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ELECTRICITY FOR ENGINEERS.

CHAPTER 1.
ELECTRICITY,

\’ HAT iselectricity? Thisisa question that is frequently
' asked, but has not yet been satisfactorily answered.
Ttis o force, subject to control under well known laws.
Steam is also a force—that is, it is capable of doing work
when rightly applied, and in eonnection with machines
designed to useit. It does not matter, seriously, to us
what electricity is, so long as we ean produce it and com-
pel it to do work. Practical results ave what we are after.

We will try to explain how electricity is produced, and
how it is used in some of the electrical machines that are
now in use in nearly all parts of the world.

Engineers in charge of machinery, naturally want to
anderstand the construction of the different machines and
the principles of their working—the “how? " and © why?*
Having this knowledge, sucecess depends upon watching
and doing, or, more simply: “ Know how 7 and * Do it.”

We know of several ways by which we can produce
electricity, and we are fumiliar with a few ways in which
we can make use of it. In these articles we will investi-
gate electric-light machinery more particularly, endeavoring
to explain the construction of the different parts, their
uses, why they act so and so, how to keep them in con-
dition to produce best results, how to renew worn-out
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parts, how to repair breaks, and get an understanding of
what electricians mean by some of the words and terms
of which they make such frequent use.

In trying to explain these things, as [ understand
them, [ will make comparisons, as far as possible, with
things we are more familiar with as engineers—for it must
be remembered that I am writing for engineers,

In the use of electricity to supply light, as in the are
and incandescent systems, different qualities are required,
and in the transmission of power by the use of motors
still other qualities are sometimes called for, which I will
try to explain as I go along in a manner that, I think, you
can understand.

The electric eurrent is a flow of—something, along the
wire. There are reasons for believing that there are two
kinds of electricity—positive and -negative—which e
usnally represented by + for positive and — for negative.
These signs are found quite useful on dingrams, @ number
of which will be found in this hook.

-+ AND —

The direction in which a current flows is said to be
always positive, and when work is done on the line the
current is said to enter the work as positive (+), and
leaves as negative (—), or on the negative side. Now, us
this is always found to be the case, you will the better un-
derstand what is meant by positive (4), and negative
(—) by considering them as a difference of pressure, as
they differ only in that respect, although the direction in
which the current flows makes, many times, a very great
difference in the results obtained.

I'magine the steam in the boiler and steam-pipes ag
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being -, and the steam after it has passed through the
¢ngine as being —, for as it has done work and thereby
lost gome of its pressure it is negative to the steam of
higher pressure.

As it is impossible to generate a current of negative
(—) electricity of a higher pressure than the positive (+)
current, it follows that 4+ and — mean but a difference of
pressure always {lowing from 4 to —,

It is said that + electricity attracts — electricity, and
that — attracts <, and + repels 4+ and — repels —,

CONDUCTORS.

A conductor is any substance that will allow the
electrie current to flow freely through it. Mostof the
metals are good conductors, silver and copper being the
hest,  Copper costs Jess than silver and is almost as good,
so copper is most generally used.  All of the lines (wires)
carrying the electricity are called the conductors; thus
you will understand that anything that allows the free
passage of cleetricity is a conductor, mnd anything that
prevents the passage of eleetricity is a non-conductor. In
the use of electrieity it is just as important to have good
non-conductors as it is to have good conductors.

The carth (ground) is o good conduector, and there is
where o great deal of “trouble” comes from, by the wires
making contact with (touching) some substance that will
conduct the current (flow of electricity) to the earth.
Water is a conductor, and if the wires are wet, and their
supports also, and there are any conducting substances that
will allow the passage of current to the ecarth, then a
ground is formed, and a second leak to earth will certainly
produce trouble, and in gome cases burn out the armature
of a dynamo, and eause other troubles.
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All substances will allow of the passage of some elee-
tricity, but as there are substances that offer a very strong
resistance to its passage they are generally called insulators,
or simply non-conductors.

Some of the best conductors are:

1. Silver, 8. Lead,

2. Copper, 9. Mercury (quicksilver),
3. Gold, 10. Charcoal, coke, plum-
4. Zine, bago,

5. Platinum, 11.  Acids,

6. Iron, 12. Salt water,

7.. Tin, 13. Water.

Silver is about six times as good a conductor as iron,
That is, if yon take a silver wire and an iron wire of the
same size and length, and pass a current of electricity
through thern, it will pass through the silver six times as
easy as it will through the iron; or, it would be necessary
to use an iron wire six times as large as the silver one to
carry the same current with the same loss.

Lead will conduct only about one-cleventh as well as
silver. Mercury (quicksilver) has about fifty times. the
resistance of silver, and yet is often used as a conductor.

In the list of conductors given above you will notice
that charcoal is classed as a conductor,

Some substances used for insulating purposes may he
charred (carbonized) by heat, and then are conductors.
Other explanations of this will he given further on.

NON-CONDUCTORS OR INSULATORS.

By non-conduetors or insulators electricians mean any
gubstance that will prevent the passage of the electric
current. As engineers make use of a non-conducting cov-
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erine for their steam pipes and boilers to prevent the
radintion of heat, so clectricians use non-conducting cov-
erings for the wires carrying the current to prevent leakage
or escape of the electricity. The substance generally used
on the wires of dynamos, lamps, regulators, and in most
places where the wire is not exposed in a way that the
covering can be rubbed off, is usually cotton or silk; and
then to prevent the covering from absorbing moisture from
the air, or in any other way, it is coated with parafline,
paint, varnish, shellae or asphaltum.  These materials are
most frequently used, and answer the purpose very well,
for they uare good insulators and do not readily absorb
moisture.

Generally speaking, the best non-conductors of heat
are the best non-conductors of electricity. The “air
space being, T believe, the best non-conductor of heat,
so it is the best non-conductor of eleetricity, providing that
the air he dry, for motsture, whether it be in air or paper or
achestos or any other substance, is a conductor of elec-
tricity to 2 certain extent.

Some of the best insulators are:

1. Dry air; 9. Glass,
2. Mica, sometimes called 10, Silk,
isinglass, 11.  Asbestos,
3 Yaradline, 12, Woolen cloth,
4. Hard rubber, 13. Cotton fibre or cloth,
5. Shellae, 14.  Dry paper, eardboard,
6. India rubber, 15, Porcelain,
7. Gutta percha, 16. Dry wood,
8. Sulphur, 17. Oils,

When a wire of small resistance and an insulator of
high resistance are nsed upon a cireuit the best results are




14 Non-Conductors.

obtained, for the less the resistance of the wire the easier
the current is transmitted, and the higher the resistance

of the insulator the less the loss of current by leakage and
the less the waste of energy in transmission.

One of the most important points in keeping up elec-
tric machines and circuits is, be sure of your insulation.
This ean be done by the use of good non-conductors that
will not be affected by surrounding circumstances, hut this
15 something that is very hard to determine until time has
demonstrated just what those surroundings are.

In many places there are gases that will attack the in-
sulating substances and ruin their non-conducting prop-
erties, thus allowing the current to leak away until there
not being sufficient to do the work, bad results follow and
the system is condemned for a fault of insulation.

In packing houses there is nearly always trouble,
because the steam, always present, has destroyed most
insulations after it has acted upon them for a time. The
use of bare wire in such places has not been a success
usually, for the moisture has covered the supports and then
dust has gathered until in many places leaks have formed
to such an extent that the encrgy wasted was sufficient to
impair the working of the whole system.

Some underground lines have been exposed to gases.
coming from the earth, that have destroyed the insulation
to such an extent that the whole of such eircuits have
been abandoned and other insulating substance tried in
their places.

The subject of insulation is one that can not be too
closely looked after in an eleciric plant, for you under-
stand that it requires electric power to do work, and no
matter in what shape that work may be, whether motors,

-
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arc lumps or incandescent lamps, it requires horse-power
or fout-pounds to do it, and any leakage means that much
loss.  An are lamp, for instance, requires just so much
clectricity to give good results, and theloss of even a small
portion of that amount eauses the lamp to burn badly.
You may accept it as a fact that the mechanical part of
the Lunps and dynamos are all right, and if dynamos and
lnmps ave kept clean so that they will work free, and there
is no accumulation of oil and dirt to form a condueting
substance for the passage of the current, then everything
will work well i wour eiveuits are well insulated, :

ELECTRO-MOTIVE FORCE—YOLTS.

By electro-motive force electricians mean about the
same as engineers mean by pressurve.  Electro-motive foree
is usually written e. ne £, and the unit of pressure is
called the volt.* IEngineers speak of so many pounds
pressure and clectricians speak of so many volts e. m. f.
They mean about the same quality, for it is the electro-
motive force that pushes the current through the wires, so
it is the pounds pressure that pushes the steam through
the pipes and does the work. A high e. m. f is required
where the current is to be carried a great distance, or
where it passes successively through different apparatus,
as in most are lighting systems, for there it passes first
through one lamp, then into and through another, and so
on around the eirveuit till it returns to the generator. By
generator is meant the machine that produces the current.
In passing through each lamp a certain portion of this

“The practieal unit of e, m. . or potential is ealled the volt, in honor

of Volta, nand iz equal to 100,000, or 10s absolute or C G, 8 units of
Potentinl.
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e. m. {. is absorbed, just azin doing work with steam a cer-
tain amount of power is lost for each portion of work
done, by friction, condensation, leaks, cte.

Potential is & word that is often used to express the
same iden as e. m. £, but its meaning is quite different, as
I will try to explain.

If you are working an engine at 100 pounds pressure
and have a back pressure of five pounds, you would then
have but ninety-five pounds effective pressure.  So if you
were using a current of 100 volts e. m. f. and five volts
were lost in overcoming resistance, you would have «
potential of ninety-five volts. Whenever work is done by
steam machinery a certain amount of pressure is lost by
condensation, doing work, or by overcoming friction, and
this loss may be considered as a loss of potential, for in
the use of electricity any loss in pressure (volts) that may
occur-from doing work or overcoming resistance is called a
loss of potential (effective pressure.) In an are lamp, for
instance, the loss of potential (pressure) may be forty-five
volts—that is, there has been that many volts or so much
encrgy absorbed or used up in doing the work in the lamp,
and as energy can not be logt, in this case it is transformed
into heat, and the greater part of that heat is utilized in
the form of light.

Now you may understand that electro-motive force
(e. m. £) means pressure, force, energy; and that potential
i3 understood to mean the capacity to do work, or the
cffective pressure, -

The subject of high e. m, f. against low e. m. f. will
admit of a few words of comparison here. High e. m. f.
like high pressure of steam is the more economical in
many ways. \When used at a great distance from the




Electiro-Motice Force. . 17

Zenerators (boilers) the loss is much less under the same
Conditions. The conductors having a given resistance in
. miven distance the loss is much less in proportion with
high e, m. . than with low. Steam in pipes will lose a
Portion of its energy when carried long distances, and you
generully inerease the pressure instead of putting in larger
Pipes, Increasing the pressure on boilers always means
more danger, even if you know that the boilers will stand
it, for if anything does happen the consequences are more
serious with high than with low pressures,  And yet with
this knowledge mechanical engineers are continually con-
triving to increase the pressures in steam machinery.

In electricity when high e. m. f. is spoken of you will
generally hear some say that high e. m. f. means death to
any one who gets a shock.  Possibly this may be so, butit
is the same in the boiler room or anywhere where steam is
under high pressure; but as steam can be used to better
advantage and more economically under high pressuress
engincers continue to use it, and are trying to increase the
pressure.

In electricity with high e. m. £ the sane difficulties
are met as in high pressure steam—the uncertainty of
keeping it where you want it, for what is a practical
insulator for low clectro-motive foree is « very oo conductor
when higher e, m. f. is used.  The electricity that will jump
from a belt several inches through dey air is of very high
e. m. f., but is so small in quantity as to be measured with
great difficulty. Lightning is electricity of exceedingly
high potential—so high, in fact, that T have never heard
of any one measuring it.

The glass insulators that the lightning rod man of
olden times put on the rods to keep the lightning from
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jumping off was all right as far as he knew; hut you take
one of those same glass insulators and hold it near a belt
that is producing a current and see if the electricity will
not jump as far to that as it will to your fingers, and that
current from the belt is quite weak compared with
lightning.

Tt is the force, the tension, the ¢. m. f., the potential of
electricity more than the quantity that usually does the
mischief. But that may be easily understood by remem-
bering that what is an insulator for low e. m. f. may be a
good conductor for high tensions,

RESISTANCE.—OHME,

That principle which engineers call friction, is just
what electricians mean by Resistance. In steam engineer-
ing we have no unit of friction and can only measure the
amount by the force required {0 overcome it and speak of
it as so many pounds—but in electricity we measure the
resistance (friction) by Ohms*

I think it would not do any particular good for me to
try to explain to you just what an ohm is, for to get down
to the fine part of it, it amounts to just about the same as
when friction s understood, and electricians say that it
takes a volt to force an ampere of current tln‘f)ugl; an ohm
of resistance.

an engineer will speak of friction by saying it takes a
certain amount of pressure to overcome the friction.

Just consider that resistance and friction mean about
the game thing and you will be near enough to it for all
practical purposes.

*Ohm, the practical unit of resistance, so called in honorof Dr. Ohm.
The Ohm i5 equal to 1,000610,000 (109) absolute, or C. G. 8, units of resist-
ance. The standard Obhm {8 a column of mercury 1 sq. millimeter in
gection and 106 cm. In length av o temperature of 09 C,
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In mechanics it is usually desirable to do away with as
Much useless friction as possible, so in the use of electricity
1t is also desirable to avoid resistance except in such cases
38 it can be made useful, and they are many in electric
lighting.

In the incandescent lamp the little hair-like filament
hus g high resistance, and the energy required to overcome
that resistance is transformed into heat and the filament
‘..n:comcs white hot and in that way produces the light. It
1s resistance that we depend on for the regulation of
current, in most dynamos, and in the are lamp again
Tesistance is the element that is used to produce a steady
light,

The utility of resistance will be more fully explained
when describing some of the different dynamos, lamps
and regulators.

AMPERES. ™

To fully understand what is meant by amperes we will
compare it with the flow of water and call the gallons per
minute the amperes.  In speaking of the amount of steam
used in a given length of time we usually say a certain
number of ctibie feet; but as this is not easily understood
unless other data are given, we will try to understand the
meaning of amperes by comparing it with the flow of
water, as water is not so compressible under variations of
pressure.

If we have a flow of twenty gallong of water per minute
under a pressure of fifty pounds; and we increase the
pressure to one hundred pounds we will have a flow of

“The Ampere is the practical unit of enrrent strength, and is equal to
1-10 or 10=1 of the absolute or C. G. 8. unit of strength., A current of one
volt potential will carry one Ampere through one Ohm.
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forty g.allons. So in electricity fifty volts and twenty
amperes, one hundred volts and forty amperes, under
similar conditions. Ampere, you understand, means
quantity; but we can not put the electricity into a measure
and measure it as we can water but the amperes are
measured by the work they do,and like water the amperes
do not grow less by doing work, but like water again the
pressure or €. m. f. is what grows less in proportion to the
amount of work done.

Having explained, as as well 1 can, without taking toc
much space, the meaning of some of the more im portant
words that are required in deseribing this peculiar subject
of electricity, I will endeavor to make plain the principles
and action of electric light machinery.
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DYNAMOs,

There are various styles of dynamos but they are all
built upon similar principles. The main parts of a
dynamo are shown in Fig. 1, (page 23) where A4 shows
the magnet core, usually made of wrought iron, and cast
into the pole pieces B B. Around thecore, A, are wound
the field coils, as shown at .

The field coil is copper wire, generally insulated with
soft cotton thread and double wound, that is, there are two
layers of the thread wound on, which more effectually
insulates each turn of the wire, from those nearest to it.
The pole-pieces B B are most frequently made of cast iron,
though wrought iron would be better, but owing to the
cost of working the wrought iron into the required shape
it has been found more economical to use east iron and
nearly as great efliciency is obtained by making the cast
iron pole pieces about two-thirds lavzer than would be
required if wrought iron had been used. The space
marked 7 between the pole-pieces, where the armature is
placed, is the magnetic field, so-called, hecause it is there
that the lines of magnetic force cross from one pole to the
other, as from N'to 8. The yoke D is necessary to com-
plete the magnetic circle from N through the core A, the
yoke D through the core of the coil C'to S, and when the

| .
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armature is in its place (F] Fig. 1) through that to NV
again. This is practically an electro-magnet of the horse-
shoe form with the wire wound on near the poles.

We can make an experiment to demonstrate the prin-
ciples of an electro-magnet. Let us take a piece of iron,
a bolt, for instance, and wrap a number of turns of insu-
lated wire around it leaving both ends of the wire free and
leaving the ends of the bolt uncovered for half’ an inch or
80; it doesn’t matter, for our experiment, whether we leave
any uncovered orleave nearly an inch without wire around
it. We now connect each end of the wire to the binding
posts of a two-cell hattery, causing the current 1o puss
through the wire. We now touch cither end of the holt
with a piece of iron or steel and we find that they stick
together, showing that the bolt has become a magnet, and
will attract iron or steel. We find that when the picce of
iron nearly touches the bolt, that it is drawn with con-
siderable force toward the bolt and we find this to be the
case at either end of the bolt. Now let us disconnect one
end of the wire from the battery, and try the picce of iron
on the bolt again. We find that it does not stick, and we
conclude that it has lost its magnetism. Let us try it
again, and we will hold one end of the wire in our hand
so that we can fouch the binding post of the battery with
it,and hold the piece of iron near the bolt, about one-
eighth of an inch away, and when we complete the civcuit
by touching the wire to the binding post we find that at
the same instant the iron is drawn to the bolt. Break the
circuit by taking the wire away and the iron is released.
By making and breaking the cireuit quite rapidly we find
that the bolt is magnetized and demagnetized just as
rapidly.
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Comnect the wire to the binding post again, now get a
few nails and hang one on each end of the bolt; we find
that they are held suspended and can be shaken around
considerably without falling off.  We touch another nail

| T s | | = T

D

Tig, 1.

to the free end of each nail so suspended and find that
it also sticks.

This shows that a large part of the magnetism is trans-
mitted through the first nail and we will find that the
second nail has also become magnetic,
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If we had a greater number of turns of wire on the
bolt or more battery cells connected to the wire we should
find that the magnetism of the bolt would be incrensed.
and a greater number of nails might be suspended end to
end from the bolt. In winding the wire on the holt it
should be wound as ¢lose as possible, and it would not be
of any benefit to wind on a greater thickness of wire than
the thickness of the bolt—that is, if the bolt is one-half
inch in diameter, it is of no benefit to make the whole
diameter of wire and bolt more than one and one-half
inches in diameter, for with this amount of medium sized
wire you will get the strongest magnetism to be obtained
without inereasing your current by adding more cells to
the battery.

Let us take our electro-magnet (the bolt wound with
insulated wire) and bend it into shape like a horseshoe to
bring the ends nearer together, and by now passing the
current through the wire we will find that the total mag-
netic strength of both ends has been increased and the
magnet will hold a greater weight. This is explained by
reason of the poles being brought nearer together; there
is less loss of the magnetic lines of force. You have
noticed that whenever the current is broken the iron
immediately Joses 2]] its magnetism.

Thiz will be true only when the iron is very soft, for if
the iron has been cold rolled, crystalized or otherwise
‘hardened it will retain a portion of the magnetism, and if
a piece of tempered steel—g file or cold chisel—be used
in the experiment it will be found to have been perma-
nently magnetized. That is, it has been found that if a
piece of steel be once magnetized it will retain a portion
of the magnetism for many days, and if a piece of hardened
steel be used, the magnetism will remain for years,

- ——

s SO G Pl



Dyncomos. 25

But to keep a perinanent magnet in best condition it is
Necessary to connect the two poles together with a piece of
Soft iron called the armature or keeper.  This allows of a {ree
Passage of the lines of force from one pole to the other
through a good conductor of magnetism thus preserving
the full strength of the magnet. It is =aid that when
the poles of a permanent magnet are connected with a soft
iron armature in this way that the strength of the magnet
is increased considerably in course of time.

Now if we take two permanent magnets, such as can be
bought in almost any hardware store, and place their ends
together, we will find that they sometimes stick together
and at other times will not show any magnetic attraction.

By examining the poles of each we will find on one leg,
near the end,a mark across that lez. We will find a
similar mark on one leg of the other magnet. Now, if we
place the marked legs so that they touch, we will find no
signs of any tendency to stick—or, as we should say—they
do not attract each other.

But if we place an unmarked end in contact with the
marked end of the other magnet we will find that there is
a strong attraction between the two, suflicient to almost,
or quite, hold one magnet suspended, as the nails were
held in a former experiment. By trying the ends of both
muagnets a few times we find that when o marked end and
an unmarked are brought together they always attract;
but when two marked or two unmarked ends are placed in
contact, there is no attraction between them. These two

poles are distinguished by the names of “north™ and
“south ™ polarity, and the differences we find in the poles
of these magnets bears a close resemblance to the differ-
ences we find between positive and negative electricity. As
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we have geen that there are seemingly two kinds of clec-
tricity possessing an attraction for each other and a repul-
sion for that of the same kind, so we will find the magmnet
poles not only refuse to attract like poles, but there is
positively a repulsion between the poles of like nature.
Let us take a horseshoe shaped magnet and a few necdles
and demonstrate this point. Lay a needle so that you can
rub one pole of a magnet along its length, from the center
to the end. You will find by touching it to another
needle that it has become magnetized and attracts the
other needle. By trying the other end you will find that
end is also magnetized and yet it has not touched the
magnet. It is impossible to produce magnetism or elee-
tricity of one polarity or kind without producing an cqual
amount of the opposite polarity or kind. Now with your
needles, magnetize a second one the same as you did the
first. One end of each will attract one end of the other,
but will repulse the opposite end. To show this repulsion,
fasten each needle to a small piece of cork, only large
enough to float the needle and put them in a basin of
water. Bring the ends of the needles close together—first
one end and then the other, and note the actions of each,
and after a few trials you will understand the attraction
and repulsion of magnetism better, I think, than [ could
explain to you by writing several pages on the subject.
Magnetism plays a very important part in electric
lighting, and the Dbetter we understand its propertics the
easier we find it to understand many of the actions of
dynamos, are lamps, some regulators and some meters.
While we find there are many substances that will

practically insulate electricity, an insulator for magnetisin
has not yet been discovered.
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A few experiments with a magnet and a compass will
be of interest and greatly assist ina better understanding of
many points about electric light machinery. A small
compass, such ns will cost anywhere from twenty-five cents
up, will be useful. The compuss is a round brass box,
usually with a pin point projecting through the bottom to
the inside.  Suspended on this point is a thin piece of
steel which has a small brass cup at its center. This cup
is hollowed from its under side and is placed over the end
of the pin.  This balances the little steel bar, and as the
steel has heen magnetized one end of the bar will point
north and the other end south. There is always some
mark by which the north end of the bar may be easily
determined, but when you are using a compass around
electrie light machines, don’t place too much dependence
on the mark for the polarity is liable to become changed if
carried too near o dynamo, unless the needle is free to
swing on its center and this is only possible when the box
is held nearly level.  With your magnet and the compass
you can demonstrate many of the laws of magnetie polarity.
" Place the compass in a level position.  Bring the poles
of the magnet near it.  One end of the compass needle is
attracted toward the magnet. Turn the magnet just far
enough to bring the other leg nearest to the compass.
How suddenly the needle changes ends. This is because
the needle having been magnetized is polarized; that is in
this connection, one end will point toward the north pole
of the earth, and the other end will point toward the south
pole of the earth.

The effeet of magnetism on steel, and why there are
always two poles and why they attract each other, and
geveral uther points about the subject are not fully nnder-
stood at the present time.



28 Diynamos.

Now lay your magnet alongside of the compass, and
you see that one end of the needle points straight toward
the magnet. Turn the magnet over and the other end of
the needle swings around. Move the magnet far enough
from the compass so that the needle will swing only half
way to the magnet. Be sure to have the magnet at the
side of the needle as it stands when the magnet is not near
enough to influence it. Now as the ncedle swings about
half way to the magnet, anything that you may bring
between the compass and the magnet that will stop any of
the magnetic lines of force, will cause the needle to drop
back. Glass is a good electric insulator; place a piece of
that between them—the needle maintains its position.
Try wood, pasteboard, copper, brass, zine, anything you
can find, and the result is the same—there is no deflection
of the needle. You try a piece of tin or sheet iron—sheet
tin is iron tinned over—and there you find something that
appears to stop some of the mametic lines. Try the tin
or shoet; 1ron 1n all positions, and you will be astonished,
for sometmles. the tin or iron appears to intercept
some of th.e lines of magnetism, and at other times it
appears to Increase the number of lines. Lay the sheet
down, and try the compassaround it.  You will find that it
is polarized ind you ywil] probably notice that the opposite
sides or ends of the sheet have the same polarity, and that
the other sides have the other polarity.

Then try yourr compass on other pieces of iron around
the place. Tron columns, braces, engines, shafting, fireing
tools; oil tanks, kerosene cans, stoves, stove pipes, every-
thing that is made of iron, orsheets of tin, and that remain
in one position for a great length of time, are all polarized
to a greater or less extent. Try the compass around the
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Aynamos and lamps to find the different polarities and the
information you will get will be interesting and profitable,
and will greatly assist you in locating troubles when they
Occur and give you a better understanding of the machines
than you could get by waiting for some one to tell you
about, it.

Electricity, we have seen, will produce magnetism in
iron or steel.  So will magnetism produce electricity. In
the dynamo we have electro-magnets producing magnetism
excited by a current of electricity passing through the
insulated wire around the core of the magnets, and this
current is produced by the magnetism of themagnets. In
our experiment with the bolt .we found that the magnetic
effect was gone just as soon as we broke the circuit, but if
we had tested it in o way by which we could have detected
avery small amount of magnetisi, we should have found
that there was some magnetism still in the iron, for when
a piece of iron has once heen magnetized a small amount
of the magnetism will always remain. *

Iron and steel ave the only metals that have magnetie
qualities to any great extent. Nickle has similar prop-
erties, but not to such a degree,

There are several other metals that possess magnetic
properties to a very slight extent.



CHAPTER II1.
ARMATURES,

Fig. 2 showz one type of armature for a dynmumno.
There are many different styles of armatures but all possess
the same qualities in common. The style of armature
ghown in the cut ean be best understood by taking it to
pieces and we will suppose that we are going to do so.

\
= -
X "
- 13
— IS
= -
wi
1 -

We will place it in a position where we can get at it

handily and turn it around on its bearings. A close

examination of it, as it lies, shows o shaft, and we presume

that the shaft runs clear through from end to end, for we

find that both ends are of the same size and of the same
" kind of metal.

Next we find, at the left, an iron collar fitting quite
closely to the ends of some copper strips which appear to
be separated from each other by a substance of a diflferent
nature.
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We will take this collar off. It is screwed on.  (Some
are fustened by serews.) A spanner wrench loosens it, and
it comes off' the hub quite easily.  We find it threaded with
 portion of its length inside tapered on an angle of about
60° and as we find the ends of the copper strips tapered to
the same angle, but on the outsides, we conclude that the
collar was intended to hold the strips down to their place,
48 well as against a shoulder that we may expect to find at
the other end of the strips.  We find a ring of a leathery
appearance ou the ends of thestrips where the collar came
off.  On examination we find this ring to be about one-
fourth of an inch thick, and the material we will probably
find iz vuleanized fibre.

Vuleanized fibre is made of paper, similar to paste-
board; some substances mixed with it allow it to be vul-
canized which makes it tough like leather and hard like
gutta-percha and as it does not readily absorh moisture
and having a very high clectrical resistance, makes it an
excellent insulator.  The most serious defect it has as an
insulator is, that when it is heated very hot it becomes
brittle and losges its insulating qualities. Miea is often
used as an insulation in this place.

We will serew the eollar loosely back in its place again
until we investigate further. At the other end of these
copper strips beyond the bend and where the end of the
strips come near the outside of the armature, we find
serews holding & copper wire to the strips.  Remove one
of these screws and we find that the wire becomes sep-
arated from the strips as it wasmerely laid onand held by
the screw. On some armatures the wires are soldered to
the strips  We will remove all of the scerews that hold
wires to the stripz and we can then take all that portion,
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from the wire to the nut, off the shaft. To remove this
portion, which is called the commutator, we will require
two bolts about nine inches long and of a size that fits
into two little holes in the hub, near the shaft. We will
need a piece of flat bar iron with three holes in for a1 yoke
to put over the end of the shaft with a set screw through
the centre hole. The bolts are put through the other
holes in the yoke and screwed into the hub. Now, by
serewing on the set gerew, we start the conmutator oft' the
shaft.

Investigation shows us a collar at the other end, hut as
we gee no way of unscrewing it, we conclude that it is
golid there,  We will remove the nut again, and by trying
one of the strips, or seqments, as they are called, we find
that it can be easily removed. The shape of theze segments
isshown, side and end view, in Fig. 3. Between the seg-
ments we find vuleanized fibre or mica insulation. Good

=5

insulation is quite as important here as in any other part
of the machine, although the difference of potential
between adjacent segments is not generally very great.
Separating the copper segments from the iron sleeve is

Fig. 3.
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More insulation, and at the end where the collar is cut
Under to fit the ends of the segments, is still more insula-
tion; so we find that each segment is entirely insulated
fron everything.  Inreplicing the segments and getting
the commutator together in shy 1pe again, we may perhaps
find some difliculty in getting the segments to lie as
Stoothly as hetore we removed them, but that is casily
Femedied by placing the commutator in alathe and t: iking
A fine cut ofl’ the surface.

Now that we have examined the commutator and have
an understanding of its construction, we will examine the
Other parts of the armature.  We see that it resembles a
pulley with insulated wire wound across the face and
through between the spokes on the inside. forming a com-
plete covering to the rim.  As we find 2 number of ends
of the wires at equal distances apart, at the commutator
end, we infer that the wire is wound on in sections.
Where we separated the wires from the segments, we find
there are two ends of wire that are conneeted to the same
serew. In some armatures of this kind there is a hrass or
copper clip that holds the ends of the two wires, and this
clip i= fastened to the strip.

Arvound the armature we find bands of wire wound on
and soldered together solidly, but insulated from the wires
that run lengthwise and that connect with the segents of
the commutator.  These bands serve the purpose of holding
the wires in their places, preventing them from bulging
outward.  We will cut these bands off.  We find that they
arve brass wire, and after a moment's thought we under-
stand that iron wire would not answer so well in this
place, for it would form a conductor for the magnetism,
carrying some lines of force from pole to pole without their
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passing through the armature, and that would be detri-
mental to the action of the machine, for it is neces=ary that
the armature wires cut the lines of foree, that is, the lines
of magnetism should pass directly through the armature,
from pole to pole of magnets. Then when the armature
iétumiug, the wires cut through the magnetic lines as a
gaw would cut through a board across the grain.  As we
remove the wire from this armature we find that the wire
is covered with two or three layers of cotton fibre or
thread, and this is varnished on the outside. This cotton
is for the purpose of insulating the wires from ench other
and from the iron rim. We remove several turns of wire
and find another layer of wire underneath. After remov-
ing these we find that the iron rim is covered with cloth
and the cloth has been varnished with shellac, The rim
we will find is built of iron bars, riveted to the outside
and inside of several iron rings, making an openwork iron
frame armature, This cloth was wound on the rim to
assist in insulating the wires from the iron, for in winding
the wires tightly on the iron the wires would be very liable
to eut through their covering, and, making contact with
iron, would produce a ground. The first gfnuml on any
wire carrying an electric current is to be avoided by all
means, for if you prevent the first one forming you will not
have a second one to make you trouble. And the second
ground always does make trouble.  In removing the wire we
find that the inside end of it is brought out and connected
to the same clip as the outside end of the next wire. We
also notice that the wire we have removed filled a section
of the circumference of the armature. We infer from the
number of ends of wire projecting that the wire is laid on
in sections, and by counting around we find a number of

s S s Bt o
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sections equal to the number of segments in the com-
mutator,

Other avmatures ave built up of iron washers separated
from each other by paper or other insulating substances.
This separation is made for the purpose of breaking up
currents of eleetricity that have been found to form in
armatures of solid metal, and these currents heat an arma-
ture very hot hecause they have no way to escape, but
their foree is expended in heating the metal. The arma-
tures and poles of some dynamos become very hot from
this cause.  The currents are ealled Foueault currents. A
Frenchman by the name of Foucault first explained the
cause of heating of armatures and magnets, by showing
that currents of clectricity were produced within the mass
of the metal when it was rapidly magnetized and demag-
netized, or when it is subject to sudden and continuous
changes ol polarity, and these being short-cireuited within
the metal, produced the heat. Foucault suggested a way
of overcoming this by dividing the metal in the direction
of its travel in the ease of armatures and in the pole-pieces
by slotting them in the direction of travel of the armature,

The more thoroughly this principle is carried out in
construction, the less heating there will be from that cause.
One builder of dynamos has very nearly doubled the
capacity of his machines by simply making his armature
of hoop iron rolled into a ring with each turn insulated
from the others,



CHAPTER 1V.
THE CURRENT—DIFFERENT STYLES OF DYNAMOS.

In dynamo-electric machinery the current is the result
of the following law, discovered by Faraday in the year

1830:

A current of electricity is induced in a closed con-
ductor by the approach or withdrawal of a magnet, or any
change in the intensity of magnetism in a neighboring
magnet.

Figure 4 will illustrate the idea. A, is a bar magnet
B, is acoil of wire, (@, isa galvanometer. The coil is
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the conductor which is closed by being connected with
the galvanometer. The galvanometer is an instrument to
Show when 2 current is passing.

With this arrangement, a current of electricity will e
produced when the magnet iz suddenly pushed into the
hollow of the spool and will be shown by the swing of the
needle of the galvanometer.  Withdraw the magnet and
the swing of the needle will show that a current flows
When the magnet is withdrawn also, but you will notice
that the needle swings in the opposite divection. This
fact proves that a current flowing in one direction is pro-
duced when the magnet is pushed into the coil, and a
current in the opposite direction is produced when the
magnet is withdrawn.  Another illustration can be made
by moving the magnet back and forth in the eoil so that it
is at no time wholly withdrawn. This will prove that a
current can be produced hy changes in the magnetice
intensity, for & magnet is not of the same strength through-
out its length, but varies from one polarity at one end
to the oppozite polarity at the other end, giving different
degrees of strength from the ends to near the centre where
the opposite polarities neutralize each other
magnetism is found outside the iron.

By regulating the movement of the magnet to the
swing of the needle suflicient current can he produced so
that it will ecause the needle to swing to quite an angle.
The greater the number of turng of wire on the spool the
more intense will be the curvent produced.

In this experiment, it does not matter particularly
whether the magnet be introduced into the center of the
coil or passed along the side, o current will be produced in
either case; or if the wire is passed across the end of the
magnet the result is the same.

and no

|
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The last conditions more nearly represent the produe-
tion of current in & dynamo as shown in Fig. 5 where, 2N,
S are the magnet poles and a, a the wires on armature and
the arrow shows the direction in which the armature
turns. Here you will notice that each section of wire

passes through a magnetic field of different degrecs of

intensity and produces a current of corresponding strength
at each portion of its travel. It will be noticed that the
brushes are in position to collect the current just as the
section is leaving the field. This is the position where we
find the greatest difference of magnetic potential—lctween
the pole piece and the neutral line, u, and from there we
also get the eurrent of greatest intensity. Now this point
of greatest intensity - changes slightly according to the
degree of magnetization of the field magnets and also
according to what is called the magnetic lag of the arma-
ture. The magnetic lag is the resistance offered to the
sudden change of polarity in the iron of the armature, and
compels a glight change in the position of the brushes
with every change of load on the dynamo.

Some dynamos are so contructed that the position of
the brushes need not be changed for any variation of load.
In armatures of the kind already mentioned, the winding
is practically a continuous wire wound around the arma-
ture with loops, at equal intervals, brought down to the
commutator segments, as shown in the accompanying cut
at ¢, and explained under Fig. 2. This closed circuit
winding, as it is called, brings all the sections of wire in
cireuit with the brushes at all times, and as all wires that
are cutting lines of force are producing some current, it is
reasonable to suppose that there is a gain in winding an
armature on the closed circuit plan. The armature wire
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Dassing through the magnetic field produces a current
whicl flows to the commutator segments and is there col-
leeted by the brushes and from there it goes to the line to
do the work.

L Dynevno.
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EXCITING THE MAGNETS.

The magnets of most dynamos are exeited by the
current produced by the machine itself, which can he done
in two ways. By putting the magnets in shunt or in
series with the main line.

You will remember that when a picee of iron huas heen
once magnetized it will always retain o small amount of
magnetism. Now the pole pieces being slightly magnetic,
we find, on starting the dynamo and placing the hrushes
in position on the commutator, that there will he a feeble
current flowing in the circuit. If the ends of the field-
coils he placed in contact with the brushes, as shown in
Fig, 6, a portion of the current will pass through the ficld-
coils and produce stronger magnetism in the fields and a
stronger current will be the result,

The current in the circuit and the magnetism of the
fields will both continue to inerease until the resistance of
the field circuit will allow of no greater portion of the
current to flow in that direction,

SHUNT WOUND DYNAMOS.

Dynamos excited in this way are called “ shunt wound,™
or shunt dynamos. If the current was taken from onec
brush and led through the field-coils, then to the line or
outer circuit and back to the other brush (Fig. 5). it would
produce the same results hut would then be a “series ™
dynamo, for the magnets would be “in series” with the
lamps or other work.

In a shunt wound dynamo, Fig. 6, only a small portion
of the current passes through the fields. The magnets are
wound with small wire and as a consequence of its being
gmall it has high resistance. -
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High resistunce in the field-coils of a shunt dynamo is
a necessity, for if the resistance of the field circuit was
low the greater part of the current produced would pass
through the fields and that would cause trouble in more
wiys than one.  The resistance of the shunt winding is

*»

go proportioned that only a small portion of the current
passes through the fields; but as there are a great many
turns of wire, ench turn adding a certain amount of energy
to the magnets produces, by the great number of tums
what iz lacking in the small amount of current passing
through the field coils.
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A little study on this subject will show that @ =hunt
dynamo is a very good arrangement; for when the resist-
ance of the external cirenit is high—that is, when there
are a great number of lamps “in series” burning—then
there will be more current forced through the fields, more
magnetism in the magnets, more electro-motive foree gen-
erated, more work done, and more power required.  \When
some of the lamps are switched out the resistance of the
lamp circuit falls and less current puasses through the
fields, and consequently the magnetism is lessened and as
a result the electro-motive force falls; so you see that if
the wire in the fields was of exactly the required nummber
of turns and had just the correct resistance, the
dynamo would be self-regulating if there were no other
causes for disturbance, but as there are several disturbing
canses, it is impossible to make an ordinary shunt wound

dynamo self-regulating, )

These dynamos are regulated in a very simple manner
which will be explained under the head of * Regulation ™
where the various methods of dynamo l‘ugu]:ttinh will he
clearly explained and fully illustrated by cuts.

SERIES WOUND DYNAMOS.

In a series wound dynamo, Fig. 5, you will notice by
tracing the wire, that all of the current passes through the
field-coils and the wire is larger than in a shunt dynamo
for it has a greater amount of current to carry, and as the
current develops considerable heat the wire must neces-
sarily be large enough to carry the current without devel-
oping more heat than the insulation can stand hefore
losing its insulating qualities.

The heating properties of currents and the carrying
capacity of wires will he spoken of in their proper places.
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CONSTANT CURRENT AND CONSTANT POTENTIAL DYNAMOS,

The distingnishing feature between constant current
and constant potential dynamos is, that in the constant
current dynamo the regulation is arranged in such a
manner that the current or amperes never rise above or
fall helow o given number, while the e. m. f. is regulated
according to the changes in the resistance of the eircuit.
Constant potential dynamos are so regulated that the
potential, or . m. f. remains the zame, as, for example, at
100 volts while the mnperes vary to meet the requirements
of the work.,  Constant current is used almost exclusively
in sevies lighting, with both are and incandescent lamps.
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Fiy. 7.—Serics System.
D—Dynamo. X—Lamps.

Where incandescent lamps ave placed in series a con-
stant current is necessary, for it requires the same amperes
of current to produce light in one lamp as in a dozen, and
the same current passes successively through each lamp.
To explain this more fully, we will take an are light plant
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of twenty lamps in series, Fig. 7. Arc lamps of the dif-
ferent makes require from six and one-half’ to twenty-three
amperes of current to produce the required candle power.
For this explanation we will consider that we have Lunps
requiring ten amperes and fifty volts, so twenty of these
lamps would require twenty times fifty, or one thousand
volts, for here, you will understand, the resistance of the
lamp, when burning at its full candle power, is five ohms,
and to drive ten amperes through five ohms requires ten
(amperes) times five (ohms) which is fifty volts, for, ns you
will remember, it was explained before that it required
volts of e. m. f. to force the amperes (current) through the
ohms (resistance). Now each lamp consuming fifty volts
(pressure) in doing the work, there is, of course, a ** loss of
potential * of that amount—fifty volts, at each lamp.
Now if one-half, or ten of these lamps be cut out, one-half
of the resistance is removed and, of course, only one-half
of the e. m. f. will be required to force the same amount
of current (ten amperes) through the remaining lamps.

In t‘}_‘e constant potential systems the lamps arve placed
in multiple arc, as it is called, the lamps being connected
between the mains, as shown in Fig. 8. Here constant
pressure or potential is required on the mains, and the
current changes according to the number of lamps.

The different makes of incandescent Lunps are of dit-
ferent resistances, requiring different potential and different
amount of current,

Generally speaking, we can say that the greater the resist-
ance of the lamp the less current required but a greater
potential is necessary, We will take a lamp requiring 75
volts and one ampere to produce the required candle power,
and by referring to the diagram, Fig. §, you will notice that
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us long as the potential is kept the same between the two
maing, that an equal amount of current will pass throngh
vach lamp, i lamps of the same resistance are used.
Taking 100 kunps in cireuit, the requirement will be 75
volts and 100 amperes.  Cut out 20 lamps and there would

— 2 —
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Fig. S—Parallel o Multiple Are System.
be a surplus of current that would give one and a quarter
amperes to cach lamp remaining, if the regulator did not
reduce the eurrent to the required amount.  This regula-
tion is produced in several different ways in the different
gystems and a clearexplanation of each will be given when
we come to the subject of regulation.



CHAPTER V.
INCANDESCENT LAMPS,

The incandeseent lamp as shown in Fig. 9, will fairly
represent the principles of the different makes of incan-
descent lnmp now in extensive use in this country. ‘The
lamp consists essentially of the glass bulb «, the carbon
filament b, and the conducting wires . The gluss hulb is
blown on the end ¢f a glass rod, as shown by dotted lines

g, 9.

at (. The filament is made of linen, cotton or silk thread,
paper, cardboard, bamboo-fibre and scveral other sub-
stances, by different manufacturers. The filument is first,
made into the desired shape and size—the horseshoe shape,
as it 15 called, being generally preferred, though it is some-
times given a half spiral twist, or a round turn at the top,
or a wavy or corrugated form, but generally the plain
horseshoe form is preferred as it gives as good results as
any. After the filaments are made to size and shape, they
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e carlonized by being submitted to a high heat in a fur-
Nace and out of contact with air.  That is they are packed
In an jron hox and covered with a substance that will not
burn and that will keep the air from coming in contact
With the filaments; sand, pulverized fire clay and other
Substances are used.  The object is to keep out the air, for
if the air got to the filaments while highly heated they
would be consumed instead of carbonizing. When the
box is full the cover is tightly fastened on and the eracks
luted with fire-clay.  The boxes are then putinto an oven
and kept at o high heat—generally a white heat for a number
of hour< or until they are thoroughly earbonized. In
preparing the substance from which the filunents are
formed, it is treated by chemiecals to break down the
strueture before it is carbonized. This is considered
necessary, by some.

Before carbonization the filaments are trimmed down to
gauge, The less the sectional area the greater the resist-
anee will be for the same length, and consequently the
emaller the amount of current required to heat the filament
to the necessary degree of incandescence to bring it to the
required candle power,

Platinum wire has been used as a filament for lamps,
but its cost was considerable and carbon has been found to
give fully as good, if not better results, so its nse has,
practically, been discontinued for the present.

It has been considered desirable to make the resistance
of the filaments very high, but as this is accomplished by
reducing the sectional avea a limit was soon reached below
which it was impracticable to go on account of the fila-
ments being too easily broken. After the filuments have
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been prepared as deseribed above they are connected to
the platinum wires marked c.

These platinum wires are passed through
flared at one end and the opposite end of the tube scaled
around them by softening the glass and with a pair of
pliers squeezing it tightly together,as at /. Platinum wire
is used in this place in preference to any other material
because its expansion and contraction is more nearly the
game as glass than any other metal.  If the expansion and
contraction of these wires was much different from that of
the glass, an opening would be made throngh which air
would soon work into the globe and that would put an
end fo that lamp, for the carbon filament would innnedi-
ately bHurn off.

This joint between the carbon and the wires ¢, i= made
in different ways by different manufacturers.

In some lamps the filaments have been mwiade with
flattened ends and fastened between clamps, formed by the
end of the wires and held by a screw. '

Another way is to copperplate the ends of the fil:unent
and solder to the wires. In another lamp the carbon is
fastened to the wires by a cement especially devised for
this purpose.  Just below where the wires pass through
the glass a copper wire ¢ is usually soldered on to the
short platinum wires. This is done as a matter of economy.
After the filuments are connected to the conducting wires
they are in most cases placed in a hydro-carbon lic puid and
w current of electricity passed through them that raises
the filaments to incandescence by which the resistance of
the filament is equalized throughout its length by carbon,
from the vapor, being deposited on those parts of the
filament that become the more highly heated. This pro-
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“ess is technically called = flashing.” The filament isnext
Placed inside the bulb and the ends of the tube and bulb
fused together, as shown st d. A cap is placed over the
N, and fastened, with plaster of paris, usually. Various
Wavs of connecting the wires to these caps so they may be
readily connected to the lamp sockets are resorted to and
eich manufacturer seems to have a different way, which
are all more or less convenient and reliable in practice.

The lamp is now ready to be “exhausted.” The tube
from which the bulb was blown (shown by dotted lines
Gi,) is now connected to the  vacuum pump ™ and the air
exhausted until the desired degree of exhaustion is pro-
duced, This i= determined by frictional or static elec-
tricity.

You can test any of your lamps to show the degree of
vacuum by holding the lamp near a belt that gives ofl’
cleetricity.  If a plume of purple or bluish colored light
shows inside the bulb, that bulb is not well exhausted, it
contains air and the lamp will be short lived. But if
dazzling white sparks show themselves on the glass and a
snapping sound iz heard at the same time, you may be
satisfied that that Jamp contains a very good vacuum.
The caunses of short life in an incandescent lamp are
usually considered to be poor vacuum, poor quality of
filament, though this last does not usually occur in any of
the lamps of the well known systems.  The jarin handling
sometimes causes n slight fracture in the carbon filament
that will necessarily result in its burning oft' at that spot
in a very short time.

Running the lamps above their rated candle-power will
shorten the life most materially if continued even for a
very short time. Allowing the candle-power to fluctuate
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is also spoken of ag a cause for their burning out. It is,
at least, very bad practice and shows a lack of care or
interest in the plant.

If you keep your circuits free from grounds—und this
48 an exceedingly essential pointin any system. of cleetric Lighting
—and keep your brushes and commutators in good order
you will not be troubled very much by lamps burning out
before their gueranteed time.

The author has had charge of plants of different =ys-
tems where lamps by the dozens could be shown that had
burned more than twelve hundred hours and a1 few that
had given as high as sixteen hundred hours’ service. A
large part of this result is attributed to the strict observ-
ance of the points mentioned above.

Incandescent lJamps are yun on at least four different
systems,

IN SERIES,

Lamps nsed in series with are lamps are usually of low
resistance, generally four and one-half or five ohins and
requiring nine to ten amperes of current. This kind of
Jamp i3 designed to take the place of an are kunp and may
be placed in any part of the circuit. The carbon in lunps
of this kind is shorter and much thicker than in Lunps
used in multiple arc. The carbon being shorter and
thicker reduces the resistance in two ways, for, as you will
remember, it was mentioned in a former portion of these
articles that the resistance varied as the length of con-
ductor. Consequently the shorter the conductor the less
the resistance. And in another way—the greater the
eross sectional area the less the resistance foritis the muass
of the material that conduets and not the surface, as many
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SUppose,  The earbon being thicker reguires more amperes
Of current to heat it to the required degree of incan-
deseence,

Incandescent lunps used in series require an automatie
“Ut-out that will instantly close the eireuit whenever the
lmp hurns out: otherwise an are would be formed be-
tween the ends of the broken carbon which would soon be
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- Fig. 10.—Automatic Cut-0ff.

consumed, the glass melted and consequences more or less
serious, according to the surroundings, would follow.  The
cut-outs uscd for this purpose vary considerable in style
but their principles ave the same.  The one illustrated in
Fig. 10, will give a general idea of them all.

This consists of an electro-magnet wound with fine
wire and connected around the lamp,  This wire hag a
resistance so high that only about one per cent. of the
current passes throngh it while the luup is in action; but
should the lamp burn out, enough current is forced
through the fine wire to increase the magnetism of the
core suflicient to attract the armature and close the circuit
through the larger wire at ¢. This larger wire is also
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wound around the core with a few turns which scrves to
keep the core magnetized and that keeps the armature in
place, allowing the current a free passage around the lamp
until & new lamp is put in. A diagrimn of the series
gystem is given in Fig. 7.

MULTIPLE ARC.

A diagram of the multiple are system is shown in Fig
8. In this system any lamp can be turned on or off at
will by simply turning the turn-off, in the lamp-holder,
which makes or breaks the circuit through that one Iump
only and does not in any way interfere with any of the
other lamps

MULTIPLE SERIES SYSTEM.
This is another system by which incandescent lamps
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Fig. 11.—Multiple-Series System.

are used on long distance lines and is & combination of the
series and multiple arc or parallel systems.

In this system the lamps are placed in parallel or
multiple arc and these groups are connecterd to the line in
series with arc lamps as shown in Fig. 11,

A
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In this system any make of incandescent lamps may
be used with ve ry good results, the requirement being that
the number of lamps be suflicient to consume the whole
Amount of current; as, for instance you wish to use lamps
Teénuiring one ampere and your current on the line is a ten
ampere current, then you would place ten lamps in parallel
in the loop and if the lamps are all of the same resistance
they will each get the same amount of current. It isnot
Necessary that the lamps be placed as shownin the sketch,
Fig. 11, but may be placed in any position desired so that
they are connected to the loop in parallel. The cut-out
may be placed in any convenient position and connected
to any part of the loop. Connection being made so that
the wires from the cut-out are attached to the mains in
multiple arc, in the same manner as the wires leading to
the lamps.

The cut-outs used in this system are adjusted so that,
when, from any cause, a lamp is extinguished the cut-out
closes and a short cireuit is made through the eut-out and
a path of low resistance is offered for the current.  In such
a case all the lamps are extinguished, for, if’ the remaining
Iamps were allowed to burm each would receive more
current than it required and would very soon burn out.
The main circuit wires may be connected to any part of
the parallel loop, in the same manner as the cut-out is
attached.  As many of these loops as are reguired may be
connected in series, each loop having its separate cut-out,
until the full capacity of the dynamo is reached.

A serious objeetion 1o this method of lighting is that
all the lamps must burn if any do and all must be
extinguished if one is.  This renders this system imprac-
ticable for lighting dwellings or small stores where only a
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single loop i8 used. But in larger spaces where mnny

lamps are required the different loops may be so inter-

woven that if one loop is extinguished the lamips= from

~ another loop would give plenty of light until the hurnt out

lamp was replaced, when they could all be started aeain.

A good feature of this system is that the loops miny be

put into any part of the circuit, at any distance from the
dynamo the same as an are Jamp.

Several cut-outs for the multiple geries svstem have

more or less fully.
of multiple-series cut-out that
thers, in that, instead of cutting

been devised, all answering 1 purpose
Fig. 12, shows one style
differs somewhat from the o

-

Fig. 12— 3fi115,3,.

Series Chut-Out.
out all the lamps, in case o

i 1¢ should become extinguished,
it brings three other lamps into the circuit, thus allowing
all of them to burn hut at g reduced candle-power.

The wires from the mains are brought to the binding-
posts P P'.

N = 5 .. e RS
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A fine wire leading from the binding-posts to the
l'llf:-tm."mgm-( forms the coil as shown at ¢. This coil,
‘"'i“.‘-' in shunt allows a very small portion of the current
L0 pass that way at all times ; but not enough to seriously
terfore with the light of the lamps. Should one lamip
buyrp out or become extinguished from any cause, more
current is forced through the fine wire of the magnet and
the armature . is drawn to the core. This action brings
iNto contact the two wires at ¢, and the lamps marked
1, 2 3. which are comnected in multiple-are to the binding-
post P, and the plate ¢ are introduced into the cireuit
with the remaining lamps and the candle-power of all the
lamips is reduced to such an extent that attention is called
to it when the defective lamp ean easily be found and
replaced with a good one; then by closing the switch g,
for an instant the armature drops, allowing the wires to
separate at ¢, which cuts out of cireuit the lamps 1, 2, 3,
and  allows the other lamps to burn at their normal
brilliancy. ‘The coarser wire leading trom the plate ¢, and
around the end of the core, o few turns, is for the purpose
of keeping the core magnetized and retaining the armature
in position while the lamps 1, 2,3, are in cirenit, otherwise
the current having a path of less resistance through the
Lunps the armature would fall and open the eireuit which
would eause an are to form between the wires at ¢, which
would soon destroy the cut-out.

Another system that was devised for incandeseent long
distanee lighting, hut which has never been extensively
used, is shown in Fig, 13, Inthis system a certain number
of lamps are placed in servies and each series is connected
to the mains in multiple are.  Each series must be of the
saune resistance as each of the other series. In this way
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incandescent lamps may be run at considerable distance
from the dynamo with a small size of line wire. Each
lamp should be provided with an automatic cut-out
that will throw an equal resistance into place for each
Jamp that is turned off or that bums out, otherwise each
lamp in the series will be extinguished by the opening

Fiy. 13.—Multiple-Sevies System.
of the circuit. Or if the cut-out has less resistance than
a Jamp the other lamps would receive more cyrrent than
required and soon burn out.

Another system of long-distance multiple-sepies Jje
is shown in Fig. 1. In this system, as yse] ""\_ i
Heisler Electric Light Company in St. Louis, «j sepurite
circuits were run direct from the collectors of ll“.. sepir
in diflerent directions through neighboring

hting

dynzano,
blocks for

—\
< -

Fiyp. 14.—Multiple-Series System.

some distance from the station. Each cireuit coppies forty
incandescent lamps of high candle-power, in series. and o
single return wire is used for the six different Lyanehoes.
The resistance of the different branches is equalized by a
rheostat in each branch, placed near the dynamo,
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THE THREE-WIRE SYsTEM.

The three-wire system was devised for ineandescent
lighting over long distances, and a great saving of wire is
mide hy the use of this system of distribution.

It is elaimed, by some, that asaving of as mneh as sixty
per cent, in the amount of wire can be made by the use of
this system over that of the two-wire system.  Others
limit the amount saved at twenty-five per cent.

The diagram Fig. 15 will show the plan of wiring and
conneeting to dynamnos,
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Fig. 15.—Three-Wire Systen.

Two dynamos are used, and they are connected in series
to increase the e. m. .. for the objeet is to cover long
distances and for this purpose o high e, m. £ is necessary.

The wires arve led o’ from the dynamos as shown in the
diagram. The nuaddle wire is ealled the aweuteal wire,
beeause it is neither the positive nor the negative, but it
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18+ to the — wire and — to the +. The two dynamos,
D D, being in series, makes the potential cqual to their
combined e m. f. Supposing the dynamos to zive each
100 volts, the potential between the + and — wires would
be 200 volts, and between the + and neutral wires 100
volts, and the same between the neutral and the — wires.
With this potential, 100 volt lamps would be used. £ the
neutral wire was disconnected from the dynamos the lamps
would "il’tllillly b(: in lnll]lip](: series, You will also
notice that ifone dynzuun S]lOll](l become disabled, « -l If
of the lamps wonld still be available. for they would be in
parallel on one dynamo. In case of an accident of this
kind, o bnilding wired on thissystem would not he wholly
dcpri‘vcd of light, for one-half of the lamps would be left
burning.

By the use of the three-wire system a higher potential
may be used, .und smaller wire will carry the re juired
current for a given number of lamps th -
sible on the continuous enrrent P
Jamps now in use,

an “"’”l‘l "L‘ !N'."'
wallel systemn with any

In this system it js Nécessary that an equal number of
lamps be kept in action, to maintain the balance on cach
side of the neutral wire, for if a number of lamps be turned
on or off on either side, the resistance then being unequal,
some of the lml]ps would burn much lbl‘ighlcl‘ than otheors.

As it is not practicable tokeep an even number of Lunps
on each side when consumers tumn on or off their lamps
to suit their convenience, it hecomes necessary to provide
near the dynamos means by which the cirenits may be
kept balanced.  This is usually accomplished by rheostats
or resistances conneeted in the field civeuit of the dynamos

as shown at 2 R, on the diagram. By the use of these, the

RIS s
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current produce ed by eithey dynamo nuy be regulated s

18 to compensate for the ¢ hange in the number of lamps,
and in this way the civeuit is kept at a balance and the
lamps on hoth cir uits will hurp with thesame brillianey.




CHAPTER VI.
THE ARC LIGHT.

: When & current of electricity of sufficient volume
(n!’npexes) is PﬂSSed thmugh two carbon  rods, aned the
pt_n_nts_ are then Hlightly geparated, as shown in Fig. 16, a
light s produced sntensely brilliant and dazzlingly white,
equalled only by the noonday sun in o cloudless sky. This
is ealled the “are” light, hecause the clectricity, in passing
between the points, does not keep to a strui;.;ht line, but
forms & curve or are of a circle Jike
The arc may be formed b
of conduetor, but carbon ap
that will givea purely )it
& light sheien TIIOre or less colored by disagreeable shades.
But carbon points, when they are kept at the proper dis-
tanc? npm.'t, varying according to the amount of current
passing, give a pure white, steady, quiet light that is as
satisfactory as any artificial light in use. The complaints
against the are system of lighting are not made because of
any fault in the are light itself, neither are the latps or
systems often at fault, for the machinery is well made and
quite capable of doing all that it is guaranteed to do in
the way of producing a good, steady light. (The amount of
horse power perJamp varies considerable between some of
the many different “ systems ).
Unsteadiness of the light, hissing, flickering, flaming,
blazing up, dying down, cutting out, and the various other

this ~.

twveen the points of any kind
pears 1o be the only substance
light, all other materials giving
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trouhles for which the are light systems are so often hlamed,
are seldom the fault of the svstems, but, rather, the diffi-
culties can be most frequently traced to a lack of attention
to details or an insufliciency of “xyxow mow” in the
attendants.

The are Tight, when it is as it is intended to be, and it is
quite easy to keep it so, is represented, as well as is pos-
sible with printer’s ink, in Fig. 16.

Fig. 16.—The Ave Light.

The current passes from the top carbon to the bot-
tom one and you will notice that the upper carbon has
a small depression in the end. This always forms
after the light has burned a moment, and is ealled the
“erater,” on account of its resemblance to the crater of a
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voleano. From this point we obtain the most light, and
for that reason the positive carbon is always placed at the
top in arc lamps, so that the greater amount of light

~may be reflected downward. The positive carbon also
becomes white hot for some distance from the end,
varying with the number of amperes of current passing.
Some light is obtained from this incandescent portion of
the carbon. The extreme end of the negative carbon also
becomes white hot, mmd gives o small amount of light.
The globe shaped aurecla surrounding the points of the
carhons gives a large portion of the light from the numer-
ous dust-like particles of white hot carbon that are loosened
from the end of the positive carbon, and 2 portion of which
are vaporized in the are.  Little spots of what appeiar to
be melted carbon appears at different plices near the end
of ench.cnrbml rod and from these small spots some light
is obtained.  The upper carbon wastes away about twice
as fast 135 the lower Cﬂl‘bon, and for that reason the upper
carbon 18 made twice the length of the lower.

The distance between the points of the carbons, at which
the best effects are obtained, depends upon the number of
amperes of current passing, and varies between 4" in
twenty-two to twenty-five ampere currents, and 243" to 1"
in eight and one-half to ten ampere systems.

When the full are is formed, the light is all that is
desired, for then it is quict and brilliant. For inside
lighting the full glare of the arc is too intense, and should
be subdued by poredain or opad shades, which diffuse the
light and subdue the shadows. Ground glass globes are
not desirable for they magnify any change in the light an
cast disagreeable shadows. Clear shades muake the light
100 intense for inside use, and cast heavy black shadows.
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A sketeh of the shapes of carbons under three different
conditions of burning may he of service.
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Fig. 17.

Fig, 77 shows at 1. the shape of the carbons when the
are is too short; 2, shows the shape of carbons when
the are is just about right ; and 3, shows the shape they
will assume when the are is too long.  Examine the arc
while the lamp is burning, and you can learn considerable
about the actions of the lamp that cannot be ascertained
as well in any other way. Use a piece of smoked or
colored glass to protect the eyes.

ARC LAMPS,

To maintain a constant distance between the carbon
points, which is necessary for a steady light, many different
styles of lamps have been brought into use, nearly all of
which will give satisfactory results if taken care of.



64 Regulating and Cul-Out Mechanis.

The details of construction vary more or less in the
different makes of lamps, but the principles are similar in
all, and a deseription of one or two will enable vou to
understand the others after a little exammnation.

REGULATING AND CUT-OUT MECHANISM OF ARC LAMPS,

Arc lamps, as far as heard from, all work on the * differ-
ential 7 prineciple, that is, a shunt of high resistance around
the arc.

One styleof lamp—the “Brush "—is illustrated. front
view in Fig. I8, and side view in Fig. 79. Tl letters
apply to same parts in bhoth.

The action of the current on these lamps is as follows :
Where the current enters, on the positive side, there are
four wires, Z, 2, 3, 4, soldered together, three of them
through which the current ean pasg while the Luup is
burning.  The large wires, 2 and 3, lead to the solenoids
or lifting magnets, A A (shown in seetion in cut Fig. 20).
There are two layers of these wires, and the inner end of
each i8 goldered to the brass spool on which they are
wound. These wires are connected in parallel or multiple
are.

The fine wire, 4, is wound on outside the coarse wire,
insulated from it and connected in such o manner that the
current flowing through it passes in the opposite divection to
that flowing through the coarser wire. This wire is « juite
small and of great length, consequently it is of high resist-
ance, and must necessarily be so, for it is continuous from
the + binding-post to the — binding-post, forming a
“shunt” around the arc, leading, as it does, from the -+
side of the lamp into the solenoid on that side and out of
there into the — solenoid, through that and into the cut-
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Figg. 18.—Brush Lamp, Front View.

A .1, Lifting magnets or solenoids.
B B, Cores.

b, Armature.

' (! Carbon rods.

¢ ¢, Clutch.

D, Lifting lever.

F, Contact hrush.
¢/, Dash pot.

H, Lifting spring.

f, Cut-out magnet.
J, Cut-out armature.
K, Resistance coil.
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out magnet /,and from there it reaches the — binding-post
by way of the coarse wire, as shown at ' (Fig. /58, » here
the two wires are soldered together. This wire having
such great resistance allows but a very small portion of
the current, about one per cent., to pass through the<hunt
when the are is at its usual length, Now, the action of the
lamp (all arc lamps) is as follows: The current entering
at the + binding-posts and passing through wires 2. 5.
around the lifting magnets A A, through the spools to the
box holding the mechanism of the lamp, then into the
carbon rod, by way of the contact brushes I, along the rod
to the upper carbon, then through the lower carbon and
the frame of the lamp (not shown in the cut), by way of
an insulated cable to the — binding-post and thence to
the continuation of the line. The current passing through
the coarse wire of the solenoids energises them, and the
cores B B are sucked into the spools raising the lifting
lever D, Fig. 19, and the clutch e, raising the rod ¢, and
separating the carbon points, forms the arc as shown in
Fig. 16.

The formation of the arc introduces a certain amount
of resistance at that point, and causes a small percentage
of the current to flow through the fine wire shunt, as
already explained. As long as the arc is of the required
length the lamp burns steadily and quietly, but as the
carbons wear away and the arc becomes slightly longer and
consequently of greater resistance, a larger portion of the
current is forced through the shunt, and the effect of this
is to overcome the magnetic pull of the coarse wire coils,
allowing the cores, B B, to gettle slowly down, and the
lifting lever, through its connections, loosens the clutch,
the carbon rod slides slowly down, the arc is shortened,
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the resistance lessened, and the amount of current passing
through the shunt is deereased and the lifting magnets
become a tritle stronger, and the clutch again grasps the
rod s it is held stationary until the are again lengthens,
when the same changes ave repeated. As long as the

Fig. 19.—Side View of Mechanism of Are Lamp.

mechanisin of the lamp works pegfectly free, and the ave is
adjusted to the amount of current flowing, these changes
will fake place with such regularity that no perceptible
change can be noticed in the light. It is even a difficult
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matter to notice by the eve alone any change whatever in
any of the mechanism of the lamp, even the cores, which
have the greatest range of movement, move =o little as to
be searcely perceptible when the lamp is clean and working
as free as an arc lamp should.

If the mechanism of the lamp does nct work with
perfect freedom—especially the cores B B, inside the hrass
gpools—the result will be anything but satisfactory, for
should there be any hindrance to the free movement of any
of the mechanism the current would not he strong enough
to separate the carbons sufficient to form a full are, and the
result will be poor light for a few moments, then the light
will gain strength and burn with its true brilliance and
steadiness for a short time, then flame a little, and all of a
sudden down it goes, away down, and then someone ecalls
attention to that lamp with language more forcible than
polite. Another cause of trouble in an arc lamp is o sticky
rod. If the rod is sticky the lamp cannot work well, for
there is an clement working in opposition to the fine
sensitiveness of the shunt and the mechanisin that it
controls. In the cuts, Figs. 18 and 19, you will notice
that in one a double lamp is shown, while the other shows
asingle lamp. The electrical action in each is exactly
gimilar, and the mechanical part differs only in the lifting
lever and its connection to the annular elutches. You
will notice that the hooked portion in the double lamyp is
double and lifts the two clutches, while in the other it is
single, in the single lamp the lifting lever encireles the rod,
while in the double it passes between the rods.

In the double lamp the clutches do not fit as closely on
one rod as on the other. When facing the lamp, as shown
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in the cut, the positive side of lamp is on the right, and
the rod on that side iz called the + rod, the one on the left
is the negative.

In fitting the ¢lutehes to the rods, the one on the nega-
tive rod must fit enough closer than the other so that when
‘the end of the lifting lever has raised about one-quarter of
an inch from its position of rest it will commence to lift
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Fig. 20,

the rod ; but the cluteh should not eatch the positive rod
until the end of the lever has raised nearly one-half inch,

The reasen for this is that the carbons on the negative
side are separated to some distance, while the current is
still passing through the carbons on the positive side and
they are till in contact. This arrangement causes the are
to form on the 4+ side when the current is first turned on
and if the adjustment is about right that side alone will
burn until the carbons are fully consumed. As soon as
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this takes place the flow of current through the shunt
increases, and the armature settles down sufficient to allow
the negative carbons to come together, when the flow of
current changes to the negative side and an are is immed-
iately formed there.

If the clutches are not correctly fitted to the rods, or
if the adjustment of arc is not right, the arc will change
from side to side, and an unsatisfactory light will be the
result. The annular cluteh is simply a brass washer about
13” putside diameter and 4" inside diameter and 24"
thick.

In cage the lamp works badly and the rod does not feed
down, the resistance of the arc becomes s0 great that an
extra amount of eurrent is forced through the shunt,
soon causes asuflicient magnetism in the cut-out magnet 7
to attract the armature J, which completes a short circuit
of low resistance through thewire 1 (Fig. 18), the resistance
coil K, the armature J, the coarse wire of the cut-out
magnet I, and on through the wire 1’ to the — binding-
post. This short circuit takes the current from the solen-
oids, and by throwing them out of action will allow the
rod to feed down if it is not stuck fust. Should the rod
feed down and the carbons come together, then the path of
least resistance for the current is through the lifting magnets
and on through the carbons, for the coil K offers more
resistance than the other path, and as soon us the circuit
is complete through the carbons the armature J falls, the
lamp starts up, and the arc again forms.

In gomestyles of lamps, when the cut-out acts, the lamp

does not start up again, even if the carbons do come
together, until the switch has been closed and opened
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again, the makers elaiming that it isbetter to know if a lamp
is in bad order and have it repaired at once than to leave
a faulty lnmp in eireuit to annoy the persons depending
on it.

In the lamp we are deseribing several reasons will he
found for the rods sticking, nand awhile this seldom oceurs,
itis well to know the causes and their remedy.  One source
of the trouble is a bent rod,  If therod be bent by careless

handling, or in any other manner, it will frequently cause’

the rod to stick so that it will fail to feed. 1f the rod, when
pushed up, strikes against the chimney it will cause the
rod to stick and if the lamp does not remain ent out it
will at least burn badly.  Another reason for this trouble
will be found in particles of fine wire hecoming broken
or burnt oft the contact bhrushes and falling into the cluteh,
wedging the rod so it cannot feed. The remedy for this
last is to keep the brushes in good contact with the rod, yet
not too tight, and if the fine wires become badly bent
throw the hrush away and replace it with a new one.

If the pressurcof the brush # on the rod is not suflicient
to produce good contact, small ares will he formed between
the vod and hrash, which will cause burnt spots on the
rod, and will also burn the fine wires of which the brush is
formed.

The dash pots, (7, in lamps are for the purpose of prevent-
ing any sudden movement in the mechanism. The rod of
the dash pot sometimes causes the lamp to act badly by
becoming corroded where it passes through the cap. A
noteh sometimes forms in the rvod, at this place, through
corrogive action and wear that is quite sufficient to prevent
its free action and this simple thing, as well as anything
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else that prevents the absolutely free action of any part of
the mechanism of a lamp, will cause an unsatisfactory light.

The length of arec may be regulated by the adjusting
serew h, and the lifting spring A which assists the current
in lifting the weight of the armature and cores.

Loose contacts in any part of the cirecuit about a laaup
will surely cause trouble,

Cables, which are made of very fine wires and covered
with insulation, often cause trouble by an end of wire
working through the covering and coming in contact with
some part of the lamp and making a short circuit for u
portion of the current. This occasionally oceurs, and it is
sometimes a difficult matter to locate the fanlt. but it can
be done by disconnecting one wire after another and
testing after each connection is broken until the fault i<
located. Of course, you will understand that the Ly
must be out of the circuit when testing for short cirenits.

It would be a difficult matter to deseribe, in detail, the
different arc lamps that are in gencral use at the present
time, but there are the same principles in all, thongh the
details vary more or less in each system. In one style of
lamp there will be four hollow magnets or solenoids ; two
will be wound with coarse wire to do the lifting, and two
others wound with fine wire and connected in shunt to nct
in opposition to the coarse wire magnets, and through the
mechanism produce the feed.

Other lamps have but two magnets, one coarse and one
fine wire, All arc lamps have, or should have, a cut-out
to close a short circnit through the lamp if the carbon rods
become stuck, or for any reason fail to feed down when the
arc becomes dangerously long.  The cut-out in some lamps
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depends on coils of higher resistance than that of the
demagnetizing or shunt coils, and only act when the shunt
coils fail to cause the carbons to feed.

Let me say here that these shunt coils of high
resistance, which allow only a small portion of the cur-
rent to flow through them, are made up of a very great
nmmber of turns, and the magnetic effect is greater than
that of the coarse wire magnet of few turns and more cur-
rent flowing. To make this fact more plain, let us sup-
pose that in one case there are fifty turns of wire on the
spool and eight amperes of current flowing through, then
there would be fifty times eight or four hundred ampere
turns, and the strength of the magnet would be that due to
400 ampere turns.  Now, the fine wire coil may have 5,000
turns and be of such vesistance that only one per cent. of
the current or ¢ight one hundreths of an ampere will flow
through. Such being the case, we multiply 5,000 by .08,
and that gives us 400 mmpere turns and o magnetie
etrength equal to what we have in the coarse wire coil.
And this is what we want whea the are is of the right length.
Any slight difference from this balance may be regulated
by the lifting =pring and adjusting screw. The coils do
not have as much resistance as that mentioned above, the
ficures used are given merely to illustrate the idea.

As the are grows longer, it necessarily offers greater
resistance and less eurrent passes that way, and more cur-
rent passes through the fine wire coils.

THY CLOCK-WORK LAMP.

Another style of lamp is the clock-work lamp, differ-
ing from the others in no essential point except that the
feed of the carbon rod is regulated by a train of gearing
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instead of by a clutch. In this style of lamp (Fig. 21),
the rod € has arack (or serrations) on one side that engages
with a sinall toothed wheel or pinion that is on the same
shaft with a larger wheel that engages with another pinion
and wheel that connects to a small fan

Fig. 21.

The action of this lamp may be explained as follows:
The current being turned on to the lamp the coarse wire
magnet A is energized and lifts the armature and the bar
D), which carries the train of gearing and the end of the
fan f comes in contact with the end of the screw s. This
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prevents any farther rotation of the gearing and the farther
movement of the lever 2 lifts the carbon rod, and the arc
i= formeil.

When the are becomes too long, current is shunted
throuzh the fine wire magnet B, the lever is pulled down
sufficient to allow the fan to pass the stop & the rod then
feeds a noteh or two, which shortens the are and lessens
its resistance, and the current ceases to flow so strongly
through the fine wire, which allows the lever D to raise
sufliciently to bring the fan again in contact with the stop
% The length of are is rezulated by the adjusting serew a,
the lever b, and the lifting spring L, the same as in the
other style of lamp shown in Figs. 18 and 19. There is
but very little choice in the different styles or makesof are
lamps, as they will, one and all, give satisfactory results if
kept elean and in good order.

There are are lamps having peculiarities of their own,
but as the prineiples do not differ in any material point
from the ones deseribed, it is not considered necessary to
illustrate them, as all contain the lifting magnets or solen-
oidg, o elutel of some kind, and the shunt coil of high
resistance. A description of one will give a very good
understanding of the workings of all.



CHAPTER VII.
COMMUTATORS AND BRUSHES,

The commutator or ‘collector of a dynamo is used for
changing the alternating currents, us produced in the
armature, to continuous currents, as delivered to the lines.
You will remember that in the description of how the cur-

Fig. 22.—Multiple Seqment Commutalor.

rent is produced, it was shown that in cach hobbin of wire
in the armature a current in one dircetion was produced
when passing one field magnet, and a current in the oppo-
site direction was generated when passing under the influ-
ence of the other field. The commutator transfers these

———
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currents, as they are formed, to the brushes, which convey
them to the lines continuously in one direction. In the
commutator and brushes will be found the greater part of
the difficulties that the engineer in charge of a dynamo
has to contend with in his electrie light plant, but a little
attention to the brushes will generally overcome all the
difticulties. If you have a machine that is defective in
build, why then, of course, you can not make it work
satisfactorily with any amount of attention. Defective
dynamos are not now turned out by any of the old com-
panies, g0 it will not do to suppose that they are defective
in any way until all the points necessary to their good
working condition have been thorougly attended to.

The commutator shown in Fig. 22 is a representation
of a class of commutators used by many different builders,
differing only in the number of sections, the kind of insula-
tion used, and the method of making the connection to the
armature wires.  An explanation of the construction of &
similar commutator was given when deseribing Fig. 2. It
is an excellent working commutator, and answers every
purpose.

The commutator shown in Fig. 23 is the style used on
the Thompson-Houston are light dynamos, and has three
segments, to which are connected the outer ends of the
armature coils, three in number. The framework of this
commutator is, of course, insulated from the shaft, and
the wires are brought outside the shaft bearing through
the center of the shaft, which is hollow, for some distance
from the end. The construction of this commutator is
such that it is seldom necessary to do any fitting to the
segments farther than to merely attach them with screws.
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The commutator used on the machines (arc, incan-
dezcent and motors) of the Brush system, is shown in Fig.
24. The inner part is of wood, bored to fit the shaft; ont-
side of this is wound a number of layers of varnished
paper, and on this, brass segments are fastened by serews
which take hold in the wooden core. These hrass seu-
ments are separated about } inch from each other, and
require no insulation between, except the air space, which
i8 an excellent insnlation of itself.

= &7

Fig. 23 —Three-Seqment Commutator, Brushes and air Blast
of Thompson-Touston Are Dynaino.

The wires from the armature are led through the hol-
low of the shaft to the outside of the journal, where they
are soldered to wires that connect with the segments of
the commutator.

The copper segments that receive the wear of the
brushes are attached to the brass pieces hy screws and can
be easily removed or replaced with new ones.

The same may be said of all commutator segments
that require to be changed occasionally.,

The Brush commutator has either eight or twelve
sections, cight on the smaller and twelve on the larger
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machines, and use four or six brushes, according ns there
are two or three divisions of the commutator. Each
division carries four segments, and these segments are not
comnected  to armature bobbins that immediately follow
caeh other, but, in the smaller machines, to every second
bobhin, and in the larger machines, every third hobbin.
Ench of the divisions are similarly connected, and each
Lrush i= in contaet with two segments two-thirds of the
time,

Fig. 24.—Brush Commutaior, Side and End Views.

The commutators here shown cover the principles of
all the various styles of commutators on are or incandesent
dynamos, or motors of the two pole type.

The care of a commutator is a very simple thing after
the commutator is once put in good order, as it usually is
when new, and should run for an extended length of time
if it is given a very little attention at the right time. Our
experience has taught us a few things to be observed and
attended to as soon as noticed, and we found that our
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troubles were directly proportioned to the length of time
weallowed to pass between the instant when we first notice
an indication of trouble and the time when we remove the
cause of it. Oils, grease, commutator compounds, and all
substances of a like nature, we have found were not necessary
to the smooth running of a commutator-if other things
were taken fully into consideration and acted upon: for
the principal cause of commutator troubles will be found
to have its origin in the brushes.

BRUSHES.

The different styles of brushes used on the various makes
of dynamos and motors may be illustrated by the three
brushes shown in Fig. 25, and marked «, b and ¢. The

«x

AT T ]

Fig. 25 —Digerent Styles of Brushes,

bl’uS?l m'arked , is of rolled copper,
varying in length from 8” to 127, and in width from 13"
to 31", according to the machine they are used on i
brushes are usually set so that the extreme end '
touch the commutator segments, but the bearing is slightly

about 14" thick,

These
does not
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back from the end. It is set to project over in this manner

to prevent the end from catching on the segments if the

machine is, from any eause, rotated backward.,  This seems

an unnecessary precaution, and is wasteful of brushes, for

when et to project over in this manner and they become

badly worn. it is necessary to trim off’ fully twice as much

as would he required if they had been set so as to give
just enough contact.  This style of brush will be found

on the Brush machines of all kinds, and on the Thompson-

Houston are dynumo. Brushes of this kind are guite hard,

and it is necessacy that they should be so, in order that

they may be stifl enough to give them the amount of
pressure thought to be required to keep the machine from

flecshing.

© The brush marked b, is composed of very thin strips
of rolled copper, and varies considerably in the number of
lnyers necessary to produce a brush of the required thick-
ness, One end of the pile of strips is soldered together for
convenicnee in handling.  These brushes ave often hard
enough 1o make troublo,

The brush shown at ¢, is composed of goft copper wires
and strips of soft sheet copper laid into the form represented
in the cut. Being soft, as they are, they produce no
unnecessary wedar on the commutator, and no lubricant is
ever necessary to prevent them from eutting the commu-
tator iff they ave not allowed to wear until the face in
contact hecomes too hroad.

Some dynamos require four brushes set at different
points on the commutator, as shown in Figs. 23 and 26;
this is required on the machines to which they arve applied
to prevent excessive sparking at the brushes in some
cases, and in another case, to keep all of the armature
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bobbins in closed circuit while in a position to generate a
current. One dynamo that we have seen, but never had
any experience with, is encumbered with cight brushes, and
they, each and all. serve a purpose—and it is a very good
dynamo too.

The brushes shown in Fig. 26, are similar to those
shown at b, Fig. 25, but made of heavier material, and on

Fig. 26.—Double Brushes.

one dynamo the brushes used are curved downward as
gshown in Fig. 26,

Brushes of the kind shown at e, ig. 25, are usually set
in contact with the commutator, as shown in Fig. 27.
Brushes like b and ¢ are set as shown in Fig. 28, «, which
shows the correct position for all brushes of this kind.

“In our experience with dynamos, both are and incan-
descent, and with motors, we have found that certain
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causes always show themselves by certain eflects, and the
following list of
TROURLES WITH COMMUTATORS AND BRUSHES,

and their remedy, may he found of interest in helping you
to care for yvour machines with less anxiety to yourself and
greater satisfaction to those depending on the light.

ol ealy

i
1
1

Fig, 27.—Correct Position of Brush.

SPARKING AT THE BRUSHES,—Some styles of dynamos
will spark at the brushes in spite of anything the attendant
an do to prevent it, but many other styles of dynamos
can be run with absolutely no sparks on the commutator.
The first point to be attended to is to get your commutator
perfectly smooth, or as near it as possible, with the means
at your command, for if the commutator is not true you
cannot prevent gparking at the brushes.

If you have a slide-rest, use it, and get your commuta-
tor round and true from end to end. If you have no
slide-rest, a 16” bastard file will do nearly as well. Take
the brushes and brush-holders off, so that vou may have
plenty of room to work. Start the dynamo to turning very
slowly. Hold a piece of chalk so near the commutator
that it will mark all of the high spots. Move the chalk
slowly from end to end of the commutator, so that all high
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places on the full length will be chalked. Stop the
dynamo and amuse yourself filing off those parts that have
been marked by the chalk. If you have noticed while the
dynamo was turning about how much the commutitor
was “out” you can easily tell about how much you will
have to file away to bring it true. File oft' all the places
that have been marked, and then start up again, slowly,
and chalk it again. Repeat the chalking and filing until
the commutator is quite round, and of the swne size from
end to end.

Next get a piece of shingle, thin board, or a picce of
lath, even, will do, and wrap a sheet of No. 00, sand-paper
around it—never use emery paper or emery cloth—for the
emery is linble to get caught between the seginents and
make a short circuit. The particles of sand will not cause
a short circuit even if they should become wedged hetween
segments.  Start the dynamo at a pretty lively speed, and
gmooth the commutator down with the sund-paper, holding
the flat side against the work. [t is not necessary to work
it down to a polished surface, although it would be well if
it were polished. Now that you have your commutator
round and smooth—and it must be o siooth that there
are none of the marks (such as are shown in Fig. 22) left
on the commutator, for the same cause that produced
them will certainly make more trouble if they are not
removed.

Now that you know your commutator is in good shape,
proceed to set your brushes as shown in the cut that
represents the kind of brush you use, being certain that
the points of opposite brushes are diametrically opposite,
as shown by dotted lines in Figs. 26 and 27, and at «, in
Fig. 28, but do not set them as shown at b and ¢ in same
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figure, for if you do set them in such positions they will be
sure fo spark and will eat out the commutator in a manner
similar to that shown in Figs. 22 and 24, a. The pressure

Flig. 28.—a, Corrvect Position ; b, too wmueh Contact ; ¢. Very
Bad Position.
put on the brushes need be only just sufficient to make

good contact. Tt is not necessary to have much pressure to
preserve good contact.  Should the contact be too slight
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it will make itself known by a peculiar noise that is inde-
scribable, being neither a snap, crack or pop, and yet
might be called by either of these names. You may be
sure that the noise will call your attention if you are any-
where near, and after you have once noticed it yon will
easily recognize it the next time. This noise and con-
siderable sparking will always be present when the brushes
do not press heavily enough upon the commutator.

If the brushes are not set with the points directly
opposite, sparking will result.

If the brushes ave set ahead of the neutral line or back
of it they will spark.

When setting four brushes on a commutator that
requires two brushes side by side, it is sometimes diflicult
to get all four of them of an equal length, or evenly
divided on the commutator, one or more of them will
spark more or less.  After rocking the brushes back and
forth a trifle to find the point of Jeast sparking, you can
then tell by the color of the spark whether the brush
should be lengthened or shortened.  When the spark is of
a decidedly greenish color the brush is too short, but if
the spark appears to spatter and shows a reddish hue, then
you will find that the brush is too long, or is so worn that
there is too much of it in contact. By the way, you will
find more trouble arising from having too much of the
brush in contact, than from having too little.

Cutting of commutator, seratehing and eating away of the
segments, is mostly due to the brushes having too much
surface in contact, and inerease of surface requires increase
of pressure to prevent sparking, and too mucli pressure
will wear away the commutator, and having too much of
the face of the brush in contact will cause an edge of the
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segmients to become eaten away (as shown in Fig, 22), and
if not attended to, the commutator will, in a very short
time, become as rough as a corduroy voad.

With the thicker style of brushes (3, ¢, Fig. 25) we have
never found it necessary, even when running at full load,
to have more than one-third of the full end surface of the
brush in contact with the commutator, and farther, we
have found that if we allowed the brush to become so
worn that even one-half of the end surface bore on the
seginents it would cause sparking.

To prevent the necessity for filing the brushes every
day (whicl would be wasteful), 1o keep them in the best
of order, we found that they could, with great advantage,
be turned the other side up and allowed to wear in that
way until the surfice in contact became too great. This
resulted in getting more than twice the amount of work
out of o brush than was possible by filing always from one
side, or trimming the ends square as often as they became
badly worn. If the conmmutator becomes very hot you
will be quitesure to find that your brushes are badly worn
or press too hard,

Flat spots on the commutator, frequently explained by
laying it to soft spots in the copper, we have always found
to result from an entively different cause. When the
marks have the appearance of a blow from the pene of a
hammer, it will generally be found to be caused by a
loozely connected or badly soldered armature wire connec-
tion. A spot of this kind continues to grow larger until
the cause of it is removed and the commutator dressed
down smooth.

At the end of the segments a spark or stream of fire
encireling the whole commutator will sometimes be noticed.
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This may be caused by an accnmulation of oil or cop-
per-dust or dirt, that causes a short circuit., as generally
accounted for, but it will, in most cases, be found that the
insulation is charred or burned through at some place
near where the spark is noticed, and if a careful exami-
nation of the armature wires are made you will find that a
connection is loose or has very poor conductivity. Allow-
ing the commutator to run hot will inerease difticulties of
this kind. Mention has been made of one or two causes
for the commutator running hot.

A dynamo that had been acting .very badly for some
time, carrying sparks in unusnal places, and the com-
mutator getting o0 hot that when an oiled rag was applied
to stop the cutting a cloud of smoke would arise that was
alarming, was found to have nearly every strip of insula-
tion between the segments burned through in several
places, and many of the burnt places were merely small
holes about the size that a pin would make. The insula-
tion was mica. The cause of this was found to e a very
serious case of neglect, aggravated by a lack of knowledge
of how to care for a commutator. The segments were
exceedingly rough, having been eaten away similar to that
shown in Fig. 22, but considerably worse. One hrush was
forcibly held into contact by a wooden brace, one end
resting on the frame of the dynamo and the other end
forced under the outer end of the brush. One brush on
the opposite side was held in contact by a spring fastened
to the floor and attached to the brush.

The man in charge of this dynamo, who of course
called himself an electrician, had a commutator compound
which he considered all that was necessary to keep the
commutator in good order, as he never smoothed the

—y
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commutator with a file or sand paper, relying on his ability
to place the brushes in a position to wear the commutator
evenly.

When the armature was repaired, it was found that the
solder on several of the connections had been melted away
entively.  Had a piece of sand paper been used two or
three times a week to keep the commutator smooth, it
would have saved a large bill for repairg, saved brushes,
saved power, and saved the attendant a great deal of time
and unnecessary trouble.

Another case of relying too much on commutator com-
pounds, and not keeping the brushes in good order, resulted
in a badly burned-out armature.  Many cases of the same
kind have been noticed where the armature has been
badly injured by a lack of attention to the commutator
and brushes.

A large majority of the armatuves that come to the
repair shop have no other injury than that which has been
caused by lack of care with brushes and commutators.

The burning out of armature windings has frequently
been shown to have its primary cause in a rough or uneven
commutator. cansing a break of contact between it and the
hrushes at a wrong position, or if sufficient pressure is
used to keep the hrushes in enough contact to prevent
this, then the danger of too mueh contact presents itself]
and this will cause short cireuiting that will heat the
armature wires so that the insulation will become charred,
and a short eiveuit will be the result, and a short cireuit
in the commutator soon results in a burnt armature.

Another difficulty between commutator and brushes
will be found illustrated in Fig. 24, where the commutator
is eaten away by the erosive action of the current. as
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shown at a, b and ¢, each differing in the extent of the

erosion.

This will be found to result from the brush being lifted
up from one segment by the following segment, a bad cnse
of which, though not exaggerated, is shown at ¢. Although
the commutator may have been turned in the lathe and
the copper segments turned true, still you will find that
the copper segments often are sprung slightly when fastened
on, and while being but very little out of true, will cause
but slight eating away as shown at o, but if not remedied
will continue to get worse and worse, and heating of
segments and armature wires will result.

A slight aggravation of thisz difficulty will produce a
result as represented at b, and may become as bad as shown
at ¢. A commutator allowed to work in

this condition
will surely produce great heating in the

armature, and
may result in hurned insulation and short-circuited coils,

To remedy this difficulty the leading portion of the
Jollowing segment should be filed off, as shown at ¢y this
will allow the brush to remain in contact with the segment
until its full length has passed under the brush. Otherwise
the brush will be lifted off (as shown in the end view )y
and an are will be formed hetween hrush and seement that
will cut away the segment very fast. After fitting new
segments of this kind it is well to try their truth with a
piece of chalk, and file down any high places that may be
found. If the leading edge of each segment is eased off
for about §” back it will result in mnch better wear, and
both commutator and brushes will last much longer.

The scraTeHING and curriNg of commutators is most
frequently caused by the brushes being too hard.  Where
brushes of the style a, Fig. 25, are used, it is always neces-

-t
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sary to use some oil to prevent cutting away of the segments
by friction.

Considerable difference will be noticed between the
wear of the commutator from the brushes being too hard
and that due to the erosive action of the current where
small ares are formed between commutator and brush.
Where the brushes are too hard, the wear is due to friction,
but where the brushes arenot properly set, or have become
o badly worn that they cover too mueh of the commutator,
as is frequently the case with brushes like b, ¢, Fig. 25, the
greater part of the wear will be found to result from the
action of the current.  This action is similar to that which
quses the positive earbon of a lamp to wear away twice as
fast as the negative carbon for the current is in a similar
divection. If any kind of brush is used with too much
pressure on the commutator, it will cause cutting from
Sriction, so' it is always better to set the brushes with just
enough pressure to carry the eurrent.

The Thompson-Houston arc dynamos have an air blast
that forces a jet of air against the point of the brushes,
which assists, materially, in keeping down the sparks and
cooling the commutator, which is quite an advantage. A
small amount of oil is forced through with the air, and
this keeps the commutator well lubricated.

With brushes of the kind marked «, we have obtained
exeellent results in reducing the sparking until it was
wlmost entirely overcome, and the wear of the commutator
reduced to a minimum, by placing two or three thick-
nesses of thin, soft copper under the brushes and extending
from clamp to end of brush.

This brought all the wear on the soft copper strips, and
the brushes acted as springs to hold the soft copper in
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contact. This arrangement produced entirely satisfactory
results, for the sparks were made so small as to he barely
noticed, and the commutator received that dark hrown,
glazed surface that shows that first-class results are being
obtained,and very much less attention to commutator and
brushes was required, as no dressing down of the commu-
tator was required for more than three months’ run of cight
hours per day. This was on a dynamo running 40
arc-lamps.
FLASHING OF DYNAMOS,

Numerous causes have been assigned for this annoy-
ance, but as many of them were the results of faulty
construction, we will not consider them here, for at the
present time all dynamos of any note as at present con-
structed leave no chance for flashing to oceur and if it does
occur something will be found to be out of order.

If the dynamo flashes you will be most apt to find that
the brushes are out of position. Either too far ahead or
too far back, or not get diametrically opposite cach other.
If brushes do not have sufficient pressure to bring them
into the necessary contact, a machine will frequently flash.

Another cause for this difficulty will be found in a hot
commutator. The vapor formed from oil or the aleohol used
in the shellac, where shellac is used on a commutator.
becomes a very good conductor when heated.  We once
experienced two weeks of soul harrowing annoyance from
an arce dynamo that had always had a bad reputation for
flashing and huring out commutators, but fully realizing
that there was a cause for everything, and not taking any
stock in mysteries, we tackled the problem and eventually
located the cause. From the peculiar action of that
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dynamo, all kind of theories were built up to explain ity
andd every part of the dynamo was repeatedly examined
tor faults, and every test suggested was tried with no
benelit. A swinging @round on the line was indicated,
and evervthing appeared to point to that as being the
ciuse of the trouble,

Considerable time was spent in looking for a swinging
contiact.  One night a very thin smoke was seen rising
from the commmutator, which conld be noticed only when
the light was nt a certain angle, and while looking at it the
flashing commenced again, and the commutator caught
fire hefore the current could be turned off.

An examination showed that the comnutator was very
hot, and the ghaft also, though the shaft bearing was not
noticeably warm, until a small spot on the botiom bearing
was found that was quite hot.

The box having wooden liners prevented the upper
portion from becoming warm until the shaft had become
hot enough to cause trouble, and the boxing coming so
close to the commutator gave no chance for placing the
hand on the shaft.

Since that experience we have been able to easily locate
the mysterious cause of flashing on several dynamos of the
same build and on two of a different type.



CHAPTER VIIIL.
CURRENT REGULATION.

In the regulation of current on arc light cireuits, or
where the work is in series, the object is to keep the
amperes of current the same at all times, and vary the
potential as the work requires.

In the parallel or multiple-arc and three-wire systems,
it is necessary to keep the potential constant, while the
amperes of current vary as the work demands.

The current produced in a dynamo depends upon the
amount of magnetism or lines of force in the field, the
length of wire in the armature and the speed at which the
armature wire cuts the lines of force. Soit isevident that
the current may be varied by changes made in any one or
more of these factors, as, for instance, if the magnetism of
the fields is increased, an increase of current will be pro-
duced, and a decrease of magnetism will result in adecrease
of current.

Any change in the speed will produce similar results,
or if the length of wire on the armature that is cutting
lines of force be increased or decreased, the speed and
magnetism remaining the same, the current will change in
very nearly the same ratio. There is still another method
of regulating the current, depending on a different principle
from those mentioned above. You will remember that we
explained in an carlier part of this book that there was
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a point of higher potential on the commutator, at which
the brushes were usually set. It the brushes are changed
from this position, a change in the current will result.
This method of regulation has been employved on several
are light dynmmos,and is still in use on some.  Where the
regulation of current by a change of position of the brushes
is produced automatically, the result is quite satisfactory.
If but two single brushes alone are used, there is generally
considerable sparking at the brushes, while if the brushes
be doubled, or make contact at four different places on the
commutator, the sparking may be entirely subdued. With
a commulator of few segments, it is not practically possible
to wholly avoid the sparking, when regulating by the
brushes alone.

In speaking of the regulation of the electric enrrent, we
must always consider two things: The e. m. f., or potential,
and the amperes, or quantity. The amperes are the result
of e. m. f. through resistance. It has been said that
electromotive force is the only quality which the electrie
current possesses, and a little study of the subject, with the
points already given, may enable you to comprehend it.
So you will understand that the regulation of current in
either system depends on the regulation of the e. m. f.

HAND REGULATION,

This may be produced, on some dynamos, by moving
the brushes on the commutator to positions of higher or
lower potential. On other dynamos this method will
result in producing much sparking at the brushes, without
any great change in the current.

Dynamos having much space between the pole-pieces
vequire the greatest change in the position of the brushes
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for any change in the load on the machine; while dynmmnos
whose pole-pieces come nearer together require less change.

One make of dynamo, which we have handled, required
no change whatever in the lead of the brushes, even when
the load was varied 90 per cent., as was done nearly every
night. In this dynamo the pole-pieces were unusually
close together.

On other dynamos, where there was considerable space
between the pole-pieces, we found it mecessary to move the
brushes for every slight change in the number of lamps.

You may have gathered from what has already been
said that the point of commutation on the commutator lies
at that point which is in contact with the seccetion of
armature wire, which is in position between the poles;
that is, at some part of the space separating the pole-picces,
The exact location of this pdint may vary somewhat in
different machines, due to local causes, bhut the change
required in the position of the brushes, for variations in
the load, will be found to correspond very closely to the
distance between the pole-pieces, when reduced to compare
with the size of the commutator.

BY VARYING THE INTENSITY OF THE FIELD.

A rheostat or set of resistance coils is introduced into
any part of the field cireuit of chunt wound dynamos, and
the current may be varied to any extent within the eapacity
of the dynamo by introducing more or less of the resistance.

The usual form of these regulators is shown in Fig. 290

This is an outside view and will apply to many different
kinds. The interior arrangement differs in form and
material used. In gome, the resistance ig iron wire wound
in open coil—the same as an open coil spring. In others,

>,
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Gernim silver wire is used, and it may be wound in open
coil, similar to the above, or wound on an open rack or
reel with an air space between the wires, and in others you
may find insulated wires of any metal having a high
resistance wound in close coil on a spool. In the latter
ase, the wire is generally wound double.  This is done to
prevent self induction in the wire. If the insulated wire
was wound in close coil and continuously on the spool,

Lig. 29— Resistance Bor for Hand Regulation.

there would be self induction between each turn of the
wire; but where it is wound double the current is passing
in opposite directions through the turns touching each
other, thus preventing self induction. teferring to Fig.
29, you will notice that there is a circle composed of small
strips of brass, slightly separated by air spaces. A lever
extending from the centre of the circle, makes contact
with these pieces through a flat spring of sheet brass.  The
resistance coils are conneoted to the strips in the manner
ghown in Fig. 30. The first strip on the regulator is con-
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nected to one binding post by a short wire, and one end of
the first coil is also soldered to this strip; the other end of
the coil and one end of the zecond coil are soldered to the
next strip, and the remaining coils are connected in the
same manner. This arrangement places the coils in series.
A wire makes connection between the pivot of the lever
and the other binding post. This regulator may be intro-
duced into any part of the field circuit, the end= of thefield
wire being connected to the binding posts.

e 2

Fig. 830,—Resistanee Cils.

By moving the lever around the circle, coil after enil of
resistance is thrown into the field circuit, thus furnishing
an easy method of regulating the current 1o any intensity
desired. In using thiz regulator, all of the resistance is
usually thrown in when starting the dynamo, and it is
necessary to throw it out gradually, allowing the current
to build up slowly. After the current is brought to the
proper intensity, very little change in the regulator is
required to compensate for the changes in the load on the
dynamo.




CHAPTER TX.
THE AMERICAN SYSTEM OF AUTOMATIC CURRENT REGULATION,

The American dynamo is of the gramme type, having
the ring armature, wound in closed cirveuit. The commu-
tator is of the common style. Four brushes, held by two
brush holders, (Fig. 26) make contact at four separate
points on the commutator. The field coils are in scries.
Tn this system the regulation of the current is produced
by changing the position of the brushes. This is effected
automatically by the regulator shown (end view) in Fig.
3l. The methad of its action can be easily understood
from the following deseription: The solenoids S § are
conneeted direeily in the eireuit, the full current passing
through them, and when the current is at the proper
potential, the pull of the solenoids, acting against the
retractile spring f, is just sufficient to hold the lever ¢
midway between the stops ¢ 8. The wheel a (shown by
dotted line) is keyed to the end of the armature shaft.
The friction wheel b has two rims on the back side,
between which the small wheel a revolves. This wheel b
is pivoted to the short arm of the lever ¢, and carries a
pinion which works in the gear wheel d, and this is geared
to the wheel e, its shaft extending through the frame and
carrying on its opposite end a pinion which engages with
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another gear wheel attached to the yoke that earries the
brush holders. If the current should become too strong,
the solenoids wonld attract the armature, raising the lever

Fig. 31 —Regulator of American Systen.

¢. This would move the wheel b to the rizht, bringing its
inner rim against the wheel ¢; this would cause the wheel
b to revolve and communicate its motion, through the




Automatic Current Regulation. 101

gearing, to the yoke and move the brushes on the commu-
tator to a point of less potential. When the current is
reduced to its normal amount, the spring pulls the lever
down suflicient to remove the contact between the wheel a
and the rim of the wheel b, which then stops turning and
leaves the brushes in their new position until another
change in the current actson the lever.

Should more work be thrown on the dynamo the
current would he lessened, weakening the power of the
solenoids and allowing the spring to pull the lever down.
This would bring the outer rim of the wheel b into contact
with the wheel @, and the wheel & would revolve in the
opposite direction. This would move the brushes to a
position of higher potential and the current would be
increased.  The dash pot g, which contains o piston work-
ing nearly air tight, serves to prevent any sudden move-
ment of the lever.  The regulator may be adjusted to give
any desired number of amperes on the line by varying the
tension of the spring . The serews s s serve to adjust the
throw of the lever to produce the required friction between
the wheels a and b.



CHAPTER X.
BRUSH SYSTEM OF AUTOMATIC CURRENT REGULATION.

The © Brush” system, named after its inventor. Chas.
F. Brush, presents features peculiarly its own. The arma-
tare, a gramme r_ing (Figz. 32), has a core built up of hoop

Fig. 32.—Brush Adrmature.

iron, with strips laid in crosswise, lenving spaces in which
the armature coils are wound. The inner ends of opposite
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coils are connected together, while the outer ends lead to
the commutator segments through a portion of the shaft
which ig hollowed out for that purpose. The connection
between the ends of the armature wires and the commau-
tator wires are made by “butting™ the ends in a copper
sleeve and soldering the whole together. The commutator
is shown in Fig. 24, A diagram of the field windings,
brush connections, antomatic current regulator, or © dial.”
as it is called, and the dynamo switch connections, are all
shown in Fig. 83.

Referring to the diagram of the dynamo, you will
notice that there are four pole pieces, two of N and two of
S polarity, arranged as shown. The field coils are in series.
The binding screws, ¢ g, hold the wires leading to the dial.
The switch & when in contact with A, makes a short
circuit across the field coils and cuts the dynwmno out of
action. 'We will trace the path of the current produced in
the coil a through the armature wire to the commutator
segment in contact with the brush &, through which it
flows. From this brush, if the dial is not in action, the
current passes to the field, around all the magnets to the
brusgh ¢, thence through another set of armature coils,
where the potential is increased, then out through brush o

. 1o the line and through the lamps and regulators to the
brush ¢, thence completing the circuit through the armature,

The circuits and connections of this dynamo are among
the hardest to trace and thoroughly understand, bhut when
you have once mastered them you will find hut little
difficulty in tracing out and understanding the circuits of
other systems.

A little explanation in connection with this diagram
may serve to make several principles more clearly under-

8
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stood, perhaps, than if treated separately.  Onstarting the
current. the dial, or regulator, is out of action, and the
carbon piles are separated from all contact with the bind-
ing serews on the top of the box. This prevents any of
the current from beingshort-cirenited on the fields until the
current on the line has reached the required amount. As
each Lunp requires eurrent of 9 amperes and 45 volts,
we will require a potential at the dynamo that will give 45
volts for each lamp in the eireuit, and maintain a nine
ampere enrrent on the line.

As =oon as the potential has become sufficient to give
the required current, the dial is brought into action by the
solenoids attracting the armature and raising the lever so
that the carbon piles are brought into contact, and a por-
tion of the current is short-cirenited across the field, thus
reducing the magnetism of the poles until it is just suflie-
ient to maintain the current at that point.  If a few lamps
be cut out, thus reducing the resistance, the current will
incerense add the attraction of the solenoids, giving a
stronger pull on the lever, presses the carbon pieces more
closely together, reducing their resistance and allowing
more current to pass through the short eircuit across the
ficlds. A\ very little change in the position of the brushes
reduces the sparking which follows a lessening of the load.

Should more work be thrown on the line, the current
will be lessened, the solenoids allow the lever to drop, the
resistanee through the shunt (or short cirenit) around the
ficlds is increased, and as o result; less curvent ean flow
across, consequently morve must flow through the field
coils, increasing the magnetism and produeing more current
on the line,
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Closing the switeh S, completely short circuits the field

< and stops the production of current in the dynamo,

because the magnetizing eurrent is cut off from the field
coils.

THE DIAL, or regulator, consists of four piles of carbon
pieces, A, A, A, 4 (Fig. 33), separated by strips of slate,
and insulated from the iron box in which they arve
enclosed by sheets of slate, which is a very good insu-
lator. These carbon pieces are about one inch sjuare and
of different thickness. The piles are connected in such
a manner a8 to form one continuous conductor, of great
resistance, The solenoids, €, €, through which the full
current passes, attract the armature, D, which being con-
nected to the lever, £, controls the current by pressing
the carbon pieces more or less closely together, varying
the resistance through which a portion of the eurrent is
short-circuited outside the field coils. The dash-pot, F,
serves to ease the movement of the lever. Weights may
be placed on the pin, G, to vary the amperes of current on
the line. The carbon piles are covered with a shect of
slate, which is fastened to the gides B. The bhinding posts
on top of the box make connection with the earbon piles,
when the dial is in action. The wires leading from these
binding posts connect to the field coils of the dynmmo, as
shown in the diagram,

The current used in the Brush system of 2.000 C. P, is
about nine amperes, and the dial is weighted to regulate
the current to that amount.

If the slate cover be removed from the dial, the carbon
pieces are quite sure to fall out, and,if such an necident
should happen, you will find it an exceedingly tedious
operation to replace them and balanee the dial again.
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The following pointers may be of assistance to you, if
you ever find it necessary to overhaul or readjust a dial.
When the dial comes from the works it is all right and in
the best of condition, and needs no further adjusting, but
just fisten it to a solid wall or frame, in a level position,
remove the wooden blocks that held the parts in position
Juring the transportation, fill the dash-pot with a mixture
of glycerine and alcohol—or water may be substituted for
the aleohol. A mixture of glycerine and water will not
freeze solid or become very stiff in cold weather.  Connect
the dial to the dynamo, as shown in the diagram, without
any consideration for positive or negative wires, for it will
work equally well either way, except when using the dial
controller, which will be explained further on.

After continued use, the carbon picces frequently
become burned, so that it is necessary to replace them with
new ones, or remove them and smooth them down. The
contact picces at the top sometimes become broken. IF
vou find it necessary to overhaul the dial, it should be
taken down and tipped partly on its back, in such a man-
ner that it will not slip or fall.  The carbon pieces should
all be taken out, and those that are broken or burned
<hould be laid aside and new ones supplied in their place,
The picees should be placed in their original position,
having a thick piece at top and bottom of each pile, and
thick pieces should be put in so there will be four thin
picces and then one thick one, then four thin and another
thick one.  Till each of the spaces in this manner, placing
along thick picze on top of the two center spaces. The
square picces that are beveled on one side ave placed at the
bottom of each pile, and the longer ones of similar shape
are placed under these last, supporting two of the smaller
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ones. The insulated piece supports these, and rests on the
adjusting screw, /1. With the dash-pot removed, =0 yon
can work the lever easily, raise the lever until the carbon
pieces are pressed firmly together, which should bring the
armature, [), about one-fourth inch from the solenoids.
The distance ean be regulated by the adjusting screw.
When the lever is down, the carbons should ireals contaet
at the top. Thelonger carbon pieces at the bottom should
stand square. If they are tipped sideways, they may he
squared up by changing some of the thinner picces from
one pile to another, until the piles are of equal length.

Overhauling a dial is a tedious job until you “get the
knack of it.” When the dial is in perfect condition, it
will regulate the eurrent for any number of lamps, from
the full capacity of the dynamo down to one lamp.  The
less space between the armature and solenoids the greater
the pull the solenoids have on the lever, »

When lamps are switched off, the carbon piles usually
become quite warm, but this is no oceasion for alarm,

A small amount of kerosene poured on top of the
glycerine mixture in the dash-pot will prevent the evapor-
ation of the aleohol.

Never take off the slate cover, unless the dial is tipped
back, for the carlion pieces are liable to fall ont.

The dial controller shown in Fig. 34, is attached to the
ordinary Brush dial as shown. The wire to the right in
the dial, which should be the positive wire, is cut and
conpected to the controller at @ a and a copper strip con-
nects the controller to the other wire at # without cutting
this wire. The carbon piles should have less resistance
when using the dial controller than when working without,
and the dash-pot I is made to work somewhat stiffer by
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soldering the valve so that, practically, it becomes a solid
piston.  Thicker glycerine is also used in the dash-pot
than is required when not using the dial controller.

The dial controller consists of an electro-magnet J made
fiat for convenience; the araature IGwhich isa conductor

i
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Fig. 34.—Dial Controller,
for a portion of the current shunted through the resistance
W, which consists of two open coils of iron wire wound on
an insulating material and lying parallel, Thebrassspring
S, which opens between the two coils, forming a means of
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regulating their resistance by cutting out of cirenit more
or less turns of the iron wire, and which will govern the
amount of current passing through the shunt. The screw
Nisused to adjust the distance of the armature from the
magnet; ICis a slate cover to protect and keep in position
the carbon piles which form the resistance of the shunt
across the field coils. When running with a full load the
dial is out of action, the lever 2 being down as far as it
willgo. Ifa portion of the load be thrown ofl' by cutting
out some of the lamps, the lever will raise, and the contact,
z should be open, but never more than M, and it is
quite important to have this contact adjusted just right, so
that the space hetween will be only sufficient to break the
small arc that is formed there when the contacts are
separated. The distance to which the contacts separaie
may be adjusted by thescrew N, If the smaller contact is
being eaten away by the spark, it way be stopped by
changing over the wires in the large binding posts at the
bottom of the regulator. This will change the direction of
the current through the contact z and cause all of the
erosion to take place on the larger contact piece where it
will not do any particular harm. When more work is
thrown on the line the magnet J loses a portion of its
magnetism and the armature L is drawn away by the spring
and the contacts close. Thisallowsa portion of the current
to pass through the shunt W, lessening the strength of the
solenoids and allowing the lever to move downward, which
lessens the resistance of the shunt around the field, allowing
the current to increase. If the lever does not drop when
the contact @ is closed it will be found that the resistance
w is too high. This may be regulated by moving the
spring s to the right, which will lessen the resistance of
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the shunt, allowing more current to pass through that way
and less through the solenoids. Tt is always best to keep
the spring = ns far to the left as possible and yet have the
regulator work all right, and when the spring has once
heen set in the correct position it will not require any
changing, unless other parts of the regulator become con-
siderably out of order, and even then it is better to put
the other parts in order instead of changing the spring.
[f u large spark appears between the contaets z, it will be
found that the resistance of the shunt Wiz too low, allow-
ing more current than is necessary to pass through the
shunt. When this is the case, the contacts will be
destroyed in a very short time or will become so badly
corroded that the sensitiveness of the regulator will be
greatly impaired.

If it becomes necessary to put more current on the line
than the regulator is adjusted to, it may be increased to
any extent within the capacity of the dynamo by turning
the fibre nut A to the right. But you will understand
that the dial does not produce current, it only regulates if,
and if the lever 2 is down, the full current that the
dynamo will produce at that speed, is then on the line,
and no amount of adjusting the dial will inerease it.

If too mueh current is on the ling, turn the nut slightly
to the left.

At all times when the dial is in action, there should be
sparking at the contacts of the controller,

The armature 2 should never be allowed to rise high
enough to touch the solencids. This is adjusted by the
gerew JT, which, if turned to the right, pulls the armature
“away from the solenoids.
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Fig. 35 shows the field and brush connections of a
sixty-five light Brush dynamo, which is introduced for the
benefit of those having charge of such machines, who wish
to understand the path of the current. It is also an
excellent diagram from which young electricians may test
their knowledge of the action of the current by tracing the
circuit.
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Fig. 35.—Connections of @ No. 8 Brush Dyaamo.
The field coils (not shown) are connected up in the
same manner as shown in Fig. 33,
This dynamo has twelve coils in the armature. The
cornmutator is divided into three sections of four segments
each. Six brushes are required.

BRUSH INCANDESCENT, COMPOUND WOUND, SELF-REGULATING
DYNAMO.

The accompanying diagram shows the field circuit and
brush econnections of a compound wound dynamo for
incandescent lighting, which is self-regulating. The bind-
ing posts are shown at 4, 4, and the brushes make con-
nections at b, b, b, b. -
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It will be noticed that the portion of the magnets near-
est the pole picces are wound with large wires (number
one), and are connected in a peculiar manner, two being
in multiple from one of the brushes, and the opposite
mingnets in multiple from the other brush on the same
side, but the exciting portion of the eircuits, vou will
notice, are in series between the brushes and the line.
This part of the winding might be described by the expres-
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Fig, 36.—Connections of Compound Wound, Automatic
Regulating Dynamo.

sion * multiple-series,” for they are in both multiple and
series.  The smaller wire is wound on the other portion of
the magnet, and separated from the larger wire by a thick
washer of vuleanized fibre, which effectually insulates it
from the exciting wires. This small wire is in “shunt”
between the hinding posts, and the current passes around

the magnets in the same direction as it does in the coarse
wire cireuit.

The fine wire coils contain a very great length of wire,
and make many turns around the magnet. As this shunt
cireuit is of very high resistance, only a small amount of
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Fig. 85 shows the field and brush connections of a
sixty-five light Brush dynamo, which is introduced for the
benefit of those having charge of such machines, who wish
to understand the path of the current. It is also an
excellent diagram from which young electricians may test
their knowledge of the action of the current hy tracing the
circuit.
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Fiy. 35.— Connections of @ No. 8 Brush Dyncino.

The field coils (not shown) are connected up in the
same manner as shown in Fig, 33,

This dynamo has twelve coils in the armature. The
commutator is divided into three sections of four segments
each. Six brushes are required.

BRUSH INCANDESCENT, COMPOUND WOUND, SELF-REGULATING
DYNAMO,

The accompanying diagram shows the field cireuit and
brush connections of a compound wound dynamo for
incandescent lighting, which is self-regulating. The bind-
ing posts are shown at 4, 4, and the brushes make con-
nections at &, b, b, b. -
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L[t will he noticed that the portion of the magnets near-
est the pole pieces are wound with large wires (number
one), and are connected in a peculiar manmmer, two being
in multiple from one of the brushes, and the opposite
magnets in multiple from the other brush on the same
side, but the exeiting portion of the cireuits, vou will
notice, are in series between the brushes and the line.
This part of the winding might be described by the expres-

b

Fig. 86.—Connections of Compownd Wound, Automatic
Regulating Dynaino.

sion “multiple-series,” for they are in both multiple and
series,  The smaller wire is wound on the other portion of
the magnet, and separated from the larger wire by a thick
washer of vuleanized fibre, which effectually insulates it
from the exciting wires. This small wire is in “shunt”
between the hinding posts, and the current passes around
the magnets in the same direction as it does in the coarse
wire cireuit.

The fine wire coils contain a very great length of wire,
and make many turns avound the magnet. As this shunt
cireuit is of very high resistance, only a small amount of
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current can pass through, mnd as the resistance on the line
is reduced by the addition of more lamps, less current
passes through the shunt coils and more through the main
coils; consequently the pole pieces are more strongly
energized and more current is delivered to the line.  But
should a part of the lnmps be turned off, the resistance on
the line is increased and more current passes through the
shunt, but less through the series winding, demagnetizing
the pole pieces in proportion to the deerease in the amount
of current passing through the field coils. A small
amount of current passing through a great number of
turns of wire has az much magnetizing cffect as more cur-
rent passing through a less number of turns. The exact
proportional effect depends on several factors, and requires
more or less caleulation and some experimental tests. The
commutator in use on this dynamo is of the style shown
in Fig. 24, and the brushes, as shown at a Fiz. 25, about
three inches wide, a wide brush of this kind being neees-
sary to carry the large number of amperes of current gen-
erated by this machine. The armature is of the same
style as is used in the other Brush dynamos.




CHAPTER XTI

AUTOMATIC CURRENT REGULATOR AND OTHER APPLIAXCRES
OF TIHE EDISON SYSTEM OF INCANDESCENT LIGHTING.

The automatic current regulator of the Edison system
is shown in perspeetive, in Fig. 87,

The box contains the resistance, which is German-silver
wire of small guage, wound on reels and the turns insulated
from each other by an air space. From this wire, loops are
talken off at intervals, which are connected to the strips
marked ¢, ¢, e, in the fizure. These strips are all brought
together to form o commutator at R. In the commutator,
the strips are separated by miea or fibre insulation, which
is necessary, of course, though these strips areall in contact
with the same mass of wire at one end; similar to the
connections of the rheostat shown in Fig. 29.

This is in reality n rheostat but of somewhat different
form. The controller maguet marked GG, is an ordinary
clectro-magnet, the armature of which is connected to an
arm, one end of which is pivoted to the frame that carries
the controller magnets. The other end of the arm is
extended upward and passes through a slot in a small
table. This slot allows the arm suflicient play and also
prevents the arm from making contact with the table; but
on the table are two contact points, shown at 44 in the
diagram Fig. 388. These contact points are insulated from
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the table but wires leading from them form parts of the
circuits as shown in the diagram. Above these contact
points are two flat springs against which the end of the
arm works. These springs reccive the blow of the arm
which would otherwise batter the contact points. The
springs are no part of the circuit.

A retractile spring A is connected to the arm at about
the same position as the armature is attached. This
spring is for the purpose of regulating the potential ak
which the regulator shall act.

The incandescent lamps marked P P, are not placed
there for the purpose of giving light but are used as
resistance. The lamps are not connected in the cirenit
direct but are in the shunt or derived cirenit with the
contact points 4 4 as shown in the diagram.

The use of the lamps in this position are for the pur-
pose of receiving the extra current that is formed when the
contacts separate and the cirenit through the motor-magnets
MM or NN, is broken. The motor-magnets and the double
armature 7' 1 are for the purpose of working the lever L,
that carries a brush or spring at its end. The bru=h
moves over the commutator, making contact with the
strips leading to the resistance.

This lever and brush forms part of a circuit and carries
the current that passes through the field circuit of the
dynamo. On the regulator are six binding posts, mot
<hown in the cut, but represented on the dingram at « o
gy dd. These serve to connect the regulator to the dif-
ferent portions of the circuit as is necessary for its proper
action.

The hinding posts marked « o are the terminals of the
cirenit through the resistance S, and are connected in
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sories to the field civenit of the dynamo. The frame car-
rying the motor magnets forms a part of this cirenit and
the coiled wire shown on top of the frame is to insure
goad contact between the frame and the shaft of the
double armature.  The lever L, is connected to this ghaft.

A ool relinble contact cannot be made between a
<hiaft nnd its bearings, on account of the lubricant used,
and the shaft working loosely in the boxes, that is as
satisfictory as when something like-the coiled wire here
shown is cimployed.

The spring = insures good contact with the commu-
{ator £, and it is not necessary that anything in the way
of Tubrication should ever be used om this commutator for
it never gets (o sparking or cutting as some dynamo com-
wutators do.  Placed between each pair of motor magnets
is a dash-pot, the piston of which is connected, by the
rod, to the armature 7.

There is one of these dash-pots connected to each side
of the double armature and the eylinder is filled with
evlinder oil, in some ecases, or with glycerine.  The use of
the dash-pot, in this case, is for the purpose of steadying
the movement of the lever L, which would be thrown too
far across the commutator at each slight change in the
current on the line, iff some means were not provided to
miake the movement of the lever slow and steady.

Keeping these dash-pots in good working order is just
as necessary to the successful working of the regulator and
consequently to the satisfactory operation of the whole
gystem, as any other detail about the plant.  In fact it is
necessary to pay particular attention to all the different
details about a plant of any kind in order to get good,
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smooth, continuous work out of it. If the glyeerine or oil
in the dash-pots is too thick then the lever would move too

slow and when any great number of lights were turned off

the other lamps would brighten up and continue so until
the pull on the armature had continued long enough to
overcome the resistance of the thick oil or glycerine and,
what is worse, long enough for a person to notice the
brightening of the lamps and their dinming down aguin
which is sure to cause dissatisfaction. Or, if the move-
ment is too free then the movement of the lever would be
so sudden that the momentum of the armature would
carry the lever too far across the commutator, throwing in
too much resistance, which will have the cfliect of making
all the lamps fall below the normal eandle power and then
suddenly brighten up again as the eurrent is changed to
the other set of magnets and the lever is pulled buck again.

When the dash-pots work as freely as they should, any
change in the number of the lamps can be made without
producing any apparent effect on the others.

When the regulator is in good working order, the two
lamps attached to it will be continually lighting up and
going out; that is first one and then the other will brighten
up as they are thrown into circuit, or the current throngl
the motor magnets is broken. But they should not Lrighten
up to full candle power at any time, but just become fairly
red. If either should become fully bright unless when
the dynamo is overloaded, it may be taken as an indicu-
tion that the regulator is not working freely, and an
examination of all the parts and connections will show
where the difliculty lies.

The controller magnet cireunit is, or should be, con-
nected to the mains at the conter of disteibution. The
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terminals at the binding posts, d d, is where the connec-
tions are made.

The reason for making connections between the center
of distribution and the controller magnets is that if there
should Dbeany fall in potential on the mains, as there
always is, that the average potential throughout the
systenn may govern the regulation.

Wire of any size, no matter how large, offers more or
less resistance to the passage of the current, consequently
there will be less pressure at o distance than at the
dynamo, and to equalize the pressure as far as possible
throughout the system, is why the connection is made to
the center of distribution.

The circuits of the motor magnets MM and NV, as
shown in the diagram, are connected with the feeders at
any convenient position. The two magnets M are in
one circuit and NV are in another cireuit, but on one side
of the magnets one terminal serves for both. The other
terminal, g, connects 1o the arm that carries the armature
B, and the circuit is completed through MM or NXY|
according to the aetion of the current on the controller
magnet. By referring to the diagram you will notice how
this is accomplished and also see the manner in which
the lamps are connected in shunt to the cirenits of the
motor magnets.  When a current of eleetricity is passed
through a coil of wire, such as the circuit of an electro
magnet, there is self induction between the wires; that is,
the current passing through each turn induces a current in
the turns of wire near it.  The induced cnrrent is always
in a direetion opposite to that of the inducing enrrent,and
acts as o resistance to the flow of the induecing enrrent.
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When the current is broken this induced current is shown
to a greater extent by a spark at the point where the hreak
ismade. A still greater and more destructive current is
also formed when the circuit of an electro-magnet is hroken,
by the effect of the demagnetizing of the core which gener-
ates current. This is called the extra current.  Any change
in the strength of a magnet will induce a current in the
wire that is near it. Under these conditions, the demag-
netizing of the core will produce a current in the wire fully
as strong as the sudden magnetizing of the core would
produce but in the opposite direction, and this current
together with that resulting from the self~induction of the
coil gives a spark that is quite destructive to whatever may
form the termination of the circuit at the point of breakage.

Under these conditions, in the regulator, the contacts
i i’ would soon be destroyed if some means were not pro-
vided to break the effect of this extra current that is
formed each time that the circuit is broken at this point.
The incandeseent lumps are the means provided here to
reduce this destructive effect by providing a path for the
extra current through a resistance where the current
expends itself in heating the filament, and by this means
the contacts are preserved.

In connecting the resistance of the regulator to the
dynamo the connection is made between the binding posts
marked a «', on the regulator, to the binding serews shown
at a a on the diagram of the dynamo windings, Fig. 39,

This diagram of the winding of an Edison dynamo
represents but one plan of winding in use on these
machines; but as this style is, Ibelieve, the most common
and ns it is suflicient to convey the ideas intended to be
desecribed it will be all that is necessary.
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By reference to the diagram it will be noticed that the
higding screws @ ¢, are the ends of a brenk in the field
cirenit.  The rezulator iz connected to these terminals.

The dvnamo is shunt wound. The pilot lamp is con-

b

Fiy. 9.

nected on one side to the feeder from the brush, while on
the other side it is connected to the field coils. A close
examination will show that the lamp is in reality con-
nected in parallel or shunt to the field coils.
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The button ¢, to which a loop in the field coils is
attached, may also be used as a place where the regulator
may be introduced into the circuit. This loop is usnally
brought up on the back side of the dynamo. All wires
shown by dotted lines, in the diagram, are covered by the
head board on the dynamo. The circles marked o4 show
the points at which the fuses are placed. These fuses are
of sufficient capacity to carry the full current at which the
dynamo is rated and will always do it if the contacts arve
kept in good order and not allowed to corrode.  This will
geldom oceur if the fuse has been tightly clamped in its
place, at the start and has not been interfered with after-
ward. Should a short cirenit en the line occur, one or
both of these fuses would immediately melt unless some
other fuse on the line, nearerto the short cirenit, first gave
way. These fuses seldom melt out unless the dynamo
is loaded up to its full eapacity. An over-load is sure to
cause them to melt.

Fuses should never be replaced with any metal but  tin
and it should not be any heavier than the fuse that was
destroyed. The fuse is supposed to protect the dynamo
from injury by over-pressure and ig, in reality, to the
dynamo what the safety-valve is to a steam-boiler.  Cases
have been known where fuses have been replaced by copper
strips, but this is wrong and should not be done, for serious
consequences are liable to follow.

The pilot lamp, if not kept screwed down tight may
cause a trouble by melting the zoldered connection to the
lamp socket. This has oceurred on aceount of the resist-
ance of a loose connection and the development of heat, as
a consequence, which has been sufficient to melt the solder.
Looze connections should never be allowed to exist in any
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part of any electrie ecivenit.  Loose and corroded contacts
are always a source of trouble and annoyance and the
sreater part of the mysterious difficulties in elecirie light
plants may be traced to loose connections and ecorrosion of
contiacts,

The green and brown oxides that form on copper and
brass when exposed to the air, especially moist air, are
non-conduetors of eleetricity and even a very thin film of
this oxide has =uflicient resistance to interfere with the
successtul working of a plant.

The less the potentinl on the cirenit, the greater detri-
ment will these small causes be. It must not be under-
stood that small, loose or corroded contacts may be
neglected on systems of high potential, for even there they
make very much tronble and are the more easily overlooked
becanse many people are liable to infer that they cannot
produce much harm because they still carry the current.
This view is entirely wrong. Good praetice requires that
the conductivity of circuits shall be as near perfect asis
consistent with other principles involved. Excuse the
digression from the deseription of Edison machinery to a
few remarks on the cave of cireuits, and we will return to
the subject and describe the action of the regulator.

The dynamo being started and the resistance all thrown
into the field circuit, the retractile spring -4 would hold
the contact point at the upper end of the arm in contact
with the serew ¢, which would cause the current to pass
through the motor magnets M 3. The current would
build up slowly so long as so much resistance was in the
ficld ecircuit; but when the current became of sufficient
strength to cause the magnets to attract the armature T,
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its movement would cut out some of the resistance, by
moving the piece g, in contact with a portion of the arma-
ture that connects to a point of less resistance in the hox,

More emrrent would then be allowed to flow through
the field cireuit and the lamps would be quickly raised to
the full eandle power. As soon as the required potential
was obtained on the eircuit, the regulator magnets €/ 7
would be thrown into action and the civeuit through 3 1
broken. Now is the time that the lamp P in this cireuit
becomes useful.  As soon as the flow of the current through
A M ceases the reaction takes place and the extra current
returns on thiseireuit, and if no other means were provided
to consume its energy a large spark would jump across the
interval between the contacts just separated; but as this
lamp i in a shunt around the magnets, the extra current
is provided with an casier path than across an air space,
and expends itself in overcoming the resistance of the
lamp. As soon as the circuit through M I is broken,
contact iz made at the other point and the flow is through
N N, until the brush travels across the commutator f2 far
enough to cut in more resistance and lower the potential a
trifle, when the spring . withdraws the nrmature £, hreak-
ing the cirenit through N N. The other lamp then
receives the extra eurrent from thesemagnets. The chang-
ing of the path of the current from the magnets AL to
N Nis incessant, but the movement of the contact £ is a
mere trifle, except when the number of lamps in use is
changed, and then the movement is not considerable, for a
very small change in the resistance of the field ecircuit is
suflicient to compensate for ordinary changes in the num-
ber of lamps.
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THE HOWELL PRESSURE INDICATOR,
a front view of which is sghown in Fig. 40, and a diagram
of the eonnections and other portions of its interior is
shown in Fig. 41,
The uze aof this instrument iz to show when the enrrent
on tho line is at the right potential. It does not, in any
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Fig. 40.—Front View Howell Tadicator,

way modify the potential of the current or the brilliancy
of the lamps, but merely shows if the potential remains
at the required pressure, and indicates any change of
potential that may take place on the cirenit. The prinei-
pal parts of the indicator, as shown in the front view, are
an incandescent lamp marked 2, the binding posts BB,
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the small lever C, placed on top of the box that projects
to the front, the seale I7, the small black ball 77 at the end
of a wire that projects from the inside of the apparantus
This seale is covered by a glass that protects the interior
from being tampered with, or the little ball from being
assisted in its duties by the aid of sticks or a piece of
wire. Itis strange that it is sometimes thought necessary
to assist indieators in their duties. We have frequently
seen engineers tapping a steam gauge with their fingers or
knife, apparently trying to make it register move than it
was intended to do under the conditions. Eleetrical
apparatus, if not protected from such usage, have shared
the same fate. No amount of rapping or jarring an indi-
cator will make the lights burn any brighter, no more than
tapping a steam gauge will make an engine do more work.

Below the scale H is another scale 7, whose graduations
are marked with numbers. Onsome of these instruments
are two sets of numbers, one in red ink and the other in
black. Below this scale is a knob that can he moved the
length of the seale. The knob carries a small pointer that
can be set to any division of either set of figures on the
scale. Near the right hand lower corner is a screw
marked S.

Referring to the diagram, Fig. 41, for an explanation,
we find a galvanometer, surrounded by an iron ring, shown
by the heavy black circle. The galvanometer consists of
a polarized piece of steel called the needle, balanced and
working on pivots. The needle iz pivoted inside of a
brass frame, around which insulated wire is wound.
When a current is passed through the wire, the needle
tends to assume a position at right angles to the length
of the wire. The position at right angles is only attained
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Fig. 41.—Diagram of Circuits of Howell Pressure Reguilator.
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when the strength of the current is very great compared
to the magnetism of the needle, which must be small =0
that it may be easily moved, and be strongly affected hy
the current passing along the wires. A galvanometer may
be made by wrapping a few turns of wire arovnd a =trip
of pasteboard or a piece of cigar box, or in fact anything
that will serve to wind the wire on. It is preferable that
the wire be made into a flat roll. A common pocket
compass is placed on the wire in such a position that the
magnetized needle may point in the same direction that
the wire is wound. When a current of electricity is
pasged throngh the wire the needle will move and tend to
take up a position at right angles to the wire. This is the
simplest form of galvanometer. Dut to make it more
gensitive, the wire is wound above and below the needle,
In the galvanometer shown in the diagram, the needle is
placed between the wires. The part marked P is a picee
of magnetized steel, and is connected to the small lever as
shown. This is for the purpose of regulating the position
of the needle.

The iron ring that surrounds the galvanometer is a
magnetic shield for the purpose of protecting the gal-
vanometer needle against the influence of outside mag-
netism. It serves the purpose very well. A great deal
might be written about an iron ring when used as a shield
against magnetism, but the statement of the fact is suf-
ficient here. A few experiments will teach considerable
in regard to it.

The arrangement of ecircuits in this indicator form an
electrical balance and are arranged as shown in the lower
portion of the cut. The letters refer to the same circuits
in both places. The lamp, A, whose resistunce varies with
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its temverature, provides a delicate means of indicating
any change of potential on the cirenit. Any change in
the potential will change the amount of current flowing
through the lamp.  This will change the temperature and
resistance beeause earbon, when at awhite heat or in a state
of incandeseence has but half as much resistance as when
cold, The coil of wire 7, which is of German silver and
insulated, is for adjusting the balance to agree with the
resistance of the different indicator lamps. The prin-
ciples of the eleetric balance are fully explained in the
latter part of this book, under the heading of The Wheat-
stone Bridge, but in this explanation of the indicator we
will say that when the current on the mains isat the right
potential there will he no eurrent through thegalvanometer
@7, and the needle, held in position by the small magnet
P will keep the pointer at the zero of the scale.

The serew S forms o portion of the circuit, and serves
to break the cireuit at this point when testing the indi-
cator. The indicator is connected in multiple to the
mains near the center of distribution, for the same reasons
that the controller magnet of the regulator is connected
at that point.

The lamp is a special indicator lamp, and is of differ-
ent resistance from the lamps used on the lines, Two
special indicator lamps are usually furnished with each
indicator, and one has a4 nwmber on it in red ink, the other
is numbered with black ink, and these numbers correspond
with numbers on the Scale I, in the same colored ink.

These lamps and the indicator ave tested and marked
at the factory. The binding posts B B, serve to connect
the indieator to the cireuit. When no current is on the
line, the little ball # should stand at the zero of the scale;
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but as the potential rises it moves toward the side, hut
returns again to stand exactly over the centre line, when
the current has reached the required potential. This it
will do if the pointer on the knob £ is set at the same
number as is found on the lamp in the same colored ink.
Should the potential inerease, more current will (low
through the indicator and the carbon in the lamp will
become more highly heated, and its resistance becoming
less a greater portion of the eurrent can pass throush the
lamnp, and this by destroying the balance between the two
branches will cause some of the current to flow through
the galvanometer circuit, and the pointer will be deflected.

Should the potential fall less cwrrent would flow
through the indicator and the resistance of the lamp
increasing disturbs the balance of the cirenits and current
flows through the galvanometer, but in a dircetion opposite
to what it does when the balance is disturbed by an
increase of potential. The potential is kept at the required
amount by regulating with the resistance box in the field
eircuit.

The indicator may be tested at any time when the
plant is running, by opening the circuit at the serew S—
which merely breaks the galvanometer circuit. If the
indicator is all right, the pointer will stand at the center.
If it does not stand at zero, it may be adjusted so that it
will, by moving the lever €, but this lever should never he
moved unless the cireunit is open at the serew S, One of

the indicator lamps should be kept for the purpose of

testing the other by.

After a lamp has been attached to the indicator, for a
length of time, it sometimes occurs that its resistance has
become changed, more or less; this may be tested at any
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time by placing the other indicator lamp in the socket,
and setting the pointer on the seale at the number found
on the lamp.  The indicator should then mark the same
as before.  If it does not mark the same, bring the pointer
{o the zero point on the scale by regulating at the rheostat,
and then replace the first lanp and bring the pointer to
the zero mark, by moving the knob E until the pointer
rests at zevo.

Tt is well to keep two indicator lamps on hand at all
times, using one on the indicator and retaining the other
to test by occasionally. The lamp that is kept for testing
may be preswmed to be correct at all times, iff not used
for other purposes. The lamp used in the indicator
sockets will last for an indefinite length of time if it is not
accidentally destroyed, for the amount of current through
the lamp is so small that the lump never burns at more
than one-half its candle power, and at that rate the lamp

should last for years.



CHAPTER XII.
THE EXCELSIOR SYSTEM OF CURRENT REGULATION.

The dynamo of this system is of the ironclad type.
The field magnets are placed in a vertical position, and are
wound in sections, or rather loops are brought out at
intervals and connected as shown on the left in Fig, 42,
The armature is peculiar to this machine.

The current regulation is obtained by the moving of
the brushes, together with a device that cuts out or in a
greater or less number of turns of wire in the field-coils.
Both these results are produced by a motor placed on the
side of the dynamo, and actuated by the current. The
different circuits and connections, together with the motor
and the short circuiting switch, are shown in the diagram.
The winding of the field-coils is not exactly as shown in
the diagram, but the method by which the regulation is
obtained can be easily understood from the plan shown.

The coils of the field-magnets are each divided into
two parts by a washer of vulcanite, placed about midway
of the length of the core. The wire is wound in such a
manner that branches are brought out at intervals and
connected to small brass plates, of which there are two
sets, as shown at B, on the left of the diagram.

Tach branch that is brought out represents a certain
amount of wire in the field-coils. The terminals from



Excelsior System of Current Regulation. 135

each section of the coils are connected to plates opposite
the terminal of a corresponding section of the other field-
coil.  The bar S earries on its under side a double brush,
insulated from the bar, that presses on the plates and

(I M
Fig. 42 - Ereelsior Dynamo and Regulating Apparatus.

serves as @ conductor between them. This brush, not
shown in the diagram, carries the full current. This
brush should always have sufficient contact to carry the
current without heating and without causing any spark as
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it passes from one plate to another. It should al=o he
kept tightly screwed up. Loose contacts in any part o' an
electric circuit can always be relied on to produce trouble.

The armature core of this machine is built up of
numerous iron ribs, one end of which fits into holes
drilled in bars that run lengthwise of the shaft, and arve
fastened to rings that form a portion of the friane work.
The other end of the ribs are held in place by a cap piece
that is fastened by screws.

The annature coils are wound separately on a mandrel,
and are of a form similar to a link, and of square section.
These coils encircle the ribs of the core, hy which they are
held in place, and are connected up in cloze circuit.  The
principle of this armature is that of a gramune ring, but
its construction is such that any of the coils can be casily
removed at any time, and replaced with others if neces-
sary. The loosening of a couple of bolts admits of this.

The commutator is composed of 16 segments, having
quite heavy projections at one end which stand off at a
right angle and are attached to a disc of slate whicl) is
rigidly secured to the shaft. This slate dise is about #”
thick and is the only insulation except the air space ahout
the commutator.- The armature wires are connected to
the commutator by a elamp at the end of the projections.
The brushes are four in number, two on each side, and
each pair are placed side hy side, and one about an inch
behind the other. or far enough apart so that one is sure
to make good contact while the other is passing the space,
The leading brushes run with a small spark, while the
others should carry no spark at all.

Double brushes and the necessity for them is shown
and explained under Fig. 26, in a previous chapter.
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The brush holders ave attached to, but insulated from,
a metal ving, o, that is carried on small flanged vollers
¢ ¢ ¢, that allow it to rotate freely while still holding it in
place.  These rollers should always be kept working free,
for if allowed to stick it will cause an unnecessary amount
of resistance to the free movement of the ring, and an
unsteady light will be the result. A portion of the ring A
has attached to it a rack that engages with a pimion on the
end of the shatt of the small motor enclosed in a box, and
shown at the right of the diagram.  The pole pieces of this
motor are projections from the pole pieces of the dynamo
as shown at d d. The hrushes of the motor are placed
vertically, and arve connected in shunt to carbon resistances
in the reculator box shown on the right. A sketch of the
inside of the box is given in Fig. 43, where M M is an
electro magnet, and 2 and K are earbon rods.  £7is a brass
piece that serves as a conductor and to hold one end of the
carbon rods M and K. One wire leading to the motor is
alzo attached to this piece at G, while the other wire to the
motor is connected to the piece marked J. The strip @
that carries the armature ., is made of rolled copper or
phogphor hronze, and works between the adjusting screws
O P, and is elamped to the block J.  The tension spring ¢
serves to regulate the intensity of current at which the reg-
ulator =hall act.  The tension of this spring is adjusted by
the serew R, which presses aguinst the end of the lever
where it is hinged to the box. By the tension of this
spring the current on the line may be carried at any nwmn-
ber of mnperes desived, within the eapacity of the dynamo.
The strip S is a short circuit between the main-circuit
wires 7 and 2, where the current entersand leaves the box.
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Fiy. 43.
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This short cirenit is operated by the switch 7, which pro-
jects outside of the box.

The current enters the box by the wire Z, which is
connected to the square brass piece that also servés as a
terminal for one end of the magnet coils. The other end
is connected to the conducting strip at the serew »; from
here, if the current be too weak for the magnet to attract
the armature against the pull of the spring ¢, the path will
be through the strip and earbon rod K, which has a certain
resistance that is suflicient to shunt enough current to
work the motor when the conditions are right. The cur-
rent then passes on through the piece F and the carbon
rod H, which also has a certain resistance, to the brass
picce that holds the end of the rod and one end of the
copper wire k, through which the current then passes to
the line on the wire 2. The wires marked £ and 2 are
both fastened to the same piece in the left hand upper
comer of the bhox. This wire marked 2 leads from the
box to a binding post on the dynamo, as shown in Fig, 42.
The two wires marked 8 and -, leading to the motor, are
connected, respectively, to the pieces shown at J and G.
The short circuiting strip marked S is fastened at one end
to the bloek where the wire 2 terminates, and the other
end is close to, but not in contact with, the block where
the wire 7 ends; but the switch 7 when turned, throws
the end in contact with the block, and thereby short-cir-
cuits the current between the ends of the wires 7 and 2,
thus allowing any changes or adjustments to be made to
any portion of the contents of the box.

At the upper part of the dynamo, on the left hand side
is placed o short circuiting switch.  This is shown detached
for convenience of illustrating in the diagram, Fig. 42.
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Usually on these machines the upper brush is the positive,
and by tracing the conductors from the brushes you will
easily see the path of the current.  Starting from the upper
brush the current passes to the lower field magnet and
through as much of the field coil as is in cireuit (about
one-half, as shown in the diagram) to the brush on the
under side of the strip S, which is fastened to the ring that
carries the brush holders and moves with it, and this
brush makes contact with the terminal of a portion of the
upper field coil that corresponds in number of turns to
that portion of the lower field coil which is in action.
This arrangement produces an equal strength of field in
each pole piece, and also provides a means of varying the
strength of the field, as required, by simultaneously cutting
in or out an equal number of turns of wire in hoth field
coils. From the upper coil the current passes to the
regulator box, where it enters by the wire shown at /.

After passing through the box it leaves by the wire 2
at the top, and passes to the line by way of the bhinding
post shown near the top of the frame, on the right hand
side of the dynamo. Returning by the binding post on the
left hand gide of the machine and through the short-cir-
cuiting switeh (Fig, 42)—which is shown set to the line—
and passing on reaches the lower brushes. When the
ewitch is thrown to the other contact piece the lunp cir-
cuit is opened, and also the circuit through the field coils,
but this action also produces a short circuit between the
brushes which causes the current—from want of support in
the fields to quietly die away.

To clearly explain the action of the regulator, we will
suppose that upon starting the dynamo the switch is in
contact with the left hand plate, the brushes ave in position
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of preatest action, that is, as for back as they will come; the
picee S over the lower strips connecting to the branches
from the field-coils, which brings the whole number of
turns of the field coils in cireuit.

The lever £, Fig. 43, will be in contact with the adjust-
ing serew 0, hield there by the spring ¢. - When the dynamo
is up to speed the short-circuiting switeh is changed to the
other coutact, which will include the field and lamp eireuit,
the magnets are energised, and the current soon reaches
the required strength with the lamps all burning, Should
the dynamo not be overloaded, the regulator magnets M 70
will attract the armature N, drawing it down until the end
of the lever L makes contact with the adjusting serew P,
Then the path of the current through the box will be:
through the magnet M M to the screw ¢ where contact is
made with the strip that forms the conduetor between the
serew /?, and the piece that holds one end of the carbon
rod JC. Trom here there ave two paths for the current,
one through the earbon rod K, and the other by way of
the serew P, the lever L, and the wire 3, to the motor,
through the armature of the motor, and by the wire 4 to
the connection at ¢, on through I and £, out to the lamp
circuit. As there are two paths for the current from the
point v, the amount of current flowing through each path
will be inversely as the resistance of each path, that is,
the greater portion of the current will pass where there
is the least resistance.

The resistunce of the carbon rod K is great enough to
cause a portion of the current, suflicient to work the
motor, to pass through the wire 8 and back to the cireuit
through the wire 4. This will cause the motor to revolve
to the left, and the pinion on the end of the shaft engaging
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with the toothed rack on the rim of the ring A will cause
the ring to revolve to the right, and the contacts on the
end of the piece S will move over the strips, cutting out
sections of the field coils, and reducing the strength of the
field. This will lower the potentinl of the current, and
the movement of the ring will at the same time bring the
brushes into position of lesser action, and the current
being reduced, the Magnet 2 M will lose o portion of its
strength ; the spring ¢ will then pull the lever L out of
contact with the serew P, More lamps being cut into
cireuit has the effect of reducing the amperes of current
on the line, on account of having increased the resistance,
and to bring the current up to the required mmount, the
potential must be increased. An increase of magnetisin
in the fields will produce an increase of potential.

When the current has fallen below the required
amount, and the magnet M 3 consequently, has lost a por-
tion of its strength, the spring ¢ will pull the lever into
contact with the serew O, when a portion of the current
will then be shunted through the armature of the motor
in the opposite direction. By referring again to Fig. 43
you will notice that when the lever L is in contact with
the screw O on account of the current having fallen below
the required strength, the path of the current will then be
through the magnet M M to ¢, as before, but from here the
whole current, instead of a portion of it, as before, passes
through the carbon rod K and the piece JF, until meeting
the resistance of the other carbon rod 71, a portion of the
current is shunted through the wire 4, from its contact at
@, and passing through the armature returns by the wire
3, and through the connection in the block J to the lever
L, and through that and the screw O and connecting strip
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to the block that holds one end of the carbon rod H and
the wire F, and by the wire E to the lamp circuit by way
of the wire 2. From the explanation given and by
tracing the cirenits you will readily understand that the
direction of the current through the motor depends on
whether the lever L is in contact with the serew O, or the
serew 7, bringing the motor in shunt with one or the
other of the carbon rods which, on account of their resist-
ance, shunts, or as you might say forces o small amount
of current fo pass through the armature of the motor.
The pole picees of the motor remain of the same polarity
at all times, and by thig means enable the direction of
revolution of the armature to be changed as often as
the direction of the current through the armature alone is
changed ; but if the field magnets of the motor were in
cirenit with and charged by the same current that passes
through the armature, a different result would be obtained,
for by passing a current through both armature and field-
coils of a motor in either direction the resulting motion
will be the same in either case.  To reverse a motor it is
necessary to change the dirvection of the current through
cither the armature or the field; but not both at the same
time.

By changing the divection of the current through the
armature alone—allowing it to remain the same through
the field—an opposite direction of revolution will result.
Or by allowing the current to pass continuously through
the armature in one direction and changing the direction
through the fields, motion in either direction may be
obtained. The extension of the pole pieces of the dynamo
to provide pole pieces for the motor in this case was an
excellent idea, for it has obviated the necessity for a field
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circuit, and reduced the necessary mechanism to a wini-
mum. The arrangement for changing the number of
turns of wire in the field coils that are in action, at the
same time as the position of the brushes are changed, and
making them both dependent on and almost simultaneous
with any change of resistance on the lamyp cireuit, must
necessarily result in a very steady current and u satis-
factory light. In the regulator box, attention should be
given to the ends of the two springs O and P, and where
they make contact with the lever L. The points become
corroded after a time, and offer an unnecessary resistance
which, by allowing considerable change in the current to
take place before the regulator can act, will result in bad
action in the lamps. Clean the contacts oceasionally with
a strip of sand-paper, so that they will make good contact
when together, and by this means avoid one source of
trouble. The same suggestion applies to all moveable
contacts where electricity is used. Keep the contact s rfages
clean.

Where the armature wires are connected to the com-
mutator is a place that needs looking after occasionally.
See that the conuections are in good order, and all the
serews firmly serewed down. If the wire in the arminture
heats more than usual it will be well to examine all of
these contacts, and if no other reason iz found for the
armature heating, there will probably be one or more of
these contacts found to be loose or corroded.

When everything about the dynamo and regulator is
in good working order, and the dynamo not overloaded,
the lever L should be constantly vibrating between the
serews O and P.  If this does not occur, or if its action
should only take place at intervals of several minutes, it




Eredsior System of Current Regulation. 145

will he on account of some portion of the regulating
apparatus not working as freely as it should. Probably
the ring -1, or the rollers that support it, have too much
friction for the required freedom of movement.

There are many points to which attention has been
specially directed in these chapters that will apply univer-
sally to all kinds of electrical machinery. The chapter on
commutators and brushes was designed to cover the
requirements for all the different styles of continuous cur-
rent dynamos and motors.



CHAPTER XIII.
THE SCHUYLER SYSTEM OF AUTOMATIC CURRENT REGULATION,

In the Schuyler system we find a serics dynamo of the
consequent pole type and a drum armature. A glance at
the machine, as shown in Fig. 41, gives all of the outward
characteristies in o clear way, four field coiis with two
fields. The frame is in halves, bolted together on o line

Fig. 44.—Schuyler Dynamo.

with the armature shaft, which makes it convenient and

easy to remove or replace the armature. The removal of

several holts allows the upper ficld and half the frame to
be lifted off and an eye-bolt conveniently placed in the
upper field facilitates the operation. The armature shaft
can then be easily removed.

The armature possesses peenlinr features, as will be
seen by referring to Fig. 45, where the method of winding

Al
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is so clearly shown. This particular armature contains
four coils wound on a drum which is huilg up of sheet
iron rings securely fastened to the shaft, The ends of the
eylinder are open for the purpose of giving free ventilation,
whiech is considered by some to be necessary to prevent a
burn out from over heating while at work, Each coil is
wound in such a manner that onc-half the number of
layers is on each side of the shaft. Each coil is also
separated from the others by wooden strips placed between
the coils and fastened to the drum.  The yeans taken to
keep the coils entirely free froni each othey ensures zood

]";(]. 45.-—31"!“_‘/" ! .l:‘mu.‘u,-,v.

ventilation and promises a safeguard qgningg burning out
from overheating during a very long run.  The collars on
the shaft prevent end play, and by Wworking in the journal
box provide a method of self-lubrication that is an excel-
lent feature, as a single filling of the oil cellups 35 sufficient
to lubricate the journals for a full month’s run without
further supply.

The commutator isin two sections, each section divided
into four segments, and the spaces between the seements
filled by wooden strips to preserve a smooth surfuce for
the contact of the brushes around the entire circumference
of each section of commutator. By introducing wooden
strips between the segments in this manner, dust and fine
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particles of copper are prevented from gathering, which,
if allowed to accumulate, might, in a short time, form a
short circuit between the segments and result in a burnt
out commutator or armature coil. Commutators some-
what similar to this have been destroyed because of an
accumulation of dust having been allowed to gather
between the segments. Attention should always be given
to this point on any dynamo.

The armature is connected up in open circuit. The
terminals of the coils are brought out through the shaft,
a portion of which is made hollow for that purpose, and
are connected to the segments of each section of commu-
tator alternately, that is, the terminal of one coil is con-
nected to a segment on the outer section and the terminal
of the next coil is connected to a segment on the other
section. By referring to the cut you will see that the seg-
ments of the two sections lap in such a way as to muake
their position correspond to the position of the coils on
the armature. The brushes on these machines are us ually
of rolled copper, and though but four brushes are shown
in the eut, which represents their latest style of dynamo,
most of these machines use eight brushes.

With open circuit armatures double brushes are essen-
tial unless other means are provided to bridge the gap
between the segments to prevent excessive sparking. By
referring back to Fig. 24, and the accompanying explana-
tion a clearer idea in regard to this point may, perhaps,
be gained.

The armature and field cireunits of the dynamo and the
connections, together with the lamp cireuit are shown in
the diagram Fig. 46. Here we have five binding posts,
two for the lamp circuit and three that connect to the
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regulator. These last are numbered 1, 2, 3, and are con-
neeted each to the binding post on the regulator having
the same number. In this diagram the current in the
outward dircetion, or more correctly, the positive current
is from the binding posts marked, respectively, 1, 3, +,
while the returning or negative current enters at 2 and —.
The field eircuit terminals are at binding posts 1 and 2,
while the armature circuits conneet to the binding posts
at 1, 3, -+ and —, This, really, is not so complicated or

confusing as it may appear at first sight, and although
Lamp eirenit

.. i

2 Immhu;:%‘-)
— >

+B “ Field “\

=

Lamp eirenit

Pig. 46.—Circuits of Schuyler Dynamo.

there are several different circnits, and, perhaps, an appar-
ent inconsistency, still it is quite plain and simple when
you understand it, and, in practice, it works well.

We will trace the circuits of the dynamo alone with-
out the regulator and endeavor in that way to get an
understanding of it. The lamp circuit runs from + to —
binding posts as shown. There are three connections to
the regulator, and by this we know that there are two cir-
cuits through the regulator, and we also know that two
cireuits with but three terminals must have one terminal
common to both circuits, and as the current is outward or
positive at 1 and 8, and negative or inward at 2, we can
draw our conclusions from an experiment.
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Knowing that there is one circuit outward from 1 and in
at 2, we will connect these two binding posts together
with a short piece of wire. But when we look at the dia-
gram we see that we have short-circuited the field cireunit
with a very low resistance, less, in fact, than the resistance
of the field cireuit, and we know that under these condi-
tions the field never could become charged, o we conclude
that the eireunit from 1 to 2 must be a circuit of consider-
able resistance, much more than that of the field cireuit,
and as we already know that a series dynamo may be
made to produce, at will, any eurrent within the capacity
of the machine, by u shunt, of variable resistance, across
the terminals of the field cireunits, we infer that that must
be the arrangement in the regulator.

So with a eireuit of variable resistance between 1 and 2,
we will connect the binding posts 2 and 3 and endeavor to
infer, from studying the diagram, what the result will he.

Now, taking our starting point from the + binding
post, we trace the path through the lamp ecircuit to the
— binding post and on to the brush and through the arma-
ture coil to 3, then to 2, from there through the ficld cir-
cuit to 1. Here we find two paths for the current, one
through our cireuit of variable resistance from 1 to 2, and
the other through the armature from 1 to =+, thus com-
pleting the eircuit.

We see that the eirenit would be complete and all the
requirements fulfilled if 2 and 3 were connected together
and a variable resistance or hand regulator connected
between 1 and 2.  Then, we ask, of what use is the cireuit
between 2 and 3?7  As the regulator is for the purpose of
automatically regulating the dynamo, then, evidently, the
gircuit from 2 to 8 must be for the purpose of controlling
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the variable vesistance introduced between 1 and 2 at the
terminals of the field cirenit.  Another question we might
ask i=: * What would be the effect if there was no con-
nection between 1 and 2, and 2 and 3 be short circuited 27
Let us trace it out and see.  Starting from the + binding
post, we follow around to the —, and through the arma-
ture coil to 3, and across to 2, and on through the field
eirenit to 1, and from there through the armature coil to
+, where we started from. By this arrangement we see
that the dynamo would work at its full power beeause the
full curvent would pass through the field civeuit, energiz-
ing the ficld to its full capacity.

The regulator, with its geveral ecircuits and the resist-
ance, is shown in Fig. 47, where 2 4 is the solenoid, the
armature of which is attached to and works against the
retractile force of the spring K. which is adjustable and
serves to adjust the eurrent on the line to the required
amount.

Attached to the armature is a contact piece that makes
connection with another contact piece that is hinged just
above it.  These are shown at R,

These contacts have flexible connections to the wires
leading to the hinding posts 2 and 3 on the dynamo, to
the hinding posts of the same number on the outside of
the regulator box, and from the binding posts 3 and 5 on
the inside of the regulator box, and these contacts form a
short cirenit, eutting out all portions of the regulating
apparatus until the current has gained suflicient strength
to draw the armature of the solenoid, against the force of
the spring K, far enough to break this contact at R.
When the contacts are separated the path of the current
is then from 3 along the wire on the right hand side of
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Fig. 47 —Sclhuyler Regulator.
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box, down and across at the bottom, then up and through
the cirenit of the solenoid -1 -1, then up past the connection
at B—iur the circnit at R is open—to D. Here we find
a branch leading oft to F, which is an open coil of iron
wire, mud after tracing the cireuit from here ncross to €
and along to binding post 5, we return to D and trace the
other branch, which we find forms the circuit through the
magnets J E, and terminates at the binding post 5 in the
same place as the circuit through the coil F terminated.
After tracing these branches and finding that they end in
the same place, we must conclude that the coil /7is placed
there as a shunt for a portion of the current to relieve £ F;
and as there is no other apparent use for F) it must be for
that purpose. In tracing the other circuit from the
dynamo, from binding post 1 to 1 on the regulator and to
the inside, we find here two branches : one is a small wire
and the other a braided cable which we find enters the
hollow arm of the balanced lever M, alongside of a similar
cable that leads from the binding post 4. From the outer
end of the hollow arm the cables drop to the electrodes of
the resistance jar, completing this ecireuit through the
solution. The electrodes in the jar have attached to them
glass pieces as shown at 7} and to the parts marked 1, T,
rubber tubes are attached and project downward into the
solution. The depth to which these electrodes ave
immersed in the golution determines the resistance of the
shunt across the field and consequently regnlates the
amount of current passing through the field coils and as
the magnetism of the field is a necessary factor in the pro-
duction of the current, any change‘in this will produce a
corresponding change in the current, for the less the resist-
ance of the shunt the greater the amount of current that
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will pass that way ; and this portion of the current taken
from the field will reduce the magnetism and consequently
the current produced by the dynamo will be correspond-
ingly reduced.

The magnets £ E taking their current from the armia-
ture will be affected by any change in the current pro-
duced and acting on the armatures L L, connected to the
balanced beam, vary the position and change the amount
of surface of the electrodes 771 that are immersed in the
solution. The dash-pot (¢ answers a similar purpose here
that dash-pots do in the other systems, that is, fo steady
the movement of the parts and make the change less
abrupt. This dash-pot you will natice is swung by rods
from the balanced beam, while the piston rod is =olidly
attached to the block P. The rod N is gimply an adjust-
able stop for the purpose of limiting the range of upward
movement of the arm of the balanced beam. From the
inside binding posts marked 1 and 4 we find other wires
leading off, and by tracing them down we find that they
end at the carbon points shown at . One of these
carbong is clamped solidly in position while the other
is held by a clamp that is attached to a rod that
slides through a sleeve az shown at S. Thiz rod is
solidly attached to the armature of the solenoids A A,
and moves with it. The purpoese of these carbons is {o
form o short circuit aeross the field if, for any reason, the
current becomes so strong that the solenoids would pull
the armature sufficiently low to bring the carbons in con-
tact. DBut you will understand that if the ficld should be
ghort-cireuited in this way that the strength of the solen-
oids would be immediately reduced and the contact
between the carbon poiits would separate and the field
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would hecome again charged and the points again drawn
together.

We will endeavor to gain a better understanding of
the action of the different parts and of the civeuits through
them, by tracing the current from its starting point in the
dynamo through the line and the different parts of the
regulator until it completes the cirenit. In speaking of
the starting point of the current. we know that if is a difli-
cult point to determine. The current, at first, is very
glight indeed, but as it builds up rapidly, we may suppose
that it starts from that pm'tinu'ut' the armature that is in
connection with the + binding post, as this is the coil that
is giving out the highest potential.  You will notice, also,
that the coil connecting to binding post 3 is giving out a
current that leads to the regulator, One of these currents
passes over the line, returning to the — binding post, and
passing through another coil of the armature leaves the
machine at binding post 3, and passing fo the regulator
enters at 3 and travels on energizing the solenoids A A,
and making a short cireuit through the flexible conduct-
ors aud the contacts at R, leaving, for the present, the
magnets I J and the resistance F, out of circuit.  This it
does beeause there is not suflicient strength of current to
attract the armature of the solenoids suflicient to separate
the contacts at R. The eurrent returning at 2 on the
dynamo then traverses the field cirenit, increasing the
strength of the field and reaching the binding post 1, finds
two paths open, one through the eircuit of variable resist-
ance in the regulator returning to the dynamo at 2, and
the other path is through the armature coil where the
cireuit is complete to the + binding post.  As the current
inereases in strength the attraction of the solenoids cause the
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contacts at B to separate, and by this action the magnets
E E are brought into operation, but a portion of the current
is taken from them through theshunt F.and the continued
increase in current strength up to the normal amount
passes through these various paths, inversely as their
resistance, when the action on the armaturc L of the regu-
lating magnets causes the electrodes I I to enter the
solution sufficiently to reduce the resistance of this cirenit
and short-circuit a portion of the current from the field
circuit. This will, of course, reduce the strength of the
field and the current will be reduced in like manner. This
will tend to maintain a steady current of a given number
of amperes.

When more lamps or other work is thrown on the
circuit this action is reversed. The eurrent through the
regulator, between binding posts 3 and 2, being reduced on
account of more resistance on the line, the strength of the
magnets E E are weakened, and the weight of (¢ dash-pot
@ pulls the end of the balanced lever down, raising the
electrodes 1 1, which decreases the surface immersed in the
solution, and inereases the resistance of that cireuit, caus-
ing more current to flow through the field circuit. The
field is then more strongly energized and more current, is
produced. It is the varying resistance of the circuit
between the binding posts 1 and 2 that acts to regulate the
magnetism of the field and the current produced in the
armature. It is the current produced in the armature and
passing through the circuit between the binding posts 3
and 2 that governs or regulates the amount of resistance in
the shunt across the terminals of the field circuit. By
referring to the system of regulation, shown and described
in chapter X., you will find a similar method of regulation
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but produced in a somewhat different manner and by
different apparatus.

In the use of this regulator all contacts must be kept
perfeetly elean, and all moving parts should be free from all
gumminess or stickiness that can in any manner interfere
with the utmost freedom of movement of any of the parts.
Those parts that have a sliding movement of one within
the other require special attention, for you can easily
understand that if from any cause their free movement is
at all impeded that it will require a greater amount of
current to produce a suflicient movement to cause the
required variation of resistance in the shunt across the field
than is necessary in maintaining a constant current on the
line, under conditions of changes in resistance or variation
in the amount of work to be done on the line. And even
when working with a constant load, if the movement of
the parts should be impeded in any way it would be
uecessary for the current to rise considerably above the
required amount before the mechanism would move, and
then it would move with a sort of jerk that would most
probably throw it too far, and this would have the effect
of bringing the current below the required amount,
and if it did not fall sufficiently low to cause the mechan-
ism to act, the result would be that the lamps would act
very badly. In case the mechanism did act under the
circumstances, the effect of these changes would be plainly
visible in the burning of the lamps, for it would cause the
lamps to harn too strongly for a few moments, and then, as
the mechanism would be forced to act and the current
reduced below the required amount, the lamps would
become less brilliant and give a dull, unsatisfactory light
that would be very disagreeable by contrast. So it is well,
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in the care of o regulator of this kind, to occasionally, at
least, examine the contacts and serape them clean and try
the working of the different parts of the mechunisn, to
satisfy yoursell that there is no unnecessary friction at
any portion of the apparatus, to, in the least, impede its
abzolutely free and steady movement.

A large number of electric light plants of good systems
and fine workmanship, capable of giving excellent results,
have been thrown out and replaced by systems which
were no better in any respeet, and in some eases not so
good, simply because there were some delicate points
about it, and the man in charge had been considered as
being nothing more than a sort of machine and was given
to understand that he must keep his hands off’ of every-
thing except what he was told to handle, and must not try
to understand the mysteries of things that were alle (i;l
the opinion of those who put them in) to take care of
themselves. It has been considered too often by some
graduates in mathematics that the man who wears the
overalls is incapable of exercising the reasoning faculty,
and many times he has been denied the eredit of even
understanding the working of a simple machine, by these
same individuals. In cases of this kind is it any wonder
that systems have been declared failures and have been
replaced by others, no better in any respect, but whose
principles have been explained to the man who was to
make it a success or failure, and they would then prove a
suceess.

But to return to the regulator. If the golution in the jar
J should become weakened, and it is possible that it may,
because the sulphuric acid has a great affinity for moist-
ure, and absorbs it from the air, then it would, perhaps,
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be found that the solution had too great resistance, and
consequently the lamps would not act in a satisfactory
manner, aind woiile looking for a defect in some portion of
the systeny, some one who knew no more as to the exact
loeation of the difficulty than yourself, would come around
and, with a sort of spontaneous wisdom, would tell you
that you was using poor carbons. Pay no attention to
sugeestions of that nature but examine all working parts
of regulators and those portions of the apparatus on which
the regulation partieniarly depends.  Of course, if you do
not understand the construetion and uses of the different
parts it will be a difficult matter to locate troubles, but
with an understanding of the principles and a knowledge
of the mechanical portions of the apparatus and by giving
suflicient attention to the details, successful operation is
assured.  When working this system under full load, if
the machine should ocensionally tlash you will most prob-
ably find the trouble to be located in the jar, and you will
possibly notice that the eleetrodes leave the solution just
at the instant that the flash takes place. This will very
often produce flaghing in dynamos whose regulation is pro-
duced by a shunt of variable resistance across the terminals
of the field eircuit.

The brushes on the dynamo of this system are usually
double ; that is, there are two brushes connected together,
but touching the commutator at different places—one
leading the other. The leading brush always carries a
small spark, but the brushes that follow should carry no
spark at all. If they do, they are not set properly.
Soft copper should be used in contact with the commu-
tator instead of the hard rolled copper brushes sometimes
used. The reason for this is fully explained in a former
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CHAPTER XIV.

THIE THOMSON-HOUSTON SYSTEM OF AUTOMATIC CURRENT
REGULATION ON ARC-LIGHT DYNAMOS,

In the Thomson-Houston System we find a series
wound dynamo of the iron-elad type, but with some dis-
tinetive features that ave peculiarly its own.

The machine has two tubular magnets, flanged at each
eid on the outside, and between the flanges the field wire
i wound. The inside of the magnets arve concaved at
each end; one end is zhaped to conform to the shape of
the armature which is very nearly that of a ball; while the
other end, in most of the dynamos, is somewhat similar in
shape but has a number of ridges or braces cast inside.
These ridges arve not for the purpose of strengthening or
bracing the magnets, but to add more ivon to the mass.

A large quantity of iron in the field magnets of a
dynamo or motor is a necessity i good regulation is
expected. It is requisite that the mass of iron be so great
that it will never be completely saturated with magnetism.
For this reason the iron and copper are so proportioned
that any current that may be passed through the field coil
will never raize the iron to a much greater degree of magneti-
zation than about half saturation.  Just the exact amount of
magunetization required for the amount of iron, to produce
the best results for automatic regulation, is a question that
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is not considered as having been settled as vet. Some
electriciang claim, and build their machines according to
the claim, that the iron should be very nearly saturated,
while others work on the prineiple that a dynamo ealeu-
lated to carry a varying load, should never have its magnets
more than one-half saturated. Very good machines have
been built after each idea.

The magnets of this dynamo are placed facing each
other and nearly enclosing the armature. Iron rods,
shouldered near the ends, connect the two magnets and

i 0

Fig, 48 —Thomson-Houston Diynceina.

hold them in position. The rods fit into holes in the outer
flanges, which are made larger than the flange on the op-
posite end, and are secured by nuts.  This arrangement
holds the magnets rigidly and allows them to he easily
taken apart. A framework to support the machine and
give bearings for the armature shaft is also holted to the
magnets. The cut Fig. 48 will give n very good idea of
the arrangement.

M
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The armature of this dynamo is of a shape very nearly
like a hall.  The core is composed of cast iron ribs and
flanges.  Two flanges fastened to the shaft hold the ribs
at the ends. where they fit into a groove in each flange.
There are ahout a dozen of these ribs, and they are wound
with a few layers of soft iron wire that is partially insu-
lated. Insulated iron wire gives better resulis, when used
as a core for magnets or armature, than solid iron or unin-
sulated iron wire.  The ribs are insulated from the flanges.
The core has a nunber of wooden pins projecting from it
and these are for the purpose of holding the wire in posi-
tion, for on account of the shape of the core the wire would
be very apt toslip out of place if some such means was not
resorted to for holding it in position.  Before the armature
wire is wound on, the core iz covered with a few thick-
nesses of heavy paper to effectually insulate the wire from
the core. The armature wire is wound on the core in three
equal sections, but in order to bring the wire of each sec-
tion to the same average distance from the core, only one-
half of the first section is laid on at first ; then one-half
of the second section and all of the third is laid on; then
the balance of the second, followed by the other half of
the first.  This method of winding brings all of the wires
of each section to an average distance from the core.

And this is necessary, for if the armature coils should
be out of electrical balance—that is if one section of arma-
ture wire was nearer the field magnets than another—
the result would be an uneven current produced and great
sparking at the brushes, or if there was a greater length of
wire in one section or if the wire had a different resistance,
the result would be thesame—great sparking at the brushes.
The inner ends of the sections are all connected together
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to a collar on the shaft, while the outer ends, which are
colored red, white and blue, are led out through a hollow
portion of the shaft and connected to separate segments of
the commutator. This makes it an open circuit armature,
but as two brushes are used on each side, four in all, they
serve to keep contact across the breaks in the commutator,
and by this means prevent excessive sparking, which would
otherwise oceur on account of the small number of sec-
tions of wire on the armature and their being connected
to the commutator in open circuit. The particular reasons
for this has been fully explained in a previous portion of
thiz work.

The commutator is in three sections insulated from
each other by very wide air spaces, and the copper seg-
ments are attached to the iron or brass framework by
screws and in such a manner that they can be easily
removed or replaced when worn out.  They are nicely fitted
to the framework, so there is no difficulty in gettin.;; them
into proper position. The brushes are of sheet copper,
slotted and having considerable spring to them. TFour
brushes are used and are set by a gauge furnished with
each machine. Two brushes on each side of the commu-
tator are connected together electrically so that the gap
between the sections of commutator is spanned by the
brushes. This arrangement short-circuits two coils of the
armature whenever the two brushes on one side touch
sepurate gections. This takes place twice during every rev-
olution. Some electricians, pretty well up in the business
too, have expressed themselves as being astonished because
this style of armature did not burn out oftener on this
account. A little careful consideration of the principles
and the action of the parts would have shown that there
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is but little additional liability of this style of armature
burning out any more than many other armatures under
the stne conditions of operating.  When the dynamo is
working under a very light load, there is a time during
each revolution when the cireuit isshort-circuited between
-+ and — brushes through the commutator segment, as can
be geen by examining the diagram, Fig. 49. It is not
advisable to work the dynamo under conditions that would
bring the brushes into this position. The position of the
brushes on the commutator, and consequently the current
produced, is under the control of the controlling magnet,

Least Efficiency Greatest Efficlency

Fig. 49.

the principal parts of which are shown in Fig. 50. The
magnet core, a, is of wronght iron fastened to the frame,
by which it is held in position at the top. The lower end
is turned into a shape somewhat resembling that portion
of an egg that tapers off’ to the small end. The armature,
b, hag a hole in it that is of such a shape as to allow the
end of the magnet or pole to fit the hole; but as aclose fit
would not work well at this point, the hole iz somewhat
larger, so that the metal of pole and armature are never in
contact. This allows the pieces to more easily separate
when the magnetism is withdrawn, for if they made
metallic contact the residual magnetism that remains in
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the core after the current is withdrawn would be liable to
hold the armature longer than is desired. This provision
may be noticed on all electro-magnets and armatures.
Some means are provided to prevent the armature and
pole-piece from making metallic contact. In telegraph
instruments adjusting serews are used. In telephone
apparatus a piece of paper pasted on the iron serves to
prevent them from sticking together. In electric bells and

Fig. 50.

annunciators you will find something similar; perhaps a
thin sheet of .copper, as that is sometimes used for this
purpose. In connection with the controller magnet is a
dash-pot, ¢. Its purpose is to prevent sudden or violent
movement of the apparatus or of the brushes to which it
comnects. The weight, d, on the lever is a means used to
bring the brushes to the position of greatest action, if not
otherwise controlled by the action of the current on the
controller magnet. The brush holders of both of the
leading brushes are attached to but insulated from a brass
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bar that works on the shaft for a center and keeps the
bruskes in n position directly opposite each other at all
times. The other brushes are connected by a similar bar.
Remember, these bars have no electrieal connections, for
each brush holder is insulated from the barg, but the con-
nection is merely a mechanical one, and its purpose is to
keep the brushes in a position exactly opposite. The
brush holders of each pair of brushes are electrically con-
nected.

Between one pair of brush holders there is a mechan-
ical connection of levers and links that derive their move-
went from the lever connected to the armature of the
regulator magnet. This mechanism is so arranged that
when the leading brush is pushed ahead the other brush
is drawn back. When the leading brush is drawn back
into a position of greater action, the following brush is
advanced into a position of greater action also. The
iden (explained in another place) is that when the brushes
are moved into a position of less action, or, in other words,
when the current is to be reduced, the pair of brushes are
geparated, and when the current is to be inereased, they
are brought nearer together.

The action of the regulator magnet on the brushes is
such that when the armature is drawn up, or attracted, it
moves the brushes to a position of lesser action. This
movement of the regulator magnet is brought about by
the operation of the wall-controller shown at the upper
left hand corner of Fig, 51. The wall-controller consists
of two solenoids with a single armature connected to the
cores, B, B. There is an adjusting spring connected with
the armature at one end and to the yoke pieceat the other.
This spring may he so adjusted that the amperes of current
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can be varied between certain limits. Fastened to the
under side of the armature is a platinum contact piece
that makes contact at € with a strip lying horizontally.
Platinum is uzed on connections of this kind in nearly all
electrical work where the current is frequently hroken by
the separation of the parts. Platinum iz not easily
oxydized, and for this reason is more gerviceable than any
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other metal for this purpose.  When the cirenit i broken
hetween two contacts, the action of the current on the
contacts, as if jumps across the space, forms a slight film
of oxide that has a very high resistance, amnd as each
spark is produced the film of oxide increases, and conse-
quently the resistance is inereased. As these contacts are
continually making and breaking this shunt cireuit, while
the dynamo is in operation, and as there is a slight spark
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at ench break, any other metal than platinum would =oon
become considerably oxidized, and interfere with the
regulation. At L is shown a glass tube containing a rod
of carbon that is used as a resistance. There are three
binding posts attached to the wall-controller, and marked
on the diagram P, P, P*.  The circuits through the wall-
controller may be traced from the binding post P, upward
and through the coils of the solenoids to P But you
will notice that a branch has been led off through the
piece of twisted cable to the armature of the solenoids.
Another cirenit through the wall-controller starts at P*
and passes through the carbon resistance L, and across to
the opposite side, where it is joined to the wire forming
the coils of the solenoids; but a branch has been led off
from this circuit, just where it entered the box, and lead-
ing to the horizontal contact piece. Through this path a
short circuit is made by way of the contacts at C'and the
twisted or cabled wire to the cirenit leading from P. By
examining the diagram and tracing the circuit from the
binding post of the dynamo I, which is the terminal of
the dynamo, we find the circuit separates here; one portion
going direct to the wall-controller at 7 and across the
short circuit through the flexible conductor, and there
joining with the other portion of the circuit that has gone
through the regulator magnet coil .

When these two cireuits join in the wall-controller they
then lead through the solenoids and out at I, and from
there through the switeh or circuit-breaker D, to the lamp
circuit and from there to the machine again, where it
enters at the negative binding post N.  Entering the field
cirenit at 2V, it passes through the eoils of one magnet ¢
and through the avmature by way of the brushes b, b, b, b,
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and through the other magnet coil €} and to the positive
binding post again. When the dynamo first comes into
action, the brushes are in a position similar to that shown
in Fig. 49 as the position of greatest efficiency. The
armature of the regulator magnet is at its lowest position.
In the wall-controller, the armature is down and the con-
tacts at €' are together. 1Vith these in this position you
will notice that there is a short eireuit for the eurrent from
the binding post at the top of the regulator magnet
marked P to the binding post P*on the wall-controller
and through the contacts at € and the flexible connection
to the wire at the left of the solenoids.

The greater part of the current passing through this
circuit cuts the regulator magnet out of action, and leaves
it out of action and the brushes on the commutator in the
position of greatest action until the current has inereased
to the required number of amperes.

As goon as the current reaches this amount the arma-
ture of the solenoid is first acted upon and attracted.
This separates the contacts at €{ and forces a large portion
of the current through the coils of the regulator magnet
R. But all of the current cannot yet pass that way, for
you will see by examining the diagram that a large pro-
portion also must pass through the resistance 7.

As soon as the contacts at ¢'are separated and a greater
portion of the current is caused to pass through the reg-
ulator magnet, then its armature is raised—not suddenly,
for that would be liable to cause the dynamo to flash, but
slowly and steadily, for there is the resistance of the dash-
pot to be overcome, and this mechanical resistance canses
the armature to move slowly, and its action through the
levers and links moves the brushes to a position of less
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action and the current is reduced in proportion. The
armature in the wall-controller should then move slowly
downward until the contacts at ' are again together, when
the regulator magnet being cut out of action, the weight
on the extension of its armature causes the brushes to be
slowly moved into a position of greater effect, and as the
current is again increased the contact at 'is again broken
and the same action is continuously repeated while the
dynamo is generating current.

If the dynamo should be overloaded, the solenoids in
the wall-controller would not have sufficient power to
raise the armature and break the contact at €, consequently
the regulator magnet would not be called into action and
the weight would hold the brushes in the position of
greatest action.

When this dynamo is running under too light a load
(which should never be permitted), the brushes are thrown
into a position where the current from the armature is
short-cireuited between a 4+ and — brush,  This position
is shown in Fig. 49, where the brushes are shown as being
in a position of least efficiency. The short-cireuiting
between a positive and negative brush is only momentary,
but its eflect, if continued for any length of time, may
produce results that are not at all desirable, and for this
reason should never be permitted. Another thing that is
quite noticeable about this dynamoand that might readily
be expected, on account of the small number of sections in
the armature, is the sparking at the commutator. Large
sparks are continually formed as the leading brushes are
separated from each segment of the commutator. But
this need not occasion any alarm, for admirable means
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have been provided for reducing the sparking to a con-
dition where no harm can result from it.

A blower is attached to the shaft, and tubes leading
from it convey a blast of cold air to the commutator,
where it strikes about Ysinch in front of the end of the
brush, and in such a direction that the blasgt blows the
spark out before it attains 100 great a length.  An oil cup
is attached to the blower by which the fans may be kept

well lubricated, and any surplus of oil fed to the blower
is carried through and on to the commutator segments,
where it prevents the cutting of brushes.

But reliance should not be placed on this for keeping
the commutator and brushes from cutting. The com-
mutator should be frequently wiped with an oily rag,
while running, care heing taken that the rag is not pulled
away by being caught on the corner of the commutator
segments.

The blower is shown in Fig. 52, and consists of o dise,
slotted radially with three slots, in each of which are
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placed a square of iron that fits sufficiently loose to allow
the tangentical energy to keep it in continuous contact
with the sides of the chamber in which the fan is placed.
This chamber is of elliptical shape, and the fans, at two
places during a revolution, are forced towards the center
of the dise until they do not project at all. In this posi-
tion they pass an opening where air is admitted and the
space around the dise grows larger.  This allows air to be
drawn into the space, which is compressed as the fans
reach o narrower part, and from there it is forced through
the openings . a. The tubes leading to the commutator
are connected to these openings.

The cut shows the construction sutliciently well to he
understood with the gshort explanation given.

This dynamo, like most others, sometimes gets a fit of
flashing, and the causes for a dynamo’s flashing were
all written out by an employe of the company and sent
to the men in charge of dynamos of this kind. It is pre-
sumed that all parties using these dynamos received a
copy. The list of causes was quite numerous, but it has
heen said that it was not half complete, though it covered
all coneeivable portions of the whole system. If you are
running o dynamo of this kind and it gets 1o flashing, you
an probably find the cause for it on the list, if you have
one ; if not, it can be obtained from the company. If you
cannot get the list, you might see if any of the five causes
for flashing, given in a previous chapter of this book,
can be found in your dynamo.

There are but fow things about this dynamo that
require special care.  But on any dynamo or motor it will
be found that commutator segments and brushes require
the most attention. A good smooth commutator is essen-
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tial to good work, and to keep the commutator in good
order requires that it should be in good shape and the
brushes properly set.

The dash-pot may, if the glycerine in it be too thick
or too thin, give some trouble at times by causing the
lamps to give an unsteady light. But this would be
casily noticed and as easily corrected. By keeping the
cireuit free from leaks or grounds, and keeping everything
connected with the system clean and free from oxidation,
but little trouble will be experienced.



CHAPTER XYV.

THE WATERHOUSE SYSTEM OF THREE-BRUSH AUTOMATIC
CURRENT REGULATION.

In this system we have a dynamo of the Manchester or
consequent pole type, series wound, and standing in a
vertical position. The eylinder armature is connected in
closed circuit. The peculiar feature of this system of
regulation is the third or auxiliary brush, which is sup-
posed to play an important part in this system of regula-
tion. By referring to the cut, Fig. 53, where M, M, M, M,
shows the magnets, and the armature is shown at .. The
commutator i marked €, and the brushes a, b, ¢. You
will notice that two of the brushes, @ and b, occupy the
same position on the commutator of this dynamo as on
most others; that is, at positions directly opposite. The
auxiliary brush ¢, is set somewhat in advance of the upper
brush «, but still within the limits of the point of lowest
commutation. The point of lowest commutation in most
dynamos i2 at that point on the commutator that connects
with that section of the armature wire that is just enter-
ing the opposite field from which the current was gen-
erated ; while the point of highest commutation is at that
point where the wire is just leaving the field.

In the eut, brush ¢ shows very nearly the point of low-
est commutation, while brush a is very near to the point
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of highest commutation. The point of commutation
varies aceording to the magnetic intensity of the field:
being farther back for the more intense ficld and farther
forward for the less intense ficld. One explanation of the
reasons for the change of position of the point of commu-
tation under varying loads was given at sowe length, in a
former chapter of this book.

-
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Now it may be eazily understood that as the hrushes
cover these two points, all changes in the load will still
keep the point between the main and auxiliary bhrushes.
But to keep the regulation as nearly perfect as possible
a geries of resistances are necessary, and a fuir idea of their
operation may be gained from the other portions of the
regulator shown at upper left hand corner of the cut.  The
resistance coils are represented at K. These may he of
iron wire, German silver or any other material that will
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answer the requirements. The cut does not show the
exact construction of the rheostat, but it is sufficiently
close to give a comprehensive idea of the working of the
regulator. A solenoid S whose core is attached to the
lever f, is connected into the eircuit as shown, The resist-
ance coils 2, arve connected by branches to the commuta-
tor K as shown.  Tn actual practice this commutator is
confined to a very small space, and a slight movement of
the core of the =olenoid is suflicient to cause the end of
the lever f; to move from one extremity to the other, thus
throwing more or less of the current through the field
cireuit or through the local eircuit.  You will notice that
the resistance coils are connected at one end with the
cirenit through the fields, while at the opposite end they
are conneeted to a short cirenit leading from the auxiliary
hrush e, While the dynamo is in operation all of this resist-
ance is divided between the field and local circuits, accord-
ing to the resistance in the main circuit. Supposing the
current required be ten amperes, regardless of the number
of lamps or the amount of other work on the line, then
the action of the regulator would be about as follows:
Starting the dynamo into action with a light load or small
resistance on the line, the core of the solenoid extending
out of the coil, and the end of the lever f, in. contact
with the lower har of the commutator I, would make the
cireuit through the field of much less resistance than that
through the local eircuit.  For when the lever fis in con-
tact with the lower bar of the commutator K all of the
resistance coils /2 are thrown into the loeal circuit, conse-
quently the greater part of the current produced will flow
from the brush a, divectly through the field circnit and
past the resistance R, by way of the branch, to the lower
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plate in the commutator K and by way of the lever f to
the contact at e. thence through the eoils of the solenoid
to the main cireuit, and returning to the machine through
the brush b.

With low resistance on the line, and the greater part
of the current flowing through the field circuit, the electro-
motive force will soon produce ten amperes of current on
the line, and the solenoid, being brought into action and
the lever f raised, resistance is cut into the field circuit,
and the resistance of the local circuit is reduced a cor-
responding amount, consequently, the current passing
through the field circuit is lessened, and the magnetism of
the field decreased, and the amount of cwrrent produced
iz diminished. As resistance iz cut out of the local circuit,
a greater portion of the current will pass that way; but
the current on line can never raise to more than ten
amperes, for as it passes through the solenoid the lever
would be acted upon and more resistance would e eut
into the ficld cireuit, until there wduld not be sufficient
current passing to create magnetism enough to generate
the necessary electro-motive force.

When more resistance is thrown on the line the current
will fall, the solenoid will cease to hold the lever, and as
the lever falls and passes over the commutator strips,
resistance will be cut out of the field circuit, allowing
more current to pass that way, increasing the energy of
the field and the electro-motive force at the same time.
You will, no doubt, infer from the foregoing analysis of
the three-brush regulation, that the regulation is produced
not so much by the brushes as by the amount of current
passing through the field circuit. Tt will appear that the
brush nearest the point of commutation, for the amount

——tly” P §



Wateriouse System. 179

of load on the line, is the one that will take away the
greatest mnount of current, and if the resistance of the
field and local cireuits were the same, this would no doubt
be the fact: but as we know that the resistance of a cireunit
is the sum of all the resistances in that circuit, we find that
it is necessary, inorder to produce perfect and instantaneons
regulation, to have a variable resistance in hoth the loeal
and field cirenit, and that the variability of these resist-
ances must be under the control of mechanism operated
by the full current on the line. This we have in this sys-
tem in the rhieostat or resistance coils and the solenoid.

This system, while being unique, is, nevertheless, very
sensitive and extremely accurate, and as far as can be
ascertained, has given excellent results. The third brush
takes care of the sparking at the commutator in such a
satisfactory way that no change in the position of the
brushes is required under any change of load or change
of speed. In the care of this machinery, the same points
so frequently mentioned in this book as necessary in the
care of any dynamo-cleetrie machinery will apply equally
well here.

With this chapter we will close the subject of automatic
direet current dynamo regulation, and give a short deserip-
tion of some of the current indicators in use on some of
the systems. In most systems using auntomatie current
rezulations it is not thought necessary to use a current
indicator of any kind, for it is claimed that the automatic
apparatus will take care of the current and keep it all
right. Our private opinion ig that this is a mistake, for
there are very few pieces of automatic apparatus butwhich
will require occasional testing and adjusting, and it is
noticeable that those attendants who have the best instru-
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ments for testing and adjusting are the most successiul
with their machinery, if they make frequent use of these
instruments and act in accordance with the knowledge
gained by their use. Exceptions to this statement may
no doubt be pointed out, but it can be taken as a general
rule, and it may be further stated that there is hardly an
electric light plant in the country whieh is giving poor
service but which might have been kept in a satisfactory
working condition, if the attendant had been provided
with apparatus for testing and adjusting.

In all geries systems, whether it be are or incandeseent
lamps or motors, it is usually termed a constant current
circuit, and if a eonstant current, is what is required, there
certainly should be some instrument for measuring the
current. Automatic regulators may do it all right—some
lack considerable of doing it—but if there is an instru-
ment handy for verifying what the automatic regulator is
doing, so that it is known that that part of the system is
all right, then trouble of any kind, if it occur, can be the
more easily located.



CHAPTER XVI.
AMPERE METERS.

The amount of eurrent flowing in the cireunit is usually
measured in amperes.  We have explained in a previous
chapter what is meant by an ampere; but we will say here
that an electro-motive force of one volt flowing through a
resistance of one ohm will produce one ampere of eurrent.
An ampere of current cannot be taken by itself alone, for
it hiag no existence except as a result of two other princi-
ples, electro-motive force and resistance.  Without both of
these factors, a ecurrent of electricity would be unknown
and there would be nothing to measure. When electro-
motive force passes through resistance then the current is
developed and we have something to measure; this some-
thing we measure in units called amperes, or if the amount
is smaller than an ampere; it is measured in units of one
one-thousandth part as great. These smaller units are
alled milli-amperes, but we do not get down quite that
fine in electrie lighting. Notwithstanding the faet that we
cannot isolate an ampere of enrrent from the factors, E. M.
I". and resistance, yet an ampere of current will do a given
amount of work, will decompose a given weight of water,
will deposit a certain amount of metal in an electrolytic
bath, and there are many things that it will do that enable
us to determine just how much an ampere of current is.
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Some of the simpler forms of instruments for measuring
the amperes will be explained and illustrated. TIn Fig. 54
we have a very simple form of ampere meter, or ammeter,
which consists of a strip of copper about 1% or 1} inches
wide, fastened to a block of wood, guttapercha, vulcanite

Fig. 54.

or other insulating substance, as shown at ~1; a piece of
magnetized steel, B, to which a needle, € is attached.

A scale is provided from which the number of amperes
passing can be read. The armature C, is held in place by
a pivol that passes through its center and works in delieate
bearings at each end. The needle, which should be of
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brass or other non-magnetic metal, is rigidly attached to
the armature B, and moves with if.

The philosophy of the action of this instrument is,
that when a polarized picce of steel is brought near to a
conductor through which a current of electricity is passing,
the polarized stecl tends to set itself at right angles to the
path of the current. The stronger the current may be or
the lighter and more highly magnetized the armature may
be, the neaver to a position at right angles the armature
will assume.

0 7 2 3 & 5 G 7 8 9 10 11 12

Fiy. 53.

It is not really practical to make an instrument of this
kind to cover a range of much more than one-half of a right
angle, for when the needle moves to an angle of about 50
degrees it will require & much greater increase of current,
in proportion, to move it through another degree. This
may be better understood from a tangent scale as shown
in Fig. 55, where a given amount of current will move the
needle through one division of the seale, and the addition
of an equal amount will move it through another division,
and g0 on.  But you will notice that the divisions on the
circle become smaller and smaller after about four divis-
ions have been passed. After that it requires an equal
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increase of current to cause the needle to move to the next
mark, although the distance is not =0 great. The reason
for this seems to be that the pull of the current, if we may
call it such, is more at an angle, and the same force of
current acts more at a disadvantage. There are several
things that the ammeter will eall our attention to on series
systems,  One of the things is, leakage on the line; another
is, increase of resistance in the eircuit from any cause.

If the current fail to keep up to the standard, or to the
full number of amperes while the dynamo is running at its
usual speed, we will immediately infer that something is
wrong. A test for leakage or grounds should be inmmedi-
ately made, and if no leakage is detected we may then
suspeet an increase of resistance, possibly from corroded or
loose joints. But this last difficulty is not so frequent
now-a-days ag it was fouror five yearsago. Then telegraph
and telephone line-men did most of the clectric light wir-
ing, and for a large day’s work that was sure to give trouble
afterward, they were entitled to a prize.

Joints in eleetrie light or motor cirouits cannot be too
well made and the more care given to them at the beginning
the less trouble there will be afterwards.  But it is just as
necessary to know hew to make a good joint as it i= to exer-
cise a great deal of care in the making of it.  With an are
light circuit, if the current is kept to the required amount
and the lamps do not burn satisfactorily you may infer that
the trouble is in the lamps, and most probably a sticky
coating has formed on the rod, and the lamp trimmer has
failed to attend to it. .

Ammeters are of low resistance, and are connected into
the cirenit in series.
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The indicator shown in Fig, 56 is a solenoid ammeter,
consisting of a helix of coarse wire, a, wound on a brass
tube, d, having a cap at the top, and a reducer screwed on
to the hotton,

The core, b, iz a soft iron tube suspended by a light
spiral spring ¢, from the adjusting screw, ¢, that is threaded
through the cap.

From the core, b, a strip extends upward, that carries
at its end a marker, j, that shows upon the scale the num-
her of amperes of eurrent passing through the instrument.
The rod marked f, serves as a guide for the core, and keeps
it in the center of the tube.

A casing, h, covers the upper part of the instrument,
protecting it from injury and dust.

This easing has an oblong opening cut in one side
through which the card on which the scale is marked, can
be seen.  This opening is closed by a piece of mica.

The whole is fastened to a block, as shown in the cut,
though some are fastened to a bracket, which may be
attached to the wall.  The binding posts earry the termi-
nals of the wire coil, and serve to connect the ammeter in
circuit. This is o neat little instrument, and is very con-
venient in the dynamo room.

The principle of this instrument iz that of a solenoid.
Electro magnets and solenoids are nearly alike in their
actions, hut an eleetro magnet has a stationary core, while
the core of a solenoid is freely movable. Anything that
interferes in the least with the free movement of the core,
will seriously interfere with the action of the instrument,
and care mugt be nsed in placing the instrument, to get it
in a vertical position, The action of this ammeter depends
upon the principle that when an insulated wire is wound
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into a helix, and a current of electricity is passed through
the wire, an iron rod or tube, if introduced into the open-
ing, will be attracted with considerable force. If the iron
be of the same length as the helix, and the current be
strong enough, the iron will be drawn wholly within the
helix, and held suspended apparently in the air. In fact,
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a solenoid has about as much strength as an electro mag-
net of the same size. In the solenoid ammeter, Fig. 56,
the core is held by a spring, and the attracting force of
the helix pulls the core downward with a force in accord-
ance with the number of amperes of current passing, and
the number of turns of wire in the helix. You will

~y
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understand that if there are one hundred turns of wire,
and one ampere of current flowing, there will be one
hundred ampere-turns, while if there are but ten turns of
wire, and ten amperes of current flowing, there will still
be one hundred ampere turns, and the attractive force will
be the same in either case. The wire earrying the current
in an ammeter, should be large enough to carry all the
current that the ammeter will measure, without heating
too much, for the heat will increase the resistance, and
the resistance will require electro-motive force to overcome
it. In this ammeter (Fig. 56), if it is not placed in a per-
fectly upright position, the core will bind on the guide
rod, enough to prevent its giving a correct record.

There is another feature about the solenoid indicator
that is worth more than a passing notice, and is somewhat
similar to that shown in the ammeter, Fig. 56, and that is
that the divisions on the scale are not equal.

When the core has entered the helix but ashort distance,
the pull on the core for a given increase of current is less
than when the core is farther in, and under the influence
of a greater number of turns of wire.

If the core be of the same length as the helix, it will be
drawn in with inereasing force, or to a greater distance
with each increase in the amount of current passing,
until the core is about one-half in the helix, where it will
e found that the helix gives its strongest pull for a given
amount of current.  With an increase of current, the pull
is increased, and it appears that when the end of the core
has passed the turns at the center of the helix, that each
additional turn acted in opposition to the others, and
makes the distance traveled decreaseslightly for each given
increase of current. The above explanation may enable
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you to understand why the divisions near the ends of the
scale are narrower than thoze near the center.

Fig. 57 shows another form of the solenoid ammeter.
In this ammeter the iron core is placed in the brass tube,
at the bottom of the instrument, where it fits loosely. A

Fy. 57.

brass or German silver wire attached {o the cove, and
extending upward, earries a marker at its end.  The prin-
ciple of this instrument is precisely similar to the one
just described. The core is drawn upward against the
force of gravity instead of being drawn downward against
the force of a spring, as shown in Fig. 56.
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Another kind of ammeter on the solenoid principle is
shown in Fig, 58, In this instrumerrt the helix is of bare
wire and wound in open eoil. Tt is curved to the segment
of a circle the center of which is at the pivot, on which
one end of the core, which is bent around to an acute
angle, is suspended. A pointer iz added which projects
downward to the scale. The helix is sometimes made of

Fig. 58.

copper rod of square section, or is cast to the shape
required.  Being of open coil it is not necessary that it be
covered with an insulating substance for the air spaces
between the tums are an excellent insulator, although not
the best by any means, as there arve several substances
that possess better iusulating‘quulitics than air. Air, on
account of its absorbing moisture so rveadily makes its
resistance much less than that of many other materials.
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The air spaces in an ammeter of this kind fully answer
the requirements of insulation, for this is a heavy current
ammeter and generally heavy currents are used at a very
low potential g0 that there is not much chance for leakage.

The ammeter shown in Fig. 59, designed for heavy
currents, consists of a flat copper bar, A, bent into a form

Fiy. 59.

somewhat resembling a horseshoe, when looked at from
the narrow gide. The binding posts marked 4 and — are
heavy blocks of brass firmly attached to the copper bar,
and the joints are made for good electric conductivity.
Several holes are provided by which more than one wire
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can be attached. The principal object of this is to use
smaller wires and more of them to earry the current, for
one wire large enough to carry the full current without
heating would be too large to get into shape conveniently.
It is quite commonly the practice to use several small
wires, when heavy currents are to be transmitted, instead
of one large wire, hecause the small wires cost less and are
more easily handled, besides giving greater radiating surface
which prevents them becoming too hot, when a single wire
of the same length, and containing the same weight of
copper, would become dangerously hot if carrying the
game number of amperes of current.  The armature is a
piece of hardened steel polarized and placed with the
poles as shown, NS, The armature is free to move, being
balanced on two hardened points that work in the counter-
sunk ends of two adjusting screws that pass through the
sides of the copper bar. One of these screws is shown at
S. A threaded rod, a, carrying a burr, b, projects from the
under side of the armature. This is for the purpose of
adjusting the calibration of the instrument. The action of
this ammeter depends upon the principle that when a
polarized piece of steel, if {ree to move, is placed near to a
wire carrying a current of electricity, the polarized steel
tends to zet itself at right angles to the path of the current.
It has been noticed that the end of a polarized bar that
points to the north, when allowed free movement, the one
marked N in the drawing, will always move to the left
from the direction in which the current is flowing, if held
wnder the conductor; while if held over the conductor, the
N end will always move to the right. In the drawing the
direction of the current is shown by the arrow, and you will
notice that from that part of the conductor on the sidenextto
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toyou, the armature iz in the same relative position as though
it was under the conductor while it would be over the other
part. With the current passing in opposite directions
on the opposite sides, the influence is combined to move
the armature in the same direction. If the current is
passed through this ammeter in the wrong direction, or
opposite to that shown, then the armature would move in
the opposite direction, but it could be easily arranged to
work correetly by simply loosening the screw S, taking the
armature out and turning it end for end, and turning the
pointer until it leaned toward the other end of the armature
and replacing it again in position.

Another style of simple ammeter is shown in Fig. 60.
This instrument consisis of a box frame made of any non-
magnetic material around which the wire is wound, the
ends of the wire being connected to the binding posts, B B.
The armature of this instrument may be of soft iron or
polarized steel.  The principles of its working are similar
to those described in connection with Fig. 59, that i, that
the armature tends to set itself at right angles to the wire
through which the current passes. This style of instru-
ment, with the numerous turns of wire is designed for light
or medium currents.  The seale is Inid off from the center
both wayg, so that with a polarized armature it is imma-
terial in which direction the current passes through it, as
the only difference it would make would e to cause the
pointer to move to the opposite side of the scale,  In some
respects this would be a very good arrangement, for, if the
dynamo should change its polarity—as some of them occas-
sionally have done, although it seldom oceurs—the position
of the pointer would immediately show it. It isalso quite
easy to tell the direetion of the eurrent when this ammeter
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is connected into a cirenit. With a soft iron armature
this ammeter would work equally well, but the pointer
would be as linble to move toone side as to the other when
the current was passed through the coil if the armature
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stood exactly level; hut if it stood at aslight angle it would
then move in the smne direction regardless of the direction
of the current through the coil. The inductive influence
of the current will polarize & soft iron armature as long as
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the current is passing, but when the current ceases the iron
loses its magnetism—not all of it, but the softer the iron
the less magnetism it will retain.

All of the ammeters shown in this paper are designed
to be kept continuously in circuit, and they will stand it
without injury. They are practically correct, and some
such instrument should be kept continually in cireuit, on
all constant eurrent cirveuits, if best results are desired.  An
ammeter is as necessary to a constant current circuit as a
steam gauge is to a steam plant.  You can get along with-
out either, but the results will be neither economical nor
altogether satisfactory. There are various other systems of
ammeters, working on other principles from those explained
here, but enough has been given to convey a practical idea
of those intended to remain in circuit. Someare intended
to be used only as standards for comparison. The use of
iron or steel as part of an electrical indicator i= to be
avoided as much as possible for the steel will gradually
Jose its magnetism and will be affected by outside influences
to a certain extent. The soft iron armature, when polar-
ized, as it always is under the conditions of use, is afiected
more or less by a mass of iron near it, or by the magnetism
from dynamos when near by, Thiz defect does not render
them useless, by any means; but oceasional comparison
and recalibration, when necessary, should he made.  They
are a very necessary adjunct to an electrie light plant.

-



CHAPTER XVIL
VOLT-METERS AND POTENTIAL OR PRESSURE INDICATORS.

In the last chapter was described and illustrated a few of
the simpler ammeters that are designed to be kept continu-
ously in the circuit. The illustrations and description
cover but a very few of the different kinds of mmmeters
made, as it was not intended to cover the whole field, but
simply to give a comprehensive idea of some of the princi-
ples upon which these instruments work, In thischapter
we will try to make plain the mechanism and action of a
few of the volt-meters and pressure indicators that ave in
common use with some of the systems of lighting. In the
construction of volt-meters one thing is absolutely neces-
gary; that iz, that they be of high resistance, while with
ammeters it is necessary that they be made of low resist-
ance. This may be easily understood when we remember
that volts represent pressure.  Volt-meteYs are for measur-
ing this pressure, and are always connected in multiple
are, or between the mains when it is desired” to measure
the efiective electro-motive force or difference of potential
of acircnit.  To find the fall of potential or loss of volts
that takes place in any part of the circuit, whether it be
an are or ineandescent lamp, motor, storage cell or battery,
or anything else that consumes the force of the current, a
loose or badly made joint, for instance, the volt-meter is



196 Voit-Meters, Potential or Pressure Indicators,

then connected in shunt, or parallel with the object. To
make thiz more clear; we will consider that it is desired to
measure the fall of potential in an arc lamp, or in other
words, how many volts of E. M. F. are consumed in the
lamp. To do this it is necessary to simply conneet the
lamp in eircuit with a dynamo producing sufficient cur-
rent to give to the lamp a full are, then conneet the volt-
meter to the binding posts of the lamp and take the
reading of the instrument, when, if it be a direct-reading
volt-meter, the figures will give the number of volts lost,
or, in other words, the fall of potential. The reason why
the measurement can be made in this way may, possibly,
be better understood when we make a little comparison
between the resistance of the lamp and the resist-
ance of the volt-meter. The lamp has, we will assume,
a resistance of one and one-half ohms, while the volt-
meter has a resistance of from 1,000 to 20,000 ohms.
Suppose the resistance to be 1,500 ohms, and the forni of
the instrument to be similar to that shown in Fig. 56,
though the form is immaterial. Now if the lamp and
volt-meter be connected in ghunt or parallel, the current
passing through each will be inversely proportional to their
respective resistances—that means that where the less
resistance ig, there the greater amount of current will pass,
and where the resistance is greatest, the least portion of
current will flow through that path. Now if the resist-
ance is 1,500 ohms, in one part, and but one and onc-half
ohms in the other, it is evident that only about 1-1000 will
pass through the volt-meter. This being the case, we
know that the amperes, or part of the ampere of current
that flows through the volt-meter would not have very
great attractive force on the armature or core of the instru-
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ment unless there were a great number of turns of wire to
multiply the attractive force of the current.

In making & measurement under the conditions men-
tioned above, we should, guite probably, find that the
reading of the volt-meter gave 30 as the loss of potential.
Then if we were o examine the length of arc at which the
lamp is burning, we would be very apt to find it some-
what less than 1-16 of an inch.  Anammeter in the cireuit
would, of necessity, show, if it was correet, between 18 and
22 amperes.  With so short an are—an are of low resist-
ance—there must be a very heavy current in order that
the carbong be heated sufficient to give a good, full light.
If the fall of potential of a lamp measured, say, 45 volts
and was burning with a clear white light and the arc was
just about 1 of an inch long, we would expect to find the
ammeter registering a flow of current of 93 amperes. It
might vary some, perhaps ¥ ampere either way from this
amount.

A volt-meter of the form of Fig. 56 or Fig. 57, would be
found very useful if wound with about 1,800 ohms of wire
of such a size that that amount of resistance would about
fill the spool. Volt-meters are also made in the form
shown in Fig. 58, and they may be converted into a pres-
sure or potential indicator, for constant potential systerus,
Ly placing them in a horizontal position and using the
force of a small magnet, placed near enough the armature
to exercise sullicient influence to bring the pointer to the
center of the scale when the potential is of the required
amount. This small magnet is adjustable so the indicator
may be made to stand at zero with a current of any
desired potential, within the capacity of the instrnment.
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The Howell pressure indicator shown in Fig. 40 is con-
structed on the principle of an electric balance with the
additions of a field of variable resistance and an incandes-
cent lamp introduced into the cireuit.

There are volt-meters that are constructed on the prin-
ciple of a magneto and others that are somewhat similar
in prineiple to a dynamo.

A steel horse-shoe shaped magnet forms the field and
a drum armature, of soft iron, with but one section of wire
wound upon it, carries the pointer. The armature shaft
works in jeweled bearings,and the current is carried to the
coil on the armature through flat spiral springs which are
also the retractile force against which the armature pulls.
A spool of fine wire is placed in series with the armature,
between the binding posts, which gives the required resist-
ance, which in this case amounts to 20,000 ohms, according
to the manufacturers statement. An instrument having a
resistance of 20,000 ohms might be safely used to deter-
mine the potential between the binding posts of the larg-
est high potential are light dynamos that we have in use
in this country, although it might be destructive o the
instrament if left in circuit, for more than two or three
seconds, with some of the fifty or sixty are light machines.

A potential or pressure indicator built on the principle
of a dynamo, consists of a field almost exactly like that
of a consequent pole dynamo, but laid flat instead of
standing upright—a matter of convenience only. Four
coils of wire form the field coils as usual in consequent
pole machines. A soft iron armature core of the drum
type wound with a single coil of wire and suspended by a
brass wire from a brass standard, which forms a part of the
circuit through the armature coil. The other terminal of
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the armature circuit is a platinum pin extending from the
lower end of the core and dipping into a cup of mercury,
which is also a part of the circuit. The adjustment is
made by a milled serew that passes through the upper
part of the standard, and carrying at its lower end the
wire by which the armature is suspended. A slight turn
of the screw produces a twist in the wire that requires
more current to overcome, while turning the serew in the
opposite direction assists the current. A description of
the working of the whole apparatus would show that the
resistance of both field and armature circuits, whether
connected in series or shunt, is comparatively a high
resistance, and the current passing through magnetizes
both field and armature, and the action is then similar to
that of a motor or the reverse of a dynamo. There being
but one coil of wire on the armature there is, of course, no
use for a commutator, as the armature could only turn a
certain distance, even if it was not held against the attract-
ive force of the current by the retractive force of the
twist in the wire. It is plainly evident that this indieator
can be used with systems varying considerably in the
potentials required, as a greater or less twist in the wire
holding the armature in suspension will require a greater
or less foree of eurrent to move the pointer to zero. With
a scale laid off for the purpose, this indicator would serve
as a volt-meter.

Some volt-meters have the scale laid off in degrees or
other equal divisions, and each division represents a cer-
tain number of volts. When taking readings by such
a secale it becomes necessary to multiply the reading by the
constant of that particular instrument to get the number
of volts.
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All of the instruments mentioned so far, are for use
with continuous current systems and would not work on
alternating currents. The Cardew volt-meter which can
be used with either continuous or alternating currents,
consists of a circular dial and case, similar in appearance
to a stearn guage, with a brasz tube of about one ineh in
diameter and two feet long extending from the side of the
case. When in use this tube is intended to hang vertie-
ally. Within the case is the pinion which carries the
pointer and around the pinion is wound a couple of turns
of fine wire, one end of which is attached to the free end
of a spring in the case and from there,after passing around
the arbor, the wire is led through the tube and passes over
a roller at the lower end of the tube and up ngain to the
‘circular case where it terminates at a binding serew which
extends to the outside of the case. Opposite to this is
another binding screw whose inner end connects with the
spring spoken of.

The philosophy of the action of this instrument is that
the passage of the current through the wire, which is very
small in diameter, and of considerable resistance, as it
must be for a volt-meter, sensibly heats the wire and the
wire is expanded. Thespring in the case, taking up the ex-
pansion, rotates the pinion and the pointer is moved across
the scale. An instrument of this kind has no magnets or
wire coils, and for this reason it can be used close to a
dynamo or large mass of iron or steel.  There heing noth-
ing of a magnetic nature about it and no chance for self-
induection, as there are no coils in which scelf-induetion
might take place, make this a very convenient instrument
for use in places where the machinery is in a limited space,
for when there is any iron or steel about an clectrical test-

el



Volt-Meters, Poteiticd or Pressure Indicators. 201

ing instrument it is sure to affeet, more or less, the correct
working of the instrument and when any of its movable
parts are susceptible to magnetism it is certain to he
influenced to a greater or less extent by a dynamo or other
source of magnetism within a distance of several feet. It
is somewhat interesting to take a pocket-compass into the
dynamo room and by its use, discover how far the mag-
netie lineg of foree extend from the dynamo and you will
also discover that every wire carryving a continunous cur-
rent has a magnetic field about it and the greater the num-
ber of amperes passing the stronger the field will be,

There is one feature about some ammeters and volt-
metersthat is quite convenient and that is that the pointer
comes to rest or gives itz indications without vibrations.
Thisis ealled “dead beat.™  Other instruments not possess-
ing the “dead beat” principle keep up a continual vibra-
tory or oscillating movement of the needle back and forth
across the scale, a number of degrees each side of the
mark where it should give its indication, and thus make
the correet reading of it more or less a matter of guess
work.

Instraments for electrieal measurement, both velt-
meters and ammeters should be constructed in such a
manner that they will never need to be recalibrated, but
should be constant until some of the parts hecome very
badly worn and even then they should be easily adjusted
by some simple means provided in their construction.
They should be so constructed that they may be kept con-
tinuously in circuit without injury.  An ammeter that is
intended to he kept continuously in the circuit must have
the wires that carry the current large enongh to stand any
amount of current that they may le required to carry
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without heating sufficient to cause any injury to the insu-
lation or change the nature of the wire. A volt-meter
should have so high a resistance that but a very small
amount of current could pass through it and that portion
should not be suflicient to heat the wire perceptibly for if
the wire becomes heated its resistance will be increased
and less current passing, it cannot give the same indica-
tions, though in some instruments, such as the last one
deseribed, the expansion of the wire by heat iz made the
principle of its operation. Ammeters are also made on
the same principle though their construction differs con-
siderably from that of the volt-meter described. They
should have as little iron or steel in them as possible and
without any they would be much better, for when they
contain either iron o® steel they are sure to be affected
more or less by being used near a dynamo.  Besides, iron
will retain more or less magnetism and the amount retained
differs at different times. The magnetic strength of stecl
also changes.  Coils of wire in an instrument of this kind
are subject to self-induction and an instrument containing
them must be frequently corrected, if they are intended to
be absolutely correct; but as there is more or less lee-way
allowed in electrie lighting it is not necessary to have an
extra fine instrument, as a really good one, such as any of
those described in these chapters ave suflicient for the ordi-
nary purposes of electrie lighting.



CHAPTER XVIII.
TESTING.

The importance of frequent testing of dynamos and
circuits cannot be over-estimated, for a simple test is suffi-
cient to show a dangerous condition of the line cireuit
that might, if allowed to remain, cause serious, if not fatal
injury to someone; while a test applied to the dynamo may
show a defect, that, if not immediately repaired, would
result in such injury to the machine as would be quite
costly to repair.

There are several kinds of apparatus used for testing
that answer the purpose more or less fully and some of
them are so simple and cheap that they should be found
in every dynamo room, and not only be found there but
be put to daily use in testing the condition of cirenits and
machines,

Perhaps the best apparatus for general testing purposes
is the Wheatstone Bridge and Rheostat. Its simplicity
and convenience and the ease with which it can be han-
dled makes it a very desirable piece of apparatus to have
in an electric light station, but its cost is such that but few
of the smaller plants can afford to haveit. Another con-
venient apparatus for a testing set is a galvanometer with
twoormorecells of battery. The construction of a simple
galvanometer has been described in a previous chapter of
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this book but we will repeat here that it is 1 maznet-
ized needle placed over a flat coil of wire: hut galvanome-
ters are made in a variety of forms, some of which are
explained further on in this chapter. It is conmected to
the cells of battery by a single wire leading from one of
the binding serews of the cell while another wire leads
from the other binding screw of the galvanometer, to he

sed to conneet to the circuit or to earth as is most con-
venient.  Another piece of wire is attnched to the other
binding screw of the battery and is used to cowplete the
circuit.

Before commencing to test the circuit it is better to con-
nect the free ends of the two wires to see that the cells and
galvanometer are in good working condition, when, if they
are all right the galvanometer needle should show a deflec-
tion of about 90 degrees or in other words should move
around about one-quarter of the eircle. To test the insu-
lation of the circuit: Prepare a'pond earth conncetion for
one of the free ends of the wire. This earth connection
may be made to a steam or water pipe oi to any part of
the boiler, for the boilerand steam pipes are in connection
with the feed pipe and this leads to a good earth—if you
are not taking water from a tank.

To prove that you have a good earth connection for one
end of your wire, after you have it attached try it by
touching the free end of the other wire to the ground or
to some pipe that is not connected in any way except
through the earth with the first connection. If you get a
full defiection of the needle then your earth connection is
all right and you can go ahead to test your circuit. The
reason for being so particular about your earth connection
is that if you do not have good electric contacts there, your
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tests would prove nothing for they might indicate high
insulation of cireuit when it would only be a poor carth
connection,  After having provided a good earth connec-
tion for one of the free ends of the wire take the end of
the other wire and make contact to some portion of the
cirenit—u binding post on the dynamo, for instance, or
any part of thecirenit. If theneedle is deflected it shows
that there is a ground on the line or at least a leak and if
the deflection is considerable the ground is certainly dan-
gerous and should be traced out at once, and the defect
repaired. 1f, under the test, the needle should show no
deflection then you can turn on the current with confi-
denece that theve is no danger from that direction.

1t is well known that one ground on a cirenit can cause
no injury but if there is one ground the second is made
when anyone touches any portion of the circuit, as a lamp
or the brushes of the dynawmo or any portion of the cireuit
through which the current is passing and whoever is
brought in contact with the circuit then—unless they be
insulated from the ground—will have cause to remember
ihe occurrence, The first ground on o cireuit is a dan-
gerous thing.  Remove it at once.

If the cireuit is carrying a low tension current, of
course, the effeet on a person would not be very disagree-
able but the chance for starting a fire at the place where
the cireuit is grounded is great enough to make it fully as
dangerous as the chance for injury to a person would be
with a high tension current.

To trace out u ground with an ordinary detector gal-
aanometer, perhaps as good a way as any is to discon-
neet the cireuit near the dynamo, leaving the ends free
from contact with anything and separated from each other,
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then go to some distance from the dynamo where the cir-
cuit ean be easitly opened, at a lamp or branch, for
instance, open the circuit there and test both sections
to the ground by connecting one wire from the galvano-
meter and cell to the circuit while the other wire fromn the
testing set is connected to ground. The section from
which you get a deflection of the galvanometer is the one
that is grounded and by following that section and open-
ing it into smaller sections you can readily determine the
exact location of the ground, and by carefully insulating
at that point the trouble may be easily removed.

In testing for an open circuit, it may be located by dis-
connecting one wire from the dynamo and grounding the
end, then go over the circuit in the smne way as when test-
ing for a ground, with the exception that it iz not neces-
sary to open the circuit at the places where the test is
made but merely to make contact with the circuit, when a
deflection of the galvanometer shows the cireuit to be con-
tinuous so far, while no deflection indicates that the break
has been passed.

In testing the field circuit of a dynamo for a ground on
the frame, one terminal of the testing set must be brought
into contact with the clean iron of the frame, for the paint
as well as rust are non-conductors and il not carefully
avoided will be the cause of error; the other terminal may
be connected to any part of the field cireuit. If the gal-
vanometer gives no deflection the insulation may be sup-
posed to be all right, while if the ncedle is deflected the
cireuit is certainly grounded to the frame.

Daily test of the armature insulation should be
made by testing between the commutator and the shaft,
When the armature is connected in close civcuit a test
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between any portion of the commutator and shaft is suffic-
ient but when the armature is connected in open circuit
the test should be made from each segment of the commu-
tator to the shaft and a high resistance galvanometer, with
at least three cells of battery, should be used to test the
armature of a high potential dynamo. But then, if you
should find aleak by such test, the probability is that it
would be in a position where you could not get at it to
repair it without taking one or more coils of wire off of
the armature.

But il you have made the test and found that the
armature is leaky and a coil burns out sometime afterward,
az it most certainly will, it is some satisfaction to know
just why it hurned out.

By the use of the simple detector galvanometer, such
as we have been deseribing, many difficulties may be
located and the existence of troubles proved. If the gal-
vanometer coils are of low resistance, as they would be if
wound with rather coarse wire and of but a few turns, the
instrument would then be useful for testing through low
resistance only.  But the low resistance galvanometer can
be put to good use around an electric light plant, and in
many tests it is better than a high resistance instrument
of the same kind; as for instance, in testing for a break in
the armature circuit of a closed cireuit armature. In a
case of this kind, even if the armature be of the low resist-
ance kind; that is, wound with coarse wire, a break in any
of the wires may be detected by testing around the com-
mutator, keeping the terminals of the galvanometer circuit
touching segments that lie close together.

In testing in this way you will find that the deflection
of the galvanometer needle remaing about the same as you
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test around, until you strike the segment that is in contact
with the broken section, when the galvanometer needle will
fall back considerably. If the test just mentioned had
been made with a high resistance galvanometer it would
have been a very difficult matter to locate the hreak for. as
you understand, the low resistance of the armature circuit,
taking all of the wire clear around, would be so very small
compared to the resistance of the galvanometer that
whether it was added to or taken from the cireuit would
cause but the slightest variation of the newlle, while with
a low resistance galvanometer the resistance of the arma-
ture circuit would be more nearly equal to the galvano-
meter circuit, and if hoth circuits were together in series,
the amount of eurrent that could pass would he consider-
ably less, consequently the needle would give less deflection.
While testing for an open cirenit in the armature, in this
way, you will see that while testing around on the closed
portion, that there is only the resistance of one section of
armature wire added to the resistance of the galvanometer,
but ag soon as your terminals are on each side of the hreak
then the resistance of the whole armature cireuit is added
and, of course, the needle drops hack a trifle.

The galvanometer is a very useful instrument for testing
resistances and is made in a variety of shapes and some of
them are wound with both high and low resistance circuits,
and sometimes a third circuit of mediwm resistance is
added. An instrument of the kind last mentioned is quite
serviceable in any kind of electric testing where compari-
gons are to be made, or they can be used to determine the
number of chms.  In one pattern of galvanometer having
three separate circuits and capable of measuring resistances
varying from the fraction of an ohm to several thousand
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ohms, the cirenits are wound in the shape of a hoop in a
light frame work of gutta percha or other insulating sub-
stamee,  The first or low resistance cirenit consists of a
flat strip of copper making one turn around the hoop and
connecting to two binding-posts on the base of the instru-
ment.  This cirenit is of such low resistance that really the
resistance of it need not be taken into account. The
next cireuit consists of a number of turns of insulated wire
wound in the same hoop and having a resistance of a few
hundred ohms.  One terminal of this circuit conneets to
the same binding post as one end of the first circuit, while
the other terminal connects to a separate binding post.
The other circuit having an increased vesistance, and a
greater number of twrns of wire are wound on in the same
way and connected up in a similar manner.  Tach cireuit
is carefully insulated from the others and the circuits
altogether form a hoop or ring of square section about one
inch in thickness and several inches in diameter. This
ring is attached to the base in such a way that it will be
in o verticle position when the instrument is in use. The
magnetized needle is about # inch long, but it carries a
pointer, made of alluminum or some light, non-mag-
netic metal several inches long. This needle is suspended
exactly in the center of the ring and may be poised ona
needle point or suspended by a fiber of untwisted silk. In
what ever way the needle may be held in position, the
object is to have it as free to move as is possible.  When
resting on a point, the point should be of hardened steel
and the bearing in the needle should be a jewel. This will
insure the smallest amount of friction and allow great free-
dom of movement. With the scale laid off in degrees and
tangents this instrument can be made to cover a very wide
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range of measurements. In making tests by the tangent
galvanometer it is necessary to have a table of tangents to
refer to, for you will understand from what has been
explained in a former chapter of this book, that if’ a given
strength of current gives a deflection of a certain number
of degrees, doubling the current strength does not give
double the amount of deflection, but something less than
that amount. For a current that would give a deflection
of 15 degrees, if doubled would only give a deflection of
about 28 degrees and this is considerable less than twice
as much. And the greater the first deflection iz the more
difference you will find, for if the first deflection should

Fig. 61.

be 35 degrees, doubling the strength of current would give
but 54.5 degrees; but with a table of tangents handy or
with a tangent scale, comparisons are easily made.

There are several ways of increasing the sensitiveness of
a galvanometer. One way is by increasing the effective
action of the current on the needle by using a greater
number of turns of wire in the coil, for no matter how
small the amount of current passing, each turn of wire
that it passes through adds just that much to the effect it
has on ihe needle. Another way to increase the gensitive-
ness is to make the needle astatic. An astatic needle is
shown in Fig. 61, where two magnetized needles ave placed

e
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on one arbor, one of the needles inside of the coil, while
the other is outside, but the needles also have their poles
pointing in opposite directions, or in other words the N
eud of one needle points in the same direction as the S end
of the other needle. By arranging them in this way two
points are gained by which their sensitiveness is inereased.
With the poles pointing in opposite directions the earth’s
magnetism has less influence over them, for the magnetism of
both needles is sonearly alike, that there is just enough dif-
ference to keep them in a position pointing north and south.
So, with the effectiveness of the earth’s magnetism reduced
to the lowest practical amount, and the magnetism of the
needles as great as they can contain, the current in the coil
will exert its greatest power over the needles, and as there
is but slight resistance to their movement, & very small
amount of current will cause the needles to swing through
a greater number of degrees than if a single needle alone
was used. Another point about this arrangement is that,
although the two needles have their poles acting in oppo-
site directions, you will notice that the effect of the current
through the coil will act on both needles to turn them in
the same direction. This also gives increased effect.
Another way in which the sensitiveness of the galvano-
meter is inerensed is by lengthening thie pointer. This is
done without greatly increasing the weight, by placing a
small mirror on the needle, and reflecting a beam of light
from it on to aseale placed a couple of feet away. The
light is obtained from a lamp placed in a convenient posi-
tion and partially shaded so that the light is thrown only
on the mirror. This is the most sensitive galvanometer
known. It is ealled the Thomson reflecting galvanometer.

The “ Differential ” galvanometer is an interesting instru-
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ment, and its peculiarity is that it has a double coil, that
is, there are two coils placed on the same plane and the

needle is pivoted between. This would give two separate

circuits of the same number of turns and of the sane

resistance. This is necessary, for the circuits are to be

connected in such n way that the current will divide and

pass through them in opposite directions—one neutraliz-

ing the other’s influence on the needle, so that when the

current is passed through the coils the needle will not

move. In connection with the differential galvanometer

a rheostat or series of coils of known resistance is used.

The theostat is connected in the cireuit of one of the gal-

vanometer coils, and the object to be tested is conmected
into the circuit of the other coil. If the resistance in
each coil iz the same, then an equal amount of cur-
rent will pass through each coil, and there will be no
change in the position of the needle ; but il the resistance
in the two coils be different, then the greater portion of
the current will pass through that coil having the least
resistance, and the needle will be influenced accordingly.
Now, hy varying the resistance, by the use of the rheostat,
the needle can be brought to zero again. When this is
done, it'is evident that the resistance in each coil is equal,
and by reading the resistance from the rheostat the exact
resistance of the object is known. Some galvanometers
having a very great number of turns of wire will, with one
cell of battery, give a deflection through a resistance of
one million ohms.  Any of the principles deseribed above
may be applied to a galvanometer of any convenient
pattern.

g



CHAPTER XIX.
THE WHEATSTONE BRIDGE.

Perhaps the most convenient and compact testing set and
one that is reliable and has a very wide range of usefulness
is theso-called Wheatstone bridge. Itisinreality anelectric
balance or differential arrangement. The Wheatstone bridge
was devised in the year 1833, by a man named Christie.
This gives some idea of the state of electrical knowledge at
that time, and when people speak of electricity being in its
infancy it really appears that the infantile part of it, is in
their minds.  When an instriment having the wide range
and precizsion found in this differentialarrangement becomes
a necessity in the electrical art, it would appear that the
infantile stage had been passed.

A description of the principles of the instrument may
be more easily understood from a few diagrams. Fig. 62
shows the theoretical arrangement of the differential sys-
tem. Here we have four wires arranged in a diamond or
lozenge shape shown by A, B, ¢, D. From the junztion of
A and € at @ a wire leads to the opposite side at 4. In
this wire a galvanometer @, is connected. At the points
1 and 2 are connected the terminals of a battery shown at
E. 1Inthreeof the branches areintroduced resistance coils,
shown by the small black cireles, those in the branch C'being
arheostat of various resistances. The resistances are con-
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nected to brass sirips after thestyle of the rheostats already
described in these chapters. The connections betwéen
the strips are made with brass plugs, slightly tapered and
ground to a fit, for it is necessary that they make a good
firm contact and to insure this it is best to always give the
plugs a slight twist when putting them in place. To use
the arrangement as shown in this diagram, we would con-
nect the ohject that we wished to measure the resistance
of, into the circuit D.

K K

C by )

4
Figure 62.

The current from the battery £ entering at Z, has two
paths open for it, through A and B,and if they be of equal
resistance, as we will assume they are, for the present,
divides there and flows equally through each branch to 3
and <. Now if theresistance of D is greater than the resist-
ance unplugged in () a portion of the current will flow from
4 through the galvanometer circuit across to 3 and from
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there the reunited current passes through € to 2 and from
there returns to the battery. Now when a portion of the
current flows through the galvanometer the needle will
show it by Dbeing deflected to one side. If we introduce
more resistanee into (' by removing some of the plugs, we
will find that the needle is brought to zero as soon as the
resistance in €' is equal to the resistance at D, for then the
current from the battery (lows equally through A, C, and
B, D.and under these conditions no current can flow across
through the galvanometer. When the galvanometer needle
is at rest on the zero mark the exact resistance of the object
at D is found by determining the amount of resistance
unplugeed in € and as the resistance is plainly marked
opposite cach hole it is easily read off.

In cases where the resistance of the object is equalled
by the whole or any portion of the resistances in the rheo-
stat at € it is quite easy to get at the resistance of the-
object. But suppose the object to be measured has a
greater resistance than the whole of the rheostat at (' then
we would have to unplug a greater amount of resistance
in B than we have unplugged in (. Suppose in 4 there
was 10 ohms and in B there should be 100 ohms unplugged
that would give a ratio of 10 to one. Then if we had to
unplug twenty-five hundred ohms in € to get a balance
to bring the galvanometer needle to zero, then we should
know that the resistance of the object at € is ten times
twenty-five hundred or 23,000 ohms, for if B is ten times as
great as o, then D or the object to be measured must have
a resistance ten times greater than theresistance unplugged
in C.

Lf the branches <L and B each have three different resist-
ances, say of one, ten, and one hundred ohms, then if one
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be unplugged in A and one hundred in Bit is evident that
a resistance one hundred times as great as is contained in
the rheostat €' may be measured at D, and also if 100 is
unplugged in A and one in B then an object of one one-
hundredth part the resistance in € may be measured
equally well. In the four sides of the Wheatstone bridge
arrangement you will find that the resistances hear the
same relation to each other in several differcnt ways, for
when A bears a certain relation to B it will be found that
€ bears a similar relation to . We also find that as A is
to Csois B to D. Again we find that if B is multiplied
by €' it will equal A multiplied by 2. You will find that
these parts always bear certain relations to each other even
when caleulated in the different ways, and it is well worth
the time required to make yourself familiar with at least
one way of ealeulating the record of the bridge, for if you
never expeet to use it yourself you may want to know, some-
time, that it is Deing correctly read off. A formula may
assist you in remembering the different ways in which the
resistance may be caleulated from the bridge, and this is
the way it is laid down in my memoranda.
ACHBID. AiBiCiD. AXD=BXC,

It is read in this way: Asdis to C'sois B to D ; again, as
Adsto Bsois Cto D;and againy A X D=FB % ¢ It
is well to remember these, for bridges on this samue prin-
ciple are made in a variety of shapes, but they can nearly
all be read from this formula.

There are two forms in which the bridge and rheostat
are usually found, and the connections of each arve shown
in the following diagrams. Fig. 63 shows the round form
and how its connections are arranged. In this diagram
the two heavy lines show the two branches A and B, and
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are marked with these letters: the circunit C containing
twenty-four resistances, ranging from the small amount of
one one-hundredths of an ohm, to one of four thousand
ohms. The branches A and B each contain, in this dia-
gram, three sets of resistance of one, ten and one hundred
ohms, giving the set a range from one one-hundredth of

Fiqure 63.

the smallest or one ten-thousandths of an ohm—useful
for measuring the sections of armature wire in low resist-
ance armatures or short pieces of wire—up to one hundred
times the resistance of the largest coil, or four hundred
thousand ohms. The six small eireles on the diagram rep-
resent binding posts, and the ones marked 7 and 2 are for
the battery connections and correspond to the same num-
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bers in Fig. 62, as do all the other letters and numbers.
The two binding posts at the left, marked 2 and 4 are the
galvanometer connections, and any good galvanometer may
be used with this instrument. The other hinding posts at
D are for connecting the object to be tested, and this letter
also corresponds to the same in Fig. 62. There are two
keys, shown at &', K*, the location of which are alsoshown
in Fig. 62, where you will see that one of them is in the
battery circuit, and the other, X% is in the galvanometer
branch. These keys are quite important, although they
have not been mentioned before, for when testing, if an
open circuit battery such as the Leclanche is used, it would
run down or lose its force if kept on closed circuit for any
length of time, while by having the key in the circuit the
circuit is open except when the key is pressed down. The
other key, in the galvanometer circuit serves to protect the
wire of the galvanometer coil from the heating effect of too
heavy currents when several cells of battery are used, for
you know that high resistance galvanometers, such as are
usually used with these instruments, are of very fine wire,
and too much current through it would injure it by over-
heating.

A rheostat and bridge of this kind is a very perplexing
thing to look at while you do not understand what is inside
of it, but when you understand just what it contains and,
in your imagination, ean see it all and trace out the con-
nections and locate them, why, then it becomes quite =simple
and is very easy to use.

Another form of bridge, called the Post-Office pattern,
from its having been adopted by the English post-office
department, is shown in Fig. 64. This is in square form
but the arrangements and connections are just the same
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as shown in the two previous diagrams, but this apparatus
has the galvanometer in the same box, and it is made a
portion of the instrument. There iz alzo a plug in this
instrument marked 7Znf. that when removed opens the cir-
cuit in the € branch and, if no deflection of the needle then
oceurs,-the resistance in the D or X branch will be infinite.
The abbreviation means infinity, or practically, more resist-
ance than the instrument can measure. You will notice
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that thig instrument will not measure as low a resistance
as the other just described, for it has not those coils, the
resistance of which is in decimal parts of an ohm. But
it has fully as high a range, although the resistances are
somewhat different.

AllL of these instruments deseribed above will be found
of great usefulness around an electric light station, and if
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uged occasionally will be found far more reliable than any
amount of guess-work, even when made by a very proficient
guesser.

The magnetos which ure frequently used for certair
kinds of testing are more or less of an assistance in guess-
work and serves a purpose, although quite a limited one,
and may be of considerable use around an electric lighting
plant if used in connection with more or less knowledge.
In the next chapter the principles and construction of the
magneto, and several ways in which it may be used fo
advantage are described.



CHAPTER XX.
THE MAGNETO AS A TESTING INSTRUMENT,

The apparatus called a magneto, and frequently used for
testing avound eleetric machinery, is a very convenient
instrument, as far as it goes, but it is not by any means a real
testing apparatus.  The magneto is in reality an alternat-
ing current generator with a permanent magmet, instead of
clectro-magnet for exeiting the field. This arrangemen’

Figure 6.

does not, of course, give near the strength of field that an
electro-magnet would, but an electro-magnet conld not be
charged by an alternating current. We can expect but
little from the magneto when using it for testing, because
it was not designed for such a purpose. The original pur-
pose for which it wasbrought into use, in its present shape,
was merely to ring a bell, to call attention on a telephone
line. Thisit usually does to perfection, even when the line
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is about forty miles long, and of number 14 iron wire.
This line would have a resistance of about two thousand
ohms. But as the strength of current developed by mag-
netos varies more or less in the different instruments, it is
well, when buying one, to try its strength and get one as
strong as possible. In some of the magnetos the magnet

=
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Fiy. 66,

is made of a single piece of steel about a quarter of an inch
thick and three to three and a half inches wide, bent into
U shape. In others three or more magnets of the same
shape, but narrower, are placed together, as shown in Fig.
66, to form a compound magnet; for two or more magnets
placed together in this way make a magnet of greater
strength than a single piece containing the same weight of
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material. Compound magnets are built up in many dif-
ferent ways with the object of increasing their strength,
but in a magneto it iz doubtful if it is of any particular
value ; for some magnetos with a single magnet prove to
be of greater strength, or rather will ring a bell through
greater resistance, than some others of the compound
kind. But in either case the magnets are of hardened
steel, about as hard as they can be made without being
brittle. They can be magnetized by contact with the pole
pieces of a dynamo, which is, perhaps, the most convenient
way, as it saturates them in a moment. Some care is
necessary to get both poles at about the same strength and
of opposite polarity, although if a special arrangement is
used, less care is necessary, and a moment’s contact is suf-
ficient o caturate them.

The pole pieces shown at B are of cast iron, fitted
inside of the magnet and bored true to admit the arma-
ture. ILnd piecces of brass that carry the armature shaft
ave fitted to the bore of the pole pieces and serve to keep
the magnet from springing, which otherwise might grip
the armature and prevent its turning, but in this way it
makes the whole thing quite solid. The armature is of the
Siemens’ H form, and shown in Fig. 65. It is made of
gt iron, and wound with cotton or silk insulated wire of
about number thirty-four. Four ounces of wire is the
average amount used on each armature. One end of the
shaft, as you will notice in the cut at Cto d, is bored into
far enough to bring the end of the hole inside of the bear-
ing ; this hole is fitted with a hard rubber bushing which
is threaded inside for a screw. This serew, €| forms one
terminal of the armature civeuit, and is insulated from the
shaft. by the hard rubber bushing. Inside the bearing a
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hole is bored through the shaft, and a smaller hole through
the hard rubber. Through this hole is a short piece of
copper wire of about number sixteen, held in place hy the
serew, O, with which it makes electrical contaet, while
both are insulated from the shaft and core.  One end of
the armature wire is fastened to this piece of wire hy a
drop of solder. This is shown at 4. An alternate eur-
rent generator needs no commutator, for the whole clectric
impulse is first in one direction over the circuit, and then
in the opposite direction.

The armature winding is in two sectiong, and is con-
tinuous, filling first one half of the armature, and then
across and filling the other half, and is woundd in the sume
directions on each half. The other end of the wire is
attached to the core, as shown at £ and i3, conse juently,
in electrical connection with the magnets and all parts of
the framework. The arrangement for turning the arma-
ture varies in the different kinds of magneto. In some a
gear and pinion is used, while in others grooved pulleys
and a rubber band serve the purpose.

The bell used in connection with the magneto has
gome points of interest about it, and is quite simple when
fully understood. Two spools of wire with iron cores
fastened to a yoke piece form an ordinary clectro-magnet,
but the armature of this magnet is somewhat differont
from that of an ordinary electro-magnet used with
continuous currents, and but a few years ago consider-
able ingenuity was required to make a bell that would
ring by an alternating current. Several ways were devised
by which it could be done, and other ways might have
been brought out if it had been necessary. But a polar-
ized armature overcame the difficulties, and perhaps as
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good a way as any in which this was applied is shown in
Fig. 67, where L I are the spools, and N, N, the pole
pieces, which are extended toward each other, with one
end of the polarized armature, i, 5 between.

This armature has a brass wire extension with a ball
on its end that taps the bellz ag the armature is attracted
first {0 one side then to the other, as the current is passed

Fig. 67.

through the magnets in each direction. There are several
other arrangements by which the bell is made to ring by
an alternating current; but as the alternating magneto has
some characteristies about it that will prevent it from
ever hecoming a relinble testing instrament it will be
unnecessary to illustrate them. The magmeto, as at pres-
ent constructed, is simply a generator of electricity of a
medium high tension.  Just how many volts it will gener-
ate depends upon the number of turns of wire in the arma-



226 The Magneto as a Testing Instrument.

ture and how fast it is revolved, as well as upon the
strength of the magnet. As the current it produces is not
commutated, it of course goes to the line or circuit in
alternations. With the bell. in the circuit, and not too
much other resistance, enough current ean he generated to
ring the bell. If there is too much resistance the hell will
not ring, and there you are. The use of the magneto to
test with is just one little notch ahead of a cell of battery
and a simple electric bell.  Either will ring through a cir-
cuit if there is not too much resistance in the cirenit.
But the magneto is, perhaps, the most convenient instru-
ment of the two, as it will ring through a resistance that
would require a specially wound bell and a battery of
several cells to give the same indications. The magneto
will give a very strong current, comparatively, even when
that current is not strong enough to ring the bell, To get
a very good idea of the strength of current it will give
before the bell will ring; take hold of the wires leading
from the binding posts—an wire in each hand—and let
some friend turn the erank. If he is one of the “cranks”
that are always trying to be funny, he will turn quite fast
at the start and by this means you can judge quite closel ¥
as to the amount of current that might leak from a circuit
even if it had so much resistance that o magneto would
not ring a bell through it.

There is no such thing as a perfect insulator of elec-
tricity any more than there is an insulator of magnetisi.
It is all a question of resistance. The more resistance, the
better the insulation. If you do have to rely on the mag-
neto for doing your testing around the plant, when you
are testing cireuit insulation, and the bell doesn’t ring
between circuit and ground, then put yoursellin circuit
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with the magneto and try it again. This can be done by
taking the end of one wire, that leads from the magneto,
between your thumb and finger and placing the fingers of
the other hand upon some uninsulated part of the circuit
and then, with the other wire from the magneto well
grounded, try it again. If you cannot feel any current,
when testing in this way, the circuit is fairly well insulated.
But hold on. Your fingers are dry. Wet them and try
it again, for you know that some substances, when dry,
are very good insulators, while if they are damp, they are
better conduetors,  If you ean feel no current with your
moistened fingers then touch the end of the wire to your
tongue while the moistened fingers are in contact with
some portion of the circuit, and try the magneto again.
If no current can be felt, when testing in this way, then
you may be confident that the circuit is as well insulated
as is necessary in any plant where the engineer is his own
electrician,

There are cases, in testing circuit resistance, where the
magneto is said to give a false ring; but as this would be
an error on the safe side no particular harm would be
done. The case in which « false ring might be given, is
where the circuit is extensive enough to have sufficient
static capacity to condense electricity enough within itself
to react on the magneto and cause the bell to ring. Just
how much of a condenser it would require to produce this
false alarm would depend, to & great extent, upon the kind
of magneto used. To find a condenser in the electric
light business large enough to produce this effect, we will
have to look among the lead-covered cables and find one
of considerable length before we will get the static capacity
necessary to give us this false alarm, and even then the
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static charge would not produce a continuous ving of the
bell.

In testing for circuit in the field coils of a shunt
wound dynamo of large size it is possible that the shunt
circuit might be of so great resistance that the ma:_:ucfo
bell would not ring through the whole cirenit.  In such a
case, if you should find it. you can try a part of the cir-
cuit at a time. Shunt field circuits of so hich o resist-
ance would probably have a rheostat connected in, aud, if
near the middle of the circuit, from there the test could
be made each way to the terminals of the cireuit; so there
would be no difficulty in getting around that. In using:
the magneto in acireuit where the conditions are favorable
to self-inductions and extra eurrents, it would he quite
easy to be misled. But as the magneto was never designed
asa test instrument, and has no applinnee whatever for mens-
uring resistance or anything else, and has nothing to cali-
brate, and if it had it would not be reliable, in the cases men-
tioned above, 50 long as it gave an alternating current, or
could be bought for so small a price. It it a very conven-
ient little instrument for anything within its capacity, as
it is easily handled (or would be if the manufacturers
would put a handle on it to carry it hy) and is always
ready, not requiring any tedious or exact preparation; has
no zolution to be cared for or spilled, no glass to break,
and, taken altogether, in the absence of any more elabor-
ate and complicate and costly apparatus, it is well worth
its cost around an electric light plant. If more is wanted
than the magneto will give, more money will have to be
paid for it.

The diagram, Fig. 68, shows the cireuits outside of the
armature, with the lightning arrester, the cut-out and the
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contact pieces. In the diagram A, is the magnet, ¢ is one
terminal of the armature circuit where the screw makes
contact with the brass clip. This is a moving contact, but
requires no particular attention. From here the cireuit
goes 1o the binding post P, from there to the line, but from
the binding post a branch goes to the lightning arrester L.
This lightning arrester is simply two pieces of brass, one
of them toothed like a saw, for it is believed that light-
ning prefers a point to jump on or from, rather than a
smooth gurface; but it is a fact that statie electricity will
eseape from o point, or be drawn to a pointed conductor
in preference to a smoother surface.

When a magneto is used on a telephone wire, or for
signaling to a distance, a ground wire is run from one
binding post, and in case of lightning on the line this
arrester helps to protect the armature and bell coils from
being injured by it By referring to the diagram you will
see that the binding post at theright is the one that should
be grounded.  Another branch runs from the lightning
arrester to the gear wheel S, and makes contact at the flat
gpring . This is for the purpose of cutting the generator
out of action, when the magneto is used as a call on a
telephone line. When the magneto is to be used, this
short circuit is broken by pushing in on the handle K
while it is being turned ; this moves the gear away from
the spring, but does not interfere with its working, for the
pinion & is long enough to still engage the teeth.  On some
other magnetos a push button is used for the same pur-
pose. From the other binding post there is also a branch
to the lighining arrester, but the cirenit goes to the con-
tact spring ¢. This would be on the side of the box
which contains the generator, near the hinges, and makes
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contact with the other spring when the lid, carrying the
bell, is closed. Some machines make this part of the
circuit through the hinges. As the current enters the
spools and magnetizes the cores and the pole-pieces, one
having Vand the other S magnetism, the armature being
polarized, is attracted to one side and repulsed by the
other pole-picce ; butat the next electrical impulse, which
is in the opposite direction, the polarity of the pole-pieces
change, but as the polarity of the armature remains the
same it is attracted to the other side. The continued
alternating impulses of current continuously changing the
polarity of the pole-pieces keeps the pivoted armature in
a continuous vibration, and the little ball on the extension
keeps tapping first one bell and then the other with no
break in the circuit. The return from the spools, as
shown, is through two other springs that are in contact
.when the lid is closed, and from there to the pole-piece of
the magnet at I, and through the frame-work and bearings
to the armature shaft and the armature wire at ¢, Fig. 65.
The magneto shows the principles of one style of alternat-
ing current machine. Perhaps we may at some future
time investigate the principles and trace out the cirenits of
some of the alternating dynamos and motors and reason a
little about their peculiar actions.

Speaking of condensers and static capacity—there is
frequently a dynamo so well insulated from the floor that
it becomes a eondenser of the electricity produced by the
friction of the belt. If the belt is dry and runs free
between the pulleys, that is, if there is nothing nearer to
the belt than some portion of the dynamo, then the frie-
tional electricity will be discharged from the belt into the
frame of the dynamo, which will act as a condenser, and
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the static charge will become so great that there will be
potential sufficient to cause the electricity to jump some
little distance—f{rom half an inch to an inch—through the
air. This is frequently noticed when the hand or an oil
can is brought necar any portion of the dynmmo. A little
spark appears to jump from the hand, or the oil can,as the
case may be, a sharp snap is heard, and a stinging sensu-
tion is felt; then it is all over, the greater part of the
charge has escaped, and the condenser containg only a
small charge, of low potential. Several sparks may e
drawn from the frame of a dynamo that has condensed =
static charge in this manner, if care is taken to draw the
first gpark from as great a distanceas it will strike through,
and each succeeding spark from a lesser distance each
time. If the dynamo is only fairly well insulated from
the ground, the spark will jump only a shovt distance ;
but if thoroughly insulated and everything around is quite
dry, a spark will often jump between a person and the
dynamo with such force and noise as to be quiten surprise,
Sometimes the static charge will become so great, espec-
ially if plenty of time has been allowed it to gather, that
it will discharge through the insulation to the armature or
field circuit. When this has been allowed to oceur the
insulation at that point—perhaps no larger than the point
of a pin—is weakened, and the next accumulation of the
static charge finds an easier path at the same point.

When static electricity—which means electricity in a
state of rest—is discharged through an insulator it makes
a gmall hole, sometimes smaller than could he made with
a needle, and it iz probable that a slight charring or car-
bonizing takes place. At any rate, there iz an easier
escape for the next charge through the same place, and it
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becomes easier and easier for each successive charge, until,
after a time, the dynamo current finds its way through
the same place, and a burnt armature or leaky field is the
result. A niysterious ease of hurnt armatures occurred
three times in one dynamo, and the cause was found to be
static eleetricity from the belt had found a condenser in
the dynamo frame, and its easiest way of escape was
through the insulation to the armature wire, and then the
dynamo current jumped through at the same place.  Their
trouble with burnt armatures was cured by connecting the
frame to ground with a small wive.

Their method was not the best, as their wire formed a
ground connection between the frame and earth, and being
of small resistance, was ready at all times to make trouble
ag soon as the next ground occurred. Perhaps a better
plan would Lave been to have connected a wire to a good
ground and hrought the end to within a half-inch or so of
the belt.  This would have takenall of the frictional elec-
tricity from the belt before it had acquired a potential suf-
ficient to have been noticed. This method of dealing with
statie clectrieity has been found to work well in all cases
where the requirements were complied with. In one case
where a printing press was seemingly bewitched, as the
paper after having passed throngh the press and on to the
long wooden fingers that were supposed to lay the sheets
nicely in place, refused to be laid with the neatness expected
of them and many sailed away in an aggravating manner ;
the cause of the trouble was static electricity. The weather
was dry and the fingers of the machine had been sand-
papered and varnished—well insulated—and the press was
standing on a very dry floor. You will notice that the
conditions were favorable for condensation. In this case
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temporary relief was obtained by sprinkling the iloor
around the press, and a permanent cure was effected with
a few pieces of wire.

Electricity generated through friction between dry
belts and air, is something that will cause trouble in
more places than a dynamo room, and should never be
allowed to accumulate in a condenser, for it is quite easy
to divert it before it becomes troublesome, and around
electric light machines or motors it is capable of eausing
considerable damage.



CHAPTER XXI.
COUPLING DYNAMOS TOGETHER.

Dynamos are fregently coupled together on constant
current as well as on constant potential civeuits, An are
light, constant current circuit of considerable length may
have been established and the demand for lights may have
increased faster and to o greater number than had been
anticipated. Under these circumstances the dynamo
would gzoon be overloaded and it would be necessary to
build another cirenit or add another dynamo to the circuit
already in use. The latter plan is frequently adopted.
For series lighting we have series wound and shunt wound
dynamos. Either of these may be coupled up in series
and cut into or ont of circuit as may be required. In con-
stant current circuits the size of the wire is large enough
for any addition that may be made to the work on the
ling, for the current is limited, in the first place, to a cer-
tain number of amperes. Any addition to the work to
he done will require more e. m. f. but the number of am-
peres on the circuit will remain the same. On a multiple,
or constant potential eircuit, the size of wire iz usually
determined for the greatest load that it will ever be required
to carry.

On constant potential circuits an overload is a greater
number of amperes than the wire is capable of carrying
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without heating to a dangerous degree.  When more than
one dynamo is used on a cireuit of this kind, the size of
the wire sufficient to carry the full amount of current that
it may be called on to supply, has been ealeulated at the
start, and no greater amount should ever be thrown upon
it without first inereasing its capacity by larger feeders,
maing and branches, or by adding other wires.  For sup-
plying constant potential circuits, series, shunt and com-
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pound wound dynamos are in use. ILither style of these
machines may be coupled together in multiple or parallel,
and can be thrown into orout of civenit asrequired. The
following sketches show the connections required with the
different kinds of machines. Certain precautions are
necessary, in the different cases, to prevent trouble, but
with ecare there is no particular difficulty in cutting in or
out of a dynamo.
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With series dynawmos on a series system, coupling
together is easily accomplished.  Many series dynamos have
a system of automatic regulation, and when two or more of
these are coupled together it is the usual practice to throw
out of action the regulators of all butone of the dynamos,
requiring this one to do the regulating. The diagram,
Fig. 69, shows how the connections are made, together with
the 3-point switch that throws the dynamo on offen cireuit
when eut out.  The dynames shown refer to no particular
make or type of dynamo nor any particular system of
regulation, although a shunt resistance between the field
terminals is shown. When a cireuit is in operation, and the
load inereases until it hecomes necessary to throw in another
dynimo, it is only required to get the dynamo up to speed,
with the belt tight enough not to slip when if takes the
load, and then close the switch. This continues the cir-
cuit through the machine just thrown in, the magnets
become energiged, and the current produced in the arma-
ture is added to the line. [ themachines have automatie
regulators it is the usual practice to throw the regulator
of one machine out of action, allowing that machine to
work at full load while the other dynamo does the regulat-
ing. When a machine is thrown in, in this way, there is
a momentary fall of the current, due to the resistance of
the second dynamo, but this lasts only two or three sec-
onds, until the machine is fully in action. This method
works very well in practice. In some planis it is custom-
ary to short cireuit the dynamo for an instant before it is
thrown into cirenit. By short cireuiting for an instant,
the dynamo is allowed to get fully in action before it is
switched in. This will prevent the slight fall of current on
the line, but instead, it throws a great potential into the
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circuit which continues until the regulator has time to
act. Either of these ways are quite practical and depend,
to a certain extent, upon the kind of switches or switch
board in use and considerably upon the person who
handles the switches.

To switch out, it is only necessary to glow down the
dynamo, :short circuit the field, and switch the machine

out.
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Fig. 70.

When shunt dynamos are to be conneeted in series, it
becomes necessary to make some changes in the field cir-
cuit connections, for if the dynamos should be simply
connected in series, the current from one dynamo would
reverse the polarity of the field of the second. This will
readily be seen by tracing the path that the enrrent would
take through the field of the second dynamo, if the
machines were thrown fogether without any special arrange-
ment. See Fig. 70.
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But the machines will work together all right by con-
necting the field cireuit of the second dynamo in parallel
with the field eircuit of the first. This method will allow
the magnets of both dynamos to be excited in the same
manner, by the current generated by the first machine.
Two or more dynamos may be connected in this way, hay-
ing their fields excited by the first, and any of them but
the first, may be thrown into or out of eireuit at any time,
while eurrent is on the line.

With this arrangement a dynamo may be thrown into
circuit by first connecting the field circuit of the second
machine to the circuit of the first dynamo as shown, and
then switching the armature into circuit. To cut out a
dynamo, the field cirenit should be first disconnected to
demagnetize the field and stop the generation of current.
The armature may then be thrown on open cireuit.

Another way in which two shunt machines may be
connected up in series is by connecting the fields of both
machines together in series. This will work all vight if
the combined resistance of the two field circuits is not too
areat to allow of the magnets becoming fully charged, but
as there is usually a rheostat in the field eireuit of all shunt
wound machines, this ean be regulated as required,

For throwing machines into and out of a series circuit
the 3-point switch is a very convenient arrangement.  With
any of the standard switch boards in use the changes can
easily be made.

Series wound, constant potential dynamos may be
coupled in multiple or parallel by making a slight change
in the arangenment of the field civeuit. If simply con-
nected in parallel, one machine would be almost certain to
reverse the polarity of the other, for should the e. m. f. of
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one machine hecome reduced from any cause, the other
machine would overpower it and change its polarity. Just
how this would oceur can be readily seen from an exami-
nation of the diagram, Fig. 71.  This difliculty is easily
overcome by connecting corresponding terminals ol the
field circuits together by a large wire, as chown by the
dotted line. This wire serves to keep the fields of Loth
machines charged alike.
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With this arrangement, to switeh a machine into the
eircuit the machine should be up to speed and generating,
which can be seen by the pilot Iuup connected across
between the brushes.  Assoon as the lamp is up to candle-
power, make the connection by the crosg-wire, and then
switeh info cireuit.  To eut the machine out of eireuit it
should be first disconnected from the main, then open the
switch in the wire between the machines. The dynamo
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can then be stopped.  With machines in multiple it is
only necessary to open one main to throw them out of
cirenit.

Shunt machines to any number can be connected in
multiple without difficulty, and no trouble is experienced
in switching in or out of circuit at any time. Shunt
machines, when connected in multiple, if one or more of
them are to be thrown out or in at any time during the

3/
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run, are usually regulated by the rheostat connected to
each machine, with the object of causing each machine to
produce’its part of the whole work. Sometimes an extra
rheostal, or regulator is connected up in such a way as to
regulate all of the dynamos at once. The regulator of
cach dynamo is set so thateach machine is doing its ghare
of the work, and this extra regulator which is conmected
with the other rheostat serves to regulate the whole num-
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ber of dynamos at once. This may be arranged, as shown
in Fig. 72, by connecting one end of the break in the ficld
circuit of each machine to the regulator of that particular
machine (the same terminal of each field cirenit must be
connected to the regulator); the other wire leading from
the regulators is connected to one binding post of the
extra regulator, while the other terminal from each of the
field circuits is connected to the other binding post of the
extra regulator. In this way several shunt dynamos in
multiple, working on one cireuit, may he regulated by a
single rheostat, and work extremely well in practice.

The only precautions necessary in throwing shunt
machines together in multiple, is that the machine he run-
ning and up to potential before it is switched in. Shunt
dynamos usually require a few seconds’ time to become
fully magnetized, and gather their full potential after the
field cireuit is closed, even when up to speed., Some
means is required to show when the machine i« up to its
potential, for if it be switched in before it is generating
sufficient potential, the pressure from the mains being so
much greater would overpower the dynamo about to be
switched in, and cause it to act as a motor.  Should this
oceur the belt would fly of, or the mrmature burn out.
There are several arrangements for telling when the
dynamo is up to potential. One way is by noticing the
pilot lamp, which on some machines is attached 1o a socket
on the headboard, and on other dynamos is placed between
the feeders near the dynamo and inside of the switeh  If
this arrangement is used the potential is adjusted by the
regulator until the pilot lamp is up to the cume candle-
power as the other lamps.  The switch can then be closed.
If the potential of both dynamos is exactly the same at
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the instant of closing the switch, the lamps will show no
indications of any change having been made ; but as it is
a difficult matter to judge by the eye alone that the lamps
are at exactly the same candle-power, there is usually a
slight change noticed when a machine is switched in.  To
prevent this change in lumps and to tell when the machines
are at exactly the same potential, a galvanometer has heen
connected between the negative wire of the dynamo (for
that is the one the switch is in) and the negative wires in
the mains.  When this arrangement is in use it is easy to
tell by it when the potential of the dynamoand the poten-
tial in the mains is equal, for there will be no current
through the galvanometer and it will stand at zero. The
dynamo may then be switched in without affecting the
lamps. Where dynamos are worked in multiple each
should have an ampere meter in the circuit between the
dynamo and mains.  One potential indieator, connected
at center of distribution, is all that is neccessary for any
number of dynamos feeding the same circuit.  When a
dynamo is to he ent out of civeuit, throw resistance into
its field by the rheostat until the ammeter shows that no
current is passing from the dynamos, then open the switch.
In preparing to cut out a dynamo in this way, it will be
found that all of the resistance need not be thrown into
the field circuit to cut the current down to zero; but when
the ammeter marks zero the dynamo may be switched out
without a spark at the switeh, while if too much resist-
ance be thrown into the field the potential will fall until
current from the maing will be forced throngh the arma-
ture in the opposite direction, making an accident possible.

With compound wound dynamos connected in parallel
the case is somewhat morve complicated, although the
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principal is about the same as with series wound dynmmnos
connected in multiple. Compound wound dynamos, at
present, are only used for constant potential cirenits, and
some of them are absolutely automatic in regulation, while
the others require more or less regulating.  The terminals
of the shunt ficlds are alwayvs, practically, connected fo
opposite brushes, and lead from there around the magnets,
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Fig. 73.

while the series winding leads from one brush around the
magnets and from there to the circuit before returning to
the other brush. As this has been fully explained in a
previous chapter it is not necessary that it be repeated
here. There are different ways of constructing compound
wound dynamos; in one case the series winding mag-
netizes and the shunt acts to demagnetize; in another,
both windings magnetize, or in other words, in one case
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the windings act together, while in another they oppose
each other. DBut in coupling compound wound dynamos
together, the same arrangement will answer {or either kind,
for the series portion of the winding must be connected in
the sune manner as is shown with the series dynamos in
multiple in Fig. 71, while the shunt windings are con-
nected in parallel, the same as the field windings of the
shunt machines working in multiple, as shown in Fig., 72.
Somewhat different management is required with com-
pound wound machines when switching them into or out
of circuit with other machines. A diagram of the connee-
tions and switches required is shown in Fig 73, but a
compound switch may be constructed that will require
but a single movement of the handle to make the different
connections in the order required. In the shunt eircuit
of each dynamo a switch is required to open that circuit,
and the shunt terminal should be outside of the switch
that closes the series cirveuit, for it is necessary to close the
shunt cireunif, first, when about to switeh in a compound
wound machine. Referring to the diagram we find a
gwiteh in the shunt cireuit oA, another in the circuit of the
series winding € and one in the connecting wire B,
between similar brushes of the different machines. The
connecting wire, B, is required to prevent one machine
from forcing current through the other, as it would do if
the e. m. f. of the second dynamo should, from any cause,
fall o few volts.  With this connecting wire placed between
similar brushes, the current passing through the fields of
both machines must be equal at all times. Several dyna-
mos of this kind may be coupled together after this

manner and no difficulty need be experienced in their
operation.
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To start the first dynamo it is only necessary to have
the switches in the shunt and series circuit closed with
the brushes in position and get the dynamo up to speed,
when it will generate and give the required potential. To
throw in the gecond machine, get up to speed, put the
brushes in position, cloze the shunt cirenit by the switeh
A, next close the.circuit through B, then finish by closing
€. To cut out a machine the gwitches are to he opened
in the reverse order from which they were closed ; that is,
open ' first, then B, then .1 ; this cuts the machine out
of circuit completely.
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CHAPTER XXIIL
SWITCHES AND SWITCH-BOARDS.

In any electric light plant, among the important fixtures
are the switches, and it is just as important to have good
switches, as to have any other part of the apparatus good.
A switeh, whether used for low tension or high tension
currents hould have large contact surfaces and the design
should be such as will allow of the surfaces making firm
contact without too much friction. It is best to have a
switch work with such freedom that it will never stick and
cange delay, for many times a moment's delay in the open-
ing or closing of a switch may result in serious injury to
persons or machines. A switeh that requires to be fast-
ened with a screw to insure good contact, should be
avoided as being an element of danger. A switch that
makes a sliding contact on one side of the levers only is to
be avoided as unreliable, for guch contacts usually give
trouble, and where a switch of this kind is earrying eur-
rent it will generally be found quite warm, proving that
the contact is poor and that there is considerable resist-
ance at that point. A reliable and serviceable switeh, one
that can be depended on, should have not only large con-
tact surfaces but contacts should be made on hoth sides of
the lever or of the lug with which the lever engages, and
there should be sufficient spring or flexibility to allow of
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a wedge-like action when the parts are brought together.
There ave several ways of constructing a switch to fulfill
these requirements. The lever may be made of two strips
separated by about 1" space and engaging with a lug cast
on the binding post. This makes excellent contact by the
pressure derived from the spring of the metal, and the
sliding of the parts keeps the contacts clean and reduces
the resistance so that they seldom heat to any appreciahle
extent. Another style of switch has a s=olid lever cut
from sheet metal of a width and thickness suflicient to
give the strength and rigidity as well as the carrying
capacity required, and is arranged to make contact hy
sliding Detween a solid base and a spring, which insures
good contact over a large surface.  For incandescent light-
ing circuits the switches should he large enough to carry,
without heating at the contacts, any current, required u;xi
the circuit to which they are attached, for with low poten-
tial enrrents any resistance sufficient to produce heat will
cause a fall of the potential and reduce the candle power
of the lamps.

In parallel circnits it is the usual practice to open but
one side of the circuit in cutting out a loop or throwing off
work and for this purpose a single pole switch is sufficient,
while on series cirenits the switch should Le capable of
closing the main circuit and cutting the loop free ut Loth
sides and doing it without a spark at any of the contaets
about the switch. For this purpose a double pole switch
ig necessary and it must be arranged so that the main cir-
cuit is closed before the loop is opened. A double pole
switch of either of the styles deseribed will answer all the
requirements if provided with an extra contact point con-
nected to the opposite binding post in the main eireuit, as
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shown in Fig. 74.  With this style of switch the loop can
be cut out, leaving no part in connection with the main
circuit. The lever will make connection with the short
cireniting contact before opening the circuit atany point,
consequently there will be no spark at any of the contacts
when the loop is dizseonnected, It is preferable to have
all parts of switches used in high potential ecircuits so
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covered and insulated that it is impossible to touch any
of the parts through which current is passing. Aceidents
about electrical machinery arve only possible when well
known requirements ave ignored or overlooked. Where
several circuits or several machines are in use a switch-
board becomes a necessity, for it is always safer and much
more convenient to handle the cirenits from one point
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than to have the switches located in different parts of a
room. A switch-board is more serviceable and convenient
when set at such a distance from the wall as will allow of
plenty of room back of it, so that a person can get behind
it to work and make connections when necessary without
danger of coming in contact with any “live” points.
Where room is limited a switch-hoard may be fustened by
hinges so that it may be swung elose to the wall to eof it
out of the way as much as possible and still allow of
readily changing the connections, By swinging it out-
ward it will permit of getting at the back to do any work
that may become necessary. With parallel systems a
single point switch is all that is required, and any of the

Fig. 75.

styles described will answer the purpose if heavy enough
to carry the current.  On switch-boards of this kind where
a number of circuits hranch off, one wire only of the cir-
cuit is led to the switch-board and conneected to the switel.
Each switch should be labeled in a manner that will show
at a glance which circuit it controls, so that there need be
no hesitation when called on to cut out a circuit. In
lighting stations where there are a number of dynamos
and a greater number of circuits, a switeh-loard 18 an
abgolute necessity, and the many different contrivances
that were brought out for this purpose before anything
really safe and practical was obtained would form quite
an interesting collection. The apparatus now most exten-



Switches and Switch-Boards. 251

sively in uge and which has given the greatest satisfaction,
is the plug and socket.

There are several styles of these plugs and sockets, one
of which is shown in Fig. 75. In this arrangement the
plug is formed of sheet metal, bent several times in such a
manner as to form a square plug as shown. The socket is
of cast brass, having a square opening divided to a certain
distance by a partition that forms two other sides with
which the plug, when inserted, makes contact. The plug
by being made of sheet metal and bent into the shape
shown, gives four sides that make contact with the socket.
This ensures plenty of bearing surface and the spring of
the metal in the plug insures friction enough to hold it
reasonably secure in the socket. With the plug and
socket arrangement the sockets should be placed in the
board in such a way that no part of them wiil project
beyond the face of the board and in this way avoiding all
chance of the operator coming in contact with any metal
thit may form a part of the circuit. The socket shown in
Fig 75, is designed to be attached by screws to the face of
the hoard, leaving a large portion of the metal exposed,
and for this reason alone this style of socket should never
be used with high potentiul cireuits. The plug and socket
shown in Fig. 76, consists of a round plng with the end
rounded off so that it may be more easily inserted into the
socket. In the socket is a gpring which engages with a
notch on the plug and serves to hold the plug in place.
The spring also assists in making a good electrical contact.
To remove the plug it is necessary to give it a quarter
turn, which releases it from the spring. The lower hole
in this socket and the tapering plug are for the purpose of
making changes between dynamos and cirenits without at
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any time opening a circuit. The tapering plug
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or two at a time and for this reason is made tapering with
This style of zocket is
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no provision for holding it secure.
hack of the board and the projection
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for the plug 13 drilled, az shown in

through which the hole / ;
the diagram, cnters, hut does not I""’Je‘-’t. quite through «
hole bored through the face of the F“‘W'h-.huurd. This
arrangement removes from the face t.)f the -‘:Wllu]l-lmzml all
metal parts and makes it well nigh impossible to come in
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contact with any portion through which a current is pass-
ing. The smaller hole in the socket casting is entirely
behind the board and is not a source of danger. The
plugs are connected by pieces of well-insulated  eable
wires, long enough to allow the plugs to le inserted at any
part of the switch-board. The cable wires are soldered
into holes drilled in one end of each plug and the wooden
handle covering the cable is screwed on to the plug, effect-
ually insulating all parts except that portion required for
making contact in the sockets.
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Another style of plug and socket for switch-boards is
shown in Fig. 77.  Thiz arrangement is clearly shown in
the ent, and may be described as consisting of two slotted
tubes, placed one above the other, and held rigidly in
place by the casting to which they are attached. The
farther end of the tube is slightly contracted to form a
cateh that enters the grove near the end of the plug and
holds it seeure when the plug is in place and offers but
slight resistance when the plug is to be withdrawn. This
socket is designed to be attached to the back of the board

Fig. 77.

leaving no part exposed, so that accidental contacts are
almost impossible and safety is assured while changing
connections on the bhoard.



CHAPTER XXIII.

ELECTRIC MOTORS.

In general form and appearance an electric motor is the
same as a dynamo, and it is a fact that a good motor must
possess the same characteristics as those required in a
good dynamo. Any dynamo can be operated as a motor
when supplied with proper current from an outside source.
The duties required of electric motors arve so varied that a
single type is not capable of meeting all the demands. A
motor that would be suitable for econtinnous working at a
constant speed under a load that would suddenly and fre-
auently vary from nearly or quite that of its full capacity
to perhaps so small a load that it would represent only
the friction of the machine itself would be suitable only
for certain classes of work, while for other kinds of work a
motor would be required that would be available for oper-
ation under various changes of both load and speed, and
it is evident that a single motor comprising such elements
of simplicity and efliciency as are characteristic of modern
machinery could not possess such general utility as would
make them sunitable for work under such widely varying
conditions. Two types of motors have been found capable
of fulfilling nearly all the requirements of practice. For
constant speed work the simple shunt-wound motor is all
that is required, for when constructed in a suitable manner
and supplied with current under a constant potential, it will

maintain a practically constant speed under all changes of
251
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load within its capacity, and even when slightly over-
loaded the variation of speed will be no greater than that
produced in automatic engines under similar conditions.
A change of load on an automatic engine must of necessity
produce a slight change of speed, and while the same is
true of a shunt-wound motor, the change is not nearly so
great as in the case of the automatic engine. In a shunt-
wound dynamo, where the field circuit is in shunt or par-
allel with the armature, the current with which they are
supplied is divided between them in accordance with
their respective resistances, the cireuit having the greatest
resistance receiving the least amount of current, and vice
versa. In designing the field circuit of a shunt-wound
motor, the same attention must be given to the number of
ampere turns in the coils and the resistance of the circuit,
that is required in the field cirenit of a similar type of
dviamo, for while a given number of ampere turns are
required to charge the magnets to the required degree of
saturation, the resistance must be such that no more than
the reqired amount of current can flow in that direction,
It is equally important that the resistance of the circuit
ghould not be too great, for in such case the magnets
could not become fully charged, and consequently the
power of the motor would not be as great as might be con-
veniently obtained from that size of machine. With a
known number of ampere turns required to charge the
magnets to the desired degree of saturation, it is evident
that the resistance of the field circuit must be in accord-
ance with the potential of the current used to operate the
motor, for it is evident that if the resistance of the field
cirenit had been ealeulated for a potential of 100 volts,
and an attempt was made to use it on a 220 volt circuit,
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more than twice the calculated amount of current would
pass through the field circuit, with the probable result
that the wires would become heated to such an extent that
the insulation would be instantly destroyed. On the
other hand, if the resistance of the ecireuit had been eal-
culated for a high potential eurrent and the motor was
placed in a circuit of lower potential, one result would be
that the magnets, on account of the high resistance of the
field circuit, would not become charged sufficiently to
permit of much power being developed. A shunt-wound
or constant potential motor must be constructed with due
regard for the potential of the current by which it is to be
operated, as it cannot be operated with satisfactory results
on any other. The resistance of the field ecirenit must be
proportioned to the potential of the current with which it
is to be used, and the number of turns in the coils must
be calculated so that the number of amperes flowing
through the number of turns of conductor will be just
sufficient o produce the required number of lines of f:)rcc
in the pole pieces. These caleulations should he made
with exactness, as too high a degree of magnetization
would be wasteful on account of consuming energy that
could not be utilized in the production of useful worlk,
while if the magnets were not sufficiently charged, the
power developed by the machine would be below the
capacity at which it might be economically operated, and
there would be a lot of material serving no purpose.

The armature of a shunt-wound motoy may be the
same in every respect as that of a series or compound
wound machine. But as the amount of current which
flows through the armature circuit determines, to a great
extent, the amount of power developed, the armature cir-
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cuit is made of quite low resistance. Being of low resist-
ance there is nothing to prevent an almost unlimited
number of amperes of current flowing through the arma-
ture if some resistance is not interposed which will pre-
vent it. But certain characteristics of the machine pre-
vent any abnormal flow when it is in operation and
running at or near its critical speed.

The direction of revolution of a motor is opposite to
what it would be if operated as & dynamo and producing
current, the flow of whicli would be in the same direction
as that employed to operate it as a motor, o that when
‘the armature is revolved in one direction by the action of
the current an E. a. r. tending to flow in the opposite
direction is produced in the armature and opposes the E.
M. ¥. of the exciting current, tending to obstruct its flow,
and operating in very nearly the same manner as an
ordinary resistance coil would. The production of this
counter £. ». ¥. may be understood by considering that in
order to make a dynamo operate as a motor and have the
same direction of revolution as when acting as a generator,
the direction of flow of the current through either the
magnets or the armature must be reversed, while in the
casce of a series motor the direction of flow of the current
through both magnets and armature must be reversed.
This is easily ncecomplished by changing the lead wires in
the hinding posts forming the terminals of the machine.
The way this will operate to cause the motor to revolve in
the same direction as the generator may be gathered from
the dingrams Figs. 78, 79 and 80, where the circuit of a
series generator is shown in Fig. 78. It is evident that,
if current was caused to flow in the opposite direction
through the armature and field civcuit of such a machine,
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the direction of rotation would also be in the opposite
direction, for the polarity of the armature would be
reversed, and in such case the current would flow
through the armature instead of being generated in the
armature. While acting as a generator the polarities of
the armature and of the pole pieces are so opposed that
force is required to move them apart, while in the case of
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Fig. 78.—Series Winding.
a motor the attraction between the armature and pole
pieces on the one hand and the repulsion between the
armature and the pole pieces on the other combine to
cause the armature to revolve. Supposing a shunt-wound
generator to be used in charging a storage battery and by
accident the driving belt should come off, the return of
the current would flow through the armature in a diree-
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tion opposite to what it did while the machine was being
driven, but the direction of flow through the field coils
would remain the same, thus providing thé conditions
necessary for the operation of the motor in the same
direction. That this would be the case is plainly shown
by the diagram Fig. 79, where the arrow points show the
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Fig."79.—Shunt Winding.

direction of the current while the machine is being oper-
ated as a generator. It is shown that the current pro-
duced by the armature as it leaves the brushes divides, a
portion flowing through the fields and the balance to the
external circuit, the amount passing in either direction
being inversely proportional to the resistance of the circuit.
As the field circuit of a shunt-wound machine is always of
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very high resistance, for reasons given in previous chapters,
the amount of current passing in this direction is very
small compared with that which goes to the line. While
a motor is thug being driven by current from an outside
gource, the machine will also act as a generator on account
of the fields being chdrged and the armature heing driven.
The E. a. ¥. thus produced being in opposition to that of
the exciting currents it retards the flow to such an extent
that, when the motor is running light, the two opposing
electro-motive forces are so nearly balanced that the flow
of current through the armature is only sufficient to
provide power enough to overcome the friction of the
machine. When work is thrown on the motor, the gpeed
of the armature is slackened somewhat, and as a conse-
quence the counter . 3. ¥. is reduced, and more current
flows through the armature developing more power. This
trifling reduction of the speed is in no way. detrimental,
as the variation is but slight, and in a well constructed
motor the variation for all loads will not exceed three per
cent. and for nearly all purposes this can be considered as
perfect regulation.

A compound-wound motor is capable of giving abso-
lutely perfect regulation, hut the necessity for any closer
regulation of speed than that given by the shunt-wound
machine is not required, except in extremely few cases.
A shunt-wound dynamo would not be go efficient if used
as a motor, on aceount of the resistance of the ficld circuit
being somewhat less, for when used as a generator the
current builds up very slowly, the resistance of the field
cirenit being so great that the magnets are bul slowly
charged. When a shunt-wound machine is used as a
motor, the magnets become fully charged o soon as the
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current is turned on, for the exciting current is then at the
full potentinl. In starting a motor of any kind, especially
a shunt-wound machine, it is necessary that the current to
the armature be turned on slowly, permitting the arma-
ture to attain a high rate of speed before the current is all
applied. The reasons for this will be understood by con-
sidering what has been mentioned before, that the arma-
ture is of low resistance, and if the full force of the cur-
rent was suddenly applied the flow through the armature
would be so great as to destroy the insulation and eause a
burn out. To avoid this the current must be slowly
applied, allowing the armature to attain sufficient speed
to produce a counter electro-motive force that will prevent
the flow of a surplus of current. Another reason for sup-
plying the current to the armature in a slowly increasing
quantity is, that if suddenly applied in full strength, even
when the motor is connected to a constant current eireuit
where there would be no such danger of a burn out,
the strain on the armature, from the suddenly pro-
duced torque, would he o great that the armature wires
would possibly be loosened, which, if it should occur,
would lead to its speedy destruction. To avoid the dan-
ger of a burn out, or other injury to the motor when start-
ing, a geries of resistance coils are connected in the arma-
ture circuit, and so arranged that the flow of current can
be gradually increased as the speed ol the armature
inereases. This arrangement requires that there be three
wires leading to the motor, as shown in Fig. 80, which also
shows the manner in which the circuits and resistances are
arranged, so that when the switch is closed the field coils
are thrown into eircnit and the magnets charged. When
the lever of the starting box is in this position no current
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is passing through the armature, but by moving the lever
to the next segment a portion of the current, regulated by
the resistance coils, passes through the armature, This
puts the avmature in motion, and the lever is moved to
the next segment which, by reducing the resistance, per-
mits o greater volume of current to flow through the
armature, and the speed is further increased. As the
speed inereases more resistance is thrown out until the
motor is fully up to speed and all the current turned on,
after which the motor will care for itself, so far as the sup-
ply of current is concerned. But should the supply of
current be interrupted from any cause, so that the motor
would stop, or nearly stop, it would be necessary to then
throw in zome of the resistance to protect the armature,
for when the full flow of the eurrent was re-established
the counter k. w. r. would not be suflicient to prevent
injury to the armature.

When it is required to control the speed of a shunt-
wound motor, it may be accomplished by the use of a
variable resistance connected in the field circuit, which
acts by changing the intensity of the poles, and conse-
quently varying the power of the motor. This method of
regulation would not alone be applicable to a motor
receiving current from a constant potential circuit, for, as
the speed of the armature was reduced, the flow of current
in this direction would be increased, and might become so
great as to injure the armature. When used on a con-
stant current civcuit the plan would work all right, as
only a given amount of current could then flow through
the armature, and this amount would be limited, so that
no injury would oceur from over heating. The shunt-
wound motor is particularly suited for constant speed
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work on constant potential circuits, for under such condi-
tions, it is, as we have seen, practically self-regulating and
constant.

For constant speed work on constant eurrent or ave
light circuits, the series motor is more particulnly
adapted, and numerous machines are in use which are
operated in this manner, but the subject of regulation
then becomes more complicated. There are a numn-
ber of motors of this kind that employ a systen of recula-
tion that works fully as well in practice as Jdo shunt
motors under the conditions previously expliined. In
most of these motors the regulation is obtained by vary-
ing the magnetism of the field through some change pro-
duced in the number of ampere turns in the ficld coils.
The Excelsior motor is one of this class, the fiell coils
being wound and connected in the same manner as in the
Excelsior are dynamo, the changes in the ficlil being pro-
duced in the same manner, with the exception that in the
motor the cut-out lever is actuated by o small ly-hall gov-
ernor instead of a small motor, as in the d_\'ru.lum. The
method of the winding and the mannerin which the cut-out
lever is utilized to vary the number of turns in the ficld
coils is shown in Fig. 42, There is another make of
motors that employs a similar method of cutting out
turng in the field coils.  Another means employed for
practically the same purpose, is by the use of a shunt of
variable resistance across the field, similar in its operation
to the method of regulation employved in the Brush are
dynamo, as shown in Fig. 33, and fully explained in the
game connection.  As applied in the motor referred 1o, a
fiy-ball, or centrifugal governor, is employed to operate
the variable resistance. Another method of series motor
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regulation consists of changing the position of the brushes
on the conmutator, the yoke being moved by the gover-
nor. A plan similar in its effectz to the last one men-
tioned iz that employed in the Brush motor, where,
instead of moving the hrushes, the commutator is rotated
on the shaft, which, practically, produces the effect of
changing the point of commutation, which also varies the
power developed, and results in maintaining the speed
constant.

The rotation of the commutator in this case is pro-
duced by the action of a tangential governor, something
alter the style of those employed for producing the regu-
Iation on some of the high speed engines. There are
other plans by which the series motor may be automati-
ally regulated to preserve a constant speed under chang-
ing loads, but the most practicable ones have been
mentioned.

When motors are used for work which requires that
the speed be changeable, some system of hand regulation
is employed, which operates by varying the magnetic
ceffects of the field upon the avmature, such as by chang-
ing the number of turns in the field, or varying the
flow of current through the field circuit, or by the use of
a variable resiztance in shunt with armature and field; by
rocking the brushes; moving the magnets away from the
armature, as is provided for in one motor, or by woving
the arnature out of the field, as is designed in two other
types of motors. Hand regulation is also used in the
handling of street railway motors, and the explanations
alveady given will apply equally well to this class of
machines.

The care of a motor is precisely similar to that of a
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dynamo in every respect where the machines are the sume.
The oniy particular difference being that the carbon brush
is now used almost exclusively on motors, and is fast
coming into use on dynamos. The term “brush™ hardly
applies to the form of the carbon collector employed, as it
consistz of a thin block of cavbon of about the same toxt-
ure as that used for are light carbons.  When this kind of
collector is used, the brush holder usually consists of a
short, square tube, so arranged that the end of the carbon
plate iz presented to the commutator, and is held in
firm contact by a flat spring which presses against the
outer end of the carbon plate.  Another form of carbon
collector is made to take the place of the copper brushes,
commonly used on dynamos, and consiste of a somewhat
thicker block than the kind just deseribed. By the use
of carbon brushes, the wear of the commutator is very
greatly lessened, it being almost imperceptible. Thisresults
from the carbon block being much softer than the copper
in the segments. When copper brushes are used, if the
ends be softened, they will wear the commutator less, and
give better results in other ways than the harder material.
In starting a motor, especially of the shunt-wound type,
the current should be turned on slowly until the arma-
ture gets into motion, then more resistance should be
thrown out, and as the speed increases, still more resist-
ance must be cut out until by the time the armature is up
to speed there should be none of the resistance left in the
armature circuit. Never attempt to regulate the speed of
a shunt machine, designed for working at constant speed,
by the starting box, for although it can, to some extent,
be done, it is not advisable to attempt it, as it ma v result
in heating the resistance and causing injury. In stopping
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a motor of this kind, do not attempt to do so by slowing
down gradually, as this might also cause damage in a
manner shilar to that just mentioned, but shut the cur-
rent off' instantly by the lever on the starting box—never
by the line switch; but after the motor has been stopped
by the use of the starting box lever, then, if necessary,
open the line switch.  If the supply of current should be
shut off’ from the motor at any time, it will be necessary
to cloze the starting switch to prevent injury to the arma-
ture of the machine when the current is again turned on.
The reason for this will be understood by remembering
that when the armature is standing still there is nothing
to prevent an enormous flow of current through the arma-
ture circuit, but when the armature is in motion and the
fields charged, then the counter E. M. ¥. produced actsas
a resistance and prevents the flow of too great a current.
This counter . M. F. is in proportion to the speed, and
only attaing its full value when the armature is at its
rated speed. By knowing this fact, and turning on the
current according to the speed attained, there is fio dan-
ger of any injury resulting from too much current, but if
the load on the motor should become so great as to slow
down the armature, the counter g, 3 ¢. wonld be reduced
so much that the flow of current might, and probably
would, be so great as to cause a burn out.

A series motor on any cirenit should also be started
cavefully, not so much on account of any danger of a
burn out, as on account of the strain on the arma-
ture wire from the sudden jerk that would be given to it
if the full force of the current should be suddenly applied.
To sum up in a few words: Start slow, and give a motor
the same care and attention that you would a dynamo.
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CONCLUSION.

In closing this series of chapters it may be proper to say
that the original plan contemplated a description and
explanation of the various machines and apparatus used in
an electrie light plant, the eare and management of which
come particularly within the province of the engineer.
It is believed that this plan has been well followed
out and that no omissions of any great importance have
been made. If it were attempted to go fully into the
theory of electricity and eleetrical machinery the work
could be prolonged indefinitely.  Enough practical inform-
ation has been given, however, to enable any engineer who
will take the trouble to master what hag Leen written in
these articles to take charge of an electrie light or power
plant and manage it successfully.

At the risk of repetition it may be well to again call
attention to the more important points connected with the
eleetrical part of the plant which the engineer should
always bear carefully in mind. Keep the CiRiEts i oo
order, “he lines well secured, the insulation resistance as
high as possible.  Keep the dynamos elean and well
insulated from the foundation. Pay particular attention
to the commutator and brushes. Keep the commnutator
smooth and the brushes in good order and mnking contact
with the commutator at the right points, Keep all parts
of are lamps clean and working free, for the least friction
about the mechanism or stickiness of the rods will impair
its working and a poor light will be the result. Have an
ammeter on the cireuit, if it is o continuous current cit-
cuit, or a volt-meter on o constant potential cirenit, for
without these, even with a system of automatic regulation,
troubles will oceur that will be difficult to locate, hut with
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them best results ean be maintained.  Have some kind of
testing instrument that is reliable and make frequent use
of it. A magneto is not altogether reliable and does not
measure anything, but it is better than no testing appar-
atus at all.  Whatever system of regulation you may have
should be kept in the best of order, for it is only when in
that condition that it is velinble and with the descriptions
that have been given of automatie regulators there should
be no difficulty in understanding them and keeping them
in order. And finally, when indications of trouble are
dizcovered, remedy it THEN.

If the foregoing explanations of electrical principles
and the deseriptions of apparatus are read attentively and
applied in practice there is no engineer who need have
any serious difficulty with any system of electric light
machinery. :
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ALTERNATE CURRENT APPARATUS.

INTRODUCTORY.

The success which has attended the applications of the
inductive system of incandescent electric lighting by alter-
nate currents in this country as well asin others, and the late
suceessful adaptation of the same system to are lamps, in-
dicate that it is to be the system of the future for central
station lighting.  And the indications are that all the pur-
poses to which the continunous eleetric current has been
so successfully applied will, in the near futare, he as sue-
cessfully operated by ecither direct or induced alternate
currents.  Although the alternate current system was the
first to be applied to the production of electric lighting on
a commercial scale, it did not become a suceess, as it was
soon supplanted by the eontinuous current system. The
principal reason for this was that the characteristics of
continuous currents were better understood at that time,
on account of nearly all the previous investigations having
been made with battery currents which were continuous
and steady. The investigations made with these currents
had so nearly covered the field of their application that
the principles and laws as laid down in” the text books of
forty years ago, will be found suflicient to explain nearly
all of the applications of the continuous current of the pres-
ent day. All of the eleetrical formulie for continuous cur-
vents in use at the present time are deduced from the re-
searches of Faraday, concluded about the year 1831, or
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from laws demonstrated by others about thattime. Butthe
laws of alternating currents had not been investigated until
within the last few years, and the only reason for the lack
of success in the commercial use of them in the past has
been a lack of knowledge of their characteristies and the
best methods of applying what was known in regard to their
peculiarities. The present indications warrant the state-
ment that in a few years’ time the alternate current will
be applied to fully as many and as important uses as the
coutinuous current now is.  To explain some of the prin-
ciples of these currents and to deseribe the mechanism of
apparatus to which they have been applied is the object of
this work.




CHAPTER L -
ALTERNATE CURRENT DYNAMOS,

Alternating current dynamos depend for their operation
upon the same prineiplez of magnetic induction as do con-
tinuous current dynamos,  Althouzh the form and details
of construction are somewhat different in the two machines,
the current produced by each is of precisely the same nat-
ure and quality, the only marked difference being that in
the continuous current machine the electric impulses are
collected and transmitted to the cireuit always in the same
direction, while in the other dynameos the current is sent
to the line alternately in opposite directions. This result
is brought about in one type of machine by the arrange-
ment of a number of magnets presenting ends of different
polarity being plnced around the armature, the poles of
the magnets being arranged alternately. This method is
shown in Fig. 1, where the magnets N, S, are arranged radi-
ally in a circle with the armature placed at the center. In
the cut only an end view of the magnets and the winding
is shown, but the length of the magnets is several times
greater, to correspond with the length of the armature as
shown in Fig. 2. The muagnets, for convenience, are all
wound in the same manner, but the exciting current is
passed through each alternate maguet in a direction oppo-
gite to that in which it passes through the preceding one.
This result is easily accomplished by eausing the current
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to enter the first magnet coil at the outer end of the wire,
and as it leaves at the inner end of the coil, it i= connected
to the inner end of the wire forming the next coil, which
will produce poles of opposite nume at the ends of the
magnets which face the armature.  The ends of the wire

l"fg/. 1.

forming the magnet or field circuit are generally connected
to the terminals of a continuous current generator, gener-
ally a small dynamo.

This method of exciting the fields of an alternate cur-
rent dynamo has been found the most practical, so far,
although machines have been made that were self-exeiting,
but as they require a complication of parts they have not
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been used extensively, it being far more practical to em-
ploy a separate dynamo for the purpose. The gramme
armature. which is a type frequently employed with this
form of magnet, is gshown in Fig. 2. This armature is
almost identically the same as the armature used in con-
tinuous current machines, the form and laminations being
the same.  The winding is also the same, but the manner
of connecting the windings of the adjacent sections is quite
different.

In the continuous eurrent systems the armature wind-
ings are conneeted in such a manner that the wire may be

,’:’

r —/
=N

-

Fig. 2.

said to be one continuous series of turns around the ring
with loops brought out at equal intervals and connected to
the commutator segments. But when the winding for an
alternating current armature is connected up, the outer end
of the first coil is left free to form one terminal of the arma-
ture circuit, while the other end of the coil is connected to
the inner end of the second ¢oil, the outer end of the second
coil being connected to the outer end of the third, and =o
on through all the armature coils, which must be of the
same number as there are magnets around the armature.
The other terminal of the armature circuit must end the
same as the first began, that is, with the outer end {ree.
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These ends are led to two separate insulated collars having
a ring of conducting material around their cireumference
to which the wires are attached. The collector brushes
make contact with these rings in the same manner as the
brushes on a continuous current machine are brought into
contact with the commutator.

The method of connecting the coils of the armature ¢ir-
euit is clearly delineated in the tracing of the cireuit on
the armature shown in Fig. 1. The reasons for forming
the eircuit in this manner will be fully understood when it
is knowndhat the magnetism from the north pole of a mag-
net will induce n flow of electricity in a coil of wire in a
given direction, while the magnetism of 4 south pole will
induce a flow in an opposite direction, other conditions
being the same. As this is the case, it will be apparent
from an inspection of Fig. 1, that the flow of current in all
the sections of the armature cirenit while being in opposite
directions in each alternate section, the sum of the eleetro-
motive force produced in all the sections is caused to Hlow
from the same terminal of the armature cireuit. When
the armature has turned sufficiently to bring a given section
under the action of the next magnet pole these conditions
are reversed and all the induetions, which arve in this case
opposite, cause an impulse in the opposite diveetion. The
number of impulses given out during a single revolution
of the armature is determined by the number of changes
of polarity throngh which a given section of wire on the
armature passes. This will be found to be equal to the
number of magnets used. By eomnecting the armature
cireuit in this manner a greater electro-motive force is pro-
duced than would be the case il the armature sections,
containing an equal length of wire, were connected in mul-
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tiple—that is. if the connections between each two adja-
cent sections were brought to the collectors, a loop from
the connection between inner ends to one ring and a loop
from the connection where the outer ends are together was
connected to the other ring. For in the latter case the e.
m. f. would only be that due to the e. m. f. generated in a
single coil.

In the armatures of dynamos and motors of both con-
tinuous and alternating current machinery it is absolutely
necessary that the core be thoroughly laminated to pre-
vent heating. Lamination of the armature core is pro-
duced by building the core of sheet iron dises (or rings)
insulated from each other in some effectual manner, com-
monly, by placing sheets of thin paper between the pleces
of iron. Another method of producing the insulation is
by allowing the iron to become thinly coated with rust.
Sometimes the iron is painted to produce the same results,
Either of these plans work fairly well; but the use of paint
is liable to make more or less trouble because it cannot be
evenly laid on and for this reason will throw the armature
out of balance. The necessity for laminating an armature
core becomes apparent from the fact that masses of metal
gubjected to the influence of rapidly changing intensities
of magnetism, have produced within the mass, currents of
clectricity that expend themselves in heating the metal.
These currents may be produced in the wires on the arma-
ture if they be very large.

The armatures of some alternate current dynamos do
not have any iron in their construction; this is the case in
one machine where the armature is stationary, and in
another where the armature revolves. In some of the
dynamos the armature is stationary while the field
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revolves, and in fact the design in alternate current gener-
atorz admits of fully as many different styles as are
employed in continuous current machines.  The gramme
armature with the style of magnets shown in Fig. 1, iz the
most common form in use in this country at present, there
being several systems using this form of generator, while
the details of the machines differ but little. The small
continuous current machines used Lo exeite the fields difier
more or less in form, but their use and application is the
same in each system.

The method of regulation is practically the same in all
the systems, and consists in varving the current in the field
circuit. This is most frequently accomplished hy the use
of a rheostat or resistance coils in the exciting circuit, An
extra resistance in the main circuit is sometimes used in
connection with that in the exciter circuit for the purpose
of regulating the current in the mains; but this method
must of necessity be wasteful of power. The same result
can be attained by varying the current in the exciter circuit.

The leading systems of alternate current distribution in
use in this country are the “Slattery,” operated by the Ft.
Wayne Electric Co., the Thomson-Houston, Westinghouse,
Brush, and Freeman. All of these systems, excepting the
Brush, use about the same style of generator, consisting of
the gramme armature and radial magnets.

The Brush generator has a stationary armature which
consists of {lat armature coils made of copper ribbon wound
on cores of insulating material, and these are supported on
a german silver frame, that may be separated at a vertical
line through the center, and each half, together with the
coils it contains, may be removed {rom the machine. The
terminals of each armature coil are attached to the binding
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posts on the frame, while the coils are connected together
outside of the armature frame by wires connecting the
binding posts. The armature coils are connected together
on the same plan as that shown in Fig. 1. The winding of
the armature coils shown in a view of one section in Fig. 3,
and one-half of the armature containing a similar portion of
the coils izsshown in Fig. -1, where the plan of connecting the
terminals can also be seen.  The armature of this machine
contains no magnetic material whatever, there being no
neeessity for any, on account of the armature being so thin
that the wires are wholly subject to the inductive influence
of the magnets which are arranged on each side of the
armature.  The thickness of the armature is but 9-16 in.,
which allows of the magnets on each side being brought
quite close together, and as there is no magnetic metal
in the armature there is no trouble from the heating effects
ol eddy currents. The armature frame is also insulated from
the frame of the machine.

The magnets of this machine, 24 in number, are attached
circumferentially to two dises carried on the same shaft,
one-half the number on each dise. The magnets are so
arranged that opposite poles face cach other on either side
of the armature, while adjacent magnets on the same disc
are of alternate polarity, and as there is a strong attraction
between the two poles all of the lines of force are concen-
trated so they are cut by the armature wires. By this
form of construction the magnets and dises act ag o fly-
wheel and assist in maintaining a steady motion. To
understand just how the flow of current in all the armature
wires is in the same direction at any given instant, it is
only necessary to infer that the armature coil, when it
comes under the influence of an N magnet, has induced
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within it a flow of current to the right ; while, if underthe
influence of & S magnet, the flow will he to the left, consid-
ering that in each case you are standing it the opposite end
of the magnet and facing the armuture. Understanding
that the direction of flow will he a2 above stated, it is
easily seen that magnets of opposite pﬂl:lril-,f' faeing the wire
from opposite sides will both combine W induce a flow of
current in the wire in the same divection. By applying
this idea in an examination of the .-‘t""'ti"'" :'[ the armature
shown in Fig. 3, or the half armatu!™ in Fig. 4, nn under-

Iy, 8.

standing of this principle of induction may be obtained.
Dynamo electric machines operate wholly on the prin-
ciples of magnetic and electric or electro-magnetic and
magneto-eleetric induction. The object of these chapters is
to show the practical application of the principles, and
give as clear an explanation as possible of their operation
instead of describingany particular make of machine.  As
the meaning of gome of the above terms may not be clearly
understood, it may be as well to explain that magnetic
induection means induction between two substances sus-
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ceptible to the influence of magnetism if one of them be
already magnetized, or that magnetism is produced in a

Fig. 4.

magnetizable substance if it be brought within the influ-
ence of a_substance already magnetized. This principle is
applied in dynamos having an armature with an iron core.
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Magnetism of opposite polarity is induced in the core where
it comes under the influence of the magnet.  Eleetrie indue-
tion is produced in a wire forming a closed circuit if any
change be made in the intensity of a current flowing in a
parallel circuit. This latter principle is not utilized by
itself to any great extent, as much better resnlts are obtained
from the following principles: Electro-magmetic induc-
tion may be understood to be the production of magnetism
in a magnetizable substance, when it iz brought near to a
conductor through which a current of electricity is flow-
ing. This principle is applied in all electro-magnets. The
magnets of nearly all dynamos are electro-magnets,  Mag-
neto-clectric induction may be understood us being the
principle which causes a flow of current through a closed
conductor when near to o magnetic field of varying inten-
sity. This may be explained as taking place when the
armature wires are passing through a magnetic field, as is
the case in a dynamo when in operation.  Tuke the case of
a section of wire on an armature having an iron cove, just
as the section of wire leaves the field of the magnet. Three
geparate inductions occur at the same instant, and assist
in the production of the current, or rather, the electro-
motive force; for it is the electro-motive force which pro-
duces the flow of current. The armature wire having been
near to the pole-piece or end of the magnet, passes from an
intense magnetic field to a neutral or intense ficld of oppo-
gite polavity. Passing from an intense to a neutral field
gives the condition of a change of magnetic intensity, and
when the change is from a field of a given polarity to n field
of opposite polarity the change of magnetic intensity is
much greater and under these conditions is doubly favor-
able to the production of e. m. f.
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The core of the armature is also magnetized, by induc-
tion, and passes through similar changes of polarity at the
same instant, and this change of polarity or intensity of
magnetism also induces e. m. f. in the conductor on the
armature.  One or more of the above principles of induc-
tion apply in the operation of all electrical machinery.



CHAPTER II.
DYNAMOS (Continued).

Another alternating dynamo, the Mordey, having a
stationary armature somewhat similar to that shown in
Fig 4, is in extensive use in Europe. The armature differs
from the one just described. in having the radial portion
of the armature coils parallel with and quite close to the
similar portion of the adjacent coils on each side. The
pole pieces, which revolve, are a very remarkable feature
of the machine as all those on one side of the armature are
of the same polarity and all on the opposite side are of
opposite polarity. A single coil of wire excites the whole
field.

The armature as shown in Fig. 5, consists of & number
of eoils of copper ribbon wound on a non-conducting core,
the different layers or turns of ribbon being insulated from
each other, The layers of each coil are fastened together
with tape. Fach coil is fastened at the outer end between
two brackets which are bolted to the frame. The ends of
the conductor are brought out through porcelain insula-
tors. The ring which supports the armature coils is made
of brass or gun metal and does not come between the poles
of the magnets. The core on which the armature coils are
wound is of the same thickness as the width of the con-
ductor and when fastened as described, is quite rigid.

.This ring which supports the armature is in two parts
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similar to the one shown in Fig. 4, being divided through
a central vertieal line. . When in position, the two parts
are bolted to the bed plate of the machine. With this
arrangement, a single coil, if it should become faulty can be

Lig. 5. —Mordey Armature.

easily and quickly Yemoved for repair or be replaced by
another. Either -half of the armature can be removed
without difficulty.

The field magnet of this machine differs from that of
all others. It consists of 2 single electro-magnet the core
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of which is a short evlinder of iron fastened to the shaft.
The pole-pieces are ];uu\'}' NAsses (;ril'llll each having nine
projections which curve backward and form a magnetic
circuit of low resistance, the opposite poles heing separated
just sufficient to admit the armature without touching, as
shown in Fie. 6. The ends of the magnet coil are con-

nected to collector rings on the shaft, as shown in the cut,

Iy, 6.—Mordey Field Magnets,

The method of joining the armature coils together is
gimilar to that shown on the armature in Fig. 1, or as
shown in Fig. 3, the inner ends of two adjacent coils being
connected together by short copper rods, on one face of the
frame, while the outer ends of two adjacent coils are con-
nected in a similar manner on the other face.

In this machine, although there iz but half as many
magnets, for the number of armature coils, as in many
others, yet the number of alternations of current during
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one revolution is the same as in machines having double
the number of pole pieces. This may be understood by
noting that currents are caused to {flow ina coil in one direc-
tion by an inerease in strength of the magnet and in the
opposite direction by a decrease in the strength of the mag-
net.  Both these conditions are present during the time a
pole-piece is passing a coil; for as itapproaches the coil the
strength of magnetism is increasing in density until the
pole-piece is exactly opposite the coil, this would create a
current in one direction; as the pole-piece leaves the coil
the eflect is the same as a deerease in the strength of field
and produces a current in the opposite direction.

There is one feature about armatures of this kind that
may be of convenience at times, and that is the ease with
which the machine may be changed from a high potential
of, say, 2,000 volt, to one of 1,000 volis giving double the
current strength. Various changes in the tension may be
made by coupling the armature coils in parallel but the
output of the machine, in watts, will remain the same,

Some changes have lately been made in the design of
this machine by which it has been given a neater and more
symmetrical appearance. The pole-pieces have been con-
nected together from the center to a point much nearer
their ends, giving it a smooth outward appearance which
has also reduced the amount of surface exposed to the
resistance of the air.

The magnet is charged by a current from a small con-
tinuous current dynamo.

Another style of thin armature alternating machine is
that built by Ferranti. Some of the largest dynamos in
existence have this style of armature. Two machines of
this type 45 feet in diameter are in operation at the Dept-
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ford station, London, England. This armature is shown
in Fig. 7; it is composed of a number of {lat coils which
are made of copper ribbon, each layer heing insulated from
the others by paper or vuleanite. The shape of the coils
is clearly shown in the cut. TIn some machines they ave
attached in pairs to a porcelain support which being an

Fig, 7.—IFerranti Armatire.

insulator serves the double purpose of holding the coil
securely in position as well as insulating it from the core or
spider, which has near its edge, recesses into which the
lower portion of the support fits. It is secured in this
position by sulphur, which is melted and run into the
recess around the poreelain and forms an excellent cement
for the purpose. In another form of the armature the coils
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are held in their places by being bolted to a star-shaped
brass spider, which also serves as a terminal for one end of
the armature cireuit the opposite piece being the termi-
nal for the other end. The collectors or brushes, which in
this case are rather heavy hook-shaped castings of brass,
make contact with these terminal pieces; which are insu-
lated from but securely fastened to the shaft. The collec-
tors are kept in contact by their weight, as they are hooked
on and bear against about one-half of the eircumference of
that portion of the star-shaped spider fitted toreceive them.
The armature winding is peeuliar, consisting as it does, in
the armature illustrated, of four separate copper ribbons
connected in parallel. The inner ends being connected to
one of the star-shaped pieces and the outer ends to the other
one. These strips start in at each alternate section and
fold over one another until they all end and are united
with the other star-shaped piece carrying, on a portion of
its hub, the other collector. There are about 40 layers of
thig copper ribbon, though the number varies with the size
and the e. m. f. of the machine, all well insulated from
each other by vulcanized fibre or paper. The thicknessof’
the armature in that portion that goes between the pole-
pieces is but little more than # inch. Thisallows the pole-
pieces to be brought very close together, producing a pow-
erful field. The armature in one size of machine is but 30
inches in diameter, weighs only 96 pounds and generates
current for 1,000 lamps when running at a speed of 1400
revolutions

The cores of the magnets are cast solid on each half of
the frame of the machine; they are arranged in u circle,
projecting inwardly as shown in Fig. 8, where it wili be
seen that the ends of the cores have a shape similar to that
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of the coils. This is necessary, of course, so that the great-
est number of lines of force may be brought direetly in the
path of the coils, as the more concentrated the lines of
force and the greater the length of wire that cut them. the
greater will be the electro-motive force produced—other
things being equal.

The coils of the magnets are insulated copper bars of

Fiy. 8.—Ferranti Field Magnets.

square section and wound in a manner differing from that
commonly employed, as a portion of the first magnet is
wound in one direction, then the next i partly wound in
an opposite direction, and the winding is continued in
this manner, alternate magnets being wound in opposite
directions until each magnet containsg a certain number
of turns, The winding is then continued with another bar
which forms a given portion of the coil, and this is con-
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tinued in the same alternating manner until the opposite
end of the series of magnets is reached, when the winding
i continued with the third bar. This method is pursued
until the winding is complete, when the ends are joined
together forming a continuous series of winding. Just
what the object is that is sought to be obtained by this
complicated method of winding we are a'loss to determine,
for if the deseription given, which was found in an Eng-
lish publication, be correet, it seems that nearly the same
results might be obtained from the common method of
magnet winding, which consists of winding the coils in a
lathe, all in the same manner, and then connecting the cir-
cuits of each so that the current will flow in an opposite
direction through each adjacent coil.

In this machine the collectors arve inside of the frame-
work in such position that they cannot be easily got at
while the machine is in operation. This is a very good
feature and perfectly practicable as there is no oceasion
whatever for handling the collectors afier the machine is
started. The collectors of an alternating current dynamo
do not require the close attention and perfection of adjust-
ment which is essential to the satisfactory working of the
continuous current dynamos with their commutators of
numerous segments, requiring the brushes to be adjusted
with extreme exactness. With an alternating machine, on
the contrary, if the collectors be in contact with any por-
tion of the terminal ring it is all that is necessary, provid-
ing they have sufficient surface contact and press hard
enough to preserve the conductivity necessary to prevent
heating by the passage of the current. But they should
not press hard enough to cause heating from friction
neither should they be allowed to cut, as they certainly



would if there was undue friction and they became dry.
Where the collectors ave soft copper and adjusted with
Jjudgment, they will run nicely without lubrication of any

: kind and carry the current without heating or sparking,

> while hard capper collectors or 100 much pressure will
: cause sparking and undue wear of both brushes and

EA ccomiutators.

i

i




CHAPTER IIL
pyNaMos ( Concluded).

Another type of alternate current generator, constructed
by Siemens, consists of two sets of stationary field magnets
ol simple form, each half arranged in a cirele on one-half

Fig. 9.—Siemens Machine.

of the frame which faces the other part carrying an equal
number of magnets. Magnets of opposite polarity are
placed alternately around the circle. Each magnet also
faces a magnet of opposite polarity. The arrangement is
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similar to thatrepresented in several other machines already
described, and is applicable to several forms of armature.
As shown in Fig. 9, it is plain that any of the radial arma-
tures already mentioned could be used in connection with
this style of field, but the armature more particularly
adapted to this form of pole-piece is made up of coils some-
what similar to the field magnets, though in sone cases
the armature eoils do not contain any iron, the conductors
being wound on wooden cores. The armature coils are
attached to the circumference of the dise or wheel which is
mounted on the shaft. In some cases the armature coils
are quite short and compuet, the field magnets being sev-
eral times as long, but in other cases these proportions are
reversed. In some cases the armature coils used with this
style of field magnet are somewhat wider at the outside
than they are nearer the shaft, as it is thought this shape
will cause the conductors to cut a greater number of lines
of force and more nearly at a right angle.  The field mag-
net cores extend a few inches from the coil at the back end
and are given a slight taper so that a better fit may be
obtained where they are attached to the frame. TIn fitting
two or more portions of a magnetic cirenit together the best
joint that can be made will introduce a certain amount of
resistance to the flow of the magnetic lines of force,and the
strength of the magnet is reduced in proportion, for it is
the number of lines flowing through the magnetic circuit
that produces the efficiency of the field,

Perhaps the most perfect magnetic circuit that can be
formed when the cireuit is composed of two or more pieces
is the plan lately adopted by Mr. Foreé Bain, of Chicago,
in the construction of his motor-dynamos where the cast
iron yokes and pole-pieces are first bored to fit the magnet




Dynamos. 33

cores and are then split and brought into firmer contact
by the use of bolts passed through holes in the projecting
lugs cast on the pieces for this purpose. In this manner
the conductivity of the maguetic circuit is made so nearly
perfeet that no leakage of the lines of force can be detected
at the joints by the most sensitive magnetometer.

The space between opposite pole-picces, through which
the armature coils pass, is a part of the magnetic cireuit,
and the resistance at this portion is always considerably
greater than that of any other portion of the magnetic cir-
cuit, and any device that will reduce the resistance at this
point will produce a proportionate gain.  Several methods
are in use for this purpose. By increasing the area of the
pole-picces the greater surface presented to the armature
or opposite pole-piece reduces the resistance in proportion
to the enlarged surface. Opposite poles facing, exercise an
attraction on each other, and the lines of force are drawn
directly across. The iron core of armatures forms a con-
ducting path between the poles and assists in reducing the
resistance at this point. But in spite of any means so far
employed, a portion of the lines of force are lost at this place,
The less air space between the pole-pieces and the arma-
ture core, the more concentrated the lines of force become ;
so much so, that when the space is reduced to one-half, it is
found that but one-half the length of wire is required on
the armature to obtain the same electro-motive force at the
terminals. Tn some of the alternate current machines
already described where the magnets which face each other
are of opposite polarity and separated but a short distance,
the lines of force are quite concentrated so that iron in the
armature would not be of much benefit.

The fields ofall of the dynamos o far described are excited
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by a separate machine and are regulated by varying the
strength of the exciting current. This is accomplished by
means of a rheostat as previously explained. But a self-
regulating constant current machine furnishing alternate
currents has been devised and successfully used, keeping
the current practically steady under all variations from that
of a full load to a short eirenit across the binding posts of
the machine,

Iig. 10.—Stanley Constant Current Dy,

The Stanley dynamo, possessing the characteristics just
mentioned was devised for the purpose of operating are
lamps by an alternating current.  Arc lamps require a cur-
rent of constant intensity, whether the current be continu-
ous or alternating. The cut, Fig. 10, gives a front view, in
diagram, of the principle features utilized in the construc-
tion to cause the enrrent in the armature to operate in con-
junction with other features of the machine to maintain a
current of unvarying volume on the main civcuit. The
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armature, shown separate in Fig. 11, is of the polar or radial
type, having short cores with extended pole-piece of suffi-
cient width to overlap the edges of two adjacent field mag-
net cores when in a central position between them. The
armature magnets are of considerable length, wound with
many turns of wire to produce large self-induction, which
is the principle by which the regulation is obtained. The
“armature core is laminated to the highest practical extent,
being formed of thin plates of iron stamped from the sheet.
These plates are insulated, one from the other, in a thorough

Fig. 11.—Armature of Stanley Dynamo.

and substantial manner, and firmly bolted together, mak-
ing practically a solid core of iron in a highly laminated
condition, all of which are essential features in any
dynamo or motor expected to give a high efliciency and
work to its full eapacity without heating. The cores of the
field magnets are solid. The magnets are arranged in a
circle about the armature, and radiate toward the shaft.
The cores are not provided with polepieces, but on the con-
trary ave somewhat conical.  This shape produces a greater
concentration of the lines of force near the center of the
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pole and assists materially in maintaining the current con-
stant. The winding and connections of the magnets are
the same as in most other alternating machines, and the
field is excited in the same manner, that is, by a small
continuous current dynamo. The regulation of the cur-
rent is brought about by the self-induction of the current
in the heavy coils of wire on the armature.

Self-induction is produced in a coil by the inductive
action of the current in one turn of wire of the coil acting
on the other turns, when the circuit is made, or when the
circuit is broken. When the circuit is made, the resulting
self-induction has the effect of diminishing the strength or
retarding the flow of the current through the coil, for the
flow of the extra current produced is in the opposite direc-
tion, and is directly proportional to the resistance of the
circuit. Self-induction increases with the number of
turns of wireand the amount of iron in the core of the
magnet. As the armature of this machine consists of a
number of electro-magnets containing g, large quantity of
iron and great number of turns of wire, the conditions are
highly favorable for self-induction, the flow of the current
in alternate directions producing an action similar to that of
making and breaking the circuit where the cur
continuous in one direction.

The action by which the regulation is ohtained may be
understood from the following explanation. When the
armature is in the position relative to the field magnets
as shown in Fig. 10, that is, directly opposite, the lines of
force from the field magnets are acting with full forece,
indueing an opposite pole of great strength in the
armature polepieces. As long as this continues no eurrent
ig produced in the armature coils, but if the armature be

rent is
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revolved, current will be generated in the coils by reason of
the reduction in the number of lines of force acting on
the pole-piece, and the current produced will be at its
greatest tension when the pole-pieces are in about «
the position shown in Fig. 12; or just as the pole-piece
leaves the field magnet. The action of the eurrent in the
armature coils excites, in proportion to its strength, mag-
netism in the pole-pieces, which, acting in oppesition to
that of the field magnets, reduces the strength of both.
This, together with the retarding action caused by the self-

Fig. 12.

induction in the armature coils, opposing the flow of the
current produced, maintains the current at a given inten-
sity depending on the amount of iron in the armature
poles, the number of turns of wire and the strength of cur-
rent. It will beseen that if from any cause there should
be a momentary increase of current the self-induction
would be increased and this would retard the flow, imme-
diately reducing it to the nermal amount. If the resist-
ance of the cireuit should be increased, by the addition of
more lamps for instance, the flow of current would, mo-
mentarily, be reduced and, at the same time, the self-induc-
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tion would be decreased and immediately the flow of cur-
rent would increase to the normal amount again.

It will be understood from the above deseription that
* the regulation depends almost wholly on the action of self-
induetion, but it will be understood that it is necessary
that the dynamo be run ata given rate of speed to produce
the electro-motive force necessary to maintain the stand-
ard enrrent through the resistance of the civenit. If the
speed should fall below the required rate, of course the
regulation could not be so closely maintained; but an
increase in the rate of speed would not cause so great a
change, because the electro-motive force would be greater
than required, but the current in the circuit could not
increase because the self-induction would also inerease, and
its cffect would be to reduce the current, so that a practi-
cally constant current is maintained under all variations
of resistance in the cirenit. The foregoing descriptions of
alternate current machines embrace the principles upon
which the various types of practical alternate current
dynamos are built. Other machines, not, mentioned, may
possess details of more or less importance but the deserip-
tions given will be found to cover all the principal points
in the large number of alternate current dy

. - namo geneva-
tors now 1n use.




CHAPTER IV.
INDUCTION COILS, CONVERTERS, TRANSFORMERS.

Economy in the distribution of electric energy of any
quantity over large areas, or when transmitted to consid-
erable distance, requires that currents of high potential be
used. There are several reasons for this: irst, that the
losses in the conductor ave greater in proportion where
currents of low tension are used than is the case with high
potentials, the loss being inversely proportional to the
potential. But the losses may also be represented by the
square of the currentmultiplied by the resistance—C°R. In
practice the resistance of the conductor for low tension cur-
rents is low and necessarily so, as an example will show.

An eleetrical horse-power is represented by 746 watts.
To transmit this with a potential of 100 volts through a
cirenit of no resistance would require an intensity of cur-
rent of 7.46 amperes, but as a conductor of no resistance is
unknown, we will determine the loss in transmitting the
same energy through a circuit having a resistance of five
ohms. As the loss in watts may be caleulated by multi-
plying the square of the current by the resistance, we have
7.46°=55.65%xH=278.25 watts as the amount lost or the
power consumed, in overcoming the resistance of the con-
ductor. This amounts to over 37 per cent. or more than
7 per cent. per ohm, and shows the importance of having
conductors of low resistance. But suppose the potential
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was raised to 1,000 volts and one-horse power to be trans-
mitted. In this case the current, being of’ & much higher
potential, the number of amperes required would be but
.74 ampere. Supposing theresistance of the conductor to
be the same in this case as in the other, that is five ohms,
the loss would now be .T4* =547 %5—92.73 watts, which is
but .07 per cent. as great as in the former case. As the
power developed by a current is reckoned by the number
of watts produced, the watts being the product of the
electromotive force multiplied by the amperes, it is evident
that the amperes may be reduced in the same proportion
as the potential is increased, and the same amount of
power, in watts, transmitted.

By reducing the amperes, the loss from the resistance of
the conductor is reduced, but in a greater ratio. Reducing
the amperes one-half will reduce the loss to one-fi warth, or in
other words, reducing the current reduces the loss directly
as the square of the reduction. From this it can he seen

that there is greater economy in the use of high tension cur- -

rents, as far as the resistance of the conductors is concerned.
But conductors carrying high tension currents require to
be more thoroughly insulated than when the potential is
low. For while high tension currents may be more eco-
nomical they are also more dangerous, and where any por-
tion of the circuit is necessarily exposed that part is a
constant menace, liable at any time to cause injury to any
one coming in contact with it. This being the case, high
tension currents would be impracticable if there was not
some way of reducing the pressure at the device in which
it is to be used. With continuous currents it has only
been possible to do this through the use of storage batter-
ies or accumulators. The alternating current possesses
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admirable qualities for this purpose, as through the
effects of induction, current can he supplied under reduced
pressure at any portion of the circuit. The induction coil
with which we are all more or less familiar, is the appara-
tus through which this effect is secured. An induction
coil congists of two separate coils of insulated wire wound
on an iron core. The coils must be thoroughly insulated
from one another. There are several reasons for this,
which will soon be explained. The two coils may be
wound one over the other as shown in Fig. 13, and it makes
no material difference which is wound on first; or they
may be wound side by side asshown in Fig. 14. If the ter-
minals of one of these circuits is connected to a cell of
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Fig. 13.
battery, including in the cireuit a key or other apparatus
for making and breaking the civcuit, with the apparatus
arranged as shown, when the battery circuit is com-
pleted by closing the key, a current will be induced in the
second coil, if the terminals of the coil are connected to
form a closed circnit. The induced current will be of but
momentary duration, as it was caused by the change in the
intensity of magnetism in the iron core. The softer and
purer the iron the quicker it will be magnetized when the
current is caused to flow through the coil surrounding it,
and the quicker and more completely will the core lose its
magnetism when the current is interrupted. It is also
found that if the core of an induction coil be made of fine
iron wires, in the case of a round core, or of thin iron plates
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in the case of a flat or square core, the action is considera-
bly more intense, and the changes occur in less time than
is the case when the core is solid, When the {low of ecur-
rent is interrupted there iz again a change in the strength
of magnetism in the core, and this change alzo produces a
current in the secondary coil. This momentary flow of
current in the secondary eoil is always in a direction oppo-
site to that of the eurrent producing it. The stopping of
the flow of current in the first or primnary circuit has the
same effect on the flow of current in the seeondary as revers-
ing the direction of the current in the primary cireuit, that

ig, it produces a4 momentary current in the secondary coil,
flowing in the opposite direction to what it does when the
primary ecircuit is closed.

The effect of induction in coils wound on an ivon core
is such that the current produced in the secondary coil
would be equal to the current producing it, providing the
iron core could be constructed so as to interpose no resist-
ance o the How of the magnetic lines of force, and that the
quantity of iron is so great that it will not become satur-
ated with magnetizm, and further, the two circuits ghould
be of the same resistance, and contain the same length of
wire and the same number of turns.

e
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There is a flow of magnetic lines of force through con-
ductors of magnetism, similar to the flow of electricity
through conductors, and different conducting substances
offer a different resistance to the flow of the lines of force.
A perfeet conductor of magnetism, like a perfect conduc-
tor of electricity is unknown, all material offering more or
less resistance.  But in the absence of a perfect conductor
the object is to get the resistance as low as possible. In
the case of magnetic conductors, the usual practiceis to use
soft iron of large sectional area and divided or laminated

Fig. 15.

in the direction of its length. In cores the cross section of
which is round, the iron is usnally in the shape of wires,
while in flat or square coves itis in thin sheets, and further,
it has been found that if each individual wire or sheet is
insulated from the others much better results are obtained.
Of course there is no insulator of magnetism any more
than there is of electricity, and really there is none so good,
for there has been no material yet found that will intereept,
to any great extent, the magnetic lines of force. But what
is meant by insulating the numerous pieces that form the
core, is the use of some material that will prevent metallie
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contact between the pieces. This is accomplished in vari-
ous ways. Ifa coating of rust is allowed to form on the
surface of the metal it will answer the required purpose
very well. Coating with shella¢ or rubber has also heen
found to serve the purpose; also, where sheets of iron are
used, paper placed between the sheets serves the purpose
and no doubt other means are employed with equally good
results. As air offers a much greater resistance than iron
to the flow of the lines of magnetic force it is evident that o
straight core, or any other form that does not make 2 com-
plete cireuit must interpose an unnecessary resistance, To
obviate this, cores forming a complete magnetic cirenit
bhave been designed, one form of which is shown in Fig.

and others will be shown in figures following.

2 T -



CHAPTER V.
INDUCTION COILS, CONVERTERS, TRANSFORMERS (Concluded).

An induction coil can be operated to transform the °
energy of the primary current into an alternating current
having a greater potential but of less volume than the
exciting or primary current or into a current of lower
potential and greater volume. This latter effect is what is
desired when the current is to be used for the lighting of
buildings. By correctly proportioning the winding on the
cores any intensity or volume of current may be obtained
from the secondary coil, but for obvious reasons the energy
obtained from the secondary circuit can never be fully equal
1o that of the primary current. The high potential of the
primary alternating current, which in one system is 2,000
volts, while in another it is 3,000 volts, may be reduced to
a 50 or 100 volt current in the secondary by making the
number of turns of wire in each circuit of the transformer
bear the same ratio as do the potentials in the two circuits.
This would be the case if there was no resistance to be
overcome, and by considering that one volt per turn in the
primary eireuit will induce an electro-motive force of one
volt per turn in the secondary circuit, the calculation
becomes quite gimple. Where the reduction is to be made
from a 8,000 volt current to one of 100 volts the number of
turns of wire in each coil would be in the proportion of
3,000:100 or 30:1, that is there would be thirty times as
many turns of wire in the primary coil as in the secondary.
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The design of transformers varies considerably, as each
designer has his own ideas as to what is the hest form, and
the relative proportion of iron and copper is calenlated so
as to combine the greatest efliciency with the lowest cost
of manufacture. As the copper wire used is quite expen-
sive, so is the kind of iron required. If too many turns
of wire are used for the amount of iron ecmployed the
‘magnetization becomes too great and causes loss, for the
resistance of the magnetic eircuit increases as the degree of
magnetization is inereased. If more ivon is used a greater
length of wirewill be required for each turn. This should
be kept as small as consistent with the requirements, in order
to keep the cost as low as possible,  The durability of the
transformer must also be considered, and the <ha pebesuch
that perfect insulation may be had and retained, for the life
of the converter depends greatly on the insulation. The rapid
alternations of current in the coils and reversals of mag-
netism in the core produce a static charge in the converter
which continually inereases in potential until it finds some
path of escape. This escape may take place between the
two cireuits, and should this oceur it is liable to produce :
leak from the primary to the secondary which would be as
much a source of danger as the higher potential of the pri-
mary current itself. Several means have been devised to
prevent the accumulation of a static charge by allowing it
to eseape as fast as generated. Probably the first device
brought out for this purpose was a sheet of metal intro-
duced between the primary and secondary coils, being of
course, thoroughly insulated from the coil. This plate
was connected with the ground and as the static electric-
ity which was produced gathered on this plate, a free path
of czeape was offered through the low resistance of

— O~
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the ground connection.  With this arrangement no charge
could aceumulate in the converter, for it would pass
to ground as fast as formed. Later devices have been
brought into use that serve this purpose, and also act
as a ground detector. By grounding the center of the
secondary circuit the formation of a static charge is pre-
vented ; for without the metal shield the charge would
form on the secondary cireuit, but as there is a ground
connection here the charge escapes before it can attain suf-
ficient potential to do any damage. Another plan offered
for the same purpose is to connect, in the ground circuit,
a burned ont ineandescent lamp, the broken circuit in the
lamp being of suflicient resistance to prevent the escape of
the low potential gecondary current, but being a suflicient
conductor for the eseape of the static charged before the
potential becomes high enough to cause damage in any
way. Still another method for protection is a device con-
sisting of two metal plates separated by a thick piece of
insulation. These plates ave placed horizontally, and on
the lower one ig a strip of metal foil. Over the foil the
insulation is cut away, leaving a space somewhat larger
than the foil. When a static charge has accumulated,
under a slight potential, the foil is attracted to the other
plate and completes the path for escape. As soon as the
charge has escaped the foil drops back to its original posi-
tion until another charge accumulates sufficient strength
to again attract the foil. This device also acts as a
ground detector, but its action for this purpose will be
explained further on.

The present practice in the manufacture of transform-
ers is to make the cores from thin, soft iron, although in
some cases they are made of wire. When thin iron is used
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the punched pieces are made of but a few different sizes,
for it would be too expensive to make a set of punches for
every size of transformer required. The capacity of the
transformers is determined, to a great extent, by the size of
the punchings. Several of the forms in use are shown in
the accompanying cuts, Figs. 16 and 17, where difierent
methods of winding are employved. If the core consisted
of a continuous ring it would be necessary to wind the coils
by hand, which would be a very slow as well as expensive
way. To avoid these difficulties the picces are designed

7
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Fig. 16.
g0 that the coils may be wound separately in a lathe, and
the punched pieces then slipped over them or the coils
over the pieces. The pieces are then brought together so
compactly that the same results are obtained as if they had
been previously placed together and the wire wound over
them. The way in which allowances are made for this
purpose differs more or less in the several kinds, yet they
may all be separated into two or three classes. In a, Fig.
16, the plates are square, having a square hole punched in

the center, a slit being made from one corner of the hole to

e .. B
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form the field, and inside of which the armature is placed.
The fields form a part of the circuit through which the
current to be measured passes. The armature is of the
ordinary Siemens type wound in sections, the terminals of
which are connected in closed cireuit to a commutator on
the shaft, in the same manner as is usually the practice
with continuous current machines. Two brushes bearing
on the commutator provide for the passage of the current.
The armature is wound with fine wire which offers con-
siderable resistance to the passage of the current, so that
but a stall portion of current will pass through the arma-
ture. This is necessary as the armature cirenit is con-
nected in shunt with the work, so that when connected to
multiple ecircuits the armature cirenit receives the full
potential of the current in the mains. By such arrange-
ment the record of the instrument is produced fully as
much by the pressure of the current as by the number of
amperes passing, and is in fact the product of the two, or
the number of watts per hour. The action of the current
in producing this result may be better understood by con-
sidering that the field is produced by the amperes of the
current, while the current through the armature is the
vesult of the potential on the mains acting through the
resistance of the armature circuit, and also that this is
varied by the speed of revolution, for, as the armature and
field together constitute n motor, the effect produced by
the armature revolving in the field is to produce a counter
electromotive force in the armature circuit. The effect of
this is the same as so much added resistance, and the
amount of current that will pass through the armature is
reduced in the same proportion; but an increase of arma-
ture speed is produced by an increase in the strength of
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field produced by an increased flow of enrrent in the work
circuit, the potential remaining the same.  In thiz motor,
as in all others, the speed of revolution increases as the
square of the current, so that it becomes necessary to intro-
duce gome device to produce retardation in a manner that
will make the speed proportional to the work done. This
is secured by the use of an inefficient dynmmo, which pro-
duces the retarding effect in the desived proportion.  This
is attached to, and driven by, the motor ghaft. This device
bears some resemblance to Faraday’s disc, or the wheels of
Barlow or Sturgeon, and consists of a hrass dise placed hori-
zontally and forming the lower portion of the apparitus,
The dise revolves between the poles of {1 ree separiate horse-
shoe magnets placed at approximately equal distances
apart. The cut shows these quite clearly. The dise of
Faraday, is a metal disc movable in 4 mugnetic field on
an axis parallel to the direction of field. Sueh a dise, if
caused to revolve, will generate a difference of potential
that gy be cauged to produce & curment if o circuit 1s
provided having one of its terminals near the center and
the other at the circumference of the disc. the b wly of the
disc forming a part of the complete cirenit. Thix device
will act as dynamo or motor, depending on whether the
dise be caused to revolve by power heing applied or cur-
rent being rgupplied to the cireuit. Employed in either
manner its efficieney is not sufliciently great to make it of
much utility, except for some such purpose as its present
use in the recording instrument deseribed. By providing a
number of magnetic fields through which the dise is
revolved, the retardation ean be made to bhear any required
proportion to the inerease in the speed of rotation, for cur-
rents are produced in the dige by cach of the fields through
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which it revolves. The recording appartus used in the
instrument is of the style comimonly found in the various
recording instruments, and consists of a train of gearing
receiving its motion from a worm on the upper end of the
avmature shaft, which meshes into the gearing. The appli-
cability of this instrument to the measurement of power
used on any cireuit is elearly shown by the principles used
in its construction, which adapt it for use on, either con-
stant potential or constant current cirenits. As the same
principle of connecting into cireuit will give the same
accuracy in the register, that is, connect the field coils to
the cirenit in series, and the terminals of the armature cir-
cuit in shunt to the work, the reading in watt-hours will
possess the same accuracy whether the potential or the cur-
rent is the variable quantity, for, if the current through
ithe work circuit and field coils is constant the loss of
potentinl will cause a certain portion of current to be
shunted through the armature, and the record will show
in watt-hours the power absorbed on the circuit.

The meter shown in the accompanying cut, Fig. 45,
possess some features which differs considerably from any
possessed by the instruments already described.  The dise
or armature in this case consists of copper alone instead
of copper and iron as in the others; but where the others
have no iron in the field, relying on the field of force
produced in air, this instrument utilizes iron magnets and
pole pieces, thus increasing the intensity of the magnetic
eircuit, as iron is a much better conductor of the magnetic
lines of force than air.  To adopt the magnets to use with
alternate currents they are laminated, being made from
sections of thin sheet iron. There are two of these mag-
nets of the shape shown in the cut, and placed so as to
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enclose the rim of the disc at an angle of 90 degrees apart,
as shown in the plan view given in Fig. 46. One of the
magnets is wound with coarse wire and forms a portion of
the work ecircuit, the other being wound with fine wire
and connected in shunt with the work between the mains.
In the meter shown in Fig. 44, the armature circuit is con-
nected between the mains in a similar manner, and the
current which passes is limited by the resistance of the
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armature circuit and the counter ¢. m. f. developed, which
acts ag an additional resistance, reducing the flow of cur-
rent through the armature cireuit as the speed of revolu-
tion is increased. The increase of back e. m. . would he
proportional to the speed if the magnetism of the fields
remained the same, but as this changes with the amount
of work being done on the eircuit, increasing the counter
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¢. m. f. as the work is increased, so that some retarding
influence is necessary in order that the speed may be pro-
portional to the current. In the meter shown in Figs. 45
and 46, the necessary retarding effect is produced by the
influence of the field of force produced by the second or
fine wire magnet. The rotation of the copper dise is pro-
duced by the action of two fields of force inducing cur-

Fig. 46.

rents within the metal of the dise of such a nature that
there is a strong repulsion between that portion of the dise
located between the magnets and the magnets themselves.
The action of one magnet being in opposition to that of
the other, causes the resulting action to produce in the
disc a speed of revolution which is somewhat greater than
would be proportional to the current flowing in the work
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circnit; but when the armature or disc is in motion
induced currents are set up in the metal by its movement
through the magnetic fields, which aet in proportion to
and retard its rotation to such an extent as to make the
gpeed of rotation directly proportional to the current flow-
ing in the circuit. The counting mechanism, which is of
the usual type, shows by the pointers on the dials the
number of ampere-hours which have been transmitted.
The current required to operate this instrument is very
gmall, not exceeding one-fourth of an mnpere.  This sensi-
tiveness is produced in part by the reduction of the friction
to the lowest limits, and the use of the iron in the magnets,
The simplicity of the instrument is such that there is little
to get out of order or become disarranged, and the propor-
tioning of the parts insures that the record will be correct
without the necessity of frequent adjustment.

v



CHAPTER XVII.
GENERATORS IN PARALLEL.

There are some peculiarities about alternate current
generators that enable two or more of them to be worked
tozether in parallel under certain conditions when the
machines are separately excited. Many of the ul eruite
current dynamos ean be used as a motor when supplicd
with current, and the motor will be perfectly self-regulat-
ing us regards speed in spite of load variation, provided it
is not overloaded, as it will keep perfect time with the gen-

~erator. But a motor of this kind cannot start itself as

continuous current motors do, but has to be independ-
ently driven up to the same speed as the generator from
which it receives the current ; after which it will keep in
motion at the same speed, and the load on the motor may
be varied to any extent within its limit without varying
the gpeed of the motor. Even when slightly overloaded
the motor will show a strong tendency to keep in beat
with the generator, but when the synchronism is once
broken the motor rapidly slows down until it stops. To
set it running it must be independently started and driven
up to the speed again before being thrown into cireuit.
These motor properties of an alternator dynamo make it
possible to work two independently driven alternating
generators in parallel on the same circuit, that is, so that
the armature of both nmchin}gg supply current to the same
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circuit. But in order that the machines shall come into
step, that is, that the alternations shall correspond at the
same instant, both machines must separately be hrought
up to speed and generate current and be held there until
their phases correspond hefore their circnits are coupled
together. In order to determine the instant when the
machines are to be thrown together it is necessary to make
use of some device that will elearly indicate the pulsations
or phases of the eurrent. The rise and fall of the positive
impulse and thesame phases of the negative impulse have
to be considered, and unless these coincide in both machines
at the instant they are thrown tozether the currents from
each will interfere, and by acting in oppozition would tend
to reverse the weaker machine. Two machines to be
worked in parallel must necessarily give {hie
of alternations per second, and, further, they must corres-
pond in phase at all times. A phase indicator for this
purpose, and in use to some extent, is shown in the dia-
gram Fig. 47, where two primary circuits are represented
by €, C,, the transformers being connected to this cirenit
as shown by £, 7, ete. Means are provided for connecting
these circuits together by the plugs 2, P,

same number

. 20 that they
may be operated as a single circuit. The dynamos are
shown at 4, A, the latter being connected to and working
on the circuit. Double pole gswitches are provided between
the dynamos and circuits, the one on the cirenit to A,
being open when the machine is not in cireuit.  When the
load on the mains become too great to be safely carvied by
one dynamo the other machine is started and set to work
on a bank of lnmps or other resistunce located in the
station. There are in circuit with the dynamo a bank
of lamps as shown at L, these being connected with the
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transformer which is represented by the zigzag line. The
reason for putting the machine at work before cutting it
into eircuit with the one already in operation is to allow
it to become fully excited and to be at work so that the
phases of the machine may be indieated. In this respect
alternate machines differ fromm the continuous current
dynamos, for the latter may be coupled in multiple or
serieg at any time when up to speed, providing the neces-
sary connections are made to the circnits. But it is
necessary for the alternators to be doing about the same
amount of work and generating the same e. n. f., and that
their phases coincide when thrown together, in order that
there will be no change in the brilliancy of the lamps at
the time that the current of the second machine is added
to the cirenit. To determine when the phases coincide, a
branch is taken from the poles of each generator and led to
a pair of transformers 7, 7), placed near each other and hav-
ing their secondaries connected in series through a couple
of incandescent lamps represented at 1, l,.  The cireuit of
the phase indicator is provided with a double pole switch,
and when the circuit is closed through this, both alterna-
tors being in operation, the transformers 7,T,, work together
on the two lamps, and according as the phase of the two
machines are together or opposed, the lamps will be glow-
ing or darkened, and the moment that both lamps are out
the two machines are in step, although on different eir-
cuits, and should then be thrown together by closing the
double pole switech S,. So long as the machines are out
of step the lamps I, I, will pulsate in brightness, produc-
ing luminous beats in consonance with the pulsations of
current, ns the impulses are more nearly opposite.. The
reason for taking the instant when neither lamp shows
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any light as the indication that the machines exactly cor-
respond in phase is that the currents in the transformers
T, T, are opposed to each other and the clectromotive
force from each neutralizes that from the other, and no
current will then flow through the circuit of the phase
indieator. By a little study of the dingram, and consider-
ing what was said about the action of an alternator while
being run as a motor, it will he understood that there is
more or less limit to the coincidence of the phases of the
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Fig. 47.

two machines at the instant when they ean be thrown
together, for the action of one on the other is sulliciently
strong to bring the phases into synchronis=m if the rate of
alternations are approximately the samo in ench and the
phase dose not differ too greatly at the instant when they
are thrown together. The phase indieator is not sensitive
enough to show the instant when the e. m. f. of the two
machinez is in exact opposition, for a given amount of
current is required to produce a visible color in the fila-
ments of the lamps, and the two lamps being in series,



Generators in Parallel. 139

double the amount of clectromotive force is required to
that which would be sufficient to produce the necessary
current to eause one lamp to glow visibly. So it will be
seen that there may be considerable difference in the phase
of the machines and still neither of the lamps will show
any indieations, because there is not quite enough e. m. f.
developed in one direction at the time to cause the lamps
to glow. While the phases are so nearly coincident as to
give this result they are near enongh to allow the machines
to come into step easily and continue so as long as speed is
kept approximately equal.  After the dynamos are thrown
together the bank of lamps on which the second machine
has been working is gradually reduced in number, the
regulating properties of the dynamos and transtormers
permitting the reductions to be made, until the whole
bank of lamps are cut out. This arrangement has been
successfully used in some stations, and may be all that is
required, but most stations prefer to run several separate
loops from the station, and when the total load is more
than can be handled by a single dynamo the circuits are
all connected together and operated by a single machine.
This is the common practice. As the load increases by
the turning on of additional lamps the circuit is divided,
a portion of the load being thrown on to another machine.
Where the circuits contain a large number of lamps the
eircuits may be divided several times, an additional
dynamo being brought up into use to operate each section.
This plan has been found to be the most convenient and
reliable, as it does not require that the dynamos be run at
the same speed, and the accidental slipping of a belt, or
irregularity in the action of a governor, produces but a
momentary fluctuation of the lights, when, if the dynamos
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were working in multiple, any of the accidental occur-
rences would throw the dynamos out of step and cause
the fluctuation and total extinguishment of the lamps
until the machines were again brought into step.




CHAPTER XVIIL

OHM'S LAW.

Ohm'’s law of electric currents is simplicity itself’ and
as comprehensive as it is simple, and no man can expect
to have more than a slight knowledge of the action of
clectrie currents who does not elearly understand the laws
by which they ave governed. Without going into a hig-
tory of electricity previous to the time that Ohm dis-
covered the law of currents, it is only necessary to give it
as he expressed it, together with some of its applications,
to show its extreme simplicity and how it may easily be
remembered and applied by engineers to a better under-
standing of the working of the apparatus of which they
have charge. '

As usually given the law reads: The grength of the cur-
vent in any cirewit is directly proporrimml to the difference of
potential or electro-motive force in that circuit, and inversely
proportional to the vesistance, or in other words, the eletro-
motive force in volts, divided by the resistance in ohms,
will give the eurrent in amperes flowing in the circeuit.
This is quite simple and may be casily understood by any
one having a knowledge of simple arithmetic. Apply the
law as given to determining the amount of current in
amperes required by an incandescent lamp having a resist-
ance when hot, of, say 200 ohms, and working on a 115
volt circuit. Then e. m. f,, 111“’5 volts, divided by the resist-
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ance, 200 ohms gives .575 ampers as the amount of cur-
rent that would pass through the Lunps.
The law as given above is expressed in formula by

E

C—=—— where (! represents the current in mmperes, £

the e. m. f. in volts, and /? the resistance in ohms. From
this form two others are derived by which the e. . f. or
resistance may be easily caleulated when the value of the
other factors are known, as follows:
E=CXR
E
R
Cl
To illustrate the use of these formulas, several exams-
ples may be worked out in the following manner: How
many amperes of current under a potentinl of 110 volts
will pass through a resistance of 20 ohms? —110-20=5.5
the number of amperes, and in all cases the e m. f. or
potential, in volts, divided by the resistance in oluns, will
give the current in amperes. In the next formula the e.
m. f. or potential is to be determined. Take a simple pro-
position, which is as good as any. If it is proposed to
send a current of 25 wmperes through a resistance of 10
ohms, how much e. n. f. will be required ? According to
the second formula e. m. f. equals current in amperes x
resistance in ohmsg, g0 25X 10=250, the number of volts
pressure or difference of potential that will be required.
To calculate the resistance when the e, m. f. and the
amperes of current are given the third formula is used.
Suppose it is desired to take 5 amperes of current from a
cireuit giving a constant potential of 110 volts, how much
resistance must be interposed? The formula shows that
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the e. m. f. divided by the current equals the resistance,
so from the figures given 110+5=22 ohms as the resist~
ance which will be required.

These fomulas are so simple and so easily worked that
any person who has anything to do with electric light
plants should not fail to make themselves familiar with
them, and be able to apply them to any question that
may come up regarding e. m. f., resistance or flow of cur-
rent, for they will be found to apply in all cases.

POWER AND HEATING EFFECT OF CURRENTS,

The heating effect of the electric current is a subject of
fully as great, if not more, importance than any other con-
nected with the distribution of electricity, and its import-
ance makes it worth the time and trouble required to
undersiand it by any one who has anything to do with
electrie conductors,

The value of electricity as a means of producing light
is directly due to the heating efiect. In the electric weld-
ing apparatus the heating effect is plainly visible, and it
is manifested to a somewhat less extent, though fully as
evident if not visible, in the various forms of domestic
apparatus produced with the view of utilizing this one
effect. The list of useful devices utilizing this effect of the
current, making it applicable te practical purposes, is
already too long for enumeration in this connection, for it
covers g great variety of cooking ntensils, apparatus for
heating rooms or water, warming beds, and little devices
are constructed to serve the same purpose as the hot brick
or water bottle that is sometimes placed at the feet of
invalids. Useful apparatus for laundry use have alzo been
introduced and economically as well as quite satisfactorily
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operated. Sad-irons that can be attached hy a flexible
conductor to a lamp socket, and the iron heated ready for
work in one and one-quarter minutes, retaining the same
heat thereafter o long as the current passes through them,
are in use in many places. But the applications of heat
generated by the electric current are already too numerous
to admit of even a short deseription of them being given.
While this quality of the current may be applied in many
useful ways, it frequently happens that considerable loss
is incurred by the heat being produced under conditions
which make it impozible or undesirable to utilize it.

As clectrie lighting is one of the most important bran-
ches of electrical engineering, and one which is wholly due
to the heating effects of the current, it becomes necessary,
in calculating the effects to be produced, that the value of
each of the factors be known and considered. Az in steam
engineering there are certain units in use, by the relative
value of which, when known, we are able to caleulate the
full amount of work to be done as well as the losses

incurred, a similar set of units has been prepared for use in
electrical caleulations, having different nmnes and values
from those we, as engineers, are familiar with., The clec-
trical units each have a mechanical value which makes
the two gets of units practically interchangeable.  The
heat generated in an electric civenit is found to inerease
as the square of the eurrent, as with twice the amount of
current there would be four times the quantity of heat
generated ; with three times the current, nine times the
amount of heat.  As the quantity of current is the result
of the electro motive foree or pressure divided by the
resistance, as shown by Ohm'’s law, it will be seen that the
pressure may be left out of the caleulation if we make use
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the outside, leaving a tongue, over which the coils are
slipped.  In this case the two coils are superposed ; being
wound in the lathe and well insulated from each other they
are then slipped over the tongue, additional pieces being
added until they fill the coils, which in this form oceupy
but one side of the core. In b, Fig. 16, the sheets are in
two picees, ench piece being of a shape similar to that of a
try square, the legs being of about equal length, while the
primary and secondary coils are wound separate and occupy
opposite sides of the core. In putting the core together,
each coil is filled with the punchings, after which they are
brought together and the ends interlaced, forming a com-
plete magnetic cirenit as in the previous case.  In the two
styles shown, it will be noticed that but one side of the wire
is covered with iron, which evidently does not provide for
gathering the total number of lines of foree which emanate
from the wires.

As has been explained before, a conductor arrying a
current of eleetricity is surrounded on all sides by lines of
force. These lines produce magnetic action, and will fol-
low magnetic conductors in the same manner as magnet-
ism produced in any other way, but these lines of foree will
not follow electric conductors, but when they are concen-
trated by a good conductor of magnetism placed at right
angles to the flow of electricity, an electro magnet is pro-
duced. As a flow of electricity through a conductor will
produce these magnetic lines of force, so a flow of magnetic
lines of force through a conductor of magnetism will pro-
duce a current of electricity in a conductor surrounding
the magnetic circuit at right angles to the direction of flow.
But it must be understood that a steady flow of magnet-
ism does not produce this effect, as it is only when the flow
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of magnetism varies in strength that the electric eurrent
will be produced, and as every increase in the strength of
magnetism produces a current in one direction, any
decrease in the strength will produce a current in the oppo-
site direction, =o it is evident that while a continuons ilow
of electricity will produce a continuous How of magnetism,
magnetism can only produce an alternating current of elec-
tricity.

Fig. 17.

That portion of the cireunits not enclosed by iron, in the
two forms of converters just deseribed, oceasions a loss of
efficiency which requires that a greater number of turns of
wire shall be used than would be required if all the lines
of foree were utilized. To avoid this loss, or to obtain the

same effect from a smaller quantity of wire, the converter.

shown in ¢, Fig. 16, was designed.  In this the shect has
two holes punched out and is slit hetween them leaving a
tongue over which the coils are placed, the two coils being

-

-~
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placed side by side and surrounded by iron on all sides,
which insures that a greater number of the lines of force may
be utilized. There are other transformers made from sheet
iron strips, the forms of which are shown in Fig. 18. In
the manufacture of this style of transformer, the coils are
wound and insulated in the same manner as those already
described.  The strips are passed through the coils, the
ends bent over and mixed together, making a complete iron
circuit. In those shown at @ and b one set of strips may

Fig. 17.
be taken and bent into shape, like a hair pin, the coils
sglipped on and the ends bent over and interlaced, leaving
the bulkiest portion of iron at one end. Or two sets of
strips bent into the same shape may be used, the ends being
lapped and interlaced inside of the coils. The form shown
at ¢ is built up by taking a set of straight strips, passing
the coils over them, bending the ends around and lapping
and interlacing at the side, which will make this the bulk-
~iest portion of the core.  The form shown at d has the iron
disposed on both outside and inside of the coils, and is
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made by taking a sufficient number of strips to fill the
coils, and bending the ends backward over the outsides on
both sides of the coils, inclosing them with iron on four
sides. Tt is always an object in the designing of trans-
formers to have both the iron and the copper eirenits as
short as possible, but the surface must not be so small as
to cause overheating, for a sufficient area of iron must be
provided so that it will never become saturated with -
netism and a sufficient amount of surface must be had to
provide for radiation of the heat generated.  As nearl ¥ one-
half of the space occupied by the coils is taken up by the
insulation, it is a delicate matter to get the iron and e pper
correctly proportioned. It has been found good practice
with transformers to use the same method in building up
the iron core as is employed by most manufacturers in
building up the iron cores of armatures, that is, to intro-
duce, at intervals, a thicker piece of insulation as will be
seen in Fig. 17, where the lighter portions in the

core T(fl)l'(-:-
sent thicker pieces of insulation,

This cut also shows
the method of fastening together the sheets forming the core.
Several otherstyles of transformers possessing peenliarities
of their own are worth more than a passing glance. and will
be illustrated and described in the next chapter.




CHAPTER VI
TRANSFORMERS (Coneluded )—r USES—REGULATION.

Another style of closed circuit transformer built up from
iron strips is shownin Fig. 18. In the manufacture of this
transformer the coils are wound on a mandrel in a lathe,
the opening being afterward filled with the iron strips.
After the coils are prepared in this manner, the cores of
two coils are placed parallel and connected together by
other strips to form a closed magnetic circuit of square
form. The strips are interlaced at the corners, making a
somewhat greater thickness at this place, but leaving the
strips slightly separated, which permits of zood ventilation.

The transformer shown in Fig. 19, is of'a type quite dif-
ferent from any of those already described. This type is .
only used for the larger sizes, as small sizes would be diffi-
cult as well ns expensive to construct.  The core is formed
of small sized iron wire which is wound on a reel in the
form shown. In the winding, after a few layers of wire are
laid on, small strips of seasoned wood are Iaid in at inter-
vals to form spaces for ventilation. The circuits of this
transformer are wound on by hand. The spaces for ventila-
tion are not absolutely necessary, as it is quite possible to
S0 proportion the civcuits and iron core as to prevent any
great amount of heat being generated. but when the con-
struction will allow of being ventilated it is better to intro-
duce it, as the efficiency of the apparatus will be increased
by so doing, as well as making a gmaller amount of wire
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sufficient for the purpose. Ventilation is alzo provided for
in another manner in the winding. Upon the edges of the
core along the space to be covered by the eoils, strips of
insulating material about " thick are lnid. These strips
prevent the insulation of the wire from being cut by the
sharp edges of the core and also serve as supports prevent-
ing the wire from coming in contact with the iron, leaving
considerable space for ventilation.

The winding of the ¢oils on the cores of the transform-
ers shown in Figs. 18 and 19 is built up by first laying on
a single layer of the heavy wire that is to form the second-
ary circuit and over this is wound o layer of the smaller or
primary wires. This method of building up the coils is
continued until the required amount of wire for hoth cir-
cuits has been laid in place. Ventilating spaces ave left
between the layers of the coils by the use of insulating
strips applied in the same manner as thoge used on the core,
By this means the primary and secondary cirenits ave so
thoroughly insulated and separated, as well as ventilated,
that a leak or short circuit between the circuits is practi-
cally an impossibility. The ends of the different layers of
the circuits may be connected either in series or multiple,
a feature which makes a transformer wound in this manner
capable of being easily changed to suit different require-
ments.  The secondary coils can he connected so that o
100 volt current or a fifty volt current will be produced.
In this manner it may be adapted to lamps of either of the
voltages now commonly in use.

Most transformers are connected to the primary circuib
in multiple, as the self-regulation is better effected when
they are connected in this manner. When transformers
are connected to the cirenit in series there will be at all
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times the same strength of current flowing through the
primary cirenit of each. This will of course produce a cér-
tain electromotive force in the secondaries in accordance
with the comparative number of turns in the primaries
and secondaries.  Thestrenuth of current in the secondary
will depend largely upon the resistance of the secondary
cireuit.  As the current in the primary is kept constant,
when the transformers ave connected in series, the e. m. f.

Iig. 18.
in the secondary will also be kept constant. This arrange-
ment would require that the same number of lamps should
be kept in action at all times, or if one or more were turned
off it would he necessary to supply an equivalent resist-
ance in their place, as the same potential conld not be
maintained in the circuit unless some method was employed
to adjust the magnetism of the cores. Devices for this pur-
pose have been in use but they were ungatisfactory, espe-
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cially so when the transformers may be made to auto-
matically regulate in a very satisfactory manner.  Another
plan for regulating series transformers, was by the use of a
choke coil.  This is merely a coil of wire having asuflicient
amount of self-induction : but thiz, as well as all other
means that have been tried for the purpose. was equally
unsatisfactory. The circuits of series transformers arve,

Fig. 19,
as a rule, made to contain an equal number of turns on the
basis of a ten-ampere current through the primary.

The transformer shown in Fig. 20, is of the open mag-
netie cirenit type, but it is claimed that it possesses (uali-
ties which make it quite eflicient in spite of the large air
space and consequent resistance between its poles. I this
transformer the iron cove, composed of wires, is small, so
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that there iz not much loss in the core, the wires being
spread out at each end following the course of the magnetic
lines as they bend around to complete the circuit. By this
means the loss by induction in the air, is not very great,
This form requires a greater exciting current than is
required in a closed cirenit transformer, but the loss in the
primary is much less than the extra loss in the iron when
a closed magnetic cireuit is employed. The work of the
exciting current may be divided into three parts ; that por-
tion which is transformed, direct, into the secondary, that
spent in magnetising the core and that required in produe-
ing the induetion in the air. By comparing these with the

7\
Fig. 20.

losses in a elosed-cireunit transformer, considering that por-

tion lost in overcoming the resistance of the primary cir-

cuit, it is shown there are some points in favor of the

“hedge-hog™ transformer, ns this style is called.

On all transformers connected to the primary cirenit in
multiple, safety fuses are placed in both sides of each cir-
cuit. These fuses are strips or wires of tin or other easily
melted metal or alloy, and are placed there as a protec-
tion against danger from too great a flow of current, should
the wires become crossed or grounded. Should a short
cirenit ocenr on the secondary cirenit the flow of current
would be much greater than the cireuits were intended to
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carry and the fuses on this cireuit would immediately melt
and most probably those on the primary would melt also,
as the flow of current through the primary civeuit of the
transformer would also be increased. By the melting of
the primary fuses the transformer is completely separated
from the main cireuit and will remain so. no matter what
the cause of the trouble, until repaired.

The automatic regulation of the transforniers is easily
obtained when they are connected in multiple and a con-
stant potential is maintained on the exe iting civenit.

When conneeted up in this manner a nearly constant po-
tential is maintained on the secondar Y cireuit du“n:r all
changes made in the load, provided the cirenit is not over-
loaded.  All work, whether it he lamps
paratus operated from the secondury civeuit, must he con-
nected in mutiple to assure good regulation.
former is properly designe

S motors or other ap-

If the trans-
d the current in the secondary
eircuit will be almost proportional ¢ the number of 1,

aps
orother work thrown into i trenit, th

at is, it will be inversely
proportional to the resistance of thca(-(-nml.m' eirenit.  The

reactions by which this rezulation is llr(buuht about have
beert explained in the deseription of alternatinge dynumos ;

how the operation takes place in transformers will also hc
explained. It depends mostly on self-induction. As the
primary coils of the transformers already describod consist
of many turns of wire and are almost, completely surrounded
with soft iron, the conditions are faverable to lirge self-
induetion. Taking a single coil consistine of a large nume-
ber of turns of insulated wire wound on an iron core and
connected in multiple to a eirenit carrying an alternate euy-
rent, the sel-induction will be so great that but a small
amount of carrent can pass through the coil. The num-
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ber of turns of wire, the amount of iron in the core, and
the intensity of current in the circuit, as well as the num-
ber of reversals per second, are all factors that require to be
considered in determining the amount of self-induction.
A coil of the kind deseribed is called a choke coil and if
the core is so arranged that it may be moved inside the coil,
it will answer very well as a regulator when the work is
connected in zeries.  But such devices are but little used,
since the regulation may be automatically obtained.

The reversals of magnetism in iron require an apprecia-
ble length of time, whicli is greater the more nearly it
approaches saturation and it must be by means of this and
self-induction that the regulation takes place, as the current
in the primary cireuit of the transtormer, which is rapidly
alternated, will require time to rise to its full value, being
retarded by the opposing action of the self-induced current.
The direction in which an induced current flows is always
such as to oppose the eurrent inducing it.  But supposing
the resistance of the secondary cireuit is very low, allowing
a strong current to flow, the case is somewhat altered.
When a current commences to flow in the primary coils,
the lines of force set up an opposite current in the second-
ary. The lines of force due to this secondary eurrentreact
on the primary current and tend to overcome the self-induc-
tion, which allows the primary eurrent to rise more rapidly,
thus producing a greater inductive effect in the secondary
and eausing a greater volume of eurrent to flow. Although
the number of turns in the secondary is much less than
those in the primary, still the number of amperes is much
greater and has a greater inductive effect, which reduces or
overcomes the self-induction in the primary. When all
the lamps are cut out in the secondary circuit, the resist-
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ance is so great that there can be no flow of current in the
secondary and the self-induction in the primary becomes
80 great that practically the current is fore

vented from fowing. Should one
be turned on there would then be
in the secondary which would et
self-induction in the primary.
amount of current to flow, and
on, the resistance of the secondary eircuit is reduced and
more current flows. As the flow of current in the second-
ary increases, the self-induction in the pr
and a greater amount of current flows th
It is easily scen that in this manner
in multiple to the primary ¢

el back or pre-
lamp on the secondary
a small flow of eurrent
to slightly reduce the
This would allow a small
as more lamps are turned

imary decreases,
rough this cireuit,
atransformer connected
ircuit, becomes selfrp
when the work is connected o the second
multiple.

sulating
ary cireuit in




CHAPTER VIIL

PARALLEL SYSTEM—SERIES ARC-LAMP SYSTEM.

The usual methods of running cireuits for alternating
current apparatus is quite simple, although there are sys-
tems where special objects are to be attained, such as the
use of continuous eurrent apparatus or the charging of stor-
age cells on the same circuit with alternate current appara-
tus.  In such cases more or less complication is inevitable
and sometimes a third or extra wire becomes necessary. The
diagram of circunits, Fig. 21, shows the usual form where
apparatus is to be connected in multiple are. The primary
mains, marked 23 are run side by side, as it is necessary
that the transformer or other apparatus be connected to
both mains, In both branches of the circuit, between the
mains and transforiner, safety fuses are placed. In prac-
tice these fuses arve located inside of the iron case that
encloses the transformer, an insulated base being provided
for that purpose and the connection made in a manner sim-
ilar to that shown in the transformer, Fig. 18, where it will
be noticed also, that provision is made to prevent water
from entering the casing ; the tubes through which the cir-
cuit wires ave passed being placed at such an angle as to
prevent it.  This feature is quite important, as the trans-
formers are usually placed outside the building on account
ofthe possible danger from the high pressure on the primary
mams.
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Fig. 21, —Diagram of Paralll or Multiple System.
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If the transformers were placed inside the building or
within reach of a person standing on the ground, many
people through curiosity alone would run serious risks of
injury by touching the various parts of the exposed appa-
ratus to see if they would get a “shock.” Peculiarities of
this kind, in people, as well as some peculiarities of the
primary current itself makes it advisable to locate the trans-
formers outside the building. This necessitates enclosing
the transformer in a weather-proof easing, and as iron is
the most suitable material because it can be readily formed
into the required shape, is not easily injured and more par-
ticularly, because all the lines of force that would other-
wise escape are caught by the iron and by the reaction
induce electro-motive force in the cireuits, so that there is.
but slight loss in the transformation of the current. These
casings should be as nearly moisture-proof as possible
and yet be constructed in such a manner that the interior
of the eage may bereadily examined. This is provided for
in most transformers, by the use of a packed joint.

The secondary circuit is provided with safety fuses ina
manner similar to that of the primary, the size of the fuses
on each circuit being regulated by the amount of current
they are intended to earry. As the fuses on each circnit
are placed there for safety, they actas asafegunard only when
they are made of metal that will fuse or melt by the heat
generated by a greater amount of current than they were
aleulated to carry. The practice that is sometimes in-
dulged in by linemen and station men of putting ina strip
of copper instead of the lead or tin strip should be made a
eriminal offense. Their excuse is that a copper fuse will
never “blow.” Such excuse shows that they are ignorant
of the purpose for which the fuse is intended or are
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entirely careless as to the consequences, ".Cop!n-ri‘n‘g.’:
fuses should never bhe done even ﬁ';r a ilmrf time, or, ilb‘lh
frequently said : “We will copper it 80 ltu\\'lll‘ run, :vm« hx
it all right as soon as we can get a h'l.‘.id,‘.' bn'«-h ]vt‘:lf'tl.(c
usually leaves the fuse coppered until an aceident or fire
is the .1'csult. The fuses are the safety \.'nl\'«-s -:m(l S.}l()lll(l
be kept in good working order at all times, for accidents
generally oceur when least c»xpectm! and a e n!»pvr(:d fuse
may be in place just at the time a fuse that will melt
open the cireuit should have been there.
luck when there is anything more
dependence may be placed. .
Secondary circuits may bhe led off from the
in any desired dircetion and to comply with any require-
ments to which the parallel systen of wiring is syit
Several different ways of arranging
in the diagram at a, b, ¢ and &, ang the diagram
how two or more transformers may be connected in mul-
tiple to a set of secondary mains from which nume
branches may be taken gs cireumst
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Transformers, like most other machinery, do not give the
greatest efficiency except when working under a given lond.
The design of most transformers is such that the areatest
efliciency is obtained when working at nearly their full
capacity. This being the case it will be seen that when
several {ransformers are conneeted in multiple to the
secondary mains their efficiency will be considerably
reduced if' the number of lamps in use be reduced to less
than one-half the full number that all the transformers
together are capable of supplying. In such case it would
be more economieal to eut out one or more of them until
those remaining are working at about full load. A single
point switch in one of the feeders from each transformer
would be suflicient to accomplish this with ease. A close
examination of all the features of the inductive system of
electrical distribution ly the use of parallel circuits will
show many points in its favor.

The transformer system of series are-lighting by the
use of alternating currents, consists of a constant (not
continuous) current generator of alternating currents, the
transformers being arranged in the circuit in series and
one or more arc-lamps connected in the secondary circuit
of the transformer. When more than one arc-lamp ig run
from a single transformer the lamps are conneeted in series
as shown in the diagram, Fig. 22, where the dynamo is
represented at the left of the diagram, and the transform-
ersat 1, 2, 3, 4 and 5. The numbers on the transformers
show their capacity in are-lamps. The prineiples of the
dynamo and the methods by which the current is main-
tained at a constant number of amperes are explained in
the third chapter of this part of the work. The two
circuits composing the transformers are so proportioned,
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as to the size of wire and number of turns in each, that
any change in the resistance of the secondary circuit will
react, by self-induction, and keep the flow of eurrent con-
stant, in a manner similar to that by which the constancy
of the current is maintained by the dynamo. Where two
or more arc-lamps are operated from one transformer, any
number of the lamps may be switched out without
affecting any of the others, even those in the same series,

By this system a number of ave-lamps limited only by
the capacity of the machine may be operated from asingle
dynamo without increasing the potential of the primary
circuit to a dangerous extent. The potential and current
required by each arc-lamp is 10 amperes and 45 volts and
for a small number of arc-lamps the current in the prim-
ary circuit would be ten amperes. If the dynamo is
required to supply current to so greata number of lamps
that the required potential wounld be dangerously high, the
danger would be avoided by keeping the potential of the
primary down to a safe limit and increasing the intensity
of the primary current to twenly or more amperes.
This would give the increased number of watts required
which should "be transformed into the required poten-
tial and current in the secondary. And more than this,
two separated ecircuits, each carrying a constant number
of amperes under a varying potential, may be operated
from a single dynamo. By such means one dynamo may
supply current to as many as 250 arc-lamps, while the
potential will not be excessively high at any portionof the
cireuit.



CHAPTER VIIL.
LINES OF FORCE—HYSTERESIS,

In all alternate current apparatus having iron cores
that are subject to rapid reversals of magnetism, there is
always a certain loss on account of the resistance to change
offered by the atoms of iron. The smallest conceiv-
able particle of a substunce is called an atom, and with
iron it is inferred that each atom may be polarized so
that it will show distinet north and south poles.  As any
piece of iron consists of an inconceivable number of
atoms, each having distinet poles, any magnetizing force
which is brought to bear on the iron will cause the atoms
to shift their position and set themselves in straight
lines parallel with the direction of the lines of the magnet-
izing force. As these atoms are too small to be dis-
tinguished one from the other, it is of course impossible
to note the shifting of position that we know must take
place, and as the cohesion of the iron is much stronger
than the disturbance set up by the magnetizing force no
outward change is apparent; but assunming their exist-
ence, which has been satisfactorily shown in many ways,
and assuming that each atom may be separately pol-
arized, which has been satisfactorily demonstrated, they will
then arrange themselves in straight lines, all of the north
poles pointing in the same direction. In the mass of the
metal, il it is fully magnetized, cach north pole will be in
contact with the south pole of an adjacent atom. A
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nice experiment to determine some of the changes that
take place when iron is magnetized, may be made with an
electric magnet and iron fillings. If the magnet is con-
nected with a battery of sufficient strength to fully satu-
rate the iron, and having in the circuit a rheostat, and a
pole changer that will instantly reverse the current, the
apparatus will be found capable of demonstrating many
interesting facts in magnetism. By allowing a small
amount of current to pass throngh the magnetizing coil the
iron core becomes but slightly magnetic, and it will be
found that it has required work to produce this magnet-
ism, If, now, the ends of the electro-magnet be dipped
into a mass of iron filings a certain portion of them will
cling to the ends of the core and it will be noticed that
while the filings are quite thick around the edge, forming
a sort of ring, there are but few or none around the central
portion of the core. This would seem to indicate that the
magnetizing force had acted mostly on the molecules of
iron lying at or near the surface of the core. If the cur-
rent is slightly increased and the magnet again dipped into
the iron filings a greater quantity of the filings will be
gathered at the endg, and although they still form a ring,
the ring is heavier and the unmagnetized cirele has become
smaller, but, practically, none of the filings cling to the
end of the core near the center. The current may be
slightly increased at each trial, and it will be found that at
each inerease the ring of filings becomes heavier and the
unmagnetized space at the center is lessened, until, if suffici-
ent current is employed, the whole mass of the iron has
become magnetized and the filings cling to all of the
exposed surface at the ends. When this result is obtained
the magnetism has penetrated to the center of the core;
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but its density may be still further inereased by an
increase of current, and the mass of filings bhecomes more
dense with each inerease. As the eurrent through the
coil has been inereased at each trial it may have been
noticed that the mass of filings has assumed a brushy
appearance, that is, they have beecome arranged in lines
which appear to be forced apart, and it will bhe noticed, if
the magnetism is sufliciently strong, that these lines will
hold their position regardless of the weight of the filings,
no matter how much the position of the magnet may be
changed. The arrangement of the filings is said to con-
form to the directions of the lines of force. It is asumed
that all foree is propagated in lines, nnd as the lines have
no breadth there is no limit to the number that may be
concentrated in a given space.

It is the case with the magnetic lines of force, that they
have no free ends, but must continue until they have made
a complete circuit.  If a line of force starts from the N pole
of the magnet it must find o 8 pole somewhere.  Iff the S
pole is that of another magnet or an § pole induced in a
piece of iron, the conditions will be complied with so far as
it may influence the first magnet, but the lines of foree will
continue on until they have completed the civeuit and
returned to the first magnet, or been lost in overconing
resistance. As the resistance of the air is much greater
than that of iron, the lines of force, no matter how coneen-
trated, are mostly overcome and lost by a short passage

through air or other matter offering a high resistance.  Ttis
this loss of the lines of magnetic force by their passage
through & medium of high resistance that makes it so much
of an object to dynamo builders to have the iron core of the
armature as close to the pole-pieces of the magnets as
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possible, for when the distance between them is increased
ever so slightly an increased number of the lines of force,
or an increased area over which they may be received, is
necessary to obtain the same result.

The concentration of these lines in such a direction that
they may be cut at right angles by the wires on the arma-
ture is the principal reason for having iron in the armature,
as its presence would not be necessary to the efliciency of
the machine if the lines of force could be caused to take
the desired counrse without the use of this medium of greater
conductivity. In some machines where an N pole faces a
S pole and the armature wire revolves between, iron in the
armature would do no geoed, as the two poles carry the
lines directly across and the armature wire cuts them ab
aright angle. But in other machines where the pole-pieces
come nearer together at their edges than do their faces
across the space filled by the armature, iron is necessary to
concentrate and dirveet the lines of force.

By referring again to the magnet and the iron filings, it
will be noticed that the direction of the bunches of filings,
or rather the lines they have assumed, tend to curve around
toward the opposite pole. This is the result of the effort
to complete the magnetic circuit, and is similar to that of
a current of electricity which must return to the generator;
no matter how many different paths it may be compelled to
take or how many times it may have been split up, all
must return to the generator.

In experimenting with the magnet and filings, when
there is hut n small amount of current passing through the
coil and the core is bt slightly magnetized, holding but a
gmall portion of the filings, it will be noticed that if the
divection of the current through the coil be suddenly
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reversed by the pole changer, the greater portion of the
filings will still cling to the magnet, the reversal of the
polarity having occurred so snddenly and with so little
resistance that there was but slight loss.

Now if the strength of the magnet be considerably
inereased, to near the point of saturation and holding as
large an amount of the iron filings as possible, then if the
polarity be again suddenly changed, it will be found that
there is a much greater proportionate loss. The loss
will of course be due to several different causes, among
which may be mentioned the resistance offered by the
iron core to the sudden change of polarity, which is
called hysteresis. This may be considered as being
the friction between the molecules of iron when suddenly
required to change their position, which must oceur
each time the direction of the current ischanged. If the
iron is a solid rod the hysteresis will be much greater
than it would be if the same amount of iron was in numer-
ous gmall rods or thin plates. If the iron is somewhat
hard, as is generally the case with rolled iron that has not
been annealed, the hysteresis is considerably greater than
in soft iron. The harder the iron or steel the greater the
hysteresis will be, while with tempered steel the loss from
this cause will be almost immeasn ably great. A little
incident occurred in the factory one day that offered a very
good illustration of hysteresis. A dynamo had Just been
set up ready for testing, but would not generate a current,
even when current from another dynamo was passed
through the field circuit. Everything about the machine
appeared to be all right with the exception of the pole-
pieces ; there was no field. The pole-picces would not
magnetize until they had been hammered with a heavy

e
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hand hammer for several minutes, when it suddenly became
strongly magnetized. This was no doubt an aggravated
case of hysteresis, and the hammering had produced vibra-
tions in the particles of iron and reduced the hysteresis so
that the iron readily yielded to the magnetic stress.

Another way in which hysteresis is manifested to a con-
siderable degree iz by the number of reversals per second
to which the iron is subjected. With a given quality of
iron, the more rapid the reversals, the greater the loss from
this cause, so much so in many cases that the heat devel-
oped becomes a serious matter.  But it is not altogether
the inereased rapidity of reversals that produces the great-
est loss through hysteresis, as tests have been made where
a lower rate of alternations or reversals have shown the
greater loss from this cause.  The rate of reversals vary in
the different alternate current machinery from 50 to 150
complete reversals per second, and it has been shown by
carefully conducted tests that in some cases the loss by
hysteresis was considerably greater at 125 complete revers-
als than it was at 100, but when the rate was lowered to 75
per second the loss was considerably greater than at either
of the higher rates. From this it is evident that the rate
alone is not the whole cause of the increased loss. It is
evident that a particular piece of apparatus may be suited
to a given rate of alternations, and, as is the case with most
generators of electricity, will give the best results at a given
speed or rate of alternation, for in practice with trans-
formers it is noticed that a considerable increase in the
development of heat occurs if the rate of alternations
becomes considerably increased or reduced. The more
strongly the iron is magnetized, that is the greater the
numberof lines to the square inch there may be, the greater
will be the resistance to a change of polarity and the
stronger the effect of hysteresis will be indicated.



CHAPTER IN.
ARC LAMPS—IN SERIES,

Are lamps may be operated on alternate current cireuits
with the sume ease as with continuous enrrents, and the
lamps designed especially for continuons currents will, for
a short time, work equally as well on an alternating cirenit
of the same current strength, hut this is not practical, for
the cores of the magnets or solenoids would in 1 very short
time become exceedingly hot and interfere with the contin.
uous operation of the lnmp. It has heen explained how a
picee of iron subjected to rapid reversals of magmetic polar-
ity will become heated by the eddy eurrents set up in the
mass of the metal, and when the cores of arnatures are of
solid iron or even when the iron is not sufficiently lamin-
ated, heating oceurs to a dizagreeable and sometimes to a
dangerous extent. and as the temiperature of the iron is
inereased the difficulty also increases.  Inall kinds of elec-
trical apparatus containing iron cores that is to bhe used
with the alternating current, it is neces=ary that these cores
should be highly laminated, as has been explained in the
descriptions of transformers and arnmtures.

The rate of alternations in most of the systems in use at
the present time varvies from 50 to 150 complete alterna-
tions per second. .\ complete alternation i< understood to
mean a complete change fromi the beginning of a positive
impulse when the current rises to the greatest positive
potential, then falls again to zero or the neutral condition
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and passing below this produces the negative impulse which
attains its greatest potential at about as much below the
neuntral line as the positive impulse had risen above, then
with the decrease to zero of the negative impulse, the alter-
nation is complete. This may be compared to the revolu-
tion of a wheel, where a given point on the circumference of
the wheel makes a cirele about the center, returning to the
point from which it started. The hysteresis and heating
effects may be reduced to very low limits in magnet or sole-
noid cores by thorough lamination and this is generally
attained by making the cores of annealed iron wires. When
a core of this kind is used the magnetism will change
nenrly as fast as the direction of the current in the sur-
rounding coil and this will, of course, produce an attraction
between core and coil the snme as that which takes place
when continuous currents are employed. In the brass
gpools, on which the coils are wound, the metal is split
lengthwise, This is done to prevent heating, for eddy cur-
rents are formed in the brass spools as well as in the iron
cores. Slitting the spools serve to break up or rather pre-
vent the formation of these currents and the metal remains
cool.

Alternating current arc lamips to be operated in series,
one of which iz shown in the outside view given in Fig. 23,
have two coils, one main coil carrying the full current that
passes through the lamp and another ¢oil which is in shunt
and of high resistance, containing a great length of wire,
causes the lamp to feed. These coils and their cores and
connections are shown in Fig. 24, where it will be seen that
the coarse wire or lifting coil has two separate wind-
ings, and the fine wire coil is in shunt around the arc.
The cores of the coils being attached to the opposite ends
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of the lever L, pull in opposition ; but while the are is of
the normal length there is but a small pereentage of the
current passing through the fine wire coil and conge-
quently the pull is but slight and only serves to halance
the extra pull of the coarse wire coil. This coarse wire
coil has a double set of windings that may be thrown

Fig. 23.

together in parallel through the connection at y and the
strip & attached to the lever L which is in electrical con-
tact with the frame of the lamp.  The action of the lamp
may be understood by considering that the current enters
at @ and passing down to the branch ¢ traverses the lower
portion of the coil which is in contact with the frame at ¢
from here the path of the current is through the carbons
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at d and out by way of the insulated conductor to the
other terminal of the Jamp at b, When the current is first
turned on the lamp, the carbons being together, no current
of any consequence will pass through the fine wire coil
although it is in shunt around a part of the coarse wire

a

Fig. 24.

coil and the carbons; but the resistance of these is so
small compared with the resistance of the fine wire that
the small portion of the current passing that way will
produce no effect of any consequence. The upper portion
of the coarge wire eoil will also be in eircuit for amoment
after the current is turned on or until the core is drawn a
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slight distance into the coil. As the upper portion of the
coil does not contain nearly so many turns of wire as the
lower portion, it alone will not have much cfiict on the
pull exerted by the lower portion, but so soon s the aetion
of the current has drawn the core downward suflicient to
break the contaet at g, then the full force of the current
through the lower portion of the coil will act on the core
and draw it downward with sufficient foree to cause the
mechanism to separate the carbons and form the are at d
in a manner similar to what takes place in an ordinary are
lamp. Flat carbons of considerable width are used in
this lamp, the are traveling back and forth from side to
side, but with such rapidity as {o give the appearance of
an arc the full width of the carbons. As {he carbons
burn away, both become pointed and the light from the
arc is projected upward and downward to the st extent,
This is different from the action of the arc produced by a
continuous eurrent, for with a continuous current a crater
is formed in the upper carbon and the greater portion of
the light is projected downward, when the are hus suffi-
cient length {o prevent the lower carbon throwing a shadow
as 18 the case with short ares.  TIn this lamp, as the car-
bons burn away and the length of arc is inereased, n greater
amount of current is caused to pass through the fine wire
solenoid.  This increases its attraction on the core and it
pulls against the attraction of the coarse wire coil and
shortens the are, until the decrease of the resistance of the
arc allows the attraction of the two solenoids to balance
and the carbons are held in this position until they have
again burned away sufficiently to again incrense the resist-
ance of the are until the fine wire solenoid draws the end
of the lever L down far enough to bring the strip & into
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contact with the block g, which shunts a portion of the
current through the upper part of the coarse wire coil, and
as this iz above the center of the core, its action is to assist
in drawing the core upward, helping the fine wire coil.
This causes the lamp to feed hy releasing the clockwork
from the brake that held it, and as the carbons approach
each other, shortening the are, the resistance is also lessened
and the current passing through the fine wire coil is reduced.
This reduces the pull on the lever and its movement breaks
the contact at ¢, allowing the full current to pass through
the lower and stronger portion of the coarse wire coil,
which then attracts the core and separates the carbons to
the distance required to form a full are of sufficient resist-
ance to shunt enough current through the fine wire sole-
noid toagain balance the attraction of the coarse wire coil.
Although there are several changes made in the path of the
current, as the machinery is brought into action to feed
the earbong downward, and at the same time the length
of the are is ghortened and its resistance decreased, yet the
changes and movements take place s0 glowly and to such
aslight extent that it is almost impossible to tell just when
the lamp feeds, unless looking directly at the clockwork.
Even then the movement is go slight, if’ the works of the
lamp arve in good condition, being but asingle notch on the
wheels, that it is hardly perceived. During these changes
theintensity of the light remains about the some.  An alter-
nate current are lamp while burning, produces a humming
sound, which has been attributed to the rate of alternation
of the current and a very plausible theory has been worked
out in explanation of the effect. But the explanation may
be taken with some allowance, as the same effect has been
noticed with continuous current lamps: the humming
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sound sometimes rising and falling at cach stroke of the
engine, causing considerable worriment for fear the engine
was not running steadily. The sound was found to be
caused by microphonic action, the globe and frame forming
a kind of sounding board. When those were damped the
sound ceased to be noticed,

P CIA YN L. A




CHAPTER X.
ARC LAMPS—IN MULTIPLE.

Another are lamp designed to work in multiple, with an
alternate current, and used with the Slattery induction
system, is shown in outline in Fig. 25. The lamp is of the

Fig. 25.
focusing type, the lower carbon being fed upward as the
upper carbon descends, maintaining the are in the same
position. This dispenses with the carbon rod and leaves
no necessity for a chimney, which permits of shortening
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the lamp nearly one-half, as well as making it less
expensive to construct.
The works of this lamp are exceedingly simple, the main

|l

3
s

Fig. 26.
portion of them being shown in Fig. 26, where A is asimple
solenoid having an iron core that iz drawn into the coil
when the required amount of current, ahout ten amperes,
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is passing. This lamp is designed to work on a 50 volt
circuit and consequently requires no shunt coil, as the
resistance of the are regulates the flow of current and the
feeding mechanism. By referring to the cut it will be
noticed that the feeding mechanism is of the clockworlk
style. the two carbon holders being suspended from the ends
of a flat wire that works on the deeply grooved pully G,
which is fixed to the same arbor as the toothed wheel F,
which engages with a pinion on the arbor carrying the
wheel ), which has a smooth periphery. This wheel serves
as a brake wheel and the brake lever £ engages with the
rim of the wheel when the end of the lever G, which forms
one side of a framework holding the wheels and arbors
comprising the clockwork, has been raised a ‘slight dis-
tance.  The lever connected to the upper end of the core B
is located at right angles to that portion of the works shown
in the view given, and is pivoted to a bracket on top of the
solenoid 4, The other end of the lever connects with a
dash pot, to steady the motion, and to the framework G by
a flexible metal strip which allows the core to be drawn
some distance into the coil before the clockwork is caused
toact and separate thecarbons. The operation of the lamp
when put into action would be as follows : Considering the
operation as it would take place if a continuous current was
used (the only difference being in the action of the current
in the solenoid on the core, and the fact that no crater is
formed by the avc on either carbon), the current entering the
lamp at the binding post is conveyed by a short piece of
insulated conductor to the coil A, and from there by a
flexible conductor to the upper carbon holder as shown in
Fig. 25, then through the carbons to the lower holder and
fromi there through a flexible conduetor to the opposite
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binding post. The action of the current while passing
through the solenoid draws the core B2 downward, theoppo-
site end of the lever to which the core is attached rising at
the same time. The flexible metal strip which conmects
the lever with the framework lifts the framework and at
the same time the brake wheel D is brought against the
lever E. This prevents the clockwork from revolving and
as the framework is lifted still further hy the attraction of
the solenoid on the core, the partial revolution of the grooved
pulley C, which must oceur from the further lifting of the
framework, causes the separation of the earbons by raiging
the upper carbon holder and at the same time lowering the
bottom one. This causes the are to form and increase in
length until the resistance becomes so great that the tlow
of the current is reduced to an amount only sufficient to
maintain the are at the required length. As the carbons
burn away the resistance of the arc increases, which
decreases the flow of current through the lamp, and conse-
quently the attractive force of the solenoid is reduced, and
as the core gradually rises, the frame and the mechanism are
lowered, which allows the carbons to move nearer together.
This action is continued by the burning away of the carbons,
until the end of the frame has been lowered sufliciently
to release the wheel D from the brake, which allows the
carbons to feed together, on account of the upper carbon
holder being the heavier, and as thig feeds downward the
lower carbon is raised an equal distance. As the arcis
shortened, its resistance is reduced and consequently more
current, flows through the coil and the coreis drawn slightly
downward sufficient to separate the carbons enough to
produce the required resistance and maintain the normal
flow of current. All of this oceurs without the length of

—
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the are having been varied more than »&", and as the
usual length of are is from A" to " the change is not
sulficient to be noticed providing the works of the lamp
move with perfect freedom so that they do not stick. The
lamp just described is the embodiment of simplicity, as it
contains but a single coil of wire and a small amount of
mechanism.  The carbons used are round and are cored,
that is they contain a core of much softer carbon than that
forming the outer part. The cored carbon was designed to
prevent the hissing noise frequently heard in lamps, but as
hissing results largely from too short an arc, an excuse
for the use of cored carbons has never been made clearly
apparent.



CHAPTER XI.

MEASURING AND INDICATING APPARATUS,

Instruments to be used with alternating currents must,

of necessity, differ in some respects from those employed

for continuous currents. The rapid alternation of current

does not, admit of utilizing the magnetic effect of the enrrent

to the same extent or in exactly the sume manner as with

continuous currents, but when the cores of solenaids ave

built up of soft iron wires, of small dinmeter, the change of

polarity occurring in the cores with the same 1 tpidity as

the alternations of current take place, the resulting attrae-

tion between coil and core is similar though not so strong

as between a coil carrying constant currents and a solid iron

core. This prineiple is utilized in measuring and indicating

apparatus in the same manner as it is employed in the

lamps just deseribed, where the solenoids are used to lift

the mechanism and separate the carbons. In measuring

the strength of an alternate current, several questions aris®
as to whether the measuring apparatus shows the full
strength of the current, or only the average strength. One
plan by which instruments were calibrated was to passa
continuous current of known strength through an incan-
descent Jamp and measure its candle-power.  Then by the
use of an alternating current of sullicient strength to pro-
duce the same candle-power, the flow of current was asswumed
to be of the same strength as that of the continuous current
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required to produce the same effects. But, as there are
times during each alternation when the current is at a
point of no potential, it is evident that this will have a
eooling effect on the carbon, and to overcome this, greater
current strength will be required. But this is not of so
much importance as having some method of comparing the
rate of flow or potential in a way that may be made prac-
tical for the different purposes to which the current may
be applied.

An ammeter of the solenoid type, dc:igned to measure
ap to about 30 amperes, is shown in Fig. 27, where a short
solenoid, composed of a flat copper strip, wound in a spiral
form, the layers .being insulated by a strip of insulation
wound in with the copper, is used. The core of this sole-
noid is of about 5-16"” diameter, the length being about
three times the length of the coil, differing in this respect
from the cores used with continuous currents, where they
are usually of the same length as the coil, althopgh this
iz immaterial, for a core of any convenient length can be
employed with good results, the greatest effect being exerted,
if the core is short, when one end of it is at the center of
the coil, the attraction being neutralized when the center
of the core is at the center of the coil. In the ammeter
shown, the upper end of the core is attached to one end of
a plate, the other end of which is a toothed rack, the pitch
line being the segment of a circle, and the center being
pivoted at some distance from the center of the dial so that
the teeth engage with & pinion at the center. The needle
or pointer is attached to the arbor that carries the pinion.
A counterbalancing weight, by which the instrument is
adjusted, is attached to the arbor which carries the plate.
A very little movement of the.core, in entering the coil, is
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sufficient 1o cause the pointer to move over the whole

extent of the scale. By the use of this arrangement the

attraction on the core is almost directly proportional to the

increase of current, so that the divisions on the zeale are

equal and have equal valnes. The slight difierence in the
attraction exerted on the core iz eompensated by the coun-
terbalance weight on the lever, whicl, as it is raised trav-
erses the arc of a cirele and requires more force to move it
through a given distance when the lever has assumed a

1
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horizontal position than would be required to move it
through the same distance while it was morenearly vertical.
The toothed rack and pinion, in this instrument, is similar
in arrangement and action to_that found in some steam
gunges.

Another ammeter which works on similar prineiples, but
is designed to measure heavier currents, is shown in Fig. 28,
The solenoid S is quite short and is wound with several
gmall wires, L L, grouped together, that when taken together
have sufficient carrying capacity to carry. without heating,
the full current which the instrument is designed to meas-
ure. Another reason for using a number of small wires is
that they are more easily wound than a larger one. The
core (Fof this instrument is made in the snme manner as
those used in the other instruments of the same type for
measuring alternating currents, which consists of sofi iron
wires. The lever to which the core, the counterbalancing
weight 17 and the pointer F are attached is pivoted at A.
The calibration is effected by means of the weight Wiwhich
is fastened in the required position on the lever by means
of lock nuts, shown on the end of the lever. The small
projecting arm 7, which is covered with a piece of soft rubber
tubing, is used as a stop to prevent the weight from falling
lower than is necessary to bring the pointer to the zero of
thescale.  Another small arm, covered in the same manner,
is placed near by and catches the weight at the side.  These
arms are adjustable and are necessary to ecatch the weight
as it falls, when the current is cut out of the instrument,
for if gome means were not provided for this purpose the
Jeweled bearings, in which the lever is pivoted, would soon
be ruined. rendering the instrument anything but reliable.
The core is surrounded with hard rubber bands which pre-
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vent contact of the iron with the spool on which the wire
is wound, as well as serving to hold the core solidly together.
The core is also provided, at its lower end, with an extension,
¢, which passes through a bracket and serves as a guide to
keep the core in the center of the coil. The scale X is
divided and numbered according to the number of amperes
the instrument is designed to carry. The brass plates to
which the wires L L ave attached serve as binding posts,
the lower portion P P being drilled to receive the wires,
which may be fastened by the set-screws shown. The exten-
sion of the plates which approach each other are drilled
and the plug B is fitted to them. This plugserves to short
circeuit the instrument when necessary. These instruments
are quite simple in construction and sufliciently reliable
for ordinary purposes and are easily adjusted, which is an
important feature.

A voltmeter of the solenoid type for the measurement
of the pressure or potential of alternate currents, and
designed to be used as a standard instrument, is shown in
Fig. 29, where it will be seen that two coils cf fine wire are
used, but only one of them is really a solenoid or has any
direct action on the core, whose movement moves the
pointer. Another peculiarity of this instrument is that the
needle or pointer does not traverse a scale or dial to indi-
eate the difference of potential of the current. The coil or
solenoid S, in which the core € is partly inserted, acts in
the same manner as similar parts in other instruments of
this type, which have already been described. The core is
attached to one end of the cross-arm D, while at the other
end is a counterbalancing weight E, by which adjustments

may be made.
The longer fine wire coil R is employed as a resistance
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only, and is connected in series with the solenoid S.  The
square rod B, on which the slide A is fitted, iz graduated,

@7 O
R e

Fig. 29.
the graduations corresponding to the number of volts that
will be indicated by the end of the pointer standing over the
mark at the bottom of the instrument, when the slide is set

-
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at a given position on the scale, and the shunted current is
passed through both of the coils. The number of turns
in the amount of ecurrent which traverses them, and
the size and length of the core, are all to be considered
in determining the amount of attraction which is exerted
on the core. In order to simplifv the construction of the
instrument as well as to make it so that it can be used
for the measurement of currents of various differences of
potential, as well as for the potential of eurrents of different
periods, the resistance coil R is introduced to regulate or
modify the flow of current. This coil serves virtually as &
means of increasing or decreasing the resistance of the sole-
noid eireuit without changing the number of turns of wire
of which it is composed. The current entering at the
binding post on the right, traverses a number of tums of
the wire in coil R, then passes to the slide .1, and through
the bar B, which forms 2 part of the eircuit, and from there
through the fine wire W to the solenoid, thence through
the wire L to the other binding post P, which completes
the circuit.  Where the spring of theslide A presses against
the coil R, the insulation is removed from the wires so that
electric contact is made, and the eurrent passing through
the coil is shunted by way of the spring.

There is one thing about solenoid instruments, when
used with alternate currents, that deserves particular notice;
that is the effect produced by self-induction. It has been
explained that when the flow of current through a coil of
wire commences that a current is produced by the induc-
tion of the current in each turn of wire, and that the induced
current tends to flow in a direction opposite to the inducing
eurrent, thus setting up a resistance or retardation to its
flow. Also when the current is interrupted or stopped,
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gelf-induction occurs between the turns of the conductor,
but in this case the induced current is in the same direc-
tion as the inducing current, which practically, by a com-
bination of the two currents, greatly increase, at this instant,
the potential as well as the intensity of the inducing current.

Now the frequency with which these changes, the starting .

and stopping of the flow of eurrent, are made, hag consid-
erable effect on the self-induction, and for this reason it is
plainly evident that an instrument, designed to work or
record at a given number of periods or alternations per see-
ond, will not give the same results when used with currents
of a different rate or alternation, even when the electro-mo-
tive force may be, in reality, the same in both cases. But
when aresistance that can be easily varied is introduced into
the circuit in a manner similar to that shown in the instru-
ment in Fig. 29, it is clear that the instrument may be
calibrated for currents of different, periods as well as of dif-
ferent potentials. To make this somewhat cleaver it may
be well to state that time is required for the magnetic effect
to become fully developed or to wholly disappear after the
flow of current ceases. This has been so satisfactorily
demonstrated that it admits of no question. As the time
is 8o very short it is not noticed in the action of ordinary
apparatus when continuous currents are employed, but
with alternate currents whose reversals oceur many times
per second, the iron core does not at any time develop the
full number of lines of force due to the number of ampere-
turns in the coil and the amount of iron in the core. The
glower the reverzals, the more time will be allowed for the
magnetisin to penetrate.  The more rapid the alternations

the less will be the magnetic effect produced.
A simple and convenient device for leveling the instra-
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ment is shown at G. This consists of a plumb-bob sus-
pended from the top of the case, and, when the instrument
is correctly poised, the point of the weight occupies a posi-
tion dircctly over a similar point securely fastened to the
frame of the instrument. The necessity for leveling the
instrument is apparent from the length of the pointer, and
more so on account of the core of the solenoid requiring the
utmost {freedom of movement within the coil and as the
hard rubber bands jj, which are necessary to preserve the
solidity of the wire core nearly fill the space in the
spool, it is necessary that the position be exact, for if the
bands should come against the spool, the retardation from
the friction produced, slight though it might be, would
interfere with the correct indieating of the instrument, for
the force of attraction exerted on the core is but slight at.
best, as the instrument is not designed for the purpose of
doing any great amount of work, but merely to afford an
indication of the pressure of the current in the cirenit.
Many fimes when a circuit has been working badly and
the tests made indicated that everything was in good condi-
tion, it would eventually be found that the trouble was in
some of the more delicate parts of the system where the
utmost freedom of movement was required, but was retarded
by the slight friction of one piece lying against another,
when the design of the instrument intended that the pieces
shonld not come in contact. A similar condition would
be produced, in the voltmeter shown in Fig. 29, if, in level-
ing the instruament, suflicient care was not taken to insure
that the core should move inside the spool without touch-
ing the sides. Tt is thought by some persons that the
slight friction produced from this canse is not suflicient to
interfere with the working, as they say, “the current will
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pull that all right,” without considering that the force of
current in such cases is extremely slight, and that the least
friction in the instrument requires a very large proportion
of the strength of the current used in the deviee to over-
come it. Remembering these points, it is well to give striet
attention in placing such instruments, in order to make
sure that no difficulty can arise from the little points, such
as those just mentioned. It is the little things that usually
produce the most trouble and anoyance, and if the subject is
investigated closely, it will be found that it is only throngh
the little things going wrong that the great accidents are
possible. It is impossible that too close attention can be
given to the small points of a system, for on their condition
depends the success of the whole affair.




CHAPTER XII.

HOT WIRE INSTRUMENTS—)MEASURING I.\'STRU)IE.\'TS.—COH-
tinued.

Another class of instruments for the same purpose are
those in which the heating effects of the current cause the
expansion of a wire which forms a portion of the cireuit.
These are called “hot wire” instruments.  Asall substances
offer more or less resistance to the passage of the current,
work is required to overcome the resistance and this pro-
duces heat which causes the wire to expand and increase
in Jength. Several voltmeters have been constructed on
this principle, and, by taking the effeets produced by a
given current as the unit of measurement, it is evident that
an instrument constructed on the hot wire principle will
be found useful with both continuous and alternating
currents.

The Cardew voltmeter is an instrument of this kind,
and, as shown in Fig. 30, conveys a good idea of the manner
in which the prineiple is employed. Inthis view the inte-
rior of the instrument is shown as it would appear with
the back part of the case and the tube removed. A plati-
num wire, of sufficient length and small diameter to offer
the required resistance, is attached by its ends to the small
brass blocks M and N, which are in electric. contact,
through the conduectors, with the binding posts on the

sides of the instruments. The wire is led from the brass
47
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block N over a grooved pulley near the bottom of the
instrument. There are two of these pulleys on a small

Fig. 30.
shaft held in a light frame, which is supported by the rods
@ and I, which at their upper ends are firmly attached
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to the case, while at their lower end they are secured to
the ring to which the pullevs are attached. From the
pulley at the lower end the wire leads up to and over the
small pulley at € and down again to the other pulley at the
bottom, and is then brought upward to the brass block
where it is secured. Between this block and the binding
serew a fuse is introduced to protect the wire from the
effects of too strong a current, if by chance the instrument
should be connected to a cireuit of too high a potential.
The fuse consists of a short piece of platinum-silver wire
which will melt and break the circuit before the eurrent
can develop suflicient heat to injure the longer wire.
This fuse wire is placed in a slit along one side of a strip
of vuleanized fibre, held in position between two flat brass
springs, which form a portion of the circuit. A round-
headed brass screw is screwed into either end of the strip
and the ends of the fuse wire are attached to the screws.
When the fuse block is inserted between the springs, the
serew heads fit into holes near the ends of the spring,
making a good conducting contact and completing the eir-
cuit, while the heads of the screws, by fitting into the
holes, hold the block securely in place. This is a very
convenient arrangement for the purpese, as several such
fuse blocks may be kept ready wired so thatif a fuse should
melt it could be replaced by merely removing the back of
the case, removing the fuse block and replacing with
another. This can easily be done by simply springing
them outof and into place, no tools being required for
this purpose.

The central pulley, over which the long wire passes, is
attached to a small strip of brass 7. One end of this brass
strip has attached to it a fine wire T, which passes around
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the pulley P and is attached to the spiral spring S. The
tension of this spring can be adjusted by the adjusting
screw at the top of the case, the spring serving to keep the
wire taut and take up the slack when the wires are
lengthened by the expunsion due to heat generated by the
passage of the current. When counected to points of a
circuit having different potentials the current enters at the
binding post and passes to the block N, then follows the
wire down to the pulley at the lower end of the frame,
then up and over the pulley €, thence down around
the pulley to the other end of the frame, then up to
the block M, and from there through the brass spring,
fuse wire and upper spring to the other binding post.
The amount of current passing through the instrument
willy of course, be quite small, owing to the great resist-
ance of the wire, but slight as the flow of current
may be it will sensibly heat the wire and cause it to
lengthen. The expansion is so small that it could not be
observed with any degree of exactness unless some nieans
were employed to multiply the distance sufliciently to
make it plainly visible, This is done by means of the
small wheels and pinion in the center of the case. The
arbor which carries the pinion earries also at its opposite
end a pointer, which is caused to travel round a graduated
scale on the face of the instrument.  As the expansion of
the wire is taken up by the spiral spring 5 und the wire
W, the pulley P, over which the wire passes, i rotated
very slightly, but the movement is communicated to and
multiplied in the toothed wheel 7, from which the move-
ment is transferred to and again multiplied in the pinion,
and the amount of this movement is shown on the scale
on the face of the instrument,
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All of the shafts and arbors of this instrument work in
jeweled bearings, which reduces the friction to o small an
amount that it does not appreciably affect the truth of the
record given. The temperature of the atmosphere does not
affect the working, as all parts of the instrument are
affected alike, and the adjusting screw provides a means
for instantly adjusting the pointer to the zero of the
scale, The wire 117 is small and where it passes over
the pulley P some special means are required to keep it
from slipping. This is accomplished by making a flat
space on the face of the pulley and inserting two screws at
this place. The wire is laid alongside of these screws so
as to give it an offset that will prevent its slipping. This
has been found to be the only reliable method of attaining
this result, on account of the wire being so delicate that
suflicient preasure of a screw head to hold it securely would
cut the wire. These instruments, when about three feet
long, are capable of accurately measuring potentials up to
995 volts, and are very reliable, as there is no magnetic
material about them, consequently they are not subject to
the earth’s magnetism or that of dynamos or masses of
metal near which it may be necessary to use them. All
instruments using the magnetic properties of the current
are more or less affected by the magnetism in surrounding
objects, so much so that when delicate measurements are to
made with them, this outside magnetic influence must be
measured and allowed for.

A volt meter, for the measurement of low differences of
potential or electro-motive forces, such as that of primary
and gecondary cells, has been constructed on the hot wire
principle, in a simple and ingenious manner. The instru-
ment consists of two springs, to which the conducting wires

~
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are attached in the manner shown in Fig. 31, where «a are
the springs and b b are the conducting wires. The short
wires, ¢ ¢, are electrically connected to the wires b b, and
also to the needle ¢, which is the pointer that indicates
the difference of potential on the scale S. The spiral
springs, d d, serve to hold the needle in position and cause
it to move over the scale when the expansion of the wires
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Fig. 31.

b b,which is very slight, allow the flat springs to approach
each other. The expansion of the wires, slight as it is, is
found to be sufficient to allow a slight movement of the
springs, which movements, transmitted to the needle
through the short wires ¢ ¢, and an equal amount of move-
ment being taken up by the helical springs d d, so multi-
plies the movement at the end of the pointer that the
change due to the potential can easily be read off by the
scale.




CHAPTER XIIL

VOLTMETERS.

The instrument shown in Fig. 32, depends for its action
on the attraction existing between a conductor, through
which alternate currents are passing, and a piece of soft
iron in its vieinity. This principle may be applied to the
measurement of current strength as an ammeter or to the
measurement of the pressure or potential, as a volt meter,
the use to which it is applied depending on the winding.
In either case the principle and the action is the same,
and the attraction between the conductor and the iron
piece depends on the number of amperes on the one side,
and the mass of ivon on theother. In this instrument the
wire conductor is wound on ring-shaped reels or spools,
which may be of wood or metal; if of metal the reel or
gpool must be slit to prevent heating from the currents set
up in the metal, and the jron is a thin broad strip bent
into such a shape as will enclose the coil on three sides.
This is attached to an arm on & small arbor which is
placed eccentrically in the coil, so that at that portion of
ihe coil nearest to the arbor the iron piece will just pass
the reel without touching when the arbor is revolved.
The action will be the same whether the iron pieces are
arranged to work on the outside or on the inside of the
coil.  To balance the instrument, as well ag to increase its
attractive power, two rings of wire and two iron pieces,
ave employed in each inst,rmlnolsent. The arrangement and
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location of the coils are shown in the ground plan in Fig,
33, as well as in the front view in Fig, 82, The arbor,
with the sleeve S and the projecting arms, carrving the
iron pieces ' ! arranged on opposite sides of the arbor
and at some distance from one another, are shown in Fig,
34 in two different ways in which they may be arranged.
As the arbor is placed eccentrically in the rings 1. .1, Fig,
32, the rings are set eccentrically to one another. whicly, in

Fig. 32,
a manner, places them opposite, so that the attraction
between each ring and the corresponding iron picce is in
opposite directions on either side of the arbor, which tends
to balance the instrument, as the attraction is upward ind
outward in the rings in one case while it is downward and
outward in the other where the iron pieces act on the in-
side of the rings. But if these picces are arranged to work
on the outside portion of the rings the action will tend to
draw them toward the shaft. But with cither arrange-
ment the record is made in the same manner ; that is, by
a

causing & pointer attached to the shaft to move over a
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graduated scale on which the graduation represent a given
number of the units in which the measurement is to be
made. The arbor of these instruments is supported

Fig. 33.
at either end by brass strips, which form a portion of the
frame work, supporting the various parts. The cause of the
attraction between the current in the conductor forming
the rings and the iron pieces C € is the induction from

C
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Fig. 34.
the current in the conductor setting up currents in the
iron and the action and reaction between the inducing

and induced currents, which do not oceur simultaneously,
but the induced current following the inducing current a
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portion of a period behind, so that the resulting action
between the two currents is an attractive one. The iron
pieces which might ordinarily be called the armature of
the instrument, being placed so that when not acted on by
the current they are at an angle of 90 to 120 degrees from
that part of the ring that stands nearest the arbor.
When the current is passing and the attraction oceurz,
the effect on the armature is to draw it toward that por-
tion of the ring which approaches most closely to the arbor,
and consequently it traverses the are of a cirele and at the
same time approaches more closely to the ring, on account
sf the arbor being set eccentrically, the foree of the attrac-
ti-m being constantly increased, by the ammature and the
coil coming nearer together and making the distance less
through which the attraction is required to act.



CHAPTER XIV.
SPRING METERS.

A class of measuring instruments, that are very accurate
and quite interesting, from the fact that they are con-
structed on a very simple principle, and one which had not
previously been utilized to any great extent, was iniro-
duced some time ago by Messrs. Ayerton and Perry. The
first of these instruments, designed for the measurement of
continuous currents, consisted of a spring made of flat
material and wound or twisted into a permanent shape,
similar to that of a curled shaving, as shown in Fig. 35.

I‘Yg, c?t'-)'-

With a spring of this kind, any force brought to bear on
it, which tends to extend or compress it, will also produce
a rotary motion at the ends. A spring of this kind is
capable of being made the means of obtaining yery deli-
cate measurements of forees of any kind where it is
advisable that there should not be a very considerable
amount of yielding, as in most weighing machines, for
this apparatus really weighs the current. For example,
in the case of o spring balance, when it is used as a weigh-
ing or testing machine, and acting directly, if the speci-
men should break or give wlx&y, the recoil of the spring is
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likely to cause it to get out of order. But in the case of a
spring of the kind shown, considerable strain can be with-
stood without changing the length to such an extent that
a sudden recoil would be liable to cause any injury or
change the permanent set. Another principle which is
used in connection with this style of spring to adapt it
to the measurements of electric currents, is the action of
the current in a solenoid, on the core. In the case of solid
or laminated cores, the action has been explained in the
description of several of the instruments utilizing this
principle. But the action on a very thin, soft iron tube
is somewhat different. In the case of a solid or laminated
core of soft, iron, placed in a magnetie field which is not
uniform, as in the case of a solenoid where the intensity
of the field increases from the ends to the center. it will be
attracted from the comparatively weak portion at the end,
into the strongest part of the field at the center. In this
case the core ig a temporary magnet, whose strength varies
with the strength of the field, but not to the same extent ;
for while the core is but slightly magnetized. it is capable
of more easily absorbing the lines of force than when it
becomes more nearly saturated. It is for this reason that
the readings will not be proportional to the eurrent
strength unless some means are employed to keep the
strength of this temporary magnet constant.  As a piece of
very thin,soft iron tubing becomes saturated in a weak field,
it will Le acted on proportionately to the increase of current
strength, above what is required to saturate if, so that
when used, as the core of a solenoid, the force with
which it is sucked into the coil, will depend simply, for
all fields above that required to saturate, upon the strength
of the field, and will be proportional thereto as well as pro-

E
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portional to the strength of current producing the field of
the solenoid.  To utilize this for measuring the strength of
a current, by measuring the pull on such a thin iron core
or tube, the tube and spring described are connected
together by placing the spring inside the tube and attach-
ing the inner end of the spring solidly to a small brass cap
on the end of the tube. The spring must be somewhat
smaller in diameter than the interior of the tube to allow
the tube to freely rotate around it, and the tube and spring
must be kept parallel.  The free end of the spring extends
some little distance beyond the end of the tube, which
shou'd be very nearly the length of the solenoid.

These prineiples are combined in the instrument in the
manner shown in Fig. 36, where the end of the spring is
attached to a knob let through a hole in the heavy glass
top, which serves to protect the interior of the instrument
from the entrance of dust and moisture, as well as forming
a transparent support for the end of the spring. At the
upper end of the tube, which hangs free, except its being
conneeted to the spring at its lower end, is attached a
pointer to traverse the scale. The lower end of the tube,
which does not extend to the bottom of the solenoid, is
provided with a slender pin which serves ag a guide to
Lkeep the tube in the center of the helix or coil. If the
tube extends to the bottom of the helix the action of the
field would have no effect to draw the tube, for the posi-
tion it would then be in would be such that the attractive
force of the N and S ends of the helix would be equalized
on the core, and no pull would be exerted ; but when the
core lacks about ¥ its length of being wholly within the
helix, and a similar portion is outside, then the pull on
the spring is suflicient to cause the iron tube and the
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needle attached to make very nearly & complete revolution
around the center. This will be 1vr0d“”‘-'d ".‘: an exten-
sion of the gpring, so slight as to move the pointer but a
trifle nearer the graduated seale of the instrument.  If the
lower end of the iron tube entered no WO than to' three-

Fig. 86.

fourths the depth of the coil, the pull would he somewhat
greater than would be the case if it entered more or less
than this, so that the exact calibration of the instrument
is a very easy matter if the parts are proportioned approxi-
mately correct. The extension of the spring, which
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passes through the knob at the top, and serves as a sup-
port, by being threaded and fastened by locknuts, provides
a means of adjusting the core at any depth required, so
that the pull on the tube and the strength of the spring
may bhe correctly proportioned, and indicate according to
the divisions on the scale.

When looking at a scale over which a pointer is moved,
such as in the instrument shown. or the face of a clock or
watch, the apparent position of the pointer, when looked at
from an angle, does not coincide with the real position,
and where accurate readings are required, it becomes
necessary to occupy a position which will bring the eyes
directly in front of the scale. To overcome this difficulty
and make the reading from an angle correct, a mirror is
arranged under the needle, in which it is reflected in its
correct position over the scale. The small compass
inserted in the base of the instrument, serves to show the
dirvection of the current through the coil, the marked
point of the needle pointing toward the binding post at
which the current enters. In practice it makes no differ-
ence at which binding post the current enters, as the action
is the same. But there is a chance for error in the change
of magnetism in the iron ; but as the iron in this case is
very soft and thin, it retains but a trace of magnetism,
which a small current will reverse, the error is inappre-
ciable, as the first portion of the scale is not calibrated,
for the movement of the needle before the core becomes
saturated is not proportioned to the strength of the current.
This instrument, although suited by its present construc-
tion to the measurement of continuous currents only,
could be adapted to alternate currents by some slight
changes in the details, which would not modify the gen-
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eial;principles utilized in its construction. The principle
of the spring used in this instrument has led to the
ﬂev!elopment of the twisted strip voltmeter for contin-

uous and alter currents, which will be found
described and illustrated in the next chapter. .

.
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CHAPTER XV.

TWISTED STRIP INSTRUMENTS.

Another instrument possessing features of interest and
aceuracy by which a large range of measurement is
obtained, consists principally of a twisted strip. This
strip was devised by Messrs. Ayerton and Perry, and is pre-
ferred by them to the spring which they have used ina num-
ber of measuring instruments made by them. The accom-
panying cut, Fig 37, will illustrate what is meant by a
twisted strip, although but a portion of the strip is shown.
The strip used in the instruments have a double twist,

Fig. 37.

that is, the twist at opposite ends, is in opposite direc-
tions. Perhaps a better idea of its form may be had by
considering, that a narrow strip of thin metal is secured
at its ends and the middle grasped by a pair of pliers and
held while the handle of the pliers is passed several times
around the strip until a permanent twist is given to it.
When in this condition, the strip will be acted on by any
change of temperature, no matter how slight, to which it
may be subjected. If all parts of the strip were free to
move, excessive changes of temperature wonld cause it fo
twist and untwist to an extent that would be easily noticed.

If a pointer be attached to the center of the strip, and its
18

.
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ends are secured to a bracket having a differcnt co-eflicient
of expansion from that of the strip, it would serve the
purpoge of a thermometer, so sensible would it be to
changes of temperature. The same strip might also be
used as a weighing instrument or for measuring tensile
strains. By attaching one of its ends to a support, and
suspending the mass to be weighed from the free end, the
movement of the pointer, as the strain would partially
untwist the strip, would indicate on a dial the weight of

A

» )

L =g
Iig. 38.
the mass. Various uszeful applications of the prineiple
may be made, and the readings will be accurate and pro-

portional to the distances moved through by the pointer.
In Fig. 38 is shown the arrangement by which this prin-
ciple is utilized for the measurement of electric currents.

In this instrument, a metal bracket @, which is sup-
ported on the base of the instrument, supports the ends of
a tube which is separated at the middle to allow sufficient
freedom for the needle P to move over the graduated por-
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tion of the dial, which forms nearly a complete circle,
The twisted strip S is attached by its upper end to the cap
A, where it is also electrically connected, The lower end
of the strip is mechanically held by the lower cap B, but
is not in electric contact with it. The bracket also carries
the cireular portion containing the graduated dial of the
instrument.  The lower part of the tube from the
point €' is of iron, while the upper part is of brass.
This arrangement is for the purpose of making the
expansion of the tube correspond with that of the spring
when both parts are at the same temperature. 'This
does away with the necessity for adjusting the instru-
ment each time it is used. For, if the expansion and
contraction of the tube was different from that of the
spring, the instrument would require adjusting to the
temperature of the room in which it was used, but
as the co-efficient of expangion is about the same in both
the tube and strip, but little adjustment is ever required.
But, to provide for adjustment when necessary, the top
cap A is so constructed, that by turning the milled ring
below the cap, more or less tension can be given to the
spring, which provides an easy method of zero adjustment.
It is the heating effect of the current expanding the strip
that is made use of to determine the measurement. As
the full current passes through the strip and heats i, the
increase of temperature causes the strip to untwist, and as
sach of the ends are prevented from turning, the right and
left hand twists canse the middle portion to untwist and
carry the pointer around the scale. Tt is plain to be seen
that, as it is the heating effect of the eurrent which pro-
duces the action, that either continuous or alternating
currents may be measured by this means and the number
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of amperes readily determined, for as the full current
passes through the strip and sensibly heats it, it is the
difference of temperature between the strip and the bracket
that causes the movement of the pointer.

When the instrument iz arranged for the measurement
of potentials, it becomes necessary to make uze of a very
delicate strip of considerable length, formed from a sub-
stance of high electrical resistance. Instruments of this

Fiy. 39,

kind, capable of indicating from a fraction of a volt to 23
volts, have been constructed to operate with so small a cur-
rent that the waste was about one watt. This would show
an extremely delicate construction of strip.  But the range
of the instrument may be increased or adapted to the
measurement of higher potentials by inserting resistances
into the ecireuit, but of course this arrangement would
require the expenditure of more energy in the instrument.
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The arrangement of the circuit and the means adopted for
the safety of the instrument, if it should be placed in a
circuit carrying a potential higher than the strips could
carry with safety, are shown in Fig. 39, where T'T" repre-
sents the binding posts of the instrument. A fusible strip
is shown at F, and the coil of wire R is an adjustable
resistance to regulate the flow of current through the
strips. The wire P forms a portion of the circuit, and is
tightly stretched, carrying at its center a loop €, of insulat-
ing material, which holds the spring G suspended and out
of contact with the point at A. But should too much
current be sent through the instrument, it wounld heat the
wire P, which would expand and be drawn down by the
spring ¢ until the end of the spring ¢ame in contact with
the point at A, which would produce a short cirenit of
low resistance between the binding posts, and allow a flow
of current suflicient to melt the fuse F, and open the cir-
cuit.  This would occur hefore the strip could be injured.

In the manufacture of these instruments a method of
treating the strips is adopted by which the set of the
strip is made permanent, so that no readjustment 1is
afterwards necessary on account of the use or disuse of
the instrument. The method consists of sending a cur-
rent, much stronger than the strip is intended fo carry,
through it at intervals. The arrangement by which this
is performed, is to cause the second hand of a clock to pass
into and out of a bath of mercury during each revolution,
closing and opening the cireuit. This process is continued
for three days and nights, after which it is found that the
strip undergoes no change of elasticity. In the case of
the low potential voltmeter for the measurement of alter-
nate currents, the 2% volt instrument may be used through
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any range whatever by placing a small transformer on the
base of the instrument. If the transformer is reasonably
free from self-induction and contains a sullicient quantity
of iron, it will make no difference whether the frequency
of alternation of eurrent is 50 or 100 per minute, and the
instrument may be employed as an ammeter capable of
indicating 1,000 amperes or more, or as a voltmeter to the
measuring of 1,000 volts and upward.



CHAPTER XVL

RECORDING METERS,

A very important class of meters are those whose office
it is to record the amount of current made use of in doing
the work, whether it be the production of light or the
development of power. A number of instruments have
been brought out for this purpose, most of them being
quite aceurate over a wide range ; but as a single instru-
ment cannot be expected to cover the whole field of useful-
ness in any one line, the instruments are made of different
cizes to meet the requirements of varying service, the
smuller ones measuring with practical accuracy the least
amount of current required. Tn the meter shown in Fig.
40, the principle of its operation is that of a motor driving
a train of geaving. The action of alternating currents in
inducing currents in the closed circuit of a neighboring
eonductor is utilized in this connection to produce a motor
requiring neither commutator or brushes or any connec-
tion whatever with the inducing or main current to be
measured. The motor consists of a flat ring of soft
wrought iron mounted on a light disc of brass, as shown
at A in Fie. 41, The disc is mounted on a slender steel
shaft, which carries near its lower end four vanes of light
material which are acted on by the resistance of the air as
their speed of revolution inereases, while the upper end of

the shaft carries a small pinion which engages with the
119
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train of gearing forming a portion of the register. Closely
surrounding the dise, but not touching it, are several tiat
plates of copper, in the form of long links, riveted together
at the ends. These are so arranged that their position
may be adjusted in respect to the coils of wire €' (' which

Fiy. 40.
surround the whole and carry the current which the instru-
ment is intended to measure.  These coils are con-
nected in multiple and form a portion of the lumyp civeuit.

The prineiple upon whicli this appartus operates may
be understood from the following considerations: If two
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closed conductors are placed near to a coiled conductor
throngh which an alternating current is caused to pass,
the induced currents in these two conductors will be
approximately in the same direction at very nearly the
same instant 3 but the currents in these conductors will dif-
fer in phase from the inducing current. Under these con-
ditions there will be a repulsion between the two second-
ary cireuits, depending on the amount of the primary cur-
rent and on the displacement of phase between the indue-
ing and induced currents. If one of these secondary
conductors be fixed and the other movable, it is evident
that if the action can be continued so0 as to produce the
repulsive effect always in the same direction, a continnous
rotary motion can be produced by the inductive effects
alone and without any direct connection with the induc-
ing current. If, in place of one of these secondary con-
(ll;cturs a core of iron is used, the aftraction between the
induecing coil and the iron core will serve in place of
the repulsion between the two secondary coils, and with
greater eflect so long as proper proportions are had and
arrangements made to carry out the same mode of opera-
tions. In another way, if a disc of iron be surrounded by
a band of copper and outside of this is another closed con-
ductor, at an angle to the inducing coil, the passage of a
current through the coil will induce currents in the closed
conductor and the dise, which will cause the dise to rotate,
and the speed will be almost directly proportional to the
square of the current, so long as the rate of alternation is
maintained about the same.

The action of the current and the operation of the
instrument may be explained as follows: = An impulse of
current in the inducing coil will induce a current in the




122 Recarding Meters.

opposite direction in the ring of soft iron forming a por-
tion of the disc and also in the closed conductor, the ficlds
of force produced, being of opposite signs, will attract and
cause the dise to revolve. The currents induced in the
closed eonductor heing the same as those in the dise will
ecause a repulsion between the disc and conductor, and for
that reason may be used as a means of calibrating the
instrument. If the copper loop be moved into a position
bringing it in line with the coil, there will be no action on
the dise, because the coils will then have their greatest

Fig. 41.

mutual induetion, and if the loop is placed at an angle of
90 degrees this will bring the loop in a position where
no current is induced in it and there will he no action on
the dise ; but when the loop is set at an angle of 45 degrees

to the coil then the attractive and repulsive forces combine -

to produce the greatest action on the dise, When the
loop is adjusted in the position shown in the cut, the
rotation of the dise will be in the direction shown hy the
arrows ; but if the loop should be moved to the opposite
side in the position shown by the line £ E’ the rotation of
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the dise will be in the opposite direction. As the speed
of rotation increases as the square of the cwrrent, it is
necessary to provide some means by which the speed will
increase directly as the increase of current. This is pro-
vided for by the vanes attached to the lower part of the
shaft, for as the speed increases the resistance of the air
opposing their movement increases in almost exactly the
same ratio, so that the revolution of the disc increases in
practically the same proportion as the current. The regis-
tering apparatus is similar to that of a gas meter, the
several spindles carrying gear wheels and pinions which
mesh together, and are proportioned as ten to one so that
the reading may be carried as high as desired. The
instruments are made to register in lamp-hours or ampere-
hours, £o the consumer can at any time tell the amount of
current used.

The Slattery induction meter, an instrument somewhat
gimilar in principle, is shown complete in Fig. 42, and con-
sists essentially of a light cylindrical mmature composed
of copper rings separated by iron discs arranged on a light
steel shaft placed in a vertical position. The armature is
surrounded by a closed circuit formed of metal plates
separated by air spaces, and made to inclose the armature
in a manner similar to the pole pieces of a dynamo, with
the exception that the plates enclose the ends of the avma-
ture also, as shown in Fig. 43, and where the copper rings
a a u, of the armature, are shown separated by the iron
dises which project slightly beyond the copper. Enclos-
ing the armature is the closed circuit of plates b, b,
arranged in two divisions, completely enclosing the arma-
ture with the exception of a small neutral space through
the middle. The coil formed by these plates is arranged
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g0 that it may be moved through an angle of 90 degrees.
Encircling these are two flat primary coils of wire forming
a portion of the lJamp or work cirenit through which the
current 10 be measured flows. In principle and ac tion
this meter is in some respects similar to the one just
deseribed, dlthou(rh differing considerably in other res-
pects. The combination of the two coils, the inner or

9
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cloged coil b, b. being set at an angle to the outer one, car-
rying the primary alternating current, induces a second-
ary current in the closed coil which lags about a quarter of
a phase behind the first and induees a current in the
armature. The fields of force resulting in the coil and
armature have their opposing poles separated at an angle,
the attraction causing the armature to revolve. This
apparatus is virtnally an alternate current motor, the
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speed of revolution, as well as the directidn of rotation,
being governed by the angularity which the closed second-
ary coil bears to that of the primary coil. By increasing
or diminishing the angle from 45 degrees the speed is
reduced, for it is at this angle that the action of the fields
of force in the closed coil and in the armature have their
strongest action on each other. By moving the coil b, b,
to a position which will bring it parallel with the primary
coil the action on the armature will cease because the
induction is then direct and wholly between the primary
and secondary coils, there being no inductive effect pro-
duced in the armature. A similar effect will result from
placing the two coils at an angle of 90 degrees. In this
position there will be no inductive effect whatever, and
consequently no foree acting on the armature. Therecord-
ing apparatus is of the style generally employed for such
purpose in gas, water and other meters, such as described
in connection with the recording electric meter shown in
Figs. 40 and 41, the armature shaft being connected to the
registering apparatus in a similar manner.

In this instrument the device employed to produce the
required retarding efiect to make its speed proportional to
the current, which in this instrument does not follow the
law of the square of the current, since the retarding effect
becomes more and more disproportionately great as the
speed increases. To overcome this and make the speed
directly proportional to the current, the air vanes, shown
in Fig. 42, ave joined in such a manner that as the speed
of rotation inereases the exposed surface of the vanes is
decreased in such proportion as to make the speed of rota-
tion almost absolutely proportional to the current through-
out the whole range of the instrument. The manner in
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which this result is obtained is shown in the lower part of
the instrument, as seen in Fig. 42, It will be noticed that
each vane is in the form of a half circle, and consists of
two parts joined together near the lower line of the vanes,
the outer portion being free to move while the inner por-
tions are firmly attached to the rods projecting from the

Fiy. 4'9.

armature shaft. To produce the required decrease of sur-
face of the vanes, the outer portion has connected to it the
short lever and weight, shown in the cuf, the weight as it
hangs pendant keeping the full surfuce of the vane
exposed ; but as the speed of rotation increases the tan-
gential eneruy carries the weights outward, which causes
the movahle portion of the vane to close over the fixed
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portion, thereby reducing the area exposed and reducing
the retarding effect of the resistance of the air, so that the
relative speed bears the required relation to the current.
The operation of these meters is quite satisfactory in use,
as there is very little about them to get out of order- if
they are kept free from dust. This is provided for by a
glass case which covers the instrument.  Adjustment may
be made at any time, if required, by changing slightly the
position of the closed circuit b b, so as to increase or
decrease the angle between it and the primary coil as
required, but this is seldom necessary, for the wear on the
instrument is very slight, and so long as the alternations
remain the same the registering will be found practically
correct throughout the full range of capacity.

WATT METERS.

The recording meters alveady deseribed in these arti-
cles, ave for recording ampere-hours or lamp-hours, and
are not adapted to the measurement of the work done on
‘cireuits, as they measure only the current passing through
the meter. The instrument shown in Fig. 44, although
bearing a certain resemblance in general appeance to the
others, vet varies considerably from them in the princles
on which it operates, and the method of construction. It
_measures, as its name indicates, the number of watt-hours
developed by the energy passing through the cireuit to
which the instrument is connected. As the watts are the
summation of the enerey of the current, the produet of the
number of volte by the number of amperes, the register
indicates the full amount of power used, and for this rea-
gon the meter may be used for the measurement of the
amount of power consumed on any circuit, whether it be
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applied to lamps, motors or other purposes. The prinei-
ples utilized in its construction are such as to make it
adapted to the measurement of cither continuous or alter-
nating currents without change of any kind, and its regie-
tration will e aceurate throughout the entire range of its
capacity, The readings are given direct in watt-hours, so
that no mathematical caleulations are necessary to deter-

Fig. 44.

mine the amonnt of energy delivered during a given time.
The design of the instrument is of such gimplicity as to be
easily understood, and the lack of complication reduces
the liability of its getting out of order, so that by proper
care in excluding the dust, the instrument will require
practically no attention and no repairs,

The construction of the instrument is clearly shown in
the cut, where the flat coils of insulated wire marked A A
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of the rule: The heat generated in a cireunit = the square
of the current multiplied by the resistance. This is more
conveniently expressed by the formula: W=C*R, where
W is the unit of heat or work, ' the current in amperes,
and R the resistance in ohms.
The watt is the unit of power, 2, and
P=EXC(.

=*XR.

=F*<R,

=1-746 h. p.
where £ is the electromotive force or pressure in volts and
the other letters have the same meaning as given above,
The unit of heat or work 11" is called the joule, and is one

watt per second, and may be found from the following
formulas:

W=ExCxt.
=("XRXL.
=J*+=RXt
= 7373 ft. Ibs. per second.
=44.038 “ “ “ minute.
= .0573 heat units  *

Electrical energy, heat energy, and mechanical energy
may be converted any one into either of the others, so that
by the use of the above formulas any problem relating to
the power, heat, or work of the electric current may be
worked out. Take an example: What power will be
required to operate ten 16 c. p. incandescent lamps, each
requiring 100 volts and .7 amperes?—As the unit of
power is the watt, and as volts X amperes = watts, thenin
the present case we have 100x.7x10=700 watts. An elec-
trical h. p. is equal to 746 watts, so 700 + 746=1938 h. p.

How many wattz per c. p. do these lamps require ?—
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The number of watts required by each lamp as found in
the previous example is 70 watts. Az each lamp i= 16 ¢
p-, the power required will be 70+16=4375 wattz per
candle power.

What amount of heat will be developed in each lamp
per minute?—The unit of heat is the joule, and equals
one watt per second. As each lamp requires 70 watts, and
there are 60 seconds in a minute, then T0260=4.200 joules,
and as a joule = .0009551 heat units per sccond, then
4,200.0009551 <60=4 heat units per minute. As one h
P- is equal to 42.75 heat units, it will be seen that the eal-
culation agrees with the previous one.  How much power
will be lost in a circuit having a resistanceof 18 ohns and
carrying a current of 10 amperes?  According to the for-
mula W==C*R, we find that in this case ('==10, so ("=
100 and *=18; then 100x183=1800 II" or joules. As the
joule == 7373 ft. lbs. then 1800x.7373=1,327.14 foot
pounds per second, or 1,8002.0009551=1.71018 heat units

(R

per second, or as == electric horse-power, we have

746
1,800+746==2.4 h. p. wasted.

The heating effect of the current on conductors is sub-
ject to numerous conditions, so much go that it is o very
difficult matter to formulate a rule from theoretical con-
siderations alone thav will apply practically. By the rule
of O*E we can easily determine the loss in the conductors,
but as the temperature rises radiation takes place, and heat
does not acenmulate to the same extent as though radia-
tion was hindered. The specific heat capacity of the
metal must be considered also, as each metal has o difler-
ent capacity for heat; that is, one metal will absorb a
greater quantity of heat than another before its temper-
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ature will be raised a given number of degrees. Taking a
specified weight of water for instance, where 1,000 units
of heat would be required to raise the temperature a
certain number of degrees, the same weight of iron
would have its temperature raised the same number of
degrees by the absorption of only 125 units of heat, while
the same weight of copper or zine would be similarly
effected by only 95 heat units. But of the common met-
als which have a very low specific heat capacity, silver
requires 57, platinum 34, mercury 33, and lead but 81,
bismuth being lower yet, as under the same conditions it
would require but 23 heat units to raise the temperature
the same number of degrees. If the same number of
heat units are generated in a conduetor whose radiating
surface is small, the resulting temperature will be much
higher thon if generated in a wire having a much greater
radiating surface. It has been found that the temperature
which a wire will acquire by the passage of a current
through it varies with the third power or cube of the
radius.  As the heat generated increases as the square of
the current, the resistance remaining the same, the tem-
perature would increase in the same ratio if no heat was
radiated, but as the resistance increases with the temper-
ature and the radiation is proportional to the surface, it is
found that the increase of temperatire will depend on the
heat developed per second minus the amout radiated per
seeond.  The amount radiated will also depend on the
temperature of the wire and the temperature of the sur-
rounding mediwm; for the greater the difference of temper-
ature between the two, the more heat will radiate in a
given time.

Numerous tables have been made showing the temper-
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ature attained by conductors carrying currents at given
densities under the usual conditions of use of electric Iight
wires, while other tables have been arranged to show the
greatest amount of current that can be safely carried by
conductors of a given size. The practice in electric con-
struction work is to refer to the tables for information, as
requiring less time and giving as great a degree of accuracy
as would be obtained by applying the formula to each
geparate case. Numerous illustrations might be given
showing the application of the formulas to the various
purposes to which the electrie current is applied, but suf-
ficient has been given to show the application of heat and
power formulas.



CHAPTER XIX.
GROUND ALARMS AND LEAK DETECTORS.

Among the automatic devices designed for indicating
the presence of a leak, or ground on an electric light cir-
cuit, there is one which acts with never-failing certainty and
promptness, and will give the indications as soon as the
insulation resistance has fallen slightly, or a dead ground
is formed. This device is the invention of Mr. C. H.
Rudd, who is now connected with the Western FEleetric
Light Company, of Chicago. [t is applicable to any kind
of electric cireuit, and by the use of supplementary appa-
ratus the insulation resistance of the circuit can be readily
measured, while on series circuits the location of the leak
or ground can be approximately determined. This ground
detector and alarm consists of the arrangements and
devices shown in Fig. 48, where the dynamo is represented
at 1. and the marks, X, represent arc lamps on the lighting
circuit. The ecircuit containing the ground-detecting
devices, it will be noticed, is placed in shunt with the
dynamo, each side of the loop connecting to one side of
the condensers represented at C €, the other side of the
condensers being connected to ground by a wire which is
common to both. Connected into this portion of the cir-
cuit is o telephone drop . The small local circuit
marked I, consists of a battery and vibrating bell which
rings an alarm as goon as a leak is formed which will pro-

duce a static charge in the condensers.
149
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Condensers are usually formed from square sheets of
tinfoil, made into a pile, the sheet being separated by
sheets of insulation somewhat larger than the foil. The
insulation generally used for this purpose consists of mica,
silk, or sheets of paper saturated with paraffine. In build-
ing them up a few sheets of the insulation is first laid
down, and on these a picee of the foil is Iaid, then another
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sheet of insulation is placed on this, followed by another
piece of foil, and g0 on, until the amount of foil used is
suflicient o provide the amount of surface required to
condense the clectricity under sufficient potential to act on
the drop. The sheets of foil used have g strip projecting
on one side, and as the foil is placed in the condenser, the
strip from the first sheet is left projecting at one side, and
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the strip from the next sheet of foil projecting from the
opposite side, and so on, alternate strips projecting from
opposite sides. These strips are for the purpose of mak-
ing connections to the condensers, and the manner in
v which the sheets of foils are arranged is sufliciently well
illustrated in the diagram to clearly convey the idea. Each
alternate gheet of foil is electrically insulated from those
forming the opposite poles, so that under conditions where
the insulation of the circuit is so high as to prevent the
leakage of any appreciable amount of eurrent, there will be
no flow of current through the circuit connecting the con-
densers to ground.  Should a leak occur, however, on any
portion of the circuit on the opposite side of the condens-
ers {rom the ground, the leakage of current would cause a
charge to accumulate in the condensers until the poten-
tial became so high that a discharge to ground would
occur, and in its passage, although the current would be
sosmall ag to be barely appreciable, it would still be suf-
ficient to act on the drop and cause the shutter to fall.
This telephone drop, as it is called, is simply an electro-
magnet having a “long coil,” or a great length of fine wire,
forming many turns around the core. The armature of
g this magnet holds the shutter or drop in position so long
as no current is passed through the circuit, but when the
armature is attracted, the shutter is released, and as it
falls it completes the local circuit by forcing the two ter-
minals together. This calls attention to the fact that there
is o leak in the circuit, and the fallen shutter shows on
which civeunit the leak has occurred. It is then necessary
to find the extent of the leak or drop in the insulation
resistance, to determine whether it is a source of immedi-
ate danger or not. This is done by the use of the two
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pieces of apparatus shown in Figs, 49 and 50 ; the first of
these, Fig. 49, congists of a geries of resistance coils, » r, con-
nected together by the brass connections s s 5, which are
drilled to form a socket to admit a pin, forming a plog
and socket connection. Two flexible insulated conduct-
ors, provided at their ends with plugs for mnking socket
connections, are used for connecting this series of resist-
ances to the shunt around the dynamo. One end of each
of these flexible conductors is placed in the sockets at the
end of the series of resistances, the other end of the con-
ductor being inserted into the sockets s s in the shunt

/"i_lf. 40,

around the dynamo, Fig. 45, thus completing a shunt cir-
cuit of high resistance between the brushes of the dynamo.
In the diagram, Fig. 49, there are but a few of these coils
shown, but in the apparatus used in are lighting, or other
high tension ecireuits, these coils will be one hundred
in number, and have a resistance of 2000 ohms euch,
making a total resistance on the shunt cireuit, between
the brushes, of 200,000 ohms, sufficient to protect the
dynamo from any possible injury, and at the same time
reducing the quantity or current flowing through this cir-
cuit to such a small amount that it will not in the least
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injure the galvanometer used during the tests and while
obtaining the measurement of resistance. The next move
is then to find the position at which the resistances on
each side of the leak balance. The apparatus shown in
Fig. 50, consists of a device which is practically a Wheat-
stone bridge, or halance, containing galvanometer @, and
the adjustable resistance R, and a small battery B, of about
four cells. The galvanometer circuit and the battery cir-

{
I Gronnd
: Fig. 50.
’ cuit both include keys k &, for closing the circuits, which

are usualy left open. That branch of the bridge at which
the unknown resistance is connected for measuring, is left
open, the terminals being fitted with binding posts, or
other means for making the connections. In this case one
of these terminals is connected to ground, the other being
h provided with a flexible conductor for eonnecting to the
supplementary resistance. The bridge apparatus is used
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as follows: When a leak on the line has been indicated
by the drop of the shutter and the ringing of the bell, and
supplementary resistance has been conneeted, the plug
P, on the end of the flexible conductor connected with
the bridge, is inserted in one of the sockets near the center
of the serics of resistance coils. The key in the galvano-
meter cireuit is pressed down for an instant, the flow of
current through the bridge, on account of the leak, causes
a deflection of the galvanometer needle, and shows in which
direction the current is flowing ; whether from the leak to
the brushes, or in the opposite direction, and indicates on
which side there is the greatest resistance. The plug in
the supplementary resistance is then moved about until
the position iz found at which the resistances are equal
and the dynamo current is balanced, so that there is no
appreciable current passing through the galvanometer.
When this balance is obtained, the location of the leak
on the circuit can be ascertained very closely by compar-
ing the number of gpools on each side of the plug, as, for
example: If the plug is in the tenth socket on the positive
side of the circuit when the balance is obtained, and the
lamp circuit contains twenty lamps placed at approxi-
mately equal intervals, then the leak would he somewhere
near the second lamp on the negative side from the
dynamo, because this position would bring the resistances
on each side just about equal.  After the balance from the
dynamo current is obtained, the insulation resistance is then
measured by the bridge, using the battery current for this
purpose.  As it is not always possible to perfeetly halance
the dynamo current through the resistance coils, it is
always customary, in order to get at the correct resistance
of the leak, to reverse the direction of the battery current,
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which iz done by the use of a pole-changer, after the lirst
measurement has been made, and make a second measure-
ment, which will differ more or less from the first, then by
averaging the two measurements the correct resistunce is
obtained. The detector and alarm, or that portion of the
device shown in Fig. 48, are arranged on a panel in the
manner shown in Fig. 51, where provision is made for
eight separate circuits, the sockets shown at the top cor-
respond to the sockets shown at ¢ 8 in Fig, 49, the con-
densers and other parts of this portion of the device, with
the exception of the drops being located on the back of
the board. The drops are shown on the face of the
panel. There are one or two things that will cause
the shutters to drop when there is no leak, but these are
well understood by those in charge of the apparatus, so
that no difficulty is experienced from such eauses, as a
megsurement of the insulation shows, when made immedi-
ately, that there is no trouble on the !ine. [t is usually
the case when the dynamo is first started that the shutters
will fall, but this is, of course, of no consequence. The
“flashing of a dynamo will also cause the shutters to fall,
but produces no further trouble.
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