; the only difference being that in the one case
all the energy taken from the line is expended in driving the motor while
in the other case only one half is utilized for power, the other half being
dissipated in the resistance. Speed regulation by armature resistance
only is therefore open to two objections: 1, the difficulty of maintaining
constant speed under varying load conditions, and 2, the necessity of
wasting energy to secure speed reduction. These objections are, in part,

F16. 762.—Cutler-Hammer compound speed regulator with no voltage and overload releasc;
regulation by combined armature and shunt field resistance, designed to both decrease and
increase the speed of a motor. Speed reduction is accomplished by inserting resistance in
the armature circuit, the maximum amount of speed reduction obtainable with these con-
trollers being 50 per cent. below normal. Speed increase is obtained by inserting resistance
in the shunt field circuit, the maximum amount of speed increase obtainable with these
controllers being 25 per cent. above normal.

offset by the fact that speed reduction by armature resistance may be
applied to any motor of standard design and requires nothing more than
the simplest and least expensive speed regulating rheostat.

In cases where the motor will be operated nearly always at full speed,
the difference in first cost of the installation may justify the use of the
.armature resistance method of control. As a rule, speed regulation by
shunt field resistance is preferable.

Regulation by Shunt Field Resistance.—Since regulation
by his method is for speeds above normal, a starter must be used
to bring the motor up to its rated speed. Usually the starter is
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combined with the regulator, as shown in fig. 761, the device
being called a compound starter.

The weakening of the shunt field of a motor by the insertion
of resistance in the shunt field circuit causes the armature to
revolve more rapidly. One advantage of this method of control

F16. 767.—Cutler-Hammer reversible starter with no voltage release, adapted to start and
operate motor at full speed in either direction, such for instance as motors driving auxiliary
motions on lathes, planers and other machine tools which may rotate in either direction
but always at constant speed. They are not designed to reduce the speed of the motor,
but merely to start it and bring it smoothly up t2 full sneed in either direction. Two no
voltage release latching devices are provided so that the lever will be held in the full s
position in either direction so long as the voltage of the line remains constant. On failure
of voltage a strong centering s%ng attached to the hub-post of the lever throws the latter
to the central, or off position. e shunt field circuit is not opened by starters of this type.

is that the motor will inherently regulate to approximately con-
stant speed under widely varying load conditions. Another
advantage is found in the fact that all of the current taken from
the line is utilized for power, the changes in speed being obtained,
not by dissipating a portion of the effective energy in the re-
sistance (as in the case of the armature resistance method of
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control) but by weakening the reverse voltage by inserting
resistance in the shunt field circuit. Speed increase by shunt field
weakening is limited, however, to about 10 to 15 per cent. above
the normal speed in motors of standard construction. Greater
ranges of speed can be obtained from motors especially designed
for shunt field control but should not be attempted with motors
of standard design without first ascertaining from the manu-
facturer the maximum safe speed.

Combined Armature and Shunt Field Control.—Regu-
lation by combined armature and shunt field resistance is by far
the easiest way of obtaining a wide range of speeds. Rheostats
embodying these methods are known as compound speed regu-
lators, one form being shown in fig. 762. Standard regulators
can be obtained giving a wide range of speed.variation, and
special regulators may be constructed giving practically any
desired range. :

Selection of Starters and Regulators.—Unsatisfactory
operation of these devices is, in nearly all cases, due to lack of
precaution in selecting the proper piece of apparatus for the work
to be done. One of the commonest errors is to select a rheostat
of insufficient capacity. If the current required to operate the
motor at full speed with no resistance in circuit be greater than
the rated capacity of the rheostat, overheating of the resistance
will result. An increase in temperature even to a point where
the hand cannot be held on the enclosing case need cause no
apprehension, but should the resistance become red hot it
indicates that the apparatus is being worked far beyond its
capacity, and the load on the motor should be reduced or a
regulator of greater capacity substituted.

If the current required to operate the motor at full speed with
no resistance in circuit be less than the rated eapacity of the
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rheostat mo overheating will occur, but it will not be possible to
secure the full 50 per cent. speed reduction the rheostat is de-
signed to give with all resistance in circuit.

In ordering a starter or regulator the manufacturer should
be furnished with the following information:

1. Horse power of motor with which speed regulator will
be used;
2. Voltage of motor;

73G. 768.—Various sizes of Watson commutator. The hed from hard drawn
copper strip and are insulated from each other and the core b{ amber mica, of hardness
eorrespond.mg to that of the copper in order that the wear of mica and copper may be
uniform, e segments are assembled in a ring under great pressure and are repea’
heated and tightened, being finally secured and rigidly locked togeth

3. Winding of motor, whether series, shunt, or compound
wound ; '

Nature of the machine which motor is to operate;

Normal rated speed of motor to be used;

Maximum speed at which it is desired to operate the motor;
Minimum speed at which it is desired to operate the motor;
Whether controller will ever be required to reverse direction
of motor or to operate it in one direction only;

P NSO
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9. If reversible controller be desired, whether or not full range
of speed control is required in both directions;

10. Whether the regulator shall be equipped with any of the
following devices: no voltage release, overload release,
knife switch, fuses;

11. Whether- button contacts or renewable contact segments
are preferred;

@)%

'\/ N \/ N
UAANANAY

Fi1G. 769.—Organ blower sieed regulator; di: showing operation and method of installi
A cord running from the top of the orgamws asses over two pulleys and is then e
fast to the chain furnished with the regulator. This chain passes around a sheave which
turns on a post projecting from the center of the slate panel. Attached to the lower end
of the chain is a weight, also furnished with the regulator. As the air is exhausted from
the bellows the latter slowly collapses, drawing the rope down with it, and in so doing
turns the sheave from left to right, thus cutting resistance out of circuit and increasing
the speed of the motor which pumps air into the bellows. Responding to the inrush of
air, the bellows expands, relaxing the tension on the rope which is now pulled in the oppo-
site direction by the weight, thus turning the sheave from right to left, cutting resistance
into circuit once more and slowing down the motor. The speed of the motor is thus
automatically regulated by the bellows, with the result that a practically uniform pressure
is maintained at all times. In connection with an organ blower regulator it is necessary
to install a separate starting rheostat. This is required for the reason that all o;
bellows leak. During the intermissions in the musical part of the service, or at other
times when the blower is not operating, the air gradually escapes and the bellows settles
down, moving the rheostat arm to the right and cutting out resistance. With the motor
at rest and the bellows empty all the blower regulator resistance would be short circuited
and it is therefore necessary to avoid throwing the motor directly across the line when
starting again. A starting rheostat with no voltage release is suitable for this purpose,
and should be installed within easy reach of the organist, so that a moment or two
before beginning to play he can move the lever of the starting box and get the motor
into operation. Where remote control is desirable a self starter can be substituted for
the manually operated starting box, in which case the entire installation can be con!
by a push button, or single throw knife switch.
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12. Giving, also, if possible, the resistance of the shunt field

"~ cold, and the shunt field current at the maximum speed
required. If this cannot be ascertained, give horse power,
voltage, normal speed, maximum speed required, serial
number of motor and name of manufacturer.

s

F1G. 770.—General Electric type K7 controller with cover open showing construction. The
mechanism consists of a long spindle, carrying a number of heavy brass or gun metal
segments, making contact for a longer or shorter time with a corresgiond.u:f number of
spring contacts. The spindle is provided at its upper end with a handle, and the various
contacts are made by turning it through an arc of about 150°, For this method a moderate
amount of resistance is employed. The first contact joins both motors and the full amount
of resistance in series across the line, and as the motors are standing still, maximum current
flows so that they exert their full tor%ue. The moment they start to revolve, the current
tends to fall, due to the generation of a reverse voltage; to prevent tnis and maintain a
heavy current for some time, thus obtaining rapid acceleration, the resistance is arranged
80 that it can be gradually reduced, until at about the fourth notch the two motors are in
series without resistance across the line. To increase still further the speed in the above
type of controller, the series fields may be shunted, and then the next steps place the motors
in parallel with the resistance.

Speed Regulation of Traction Motors.—The speed regu-
lator for motors of this class is called a controller, and being
located in an exposed place is enclosed in a metal casing. Con-
trollers are designed to be used for starting, stopping, reversing,
and regulating tlie speed of motors where one or more of these
operations have to be frequently repeated.
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The controller used with a single motor equipment is practically the
same as any other single motor starting box, excepting that the resistance
has sufficient carrying capacity to be left in the circuit some time. When
the motor is to operate at full speed all the resistance is cut out. To
reversei_)a t;i'lc-':versing notch is placed in the armature or field circuit, but
not in both.

Ques. What provision is made to overédine the arc
when the circuit is opened?

Ans. A magnetic field is used with such polarity that it blows
out the arc.

F1G. 771.—Controller of the Rau;:h and Lang electric vehicles. It is of the flat radial type-
Two movable co; leaf contacts of ample size make all commutations necessary to obtain
the various s . Pive speeds forward and reverse are provided.

Magnetic blow out coils are used on all controllers designed for 500
volt circuits, and on types designed for lower voltages requiring more
than 60 amperes normal capacity. ’

The coils are wound with either copper wire or flat strips of sufficient
capacity to carry full load current continuously without undue heating,
and after being wound they are treated with an insulating compound

ing them moisture proof.
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Ques. What provision is made to prevent reversal
before bringing the controller lever to the * off *’ position?
Ans. Controllers having separate reversing cylinders are
fitted with mechanical interlocks making it necessary to place
lever in off position before reversing.
POINTRESISTANCE ~ MOTOR 1 MOTOR 2

ARMATURE FIELD ARMATURE FIELD

FIGS. 772 to 782.—Diagram of controller connections, illustrating the series parallel method
of two motor control.

Two Motor Regulation.—With a two motor equipment,
the controller becomes more complicated because it must be
arranged to switch the motors in series or in parallel, so as to
secure economy at half and full speed. The various connections
of series-parallel regulation are shown in figs. 772 to 782.
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From these diagrams it is seen that the motors are first operated in
series until all the resistance is cut out by the controller (figs.772 to777). |

The next point on the controller puts the two motors in parallel with |
some resistance in the circuit (fig. 77§),which resistance is gradually short
circuited on the remaining controller points, until at full speed all the
resistance is cut out, the two motors remaining in parallel (figs. 778 to782).

Stopping a Motor.—If it be desired to stop a motor, the
main switch is opened. As the armature of the motor con-
tinues to operate, due to its inertia, it generates an electro- |
motive force which sends a current through the shunt
connected field circuit and helps to maintain the field excitation.
When the speed of the motor has decreased sufficiently so as not -
to endanger the motor should the main switch be thrown, the
current in the series magnet becomes weakened, and the spring |
throws back the starting box arm.

It should be noted that in stopping a motor having a start- |
ing box provided with a no voltage release simply open the
main switch and do not touch the lever because otherwise, the
self induced voltage of the field circuit may puncture the field
winding or the insulation- of the adjoining wires in the starting
box.
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