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THE DIRECT CURRENT MOTOR.*
My 1. A Heror, Ma. F. L E.
DyNasmo electric machines belong o the class of machines
which are called reversible.  This does not mean that they can

be run backwards, but that 1he transformation of encrgy which ,

Roes on wn the machine is reversible.

If we apply medhanical energy to o dynamo so as to make it
rotate, it will generate o current of electricity.  This current we
cat send to a distance through conductors, let it entera machine,
another dynamo, and this machine will start to rotate and con-
vert the corrent or electrical energy supplied to it into mechunical
work  the mobion ot visible masses of matter,  In this accomphish-
ment we started out with mechanical energy, and come back to
it far from its fiest application.  Electricity in the transformation
has only been a link, & means of transmitting the power.  Motion
is necessary 1o produce the current, and the dynanio or motor is
merely a device for transforming what is called energy from one
foras to another,

A motor is therefore the same machine as a dynamo, or a
dynamo to which i cusrent is supplicd.  Therefore, in studying
the inner working of a motor, we must deal with exactly the same
principles that we find at work in dynamos, The main parts
which are to be considered in a dynamo are the field magnets and
the armature. The field magnets, which produce the magnetic
ticld, are usaally stationary ; the armature, the part in which the
cureents are induced, revolses.

A\ commutator is also required, either to carry the current gen-
crated in the conductors of the armature to the ling, as in a
dynamo, or to ~onduct the current fram the line to the conductors
o the armature, in the case of a motor.

It a conductor forming a loop is moved across a magaetic field,
a carrent will flow iu this conductor : this current will be gener-
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ated as lonyg as the motion lasis, and the moment that it stops the
current will vanish ; also, if a conductor careving a current is
placed in a magnetic field in a plane at right angles 10 the mag-
aeli lines, it expericnvces a force urging it 1o move in that planc.
The motion will fast as longy as the current is flowing in the con-
ductor and as the conductor is siill in the field.  Motion is there-
fore necessary 1o produce the clectric current, and the olectsic
current will in turn produce mation,

The armature, as found in dynamos, is simply a collection of
loops of wire so arranged that cach conductor inits rotation be-
tween the field magnets is carried past these ficld magaets, and
cureent s generated in these conductors.  In a motor, the con-
ducrors carryinys current and placed in 2 magactic ficld are sub-
jected toa force which, as will be presently explained, producesa
rotation of the armature.

Fig. 1 shows a section of an armature and pole pieces of a
dyvname. Thas secion s an a plane at right angles to the shaft ;
a amd bare two conductons forming a part of the same loop, the
curretits @ these bewnyg in opposite directions. It will be found
that conductor (2) will be subjected to a force acting downwards,
while the force on (M will be ypwards, the effect of these two
ferces, as will readily be seen, being to turn the armature about
If any aumber of conductoms are arranged on the
surface of this armature, the forces acting on these conductors
will be all downwards on one side of the brush plane and upwards
on the other side. These forces, acting on the conductors at a
certain Jdistance trom the axis of the shaft, results in a twist, so
that the shaft will be turned. I we were to rotate by haod the
armature of a small dyname, we would find that as Jong as the
Jrnamas nol made 10 geanerate any current, the resistance to
turmng the armature woald be very small. Asa matter of fact,
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this resistance is that simply due to the friction of the shaft in s
bearings, and the friction due to the pressure of the brushes on
the commutator.  But if we should now close the circuit of the
dynamo so that the machine will generate a current, the force
that we shall have to exert to keep the machine rotating is many
times greater, for since the conductors are now carrying curren,
the foree which we find acting between magnetic fields and con.
ductors cirrying current is acting against'the imparted motion of
the dynamo.

In a motor this force is the one which causes the machine to
rotate, and is therefore acting in the direction of rotation.

it scems puzzling to the mind of the unacquainted observer
how it is that so much force has 1o be exerted to drive a dynamo
under load ; the armature revolves between the polar picces quite
freely, the mechanical friction can absorb but very little power,
then what becomes of the surplus power which is mechanically
imparted to the machine. The answer iy, that there is a force
which the magnetic field exerts on the conductors of the armature
since they now carry current; this force or drag opposes the
rotation, the larger the current in the armature the greater this
drag and the more the power which is required to keep the
machine revolving,

In a motor this drag is the driving force, and is the one which
produces the rotation.

TRE STARTING OF ELECTRIC MOTORS,

In starting an electric motor from a stand-still, it will be found
necessary to introduce a resistance in the armature circuit of the
wmotor, this resistance to govern the current and reduce it to any
desired flow. At starting, or when the motor is running slowly,
the current has to go through a resistance box called starting
box, and then through the conductors of the armature; the field
coils are cither connected directly to the line as in shunt-wound
motors, or in series with the starting box and armature as in
seriesswound motors.  The current strength is therefore giver
by the ratio of theclectro-motive force of the ling and the total
resistance introduced in the circut. In order to speed up the
motor, the resistance of the starting box is gradually taken out,
until the motor is placed directly on the live and is then running
at its tated specd.

Without this resistance at the start, the current that would go
through the motor would probably be excessive and prove in-
jurious to the insulstion of the armature ; besides it would not be
doing uscful work, for useful work is only done when the armature
revolves.  The current at start should be large enough to start
the rotation, but not large enough to injure the motor.

Ifthe resistance in circait is now cut ont gradually the motor
will speed up, and it will be found that the faster the motor runs
the weaker the current becomes. This is due to a generating
action taking place in the motor itself on agcount of its speed, in
fact the motor by its rotation is now working as a dynamo on its
own account and tends to generate a current in the circuit in the
opposite direction to that which is driving it.  As the production
of current is due to an electro-motive force, this gernerating action
taking place in the n:otor will be found to be due to an clectro-
motive force acting as soon as the machine is rotating. This
electro-mative force, which is called a counter electro-motive
force, varics with the speed, that is, increases or decreases with
the speed. The current now does not depend on the electrical
resistance of the circuit alone, but is checked by this electro-
motive force of reaction which is working against the electro-
motive force of the line. Therefore, whereas in a generator there
is anly one clectro-motive force acting, in a motor there must
always be two 2 soon as the machine is developing work, that is,
as soon as the machine is totating.

The clectrical energy supphed toa motor is measured by the
product of the voltage on the line into the current flowing ; this
product is expressed in watts, and iof divided by 746, will give the
clectrical horse power delivered to the motor. This energy,
usually called the electrical input, iy, however, not wholly con-
verted into useful work, and only a portion of this (happily a
large one) will be available on the shaft.

The cnergy supplied is expended in two ways, in h-ating the
circuit and in doing work. The expenditure of energy in the
form of heat is the product of the resistance of the circuit into the
square of the current.  This product is expressed in watts, and
may be termed heat watts.  This amount of power is lost and
simply heats up the machine; 10 reduce this loss will be to make
the resistance of the armature as small as possible. The differ-
cnce between the total watts supplied to the motor and the heat
watts may be called the mechanical watts, that is, it is this part
of the total energy which will be transformed in the machine from




