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NOTE

This book is number eight of Audel’s Engineers’
and Mechanics’ Guides. Its plan is to illustrate elec-
tricity in its many practical applications in the
clearest and plainest manner, and in a way not to
discourage the searcher for practical electrical knowl-
edge, but to make an interesting, attractive, instruc-
tive and useful reference for all the electrical pro-
fession.

By a rigid economy of words the author has been
able to give a vast amount of information on each
of the many subjects which otherwise would have to

" be omitted.

The author is indebted to the various manufac-
turers for their co-operation in furnishing informa-
tion relative to their products, and also credit is due
to H. L. for supplying special wiring data.

Credit is also due to Mr. Harry E. Hershey, of
the Automatic Electric Co., for valuable assistance
in preparing the chapter on Automatic Telephones.

FRANK D. GRAHAM.
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CHAPTER 91

Electricity

. The name electricity is applied to an invisible agent known
only by the effects which it produces, and the many ways in
which it manifests itself. There are four principal forms of
electricity:

IN MOTION

RADIATION

j %% é IN VIBRATION & &( E

Pics. 6,103 to 6,106.—The four kinds of electricity. -

I—Statxc electricity a rest. 3—Ma£2etlsm electricity #n rolation.
ic electricity n lin- tion - electricity sn vibra-
e motion,

1. Static Electricity

If two unlike bodies be rubbed together, eleciricity will be con-
centrated on the surfaces and when in this condition they are said
to be charged or electrified.

Thus, if a glass rod be rubbed with silk in dry air, it becomes charged

B
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ELECTRICITY

Fi1Gs. 6,107 and
6,108. — The

Leyden jar .
dydisc

an harger.
Its discovery is
attributed to
the attempt of
Musschenbrock
and his pupil
Cuneus to col-
lect the sup-
electric
in a
bottle half filled
with water. The
bottle was held
in the hand and
was provided
with a nai

posed
“Ruid"”

nail to
lead the “fluid” -

down through

-— - _the cork to the

water from the electric machine. The invention of

the Leyden jar is also claimed by Kleist, Bishop
of Pomerania.

AFTER RUBBING

Fics. 8,109 to 6,112.—Positive and nega-
tive electricity.  The rubbing process
Temoves electricity from one body trans-
ferring it to the other,

. NEGATIVE

AFTER CONTACT

Fics. 6,113 to 6,115.—Equilization of
oppositely changed bodies by contact.

with electricity called positive
electricity, while a rod of seal-
ing wax or other resinous sub-
stance rubbed with wool or
fur becomes megatively charged.

Positive and Negative
Electricity.—These terms
signify that one body is
changed to a higher press-
ure than the other, that is,
by rubbing some of the
charge is taken from one
body and transferred to
the other as in figs. 6,109
to 6,112, the higher charge
is arbitrarily called posi-
tive (4+) and the lower
negative (—) as in simile,
hot and cold.

Rule 1.— If oppositely
charged bodies be brought info
contact with each other, the
pressure will be equalized by
the passing of the charge from:
the higher to the lower one.

When the pressures are thus
equalized the bodies are said
to be discharged. Where the
pressure difference is small,
contact is necessary (figs.
6,113 to 6,115), but where it
is great, it is only neces
to bring the bodies closesa‘é?:
gether as in fig. 6,112,

Electrical Attraction
and Repulsion. —Two
balls of light material as
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1T

Figs. 6,116 to 6,118.—FElectrostatic apparatus. 6 116, Faraday's bag. When the bag
hatged and yulled inside out, the static chatge ways remains on the outside. Fig. 6, 117
hollow cylinder with pith ball ls showing that electricity resides only on the outer surfaces
of bodies. Fig. 6,118, induction cylinder with removable pith ball hoiders.

FIGS. 6,119 to 6,121.—FElectrostatic apparatus Pig. 6,119 induction spheres so mounted on

ulating support that they can be brought into contact. Useful in connection, with
ﬁg 6 118 fors wing the separation of positive and negative electricity by induction.
conductor for showing unequal distribution. . 6,121 Biot’s hemi-

sp! eres w1th B:u- of their nickel plated brass hemispheres with rubber ndles. Charge on
outside of globe may be removed by placing hemispheres in position shown.
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pith are attracted to a charged glass rod, adhere to it, become.
charged, and then are repelled and fly off (as in figs. 6,124 to
6,126). They also repel each other but are attracted by a
charged rod of sealing wax. From this follows:
Rule 2.—A body charged with one kind of electricity repels one charged
with the same kind, and atiracts one charged with the opposite kind.

Whenever two bodies are rubbed together the body rubbed receives a
charge unlike that of the rubbing body, as stated.

Fic. 6,123.— Gold
leaf electroscope;
it consists of two
strips of gold foil

F16. 8,122.—Production of spark with highly
charged body.

Y
1

" TPiGs. 6,124 to 6,126.—Electrical attraction and repulsion.
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Rule 3.—Whenever a positive charge is developed an equal negative charge
1s developed, and vice-versa. ) € &

The Charge.—The quantity of electrification of either kind
produced by friction or other means is called the charge.

Distribution of the Charge.—This resides on the surface

Fics. 6,127 to 6,130.—Distribution of the charge on conductors of various shapes.

of the body and hence depends on the extent of the surface and not
on the mass of the body. Certain bodies, or material like glass,
paper, etc., have the property of retaining this charge at what-
ever point attained; such are known as insulators.

F1G. 6,131.—Experiment to illustrate the effect of pointed conductors.

F16. 6,132.—Electric wind mill which operates by the reaction due to the escape of the electric
e from the points.
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F1c. 6,133.—The electric screen. A screen of wire gauze
surroundmg a delicate electrical instrument will protect it
from external electrostatic induction.

“Free’” and
“Bound” Elec-
tricity.—Electricity
upon a chargsd con-
ductor nzt in the
presence of a charge
of the opposite kind
is called free and if
a conductory path
be provided, it will
flow away tc sarth:
if in the presence of
a neighboring charge
of opposite kind it
is called bound.

Electr.c Screen.
—Faraday showed
that the charge on
the outside of a con-
ductor distributes
itself in such a way
that thereis no elec-
tric force without
the conductor. '

Thus . 6,133,
the gold l electro-

scope covered with a

bird cage failed to de-

tect the pressure of

merfully charged
es outside,

F16. 6,134.— iment ﬂlustratmg the nature of an induced charge The a tus consists

of a metal ball and cylinder, bo

ith balls being placed on

the cylinder at points C, D, and E.
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FiGs. 6,135 to 6,139.—FElectrostatic apparatus. Fig. 6,135, electrical chimes to illustrate
attraction andrepulsion of cha¥e. Fig. 6,136, electrical chime arranged to be suspended from
static machine. Fig. 6,137, Volta’s hail storm or dancing balls. The charge from static
machine causes balls to dance rapidly. Fig. 6,138. smoke condenser. The glass shade is
filled with smoke from a punk candle, which is condensed upon the glass, when a charge
from a static machine is applied. Fig. 6,139, electrical circus or racing ball. When connected
with a static machine the glass races around the plate.

Fics. 6,140 to 6,142.—Electrostatic apparatus. Fig. 6,140, spiral tube., A charge sent
through the tube will show a series or sparks where it crosses the gaps, Fig. 6,141, rotating
disc. It will rotate rapidly when connected to a static machine. Fig. 6,142, electrostatic
motor. It will rotate at high speed when c« ted to static h
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"

Charge by Induction.—If two bodies, as brass balls both
insulated and one electrified, the other not, be placed near
together, the one not electrified will become electrified by
induction.

Pics. 6,143 and 6,144.—The electrophorus and method of u: B; place A, in con-
tact with inand uchA(ﬁg 6,143). Thed:scunowchamedmawnandwﬂlymld
aspu'kwhcntom:hed y t hand as in fig. 6

Condenser, Lyden Jar.—An apparatus for condensing
a large quantity of electricity on a comparatively small
surface. It consists of two
insulated condwuctors, sep-
arated by an insulator and
the working depends on the
action of induction.

Electric Machines. —
Various machines have
been devised for producing
electric charges such as

PARAFFINED PAPER INSULATOR

P1G. 6,145—Condenser for induction coil. I'n construction, numerous sheets of tin foil are
p‘:epuod and placed on top of each other with a thin layer of insulating material between as
shown
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have been described. The ordinary ‘static” or electric
machine, is nothing but a continuously acting erectrophorus.

Fig. 6,146 represents the socalled Toepler-Holtz machine. U the
back of the st_athn% plate E, are pasted paper sectors beneath which
are strips of tinfoil AB, and Cb, called inductors.

In front of E,is a revolving glass plate carrying disc /,m,n,0,p, and g,
called carriers. To the inductors AB, and CD, are fastened metal arms
¢, and %, which bring B, and C, into electrical contact with the discs ¢,
mn,0,p, and g, when these discs pass beneath the tinsel brushes carried
by ¢, and u. A stationary metallic rod 7s, carries at its ends stationary

F16. 6,146.—The Toepler-Holtz electric machine.
P1G. 6,147.—Principle of Toepler-Holtz electric machine.

brushes as well as sharp pointed metallic combs. The two knobs R, and
S, have their capacity increased by the den jars L, and L’A, small
+ charge to be originally placed on the inductor CD. Induction takes
place in the metallic system consisting of the discs /, and o, and the rods
rs, }, becoming negatively charged and o, positively charged.

As the plate i lmmn,0,p,q, rotates in the direction of the
arrow the negative charge on /, is carried over to the position m, where
%vgart of it ﬁassed over to the inductor AB, thus charging it negatively.

en J, reaches the position i, the remainder of its charge, being repelled
by the negative electricity which is now on AB, passes over into the
Leyden jar, L.

When J, reaches the position o, it again becomes charged by induction
this time pdsitivelﬁ, and more strongly than at first, since now the nega-
tive charge on AB, as well as the positive charge on CD, is acting in-
ductively upon the rod rs. When /, reaches the position %, a part of its
now strong positive charge passes to CD, thus increasing the positive
charge upon its inductor.

In the ition v, the remainder of the positive charge on /, passes
over to L;.)os‘ This completes the cycle for /. Thus, as the rotation con-
tinues AB, and CD, acquire stronger and stronger charges, the inductive
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action upon rs, becomes more and more intense, and positive and negative
charges are contlnuously imparted to L', and L until a discharge tak&s
place between the knobs R and S.

2. Dynamic Electricity

When static charges are equalized by means of a spark, the
energy takes on the form of a current, but dynamic or current

DIFFERENCE OF
POTENTIAL (VOLTS)

QUANTITY PUMPED WALL OF PIPE
(AMPERES) (INSULATOR)

WATER IN FRICTION OR -
PUMP RESISTANCE
(ELECTRICITY)

(OHMS)

F1c. 6,150.—Hydraulic analogy of electric current.

electricity is usually understood to mean energy of considerable
current strength and long duration as compared with a static
discharge.

Electrical currents are said to flow through conductors.

These offer more or less resistance (ohms) to the flow, depending on
the material. Copper wire is generally used as it offers little resistance.
It is now thought that the flow takes place along the surface and not
through the metal. The current must have pressure volts to overcome
the resistance of the conductor and flow along its surface. This pressure
is called voltage caused by what is known as difference of potential between
the source and terminal. An electric current has often been compare~



———
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to water flowing through a pipe. The pressure under which the current
flows is measured in volts and the quantity that passes in amperes, The

. resistance with which the current meets in flowing along the conductor
is measured in okms. The flow of the current is proportional to the
voltage and inversely pro;l;ortional to the resistance., The latter depends
upon the material, length and diameter of the conductor. Since the
current will always flow along the path of least resistance, it must be so
guarded that there will be no leakage. Hence, to prevent leakage, wires
are insulated, that is, covered by wrapping them with cotton, silk thread,
or other insulating material. If the insulation be not effective, the current
may leak, and so return to the source without doing its work. This is
known as a short circuit. The conductor which received the current from
the source is called the lead, and the one by which it flows back, the
return. When wires are used for both lead and return, it is called a metallic
circuit; when the ground is used for the return, it is called a grounded
circuit,

3,600 COULOMBS PER HOUR

Fics. 6,151 and 6,152.—Diagrams showing hydraulic analogy illustrating the difference be
tween amperes and coulombs. If the current strength in fig. 6,152 be one ampere, the quan-
tity of electricity passing any point in the circuit hour is 1X60X60=3,800 coulombs.
The rate of current flow of one ampere in fig. 6,152 may be compared to the rate of dis-
clmr?e of a pump as in fig. 6,151. Assuming the pump to be of such size that it discharges
a gallon per revolution and makes 60 revolutions &gtmmube, the quantltﬁ of water discharged

hour (coulombs in fig. 6,152) is 1X60X60=3,600 ons. Fol 1
g:thet (in fig. 6,152), the gssm of one volt is req to force the electricity
the resistance of one ohm between the terminals A and B. In fig. 6,151, the belt must
deliver sufficient power to the pump to overcome the friction (resistance), offered by the
pipe and raise the water from the lower level A’ to the higher level B’. The difference of
between A and B in the electric circuit corresponds to the difference of pressure
m A’ and B’. The cell furnishes the energy to move the current by maintaining a
dﬁmceofmatiutermm‘ Is C and D: similarly. the belt delivers energy to raise
water,

lowing the anal
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FiGs. 6,153 and 6,154.—Courane de Tasses and Volta s pile, the first of all batteries (1800).
The Courone de tasses (crown of cups) was a battery of slmple cells in series. - Each cell
. was composed of a plate of silver or cogper and one of zinc 1mmersed in brine. Volta s pile
of a series of alternate discs of zinc and copper, ed by mxc d felt. Sur-
pnsmg results were obtamed with this pile.

_OHM'S LAW

ELECTROMOTIVE FORCE

CURRENT = RESISTANCE
=%_ : AMPERES = %%L——NT:-
ELECTROMOTIVE FORCE
RESISTANCE = : CURRENT
E onms = JOLTS

ELECTROMOTIVE FORCE =
CURRENT X RESISTANCE

E=IR VOLTS = AMPERES X OHMS

— _
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A volt is that pressure which produces a current of one ampere

agasnst a resistance of one ohm.

An ampere is the current produced by ome voli in a circust
having a resistance of one ohm. It is that quantity of electricity

which will deposit .005084 grain of copper per second.

A conlomb is one ampere flowing for one second.
Rule 4.—0OHM'S LAW. In a given circuit, the amount of current in

amperes is equal to the pressure in volts divided by the resistance in ohms, that s>

¢ - pressure o _ __Vvolts 1)
curren Tesistance OFr ATPETES = —— o ettt
from which
. . volts
volts = amperes X resistance; resistance = am
Equation (1) may be expressed by symbols, thus:
= R. L I e I )
in which
I = current strength in amperes,
E = pressure in voils,
R = resistance in okms.
from (2) is derived the following:
E = IR ittt iiiiteeeeanerannnnnncinennenns 3)
E
R = ettt “)

Example.—A circuit having a resistance of 5 ohms is under a pressure
of 110 volts. How much current will flow?

From Ohm's law, amperes = volts -+ resistance (equation 2) = 110 +
5 = 22 amperes.

Example.—If the resistance of a circuit be 10 ohms, what voltage is
necessary for a flow of 20 amperes?

From Ohm's law, volts = amperes X resistance (equation 3) = 20
X 10 = 200 volts.

Example.—On a 110 volt circuit what resistance is necessary to obtain
a flow of 15 amperes?
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From Ohm’s law, resistance = volts + amperes (equation 4) = 110
<+ 15 = 714 ohms.

3. Magnetic Electricity

The latest theory of magnetism, well supported by facts,

IRON FILINGS

F1G. 6,155.—Ordinary horse shoe magnet with iron filings showing magneto field,
PFiG. 6,156, —Electromagnetic field surrounding a conductor with current flowing.

2
&
~
)
} ELECTRIC )
Qv STRAIN
%)
O]
&
%
T+ 4+ + + + + + F1G. 6,158,~Strains in the ether.

F1G. 6,157.—Electrostatic field about aerial
pressures to spark discharge.
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assumes that the molecules of a magnetic substance are minute
magnets by nature, each having two poles.

In a bar magnet, each molecule at the two ends may be supposed to
have the attraction of its inward pointing pole neutralized more strongly
than that of the outward pointing pole, which, therefore, is free to attract
other bodies.

.|||HH

Fi1G. 6,159.—The wire telegraph. F1G. 6,160.—The wireless telegraph.

Rule 5.—Like poles repel, unlike poles-atiract each other.

A close relation exists between magnetism. Oersted, a Danish inves-
tigator, in 1819, announced that a compass needle is disturbed by the neigh-
borhood of an electric current. If the wire through which the current flows
be held above and parallel to the needle, the needle tends to set itself
at right angles to the wire. The lines of this electromagnetic force must
necessarily be concentric circles around the wire, as was shown in fig. 6,105.

GROUNDED TERMINAL
*1G. 6,161.—Fessenden sliding half waves; theory based on the experiment made by Hertz.
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4. Radio Electricity

In wireless work the electric waves representing the messages
are -transmitted, or propagated, from the sending station to
the receiving station through the ether, the latter performing
the same functions as the wire does in ordinary telegraphy and
telephony as in figs. 6,159 and 6,160.

... L

F1G. 6,162.—Conductivity method of wireless telegraphy; earth the medium. Steinheil of
Bavaria discovered that the earth could be utilized in place of the usual return conductor
of a wire telegraph line as here shown. By placing earth plates p ’ and P, P’ connected
together and having a galvanometer in circuit parallel with the first, which included a bat-
tery and a key, Steinheil found that there was enough leakage of current from one to the
otlée; to deflect the needles of the galvanometer. The dotted lines represent current in the
earth.
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CHAPTER 92

Primary Cells

Production of the Current.—To produce current elecfricity
it is only necessary to immerse a piece of zinc and a piece of

e

Fic. 6,163.—Simple primary cell. 1t ists of two dissimilar metal plates (such as copper
and zinc which are called the elements) immersed in the electrolyte or exciting fluid contained

in the glass jar.

F16G. 6,164.—Simple primary cell illustrating the terms poles and elements. Canlulz note
that the negative ¢?emmt has a positive pole, and the positive clement a negative pole.

copper or carbon in an acid or salt solution called the electrotype,
thus forming a primary cell as in figs. 6,163 and 6,164.

If the copper and zinc electrodes be connected with a wire, a current
will flow from the copper to the zinc, the copper being positively charged
and the zinc negatively charged, although tnside the cell the action is
reversed, the current flowing from the zinc to the copper, as shown in fig. 3,164.

Primary cells may be classed: 1, according to their chemical features as,
a, one flud, and b, two fluid, and 2, according to service, as, @, open cir-
cuit, for intermittent work, and b, closed circuit, for furnishing current
continuously as in telegraphy.
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Fics. 6,165 to 6,173.—Various primary cells. Fig. 6,165, carbon cell; fig. 6,166, Disque:

cell (single fluid wi d depolarizer); fig, 6,167. Fuller telephone standard cell

(adapted to long distance telephonmg}(. ﬁ}f 6,168, Edison le fluid cell (caustic soda

electrolyte; suitable for ignition and R. R. al work); fig. 6,169, Grenet cell (suitable

for experimental work); fig. 6,170, Bunsen two fluid cell (suitable for experimental work);

fig. 6,171, Dani vity “crow foot” pattern two fluid cell (gravity instead of a

cup is depeng; upon to keep the liquids rate; suitable for closed circuit work);

g:. 6,172, Partz acid gravity cell with dﬁﬂaﬁm ,the effective depolarizer permits both
open and closed circuit work); fig. 6,173, eelock cell (carbon and zinc elements).
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In one fluid cells both metal plates are immersed in the game solution.

In two fluid cells each metal plate is immersed in a sepafate solution,
i)ine .gf which is contained in a porous cup which is immersed in the other
quid. e h

Polarization.—In the operation of the simple primary cell
hydrogen is formed. . :
Some bubbles of the gas rise to the surface of the electrolyte and so

escape into the air, dut much of it clings to the surface of the copper element
which thus gradually becomes covered with a thin film of hydrogen, this partly

FP1Gs. 6,174 and 6,175.—Round and rectangular types of the so called ‘‘dry"’ cell,

because the effective plate area is decreased and partly because the hydro-
gen tends to set up a reverse current, the output is considerably diminished
and the cell is said to be polarized. Because of this, some cells are pro-
vided with a depolarizer, or substance, which prevents polarization by
combining with the hydrogen.

. So called ‘“Dry’’ Cells.—A dry cell is composed of two
elements, usually zinc and carbon, and a liquid electrolyte.
A zinc cup closed at the bottom and open at the top forms the
negative electrode; this is lined with several layers of blotting
paper or other absorbing material.
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the negative and positive poles when con-
nected in circuit.

F16. 8,177 —Students demonstration battery.
An excellent battery for studying the laws
of the voltaic cell, such as internal resist-
ance, effects of amalgamating the zinc, use
of various solutions, etc. With a complete
set of elements the various forms of batteries
in common use are readily assembled,
namely; Simple voltaic, Bunsen, Grene
Daniell gravity and LeClanche. The ca
which fits the glass tumbler is made of po:
celain, which is acid proof and will not wan
The clamps will hold either flat or round el
ments and, as they are attached to the cap by
swivel joint, the distance between the elemen
can be varied at will. The clamps are insulate
from each other so that there can be no sho
circuit between the ele ts. Theel ts ca
be removed without disconnecting thelead wire

BATTERY DIRECTIONS

Amalgamating.—A good method for amalg:
mating the zinc element 1s to dip it into acid, the
pour a few drops of mercury on the surface an..
rub in with a piece of cloth attached to a stick.

This is perhaps the best and quickest method
although the most expensive.

. Amalgamating Fluid.—Two-ounces mercury, 1 ounce acqua regia, 10 ounces water
Dip zinc into solution and then wash with water. ﬁo need of brush or rag.

. LeClanche Cell.—Place 6 ounces ammonium chloride into jar and fill with water to two-
thirds its capacity. ‘Stir well until the salt is entirely dissolved. Place elements with zinc
outside porous cup as illustrated.

Carbon Cylinder Cell.—Directions furnished under LeClanche cell apply to this type of
cell, except that zinc rod is placed inside carbon cylinder.

Samson Cell.—Directions furnished under carbon cylinder cell apply to this type of cell.

Grove Cell.—Outer cell contains amalgamated zinc plate dipping into dilute sulphuric
acid (by weight 10 parts water to 1 part acid). In inner porous cup, a piece of platinum dips
into nitric acid of full strength. Obnoxious nitrogen oxide fumes may be suppressed in a large
measure by the addition of a small quantity of potassium dichromate.

Bunsen Cell.—This cell is merely a modification of the Grove cell, in which the expensive
platinum is replaced by an electrode of gas carbon.

) In both the Grove and Bunsen cells the nitric acid may be replaced by a chromic acid
solution.

Grenet Cell.—Ix this cell the zinc plate between two carbon plates dips into a chromjc
acid solution (see below). When this cell is exhausted, the rich reddish color of chromic acid
will be replaced by a muddy dark green color.

Chromic Acid Solution.—There are many different formule, but the most convenient
method of making a generally useful acid is by simply dissolving prepared chromic acid salt
in water. A useful formula 1s, 30 parts sedium dichromate, 100 parts water and 23 parts
sulphuric acid (sp. gr. 1.845) all by weight. .

Piurge Battery.—Elements and directions under Grenet type apply to this type of battery

Daniell Battery.—The zinc element is glaced in a_porous cup containing sulphuric acid
(1 part acid to 20 parts water, by weight). The copper element encircles a porous cup and dips
into saturated solution copper sulphate, kept continually saturated by the addition of an ex-
cess of copper sulphate crystals on bottom of jar. Solution is more effective by addition of
few cubic centimeterx sulphuric acid.

F1G. 6,176.—Polarity indicator. It indicatwi
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The positive electrode consists of a carbon rod placed in the center of
the cup; the space between is filled with carbon—ground coke and dioxide
of ese mixed with an absorbent material, This filling is moistened
with a liquid, generally sal-ammoniac.

The top of the cell is closed with pitch to prevent leakage and evapora-
tion. A binding post for holding the wire connections is attached to each
«electrode and each cell is placed in a paper box to protect the zincs of adja-
cent cells from coming into contact with each other when finally con-
nected together to form a battery.

16, 6,178.—Series battery tion: The p between the_(+) and (—) terminals
gl;sh battery i8 equal to the product of the voltage of a single cell muliiplied by the ber of

Points Relating to Dry Cells.—The following items should
be carefully noted:

1.—Never accept dry cells from a dealer without testing them with your
own ammeter. 2.—Never use more cells in series than is necessary to do

Fi1G. 6,179.—Multiple or parallel connection. The voltage fs the same as that of a single cell,
but the current is equal to the amperage of a single cell muliiplied by the number of cells.

the work. 3.—Where there is vibration (as arouvx;g(fas engines) do not connect
cell with heavy wire, 4.—If the cells be allo to become moist or wet
they will be ruined. 5.—Cells deteriorate with age, hence demand fresh
cells, and do not fail to test them before buying. 6.—To strengthen weak
cells infemergency, punch small holes in cup, place in sal-ammoniac solution,
allowing cell to absorb all it will take up; close holes with shellac, or solder,

BATTERY DIRECTIONS—Continued

Gravity Battery.—This type of battery is merely a form of Daniell cell, where the two
solutions are kept separate by their difference in gravity. Place 2 pounds copper sulphate
crystals in bottom of jar with copger element. Add clear water to fill the jar when elements are
in position. Allow to stand for 2 hours, unless desired for use at once, in which case add 1
ounce zgc sulphate to solution and suspend zinc over edge of jar when liquids are sufficiently
separated.

Fuller Cell.—Fill ?hss jar half full of chromic acid solution, place 1 teaspoonful mercury
and 2 tablespoons full of common salt in the porous cup and fill with water to 114 inches of top.

e carbon element containing the porous cup is then glaced in the glass jar, the zinc is placed
i!é t{:e glass jar and the cover over it. The solution should fill the glass jar to within an inch
of the top.

Edison Cell.—Dissolve contents of can of caustic soda in jar filled with water to mark.
Insert the elements, taking care that the copper oxide plate is at least 1 inch below the sur-
face of the liquid. Carefully tpou!’ contents of bottle of oil on surface of solution. Oil excludes
all air and keeps salts from forming.
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CHAPTER 93

Conductors and
Insulators

A conductor is a substance which permits the flow of electricity
especially one which conducts electricity with great ease.

SN W W
WOW Wy

Pics. 6,182 to 6,184.—Various covered wires, FPig. 6,182, single; fig. 6,183, duplex; fig. 6,184,
automobile high tension cable.

Conductors offer more or less resistance to the flow d ding upon the
material. Copper wire is generally used as it offers but little resistance.

An insulator is a material (erroneously called non-conductor)
which offers great resistance to the flow of the current

There is, however, no substance so good a conductor as to be devoid of
resistance, and no substance of such high resistance as to be a non-conductor,

A conductor is said to be insulated when it is supported or insulated
in such a way that it does not touch any other conductor and hence so that
electricity cannot flow from it.
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The series in the following table possess conducting power in different
degrees in the order in which they stand, the most efficient conductor being
first, and the most efficient insulator being last in the list.

Good Fair Partial
Conductors Conductors Conductors Insulators
Silver Charcoal and coke  Water Slate
Copper Carbon The body Oils
Aluminum Plumbago Flame Porcelain
- Zinc Acid solutions Linen D‘fky paper
Brass Sea water Cotton Si
Platinum ‘ Saline solutions Mahogany Sealing wax
n . Metallic ores Pine Gutta percha
ickel Living vegetable Rosewood Ebonite
Tin substances Lignum Vite  Mica
Lead Moist earth Teak Glass
Marble _ Dry air

F1cs. 6,185 to 6,187.—Standard porcelain insulators. Fig. 6,185, tube type; figs. 6,186, and
6,187, grooved insulators.

Resistance and Conductivity.—A current of electricity
always flows in a conducting circuit when its ends are kept at
different pressures in the same way that a current of water flows
in o pipe when a certain pressure is supplied.




3,386 - 26 CONDUCTORS AND INSULATORS

The same electrical pressure does not, however, always produce a current
of electricity of the same strength, nor does a certain pressure of water
always produce a current of water of the same volume or quantity. Inboth
cases the strength or volume of the currents is dependent not only upon the
pressure tKphed but also upon the resistance which the conducting circuit
offers to flow in the case of electricity, and on the friction (which may
be expressed as resistance) which the pipe offers to the flowin the case of water.

F16. 6,188.—Hydraulic analogy of resistance. The hydraulic pump here shown with its steam
cylmder of very large diameter as compnred w1th the water cylinder is capable of pumping
water against grea d by, sc as a_valve nearly closed, placed in the
path of the ﬂowmg water wlnch opposes its flow ana thus is the cause of the pressure pumped
against. Similarly, a dynamo pumlfs electricity through a which opp more or
less its flow, this opposition being called resistance.

Resistance is that property of a substance that opposes the flow
of an electric current through it.

The unit of resistance is the ohm already defined. The inverse of resis-
tance is known as conductance or conductivity, That is if a conductor have
a resistance of R ohms, its conductivity is equal to 1 + R.

R INDICATE
CE OF
L IN voLTS

F1cs. 6,189 and 6,190.—Hydraulic anal illustratm% potential. When the pump is operated
the water is forced up from a low level tential) to a high level (high gotenml) whence

for the end of the pipe it falls back by gravity to the low level. Similarl g in ﬁ¢
enc;gy the dynamo £ iorcu up electricity from a low potential to a_high potential by in
a resist the hrough the mstnnce its potential falls to low

poten'aal The author objects to the term “pomuml" as the simple word pressure is more
casily understood.

L
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The unit of conductance is the mko, which is the conductance offered by
a column of pure mercury 106.3 cm. long and 14.4521 grams in mass at
the temperature of melting ice.

Rule 6.—Resistance varies directly as the length of a conductor,

Example.—If the resistance of 15 ft. of wire be § ohms, what is the -
resistance of 1,000 ft. of the same wire?

resistance 1,000 ft. of the wire = § X m—:—m}éohms

Rule 7.—The resistance varies inversely as the cross section of @ conductor.

VERY LITTLE DROP E,wr

LOAD
LARGE CONDUCTOR

DYNAMO

Fics. 6,191 and 6,192,— ‘{drnuhc analogy of conductivily. The d.u'ect eonnected centrifugal
uumpm( 619l)w1 lhcmallengmeandluge Emgofauge
volumeofwnteraga.mstlowpr&sure—euyﬂow Sllnilar,mﬁg 61 ,adynamo
having an external circuit of very W the
little resistance, thus a voltmeter as shovm would show very little érop mdxutmg
high eonduchvxty Now if resistance wires were the volt-
meter would show a large drop indicating low conductivity.

Example.—A conductor .01 sq. in. 1n cross sectional area has a resis-
tance of .075 ohm per ft. What is the resistance of a conductor of the same
material .04 sq. in. and one foot long?

The ratio between the two areas is .04 + .01 = 4, hence, since the resis-
tance varies inversely with the areas

resistance of large wire = 075 + 4 = 01875

Conductivity or Conductance.—This is the inverse of J
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resistance. The term expresses the capability of a substance to
conduct the electric current.

Good conductors of heat are also good conductors of electricity.

Specific Conductivity.—By definition this is the figure which
indicates the relation between ome substance and another as to
their capacity to conduct electricity.

" The following table gives the data for a few metals:

RI

DD

Fic. 6,193.—Divided circuit with two conductors 4 parallel.

Specific resistance Specific

‘Substance. . .. . in microhms conductivity
Silver...... Cereanenertiein e eeans 1.609 ' 100.
L0707 o)1= P 1.642 96.
Gold......oovvviiiiiiiiiiiii 2.154 74.
Iron (soft).......covvininnnnnnn 9.827 16.

............................. 19.847 8.
Germansilyer..................... 21.470 7.5
Mercury (liquid),..ovvvvvreiin'n 96.146 1.6

Divided Circuits.—If a circuit be divided, as in fig. 6,193,
into two branches R and R’, the current will also be divided,
part flowing through one branch and part through the other.

.Rule 8.—In a divided circuit the relative strength of the. current in the
several branches is proportional to their conductivities.
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Example.—If, in fig. 6,193, the resistance of R =10 ohms, and R’ =20
ohms, the current through R, will be to the current through R’, as ¥/ is to
1/s; or, as 2:1, or, in other words, 2/s of the total current will pass through R,
and !/; through R’. The joint resistance of the two branches will be
less than the resistance of either branch singly, because the current has
increased facilities for travel. In fact, the joint conductivity will be the
sum of the two separate conductivities.

Taking again the resistance of R = 10 ohms and R’ = 20 ohms, the joint
conductivity is . L 3

0 2% "%

and the joint resistance is equal to the reciproc;a.l of /3 or 6 %/,

Fi1G. 6,194, —Hydraulic analogy for divided circuits. In the system of pipes shown, water
flows from A B to CD_through the six vertical pipes 1 to 6, the t t goi h
the one which offers the least resistance. The efee:t i ircui

rical circuit presents the same conditions.
the greater the number of parallel connections (corresponding to the pipes 1 to 6) the less
is the resistance encountered by the current.

Example.—A current of 42 amperes flows through three conductors in
parallel of 5, 10 and 20 ohms resistance respectively. Find th: current in
each conductor.

.. 1 1 1 7
t d = — —
joint conductance 5 +10+20 %

Su; ing the current to be divided into 7 parts, 4 of these parts would
flow 1n the %rst conductor, 2 in the second and 1 in the third.

The whole current is 42 amperes.

Yyof 42 = 24 Current in first conductor = 24 amperes.
3y of 42 = 12 “ ‘ second “ o o=12 ¢ Ans
1,0f42 = 6 “ - third “ = B “
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CHAPTER. 94

Electrical
and Mechanical Energy

The production of electricity is simply a@ transformation of
energy from one form into another.
The electrical unit of work is the volt coulomb to amount of work

formed when one ampere of current flows for one second in a circuit whose
resistance is one ohm, when the pressure 1s one volt.

The Ampere-Hour.—A gallon of water may be drawn from
a hydrant tn a minute or tn an hour; it is still one gallon. So
in electricity, a given amount of the current, say one coulomb,
may be obtained in a second or in an hour.

The ampere is the unit rate of flow, that is
one ampere = one coulomb per second

For commercial purposes the ampere hour which is a larger unit of elec-
trical quantity than the coulomb is used. An ampere hour is the quantity
of electricity passed by one ampere of current in one hour, or its equivalent,
that is, since one

ampere = one coulomb X one second, and one hour = 60 X 60 = 3,600 sec.

onea.mperehour = 1 ampere X 3,600 seconds
= 60 amperes X 60 seconds
= 3,600 amperes X 1 second

whxch means that one ampere hour = one ampere flowing one hour, or
ger&s flowing one minute, or 3,600 amperes flowing one second, or
any other equivalent.

T
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Example.—It is sometimes estimated that the quantity of electricity
in a flash of lightning is 1/i¢ coulomb, and the duration of the discharge
455 part of a second. Whatxsthecurrentmamperw?

Now since
coulombs = amperes X seconds.......e0e0000ees..(1)

solving (1) for the current,

substituting the given values 1 (2),

Y1
amperes =—7—= 2,000
20,000
Watts and Kilowatts.—One watt 15 tne power due to a
current of one ampere flowing at a pressure of one volt.
That is, one watt = one ampere X one volt

= (one coulomb X one second) X one volt
= (one coulomb X one volt) X one second

and since one joule is the amount of work done when one coulomb of elec-
tricity flows under a pressure of one volt,

one watt = one joule per second

Since the watt is too small a unit for convenience in some commercial
ratings, as for instance the output ratings of dynamos, motors, etc., a
thousand watts or one kilowatt (abbreviated kw. is used), thus a 50, 000
watt dynamo is called a 50 kw. dynamo.

The Watt Hour.—This unit. represents ine amount of work
aone by an electric current of one ampere strength flowing for one
hour under a pressure of one volt; that is,

One watt hour=One ampere X one hour X one volt;
=3,600 coulombs X one volt.

Example.—An incandescent lamp taking one-half an ampere of current
on a circuit having a pressure of 100 volts, or a lamp taking one ampere on
a circuit having a pressure of 50 volts, would each be consuming 50 watts of
ener%y and this multiplied by the number of hours would give the total

er of watt-hours for any definite time.

Electrical Horse Power.—One watt is equivalent to one

> N

i
]
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joule per second or 60 joules per minute. One joule in turn,
is equivalent to .7374 ft. Ibs., hence 60 joules equal:

60X .7374=44.244 ft. 1bs.

Since one horse power = 33,000 ft. Ibs. per minute, the elec-
trical equivalent of one horse power is

33,000 +44.244 =746 watts.

Pic. 6,195, —Callendar’s mechanical equivalent of heat apparatus (Central Scientific Co.)
‘With this apparatus a lecturer can obtain in about ten minutes in the presence of a class of
students, a value of *‘J" correct to }4 per cent. Joules experiments 1843-50, gave the figure
772, known as “Joules eq,un{alent," more recent experiment by Prof. Rowland (1880) and
others give high fig 778 is lly pted, arks and Davis value is 777.54 ft. 1bs,

or,
746
1,000
Again one kilowatt (kw.) or 1,000 watts is equivalent to
1,000+746 = 1.34 horse power.

= .746 kilowatts
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Heat.—By definition, heat is a form of energy. Heat is
produced in the agitation of the molecules of matter—the
energy expended in agitating these molecules is transformed into
heat.

Heat is measured in calorses or British thermal units (abbreviated B.t.u.).

A calorie is the amount of heat necessary to raise the temperature of one
gram water from 0° to 1° Centigrade; sometimes called the smaller calom
ort

A British thermal unit (B.t.%.) is &, of the heat required to raise 11b. of
water from 32° to 212° Fahr. (Marks and Davis.)

The calorie is used for calculation in Physics and the British thermal
unit for commercial calculation.

i

.

NETES I I
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CHAPTER 95

Current Effects

Electricity being an invisible agent, known only by its effects,
it is important to note these effects. They are:

1. Thermal effect. 3. Chemical effect.

2. Magnetic effect. 4. Mechanical effect.

Thermal Effect.—The conductor along which the current

7

Fi1c. 6,196.—Lenz's apparatus for measuring the heat given off by an electric current. It
consisted of a wide mouthed stoppered bottle fixed upside down, with its stopper, b in a
wooden box; the stopper was perforated so as to give passage to two thick platinum wires,
connected at one end with binding screws, s, while their free ends were provided with plati-
num cones by which the wires under investigation could be readily affixed; the vessel con-
tained alcohol, the temperature of which was indicated by a thermometer fitted in a cork

F1G. 6,197.—The Seebeck effect: If, in a complete metallic circuit having junctions of dis-
similar metals, the junctions be at different temperatures, then a steady current will flow in
the circuit as long as the diff of the temp of the junction is maintained. To
demonstrate this, a piece of copper K, bent in the shape seen in the figure, was placed on
a block of bismuth , carrying a pivoted ti dle NS. Assoon as the equality
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flows becomes heated. The rise of temperature may be small or
great according to circumstances, but some. heat is always
produced.

Rule 9.—JOULE’S LAW :—The heat generated in a conductor
by an electric current is proportional to: 1, the resistance of the
conductor, 2, the time during which the current flows, and 3, the
square of the strength of the current.

Case 1.—Volts given.
The quantity of heat in calories may be calculated by use of the equation,
calories per second. = volts X amperes X .24*............ 1)

The total number of calories developed in a given interval of time is
found by the equation,

heat = volts X amperes X seconds X .24.............. 2)
Exampie.—If a current of 10 amperes flow in a wire whose terminals are
at a pressure difference of 12 ‘volts, how much heat will be developed in §
minutes?
Substituting in equation (2):
10 X 12 X (60 X 5) X .24 = 8,640 calories
Case II.—Voits not given.
Since by Ohm’s law the pressure difference, or
volts = amperes X ohms
Substituting in equation (2)
heat = amperes *X ohms X seconds X .24............. 3)

F1G. 6,196.—Text continued.

inserted in a hole made in the bottom of the vessel. The current was passed through the
platinum wires, and i gth d by of a galvanometer interposed in the
circuit.

Fi1G. 6,197 .—Text continued.

of temperatum was alteted by either heating or cooling one of the junctions of the two
a current which continued to flow as long as the difference of
was maintained at the junctions.

*NOTE.—Heat amounting to .24 calorie equals the work represented by one Joule.



3,396 -~ 36 CURRENT EFFECTS

Example.—An incandescent lamp of 150 ohms resistance uses one
How much heat does it give off in one half hour in calories and in B.t.%.?

Substituting in (3)
heat = 12-X 150 X (60 X 30) = 64,800 calories
and since 1 calorie = 3.968 B.t.u.,
heat = 64,800 X 3.968 = 257,126 B.t.u.

- Heat Produces Electricity.—When a rod, say of bismuth is
soldered, end to end, to a rod of antimony, and the two free ends
are connected to a wire, then when the junction is heated, a

FiG. 6,198.—Magnetic field surroundmg a wire in which a current is flowing. The magnetic
field consists of lines of force which are circles concentric with the wire as indicated by a
compus which will point in a direction perpendicular to the radius joining the compass and

current will flow through the whole circuit in the direction from
bismuth to antimony. If the junction be cooled. the current
will flow from antimony to bismuth.

in, if a current be sent through such a rod in the direction from bis-
mut to antimony, the junction becomes cooled; when from antimony to
b15muth the junction is heated. Two dissimilar metals soldered together is
ed a thermo-electric couple,

Magnetic Effect.—The space both outside and inside the
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substance of the conductor, but more especially the former,
-becomes a ‘“‘magnetic fleld”’ in which delicately pivoted or sus-
pended ‘magnetic needles will take up definite positions and
magnetic materials will become magnetized.

Chemical Effect.—If the conductor be a liquid which is a
chemical compound of a certain class called electrolytes, the liquid
will be decomposed at the places where the current enters and
leaves it.

POSITIVE Leovioen veeeeo L CLELIW
OR  ANODE OR CATHODE

PF1G. 6,199.—Electrolyte cell showing essential parts.

Rule 10.—GROTTHUSS’ THEORY (announced in 1806). Tke mole-
cules in an electrolyte have their individual electro-positive and electro-negative
atoms charged positively and negatively respectively.

Faraday stated several laws of electrolysis as follows:

Rule 11.—LAW NO. 1.—The quantity of an ion hiberated in a given time
is proportional to the quantity of electricity that has passed through the volta-
meter* in that time.

Rule 12.—LAW NO. 2.—The quantity of an ion liberated in a voltameter
s proportional to the electro-chemwa% equivalent of the ion.

Rule 13.—LAW NO. 3.—The guantity of an ion_ liberated is equal to the
electro-chemical equivalent of the ion multiplied by the total quantzty of elec-
tricity that has passed.

v
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Mechanical Effect.—Like poles repel each other and unlike
poles attract each other, thus producing wmechanical movement.
Upon these phenomena depend the operation of motors, dyna-
mos and most other electrical apparatus.

Fi1g. 6,200.—Electrolytic cell, illustrating Grotthuss’ theory. In an ordinary liquid, for instance
in water, the molecules are arran%eg indifferently, like row 1, with their positive and negative
ends pointing in all directions. en the charged plates A and B connected to the + and —
poles of a battery are inserted in the water, the molecules turn as shown in row 2, so that all
the hydrogen or shaded ends (-+) are turned towards the (—) plate B and all the oxygen or
unshaded ends (—) towards the (+) plate A. All along the row the electrical forces are
supposed to tear the molecules asunder, d tmg H,on B,and O,on A. The atoms in the
middle of the liquid, however, recombine, for the hydrogen atoms in their journey towards B,
meet the oxygen atoms traveling in the opposite direction, and we get the state of affairs
represented in row 3. The next step is to rotate once more the atoms into the positions
shown in row 2, and so on, In this way the theory accounts for the products only appearing
at the electrodes and not in the body of the liquid. )

X =

Fics. 6,201 and 6,202.—Mechanical effect of the current: Like poles repel each other; unlike
poles attract each other. .
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FiG. 6,2)3 —Galvam S expenment upon frogs’ legs illustral

It was discovered in 1678 tlut
whenaportwnotamuscleotafmglleg.ha g by a thread
of nerve bound with a silver wire, was held over a copper
supportmthatbothnervendmtouched the copper,

ly

F16. 6,204.—Decomposition of water by electrolyses. Fit
with acidul water central tube allow-

mz air to escape through, cocks S and §’. Now if terminal
be attached to the positive and T, to the negative pole of

a sultable batt bubble' of gas will be observed to rise from

the plates P smd finding their way to the top of the re-
. spective tubes, dxsplaoe the liquid, which will be.driven
P,i (0), and that rising From The e P75 hydeogen Gh Tothe g
» is oxy; rising from t thod is g ul
graduate(fen h

e latter will be found to occupy about twice tho volume of the former. The
is theoretically 2 to 1

Fi6. 6,205.—Electrol; cell with porous partition illustrating electric osmosis. Porret
observed that if a ltyrt;ng current _be led into certain liquids, a gorous partition being placed
between the electrodes, the liquid is carried by the current through the porous partition,
until it is forced up to a lnghet level on one side than on the other. This electric action is
most pronounced w ent i3 made with liquids, which are poor conductors.

Thn movement of the hqmd ta place in the direction of the current.
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CHAPTER 96

Magnetism

Nobody knows what magnetism really is, but the latest and
generally accepted theory assumes that the molecules of a magnetic
substance are minute magnets by nature, each having two poles.

A magnet has two kinds of magnetism residing in the ends of the magnet.
These ends are called the poles. These poles are distinguished as north
and south, because if the magnet were suspended by a thread or balanced
ona pivot free to turn, the north pole would point approximately to the
earth’s geographical north, while the south pole would point approximately

's geo,

to the eart graphicai south. The north pole is the posstive (+4) pole
and the south pole the negative (—), pole.

R e

Fi1cs. 6,206 and 6,207.—Simple bar magnet and horse shoe magnet with keeper. These are known
as permaneni magnets in distinction from electro-magnets. The horse shoe magnet will
attract more than the bar magnet because both poles act together, A piece of soft iron,
or keeper is placed across the ends of a horse shoe magnet to assist in preventing the loss of
magnetism.

| FiG. 6.208.—M¢gmtlc poles.—If a bar magnet be plunged into iron filings and then lifted, as

illustrated in the figure, a mass_of fili will cling to the ends of the magnet but not
the middle. The ends are called the poles of the n:gnet. € . not to
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P em e em e e an e o o o o o o -l

FiGs. 6 and 6,210.—~E. illustrating the molecular theory of magnetism. Coarse
steel fili gheedmsxmm small glass tube and the contents magnetized. Ithllbefound
that ﬁlinu which at first had no definite arrangement will rearrange themselves under
the influence of magnetic force, and assume symmetrical positions, each one lying in line
with, or parallel to its neighbor, as shown in fig. 6,210,

P16, 6,211 —Badly magnetized bar. If a bnomul magnet with more than two poles be
into iron filings, the latter will adhere at places other than the two ends, as shown.
polarities are alternately N and S; that is, the regions N, B, N, have north polatity,
while A and C, have south polarity. These are known as consequent poles.

chs 6,212 and 6,213.—Horizontal tic dle and tic *“dip’” needle. The horizon-
tal needle indicates the magnetic meridian, and the dip needle indicates the angle w
lmu of fi orce make wtth the hotantal In the northern hemisphere the N pole of the needle
is dep , in the phere the S pole is similarly affected.
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Figs. 6,214 to 6,220.—Effect of breaking a magnet into several parts. Each part will be found
to be a complete magnet having an N and S pole. The sub-division may be continued in-
definitely, but always with the same result. is is evidence of the correctness of the mole-
cular theory of magnetism, which states that the molecules of a magnet are th ) f
magnets arvanged in rows with their opposite poles in comtact.

F16. 6,221.—Tracing lines of force. If a small magnetic needle, suspended by a thread, be
held near a magnet, it will point in some fixed direction depending on the proximity of the
poles of the magnet.

1

P16. 6,222, —Simple compass. It consists of a_magnetic needle resting on a steel pivot,
K;’otected by a brass case covered with glass and a uated circle marked with the letters
N, E, 8, W, to indicate the cardinal points. ab is a lever which asserts the needle by push-
ing it against the glass when the button d is pressed. .
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Magnetic Field.—This comprises the region around a magnet
through which magnetic forces act.

The magnetic field is said to be composed of lines of force; these lines are
of circular form. The field is most intense near the poles of the magnet
becoming weaker and weaker as the distance from the magnet is increased
until they finally disappear.

Magnetic Force.—This
1s the force with which a
magnet attracts or repels on
the magnet another piece of
iron or steel.

Rule 14.—Like magnetic

poles repel one another; unlike
magnetic poles attractone another.

Rule 15.—The force exerted
between two magnetic poles varies
inversely as the square of the
distance between them.

P16, 6,223.—The Magnetic Field.—This may be represented graphically by sprinkling iron
filings on a cardboard placed over a magnet and shaking the card. {hese will place
themselves in curves reaching from pole to pole, these curves being called lines of force, and
the space in which a magnet may create such lines is called the magnetic field.

Pics. 6,224 and 6,225.—Mutual action of poles: 1, unlike poles attract each other (fig.
6.224); like poles repel each other (Fig. 6,225).
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F1G. 6,226.—QOersteds discovery. In 1820 Hans Christian Oersted (1777-1851), found that
a magnmzed needle was affected by the action of an electric current. In 1813 Oersted stated:
“It must be determined whether electricity in its most latent state has any action upon the
magnet as such.” Oersted found that the magnetic property of the current did not depend
upon the kind or form of metal he employed and that the magnetic needle would be deflected
by using any conductor, even a litre of mercury being effectual, the only difference being
in the quantity of effect produced, and the results were obtained aven if the conductor be
interrupted by water, unless the interruption be of great extent.

F1G. 6,227.—Schweigger’s experiment, showing effect of several turns of wire. In 1821 Schweig-
ger placed a compass need| x?em the center of & parallelogram and wound several turns of wire
amund it, as shown. each turn being msu lated. Movable magnet galvanometem utilize

tus for their operation. Schweigger's app was

ealled Schwetggers mufgplxer
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" Magnetic Circuit.—The path itaken by the magnetic lines of
force is called the magnetic circuit; the greater part of such a circuit
is usually in magnetic material, but there are often one or more
air gaps included.;

The following definitions should be carefully noted:

Magnetic Flux —The total number of lines of force in the magnetic circuit

Reluctance.~—The resistance offered o the magnetic flux by the substance
magnetized; magnetic resistance, It is equal to the ratio of the magnetic
force to the magnetic flux.

Oersted.—The unit of reluctance being the reluctance offered by a cubic
centimeter of vacuum.

w - N
mmme .) meu.ms ATTRACTING ATTRACTING
FORCE FORCE FORCE FORCE

Fres. 6,223 and 6,220.—Mutual effect of like and unlike poles; like poles repel each other; unlike
poles attract each other

Maxwell.—The amount of magncttsm passing through every square centi-
meter of a field of unit density.

*Gauss.—The intensity of fild which acts on a unit pole with a force of
one dyne. - It is equal to one line of force per square centimeler.

Magnetic Effect of the Current.—Much is due to Hans
- Christian OQOersted, who made numerous experiments in mag-
netism.
Rule 16.—OERSTED’'S 'DISCOVERY—A magnet tends to set stself at
right angles to a wire carrying an electric current.
Oersted also found that the way in which the needle turns, whether

NOTE.—Hans Christian Oersted, born 1777, died 1851, the Danish physicist, was noted
for his experiments on the magnetic needle with the electric current.

*NOTE.—Karl Friedrich Gauss, born 1777, died 1855. He was a German macthema=
tician, founder of the mathematical theory of electncxty and inventor of the bxﬁhr magneto~
meter. The unit gouss was named after him.
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Fics. 6,230 and 6,231.—Am s experiments. Following Oersted's dueov

|
!
-

ery, Ampere
beqan his investigations. e mversed Oersted's experiment (fig. 6,230) and showed the
action of a magnet on a movable circuit by means of a rectanfular movable frame sus-
pended from mercury cups. When a magnet i is plaoed near this frame and current is flow-
ing, the frame will be attracted by the rformed by Ampere
was with a solenoid whose ends were attached to oo%nnnd zinc electrodes immersed in

nnaudaoluﬁonthusiormmgaeelum 6,231 nded as shown one end of
the will be att: e
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to the right or left of its usual ition, depends: 1, upon the position of
the wire %hat carries the currentp::;lether it be above or below the needle,
and 2, on the direction in which the current flows through the wire.

Rule 17.—CORKSCREW RULE—If the dzrectum of travel of o right
handed corkscrew represent the direction of the current sn a strasght com-
ductor, the direction of rotation of the corkscrew will represent the direction of
the magnetu: lines of force.,

BEFORE
";‘J" 0050230562 2050
S350

-
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Fi1cGs. 6,232 and 6,233.—Arr t of molecules in iron bar before and after magnetization
according to the generally accepted theory.

Flc 6,234.—Graphic of Maxwell's “corkscrew’® rule. If a curremt
Sflow through thc wire ab in the direction from a to b, the magnetic lines
will encircle the wire in the direction of the curved arrow ro which shows
the direction in which the corkscrew must be turmed to advance in the
dsrection of the arrow %.

)

Fuc. 6.235.—Right hand rule for dmectnon oi
magnetic field around a conductor carry

current. Tlu thumb of the right hand is ﬂaced

onuing in the direction in

whic ’l the mnnt is wing, then, if the fingers

be parily closed, as shown sn the dlusmmon, the

finger tips will point in the direction of the

magnetic whirls.
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Rule 18.—RIGHT HAND RULE——The thumb of the right hand 1W
along the conductor, pointing in the direction in which the current is ng
—then, if the ﬁngers partly closed, the finger tips will point in the direction
of the magnenc whiels.

Rule 19.—AMPERE'S RULE—Suppose yourself to be in the wire,
ﬂaam;egf u;zh the current and facing the needle; its north pole will turn toward
your left

P1Gs. 6,236 and 6,237.—Amperes left hand rule Suppose a man swimming in the wire with
the current, and that he turn so as to face thé tzm
be deflected towards his left hand.

N .-seeking pole of the needle will

Fi1G. 6,238.—~Right hand palm rule
to determine the direction of the
magneticfield amunda conductor

Place the
M“}B‘h’ oumntched right hand
abovc and to the right side of lhe
with the fingers pointin,
irection of the current a
ﬂmmb ex
that is, pomlmg downward. ]
direction in which the thumb points will indicate the direction of the magnetic M-

P1G. 6,239.—Lines of force of
a circular loop. If acurrent
flow throughthe loop in the
direction indicated lines
of fome both inside and
outside the loop. will cross
the plane of the loop at
n%ht angles, and all those

ich cross the loop on the
inside will pass through the plane in one direc-
tion (downward in the figure), while all on the
outside will return through the plane in the
opposite direction.
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Rule 20.—Magnetic lines of force tend to occupy a position in which they
are parallel with each other and run in the same dsrection.

Solenoids.—A solenoid consists of a spiral of conducting wire
wound cylindrically so that, when an electric current passes
through it, its turns are nearly equivalent to a succession of

16. 6,240, —Magnetic field of a solenoid. If iron filings be sprinkled on the cardboard and
& current passed through the solenoid, the character of the field is as indicated.

/ \\ﬂ\‘\
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DIRECTION OF CURRENT

P1c. 6,241.—Right hand palm rule to determine the direction of the tic field da
conductor carrying a current: Place the palm of the outstreiched right hand above and to the
nghl side of the wire with the fingers pointing in the direciion of the current, that ts:"toiﬂlmg
downward, and the thumb extended at right angles The direction in which' the thu
wﬂludkakthcdlruuouoflhcmamﬁ
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parallel circular circuits, and it acquires magnetic properties
similar to those of a bar magnet.
Rule 21.—Upon the direction in which the current flows through a solenoid
depends its polarity.

The rule which follows is the most conveniently applied rule
for polarity of solenoids.

F1Gs. 6,242 and 6,243 —Appheahon of the clock rule for polarity of lolenonds It will be
noted that the polarity d d of the current and the order of winding.

F1G. 6,244.—Action of currents on
solenoids. To nstrate this
fact experimentally, a solenoid is
constmcted as shown, so that it
can be suspended by two pivots
in the cups ¢ and ¢. The sole-
noid is then mov-blo about a
vertical axis, and if a rectilinear
current QP i)epauedbene&th it,
which at the same time trpvetses
the wires of the solenoid, the

right angles to the lower current;
that is, In such a position that
its circuits are parallel to the fixed current; moreover, the current in the lower part of each
of the circuits mxnthesamednmchonasmtherectﬂme&rwm If, instead of passing a
rectilinear current below the solenoid, it be passed vertically on the ude an attraction or

will take , according as "the two currents in the vertical wire, and in the near-
est part of the solenoid, are in the same or in contrary directions.

‘ '
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Rule 22.—RIGHT HAND RULE—If the solemoid be grasped in the
right hand, so that the ﬁngers point in the direction in which the current is
Slowing in the wires, the thumb extended will point in the direction of the
north pole,

Rule 23.—CLOCK RULE—For a person standing at the south pole o{
a solenoid, the current flows in the direction in which the hands of a cloc
turn, from the left over to the right; if he stand at the north pole, the
current will flow counter clockwise.,

B
PERME -
ABiLTY ==/

PiGs. 6,245 and 6,246.—Illustrating the effect of introducing an iron core into a solenoid.
Few lines pass through the air core, while many through the iron core. The number
of lines B, passing through a unit cross section of the iron core divided by the number of
lines H, passing through a unit cross section of the air core is called the permeability and
designated by the Greek letter u.

Permeability.—This is a measure of the ease with which
magnetism passes through any substance. It is defined as:
the ratio between the number of lines of force per unit area passing
through a magnetizable substance, and the magnetizing force which
produces them.
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Rule 24.—The permeability of any piece of material increases with the
increase of cross section and decreases with the increase of length.

Magnetic Saturation.—For all practical purposes, magnetic
saturation may be defined as: That point of magnetism where
a very large increase in the magnetizing force does not produce any
perceptible increase in the magnetization; that is, the state of a

FiGs. 6,247 to 6,249.—Ampere turns. By definition the ampere turns is equal to the
product of the current passsng through a coil multiplied by the number of turns in the coil, Thus,
in fig. 6,247, ampere X1 turn = 1 ampere turn; in fig. 6,248, 5 amperes X2 turns =10

ampere turns; in fig. 6,249, 2 amperes X5 turns =10 ampere turns.

Fic. 6,250.—Mutual action of solenoids. When two solenoids traversed by a current are
allowed to act on each other, one of them being held in the hand-and the other being mov-~
able about a vertical axis, as shown in_the figure, attraction and repulsion will take place
Jjust as in the case of two magnets (see figs. 6,224 and 6,225).

magnet which has reached the highest practical degree of
magnetization.

Ampere Turns.—When a coil passes around a core several
times, its magnetizing power is proportional both to the strength

-
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of the current and to the number of turns in the coil. The
product of the current passing through the coil multiplied by the
number of turns composing the coil is called the ampere turns.

By experiment, one ampere turn produces 1.2566 units of magnetic
pressure, hence:
magnetic pressure = 1.2566 X turns X amperes
The unit of magnetic pressure is the gilbert (named after William Gilbert,
the English physicist) and is equal to
1+-1.2566 ampere turn =.7958 ampere turn

Pics. 0 251 and 6,252.—Magnetic conditions inside and outside of a solenoid. If magnetlc

laced inside and outside the solenoid as.shown and a current be passed through

the conl it wxll be found that the magnetic force inside the coil is in a direction opposite to
that outside the coil as indi d by the tic needles.

Comparison of Electric and Magnetic Circuits.—The
total number of magnetic lines of force, or magnetic flux, pro-
duced in any magnetic circuit will depend on the magnetic
pressure (m.m.f.) acting on the circuit and the total reluctance
of the circuit, just as the current in the electrical circuit depends
upon the electrical pressure and the resistance of the circuit, that
is:

NOTE ~—Willlam Gilbert, born 1540, died 1603. He was an English physicist, noted
expeﬂments in magnetism, and for the Pubheatmn in 1600 of his chief work “De M

for
netg" which marked an epoch in the science ol magnetism, and earned for its author the ti
of the “found of and electncnty " The practical unit of magnmc

f the
force (the ymnrt) was named after Ynm
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. Electric circuit Magnetic circuit
volts : gilberts
amperes = o maxwells = oersteds

It should be noted that in the electric circuit, resistance causes heat to
be generated and therefore energy to be wasted, but in the magnetic
circuit reluctance does mnot involve any similar waste of energy.

Rule 25.—The reluctance is directly proportiondl to the Iength of the circuit,
and inversely proportional to its cross sectional area.

P16, 6,253.-Hysteresis curve showing how B, changes when H , is periodically varied. In
hc ureH-numgpoﬂmeloffome cm. (stnnqﬂlofﬁefd)mdB-numbetofhm
uction persq.cm. If now m‘:a diminished to gero, it is found that the
value of B, for nny given valueof H, nconndenbly ﬂe&m when that value of H, was reached
y dccmmn , from a higher value, than when same value was reached by sncreasing
from a lower value; thatis, to say, the curve AC, when H, is decreased, is different
from the curve OA, wheﬁ itis increased. Take for instance, tha value H -zo.

Quarters value it_had w] , was 94, induction is the “residual
mentioned already. In soft iron it will nearly all disappear on ta; , but this
it can also be removed by re the current in the etising co ._loutodmnsncﬁaa
the iron. Thecurveahomthnts force of H =23 is required to make B, zero
at the t D. This force is called the coercive ovuoithoxron,::gmupumthatemcity
with w] it holds the teﬂdunl the magne force is still further in-
in reverse curvegoet{rothoE where iron becomessaturated
negatively. On CY uto.thecurvegoume to F, along & similar
but opposite path to A OF bemgamunthe residual 'I'hem‘mmngloteo
hu round a cycle from O, to a positive value, to O, to a negative value,
thnh-l{curvebeeomu a

back to O, and if this cycle be repeated several times,
loop ;% CDE, w?nch is svmmetrical about the center O. )
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The reluctance of a magnetic circuit is calculated according to the
following equation:
length in centimetres

reluc = permeability X cross section in square centimetres

Hysteresis.—The term hyéteresis has been given by Ewing
to the subject of lag of magnetic effects behind their causes.

It is a peculiar quality of an iron core, such as an armature core under-
going rapid reversals of magnetism, by which there occurs an expenditure .
of energy which is converted into heat. This loss of energy is due to the
work required to change the position of the molecules of the iron and takes
place both in the process of magnetizing and demagnetizing; the magnetism

in each case lagging behind the
force: static hysteresis as dis-

! tinguished from wviscous hys-

teresis,

' Residual Magnetism.—
When a mass of iron has
once been magnetized, it
becomes a difficult matter
to entirely remove all traces

. when the magnetizing agent
has been removed, and, as a
general rule, a small amount
of magnetism is permanently
retained by the iron. This is known as residual magnetism, and
it varies in amount with the quality of the iron.
Residual magnetism in iron is of great importance in the work-
ing of the self-exciting dynamo, and is, indeed the essential
principle of this class of machine.

F16. 6,254.—BH curves for iron and steel.

Without residual magnetism in the field et core, the dynamo
when started would not generate any current unless it received an initial
excitation from an external source. ‘

NOTE.—Ewing’s theory of magnetism.—A theory of magnetism advanced by Ewing,
that molecular magnets are held together, not by friction but by 1 tic attracti
their potes pointing in every dir till some d
common cirection.

ic force draws them into a

’
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CHAPTER 97

Storage Batteries

‘ The action of the storage battery is prac-
tically the same as that of the primary battery
and it is subject to the same general laws.

1 The cells of a storage battery are connected in the
: same way as primary cells, and when charged is
capable of generating a current of electricity in a
manner similar to that of a primary battery. It

differs, however, from the Enma.ry battery in that it

is capable of being r ged after exhaustion

| I

Fics. 6,255 tc; 6,263,—Automobile storage battery pérts. Fig. 6,255, positive p]a;;e; fig. 6,256,
perforated separator; fig. 6,257, word separator; fig. 6,258, negative &ate; fig. 6,259, hard

rubber cover; fig. 6,260, vent plug; fig. 6,261, pillar connecting strap; fig. 6,262, hard rubber

jar; fig. 6,263, complete element.

| Y .
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l’x' passing an electric current through it in a direction opposite to that of
the current on discharge. This difference constitutes the principal ad-

vantage of the storage battery over the primary battery.

HEICHT OF  SOFT RUBBER  EXPANSION
SOoLUTION Srraemmm

General.—A stor-
age battery consists of
one or more cells, A
‘ cell consists essentially

of positive arid nega-
tive plates immersed
in electrolyte.

IPOUND

The electrolyte gener-
ally used consists of a
mxxture of sulphuric acid
and water. The voltage
of one cell is about two
volts.

F1G. 6,264, —Sectional view of Gould cell showing various parts.

END TOP comr.aons
P

L STR
SIDE CONNECTOR

Pics. 6,265 to 6,277.—Willard connecting straps and connectors.
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. When a cell is put on discharge, the current is produced by the acid in
the electrolyte going into and combining with the lead of the porous part
of the plates called ‘“‘active material.,” In the positive plate, the active
material is lead peroxide, and in the negative plate, it is metallic lead in
a spongy form.

* Formation of Lead Sul-
phate.—When the sulphuric
acid in the electrolyte combines
with the lead in the active ma-
terial, a compound, lead sul-
phate, is formed.

As the discharge progresses, the
electrolyte becomes weaﬁzer by the
amount of acid that is used in the
plates, producing the electric current
and incidentally producing the com-
pound of acid and lead called ‘‘lead

sulphate.” This sulphate continues
to increase in quantity and bulk,

F10. 6,278.~~State of charge as indicated by hydrometer reading of density of the electrolyte.

Fi6, 6,279.—Diagram illustrating method of charging with lamps in parallel or direct current,
circuit, .

F1G. 6,280.—Diagram illustrating method of charing with rheostat on direct current cireuit.
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thereby filling the of the plates. As the
pores of the plates me thus filled with the
sulphate, the free circulation of acid into the

\\\\\\\\\\\\“““m,”"””".//ﬂg% plates is retarded: and since the acid cannot
30 1% then get into the plates fast enough to maintain
AMMETER the normal action, the' battery becomes less

active, as is indicated by the drop in voltage.

F1G, 6,281.—Method of reading ammeter when the current is unsteady. Owing to the irreg-
ularity of the explosion in a hit-and-miss engine, it is almost impossible to maintain a
steady reading of the ter, as the ter hand will swing forward at each impulse
of the engine and drop back until the next explosion. In this case, adjust the rheostat so
that the ampere reading will be equal to the de ted charging rate. the hand oscillate
for instance, between 5 to 15, the current value is 34 (54-15) =10 amperes.

1O VOLTS 123: v%fi's
CARBON LAMPS
o x
Yot
3

BATTERY E

+ MMETER  FUSES

120 VOLTS %ﬁ%ﬁn ,.
CARBON LAMPS
O T o
- [V r-r_,_

. O
BATTERY A
+ :AM METER FU§E.5

500 VOLTS 1260 VorTs
.CARBON
Q : LAN;:PS _

BATTERY

AMMETER 'FUSES
Fics. 6,282 to 6,284.—Charging through bank of lamps on 110, 220, and 500 volt circuit.

' ‘7—“

SWIT

SWIT
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P16. 6,285.—Charging several batteries, rheostatic control. The trays are first connected in
series. The current flows from the positive wire of the current supply, into the positive terminal
of the first tray (in this case on the right); through the positive and out the negative of each cell
and each tray in turn and returns to the current supply from the negative of the last cell. The
voltmeter is connected between the resistance and the baitery sn order to show batiery voliage.

i1

s K
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SPECIFIC GRAVITY

F1c. 6,287 -—Fmenng points of electrolyte. The freezing point of a battery depends upon its

a solution with a strength or specific gravity of 1.250 will not freeze

unnlcooledtoatempmtumofm below zero Fahr. A strength of 1.150 will freeze at 5°
above zero, hence there is little danger of freezing except when the battery is completely

. Moreover, at these freezing points, the solution is slushy and does not become
hard until the temperature goes still lower. If water be addcd to a battery in freezing
weather and then not sti; in with the solution by charging the battery, it will remain

on top of the solution and may freeze.

25 AMP. COMBINED SWITCH AND
‘L PLUG CUT OUT (20 AMP FUSES)

2 ;
o1 LAMPS LAM‘E’S LAMPS LAMPS-[

oW
'—O"'
t | ow 0
3 A% e
e o ng)- —O—
O (1 35 —O—
J E w3 O
R e
'g' < > 20N r%g
o
o (aP_:o P) )
.P.CUT QUT (2Q AMR FUSES)

N-6.= POS.. . CONNECTIONS FOR
= CHARGING BATTERIES

P16. 6,288. — Trickle

arge. When a num-

ber of batteries are to
be held in wet stor-
age, the most satis-
factory results can be
obtained by charging
continuously ata
very low rate, which
is 50 low that

is avoided and yet
gives enough charge.
to maintain the bat-
teries in good condi-~
tion. This charge is
called a trickle charge
and in many cases
will be found more
convenient to arra:
for them the perodic
charge. It has the
added advantage of
keeping the batteries
in condition for put
tmg into use at any
time on short notice.
Tga:pply tri ge,:x'e
charge; 1,give
charge; 2, &nnect a
tungsten lamp or
lamps of apphmptmte

resistance, in series with the ce!ls across a charging system wdapted for continuous cl

5{ Every two months interrupt the trickle charge, remove filling

filling tubes, replace and tighten filling plug and continue tri

ATEING.
lug, add water to bottom
e charge.
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Specific Gravity Drop During Discharge.—During a normal
complete discharge, the amount of acid used from the electrolyte
in a cell will cause the Spec1ﬁc gravity to drop about 150 points
(.150 sp. gr.)

Thus if the gravity of a fully chargedoellbe1300 it will, at the end

of discharge, be about 1.150. The battery should receive charge before
itis dxscharged below this point,

Charging.—To charge, direct current is passed through the
cells in a direction opposite to that of discharge.

Fics, 6,289 to 6,201.~—Mercury arc rectifier outfit, or charging set. The cut llwwnfmt rear,
and side views of the rectifier, illustrating the arrangement on & panel, of the rectifier tube
with its ction and op ing devices.

This current, passing through the cells in the reverse direction, will
reverse the action which took place in the cells during discharge.

Object of Charging.—The acid absorbed by the plates during
discharge is, during charge, driven from the plates by the charging
current and restored to the elecirolyte. This is the whole object
of charging.

Gassing.—When a battery is fully discharged, it can absorb
current at the highest rate. As the charge progresses, the plates
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can no longer absorb current at
the same rate and the excess
current goes to form gas.

In a ba which is charged or
nearly ¢ , the plates can absorb
current without excessive gassing only
at a low rate, and a high charge rate
will be almost entirely used in formin,
gas, resulting in high temperature an
wear on the plates.

Normal and Abnormal Sul-

phating.—The sulphating which
takes place during an ordinary dis-
charge is entirely normal.

If, however, charging be insufficient,
the sulphate increase and me

F1G. 6,295.—Parallel charge, series di

discharge. 1,

ammeter; 2, voltmeter; 3, voltmeter switch; 4,

i itches; 5, battery rheostat; 6,
breaker.

NOTE.—Selection of proper battery. The

number of cells is determined by the voltage of
the system :

. Thus, according to Gould:

Voltage of Sysi:em Number of Cells Voltage of Systen{ [Number of Cells
110 60 220 120
115 64 230 126
125 .70 250 138

NOTE.—The size of a 110 volt

battery can be determined thus, assuming that the bat-

tery will be charged at any time during the day convenient to operate the dynamo and that the
battery will be able to furnish current for lamps as follows:
. Number 4
. 3 Am; Hours
Time e | Amperes | Jumber | ATl
5p.m.to 10 p.m. | Twenty 16 c.p. 10 50
10 B: to 6a.m. | Two 8c¢.p. ¥ 8 4
6a.m.to 8a.m. Six 16 c.p. 3 6
! Total 60
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SPECIFIC GRAVITY Bésm

PiG. 6296—Curvosfofmmngfullstren¢thacxdandwatcr gth d
sulphuric acid is a heavy, oily liquid, having a strength (specxﬁc gravity) of about 1.835.
If put into the battery, it would quickly ruin 1t, and must therefore first be diluted with pure
(d:stllled) water to the proper strength for the particular of battery. to which it 18 to

be added. In mixing, take the following precautions: 1, Use a glass, china, earthenware,
rubber or lead vessel; never metallic other than lead. 2 Carcfuuy pour the acid into the
water; not the water ‘into the acid. 3 Stir thoﬂm?hly with a wooden paddle and allow to
cool before taking a hydrometer reading. The electrolyte like most substances expands
with rise of temperature; this affects the hydmmeter readu? Correction for hydrometer

g(sgdlna Add onc point to hydromcm reading for cvery 3° Fahr. increasc in temperature above

NEG.)POs
| f«—110 VOLT DIRECT CURRENT GIRGUIT

D.P. GOMBINED SWITCH AND
-1 PLUG GUT OUT (i AMP. FUSES)
1]

0

Sag| [MBog| 00| Mool 809

e
g“\zs WATT 110 VOLT LAMP

0= p-O= j—Ow
ol [foog]| [oogl [oogl [oog

FP16. 6,297.—Wiring diagram for charging one ta twelve 6-volt batteries from 110 volt bus.
With tbs eqmpmentthregulatmn of the current through various numbers of batteries is ob-
Yy

y e SW Instead of lamps, resistance units, of approximately 35
. ohms t and 3.3 ity each may be used. This equipment will occupy
less space than the lamps and serve the same purpose, each unit repl two

lamps. Instead of either a lamp resistance or unit resistance panel, a special form of rheostat
may be used.  However lamps are advisable where the light for same may serve for illumi-
nation, otherwise the energy spent in heating the resistance is a total loss.
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hard and the la.tes become lighter in color, lose their porosity and are not
thls is the abnormal condition usually referred to as ‘‘sul-
phated " This condition is usually the result of “starvatlon" of the battery.

Overdischarge.—It is not discharge at any rate which injures
a battery, but overdischarge, or, what in time amounts to the
same thing, undercharge or ‘‘starvation.”

™G, 6,208.—Parallel ch series disch including dynamo and distribution circuits.
1, ter; 2, voltmeter; 3, itch; 4, voltmeterswttch 5, series parallel switches;
6 battery urcultbreakar 7 battery rtheostat; 8, overload and Teverse current circuit break-
er (ducnmmatx cut out), , dynamo field rheoutat, 10, battery switch; 11, dynamo
switch; 12, switches to distribution circuits.
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F1G. 6.200.—High voltage charge. End cell regulation. 1, dynamo ammeter; 2, voltmeter;
3, battery ammeter; 4, voltmeter switch; 5, dynamo switch; 6, dynamo circuit breaker
over load and reverse; 7, dynamo field rheostat; 8, battery circuit breaker; 9, battery switch;
10, discharge end cell switch; 11, charging end cell switch; 12, switches to distributing cir-
cuits. The battery is charged in one series directly from the dynamo, which has a pressure
Tange to 153 volts, and the charging current is controlled by the dynamo field rheostat.
‘Two end cell switches are required so that the lighting circuits may be supplied while the
‘battery is charging, the power voltage for the lamps being obtained by adjusting the posi-
tion of the end cell switch connected to the lighting circuit. This is an overload breaker in
the battery circuits and an overload breaker with reverse current trip in the dynamo cir-
cuit, the latter protecting the dynamos against overload and reversal of current.




3,428 - 68 - STORAGE BATTERIES

@ @ Starvation.—In auto-

1 2 mobile batteries, if a car
be so run that the battery
gets insufficient charge
and be “starved,” it can-
not be expected to do its
work properly.

Overcharge. — Persis-
tent overcharging not only
tends to wash out the
positive active material,
but also acts on the
positive grids, giving them
a scaly appearance.

Temperature. — Low
temperature temporarily
both lessens the ampere
hour capacity which can
be taken out of thebattery
and lowers the discharge
voltage.

F1G. 6,300.—Shunt booster charge, and cell discharge. 1, voltmeter; 2, ammeter; 3, under
load circuit breaker; 4, booster motor circuit breaker; 5, battery circuit breaker; 6, volt-
meter switch; 7, booster switch; 8, booster-motor switch; 9. booster field switch; 10, bat-
ﬁrydsvntch; 11, end cell switch; 12, booster field rheostat; 13, motor starter; 14, motor;

, dynamo.

NOTE.—Charging rates. In selecting the size of battery to give a certain discharge
rate, care should be taken that the dynamo is large enough to charge the battery at a rate
not lower than the normal eight hour rate. In the case when two halves of a battery are charged
in parallel each half taking the normal rate, the dynamo must have a current capacity double
that at which each half is to be charged. Moreover the dynamo should have capacity to
charge the battery occasionally at a higher rate, as this not only improves the condition
of the cells, but permits a shorter charging period.
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Keep battery unusually well charged in winter and not expose it unneces-
sarily to low temperatures. There is no danger of the electrolyte freezi
in a fully charged cell; but in one which is over discharged or has l::g
water added without subsequent charging this is liable to occur.

High temperature is to be avoided from the standpoint of life. 110 de-

ees Fahr, is usually given as the limiting temperature, and even this
would be harmful if maintained steadily. Heating is ordinarily the result
of charging at too high a current rate.

The effects of continued high temperature are to distort and buckle
the plates, to char and weaken the wood separators, to soften and some-
times injuriously distort the jars and covers.

Points on Storage Battery Care.—The following should be
specially noted:
1. Add nothing but pure distilled water to the cells and do it often
enough to keep the plates coyered.
2, Take frequent hydrometer readings.

3. Give the batiery a special charge whenever the gravity readings
show it to be necessary.

4, Charge at the proper rate.
5. Keep the filling plugs and connections tight and the battery clean.

6. To prevent corrosion of terminals and connections, wipe with a rag
moistened with household ammonia solution.

7. Keep battery well charged in cold weather,

BATTERY REPAIRS
1. Double Cover Batteries

The type battery here considered to illustrate battery repair
methods is a Gould 6 volt 81 ampere hour size of the double cover
sealed type. Before starting to dismantle a battery a sketch
should be made showing the inter-cell connections and position
of terminals for guidance in reassembling.

NOTE.—The author is indebted to the Gould Storage Bat Co. for the accompanying
ive series of cuts illustrating Storage Battery Repairs. tery *
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Battery Repairs

Fi1G. 6,301, —Battery repairs. 1. Gould 6 volt 81 ampere hour storage battery as received
for repairs. s
F1G. 6,302.—Battery repairs 2. To remove terminal or connecting link, center punch the
tops of terminals and connectors over the terminal posts and drill down to a depth of }{i
inch, using a % inch drill for 3{ inch posts and a %§ inch drill for 1 inch posts. Do not dri
deeper than necessary so as to minimize the labor of building up the post.
|

P16, 6,303.—Battery repairs 3. In removing the top connectors place a file or a flat piece
of steel along the edge of the case. Place an ordinary screw driver underneath the con-
gecwk;;nd pry it off. The object of the file or piece of steel is to protect the wood case from

reakage. o

F1G. 6,304.—Battery repairs 4. Brush off the accumulation of lead and dirt from the top
of the battery, Care should be exercised to keep foreign substances from the inside of the
battery, especially metal which may become lodged between the plates and separators and
eventually cause short circuiting. .
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F16. 6,305.~—Battery repairs 5. Unscrew and remove the vent plugs. In all cases be sure
thattheven lugs are removed before using a flame around the battery. As h
tetfmabatteryx ncemyruultmanexplos:on ‘This gas can be q

<

expel]ed by blo into the cells with the vent pluga are made of hnrd rubber,
which is easily broken, do not attempt to Temove them with a pair of pliers.
FiG. 6,306.—Battery repairs 6. Soften the seali d d the edges of the cov-

mbyplaymgagasortorchﬂameovertheeompmmd Care must be taken that the flame
does not burn or scorch the covers. Itlsbesttophythoﬂmb.ckandfoﬂhandnot
steadily in one place.

F16. 6,307.—Battery repairs 7. Using a heated screw driver, chisel or a plumber’s lead
scraper dig out the eompound around tho edges of the covers. P

P16, 6,308.-——Batt 8. n using & flame, heat the of the covers to soften
the underlying eom"v "N‘”I Aagum driver under the covm%d pry themco off gently.
Donotanemptto omthemoﬁbutmmmhmtuntdthey easily.

have been remo heat the underlymﬁ compound with
the illuminating gas flame or blow to: Do not allow
the flame to play in one hoe long as this would cause the
compound to melt an small flame used for
several minutes will bnng better results than a

flame. After softening the compound it may be rem

by using a heated screw driver.

] P16. 6,300.~Batter, ved" repairs 9. After the top covers
1
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Fi1G. 6,310.—Battery repairs 10. Apply the flame to the inside of the jar for an instant,
then run a hot put%y knife around edgu%tween jar and cover. Now place the nttery
on the floor, and holding it firmly between the “aet, grasp the terminal posts with two pairs
of pliers and lift the element and inside cover out together

Fi1G. 6,311.—Battery repairs 11. Let the elements rest at an angle on top of the jars to drain.
While the elements are draining apply a flame around the terminal posts and remove covers.
The covers may have warped ng the heat. " If so, they should be placed in boiling water
and flattened out on a smooth surface to cool. B

|

|

—— |
F1c. 6,312.—Battery repairs 12. If separators be in good condition, and a jar np!acement
only is to be made, set the element, with bottom cover, in electrolyte or water till ready
to replnce If separatxon is to be renewed and plates examined, separate the itive and
negati Grasp the elements firmly and work the groups gentl and forth.
Fi1G. 6, 313 —Battery repairs 13. Remove separators. Take a putty knife a.nd run it be-
tween the plate and the separator. It is alwa ugbest to renew the separatom When a new
battery is received for replacement of a 1 jar the separators will generally be found
in good eondmon 80 as not to _Tequire renewal tors should never be allowed to dry

but should be kept i d in water.

__ FiG. 6,314.—Battery repairs 14. Plates should be in-
ted to determine W) ether or not they require re-
mement If battery has been overheated through
rcharging or short circuiting this will be indicated
by bnttle and buckled plates with active material granu-
lar and falling away from the . Plates in this condi-
tion will have to be repl If electrolyte has not
been kept above the phm the tops of the plates will
show a white substance known as sulphate. If the
battery has been allowed to remain in a discharged condi-
tion for any len, %ﬂsof time it will be indicated by sul-
hated plates. sulphation is susceptible to removal
y charging at a low rate for a long period. This rate
should be about one-half the normal charging rate con-
tinued until ﬂthe specific gravity and voltage reaches a
ma value,
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|
|

Pic. 6.315 —Battery repairs 15. Positive group showing buckled plates. p of buc-
kled plates which, when reassembled, will not go into the jar readily, shou.lg laced
with a new group. Buckled plates if otherwise serviceable can be strengthened thus nsert
boards of suitable thickness between the plates and over each outside plate; place the pile
in a vise, apply a gradual pressure, exercising care that the plates are not sub)ected toa
severe strain, The condition of the negative plates is sometimes such that they may be
us agxunt welt)h nei: el:t.osmves Ix; this t:anl t}lxl:.negatxve group should &lmm % tlbl; water

prevent the out throug! ting or exposure to air

tive platebeian'y hmdmu not lost much of its surface, it may be used again.
sionally it happens that one or two plates in a group reqinre replacement while the balanee
of the plata are in good condition. In this case new plates may be used in replacement.

F1G. 6,316.—Battery repairs 16. examined the groups, pour the electrolyte into a

jar or vessel. A glass Jarubestv%ptedmthcpmposep:oastodnclosethesedxment

which will settle at the bottom. Sometimes impurities get into the electrolyte, and as a
precautionary measure it is not advisable to use old solution.

F1c. 6,317.—Battery reraln 17. Note the sediment which has settled at the bottom of the
jar containing electrolyte. Under normal usage this sediment will not be considerable.
large amount of it indicates that the cell has overheated, and that the solution has

not been kept above the plates by adding distilled water at regulm‘ intervals.

F16. 6,318.—Battery repairs 18. This shows the pouring off of the clear electrolyte. Never
allow the sediment to get into the battery as it would impair the efficiency of the separators.

N
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F1G. 6,319.—Battery repairs 19. Invert the case over a sink and thoroughly clean the cells by
inserting a hose and injecting a stream of water upward into each cell. Be sure that all
sediment and foreign matter i1s removed from the cells before installing the plates.

F1G. 6,320.—Battery repairs 20. Inspect the jars carefully for cracks or other imperfections*
Jars exhibiting s’u?h defects should be replaced with new ones.

Fic. 6,321.—Batt repairs 21. ‘To remove a jar fill it with boiling water and allow it to
stand for at least five minutes. This will loosen the sealing compound surrounding the jar.

F1G. 6,322.—Battery repairs 22. the of the jar to be removed with two pairs
%plierstqsiﬂustratedandpullits ight up. mnhoulcfbeexemsedsoasnottodamage
jacent jars. ,

P16, 6,323.—Battery repairs 23. Before putting in a new jar exa;ne the s in the case
and re{noVe the shims and sealing compound so as not to hinder the jar being placed
properly. .

F1G. 6,324.—Battery repairs 24. The jar should be heated before being placed in the case.
This may be accomplished by pouring boiling water in the jar. If hot water be not avail-
able play a light flame around the outside of the jar. :
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P16, 6,325—Batt repairs 25. When the jar has been heated it should be pushed into
eamtoseethat the top of the }arnlevel with the othm If the topsmnot
PKnedup,thetopconnecwmwﬂlbe;neven,anduamultprmntaverypoorloohng)ob.
1G. 6,326.—Battery repairs 26. oumethnmoperlpmnganda. htﬁtplwea
paraffined wood veneer shim between the jars. e '

PG, 6,327.—Battery repairs 37. Tonpheomehmmttheﬂntstepueouhthopodﬁw
and negative groups to a clean, flat table. Always make sure that the work table is free
ftom lead scrapings or foreign' substances of any kind as these substances will adhere to

mwet separators, and if not remov;d will cause short cnmxt:lng of the plates. As th
G. 6,328.—Batt repairs 28. Intermesh the positive and negative up. the nega-
tlveawpconm;swonommphuthmdouthepostwe,bothou EO will be negative.

F1G. 6,329.—
Battcry re-
29. This
tllustratesa
complete ele-
ment ready to
receive separ-
ators.

F16.6,330.—

itssideandput
the separator
retainers in
pontn}c‘):. Ine

separ - ——
ators L. ___n each pair ot piates. Ifwoodsepamtononlybeused the grooved side of
the separator should be next to the positive plate. If wood separators and rubber sheets
be used they should be inserted together, the rubber sheet between the posmve plate and
the gmoved side of the wood separator, See that the t the ref and
that they extend equally on either side of the element. Caretully check up separators after
assembling as to omit a separator would cause considerable troubis
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F1G6. 6,331.—Battery repairs 31. A complete element. Grasping the element by the pillar
posts, lower gently into the jar. This sgould be done very carefully to avoid b¥eahng the
Jar.

FIG. 6,332.—Battery repairs 32. To clean the covers, heat a putty knife,

ot - oo e R |

P1G. 6,333.—Battery repairs 33. After heating
the putty knife clean all the compound off the
covers.

Fi16. 6,334.—Battery repairs 34. Sometimes
the bottom cover will not fit properly over . o
the element. By using a pair of pliers in the manner illustrated, it will be an easy matter
to locate the centers.

PiG. 6,335.—Battery repairs 35. If the bottom cover do not fit close to the terminal posts,
or the wall of the jar, the openings should be calked with hemp twine or tow to prevent the
melted sealing compound flowing into the jar.

F1G. 6,336.—Battery repairs 36. Small gas stove and ordinary coffee pot used for melting
and pouring sealing compound.
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Fic. 6,337.—Battery repairs 37. Always pour
the compound so that it will fill all spaces and
reach to a height level with the top of the case.
;A“I:fo see that it flows evenly over the whole

ace.

F1G6. 6,338.—Battery repairs 38. Before putting on the top cover slightly heat it with a
gas e. Also heat the surface of the compound.

F1G. 6,339.—Battery repairs 39. Wooden form used for properly holding the sovers down
while the compound is cooling.

F1G. 8,340.—Battery repairs 40. Place the wooden form over the covers and place a heavy
weight on top of the form. The battery should stand for ten or fifteen minutes until the
compound has set.

¥Fi1G. 6,341.—Battery repairs 41. After the form is removed there is always an excess of
sealing compoun:.v 'I‘hxprcan be scraped off with a hot putty knife. i

Fi6. 6.342.—34:“03[ repairs 42. Before a'pflyjng terminals see that the terminal posts are
scraped clean of compound and dirt. It is practically impossible to do a good job of
burning if all parts are not properly cleaned.
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777777 * |

F16. 6,343.—Battery repairs 48. Using an ordinary pocket knife, clean the inside of the
connectors, gemovn%gglldirtand oxides, Cleunthetopsofthe:ongectorswi:harupﬁle

to remove dirt and oxide.

F1G. 6,344.—Battery repairs 44. Before applyinffthe terminal connectors test all cells with
a voltmeter to see if they be set up properly. If a voltmeter be not handy, scrape the rub-
ber bushings on each post. The red bushing is positive and the black is negative. The
g‘@t:;:cwms;cl:luldbeapphedsothxttheposmveofoneeellisoonnectedtothenmﬁve

PF1G. 6,345.—Battery repairs 45. In burning connectors and terminals to the posts, melt
the top of the post, then the edges of the hole in the connector. Melt strips of antimonious
lead and allow the molten metal to run into the hole in the connector. Care must be taken
to see that the to1p of post and inside edges of the connector are melted together before a;
plying additional lead. If this be not done, the connection will surely pull loose. Care shoufé
also be taken not to melt the outer edges of the connector. Practice will be found necessary.

P16. 6,346.—Battery repairs 46. After burning, the connectors and terminals, mark the

positive terminal with a stamp “POS” and the negative “NEG.” If a stamp be not avail-
able use a blunt instrument and mark the positive (+) and the negative (—).

Repairing Batteries With Single Covers

A great many batteries are now constructed with single
moulded covers with a depression around the edge into which the
sealing compound is poured. 4

In order to remove the elements from such cells it is only
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GLOSSARY

Acid: Term frequently used to describe the liquid in cells, in place of the more correct one
—Electrolyte.

Active Material: The “formed” paste which fills the grid.

Ampere: The unit of measure of quantity of electric current

Ampere-Hours: Product of amperes and hours.

Batlery: Any number of cells when connected and used together.

Bridge (or rib): Wedge-shaped vertical projection from bottom of rubber jar on which plates
rest and by which they are supported. .

Burning: ~ A term used to describe the operation of joining two pfeces of lead by melting
them at practically the same instant so they may run together as one continuous
piece. Usually done with mixture of oxygen and hydrogen gases, hydrogen and
compressed air, or oxygen and illuminating gas.

Cadmium: A metal ‘used in about the shape of a pencil for obtaining voltage of positive or
ngg‘iﬁ\lre '::ates. It is dipped in the electrolyte but not allowed to come in contact
with plates.

Ca;uu.-al‘isc The rating of cell or battery in ampere-hours, qualified by the rate or time of
harge.

Case: The box which holds the cells of a battery
Cell: Unit of storage battery practice; ists of el t, electrolyte and jar.
waiiisfassin‘ direct current-through a battery, in order to replace energy- used on

Charyirgl {:eale: The proper rate of current, expressed n amperes, to use 1n charging a
. ry.

Connector: Solid or flexibl for ing positive pole of one cell i
another, ete., or to temd. 8 pos pe ¢ fo negative polo of
Cover: Cover for cell to retain electrolyte and exclude foreign material.
Cycle: One charge and discharge.
Density: Specific gravity.
Developing: _The first cycle or cycles of a new or rebuilt battery to bring about proper electro-
chemical itions to give rated capacity
Diffusion: Pertaining to movement of acid within the pores of plates. (See Equalization.)
Discharge. The flow of current from a battery through a circuit, opposite of “charge.’”
Dry: Term frequently applied to cell containing insufficient electrolyte.
Electrolyte: The conducting fluid of electro-chemical devices; for lead-acid storage batteries
consists of about two parts of water to one of chemically pure sulphuric acid, by weight.
Element: Positive group, negative group and separators.
lization: ‘The result of circulation and diffusion within the i panies
Eque charge and discharge. Difference in capacity at variol‘ls"lh:.to;;e g ;‘::ehd.!f;ot';e time
required for this feature.
Egqualizing: Term used to describe the making uniform of varying specifi ities in dife
Ielint cells of the same battery, by add‘i;ng or remzfving wager or elm‘;ht:: in dit
Evaporation: Loss of water from electrolyte from heat or charging.
- . Eh:l \ N 2 1 L3 2
o tary s (O coehuend with Dieiopany oF other plate types mto storage
Foreign Material: QObjectionable substances.
pmhm:e ulcl?:@c' 2 A. charge given to a battery which has been standing 1dle, to keep
Gassing: The giving off of oxygen gas at positive plates i 3
iegins when quharge is s}(;lrznethgi':ng mgr.; thmphnlf-c:;‘;ml):dli‘:? ;‘nvet"hewx-‘;wtp_h
Gravity: Common term for specific gravity.
Grid: Cast or stamped frame-work in which active material is retained.
Group: Any number of positive or negative plates properly joined together,
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Hold-dorn: Device for keeping. separators from floating or working up.

Jar: Container for el t and electrolyte. Usually of hard rubber.

Ing. Vertical projection from-grid for ting with and burning to steap.

Mud: (See Sediment.)

Orer-Charge: Conhmnneeo(chrgebeyudthtmﬂ or supposedly mecestary
improve condition of cells. v to

Over-Disch ‘The ing of discharge beyond proper cell voltage; shortens lif
ned'g: mughmydo:e frequently ischarfe bey . tages e if car

Paste: ‘The mixture of lead oxide or spongy lead and other substances which 1s put into grids

Plate. The combination of grid and paste properly “formed.” Positives are reddish brown
and negatives slate gray

Polarity: An electrical condition. The positive terminal (or of a cell or bat
ﬁroleleftnml circuit is said to have positive poluuypotlg neg::nve?rnem::yo

anty

Post. ‘The vertical cylindrical part of strap which receives connector.

Potential Difference: Abbreviated P.D. Found on test curves. Synonymous with voltage

Rate: Number of amperes for charge or discharge Also used to express fime for either

Rib: (See Bridge.)

Ribbed: (See Separator.)
Reversal:  That which occurs to vol readings when cells are discharged below a certain
critical polnl or charged in thle“.v:ong dll'?ctlotl .
Bealing: Makin, .f tight )omts between jar and cover: usually with a bhck, thick, acid-proof
‘compoun

Bediment: Loosened or worn out particles of active material fallen to the bttom of cells;
frequently called “mud.”

Sdmmu Space: Tlut part of jar between I)ouom llld top of bridge.

Sep An i tor bet plates of opp polarity; usuall; olwood.rubberor

eombmuon of both. Sepnators are genenlly corruptcd or I'l to inlun proper
distance between plates and to avoid too great d lyte.

Spray. F’n;epuhclesdelecholytea.rmdupfmtbemﬂm bygububble- (See Gas-
sing.)

Strap: ‘That part to which all plites of one group are burned.
Sulphate. Common term for lead lulplute. (Pb S04.) :
Sulphalcd Term used to dgscribe cells in an under-charged mdiuon. from either over

without ponding long charges or from st g idle some time and
bemgse -5uclurged
Sul, atc Readmg A of cell voltage when plates are considerably hal
P clurgm volhge .Ko Abnormnlry lngh figures before dropping gr::.l?dlyu&

clursms voltage.
Tmmul Part to which outside wires are
Vent or Vent-Cap: Hard or soft rubber part inserted in cover to retain atmospheric pres~
sure within the cell, while p ing loss of electrolyte from spray.
Voltage: Electrical pressure or pobentm.l difference, expressed in volts.
Wall: Jar sides and ends.
Washi Re 1.of sediment from cells after taking out elements; usually accompanieq
Bymngdmmphmtolmdmlxﬂnu and renewal of electrolyte.
Watts: Product of amperes and volts.
Watt-Hours: Product of smperes, volts and time in hours.

tod
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CHAPTER 98

Electrolysis

This term signifies the decomposition of a chemical compound
in solution, called the elecirolyte, into its constitutent elements,
called ions, by the passage of an electric current through it.

There are two kinds of ions: 1. The electro-positive ions
called cations and, 2. The electro-negative ions called anions.
The former appear at the cathode and the latter at the anode. The
current may be regarded as being carried through the electrolyte by the
ions; since an ion is capable of carrying a fixed charge only of + or — elec-

tricity, any increase in the current strength necessitates an increase in the
number of ions.

Alkali and Bleach.—When an electric current is passed
through a solution of sodium chloride in water, using electrodes
which are not attacked by the chloride or by free clorine, the
chloride is split up into its constituent parts, the metal sodium 1is
separated at the cathode, while the gas chlorine forms in minute
bubbles at the surface of the anode and rises to the surface of the
liqguid in the cell.

The metal sodium, however, has a great affinity for the hydroxyl con-
stituent of water, and it at once enters into union with this, and produces
sodium hydrate and hydrogen gas at the surface of -the cathode. These

changes are the basis of all the patented processes and cells for the produc-
tion of alkalies and chlorine products by electrolysis. :

Aluminum.—The process of aluminum manufacture con-
sists in the electrolysis of a fused mixture of the fluorides of sodium,
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calctum and aluminum, in which alumina (aluminum oxide) 1s
dissolved.

When an electric current is passed through such a mixture of fused salt,
using carbon electrodes, aluminum separates as drops of molten metal at
the cathode, while oxygen is liberated at the anode and at once unites with
it to form carbonic acid gas. The bath is kept in the fused state by the
heating action of the current. The action taking place in the electrolytic
bath is therefore, virtually, a reduction of the alumina or aluminum oxide
a]: the carbon of the anode; but this reduction would be impossible without

e aid of the current fo first separate the oxygen and aluminum, which
have great affinity one for the other.

N

F1c. 6,350.—Arrangement of Gibb’s process. The process consists in the electrolysis of
potassium chloride solutions, using a cop or iron cathode and a platinum anode. S is
the supply tank; V, the electrolytic cell; R, the refrigerators; and P, the p by means
of which the exhausted electrolyte is returned to the supply tank, while the chlorate pre-
cipitates out as crystals, ’

The aluminum separated at the cathode is in the molten state and falls
to the bottom of the bath, and it is allowed to collect there, being removed
at stated intervals, either by a syphon or by tilting. Fresh alumina is fed
into the bath at short intervals to replace that which has been decomposed
by the current; and the process is, therefore, a continuous one.

Bullion Refining.—The general principle of electrolytic
bullion refining is to use the alloy of previous metals, or bullion,
as an anode in an electrolyte which dissolves only one of the two
metals to be separated, and to use a sheet of the pure metal that is
being deposited, as cathode.
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Pics. 6,351 to 6,354.—FElectrolysis apparatus. Fig. 6,351, electrolysis of water, simple form
with sliding graduated tubes and platinum electrodes. Fig. 6,352, electrolysis of water,
improved form with platinum electrodes that may be easily replaced by copper electrodes
or by carbon electrodes for electrolysis of hydrochloric acid. Fig. 6,353, electrolysis appara-
tus (Osborne form), for study of conductivity of liquids, ionization, electroplating, electro-
lysis of water, and principles involved in the theory of electrolytic dissociation. It consists
of an outer U tube with graduated sliding tubes, shot valves, glass plug and platinum elec-
trodes which are easily replaced by carbon or copper electrodes. Fig, 6,354, Hoffman's
improved form of electrolysis of water apparatus with graduated tubes, glass stop cocks
and removable platinum electrodes
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For silver deposition an acid solution of nitrate is employed as the elec-
trolyte (the Moebius process), while for gold an acid solution of gold chloride
is found to yield the El’ms'; results (the Wohlwill process). .

Chlorates.—Chlorate of potash or of soda is produced
electrolytically by the electrolysis of the corresponding chloride.

The electrolytic and chemical changes which first occur when a solu-
tion of sodium or potassium chloride is electrolyzed by the aid of electrodes
not acted on by the products of the electrolytic decomposition, have been
already described under Alkali and Bleach (page 3,442-82).

F1cs. 6,355 and 6,356.—Gibb’s cell and battery of three cells. The cells consists of a wooden
frame A, covered with some metal B, such as lead, not attacked by the electrolyte. The
cathode consists of a gird of vertical copper wire ¢, kept in position by cross bars D, of
some insulating material. The grid is placed in a vertical position against one side of
the cell frame, and kegll in place by the anode of the ad)ommg cell, from which it is in-
sulated by the strips, F, and bars D. The opposite side of the cell from that occupied
b{ the cathode is partially closed by the anode indicated by dotted lines. This consists
of a thick lead plate L, covered with platinum foil on the outer side E, (fig. 6,356), and
is held in position by the cathode and framework of the following cell. G,isa pipe, reac]
to the bottom of the cell, by which the potassium chloride is continuously supplied, an
it is the overflow pipe to convey the mixed solution of the chloride and chlorate as well
as the liberated hy en gas away from the cell. S,8,8,S, are lugs projecting from the
framework by means of which any number of cells can be bolted together to form a series
of cell. In fig. 6,356, the heavy plates X and Y, are used to close the ends of the wooden
framework and form a fully close({ series of cell with only the op'emnﬁ at the various supply
and overflow points. Current connections are made at the points M and N,

Hypochlerite.—If the cell designed for chlorate production
be worked with a low current density, and at a temperature which
does not rise above 68° Fahr., little chlorate will be produced.
and sodium hypochlorite will be formed in its place.
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0Ozone.—This can be produced by chemical methods, but it is also pro-
duced by the sparkiess discharge of electricity through dry air or oxygen from
conductors charged at a high pressure and it is always formed when a frictional
electric machine of the old plate type is worked with an air discharge.

Oxygen and Hydrogen.—Dilute sulphuric acid is employed
in one form of apparatus as electrolyte, namely, that patented by
Schoop, the more customary electrolyte being a solution of
caustic soda.

Fi1G. 6,357.—Electrolysis of copper. Fill the U shaped glass tube shown above, with a solu-
tion B, made by dissolving some crystals of copper s ulphate or bluestone. Immerse in the
solutlon two platinum electrodes C and D, attached to the copper wires E and F, sealed
m the lzlass tubes G and H, which are held in the tube openings by loosely ﬁttmg rut ber

and L. Attach the Posmve pole of the battery N, to the terminal of the elec-
trode C, and the negative of the battery to the upper terminal of the electrode D
The electric current from the battery will then pass from the platinum anode C, through
the cop sulphate electrolyte B, to the platinum cathode D, thence to the negatwe ter-
minal of the battery. The passage of the current through the electrolyte will result in the
llberauon oi the constituent ions of the latter, oxygen gas being hiberated at the anode C,
metallic copper. deposited on the cathode D, and the copper sulphate solution B, changed
to sulphuric acid.

The pri products of electrolysis in this case are hydroxyl (OH)
and the metal sodlum (Na) but these immediately enter into secondary
chemical changes which produce oxygen gas at the anode and hydrogen
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at the cathode. The gases obtained in this way are not quite free
g:m impurity, but for industrial requirements they are sufficiently pure,
and this method of manufacture is much cheaper and more cleanly t the
usual chemical methods of production.

Sodium and Potassium.—It is necessary to work with a
fused electralyte in place of an agqueous solution in this case.
-Owing to the readiness of sodium and potassium to enter into combination

with water, the difficulties of opérating the process upon a commercial scale
are chiefly due to this great chemical activity of the alkali metals.
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P16. 6,358.~Castner cell. The parts are: A
eccentric for producing a rocking movement of cell; D, pivot support for framework of cell;
E, slate wallsof cell. The Castner cell is of the mercury type in which advantage is taken
of the property possessed by mercury of iorqun* an alloy with sodium, fluid at the ordinary
temperature, this alloy being known ch lly as an amalg hen the amalgam is
heated with water it is d iposed, and a solution of sod hydrate is formed, while the
mercury is restored to its original condition of ity. Hence, if a layer of mercury be em-
ployed as cathode on the floor of a cell in which a solution of sodium chloride is being de-
composed by the current, the sodium liberated at the surface of the mercury will at once
enter into union with it, and will be kept safe from further ch 1 or electrolytic ch
The l:?rer of mercury, in fact, acts as a reservoir for the sodium atoms, or ions, brought to
its surface, and stores up these until they are wanted.

Wet Extraction Process for Metals.—Copper, nickel, tin
and zinc have all been extracted from their ores or slags by the
use of electrolytic processes, and in many cases these processes
are still being worked upon an industrial scale.

Copper.—The principle of the wet copper extraction processes is as
follows: The ore is roasted to drive off the sulphur, and then leached in
suitable vats with a solution which will dissolve the copper and leave the

other metals and impurities undissolved. This solution is then electrolyzed
in order to recover the copper as a cathode deposit.
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Nickel.—The roasted ore is leached with a solution containing both
copper and calcium salts as chlorides, and the copper is first deposited by
electrolysis. Thelast traces of copper are then removed from the electrolyte
by chemical means, and the nickel is in turn deposited by use of a higher
voltage from the remaining solution.

Tin.—The Bohne process depends upon the use of sulphuric acid as a
leaching agent and upon electrolytic deposition of the tin, from the sulphate
solution so obtained. In the recovery of tin from old tin cans and tin scrap
by electrolysis, sodium hydrate is used as the electrolyte.

Zinc.—A great amount of investigation and large sums of money have
been spent upon processes for extracting zinc from its ores, by aid of elec-

F1G, 6,359.—Electrolysis in lower New York, The tigure illustrates current movements as
discovered, The power house is located near the navy yard in Brooklyn. A portion of
the returning currents, as shown by arrows, flows over the New York and Brooklyn bridge
to Manhattan, thence north to Williams bridge via underground mains, subway struc-
tures, and other metals, and passes over that bridge back to Brooklyn, thence through
mains to rails and negatives, to power house. In this case d may d at
three points: 1, where currenta leave bridge metals on the Manhattan side; 2, where they
leave pipes to enter Williamsburg bridge; 3, where they leave same bridge for pipes in Brook-
lyn side. When the two bridge structures are connected in Manhattan as pro| , then
there will be further changes in the direction of current. Before the Williamsburg bridg
was built, these currents recrossed through the river bed, leaving mains all along the doc!
in the Manhattan side, for the river, and leaving the river for mains or other metals along
the docks of the Brook.yn side. Traces of these currents have been found as far north
as 23rd St., a distance of over two miles from the Brooklyn bridge. Since the Williamsburg
bridge has been built, nearly all traces of these currents ficwing north of it have disappeared,
showing that the mass of metal composing the structure acts as a short circuit or path of
lower resistance which carries practically all of the returning currents flowing from Man-
hattan back to Brooklyn.

trolysis, but only two of these have achieved any industrial success. The
Hoepfner process depends upon the use of the waste calcium chloride solu-
tion from ammonia soda works, and was worked out chiefly as a process for
recovery and utilization of the chlorine from this waste product; zinc,
testing 99.96 ger cent. purity, and bleach being the products finally ob-
tained. The Swinburne-Ashcroft method (the other successful process) is
not a wet extraction process, but depends upon the electrolytic separation
of zinc from fused zinc chloride.
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CHAPTER 99

Electro-plating

This process consists in obtaining an electro-deposit of one
metal, used as an anode, upon some metallic article which ts con-
nected to form the cathode in an electrolytic bath, that is the sub-
stance upon which it is desired to deposit the metal is connected
with the negative pole of the source of current, and the metal
which is to be plated upon is connected with the positive pole.

The chemical nature of the electrolyte employed depends upon the kind
of plating. For plating with gold or, with silver, the electrolyte is always
alkaline, for plating with nickel or with copper, it is usually acid.

Substances other than metal can be electroplated by first coating their
surfaces with powdered graphite or plumbago, as in the case of electrotyping.

An essential condition in electroplating is cleanliness.

‘The merest trace of grease or dirt is sufficient to completely spoil the

lating; in fact, the presence of even the small amount of grease caused by

ﬁandling the article with the naked hand is often sufficient to prevent an
adherent deposit.

The articles to be plated are cleaned by means of emery paper or wet
sand, and by scrubbing with a scratch brush. -

Next they are treated with caustic soda and then thoroughly rinsed
in running water.

Sometimes they are dipped in acid, partly for cleansing purposes, and
partly to slightly roughen or frost the surfaces.

Stripping.—Worn articles of electro-plate, which are to be
re-plated, require therefore to have the whole of the previous
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plating removed before receiving a new coat. This process of
removal, which is accomplished by various acids, is technically
known as stripping.

F16. 6,360.—Electro-plating outfit with wo wire system of distribution.

(81 Lslslalalalzlalalilali

Fic. 6,361 —Electro-platmg outfit with three wire system of dnstnbutwn. The appa ratus
consists of: A, multipolar dynamo; B, positive line; C, neutral line; D, negative
ammeter; F, tank rheostat; G, field rheostat; H, tank volt-meters; I, Starrett. volt-meter
- J, still solunon, K, platmg apparatus.
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Fic. 6,363.—Munning “Optimus” electroplating dynamo brush yoke with brush rigging,
5,000 ampere size.
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Current Supply for Electro-plating.—Low pressure direct
current is used for this purpose, the pressure used being from 1
to 16 volts, depending upon the nature of the electrolyte em-
ployed, and the rate at which the plating is accomplished.

The following tables will be found useful:

iAmperes required to plate ane square|| Carrying capqcity of copper
foot. .wire.
Solution and metal. Average amperes. Size. Amperes.

ickel.oioiieiiionieananns 4 1'... .0625 3
Nickel /ﬁ” ... 125 12
Brass....... Netesssasecan 6to 8 {{iu. .. .1875 27

TOMZE.. « covovvvonaanonss 6to 8 . 14"... .250 49
B 5{:" e W3125 76
Copper ................... 6to 8 %1:. .. .375 {;g

: ... .500

Acid copper...oiiennane. 10 to 12 %’é,,‘ e2s 306

137 SN 2 34”... 750 441
Silver.. - ' 76" 875 601
Gold ..................... 1% t 'l”. . .l.m 785
ZiDCe eeveuneernanoanannns 10 14%7...1.125 994

Current Density.—The current density is important and
varies with different metals. .

With a high current density the deposit may be crystalline or powdery,
and will not adhere well to the cathode. What is required is to regulate
the current so that the deposited metal may be smooth and adherent, and
capable of being burnished without being detached.

Hard and fast lines cannot be laid down, but, generally speaking, with
high current densities the deposit is powdery, and of a dark color, when it
is said to be “burnt.” Much higher current densities can be employed
if the solution be rapidly circulated by means of a pump or agitated by
blowing in air,

Mechanical Electro-plating Apparatus.—The cheapening
in the cost of plating has been so marked that mechanical plating
apparatus is now recognized as a necessity in the metal manu-
facturing industry.
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The Tanks, or Vats.—These vessels are for holding the
plating solutions, and should be made of well seasoned wood,

liquid tight, and lined
with some suitable ma-
terial which will not be
acted upon by the solu-
tion the tank is intended
to contain.

Dipping Vessels.—
These are employed for
holding the articles and

Fic, 6,364 —Heatmg tanks. Small shops usually depend upon gas or oil stoves placed under
the various tanks or jars containing solutions that must be kept hot, such as lye, rinsing
water, gold solutions, etc., as either offers a means of keeping up the desired temperature
with very little trouble or expense. Larger establishments, however, find it cheaper and
better in every way to use steam jacketed tanks, as here shown.

F1Gs. 6,385 to 6,371.—Various dipping baskets.

dipping them into the
various solutions used in
cleaning the articles pre-
paratory to the plating.
All dipping vessels used

in acid solutions should be

made of vitrified or glazed
stoneware or glass.

Scouring, Swilling
and Rinsing Troughs.
—These are usually
made of wood, lined
with lead and divided in
the middle by a parti-
tion, one part being used
for scouring and the
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other for holding clean water for rinsing the articles after they
have been scoured clean.

Tumbling or Rattling Barrels.—Small objects, such as
small castings, stampings, etc., that are not required to have
square edges, are best cleaned by tumbl-

ing, or rattling, as it is called in foundries.

F165.6,372and 8,373.—Various

dipping vessels. Fig. 6,372

deep glazed earthenware dip-

ping basket; fig. 6,373, shallow

glazed earthenware dipping

asket. The aluminum

basket is adapted for use in

washing and dipping in all

acid solutions, but cannot be

ed in potash solutions.

Different shapes and sizes of

basket are required for

various kinds of work. Suc-

cessful dipping depends, how-

ever, chiefly upon quick and careful handling rather than

upon the ""‘E"“ of the dip, therefore, the holes in these

baskets should be as large as possible, s0 as to allow the
acid or cyanide solution to drain out quickly.

Large quantities of work are thus easily and cheaply cleaned without
much manual labor, which is the expensive item in polishing. If rough
castings are being worked, the sand, scale, etc., adhering to them is allowed

Y1Gs. 6,374 to 6,378.—Various brushes. Fig. 6,374, jeweler's shoe handle wash out hand
brush; fig. 6,375, flat scouring brush; fig. 6,376, cotton potash brush; fig. 6,377, sawdust
brush; fig. 6,378, wire foundry brush.
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to remain in the barrel, where it acts as a polishing powder, brightening
the parts which are not reached by the metal of other castings; but when
tumbling for a bright finish, the sand, dirt, etc., are exhausted by means
of the blower, so that the surfaces are finely polished by friction only—
burnished, as it were, by rubbing against other metal of the same kind. -
— A strong exhaust should te kept up

when polishing in this way or the

finish will be dead instead of bright.

AANUNUNNNNERNRNRNY LA NN

Fics. 6,379 and 6,38).—Hanson and Van Winkle swing type, circular steel wire, casting
brush. The steel wires are twisted in knots and the knots are hung on rods around the
hub, as shown in fig. 6,379, so that they will turn around the rods if the work be held too
close to the brush wheel. In using the brush the work should be held so as to be just in con-
tact with the ends of the wires. The brush shown is about 15 inches in diameter, and
should not be run much faster than 1,000 r.p.m.

F1G. 6,381.—Hanson and Van Winkle tumbling barrel with convex head for dry tumbling.
The t):Fﬁi:f barrel is especially adapted for removing burrs and for smoothing small cast-
ings.

barrel gives three distinct motions to the articles: rolling, shaking, and spreading.

F1G. 6,382.—Hanson and Van Winkle tumbling barrel for wet grinding or pohshmg ing. It is
intended for sand and water grindinﬁ; washing out core sand, etc., al:x‘g is adapted for brass
castings. The barrel is provided with a gland for connecting a water pipe to supply a con-
stant flow of water.
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FiG. 6,383.—Mechanical electro-platin'f gpgaratus, It consists of a barrel A, in which are
ﬁlaced the articles to be plated. This barrel is revolved by belt device over the pulleys
or C, which provide two speeds. The barrel is removable at any time without inter-
£ with the device. The anodes D, D, are curved to fit the periphery of the revolving
barrel,and when the anodes are hung at each side of the tank, as shown, the work is always
equidistant from the anodes, thereby insuring a regular deposit of even depth. In setting
up and operating the mechanical electro-plating apparatus, connect the anode rod to the
positive wire of the main line, and the cathode to the negative wire. Use suitable
size wires for this purpose, as shown by the branch holes in the rod connections. Insert
a rheostat in the negative line between the tank and the main line. When the barrel is
beinfafl]ed_ or emptied move the rheostat lever to the off point, s0 as to prevent the burning
or blackening of the work when it is being removed the tank. is should receive
rticular attention when a high voltage current is used. All contact points should be
t perfectly clean. A strip of thin sheet lead, or a split length of rubber hose, bent into
the shape of a U, should be placed over the entire length of the anode rod to prevent
the slop and dirt from the solution impairing the contact of the anode hooks with
the positive rod. The revolving barrel may be operated at two speeds. In order to
obtain the correct 5})eeds. the countershaft should be driven at the rate of 10 revolutions
per minute. = The following voltages should be used with the various solutions: Acid
copper solution, 18° Baume, 2)4 to 5 volts; cyanide copper and brass solution, 12°-15°
.Baume, 4 to 5 volts; nickel solution, 10° Baume, 4 to 5 volts; zinc solution, 20° Baume,
6to 10'volts. With the lower speed, almost nni‘rl kind of article which will not hang to
the periphery of the barrel, may be handled with the lower voltages. The higher speed
and the higher voltages should be used for round articles, or those having no sharp edges
or corners, with a consequent shortening of the time of deposition. The best results are
obtained when the articles fill about one-half the barrel. The average length of time
required to obtain a good deposit of the different metals under proper working conditions
is approximately as follows: Acid copper solution, 20 to 40 minutes; cyanide and
brass solutions, 30 to 45 minutes; nickel solution on brass, 15 to 30 minutes; nickel solution
on steel, 45 to 60 minutes; zinc solution, 134 to 2 hours. In the case of all solutions, the
crystallization of the salts during cold weather tend to give a great deal of trouble. There-
fore, all solutions should be kept at a temperature of 70 to 80 degrees Fahr., thereby per-
mitting the use of denser and more highly conductive solutions, with a consequent
shortening of the time of deposition. A loop of bare steam pipe immersed in the solution
will serve to supply the necessary heat.
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Bright work can only be obtained by lonﬁ1 continued tumbling, and the
bright finish comes rather quickly after all the pieces in the barrel become
smooth, accordingly, it is necessary not to add any pieces once the barrel
is charged, or the work will not finish evenly.

Steel Ball Burnishing Barrels.—Burnishing with steel
balls is done both on small articles preparatory to plating and
also on articles that have been plated and require a highly
burnished finish.

P16. 6,384.—The lacquer room. When possible, a separate room should be used for lacquer-
ing, or a portion of the shop may be partitioned off for the purpose in order to avoid all
dust or moisture. If the room be heated by steam pipes, it is advisable to have the lat-
ing valves outside. The lacquer room should be?ight. dry, and well ventilated. When
it 1s necessary to use artificial light, it is safer and better to use incandescent lamps. Do
not have a stove or. ias light near the lacquer room, as both the lacquer ‘and thinner, as
well as the gases which arise from them, are very inflammable. .

Polishing Powders.—In order to hold fine powders on the
wheels and buffs, they must be mixed with some medium that
will perform this office and at the same time act as a lubricant
to the work.

The polishing compositions generally employed are various preparations

?fmx?uge, tripoli, crocus, white rouge. Vienna lime and powdered pumice
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> Solutions for Electro-plating with Different Metals.—

These may contain the necessary constituents in various per-
centages. The following solutions are considered the best in
general practice.

A good 14 carat gold p.ating solution s composed of water, 1 gallon;

" potassium cyanide, 10 ounces; gold chloride, 10 pennyweights; and a suf
ficient amount of carbonate of to give the desired shade. A 14

carat gold anode should be employed, composed of fine gold and the latter

being composed of 80 parts of copper, 83 parts zinc, and 6 parts nickel.

The best solution for silver plating is the double cyanide of silver
and potassium solution.

Pl

F16. 6,388.—Connections and manipulation of rheostat on large copper, brass, and bronze
solutions where variations of voltage are necessary to secure different colors.

F1G. 6,386.—Dipping or immersion; a method of chemically cleaning many articles consisting
of dipping thepn’;qxg solutions which dissolve the grease scale, etc. Successful dipping de-
pends chiefly upon quick and careful handling rather than t;ﬁon the dips themselves, and
the holes in these baskets should be as large as possible to allow the rapid escape of acid
or cyanide. The usual sizes of hole in dipping baskets are 14, to 1 inch in diameter.

. The single cyanide of silver is prepared by adding a solution of cyanide
})f potassium to a solution of nitrate of silver until a precipitate ceases to
orm.

The double cyanide of silver and potassium is prepared by dissolving
| an equivalent of silver cyanide (134 parts) in a _solution containing an
Lequivalent of cyanide of potassium (65 parts). The silver plating
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solution is made up with distilled water, the proportion by weight of silver
per gallon of water varying from 14 ounce to 5 ounces or more.

The best nickel plating solution is that which is. made up of the
double sulphate of nickel and ammonium, in the proportion of 12 ounces
to one ﬁgund of the double salt to each gallon of solution. The crystals
should be dissolved in boiling water in a wooden tub, frequently stirred
and cold water added to make up the desired quantity. ter the solu-
tion has become cool it should be filtered through a large volume, 1,000
gallons or more, held in large lead lined tanks.

Electro-plating with copper is employed chiefly to form a coating
on iron, steel, tin, zinc, lead, Brittania metal and pewter articles pre-
paratory to silver plating the same, for the reason that silver will not

FiG. 8,387.—Polishing and buffing head. Polishing and buffiing heads range in size from
those sufficiently strong to run wooden polishing wheels up to 16 inches in diameter, and
those designed to run 9 or 10 inch buffs at 3,000 revolutions per minute, to those known as
hﬁ'ah[t polishing heads, capable of being operated on a bench without the use of a counter
shaft.

FiGs. 6,397 to 6,388.—Steel spindles used with polishing head.

adhere perfectly to those metals, while on the other hand, silver will adhere
perfectly to copper and copper to the soft metals.

The copper plating solutions employed for this purpose, and for
electrotyping are acid solutions of copper sulphate.

Polishing and Grinding Machines.—These machines, or
heads consist of a stand carrying a small pulley between two
bearings with shaft extended at each end to take the various
buffing, polishing and grinding wheels, brushes, etc.
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Polishing Wheels.—These are made of canvas, wood, felt,
leather, and walrus hide. Rough heavy castings are first ground
upon coarse solid emery or carborundum wheels, usually run
at a slow speed, not exceeding 1,000 revolutions per minute

Canvas wheels are used for roughing out. Felt wheels can be used for
roughing, grinding, polishing a.ng finishing. Walrine wheels are used
_ chiefly in giving a fine polish to silverware, brass goods, etc. They can

be used with crocus, emery, rouge, or rotten stone, and] give a smooth
fine finish to the work, ’ ’

Pi1cs. 6,398 and 6,399.—U. S. electro-plating barrel. Fig. 6,398, view while plating; fig.6,399,
view while emptying. It empties by lifting a lever which reverses the motion of the barrel.

Pickles and Dips.—While the best polish is secured by
grinding and wheel polishing, many articles are best cleaned
chemically by tmmersing them in solutions which dissolve the
scale, grease, etc., adhering to them, leaving a clean but rough
surface which mwust be polished afterwards.

Black Pickle for Iron:—Sulphuric acid 66° Baume, 1 ; water,

15 parts. Used chiefly for removing scale from castings and forgings.

Bright Pickle for Iron:—Water, 10 quarts; concentrated sulphuric
acid, 28 oz.; zinc, 2 oz.; nitric acid, 12 ozs. Mix in the order named.
The pickle leaves the metal bright.
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Dip for Copper, Brass, etc.:—Sulphuric acid, 66° Baume, 50 parts
by weight; nitric acid, 36° Baume, 100 parts by weight; common salt,
1 part by weight; lamp black, 1 part by weight. Forgings, punchings,
etc., are pickled in dilute sulphuric acid to remove scale, and then cleaned
and briggtened by dipping in the above solution.

Cyanide Dip for Brass:—Potassium cyanide in ten times its weight
of water is used as a grelimina..lg dip when plating articles that would
have the polish injured by the acid dips. The work must be allowed to re-

: main longer in
this than in the
acid solutions.

Pickle for
German Silver:
—German silver
may be cleaned
in the bright dip
for brass, or in
a preliminary
pickle of dilute
nitric acid and
water (12 to 1),
followed by a
dip of equal
parts of sulphu-
ric and nitric
acids, and then
by rinsing in
boéligg water
an rying in
sawdust. Use
sawdust that
contains no
tannin,

F1G. 6,400.—U. S. electro-plating and self-ezﬂtymg barrel for brass, nickel, copper, tin, zinc,
etc. Method of galvanizing: After pickling and cleaning the material, the galvamzxpﬁ
barrel is then filled by means of pails, shovels, etc., with from 150 to 200 of materi.
at a time and is then started to turn slowly “in the galvanizing direction,” and in about 40
to 50 minutes the material is finished. Upon reversing the motion of the barrel, it thereupon
empties the galvanized material (in from three to four minutes) into the washing drum
of the washing and drying apparatus and gradually goes into draining drum, from there -
to drying drum, from there into whatever receptacle is placed for receiving the material
ready for shipment. Quality and thickness of coating: The thickness of the coating
can be regulated according to requirements, and depends upon the len'fth of time the mate-
rial is allowed to remain in the galvanizinf barrel while galvanizing.. The coatmﬁdeposlted
consists of chemically pure gzinc, uniformly smooth. ith the apparatus, one laborer can
attend to two barrels and turn out from 3,000 to 5,000 1bs. of material per day; two men
and a boy will be able to attend to about six barrels. Range of the barrel: The barrel
will galvanize any kind of small material as, for instance: bolts and nuts (from the smallest
size to 8 in. long), nails, rivets, spil , small cast and fittings, _stamgamgs. sash
pulleys, lag screws, washers, springs, etc., in fact all such material excepting that having
very deep recesses or hollow matenal which requires inside galvanizing.
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Nickel Plating.—Nickel does not adhere very well to iron

or steel articles, and furthermore, if after being plated upon steel,
the articls:_bgcgmes scratched, the steel rusts, and the rust, getting
beneath the nickel film, causes it to peel off. -

It is, therefore, very usual to first coat the iron with a film of copper,
which, being a soft metal, is not readily removed by scratching. fl"z.e
nickel is then deposited upon the copper coating. Nickel cannot be de-
posited from solutions containing more than a trace of acid; most nickel
plating solutions consist of a solution of the double salt of ammonium
sul]phate and nickel sulphate, which is rendered alkaline with ammonia.

n order to obtain a thoroughly satisfactory and brilliant deposit of
nickel, the articles which are to be plated must be very carefully prepared,
and should have a burnished surface.

Electrotyping.—In preparing electrotypes a wax tmpression

is taken of the form, which ts made up usually of type, or tllus-
trations, or both.

In order to do this a metal plate is evenly coated with a wax composition,
and this is placed with the wax face downward upon the form, e form
with the wax upon it is then placed in a hydraulic press and subjected to
a steady pressure of about two tons to the square inch. To prevent the
type adhering to the wax, it is dusted over with finely powdered graphite.

being taken out.of the press, the wax is carefully removed from
the form. The mould is next coated with black lead to give it a metallic
surface, as the wax is a non-conductor; the mould is then subjected to
the process of electro deposition, resulting in the formation of a film of
copper on the prepared surface. :

A bat or dynamo is used to generate the current. The positive
terminal of the source of current is connected to a rod extending across
a trough or tank containing the plating bath. Suspended from the red
are anodes of copper, from which a deposit is desired. The other terminal
of the source is connected with another rod across the trough, to which
are suspended the articles to be plated. .

The copper shellis removed from themould bya(?p!ying hot water; the shell
is then backed up with electrotype metal torender it strong enough for use.

Galvartizing.—A' bath containing zinc sulphate, which must

only be slightly acid, is employed; as the electrolysis proceeds
the solution becomes acid by the zinc being deposited out, and
in order to keep the strength of the solution constant, it is cir-
culated through a filter bed containing zinc dust.

Zinc anodes are not generally used because they are apt to disintegrate;
the anodes usually employed are of lead, but iron is sometimes . In
fact, the presence of a trace of iron in the bath improves the deposit.
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CHAPTER 100

Alfernating Currénts

An alternating current is defined as: A current which reverses
its direction tn a periodic manner, rising from zero to maximum

YCLE OR PERIOD

...... deem e, POINT OF MAXIMUM PRCS&UREl
______ {.- - LINE OF ZERO PRESSURE

ALF PERIOD ——

——————ONE REVOLUTION—— el

Fic. 6,401 —A]tematm? current represented by the sine curve. As the elementary alternator
rotates the induced electric pressure will vary in such a manner that ils smiensity at any
point of the rotation is proportional to th. sine of the angle corresponding to that point. Hence,
on the horizontal line which passes through the center of the dotted circle, take any length
as 08, and divide into any number of equal parts representing fractions of a revolution, as
0°, 06' 180°, etc. Erect perpendiculars at these points and rom the corresponding pomts
on 'the dotted circle project lines (parallel to 08) to the ‘]l)et'pendxculars these intersections

give points, on the sine curve. The curve lies above the ontal axis during the first half
of the revolution and below it during the second half, which indicates that the current flows
ul:l one dimtcl:lon for a half revolution, and in the oppos:te direction during the of
the revolution

,\ [
\
\ / >1 y _, _ g
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\_ _| N ‘\\‘__/
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£1G. 6,402.—Diagram showing one alternation of the current in which the latter varies from zero
to maximum and back to zero while the generating loop ABCD makes one half revolution.
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F16. 6,403.—Diagram illustrating amplitude of the current. The current reaches its amplitude
or maximum value in one quarter period from its point of zero value, as, for instance, while
the generating loop moves from position ABCD to A’B’C’D’, At three-quarter revolution,
the current reaches its maximum value in the opposite direction.

180 REVOLUTIONS
PER MINUTE 150x4x6 900 REVOLUTIONS
FREQUENCY = b i 60 PER MINUTE

CYCLES PER REV.OF ARMATURE
- F POLES o %z 4

EIGHT POLE ALTERNATOR
FREQUENCY 60

F1G. 6,404.—Diagram illustrating frequency. The frequency or cycles per second is equal to
the revolutions of armature per s X 34 number of poles per phase.

$600 REVOLUTIONS
150 REVOLUTIONS PER MINUTE
PER MINUTE

900 REVOLUTIONS
PER MINUTE

FREQUENCY 60

F16.6,405.—] mﬁm illustrating why alternators are built multi-polar. Evidently the exces-
sive speed of the bi-polar alternator would require such great velocity reduction that an in-
termediate reduction gear would be necessary requiring extra space and adding complication.
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strength, returning to éero, and then going through similar variations
in strength in the opposite direction; these changes comprise the
cycle which is repeated with great rapidity.

: ALYERNATORWLTERNATOR Nel
PHASE IN Ne2 oY 00|

(DEGREES TO ENGINE

SPROCKET

Fic. 6,406.—Diagram illustrating phase. By definition phase s the angle turned through by
the armature reckoned from a given instant

F16s. 6,407 and 6,408.—Diagrams illustrating in p hroni. If two alternators
with coils in parallel planes be made to rotate “m step" with each other as by chain con-
nection, they will then operate in phase or in synchronism, and the alternating pressure or
current in one will vary in step with that in the other.
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Fi1Gs. 6,409 to 6,412, —Phase relations of the current.
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. The advantage of alternating current (a.c.) over direct current (d.c.) lies

in the reduced cost of transmission by use of high voltages and transformers,

g;mtet. simplicity of alternators and a.c. motors, facility of transforming
m one voltage to another (either higher or lower) for different purposes.

The disadvantages of alternating current are: 1, the high pressure at which

\==--

% REV

: ; ONE
AT REST_“Tiaximum AT REST REVOLUTION
90° 0° 210° A

Y2 REVOLUTION
CURRENT REVERSES

. SINGLE PHASE CURRENT ¥ REV

F16. 6,413.—Single phase current.—There are three points during the cycle at which there is
no current and no pressure: 0°, 180°, and 360°. The current reaches a maximum at 90°, re-
verses at 180°, and resaches a maximum in the reverse direction at 270°.

\ EQUIVALENT D.C—
N\

N MAXNUM
TN
17 7 AVERAGE

\] ALTERNATOR
INDUCTANCE COIL

F1c. 6,414.—Maximum, virtual and average volts. The virtual value of an alternating pressure
or current is equivalent 1o that of a direct pressure or current which would produce the same
effect. If a Cardew voltmeter be placed on an alternating circuit in which the volts are
oscillating between maxima of + 100 and — 100 volts, it will read 70.7 volts, though the
arithmetical mean is really only 63.7; 70.7 steady volts would be required to produce an
equal reading. The word effective is ly used err ly for virtual.

PF1G. 6,415.—Diagram illustrating virtual and effective pressures. When switch is closed the
whole of the xmpresse‘?a‘)ressu:e will be effective in causing current to flow around the circuit.
In this case the virtual and effective pressures will be equal. If the coil be switched into
circuit, the reverse ure due to self induction will oppose the virtual pressure; hence, the
effective pressure (which is the difference between the virtual and reverse pressures) will
be reduced, the virtual orimp: dp T constant all the time.

NOTE.—A Cardew voltmeter indicates electric pressure by the passage of the current
througha sl:lnder wire of platinum silver which thereupon expands and moves the index needle
upon the scale.
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it is used renders it dangerous, requiring more efficient insulation, alter-

nating current cannot be used for such purposes as electropla cha.rgm
storage batteries, etc. s €

The various terms relating to almmﬁ.ng current illustrated in the
aooompanymg cuts should be thoroughly erstood.

Single or Monophase Current.—This is produced by an
PRESSURE _SIMULTANEOUS MAXIMUM VALVES

CURRENT NEITHER LAGS NOR LEADS

Fi1G. 6,418.—Pressure and current curves illustrating the term *‘in phase.” The current is
said to be i phase with the pressure when it neither lags nor leads.

R ] e

DRR%
PHASE DIFFERENCE
MEASURED IN DESREES

FIG. 6,417 —Pressure and current curvesillustrating the term ‘‘out of phase.” The current
is said to be out of phase with the pressure when it either lags or leads, that is when the
current is not in synchronism with pressure. In practice the current and pressure are
nearly always out of phase.

360%
]
'
'
.PHASE DIFFERENCE 90°
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F1G. 6,418.—Two phase curront.-—-li the loo%ebe placed on the alternator armature at 80
magnetic degrees, a single phase current will be generated in each of the win , the cur-
rent in one winding being at its maximum value when the other is at zero. n this case

four transmission conductors are generally used, two for each separate circuit.
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MAXIMUM VELOCITY —,

ONE REVOLUTION;

AT nzsr\#

R e U
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SINGLE PHASE ALTERNATING CURRENT AU wELoaTY
Fi1gs, 6,419 and 6,420.— {dmulic analogy of single phase current, If the cylinder and pipe be

ull of water, a current of water will begin to flow through the pipe in the direction indicated
as the piston begins itsstroke, increasing to maximum velocity at one-quarter revolution of
the crank, decreasing and coming to rest at one-half revolution, then reversing and
maximum velocity in the reverse direction at three-quarter revolution, and coming to rest
again, at the end of the returnstroke. A pressure gaugeat G, will register a pressure which
varies with the current. Since the alternating electric current undergoes similar ¢ '
the sine curve will apply equally as well to the pump cycle as to the alternating current cycle.

-4

PHASE DIFFERENCE 120°

THREE PHASE CURRENT

F1cs. 6,421 and 6,422, —Three phase current with three and six wire alternators. If theloops
be placed on the alternator armature at 120 magnetic degrees from one another, the current
in each will attain jts maximum at a point one-third of a cycle distant from the other two.
The arrangement shown in fig. 6,422 gives three independent snagle phase currents and re-

uires six wires for their transmission. A better arrangement and the one y used is
shown in fig. 6,421. Here the three ends (one end of each of the loops) are brought together
to a common connection as shown, and the other ends, connected to the collector rings giving
only three wires for the transmission of the current.
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alternator, whose armature has a single winding as in fig. 6,413.
Two wires, a lead and return are used. )

Two-Phase Current.—Usually these are two distinct single
phase currents flowing in separate circuits. There is often no

“electrical connection between them.
They are of equal periods and amplitude but differ in phase byl 14 of a period,

as shown in fig. 6,418. With this phase relation one of them will be at a
maximum when the other is at zero.

PULLEY PULLEY > e

Fonase A7 o “PHASE A
s NS (N 5
S — % : &
PHASEL,  No2 2 PHASE B~} %z
] Zz C_';,HFD ] |
i < No2 | | g
Lj D 5 - z
[« o«
PHASE ¢ 17 ]

NO3 |

F1G. 6,423 —Hydraulic analogy of two phase current. The same cycle of water flow takes place
as in figs. 6,419 and 6,420. Since the cranks are at 90 °, the second piston is one-half stroke
behind the first; the flow of water in No. 1 (phase A) is at a maximum when the flow in No. 2
(phase B) comes to rest, the current conditions in both gipes for the entire cycle being repre-
sented by two sine curves whose phase difference is .

Pic. 6,424.—Hydraulic anal of three phase current. Three cylinders are here shown with
pistons connected through Scotch yokes to cranks placed 120* apart. The same action takes
place in each cylinder as in the preceding cases, the only difference being the additional
cylinder, and difference in phase relation. .

.
Three Phase Currents.—This consists of three alternating
currents of equal frequency and amplitude, but differing in phase
Jfrom each other by 18 of a period.

When any one of the currents is at its maximum the other two are of
half their maximum value and are flowing in the opposite direction.

Induction.—Each time a current is started, stopped or

et
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varied in strength, the
magnatism changes, and

ure in the
he impressed

83
£z
§-§ induces a reverse pres-
T :. 3§ sure that opposes the
3 §° & pressure which produces
9 88e the
35 current.
2 E2ES4
2 &2 B8 This self-induced re-
w —§ ] g verse pressure tends to
> ﬁ';;wa weaken the main current
3 Efgf% at the start and prolong
« 255E, 0 when the circuit is
w “89%2  opened
g [ D .
S H
§yakg Evidently since an alter-
SEsEa nating current is continu-
He g e s
; and reversing, there
’E?ﬁg always be more or less
0§y ~ opposition due to the re-
w ﬁ'g 3'5.5 verse pressure, this oppo-
4 Sol¥ sition ~ being called the
wd R
S x S Eﬁ °3 spurious resistance as dis-
5 R §g8Ex tinguished from the ohmic
N = EERYTN resistanceor trueresistance.
g &g Hence in the flow of alter-
S @ nating current in a circuit
&£ uy there will be two retarding
< £ effects, due to the spurious
S é and ohmic resistances.

The spurious resistance
depends upon the frequency,
shape of the conductor, and
nature of the surrounding
medium.

The expression {nduct-
ance is frequently used in
the same sense as coefficient
of self-induction, or the
capacity which an electric
current has of producing

AIR CHAMBER
(CONDENSER)
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induction within itself. The unit of inductance is the henry, named after
Joseph Henry.* The ohmic equivalent of inductance, or

X¢=2xfL....... Y ¢ )
in which f = frequency; L = henrys.

Capacity.—When an electric pressure is applied to a con-
denser, the current plays in and out, charging the condenser in
alternate directions.

As the current runs in at one side and out at the other, the dielectric

becomes charged, and tries to discharge itself by setting up an_opposing
electric pressure, This opposing pressure rises just as the charge increases.

one average \ mnm
developed ls l+63 1.57 volts; vxﬂ;ual
pressure = 1.57 X .707 = 1.11 volts.

*NOTE —Joueh chry. the Amm fhyg?:t was born 1797 dxed 1878. He W'll

noted for his 1, he employed a ‘mile of b:tﬁpper
with an electromagnet, et the current to attract ‘the armature and strike & bell, thereby
establishing the imnuple employed in modern telegraph practice. He was made a professor
at Pﬂnceton in 1832, and during his expemnentmg then. he devlsed an arrangement of bat-
teries and electmmagneu embodying th of the t h relay which made possible
distance transmission. He was the ﬁr:t to obsmc magnetic sell-induction, and per-
ioxmed nnportnnt mvesttgnhons m oscillating electnc duchugeu (1842), and other

and is acknowledged to be one of
lmnmmtlmﬁsu

NOTE.—"I adhere to the term virtxal, as it was in use before the term efficace which was
in 1889 bfvﬂtlhe Paris Cong:ess to denote the sguare root of mean s e value.
The E; adjective is efficacious; but some engineers mistranslate it with
the word effective. 1 adhem to the term virtual mainly because the adjective effective is re-
quired in its usual meaning in kinematics to represent the resolved part of a t‘oree which acts
obhquely to the line of motion, the effective force being the whole force multipli y the
:ngls at which it acts with mpect to the direction of motion. Some authoxs use the
expremon . M. S. value’ (meaning ‘root mean square’) to denote the virtual or quadratic
mean value.”—S, P. Thompson.
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The effect of capacity is the opposite of inductance, that is, §¢ assists the
current to rise to its maximum sooner than st would otherwise.

A condenser is said to have a capacity of one farad when onc coulomb
of electricity stored in the plales of the co will cause a pressure of one
:g)lt across its terminals. Every alternating current circuit acts as a con-

enser.,

The ohmic equivalent of capacity or capacity reactance

1
Xem= m ................ eeecescsnan 2)
in which f = frequency; C = capacity of standard condenser.

DYNAMO % 'ALTERNATOR

' CONDENSER CONDENSER

NO LIGHT

Pla.cmmdcm—uectdmdmmdt and a.c. circuits. In fig. emmm
the flow of direct current, hence no light. In fig. 6,437 the condenser
m thoﬂowotot inthemmmcponiondtlucucmt hcnuhmpvillh&’ Iulcct
wrmodueu.emunuﬂmofebcmmbuhudnmdf from the
platuottheemdmernmnd metallic portion of circuit, similar to the surging of
waves against & bulkhead which projects into the ocean.

IRON CORE

M i COolL

Tl | —T

—_—
SWITCH $

Fi1G. 6,438.—Induct t with intermittent direct t Al::?isemected
in mth.eoﬂofiuﬂyﬁnewmhnvmg;mbhkmeotp terminals
T, T’ connected to a source of direct current, a switch M, being to interrupt the
current. ‘The vol ofthocumtandrwstaneeofthecoﬂmofmchva]uuthatwhm
a steady current is , the lamp filament is just ibly red. A2 the instans of mak-
ing the circuit, the lamp will momentarily glow more ightly than when the current is steady;
oubreakmgthcnruuﬂulamp will mmtanly}axhwh(mnbﬁ(hm. In the first case,

the reverse p due to as indicated by arrow b, will momentarily
thenotmal&)rusmmtheeoﬂ lothatthevol at the lamp will be momentarily in-
tly send a T current thmugh the lamp.

stronger
On breaking the main circuit at M, the field of the coil will collapse,
much greater voltage than in the ‘first msunca. in the direction of arrow a, the lamp wxi,l
flash up brightly in consequence.

0
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RESERVOIR
RUBBER DIAPHRAGM

f o= ==n
..-.n.._J

F1G. 6,439.—Hydraulic analogy ill ting ity in an alternating current circuit. A
chamber containing a rubber diaphragm is connected to a doubls acting cylinder and the
system filled with water. In jon, as the piston moves, say to the left from the cen-
ter, the diaphragm is displaced from its neutral p N, and hed to some position
M, in so_doing offering increasing nce to the flow of water. On the return stroke
the flow is reversed and is ted by the diaph during the first half of the stroke,
and zgposed_dunng the second half. The diap! thus acts with the flow of water one-
half of the time and in opposition to it one-half of the time. This corresponds to the elec-
trical at the ter 1s of a cond ted in an alternat t

and it has a maximum value when the current is zero and a zero value when the current
is a maximum.

Fic 6,440.—Mechanical analogy illustrating effect of ity in an alternating circuit. If
an aiternating twisting force be applied to the top R, of the spring S, the action of the lat-
ter may be taken to represent capacity, and the rotation of the wheel W, alternating cur-

twis (impressed pressure) must first be applied before the rotation of

rent. ting force
W (cusrent) will begin. The resiliency bounding effect of the spring will, in time,
tho(wheel& to move (; 'e ) in “nofthe i ;_fom(v.oluge),thu?nplm:.m
the current th i phase.
N M
ALTERNATOR
F1G. 6,441.—Diagram illustrating effect of ity in an alternating circuif

t. Considering
its action during one cycle of current, the alternator first “pumps’’, say from M to S;
electricity will be heaped up, 80 to speak, on S, and a deficit left on M, that is, S will be
+ and M —. If the alternator be now suddenly stopped, there would be a momentary
return flow of electricity from S, to M, through the alternator. If the alternator go on work-
mg;nhowever. it is obvious that the electricity heaped upon S, helps or increases the flow
when the alternator begins to pump from S, to M, in the second halg):f the cycle, and when
the alternator again reverses its pressure, the 4 charge on M, flows round fo S, and helps
the ordinary current. The above circuit is not strictly analogous to the insulated plates
of a condenser, but, as is verified in agmchce_, that with a rapidly alternating pressure, the
cond ction is not ceptibly affected if the cables be connected across by some non-
inductive as for inst incandescent lamops.

.
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Example.—What is the resistance equivalent of a 50 microfarad con-
denser to an alternating current having a frequency of 100?

Substituting in formula (2), the given values in the expression for ohmic
ue

1 1 1
Xe = 527C = 2X3.1416 X 100 X 000050 ~ 031416 ~ 518 obms.

If the pressure of the supply be, say 100 volts, the current would be 100
+ 31.8 = 3.14 amperes.

ONE COULOMB
ABSORBED BY PLATES

CAPACITY
ONE FARAD

CONDENSER

[¢— ONE VOLT ———>

PF1G. 6,442.—Diagram illustrating the farad. By definition, @ condenser is said to have a
capacity of one farad if it will absorb one coulomb of electricity whem subjected to a pressure of
one volt. This 1s a unit of large size and for convenience the microfarad, or one millionth

of a farad is generally used.

Lag and Lead.—The alternating current does not always
keep in step with the alternating volts which produce the current.

RRENT
URVE

"OF LAG) .

NCE ¢

Pics. 6,443 and 6,444.—Diagrams illustrating lag and lead. The effect of inductance is to re-
tard the current cycle, that is to say, if the current and pressure be in phase, the introduction
of inductance will cause a phase dlt’ference. the current wave ‘lagging” befnqd the pressure
wave as shown in fig. 6,443. The effect of capacity is to cause the current to rise to its maxi-
mum value sooner than it would otherwise do, as in fig. 6,444; capacity produces an effect ex-
actly the opposite of inductance.
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If there be inductance in the circuit, the current will lag; if
there be capacity the current will lead in phase.
Lag and lead are measured in degrees. The angle of lag (symbol ¢) is

the angle where the tangent of the angle of the lag is equal to the quotient
of the spurious resistance divided by the ohmic resistance, that is

spurious resistance _ 2xfL
ohmic resistance =R
in which f = frequency; L. = inductance in henrys; R = ohmic resistance.

Example.—An alternating circuit has an inductance of 6 ohms and a
resistance of 2,5 ohms. What is the angle of lag? :

STARTING H STOPPING

tan ¢ = 3)

[anapersqong T atiing L

o ‘Nsx <ust (VOLTS) ooud
\4

)
@0\"‘ Q‘p&‘\‘ g

v

FiGs. 6,445 to 6,418.—Ferry boat anal of lan. In starting, the paddle wheels make an
appreciable movement (volts) before the boat begins to move (ampeus) Thus the move-
ment of the boat (amperes) lags behmd the thrust of the dle wheels (volis). In stopping,
the le wheels make several reverse turns (reversal of a.c. volis) before the movement
the t (amperes) ceases, thus lagging behind the thrust of the paddles (voits

Substituting in formula (1)

ta.n¢==2—5-24

Referring to a table of natural tangents, the corresponding angle is ap-
proximately 67°,
The angle of lag may be anything up to 90°.

Reactance.—The spurious resistance or inductance as
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- distinguished from the ohmic resistance is called reactance and is
expressed in ohms.

Example.—If an alternating current whose fre-
quency is 60, have an inductance of .5 henry, what is
the reactance?

ROD CARRYING POINTER

gt

—

JPOINTER INDICATING
“TWISTILAG) IN SHAFT

ANGLE OF TWIST
OR LAG

F16. 6,449.—Mechanical analogy of lag. If at one end force be applied to turm a long
- shaft, having a loaded eyattheothu,thetorﬁonthuspmducedintheshaftﬁum
it to twist an appreciable amount which will cause the movementdthepulle to lag be-
hind that of the crank. This may be indicated by a rod attached to the 1 ter-

TANGENTIAL OR
TURNING COMPONENT,
OF APPLIED FORCE «0

of the momentum previously acquired.
Snnilarly the electnc current, which i u here analogous to the moving crank, continues in

the pressure at some instants be zero, because it acts as though it had weight,
that 1s. it cannot be stopped or started instantly.
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Substituting in formula (1)
Xi=2xfL =2 X 3.1416 X 60 X .5 = 188.5 ohms

Impedance.—This term means the total opposstion in an
electric circuit to the flow of an alternating current.

1. When the circuit contains only resistance and reactance.
impedance = +resistance? 4 reactanced.......... veee(®

._OHMIC DROP B

Fic. 6,455.~—~Graphical method of ob-
taining the lmpedmee in circuits

g resist
having g:ven the tulstanoe and re-
actance, that is, the ohmic resistance
and spurious resistance. With any
convenient scale lay off AB =resisi-
auu. and erect the perpendicular BC

eactonce (using the same scale);
join AC, whose length (measured with the same scale) wxll give the impedance. .
F16. 6,456.—Graphical method of obtaining the i d pressure in circuits containing

resistance and capacity, having given the ohmic drop and reactance drop due to capacis
‘With any convenient scale, lay off AB m=okmic drop, and at right angles to AB draw BC“L
reaciance drop (using the same scale). 'Ihm AC whose lenct (measured with the same

scale) will give the smpressed pressure. 1 exp for the three quanti-
ties are given inside the triangle, mdexplnnedmthetut.

FIG 6,457.—Imped di for it t: induct:
lseonupondmgtothoeeusedmequauon (1) below In constmctmg the dla-
s{r,;nthegwmva.lues layoﬁAB mstanee,atB,dnwahneatngbtmgles,mwhmh
E off above the resistance line, BC =inductive reactance, and below, BD =ca
ac-tance, then the resultant reactance =sBC —BD =BD’, Jom A and D} then A ’-nnpe-
dance.

Example.—If an alternationg pressure of 100 volts be impressed on a
coil of wire having a resistance of 6 ohms and inductance of 8 ohms, what
is the impedance of the circuit and how many amperes will flow through
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the coil? In the example here given, 6 ohms is the resistance and 8 ohms
the reactance. Substituting these in equation (4)

impedance = V63 4 81 = V100 = 10 ohms

The current in amperes which will flow through the. coil is, by Ohm's
law using impedance 1n the same way as resistance.

volts ~ _ 100 volts _ 10
impedance 10 ohms amy *

current =

. When the curcmt contains resistance, reactance and ca-
pac1ty

impedance =  resistanced + (inductance reactance — capacity reactance)’
or using symbols,
Z= VR + X, —X)....oiiiiinn NG

Example.—A current has a frequency of 100. It passes through a
circuit of 4 ohms resistance, of 1 re& milli-henrys inductance, and of 22
microfarads capacity. What is the impedance?

a. - The ohmic resistance R, is 4 ohms,
b. The inductance reactance, or
X¢=2xfL =2 X 3.1416 X 100 X .15 = 94.3 ohms.

150 milli-henrys are reduced to .15 henry before substituting in the
formula. .

" ¢. The capacity reactance, or

2xfC 2 X 3.1416 X 100 X .000022

22 microfarads are reduced to 000022faradbdoresubst1h1tmgm
the formula.

Substituting values as calculated in equation (5),
Z = V8 4 (94.2 —72.4)3 = V491 = 22.2 ohms.

= 72.4 ohms.

Resonance.—Inductance and capacity oppose each other
when the effect of inductance neutralizes that of capacity the circuit
is in a state of resonance; that is, when X; and X, are equal in
formula (5) the circuit is resonant.
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POWER FACTOR

sldarable anola to the surface of the

factor. Usually tha nron

'16. 6.45

CHAPTER 101

Power
Factor

When the alternating
| current is not in phase with
! the pressure, the product
§ must be multiplied by a
i coefficient called the power
! factor in order to obtain the
| true watts, or actual power

i available.

i
!
! By definition the power
| factor is: the number of
walls indicated by a watt
meter, divided by the product
' of the ammeter reading, mul-
tiplied by the wvolt wmeter
reading.
The watt meter reading
gives the true watts and the
product of the ammeter and

volt meter readings, the
apparent waits.
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. The power factor depends upon the relative amount of resistance,
inductance and capacity in the circuit, and it may vary from one to zero.

When the current and pressure are in synchronism, the power factor is
unity; when there is.lag or lead thc ower factor is less than unity. Its usual
value is slightly less than one. power factor is numerically equal to the
cosine of the angle of phase dzﬁerence between current and pressure, :

Example.—A circuit having a resistance of 3 ohms, and a resultant
reactance of 4 ohms, is connected “o a 100 volt line. What is: 1, the impe-
dance, 2, the current 3, the apparent power, 4. the angle of lag, 5, the
power fa,ctor, and 6, the true power?

SHORT CUT OFF

NEGATIVE WORK
BEGINS HERE

AREA (LOOF) OF
NEGATIVE WORK

STEAM EXPANDING
ELOW BACK PRESSURE

PERIOD OF
BACK THRUST:

EXHAUST OR BACK
PRESSURE LINE

STROKE

F1c. 6, 559 —Steam engine unal tgt;wer factor. In the card, the steam distribution is such
that the steam is expanded be! k pressure line, that is below the pressure of the
ust. results in mgamc work which must be overcome by the momenium or kinetic

lm'f’ previously stored in the fly wheel, and which is on
shaded loop S. If the exhaust valve had’ opened at G the amount of work done during the
revolution would be represented by the area M but’ e the below the
ptessure line, the work doneis M - S. iatter case as compared with the ﬁnt when
does not continue below the bnck pressure line gives an efficiency (power factor)

(M S) + M, the shaded area representing so much loss.

F1G. 6,460.—Method of obtaining the active compoment of the current; diagram illustrating

why the power iactor is equal to cos ¢. If AB and AC be respectwely the given current

or of the and v t and¢thea.ngleofphnsednﬂ'er-

ence “between current and pressure, then drawmg from h perpendicular to AC will

give AD the active component. Now. true power = CXAD but AD =AB cos ¢, hence

true power =AC XAB cos ¢. Again, pamntpower-Cx . and since true power
=apparent power X power factor, the power factor =cos ¢,

1, The impedance of the circuit.
Z = V33443 = 5 ohms.
2, The current.
current = volts < impedance = 100 <~ 5 = 20 amperes,

3. The apparent power.
apparent power = volts X amperes = 100 X 20 = 2,000 watts,
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4. The tangmt of the angle of lag.
tan ¢ = reactance + resistance = 4 + 3 = 1.33. From table of

natural tangents (page 451) ¢ = 53°,
5. The power factor.

The power factor is equal to the cosine of the angle of lag, that is,
power factor = cos 53 eq" 602 (from table).

8. The true power.
The true power is equal to the apparent watts multiplied by the
power factor, or
true power = volts X amperes xOos¢
= 100 X 20 X ,602 = 1,204 watts,
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Fics. 6,461 to 6,465.—Diagramsillustrating why the power factor is unity when there is no re-
sul tant reactance in the circuit, that is, when the circuit is resonant, or has only resistance.
Xower factor is equal to the cosine of the anxle of lag (or lead). In the ﬁsnes this angle
is BAC or ¢ and the value of the natural cosine AC gives the power factor, By inspection
of the figures, it is evident that decreasing the reactance decreases the angle ¢ and increases
cos ¢ or the power factor. The circular arc in each figure being at unity distance from the
center A, the power factor with decreasing reactance ewdently agproaches unity as its limit,
this limit being shown in fig. 6,465 where the reactance B
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‘““Wattless Current’’ ; Power Factor Zero.—When the power
factor is zero, it means that the phase difference between the
current and the

. o WORK DONE BY MAN. WORK DONE BY WEIGHT.
pressure is 90°. WEIGHT ACQUIRES MAN ACQUIRES
_ POTENTIAL ENERGY POTENTIAL ENERGY.
I
: ' s .
o

F1Gs. 8,466 to 6,468 —Mechanical analogy of wattless current. If a manlift a weight any distance
as from the position of fig. 6,466 to position of fig. 6,467, he does a certain amount of work
on the weight giving it potential energy. When he lowers it to its original position, as
in fig. 6,468, the weight loses the potential energy previously acquired, that 1s, it isgiven back
to the man, the “system’ (man and weight) having returned to its original condition as
in fig. 6,466. During such a cycle, the work done by the man on the weight is equal to the
work done by the weight on the man and no useful external work has been accomplished.
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ALTERNATOR VOLTMETER

F1G. 6,469.—Diagram illustrating power factor test, when on non-inductive and inductive
circuits. The instruments are connected as shown and by means of the double throw switch
can be put on either the non-inductive or inductive circuit. First turn switch to left so
that current p through the 1 ; for illy the following readings are assumed:
ammeter 10, voltmeter 110, and wattmeter 1,100. The power factor then is wattmeter
reading +volts X amperes =1,100 actual watts +1,100 apparent watts =1, that is, on non-
inductive circuit the power factor is unity. Now throwing the switch to the right con-
necting instruments with the inductive circuits, then for illustration the following readings
may be d 8, vol 110, and wattmeter 684. Now, as before, power
factor = wattmeter reading + volts X amperes = 684 + (8 X 110) =684 -+ 880 =.78.
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The term wallless current, as understood, does not indicate an absence of
electrical energy in the circuit; its elements are there, but not in an available
form for external work., The false power due to the so-called wattless cur-
rentkpu]sates in and out of the circuit without accomplishing any useful
work.

If an alternator supply current to a circuit having a very small resistance
and very large inductance, the current would lag nearly 90° behind the
pressure. The primary current of a transformer working with its secondary
on open circuit is a practical example of a current which represents very
little energy.

11§

l__F

P16, 6,470.—Wattmeter method of three phase power measurement. Two wattmeters are
Tequired in unbalanced systems as shown in the illustratior. The total power transmitted
is then the algebrmc sum of the readings of the two wattmeters. If the power factor be

_greater than .5, the power is the arithmetical sum, and if it be less than ,5, the power is the
arif difference of the readings.

Power Factor in Station Operation.—Commercially, it is
desirable to keep the power factor as near unity as possible,
because with a low power factor, while the alternator may be
carrying its full load and operating at a moderate temperature,
the consumer is paying only for the actual watts which are sent
over the line to him.

NOTE.—To avoid disputes manufacturers usually rate their alternators in kilovolt
amperes (kva.) instead of watts, a kilovolt ampere being a unit of apparent power in an s.c.
current W is equal to one kilowatt when the power factor is equal to one.

NOTE.—A factor meter is important in station operation when rotary converters
are used on a.c. fmas for supplying direct current and the sub-station operators are kept busy
adjusting the field rheostat of the rotary to maintain a high power factor and prevent over
heating al tors during the time of day when there is the maximum demand for curreat
that is at the time of the peak of the load. .




~ POWER FACTOR 127 -3,487 .

For instance, if a large alternator supplying 1,000 kilowatts at 6,600
tv;glts in a town vlzhere a number oftinductégg (rinotors are usted on theflitge

operating with a power factor of say . uring a great portion of the
time, the switchl instruments connected to the alternator will give the
following readings:

Voltmeter 6,600 volts; ammeter 242.4 amperes; power factor meter

The &pparent watts would equal 1,600,000 watts or 1,600 kilowatts,
which, if multiplied by the power factor .625 would give 100,000,000 watts
or 1,000 kilowatts which 1s the actual watts supplied. The alternator

X
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P1G. 6,471.—Fleming's combined voltmeter and t thod of ing power in
alternatinglgmt circuits. It is quite accurate and enables instruments in use to be
checked. the ., R is a non-inductive resistance connected in shunt to the induc-
tive load. The voltmeter V the p the resi XV. Aand A;

are ammeters_connected as shown. Then true vntu-(A:-A’(l‘-i,)’) x%. If the volt
V take ppreciable amount of current, it may be tested follows: disconnect

meter an aj i am as fo i
RnndVatY.nndseethatAandAxmalilne;tiwneonnect_RandVatYmm,mddb
connect the load. A: will equal current taken by R and V in parallel.

and line must carry 242.4 amperes instead of 151 amperes and the differ-
ence 242.4 — 151 = 91.4 amperes represents a waitless current flowing in
the circuit which causes useless heating of the alternator.

In station operation the power factor is determined, not by ‘
calculation, but by reading a power factor meter.
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CHAPTER 102

Transformers

The transformer is one of the essential devices in effecting
the economical distribution of electric energy, and may be defined
as an apparatus used for changing the voltage and current of an
alternating circust. A transformer consists essentially of:

AIR CORE

DR

SECONDARY
—
S
PRIMARY

— LS

GALVANOMETER
CLOSED (CONTINUQUS)

Pics. 6,472 to 6,476.—Elementary transformers illustrating basic principles. Fig. 6,472,
primary and secondary windings of only a single turn—induction very feeble fig. 6 473, coils
with air core—induction feeble; fig. 6,474, coils with opm iron core—induction stmng, fig.
6,475, coils with closed iron core—induction stronger; fig. 6,476, coils with closed lamsnated

‘ iron core to prevent eddy currents and resulting loss through heating.
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1.' A primary winding; 2. secondary winding; 3. An iron core.

‘Basic Principle.—The working of a transformer is due to
what is known as mutual induction between two circuits when
an intermittent or alternating current flows in one of the circuits.

. The effect of mutual induction may be explained by the aid
of fig. 6,472. Whenever circuit A, is closed by the switch allowing

SE CONDARY

ALTERNATOR

P16, 6,477.—Diagram of elementary transformer with non-continuous core and connection
with single t!ﬁnse alternator. The three essential parts are: primary winding, secondary
winding, and an iron core.

F1G. 6,478.—Diagram of elementary transformer with conti and cc with
alternator. The dotted lines show the leakage of magneticlines. To remedy th:s the arrange~
ment shown in fig. 6,479 is used

F10. 6,479.—Cross section showing t of primary and secondary wind-

ings on core. One is superposed on the othe: gls ent compels ptacncally all
of the magnetic lines created by the primary winding to mh the secondary winding.

a current to pass 1n a given direction, a momentary current will
be induced in circuit B, as indicated by the galvanometer.
A similar result will follow on the opening of circuit A, the difference

being that the momentary induced current occurring at closure moves in
_____a direction opposite to that in the battery circuit, while the momentary
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Fi1Gs. 6,480 to 6,483.—General Electric core construction. Fig. 6,480, two gart distributed
core partially assembled; fig. 8,481, three part distributed core, ég: 6,482, four part distri-
buted core; fig. 6,483, four part distributed core partly assembled. The two part distributed
cores are assembled from straight laminations so that the center leg is of cruciform section
and the two outer legs of rectangular section. The end laminations are inserted after the
windings have been assemble_d.ngfhese cores are strongly clamped by means of structural

steel parts which are also utilized in securing the core and coils in the tanks. The three

and four part cores are built up using L shaped tions assembled in such a as
to secure & comparatively large center section with magnetic circuits radiating at 120 de-
grees or 90 degrees, respectively. These laminations are interlocked in the center section.

The use of L shaped punchings materially improves the designs by reducing the number of

joints in the magnetic circuit to two, and thus materially lowering the exciting current. The

three part core 18 so assembled that a nine sided center leg is produced which gives cti-
cally a circular form on which the coils are wound. In the four part core, a center leg having
four sides with well rounded corners is secured 80 that the winding majges no sharp bends,
and is either circular or nearly circular in form depending on the details of design of the

core. The outer laminations closing the mag: are 1 after the w
operation is completed. The three part core is clamped by means of metal plates being held
together by a b";rt passing through the center of the core. In the four 'Fart core metal straps
around the outer legs serve to hold these clamping plates together. These clamping plates
h in addition serve as a means of clamping the core and coils in the tank. .
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current at opening moves in the same direction. Currents besides being
induced in circuit B, at make or break of circuit A, are also induced when
the current in circuit A, is fluctuating in intensity. This intermittent or
alternating current is necessary for the operationof a transformer.

With intermittent current most marked results are observed when the
make or break is sudden. Since the current can be stopped quicker than
it can be started, the induction is greatest at break, hence ignition ap-
paratus is designed to produce a spark at break.

In fig. 6,472 the inductive effect is very feeble and successively better
results are obtained in figs. 6,473 to 6,476.

In ﬁg. 6,472, circuit A, in which a current is passed is called the
primary circuit, and circuit B, in which a current is induced, the secondary

‘v
F1Gs. 6,484 and 6,485.—Assembled coils of Westinghouse 10 and 15 kva. transformers; views
showing ventilating ducts.

circuit. Similarly, in fig. 6,476 the coil of circuit A, is called the primary
winding, and that of circuit B, the secondary winding.

- The property of a transformer that makes it of great value
for most purposes is that the voltage of the induced currents may
be increased or diminished to any extent depending on the relation

betwean the number of turns in the drimarv and secondary winding. '

-
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Rule 26.—The voltage of the secondary current is (approximately) to the
voltage of the primary current as the.number of turns of the secondary
winding is to the number of turns of the primary winding.

Example.—If ten amperes flow in the primary winding and the trans-
formation ratio be 10, then 10 X 10 = 100 amperes will flow through the
secondary winding.

Thus, a direct progortion exists between the pressures and turns in
the two windings and an inverse proportion between the amperes and
turns, that is:

primary voltage: secondary voltage = primary turns: secondary turns
primary current: secondary current = secondary turns: primary turns

- -

F1Gs. 6,486 and 6,487.—General Electric Core and ‘windings assembly. Fi%bs,‘t%, single
3 fig.

phase, 60 cycle 2,300 volt, transformer using three fart distributed core 6,487, core
and coils of single phase, 2,300 volt transformer using four part distributed core. Windings.
These are of two generaf types, those wound directly on the core, and those wound on forms

and later assembled on the core. Windings made directly on the core have the advantage of
rigid su; , the insulations being placed in final fixed J)osmons by the winder and not
disturbed or distorted by an assembly process. These advantages are especially desirable
in the small units as here the clearances required by economical design are smaﬁest_ The
coils of the three part distributed core transformers are wound on the core. One half of
the low voltage coils are usually wound directly over the core insulation. The high voltage
coils and outer low voltage coils are in turn wound over the inner low voltage coils with an
insulating pad between all coils. The windings are provided with suitable coil ducts for
uniform cooling—the number and location of the ducts varying with the size of the trans-
former. The coils of the four part distributed core transformers may be either core wound
or form wound, depending upon the size and voltage of the transformer. Those wound on
the core are wound 1n the same manner as those of the three part distributed core transformers.

From the above equations it is seen that the watts of the

primary circuit equal the watts of the secondary circuit.

-
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In the above example, the
total wattage in the primary
circuit is 1,000 X 10 = 10
kw., and that in the second-
ary circuit is 100 X 100 =
10 kw. Hence, while both
volts and amperes are widely
different in the two circuits,
the watts for each are the
same in the ideal case, that
is, assuming perfect trans-
former action or 1009, effi-
ciency. Now, the usual loss
in commercial transformers
is about 3%, at full load, so
that the actual watts de-
livered in the seconda
circuit is (100 X 100) X
97% = 9.7 kw.

The No Load or Ex-
citing Current.—When
the secondary winding of

. <o a transformer is open or
F1G. 1,954.—Method of bringing out the secondary . p
leads in Wagner central station transformers. disconnected from the
Each primary lead is brought into the case through . .
a similar bushing. Obse rve the elimination ofal seconda,ry circuit no cur-
possibility of grounding the cable on the case or R .
core. : rent will flow in the

winding, but a very small current called the %o load or exciting
current will flow in the primary circuit.

The reason for this is as follows: The current flowing in the primary
winding causes repeated reversals of magnetic flux through the iron core.
These variations of flux induce pressures 1n both coils; that induced in the
primary called the reverse pressure is opposite in direction and very nearly
equal to the impressed pressure, that is, to the pressure applied to the
primary winding. Accordingly the only force available to cause current to i
flow through the primary winding is the difference between the impressed
pressure and reverse pressure, the effective pressure.

The Magnetizing Current.—The magnetizing current of a
transformer is sometimes spoken of as that current which the
primary winding takes from the mains when working at normal
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pressure. The true magnetizing
current is that component of
this total no load current which
is in quadrature with the supply
pressure. The remaining com-
ponent has to overcome the
various iron losses, and is there-
fore “in phase” with the supply
pressure.
these two components deter-
mines the power factor of the
“no load current.”

This component is very small
if the transformer be well de-
signed, and be worked at low
flux density.

Action of Transformer
with Load.—If the secondary
winding of a transformer be con-
nected to the secondary circuit

The relation between .

FiG. 6,489 —Rear view of Fort Wayne

distributing transformer showing hanger
irons for attaching to pole cross arms.

F16. 06,490.—Top view showing core and
coils in place of Westinghouse distri-
buting transformer. e coils are
wound from round wire in the smaller
sizes of transformers and from strap

r in the larger sizes. Strap wound
coils allow a greater current
conductor section than coils woun
from large wire, as there is little
waste space between the different turns
of the conductor. The coils are ar-
ranged concentrically with the high
tension win between the two low
tension coils, the object bemg to im-
prove the regulation. The low tension
coils are wound in layers which extend
across the whole legnth of the coil
opening in the iron, while the high
tension coils are wound in two parts
and placed end to end. This construc-
tion reduces the normal voltage strains
to a value which will not give trouble
under any condition of service.
with means of preventing creeping of
oil by capillary action are attached to
these studs and brought out of the
core through porcelain bushings.
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by closinga:switch so that current flows through the secondary
winding, the fransformer is said to be loaded.

The action of this secondary current is to oppose the magnetizing action
of the slight current already flowing in the primary winding, thus decreasing
the maximum value reached by the alternating magnetic flux in the core,
thereby decreasing the induced pressure in each winding.

F1cs. 6,491 and 6,402,—Westinghouse transformer terminal blocks for high and low tension
conductors.

The amount of this decrease, however, is very small, inasmuch as a
very small decrease of the induced pressure in the primary coil greatly
increases the difference between the pressure applied to the primary coil
and the opposing pressure induced in the primary coil so that the primary
current is greatly increased. In fact, the increase of primary current due
to the loading of the transformer is just great enough (or very nearly) io exacily
balance the magnelizing action of the current in the secondary coil; that is,
the flux in the core must be maintained approximately constant by the
primary current whatever value the secondary current may have.

‘P1Gs. 6,493 to 6,496.—Porcelain bushing for Westinghouse transformers.

- %
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When the load on a transformer is increased, the primary of the trans-
former automatically takes additional current and power fromn the supply
‘mains in direct proportion to the load on the secondary.

‘When the load on the secondary is reduced, for example by turning off
lamps, the power taken from the supp(l;' mains by the primary coil is auto-
matically reduced in proportion to the decrease in theload. This automatic
action of the transformer is due to the balanced magnetizing action of the

primary and secondary currents.

)

ve

Pics. 6,497 to 6,4909.—General Electric transformer cut outs. FPig. 6,497, expulsion cut out
for 6,600 volts; fig. 6,498, plug cut out; ﬁi 6,499, expulsion cut out for pressures above
6,600 volts. The plug cut out is suitable for mounting on the cross arm and may be

s N A1+ imnniite § ‘rents up to, 30 amperes, or 3,500 volt circuit for currents,
¢ cut out, is suitable for installation on the cross arm and
ther than those for which the plug type cut out is smitable.
sts of & box of treated ash with hinged door and a tubular
a porcelain fastened to the door, making connection with
door is closed.. Upon opening the door the fuse holder is
‘e circuit. A-card holder is provided on the bottom of
t of the fuse holder. When the fuse blows, the expulsion
d or forces it out of the holder, thus indicating a blown
1 from the ground, making it unnecessary for linemen or
ermine if the fuse be blown. These cut outs are suitable
ind below, 100 amperes and less. A modification of this
10 to 45,000 volts and currents up to 50 amperes. Although

_ :ut out, it is suitable for outdoor installation.

taw wv v waseegpy Fo gaw cmme— sim e
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Classification of Transformers.—As in the case of motors,
the great variety of transformer makes it necessary that a
classification, to be comprehensive, must be made from several
points of view, as:

1. With respect to the transformation, as
a. Step up transformers;
b. Step down transformers,

2. With respect to the arrangement of the coils and magnetic
circuit, as
a. Core transformers;

b. Shell transformers;
* ¢. Combined core and shell transformers.

8. With respect to the kind of circuit they are to be used on, as

a. Single phase transformers;
b. Polyphase transformers.

4. With respect to the method emplo.yed in cooling, as

a. Dry transformers;
b. Air cooled transformers { m&md"“ﬁtf or alr blast;

¢. Oil cooled transformers;
d. Water cooled transformers.

5. With respect to the nature of their output, as

a. Constant pressure transformers;
b. Constant current transformers;
¢. Current transformers;

d. Auto-transformers.

6. With respect to the kind of service, as

a. Distributing;
b. Power, e
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7. With respect to the circuit connection that the trans-
former is constructed for, as : »
* " @a. Series transformers; 5. Shunt transformers.

8. With respect to location, as
a. Indoor, b. Outdoor.

Step Up and Step Down Transformers.—At the station
the low voltage current from the alternators is transformed to

. STEP UP STEP DOWN

PRIM. |
10 TURNS |

St

P1G. 6,500.—Diagram of elementary step up transformer. As shown the primary winding
has two turns and secondary 10 turns, giving a ratio of vl transformation of 10 + 2= 5.
Since only 34 as much current flows in the secondary win as in the primary, the latter
requires heavier wire than the former.

F1G. 6,501.—Diagram of elementary step down transformer. As shown the primary winding
has 10 turns and the secon 2, giving a ratio of voltage transformation of 2 + 10 = .2,
The current in the secondary 5 times greater than in the primary will require a pro-
portionately heavier wire.

high voltage current so that it may be transmitted to consider-
able distances with small wires, and at each point of distribution
it is stepped down to low voltage as is required for lighting, etc.
In this way there is a considerable saving in copper as must be
evident.

Thus, since watts = amperes X volts (from which amperes = watts +

volts) to transmit say 1,000 watts at 1,000 volts the wire must be
enough to carry 1,000 + 100 = 10 amperes, whereas if the pressure
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increased to 1,000 volts, the wire would only have to carry 1,000 <+ 1,000 =
1 ampere, hence a much smaller wire could be used.

Core Transformers.—This type of transformer may be
defined as one having an iron core, upon which the wire is
wound in such a manner that the iron is enveloped within the
coils, the outer surface of the coils being exposed to the air as
shown in figs. 6,602 and 6,503.

CORE

A & 8

PRIMARY coiL

SECONDARY CotL

SECTION ON LINE AB

F1cs. 6,502 and 6,503 —-Cotetypetnmformer It consists of a central core of laminated iron,
around which the coils are wound. usualformofcomtypetmnsformerconsmtsofarec«
tangular core, around the two | limbs of which the primary and secondary coils are
wound, the low tension coil being p next the core.

Shell Transformers.—In the shell type of transformer, as
shown in fig. 6,504, the core is in the form of a shell, being built
around and through the coils. A shell transformer has, as a
rule, fewer turns and a higher voltage per turn than the core type.

Comparison between Shell and Core Transformers.—
The choice between shell and core transformers depends upon
manufacturing convenience' rather than upon operating charac-
teristics.
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The major insulation in a core type transformer consists of several
large pieces of great mechanical strength,

In the shell type, there are required an extremely large number of
relatively small pieces of insulating material, which necessitates careful
workmanship to prevent defects in the finished transformer, when thin or
fragile material is used.

Both core and shell transformers are built for all ratings. For small
ratings the core type possesses certain advantages with reference to insula-
tion, while for large ratings, the shell type possesses better cooling prop-
erties, and has less magnetic leakage than the core type.

Distributed Core Transformers.—An improved type of

DISTRIBUTED
CORE

LAMINATED
CORE

F16. 6,504.—Shell type former. In truction, the laminated core is built around and
through the coils as shown. For very heavy current ratings at low voltage this type has
some advantages with respect to mechanical construction of windings w! in other
rati pecially at high vc 1t the core type is preferable, both in this respect and with
respect to insulation.

F1G. 6,505.—Plan of core of General Electric distributed core t transformer. The core
used contains four magnetic circuits of equal reluctance, in parallel; each circuit consisticg
of a separate core. In this construction one leg of each circuit is built up of two different
widths of punchings forming such a cross section that when the four circuits are assembled
together they interlock to form a central leg, upon which the winding is placed. The four
remaining legs consist of punchings of equal width. These occupy a position surrou
the coil at equal distances from the center, on the four sides; forming a channel between
each leg and coil, thereby presenting large surfaces to the coil and allo its free access

3 .

to all parts of the The of each size transformer are all of the same length,
assemg?ed alternately, and forming two lap joints equally distributed in the four corners o
the core, thereby giving a . of low s

transformer has been introduced which can be considered
either as two superposed shell .transformers with coils in
common, or as a single core typé transformer with divided
magnetic circuit and having coils on only one leg.
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It is best considered however, as a distributed core type transformer,
and for small sizes it possesses most of the advantages of both types. It
can be constructed at less cost than can either a core or a shell transformer
having the same operating characteristics and temperature limits.

Single and Polyphase Transformers.—A single phase
transformer may be defined as one having only one set of primary
and secondary terminals, and tn which the fluxes in the one or more
magnetic circusts are all in phase, as distinguished from a poly-
phase transformer, or combination in one unit of several one
phase transformers with separate electric circuits but having cer-
tain magnetic circuits in common.

In polyphase transformers there are two or more magnetic circuits through
the core, and the fluxes in the various circuits are displaced in phase.

Fics. 6,506 and 6,507.—Core and shell types of three phase transformer. In the core type,
fig. 6,506, there are three cores A, B, and C, joined by the yokes D and D’. This forms a
three phase magnetic circuit, since the instantaneous sum of the fluxes is zero. Each core
is wound with a primary coil P, and a secondary coil S. As shown, the primary windin;
of each phase is divided into three coils to ensure better insulation. The primaries an
secondaries may be connected star, or mesh. The core B, has a shorter return path than A
and C, which causes the magnetizing current in that phase to be less than thatin A and C
phases, This hazsometimes been obviated by placing the three cores so their cornersfcrm
an equilateral triangle (as in fiz 6,481), but the extra trouble involved is not justified, as
the unbalancing is a no load condition, and practically disappears when the transformer
is loaded. The shell type, fig. 6,507, consists practically of three separate transformers in
one unit. The flux paths are here separate, each pair of coils being threaded by its own flux,
which does not, as in the core type, return through the other coils. This gives the shell t.
an advantage over the core type, for should one phase burn out, the other two may .st_il.{g:
used, especially if the faulty coils be short circuited. The effect of such short circuiting is
to prevent all but a very small flux threading the faulty coil.

il
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Polyphase current may be transformed either by a polyphase transformer
or by using a single phase transformer for each phase. ’I'Kg lyphase trans-
former is however preferable, because less iron is required than would be
with the several single phase transformers. The polyphase transformer
therefore is somewhat lighter and also more efficient.

Cooling of Transformers.—There are various methods of
cooling transformers, the cooling mediums being

1. Air. 2. Oil. 3. Water.

The means adopted for %etting rid of the heat which is inevitably
developed in a transformer by the waste energy is one of the important
considerations with respect to its design.

Air Cooled Transformers.
—In this type of transformer
there are two methods of cir-
culating the air as by, 1, natu-
ral draught, and 2, forced
draught or blast. As designed
for natural draught, the case
containing the windings is open
at the top and bottom. The
column of air in the case ex-
pands as its temperature rises,
becoming lighter than the cold
air on the outside and is conse-
quently displaced by the latter,

INDARY resulting in a circulation

IINALS of air through the case.
The process is identical
with furnace draught.

F1G. 6,508.—Forced draught or “‘air blast” transformer. As is indicated by the classification,
this type of transformer.is cooled by forcing a current of air through ducts, provided between
the coils and between sectionalized portions of the core. The cold air 1s forced through
the interior of the core contaimngntlhe coils the air passing vertically by a blower, through
the coils and out through the top. e amount of air going through the coils may be controlled
independently by providing dam: in the passages. About 100 cu. ft. of air per minute
per total kw. loss is ordinarily used for transformers which are not designed to operate above
their rated capacity.
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In forced draught
transformers the case
isclosed at thebottom
and open at the top.
A current of air is
forced through from
bottom to top as
shown in fig. 6,508 by
a fan.

For air cooling, the
coils are built up high
and thin and assembled
with spaces between
them for the circulation
of the air. In forced
draught transformers
theair pressure required
is from one-half to one
ounce per sq. in. The
larger transformers re-
quire greater pressure
to overcome the resist-
ance of larger air ducts.
Ordinarily 150 cu. ft.
of air per minuteis used
per kw. of load.

0il Cooled Trans-
formers. —In this
type of transformer
the coils and core are
immersed in oil and
provided with ducts
to allow the oil to cir-
culate by convection
and thus serve as a

el
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medium to transmit the heat to the case, from which it passes
by radiation.

0Oil cooling is used especially for lighting transformers.

In such transformers, the large volume of oil absorbs considerable heat
so that the rise of temperature is retarded. Hence, for moderate periods
of operation, say 3 or 4 hours, the average lighting period, the maximum
temperature would not be reached.

The oil, besides being a cooling agent, is a good insulator, preserves the
insulation from oxidation, increasing the reakgown resistance of the insula-
tion, and generally restores the insulation in case of puncture, A special
objection to oil, however, is danger of a central station fire being aug-
mented by the presence of the oil. Due to the high flash point of trans-
former oil, this affords but little extra hazard.

Good transformer oil should not contain moisture, acid, alkali,
or sulphur compounds. It should have low viscosity and
should not decompose or throw down sludge under operating
conditions.

The presence of moisture can be detected by thrusting a red hot nail
in the oil; if the oil “‘crackle,” water is present. Moisture may be removed
by raising the temperature slightly above the boiling point, 212° Fahr.,
but the time consumed (several days) is excessive.

Water Cooled Transformers.—A water cooled transformer
is one in which water is the cooling agent, and, in most cases,
oil is the medium by which heat is transferred from the coils to
the water. In construction, pipes or a jacketed casing is pro-
vided through which the cooling water is passed by forced cir-
culation, as shown in figs. 6,509 and 6,510.

The surface of the cooling coil should be from .5 to 1.3 sq. in. per watt of
total transformer loss, depending upon the amount of heat which the exter-

nal surface of the transformer case will dissipate.
For a water temperature rise of 43° Fahr., 1.32 1bs. of water per minute is

required per kw. of load.

Transformer Insulation.—Transformers are provided with
major and minor insulation. The major insulation is placed
between the core and secondary (low pressure) coils, and between
the primary and secondary coils.
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Pics. 6,511 to 6,514.—General Electric Coil Structures. Various coil constructions have been
developed to meet the particular req nts of design 1 c;xf)onwut-uzemd
voltage rating. In the larger sizes, circular coils of either disc or cylindrical shape are used on
account of their greatly superior mechanical qualities, and the facilities they give for rigid
mechanical support. In_ transformers using form wound coils, the insulation between the

- high voltage and low voltage windings, and between the high voltage winding and core,

X n;lpon the voltage and type of winding. For transformers using disc voltage and
cylind: low voltage coils, the insulation between the high voltage and low voltage wind-
ings is composed of oil ducts and a cylinder of *573 compound” which, in addition to its
high insulati t hanical et h. The insulation between

Ily t | fiber barriers and oil ducts.

R ng properties, pc \

the high voltage winding and the core of | 1
For transformers using disc high voltage and disc low voltage coils assembled interleaved,
the insulation between the hig| voltag:r:ind the low voltage windings is composed of fiber
barriers and oil ducts the number of barriers and dimensions of the ducts varying with tiic
1 b the high voltage winding and the core is composed of oil
d.”” As of the low voltage windings are pla.cid

volt ‘The on t
ducts and a cylinder of 573 p
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It consists usually of mica tubes, sometimes applied as sheets held in

, place by the windings, when no ventilating ducts are provided, or moulded

to correct form and held between sheets of tough insulating material
where ducts are provided for air or oil circulation.

- The minor insulation is the insulation placed between adjacent
turns of the coils.

F16. 6,515.—Ceneral Electric partly assembled transformer showing mica pad. Experience
has shown the necessity of ﬁrpe proof insulation in smaller sizes in order to insure pr i
to the lower voltage circuit..in case of burn out_from abnormal (gaemtmg conditions. A

ed

|
|

similar mica pad is used between ends of the high yoltage coils and cores. In these trans-
formers, therefore, the high voltage winding is practically surrounded by fireproof insulation.

PFiGs. 6,511 to 6,514.—Text continued.

at both ends of the coil attached next to the core, the ends of the highvoltage winding are well
insulated from the core. I'he insulation between the low voltage winding and the core in
all core wound transformers is made up from a specially treated fiber which possesses suitable
insulating properties and is not injured by the mechanical stress incident to the winding
process. In the interleaved disc type of winding (fig, 6,511) both high and low voltage coils
are wound in the form of discs assembled with the high voltage and low vol coils inter-
'leaved. These coils are wound on a form and assembled over a cylinder of 573 compound”
this cylinder furnishing the foundation for the winding. This is later assembled over the
core and also serves as an insulation between the windings and thecore. The coilsare sep-
arated from each other by means of specially treated fiber spacers, furnishing generous oil
ducts between coils for cooling purposes. Between high and low voltage windings and where
required between coils of either winding, one or more fiber collars are inserted with oil ducts
between. In the disc-cylinder type of winding (fig. 6,5612) the low voltage coils are cylindri-
cal in shape and are wound on a cylinder of ‘573 compound,” The high voltage coils are
disc coils assembled over another cylinder of the same material which is in turn assembled
over the low voltage winding with an oil duct between the low voltage winding and the
outer cylinder. In the cylindrical construction both high and low voltage coils are cylinders
on forms and assembled concentrically with generous oil ducts between coils.
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-Since the difference of
- pressure is small between
the a ljacent turns, the insu-
lation nced not be very
thick. ]t usually consists of
a double thickness of cotton
wrapped around each con-
ductor. For round con-
ductors, the ordinary double
covered magnet wire is satis-
factory.

Mica is the most effi-
cient insulating material.

It has a high dielectric
strength, is fire proof, and is
the most desirable insulator
where there are no sharp
corners.

FiG. 6.516d. ﬁ—hGe}ler%l Elect}x;ic jl,i?nsfoﬂner oil Oll Insulated Tmns'
dryer an er for freeing the oil from mossture, : )
slime and sediment. Inngopcratlon. the oilis formers.—High voltage
forced through several layers of dry blotting :
per. The complete equipment consists of a transformers are insulated
ter press with motor driven oil pump, electric . . oy .
drying_oven for thoroughly drying the fiter With 0il, as it is very im-

paper before placing it in the press. . . y
4 press portant to maintain care-

ful insulation not . 1
only between the ¢ 30 |\
coils, but also be- % 25

tween the coilsand 3,

the core. In the £5201——
case of high voltage 3% NN
transformers, any 2 15 . ™~

B+ .

Prig. 6,517.~Curve show- 1) 10 | ' T

I iclectic strength s @ S l

duced by the presence of 3 I |

T e o © ol I

i 2 > a 5 & 71 8

o
WATER PARTS 1N 100.000 BY VOLUME
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accidental static discharge, such as that due to lighting, which
might destroy one of the air insulated type, might be success-
fully withstood by one insulated with oil, for if the oil insulation
be damaged it will mend itself at once.
By providing good circulation for the oil, the transformer can get rid

of the heat produced in it readily and operate at a low temperature, which

not only increases its life but cuts down the electric resistance of the copper
conductors and therefore the I*R loss. ’

,

Auto-transformers.—In this class of transformer, there is

|« 100 VOLTS LINE PRESSURE >

Y_.

20 VOLTS—»

A

80 YOLTS

- 80 TURNS ———>}¢ 20 TURNS >

< 100 TURNS . —
F16. 6,518,—Diagram illustrating o« ions and incipl bof auto-transformers as ex-
plained in the ying text. .

only one winding which serves for both primary and secondary.
On account of its simplicity it is made cheaply.

Auto-transformers are used where the ratio of transformation is small,
as a considerable saving in copper and iron can be effected, and the whole
transformer reduced in size as compared with one having separate windings.

Fig. 6,518 illustrates the electrical connections and the relations between
the volts and number of turns. ‘

By using the end wire and tapping in on turn No. 20 a current at 20
volts pressure is readily obtained which may be used for starting up motors

requiring a large starting current and yet not draw heavily on the line.
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Constant Current Transformers for Series Lighting.—
The principle of the constant current transformer as used for
series lighting is readily understood by reference to the elemen-
tary diagram shown in fig. 6,521.

In this system the alternator and regulating transformer
supply a constant current and variable voltage.

- Constant current incandescent lighting systems for use in
small towns also use this miethod for automatically regulating
the current.

< 200 =rmm— e 200
I .
—'10 "0 <% __1_9_> 10

'A‘I/\/\/\/\/T Y20 204

s. 6,519 and 6,520.—Two winding transformer and single winding or auto-transformer.
Pig. 6,519 shows a 200:100 volt txgnaforp:q-.havmgl? 10 amp. primary and a 20 amp. secon-
dary._thqcumtsbangmopposmgduect:ons. these currents be superposed by, using'

m)m‘”‘i B e eats ot o Buio et ormaer. (b relotive siog of 3t d with &
m;fmoftbeumnnhoandoumthuk—;—lzl. For instance: a 10 kw. trans-
former of 400 volts primary and 300 volts dary could be replaced by an auto-trarsformer
of 10X 1= = 2.5 kw.; or, in other words, the amount of material used in & 23§ kw.

transformer could be used to wind an auto transformer of 400 :300 ratio and 10 %w. output.

Since the primary is connected directly to the secondary it would be
dangerous to use an auto-transformer on high pressure circuits. This
type of transformer has only a limited use, usually as compensator for
motor starting boxes.
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- F1G6, 6,521, — Elementary
L —] ' diagram illustrating the
A principles of constant cur-
rent transformer as used
for series arc lighting.
WEIGHT ~S_ECON DARY
PRIMARY
|
ALTERNATOR -
ETIC CORE
COUNTER
BALANCE
SECONDARY'
PRIMARY *

F1G. 6,622.—Mechanism of General Electric air cooled constant current transformer. It
. operates on the principle explained in the accompanying text and is built to supt)ly 23 to
100 arc lamps at 6.6 to 7.5 amperes. The transformers are interchangeable and will operats
on 60 or 125 cycles. The relative positions of the two coils may be c! in order to reg-
ulate the strength of the current more closely, by shifting the position of the arc earrymi
the counterbalance by means of the adjusting screw on it. A dash pot filled with agecta
oil prevents sudden movements of the secondary coil and keeps the current through the
lamps nearly constant, when they are being cut In or out of the circuit. In starting up a
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‘Regulation.—This term applies to the means adopted either
- to obtain constancy of pressure or current. In the transformer,
regulation is ¢mherent, that is, the apparatus automatically
effects its own regulation. The regulation of a transformer
means, the change of voltage due to change of load on the secondary;
it may be defined more precisely as: the percentage increase in
the secondary voltage as the load 1s-decreased from its normal value
to gero. Thus, observation should be made of the secondary
voltage, at full load and at no load, the primary pressure being
held constant at the normal value.

‘

TRANSFORMER '
UNDER TEST =
AMMETER .
= . =
L4
Y | PRIMARY
- g lRCU'T
e 0 06060600 00 ‘ ‘ '
TET I T8 = “emm'| VOLT
Tessseaed || / A METER
TT T I 063D
POTENTIAL
LAMP BOARD TRANSFORMER TO ACCOUNT FOR LINE LOSS

Fie, 6,523.—Diagram of connections for regulation test. Connect transformer under test to
hlgh tension supply circuit. A second transformer with same or other known change ratio
is also to be connected up, as illustrated. By means of a double pole double throw switch,
the voltmeter can be made to read the pressure on the secondary of either transformer.
Su ing the same change ratio, it is evident that if both remain unloaded the voltmeter

lndlcate the same pressure. A gradually increasing lamp load up to, the limit of the

ransformer capacity, will be attended by a drop in e at the ter ls. This drop

ca.n be read as the difference of the voltmeter md.\catmns and when expressed in tpex' cent.

of secondary voltage stands for “regulation.” Remarks: The auxiliary transtormer is

necessary in order to make sure of the high tension line voltage. A large transformer under

test my cause pnmary drop in taking power. This must be set down against it in testing
The mnsformer gives notice of such drop, whatever be the cause.

.

P1G. 6,522.—T ext Continucd

.constant current transformer, it is necessua' to sepmte the two coils as far as posslble and
then close the primary circuit switch and allow the two coils to come together. If the
mary circuit be thrown directly on the alternator, the heavy. msh of cumnt which will follow
due to the two coils being too close together mlght injure’ the lam:
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The regulation is said to be “‘good” or ‘“close,” when this change is
small. In the design of a transformer, good regulation and low iron losses
are in opposition to one another when the best results are desired in both.-
A well éesigned transformer, however, should give good results, both as to
regulation and iron losses, the relative value depending upon the class of
work it has to do, and size.

For 1009, or unity power factor per cent regulation=9%, C R volts

~100{S Re | LR}
lw{ Ep + E:
in which I =amperes, R, ohms, E, volts, and p and s, primary and secondary.

Transformer Losses.—The commercial transfotmer is not a
perfect converter of energy, that is, the input, or watts applied
to the primary circuit is always more than the output or watts
delivered from the secondary winding.

This is due to the various losses which take place, and the
difference between the input and output is equal to the sum of
these losses which are:

1. The #ron or core loss

S!JnallD“)e to @, hysteresis; b, eddy currents; ¢, magnetic leakage (negligibly

2. The copper losses

Due to a, heating the conductors (fhe I'R loss); b, eddy currents in
conductors.

Hysteresis.—In transformer operation the rapid reversal of
magnetism in the core requires an expenditure of energy which
is converted into heat.

This loss of energy is due to the work required to change the
position of the molecules of the iron in reversing the magnetiza-
tion. Extra power then must be taken from the line to make up
for this loss, thus reducing the efficiency of the transformer.
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The hysteresis loss depends upon the quality of the iron in the core, the
magnetic density at which it is worked and the frequency.

To obtain minimum hysteresis loss the softest iron is used for the core
and a low degree of magnetization is employed.

Eddy Currents.—These currents are produced in the trans-
former core similarly as in a generator core and are reduced to a
minimum by the usual method of lamination. The thickness of
the lamina depend upon the frequency, being about from .014
to .025 in. according as the frequency is respectively high or low.

‘When the secondary of a transformer is open,a no load current passes

F1G. 6,524.—Method of determining core loss. Connect voltmeter and wattmeter as shown
in the illustration to the low tension side of the transformer, By means of a variable vol!
transformer bring the applied voltage to the point for which the transformer is designed.
The wattmeter indicates directly the core loss, which includes a very small loss due to the
current in the copper. Cautions: 1, Make sure of the voltage and frequency. The manu-
facturers' tabulated statements refer to a definite voltage and frequency and these have
ahdzm'ded influence upon the core loss. 2, The high tension circuit must remain open during
the test.

through the primary; the en thus supplied balances the core losses.
The iron losses may be reduced to a minimum by having short magnetic
paths of large area and using iron or steel of high permeability. The
design-and construction must ieep the eddy currents as low as possible.

Copper Losses.—Since the primary and secondary windings
of a transformer have resistance, some of the energy supplied
will be lost by heating the copper. The amount of this loss is
proportional to square of the current, and is usually spoken of
as the IR loss. The copper losses are the sum of the I’R losses
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of both the primary and secondary windings, and the eddy
current loss in the conductors.
The eddy current loss is very small, and may be dlsregarded so that the

sum of the I?R losses of primary and secondary can be taken as the total
copper loss for practical purposes.

Efﬁciency of Transformers.—The efficiency of transformers
is the ratio of the electric power delivered at the secondary terminals
20 the electric power absorbed at the primary terminals.

Accordingly, the output must equal the input minus the
losses. If the iron and copper losses at a given load be known,

SOURCE} VARIABLE VOLTAGE
F TRANSFORMER
SUPPLY

' WATT
AMMETER METER
| =

s

F16. 6,525.—Method of determnmng copper loss. Connect ter and wattmeter to high
tension side of transformer short circuit secondary leads, as shown in illustration, and by
means of a variable voltage, adjust current to the full load value for which the transformer
is intended. The wattmeter reading shows the copfpet loss at full load. The full load prim-
ary current of any transformer is found from the following equation

full load current = full load watts + primary volts .

Example.—To find proper full load current on a five kiv. 2,200 volt transformer, divide
5,000 watts by 2,200 volts, the full load current will then be 2. 27 amperes. A slight varia-
tion in primary current greut.ly increases or decreases the copper loss.

Remarks.—Copper loss increases with temperature because the resistance of the metal
rises. Do not overload the current coil of the wattmeter. For greater accuracy the 12R drop
of potential method should be used.

their values and consequently the efficiency at other loads may
be readily calculated.

Example.—If a 10 kilowatt constant pressure transformer at full load
and temperature have a copper loss of .16 kilowatt, or 1.8 per cent., and
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the iron loss be the same, then its
output . 1C
input 10 + .16 + .16 X 100 = 96.9 per cent.

Fi1Gs. 6,528 to 6,530. —Westinghouse low tension transformer connectors for connecting the
low tension leads to the feeder wires. The transformers of the smaller capacities have knuc-
Kle joint connectors and those of the largeg sizes have interleaved connectors. These con-
nectors form a mechanically strong joint of high current carrying capacity. Since the hlgh
tension leads are connected directly to the cut out or fuse bl s CC tors are not req .
on these leads. Theuse of these connectorsallows a transformer to be removed and a.nother

of the same or a different capacity substituted usually without soldering or unsoldering
a joint. The connectors also facilitate changes in the low tenﬂon oonnections.

efficiency =

2000 V 1000 VOLT LINE |
1,000V 1 oo'g v [
P -
0000000/ 1000V 000V —
S0V, t s0v — s ] so v—"
e 100V —————+] 50VOLIS

F1G. 6,531. —Diagram of single phase transformer having primary and leeondary wmding-
in two sections, showing voltages per section with series conmections. .

F1G. 6,532, —Diagram of single phase transformer with primary and secondary windings of
two sections each, showing voltages per section with parallel connection.

| _ 1

‘IST SECTION ﬂzNDsecnon . l |‘| |

200 VOLTS

SECGONDARIES IN PARALLEL SECONDARIES IN SERIES

100 VOLTS

F1Gs. 6,533 and 6,534. —Methods of altering the secondary connections of a transformer hav-
ing two sections in the secon %to obtain a different voltage. Pig. 6,533 shows the two
zmsechonsl sn parallel giving say 100 volts; fig. 6,534 shows the two sections iv ceries giving

volts.
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At three-quarters load the output will be 7. 5 kilowatts; and as the iron loss
is practically constant at all loads and the copper Toss is proportional to
the square of the load, the

output 7.5

fnput 7.5 F .16 .00 < 100 = 96.8 per cent.

efficiency =

The copper loss is measured by placing a wattmeter in circuit with the
when the secondary is short circuited, and when enough pressure
18 applied to cause full load current to flow.

If it be desired to separdte the load losses from the true I’R loss, the
resistances can be measured, and the IR loss calculated and subtracted
from the wattmeter readmg The losses being known, the efficiency at

PRIMARY | MAIN 1000 VOLTS

’KOOV:OLTS NO LOADI wovou.:rs N:OLD: A:Dl
198 » FULL Loy »Fut v | 1

SECONDARY [ MAIN

P16, 6,535.—Diagram showing unlike single phase transformers in parallel.

F1G. 6,536.—Three wire connections for transformer having two second&ry sections on different
legs ‘of the core. If the secondary terminals be connected u a three wire distribution,
as here shown diagrammatically, it is advisable to make the fuse, 2 in the middle wire, con-
mderabl smaller than necessary to pass the normal load in either side of the cu-cmt be-
cause, should the fuse, 1, be blown, the secondary circuit through the section, Sa be
open, 'and the correspondmg half of the primary winding, Pa, will nave 8 much hlfher impe-
dance than the half of the primary winding, Pb, the inductance of which is 50 nearly neutral-
ized by the load on the lecondary winding, Sb. The result will be that the voltaxe of the
primary section, P. be very much greater than that of the sectxon, Pb, and as the sec-
tions are in series tiw current must be the same through both halves of the winding; the
or difference of pressure, therefore. between the terminals of Pa will be much wﬁher
than that between the terminals of Pb, ently, the secon: vol
greatly lowered and the service lmpa\red As the pnmary wmfv‘ﬁ’f' A, is
only one-half of the total voltage, the unba!ancmg reiened to Ject xt toac eonsnder-
ably her pressure than the normal value; in that
leg of the transformer core will be much higher than nonmj. and the transformer ' wxll heat
dlustmusly. If the fuse. 2, in the middle wire be made, say, one-half the capacity of each
of tho other fuses, this condition will be relieved by the b wmd of this fuse, and as_the
lamps in the live circuit would not be anywhere near candle power if the circuit remained
intact, the blowing of the middle fuse will not be any disadvantage to the user o[ the lamps.
Some ‘makers avoid the contingency just described by dividing each secondary coil into two
and ting a section on one leg in series with a section on the othcrl:cofthe
«core, 80 tlmt current applied to either pair of the dary ter 1s will about
iboth legs of the core
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any load is readily found by taking the core loss as constant and the copper
loss as varying proportionally to the square of the load. -

.'(o

All Day Efficiency of Transformers.—This denotes the ratio

© T 'GLE PHASE STEP
N TRANSFORMER )

100 VOLTS
NSTANT

. %gﬁSURE
MAIN

1000 VOLTS

LALANULING L

TRANSFORMER

F1G. 6,537.—Single phase transformer connection with constant pressure main.

Fxg. 6.538.—Usual method of sinfle phase t former ions for zesid hting with

3 ligl
hree wire secondaries. A balancing transformer is connected to the three wire circuit
near the center of distribution as shown.
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Fics. 6,539 to 6,546, —Connections of standard transfermers. Allstock transformersare wound
for some standard transformation ratio, such as 10 to 1, but various leads are brought out
by means of which ratios of 5, 10 and 20 to 1 may be obtained for one transformer. The
figures show the voltage combinations possible with a standard transformer.

.
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FUSE WIRE

FiG. 6,547.—Method of com instantaneous polarities. Two of the termi: con-
nected as shown by stnp of fuse wire, agg then- touc:m:tkc other t“kt::mk
together. If the fuse blow. the connections must be reversed; if it do not, then they

may be made permanent. .
Fi16. 6,548.— of static boost: ing t: . It is used for regulating the
greslu:e on fe ers. In the . B, are the station bus bars, R, the regulable transformer,
he two wire feeders, and T, a distant transformer feeding into the low pressure three

wire distributing network N. The two ends of the primary, and one end of the seconda

R, are connected to the bus bars as shown. The other end of the secondary, as wen?s‘f
number of intermediate points, are joined up to a multiple way switch S, to whlch one of
the feeder conductors is attached, the other feeder main connected to the opposite
bus bar. As will be evident from the figure, by manipulating S extra volts may be added
1o the bus bar pressure at will, and the drop along F, eonpemtedior. R,is a step trans-
former for the total secondary difference of pressure bemg saratxve y small. The above
device possesses rather serious drawbacks, in that the switch S, has to the main cur-
rent, and that the sugply would be stopped if the switch got out of o:dec:“kapp improved

on ar g the v
FHASEA
PRIMARY MAINS PHASE A
3 S PRASE D3 PRIMARY MAINS
(_PHASE B
RANSFORMER A
. TRANSFORMER B .
\ . R I N
{ s PHASEA TRANEFORMER ‘TR_AN::OBORMER
SECONDARY MAINS [ R TTI @I
PHASE B [ MAINS PHASE B

F1G. 6,540.—Two phase transformer connections. Two single phase transformers are used
and connections made just as though each phase were an ordinary single phase system.

P16, 6,550.—~Two phase transformer connections, with secondaries arranged for three wire
distribution, the primaries being independently connected to the two phases. In the three
wire circuit, the middle or neutral wire is made about one-half larger than each of the two
outer wires. In fig. 6,549 it makes no difference which secondary terminal of a transformer
is connected to a given secondary wire, so long as no transformers are used in parallel. For

example, referring to the diagram, the left hand secondary terminal of transformer A,
oou] just as well be connected to the lower . wire of the aeeondar{e phase A, and its nght
hand terminal connected to th 16 upper wire, the only requirement that'the two pairs
of mains shall not be “mixed.” In the case shown by fig. 6,550, thmunotqmteaomuch
freedom in connections. One secondary terminal of each transformer must be
connected to one of the outer wires and the other two terminals must be both connected to
the larger middle wire of the secondary system. It makes no difference, however, which

two secondary terminals be Qomedandeonnectedtothamnddlcmwimgutheothu
t«mmaloieachtmnsloxmerueonmcudtomwmmoi secondary system.
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PRIMARY RC IT - PRIMARY CIRCUI‘I PRIMARY CIRCUIT - PRIMARY CIRCUIT
2200 VOU 2 200 Z.ZOO'VOLTS | Z,ZOOYVSL‘I%

oS ' O TAR-GELTA

PiGs. 6,551 to 6,554.—Three phase transformer connections. Fi 6.551 delta connection;
fig. 6,552, star connection; fig. 6, 553 delta-star connection; fig. 6,554 star-delta con-

L PRIMARY A
"L ‘L MAINS B

PRIVARY A ]
TT MAINS B 2

[ SECONDARY ] C a J. SECONDARY [/
MAINS [ b 1 MAINS
c ;

PiGs. 6,555 to 6,558.—Three phase delta, and star connections using three transformers,
There are two ways of connecting up the primaries and secondaries, one known as the ““delta’’
eonnectwn and 1llustrated dlagrammatlcally t;y ﬁf 6,555, and the other known as the
“star’’ connectlon. and illustrated by fig n both diagrams the line wires are let-
tered, B and C. PFig. 6,556 shows the primaries and secondaries connected up delto,
fasluon con'espondmg to fig. 6,555, and fig. 6,558 shows them c ted up star f:
corresponding to fig. 6,557. In both of the atter sketches the secondary wires are lettered to
correspond with the mpectwe primary wires. When the primaries are connected up delta

Py
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of the total watt hour output of
a transformer to the total watt
hour input taken over a work-
ing day. To compute this effi-
ciency it is necessary to know
the load curve of the transformer
for a day.

Suppose that this is equivalent to
5 hours at full load, and 19 hours at
no load. Then, if W be the core loss
in watts, W the copper loss at rated
load, and W the rated output,

F1c. 6, 5129 —-Instl?cl'lanon of a tra?sf:mrme.rh— : i):tput =5 (>6V W) 19OW
on pole; view showing method of ai sses = 5 1+ 2) + 1
;zzt m:;l' leadsﬂgggoc':iftst.h:tg end input = -?_ 1o W+ W + W:'

3y

and the all day efficiency is equal to
Fxcs. 6,555 to 6,558—Text continsued
thevotagebetweenthetermnalsofmhprmrymndmgutheumeutbevolb
e between the corresponding two wires of the primary circuit, and the same is true of
secondary transformer terminals and circuit wires. The current, however, flowing
h the transformer winding is less than the current in the line wire for the geason
that the current from any one line wire divides between the windings of two transformers.
Por example, in figs. 6,555 and 6,556, part of the current from the line wire A, will flow
from A, to B, through the left hand transiormer. and part from A, to C, thmugh the right
hand tmnstormer if the current in the line wire A, be 100 amperes, the current in each
transformer, wmdmg will be 57.735 amperes. When transformers are connected up star
fashion, as in figs, 6,557 and 6,558, the current in each transformer winding is the same as
that in the line wire to which it is connected, but the voltage between the terminals of each
transformer wmdmg is 57.735 per cent, of thevoltage from wire to wire on the circuit. For
sxamole. if the primarv voitage from A.to B, bel ,000 volts, the voltageat the terminals of
the lett hand transtorm v(? point) will be only 577.35 volts, and the n.me is
true of each of the other transformers xf the, system be b: These ts apply,
of course, to both primary and secondary windings, from whlch it will become evrdent that
if the three transformers of a three phase circuit be connected up star fashion at the primaries,
and delta fashion at the secondaries, the secondary voltage wﬂ?be lower than if both sides be
connected up star fashion. For if the mers be wound for a ratio of 10
to 1, and are connected up with both primaries and secondaries alike, no matter whether
it be delta fashion or star faghion, the seoondary voltage will be one-tenth of the primary
ouokeclas ba connacted e Gelta Easbion. the secondary vertags il be o Bh Fas otre
gecondaries be connected up de on, the secon voltage 57.735 wolts,
instead of 100 volts. Thepexpla.nntlon of the difference between the vol tag); per coil in &
delta system and that in a star system is that in the former each winding is connected di-
rectly across from wire to wire; whereas in the star system, two win are in series
each pair, of ling wires. The voltage of each winding is not reduced to one-half, however,
because the pressures are out of&hase with each other, being 120°, orone-tlm-d ofacycle.
tﬂn consequently, instead of having 500 volts at the terminals of each coil in fig. 6,557
voltage is §77.35. The same explanation applies to the current values in a delta system.
The current phase between A and B, in fig. 6,555, is 120° removed from that in the wind-
ing between A and C; eonsequently.thesumofthe currents, in the wire A, is 1.
times the current in each wire; or, to mu 11; the tippostte way, the current in each winding
is 57.735 roentoithecurrentm will be well for the reader to remember
tha:hms cl:es s fth 1?]) (?meonnectednél&mes.oombm o
e well known law of epa elogram of forces; currents ering in phase, and con-
nected in parallel, combine according to the same law.
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5W X 100 t
EW + Wi + Wy) + 19 W, P o0
Commercial or all day efficiency is a most important point in a

transformer. The principal factor in securing a high all day eﬁclmcy 1s to
keep the core loss as low as possible.

Transformer Connections.—The alternating current has
the advantage over direct current, in the ease with which the

=l 1 mr | ,.g
‘*—}g = K

F1G, 6,560.—Diagram showing & method of operating a three hmmotoronstwo,han'

°F

l

HASE MOTOR
3 PHASE
ALTERNAT
MOTOR

2 PHASE
ALTERNATOF
{

circuit, using a tﬂnsiormer having a tap made in the m of the secondary winding.
30 as to get the necessary addi fp While this does not give a true balanced three
phase secondary, it is clcse enough for motor work. In the above arrangement, the main
tnnsformer supplies 54 per cent. of the current and the other witht he split winding 46
FIGOSBI—Thmphasemotor £ tions; the » ° ed Delta connected
transformers.
« T ) pressure and current can be
o ] ' . !
= s ! % w.1 o, changed by different connec-
z s ¢ ! £ tions of transformers.
‘!- . > A 125 Q . . .
u i S | * On single phase circuits
2 . i K = lvy the transformer connections
P1G. 6,562.—Diagram of transformer tions for motors on the yclic system.
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F1G. 6,564.—Delta-star connection of three transformers for low pressure, three phase, four |
wire system.
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can be varied to.change current and pressure, and in addition
on polyphase circuits the phases can also be changed to almost
any fdrm

Fig. 6,531 shows a transformer with each winding divided into two sec-

tions. Each primary section is wound for 1,000 volts, and each secondary
_section for 50 volts. By connecting the entire primary winding in series,
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F16s. 6,585 to 6,572.—Ground connections to secondaries of cinplcphan transformers.
A, twowue.B th:eewm:, C, two separate 110 volt transformers in paralle seoondn.;_y
ttachedtoe:thermm,b two windings, two wire; E, twowmd.mgs three
ourwn-e,G three wire; H, threemmwtthfourw:repnmary
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the transformer may be supplied front a 2,000 volt main, as indicated, and
if the secondary winding be also connected all in series, as shown, the no
load voltage will be 100 between the seeondary terminals.

The sections of the may be connected in parallel to a
1,000 volt main, and 1 volts obtam from the secondary, or the primary
and secondary windings may be connected each with its two sections in
pagall%l 5§r21d transformations made from 1,000 to 80 volts as represented
in hg

This is a very common method of construction for small transformers,
which are provided with convenient terminal blocks for combining the
sections of each winding to suit the requirements of the case. When the two

" sections of either winding are connected in parallel as shown in fig. 6,532,
care must be taken to ammt corresponding ends of the two sections toga}ur

DELTA

STAR
|PRIMARY
’ ' Fics. 6573t06676-—-(.‘mmnd ect:ons
to secondaries of

three phase trans-
formers.

OPEN
DELTA
SECONDARY

Combining Transformers.—Two or more transformers
built to operate at the same pressure and frequency may be con- *
nected _together in a variety of ways; in fact, the primary and
becondary terminals ‘may each be -considered exactly as the ‘
terminals of direct current dvnamos with certain restrictions: |

d
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CHAPTER 103

Converters

There are many instances where alternating current must be
changed to direct or vice versa. Transformation from a.c. to
d.c.or d.c. to a.c. may be made by means of:

1. Rotary converters 3. Mercury vapor rectifiers
2. Motor generator sets 4. Electrolytic rectifiers.

Strictly speaking, a converter is a revolving apparatus for con-
verting alternating current into direct current or vice versa; it is

N SN

Fics. 6,677 and 6,578.—Gramme ring dynamo and alternator armatures illustrating conver-
ter operatlon The current generated by the dynamo is assumed to be 100 amperes. Now,
ppose, an armat lar to fig. 6,577 to be revolving in a similar field, but let its wind-
ings be connected at two diametrically opposite points to two slip rings on the axis, as in
fig. 6,578. If driven by power, 1t generate an alternating current. As the maximum
voltagc betw the ts that a: d to the slip rings will be 100 volts, and the
virtual volts (as measumd by a voltmetcr) between the rings will be 70.7 (-100-1-52).
if the power applied in turning this armature is to be 10 kilowatts, and if the circuit be non-
inductive, the output in virtual amperes will be 10,000 =70.7 =141.4. If the resistances
of each of the armatures be negligibly small, and if "there be no frictional or other losses,
the power given out by the armature which' serves as motor teé““ suffice to drive the
armature which serves as generator. If both armatures be mounted on the same shaft and
rlaoed in equal fields, the combination is a motor dynamo. In actual mncl'unes the various
osses are met by an mcnase of cumnt to the motor. Since the ar

and as the d through identical magnetic ﬁelds one wind-
mgthhpmpereonnect:omtotheshpnngsandcommutatorwﬂl do for both. In this
case only one field is ; such a is called a converter.
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CONVERTERS
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usually called a rotary |
converter and.ds to be
distinguished from the
other methods men-
tioned above.

Broadly, however, a
converter may be con-
sidered as any species
of apparatus for chang-
ing electrical energy
from one form into an~
other. According tothe
standardization rules
of the A.I1.E.E., con-

FIG. 6,582, —General Electric commutator of 1,000 kw.

verters are classed and commutating pole synchronbus converter for lighting

. Cover for the cooling vanes at end of commutator
defined as follows: bars is removed. "8 “

TFIG. 6,583. —General Electric converter collector ring brush rigging. The brush and brush

holders used on the collector rings illustrate changes in modern synchronous converter practice.

| The brushes are made of combined copper and graphite by a new process and have the ap-
‘ pearance of solid copper.

F1G. 6,584, —Detail of General Electric converter armature, collector ring end.
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I BIPOLAR DIAGRAM
H al MECHANICAL
£ (2HE ROTATION
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FiGs. 6,587 to 6,600—Phase rotation in synchronous converters. Figs. 6,587 and 6,588 fot
6 _phase machine; figs. 6,589 and 6,500 primary and secondary phase rotation in 3 phase
diametrical transformers ‘for 6 phase synchronous converter. Synchronous converters are
always d ed to run clockwise-viewed from the commutator end, or counter-clockwise
from the col end and the phase rotation is 1-2-3-4-5-6. The collector rings are num-
bered from the in toward the armature as in fig. 6,687. The phase rotation on the
high voltage side of the transformers is 1-2-3, as shown in fig. 6,588, which shows the cor-
respondnn‘f low voltage connections for both 3 phase and 6 phase transformers and fer 8
phase and 6 phase transformers and for three single phase transformers. In the case of
3 phase, 6 phase transformers, refer to the numbering of the leads, rather than their mechan-
ical position, as certain forms of 3 phase transformers may have a different mechanical
ar t of low voltage leads from the one shown. When the phase rotation of the high
tension supply is known, this diagram may be followed in making the primary connections;
if it be not known, make the connections temporarily in the most convenient manner and
try them out. In either case, the connections should be tested before any attempt is made
to run the converter on full voltage from the ¢.c. end.

.
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— A direct current converter
- converts from a direct current to
a direct current.

A -synchronous converter
(commonly called a rotary con-
verter) converts from an alternat-
ing current to a direct current,

A motor converter is a com-
bination of an induction motor
with a synchronous converter,
the secondary of the former feed-
ing the armature of the latter
with current at some uency
other than the im
quency; that s, it is a synchronous
converter in combination with an
induction motor.

PF1c. 6,501.—Equalizer tions of Westingh rotary converter. The armature coils
are cross connected at points of equnl voltage and taps are led out from the winding at suit-
able points to the slip rings. This construction insures a uniform armature saturation below
each pole piece and eliminates one cause of sparking at the commutator,

A Frequency Converter (preferably called a frequency changer) converts
alternating current at one frequency into alternatin og current of another
frequency, with or without a change in the number of phases or voltages.

A Rotary Phase Converter changes alternatmigxrrent of one or more
phases into alternating current of a different number of phases, but of the
same frequency,

Rotary Conver-
ters.—The synchron-
ous or rotary converter
consists of a synchron-
ous motor and a dynamo
combined tn ome ma- |
chine,

F16. 6,502. --Wuunxhouso pole construction for converters. The poles are built of up sheet
steel laminations with rivets. Projections in the inner ends of tgg
tcmn seats for the ﬁeld cotls and hold them in position. dampers set in slots i in tha
r faces insure stable operation, Rotary converters for railway service are almost invar-
bly compound wound. The series windings are formed of bare copper strap. The shunt
windings are of insulated copper strap or wire, Spwesbetweenooﬂtumandm |

are provided for ventilation,
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FiGs. 6,593 and 6,504—'"Phasing out" a syncaronous converter. Fig. 6,503 on high tension
side of the transformers. Raise the a.c. brashes and slip a sheet of varnished cambric or
other insulatng material between the brush holders and the rings. Close the oil circuit
breakers and ¢! the low tension starting switch on the down or running position. Make
certain that the full seconiary voltage appears at the brushes which bear on the diametrical
rings 1-4, 2-5, and 3-6. Then open the startm{smtch and put the a.c. brushes down on the
tngs. The transformer secondaries will then b2 connected in ¥, the stationary converter
armature forming a low res neutral, pared to the of the vol ., and
the following voltage relations should-exist at the switch: The voltages between blades and
u , Of starting clips, should be the starting voltage, approximately 14 of the secondary
voltage. The voltage between blades and lower, or ru clips, should be full secondary
voltage. Any deviation from these requirements indicated an interchange of starting and .
running leads, The voltage between each upper clipand the corresponding lower clip
should be the difference between the starting voltage and full voltage, or approximately 34
secondary voltage. Any deviationfrom this requirement indicat2s an inter e. of two
starting or two running leads. The voltage between any two upper clips should be about
87 per cent of full secondary voltage and the voltage between any two lower clips should be
twice this amount, or about 13{ times full secondary voltage. Any deviation from this
réquirement indicates a reversed transformer secondary, or-that the switch is connected in
consecutive phases instead of alternate phases, as-shown. If the voltages at the switch be
mperly symmetrical g to tas above tests, the phase rotation must then be ¢! .

method of phasing out will depend upon the character of the equipment, and the avail-
able auxiliary apparatus. When tne converter is arranged to start from the a.c. end, and &
separate high tension bus fed by a single generator can bs used to start the converter, a
convenient method is to start the converter first-on the starting taps, and then on the running
taps by reducing the voltage. If a separate bus and generator be not available,
start tae machine on 14 voltage in the ordinary manner, but before throwing it to full voltage
check the voltages at the starting switch as follows: The voltage between each blade an
the corresponding lower chg:hould be approximately 14 voltage and th> voltage between
any twolower clips should be about 130 per cent of full secondary voltag:. When the con=
verter is dtasngmxrs to start from the d.c. side or by an induction motor it must be p!
out by means of lamps or voltmeters connected around the oil switch as in’ fig. 6,593 or
around the low tension switches as in fig. 6,504. If possible, the synchroscope should
checked at the same time by connecting the lamps at the switch it is connected across. Any
npraratus connected across the open switches should be capable of standing double line
voltage. While “phasing out” converters designed to be synchronized at tae oil switch,
make certain that one phase is not reversed on the secondaries, since a reversed secon
phase with delta primary is equivalent to a short circuit. Such a reversal will make i
apparent by excessive current when starting with the transformers connected to the con--
verter, so that the converter will not come to s from the direct current end, or in the
case of induction motor starting preventing the building up of the voltage. - When ths ma-
chine has reached aEyronmate y normal speed and voltage, correct phase rotation will be
indicated by all the lamps across the oil switch growing bright at the same instant. followed:
by a pentx{when they will all be dim at once.- Reversed phase rotation will be indicated
by the lamps growing bright in on. In “ph out” at the secondary switches,
the indications of correct and reversed phase rotation are the same, respectively, as when
‘I})hasing out” on the high side and, in addition, the following indications are possible:
If the lnml)s on two phases fluctuate together, and the third in a different manner, one

is rev but the phase rotation of the other two is correct. If the three lam ts be-
come bright in & rapid succession and then pass through an interval when 1 are dx;g;n-,
combination of reversed phase rotation, and reversed phase rotation, and reversed ton-
nections on one phase, is indicated, Usually the easiest method of correcting ‘reversed

phase rotation’is to interchange two lines at the high voitage terminals of the transformers.




CONVERTERS _ 171 - 3,531

C
i ﬁ
28]
, o0
48 S
20 )
L]
1 16—

Fics. 6,595 to 6,597. —General Electric three phase sy'nchronous converter switch board and
dmgram of connectxons. Symbols: A, ammeter (a.c.); A, ammeter (d.c.); C.B., air
circuit breaking; C.T., current transformer, F., fuse; O.C.B., oil circuit breaker; O.R.,
mverse time lu-mt overload release o pressura transformer; Pr.T., power transform-

er; Rh., rheostat ., resistance; é .o amtc Sz, starting switch; Si, equalizing switch;
Sh shunt; S. b speed limit device; U. V.R. under-voltage release' T.C., tx%g coil; V.,
volt meter; V1. volt meter (d.c.) (optxonal), W h M.. watt hour meter (a.c. ), WH. M. l
watt hour meter (d.c.). '

NOTE. —Operation. In figs. 6,595 to 6,597 the machine will be started as follows:
it being assumed that all switches are opened before starting and the brushes are raised from
the commutator: 1. Close high tension oil circuit breaker OCB. 2. Close the starting switch
SI, and let the machine come up to synchronous speed. 3. ' Note the d.c. polarity. If the po-
larity be right, close the field break up switch S4 in the upper position. If the polarity be
wrong, throw the field switch in the lower position and hold it there until the volt meter begins
to read slightly in the right direction, then close the switch in the upper positions. Hold the
starting switch S1 or S2 on the one half tap until the voltage of the d.c. side rises to about one
half normal and becomes steady. Then throw it down with a rapid movement to the run~
ning position. Let the brushes down on the commutator. Close the equalizer switch S3
(omit, for a station containing only one machine). Adjust the field rheostat to give proper bus
voltage. If the transformers be connected'on the right high tension tap, this will draw about
20 per cent. lagging current at no load, and will give unity power factor at about three quarter
load. Close the main circuit breaker CB. Try the speed limit device by hand and reclose
the circuit breaker. -Make certain that the d.c. brushes are down on the commutator. Then
close the main positive switch S. Checking the position of the brushes is as much a part of
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It resembles a dynamo with an unusually large commutator and an
auxiliary set of collector rings. On the collector ring side, a rotary eon-
verter operates as a synchronous motor, while on the commutator side, it

operates as a dynamo..

The speed depends upon the frequency of the a.c. and the number of
poles because the input side consists of a synchronous motor.

Theratio between
the impressed alter-
nating pressure and
the direct current
pressure given out
1s theoretically con-
stant, therefore,
the direct pressure
will always be as 1
to .707 for single
phase converters or
if the pressure of
the machine used
above indicate 100
volts at the direct
current end, it will
indicate 70.7 volts
at the alternating
current side of the
circuit,

PiG. 6,508. —General Electric 1,200-250 volt shunt wound synchronous converter for indus-

NOTE.—Continued.
the routine of starting as closing the switch, and is of even greater i

since consider-

ter importance
able damage may result from ¢ the to the d.c. bus before the brushes are
lowered. Unfortunately, the pilot brushes do not act as a fuse in the circuit, but cause an arc
to form between the brushes and commautator which holds until the machine is disconnected
or flashes over and opens the d.c. and a.c. switches. Adjust the divisions of load between
machines if more than one be in service, by means of field rheostats. If another machine in
the same station be carrying load when a compound wound converter is started:_ the correct

the

d.c. polarity may be ins by closing the equalizer switch S3 bef
syml‘:onism. e series field will be supplig

e
with current by the other machine sufficient

to magnetize the poles in the right direction and cause the converter to drop into step with the
proper polarity. It is also possible to insure correct polarity on machines which do not syn-
chronize too rapidly by watching the swings of the d.c. voltmeter and closing the field switch

S4 in the up position just as the volt meter begins its last swing in the

right direction. The

field will at once build up in the right direction and lock the converter in step with the correct
polarity. order of operation in shutting down a machine is as follows: 1. If ope

1n parallel with other machines drop the load off as far as possible without danger of mvert-
ing, by adjusting the field rheostats. 2. Open the air circuit breaker C.B. 3. Open the
main positive switch S. 4. Open the equalizer switch S3. 5. Open the high tension oil cir-
cuit breaker 0.C.B. 6. Allow the machine to come down to zero voltage, then open the field
break up switch S4. Open the a.c. starting switch S1 or S2, Raise the brushes frgm the

commautator.
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There are two types of converter:
1. Single phase 2. Polyphase.

Usually two or three phase converters are used on account of economy
of copper in the transmission line. The armature of a polyphase converter
is connected similar to that of an alternator with either delta or star
connections.®

In order to vary the voltage of a rotary on the d.c. side, pressure or voltage

regulators are put in the a.c. circuit and may be regulated by small motors
operated from the main switch board or by hand.

F16. 6,509.—Commutating pole of Westinghouse tating pole rotary converter, The
commutating poles are similar in general construction to the main poles. The coils are
of bare copper strap wound on edge. Ventilating s are provided between the pole

and coil and between turns. The copper winding is bare except for a few turns at each
end. Insulating bolts retain the turns in their proper position.

. . NOTE.—Treatment of commutator and brushes. Converters are frequently shipped
with the commutators freshly ground, This and the initial condition of the brush faces do
not constitute a fit condition for carrying loads, and heavy loads must not be put upon a con-
verter when first put in s8rvice. This point must be insisted upon, for if the converter be mis-
used in this respect, its commutator may reach such a condition as to require turning, and
:tgxeat deal of trouble may be experienced before proper condition is obtained. If, on the

er hand, the following instructions be followed, results are assured. When the arma-
ture is received with the commutator 0}:\olished from factory testing, the converter may be loaded
at once as heavily as the condition of the brush surfaces will permit with good commutation,
but if the commutator be not polished, the mcahine should be run light for at least 24 hours
with normal brush pressure, and then an additional 24 hours at approximately half load, in
order to establish a polish on the commutator surface. The desired surface will show a very
high polish by reflected light and will vary in color from a light straw to a dark brown or even
a blue gray, the actual color being of no consequence as long as the bars are polished uniformly
from edge to . Use no lubricant on the commutator either during the polishing period
or subsequently. Both the carbon and the graphite brushes now furnished on synchronous
converters are self-lubricating, and their characteristics are seriously impaired by the use of
any external lubrication. f-lubricating carbon brushes may in some instances leave a black
deposit on the commutator when first put into service. This deposit should be wiped off as
m&ﬂy as it appears by means of a piece of dry canvas or other hard, non-linting material,
which should be wound around a block and held st the cc or with sufficient pres=-
sure to remove the blackening. While the converter is being run to polish the commutator
and fit the brushes, the end play device should be in operation so that the commutator and
the collector rings will be polished uniformly.

-
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The advantage of unity power factor is that it prevents overheating when
the rotary is delivering its full load in watts. The strength of the magnetic
field greatly influences the power factor on the high tension line but does
not materially affect the voltage. '

Since variation of the field strength
does not materially affect the voltage
by adjusting the resistance in series
with themagnetic circuit, the strength
of the field can be changed and the
power factor kept 1 or nearly 1 as
different loads are thrown on and off
the rotary. If the field be too strong,
a leading current is produced, and if
too weak, the current lags, both of
which reduce the power factor and
are objectionable.

It is the duty of the attendant at
the substation to maintain the proper
power factor., The ordinary sizes of
rotaries are from 3 to 3,000 kw.

F16, 6,600.—Westinghouse brush lifting de-
vice for cummutating pole ro converter.
lI\ rackhx_s attaihi%eto each b’l‘:'s as s%ugwn
nto this rac ring hinged lifting
hook of the raising de_v'ige engages only when
the lighting lever_is shifted toward the
. raised position. Each brush is merel
raised and lowered within its own holder so the brush position or commutation is not al .

NOTE.—Adjustment of end play device. After the machine has been brought up to
voltage, the enc}‘flay device should start automatically into op on. If the armature
not come forward, or back from the end play device it is due to an endwise pull of the field.
Test the machine by running up to full speed on the a.c. starting tap and pull off the power
without closing the field circuit. If the machine then oscillate freely in either direction and
will not oscillate when up to voltage with field closed, trouble is due to pull of field. If this
field pull hold the armature over against, or near to one of the bearings so that the coil delec-
tor bumps against it when the armature oscillate, the field should be removed slightly in the
opposite direction to correct it.. In making this movement, take care not to disturb the air
gp by shifting the field to one side or the other. Make reference marks on the feet of the field

me and on the base; move one side of the field exactly the same amount as the other, and
take care to give no lateral movement. Then dowel the field in the proper position for the
best operation of the end play device.

NOTE.—Adjustment of speed limit device. This device is adjusted at the factory
(General Electric practice) to trip at 15% over speed. Check ttis adjustment before putti
the converter into service in order to detect any change during sh nt. For this oyerspe:g
test, the machine may be belted and driven by an auxiliary motor, or it may be run inverted
as a d.c. motor and brought to the required overspeed by weakening the shunt field. In order
to control the speed of compound wound converters operating as motors it will probably be
found safer to disconnect or reverse the geries field, or short circuit it, since the series field
grp&oses the shunt field and tends to make the converter run away. Use an accurate
indicator or tachometer, and check it first at the synchronous speed of the converter.
the speed limit switch first by hand to test the circuit breaker trip coil and show that the breaker
opens pt?erly. If the speed limit device then fail to open the breaker at the required over-
speed, reduce the tension on the spring by turning the nut on the adjusting screw, and con-
versely, if the speed limit operate at too low a , increase the tension on the spring. Check
the final adjustment twice.
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\/— COMMUTATING POLES !

F16. 6,601. —Detail of Geneéral Electri¢ commutator and eommutatmg les. Commutation.
This is affected by certain mechanical adjustments and reﬁnements as well as by the ad-
justment of .the commutatmg poles, | good commutation is not obtained after polish-

ing the ¢ these 1 features should be gone over thoroughly, t
the commutation a!'.er any change is made and noting the eflect produced. Go over a
the contacts and make certain that none are loose. particularly in the circuits. Check the
a.c, brush pressure. Itshould be31b. or:'l)ée . pet&q. in. per brush. Check the connections
and make certain that the commutating 1d or an part of it i3 not reversed, and that
one or mote of the main spools are not reversed. k the brush spacing and ahgnment
both with pa tape, and by the commutator mxca, revolving armature to two or three
positions to etect errors due to variation in thickness of bars or mica. The brush spac-
shou]d always be checked with ref to the trailing side of the brush, that is, the
e on which commutator bars leave, and on which sparkmg usually appears. Ma-
chxm of certain designs are very ve to brush , and a variation of over 14 in.
should be corrected. The eommutawr should be wrapped tngh&y with a long strip of paper
covering its whole face and tied in place. The lapping point of this paper should then be
marked, the paper should be removed, spread on a flat surface and stepped off with a large
pair of f dividers or similar tool into exactly equal sections, equal in number to the number
of poles. The strip should then be replaced on the commutator and the studs so adjusted
that the toes of the brushes on the different studs just touch these marks. In general, the
more accurate the brush spacing, the more uniformly good will be the commutation.
Check the mechanical neutral an tr% shifting the brushes each way from neutral. Very
often slight shifting is advantageous check the neutral turn the armature over until the
center lines of the two slots which are painted red are directly undef the center
lines of two commutating poles. The brushes of the nearest stud should be set on the
center of the group of commutator bars which are stamped and painted red on the ends.
Go over the brushes and see that they move freely in_ the holders, and that the
pigtails do not mterfem with any part of the rigging. Check the pressure and see that
the fit is good. Look for burning or roughness of the contact surfaces. In checking the
brush pressure, it will be preferable to measure the actual pressure with a_spring
balance, because of variation in the springs used. The correct pressure is two
pounds per square inch cross section. As an example, the 3{-in, brush will have a
pressure of 12 1b. If a spring balance is not avulable set the springs in the first notch
and advance one notch for each y{-m wear of d.c. brushes, and each 14-in. wear_of the
a.c. brushes. Inspect the surfnoe of the commutator and wipe off any blackening. If it be
rough or eccentric, causing the brushes to chatter or move in the holders, lt should be ground
or stoned, and perhaps turned.




3,536-176 CONVERTERS

Compounding of Rotary Converters.—Compounding is
desirable where the load is variable, such as is the case with
interurban railway systems. The purpose of the compounding
is to compensate automatically for the drop due to line, trans-
former, and converter impedance.

On account of the low power factor caused by over compounding, and the
fact that sub-stations are customarily oonnected to the trolley at its nearest
point without feeder resistance, over compounding is not recommended.
An adjustable shunt to the series field is provided with each machxne.

P16. 6,602.—Westinghouse 300 kw., 1,500 volt, three phase, 25 cycle, eommutahng pole
rotary converter. The illustration shows clearly the commutating, and main poles and
the relative sizes, also arrangement of the terminal connections. (

NOTE —Adiultmant of auxiliary tating field. C tating pole converters
with direct c are provided with shunt windings on tIle eommutatmg
poles in addmon to the customa.ry series windings. The shunt windings are in order
to maintain the proper strength of commutating field under all conditions of boost und buck,
since the armature reaction varies with these conditions and the series wmdmg alone will not
give the proper compensation. The auxiliary commutating field is lled by an aut
equipment which is shipped with the converter. The mmllatwn adjustment of this
equipment is comparatively simple.
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Ratio of Conversion.—The relation between the a.c. and d.c.
voltages vary slightly in different machines. The ratio depends
upon the number of phases and connections of the windings.
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TF1Gs. 6,603 and 6,604. —Alternating current starting. Synchronous converters are gener-
ally atarhed from the a.c. side like polyphase synchronous motors. The current in the
e tic field in the pole pieces, and as the iron has hysteresis, the
induced field behma the current producing it, thus creating a torque. It is, however,
to reduce the voltage at starting in order to prevent @ heavy rush of current and
this is done by providing taps on the former Fig. 6,603 shows the ar-
ungementoitupsforsturt three phase converters, leads 1, zmda being the operating
and leads 1, 4 an sthmiorsta.rhnguthnlfvoltage Lead 6 is merely for the
purposeof making the ‘three t Large converters are usually con
six phase diametrical, and when started from the a.c. aide, it is desirable to provide taps
on the transformers for one-third and two-thirds vol as shown in fig. 6, Leads
ltoﬁ inclusive, are the operating terminals; leads 1, 8, 5, 7, 8:nd9lre ortheﬁxststep
and leads 1, 8, 5, 10, 11 and 1 mmforthemondm,) 'Leads 2, 4 and 6 are for the final
orfullvolt.ngemp Ludsl 8 and mconnecuddxtectlytotheconvmermdthesmrt-
ing is done by two mple po!e double throw switches as shown. When a.c. is used for start-
ing, the as stands in to the field winding, as the gmury of a sta-
4 former to the dary. A large number of turns in the spools. com-
pared with the armature, may produce in the field winding a high induced
voltage which ahould be kept within safe lmuu This is done by breaking up the geld circuit
thesp ofa h provided for that purpose on the frame of the machine.

é

é

r?

NOTE.—In the rotary converter nc lead in either sense need be given to the brushes; for
the armature reactions of the motor part being, in general, opposed by those in the dynamo
part, they cancel one another to a large extent, This property is common to all those motor-
generators in which there is used, whether with one winding or two, a common core in a
common field. The relations between speed and field are peculiar. In the case of those
grouped machines, or motor-dynamos in which each armature revolves in its own field, the
conditions differ from those of the conyerter, where there is only one field. If in either case
the continuous-current side is the primary (i.e. motor{ side, the speed of revolution will
depend on the field-magnet, the weakening of which will increase the speed. The frequency
of the secondary or alternating current will in that case also vary. But the ratio of the
primary and secondary vol will be md dent of speed if the fields are alike, or if only
one common field is used. e secondary vo tage cannot be varied, while the primary voltage

is kept constant, unless sepamte fields and separate windings be employed ?n on the other
hand the alternating-current side be used as primary, then the machine, whether motor
dynamo or converter, runs as synchronous motor with a fixed speed.
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Shunt wound converters are satisfactory for sub-stations in large cities
and similar installations where due to the larger number of car units demand-
ing power, the load is more nearly constant.

7

Fi1cs. 6,605 to 6,607.—Woodbridge split gole
rotary converter. Eachpole is split into three
sections and provided with windings as indi-

cated in fig. 6,605. When excited _as in fig.
6,606 the commutator voltage is at its highest
value; when excited as in ﬁg. 6,607, the com-
mutator voltage is low. The change in com-
mutator, voltage for constant collector ring
voltage is in virtue of the property of rotary
converters that the ratio of these two voltages
is a function of the width of the pole arc.

NOTE.—The a.c. starting method does not require any complicated or expensive
apparatus, the same switches being used for both starting and running connections, Since
it 1s self-synchronizing, there is little possibility of confusion by the operator, as the difficulty
of accurately adjusting the speed is eliminated and less time is required for the starting.
After seeing that all the machine switches are open, the hnfh tension oil switch is closed.
Then the first starting switch is closed and the converter should start, running on one-half or
one-third of the normal voltage as the case may be. As the speed of the machine increases,
a volt meter connected across the d.c. side will oscillate back and forth and finally come to
rest in either a positive or a reverse direction, that is, the machine may come up to synchron-
ism with either positive or negative polarity. For this reason, it is customary to make the
field switch double throw and this switch is thrown in the normal position if the volt meter
indicate positive polarity. If, however, it show that the polarity of the converter is reversed,
the field switch is closed in the other direction, reversing the current through the field coils.
The flux set up by this reversed current in the field coils opp and over the flux
induced by the a.c. flowing in the armature, causing the armature to drop in speed until it
slips a pole, and when the pressure at the brushes is brought to zero, there 18 no field current
and the polarity reverses. If the field switch be now opened. the converter will run in
synchronism and the field switch is thrown to its original position, after which the machine is
thrown successively on the two-third and the full-voltage taps. When the last switch ',1:

closed, the converter is running on full voltage and is ready for service after admsungm
shunt field rheostat to give proper voltage for the station bus bars. Three phase mac
starting on one-half voltage taps with the external reactance coils in the circuit will take three-
fourths to full load primary current and six phase machines starting on one third voltage taps
without the reactance coils in the circuit, approximately three-fourths primary curreat.
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F1Gs. 6,608 and 6,609.—Commutator turning tool.

NOTE.—Commutator grinding or turning. In many cases where a commutator is
rough but is tric, it is ble to stone it smooth with sandstone instead of turning.
Whenever possible this is to be preferred, for a commutator can usually be smoothed by the
removal of a few thousandths in. in this way, whereas, if it was turned, a man would probabl
cut away Vs of an inch and possibly more before completing the work. Before stoning, g
traces of oil or, grease must be removed from the commutator or the stone will glaze over with
copper and will not cut. A piece of grindstone or medium grade scythe stone will answer
the purpose; the stone should be worked from end to end of the commutator and the surface
ground down evenly. This stone should span enough of the tator’s circumf to
prevent its dropping into low spots and thereby exaggerating them. While stoning, the brushes
should be lifted from the commutator as the grit will cut them rapidly. After stomn%.. the
commutator should be smoothed with fine quartz (not garnet) sand paper and then polished
by usin%ethe back of the paper. Before stoning or turning the commutator the clamping bolts
should be tested for tightness while the machine is warm. Extreme caution should be used
in tightening the bolts; in many commutators the bolts are strong enough to distort the clamp-
ing ring. ter the commutator is as true as it is ble to grind it, it is necessary to polish
and smooth with the finest grade of sand parer n using the sand paper, a very little pres-
sure should be applied and the paper should be kept moving up and down the surface of the
commutator so as _to prevent it developing flats. A little oil applied with the sand paper will
help to give a polished surface, Sandg:permg of high speed commutators should be restricted
as much as possible, and should always be done with very light pressure t the c tator.

NOTE.—End play device and speed limiting switch. In order that the brushes may
not wear grooves in the commutator and collector rings, the armature should have a slight
reciprocating motion parallel to the shaft. To obtain this motion the larger machines are

vided with an automatic, magnetic end play device. Current for its operation is obtained
rom the d.c. side of the converter. A condenser is connected across the make and break to
facilitate the opening and closing of the circuit. Small machines having comparatively light
armatures are equipped with a mechanical end pla{edeymc. All synchronous converters are
equipped with a device for automatically opening the direct current circuit in case the speed
become too_high. This safety device (orh:?eed limiting switch. as it is generally called) con-
sists of a switch which is operated by a centrifugal governor. The centrifugal weight is mounted
on the shaft and revolves with it, while the switch is stationary.and is mounted on the col-
lector end pillow block. This weight is so designed that it operates at practically the same
speed irrespective of the acceleration. The switch can be adjusted to operate at any prede-
termined speed. Under normal rating conditions, the circuit of the low voltage release
coil on the line circuit breaker is closed, but should the speed of the conyverter increase to the
ined setting, the switch, will » thus opening the line circuit breaker. The cur-
rent carrying parts are all stationary and so constructed that failure to operate is practically
impossible when adjusted. It should be noted that the end pht{edevwe and
limiting switch are usually mounted at ite ends of the shaft 50 that the operation of one
does not in any way interfere with that of the other.
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" "For example, a two phase rotary’ receiving alternating-current at 426
volts will deliver direct current at 600 volts, while.a three phase rotary
receivizl1g alternating current at 367 volts will deliver direct current at
600 volts. ‘ '

~-~¥ottage Regulation. — Since
the ratio of the a.c. to the d.c.
voltage of a converter is practi-
cally constant, means must be
- .provided-to eompensate for volt-
“age variation due to changes of
load in order to mhaintain the
. direct current pressure constant.
There are several methods of
doing this, as by: =~ -
1. Shifting the ‘brushes (objec-
tionable):
2. Split pole method

P16. 6,610.—Oscillator and_speed limit device of Westinghouse commutating pole rotary
converter. It automatically prevents the armature of the converter remaining in one posi-
tion and thus not allowing brushes to wear grooves in both commutator and collector rings.
The oscillator is a self-contained device carried at one end of the shaft. The operating parts
consist of a hardened steel ball and a steel plate with a circular ball race, backed by a spring.
The machine is so installed with a sali%bt inclination toward the end carrying the oscillator,
that as the armature revolves, the ball is carried upward and owing to the convergence of the
steel race and shaft face, the spring is compressed. The reaction of the spring forces the
armature away from its natural position and allows the ball to drop back to the lowest point
of the race.

NOTE.—In starting six phase converters, on one-third voltage taps without the

external reactance in the circuit, conditions may be found where a starting resistance must
be provided to reduce the current rush. With inherent reactance transformers, however, the
lower limit of starting voltage is reached and the conditions of starting will be improved. It
may be found, however, in some cases of high line reactance and resistance that the voltage
“will drop too low for starting the machine, and if such be the case, it may be possible to start
on the two-thirds voltage t3; usin%: resistance or reactance coil to reduce the starting current.
"Another arrangement woultf also to provide taps at 40 per cent. from one end and 30 per
“cent. from the other end of the transformers, so that either end could be used for starting.

NOTE.—Two 600 volt converters operating in parallel on the a.c. and in series on the
d.c. side, giving 1,200 volts, ate generally started one at a time from the a.c. side. When they
both have been brought up to speed and corrected for the right polarity, they are connected |
in series; then the field is adjusted for the proper voltage and thev are ready. to be thrown or

the direct curtént system.
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F1G. 6,611.—Diagram of *“Cascade’’ motor generator set or motor converter, as it is called in
England where it is used extensively for electric railway work. In the diagram of motor
armature winding, some of the connections are omitted for simplicity. The windings are
Y connected, and as they are fed by wires joined to the slip rings at the right and center,
the rest of the power passes to the converter windings back to rotor winding and out to the
slip rings so that part of the power enters the rotor and part through the converter.

NOTE.—Another method of a.c. starting is by means of a gmall induction motor sup-
ported on one of the pillow blocks and with the rotor mounted on the extended synchronous
converter shaft just outside the bearing. By designing the starting motor with less poles
than the converter, it will enable the motor to bring the converter up to and above synchronous
speed. The field switch of the converter is then closed with all the resistance cut in the field

The is then gradually cut out, thus increasing the iron losses of the con-
verter and the correspond m torq recessary for driving it, resulting in a gradual
decrease in the speed until the synchroscope indicates that the converter is in synchronism.
The a.c. main switch is then closed and the induction motor is cut out and left to run free.

NOTE.—D.c. starting. When starting from the direct current end, the collector
rings of the converter are generally connected to the transformers, although this requires
considerably heavier starting current than if the connections were interrupted and the a.c.
end of the converter open circuited during starting. All the switches and breakers are assumed
open on starting. Close the main d.c. circuit breaker. Cut the field rheostat all out. Throw
in the starting switch, cutting out the resistance slowly, so that the machine is running on full
vol in one minute or less. Raise the speed to normal by means of the main field rheostat.
Regulate the voltage of the a.c. side to the same value as the line voltage by means of the a.c.
booster or induction regulator. Synchronize around the high tension oil switch by means of
field rheostat, holding the voltage of the a.c. side steady. Close the high tension oil switch.
Raise the d.c. load by means of the synchronous booster or the induction regulator, maintain-
ing unity power factor at all loads by means of the field rheostat. The order of operations
in shutting down a converter arranged to start from the d.c. end is as follows: Drop the load
as far as possible by means of the booster or the induction regulator. Open the direct current
circuit breaker. Turn the booster rheostat or the induction regulator to the maximum buck
position. Open the high tension oil switch. When a converter is designed to operate on a 3-
wire distribution system and the neutral for the system is obtained by connecting the middle
points of the diametrical transformers, the transformer neutral must be disconnected from
the main neutral bus while starting direct current, but the neutral points of the individual
transformers may be left connected together. In starting this type of converter from the g.c.
end, it is necessary not only to disconnect the transformers from the neutral bus, but to dis-
connect the individual transformer neutrals from each other.
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3. Regulating pole method
4. Reactance method

P1G. 6,612.—Armature of Westinghouse synchronous booster converter. Heavy cast yokes
form the frames. They are proportioned to rigidly support the laminated steel field poles,
;I‘he poles are fastened to the frame with through bolts. A lifting hook is provided on all

‘rames.

NOTE.—Synchronous Converters in parallel. If several synchronous converters
are to supply the same d.c. system, they ¢an be connected in parallel in the same manner as
shunt or compound wound generators, and they are even frequent.li' operated in parallel with
such generators and ‘storage batteries. The different converters will divide the load according
to their d.c. voltages, and these can be regulated by changing the applied alternating voltage.
It is evidently necessary that all of the machines operating in parallel should have the same
voltage regulation from no load to full 1oad, and if a battery be also operated in parallel the
voltage drop should be sufficiently large so as to cause the battery to_take excessive loads.
If no battery be used, it will, however, be more economical to have the machines designed
for a less voltage drop. Synchronous converters operated in parallel should not be connected
to the same transformer secondaries. Such a connection would form a closed local circuit in
which heavy cross currents would flow, where any difference in the operating conditions of the
machine occurs, as for example if the brushes of one of the machines were slightly displaced
relative to the other. Compound wound converters for parallel operation should be provided
with equalizer switches. For connecting a compound wound conyverter in parallel with one
already running, the equalizer switch is closed first, so as to energize the series field from the
running machine. Next, the shunt field circuit is closed and the field adjusted so that the
voltage will correspond to that of the first machine and finally the main switch is closed. The
load can then be transferred from the first to the second converter by weakening the shunt field
of the former and strengthening that of the latter. If, for some reason, as for example, a short
circuit the g.c. voltage should drop considerably the synchronous converters operating on the
system would not drop out of step, as the direct voltage and load would be correspondingly
reduced. If other dynamos or storage batteries, however, were operating in parallel on the
same system, these would tend to maintain the direct voltage, and in such a case the d.c. would
Teverse and flow toward the converters running them as motors. Care should therefore in such
cases be taken that the synchronous converters are provided with proper speed limiting de-
vices and reverse current circuit breakers.
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5. “Multi-tap” transformer method

6. Synchronous regulator.

Split Pole Method.—In this arrangement each pole is split into two or
three parts. One of these parts is permanently excited and it produces
near its edge the fringe of field necessary for sparkless commutation.

The effect of this is the same as shifting the brushes except that no spark-
ing results,

The other part is arranged so that its excitation may be varied, thus
1s)hifting the resultant plane of the field with respect to the direct current
rushes.

Regulating Pole Method.—These poles fulfill the same functions as
commutating or interpoles on motors and dynamos.

The regulating poles are used in order to vary the ratio between the alter-
nating current collector rings and the direct current side without the use of
auxiliary apparatus such as induction regulators or dial switches which
involve complicated connections and many additional wires. The regulat~
ing poles are arranged with suitable connections so that the current through
them can be raised, lowered, or reversed,

Reactance Method.—This consists in inserting inductance in the supply
circuit and running the load current through a few turns around the field
cores. This method is sometimes called compounding, and as it is automatic
it is generally used where there is a rapidly fluctuating load.

With less inductance, the effect of the series coils on the field of the
gonverter is quite similar to that of the compounding of the ordinary railway
ynamo.

Multi-Tap Transformer Method.—This is a non-automatic method
of control and, accordingly, is not desirable except where the load is
fairly constant over considerable periods of time, It requires no special
explanation.

Synchronous Booster Method.—This consists in combining with the
converter a revolving armature alternator having the same number of poles.
The winding of the booster alternator armature 1s connected in series with
the input circuits on the converter. The field windings are either fed with
current regulated by means of a motor operated field circuit rheostat, or
joined in series with the commutator leads of the converter.
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Converter Trouoles

Commutator Heating.—Generally due to improper brush pressure,
poor commutation, bearing prolonged overload, faulty condition of com-
muhtiix;lo; surface. Allowable temperature is higher than can be endured
by .

Armature Heating.—Short circuits, or improper connections, of the
armature winding cause heating in a particular spot on the armature. |
Go over the end clips on both ends of the armature and see that they are
not bent together and short circuited. Make certain that the collector
taps come out at equally spaced points, and that the equalizers are sym-
metrically connected. In some machines the relation of the equalizers to
the collector taps varies, repeating itself at regular intervals around the |
armature. Continued operation at heavy loads and low power factor
produces excessive heating of the tap coils, and will be apparent at equally
sgaced points on the armature. Change the primary tap connections on
the transformer so that better power factor wxlz be obtained at the required
voltage, or if possible change the primary voltage at the generating station.
General heating of the whole armature is caused by unequal air gap, a
grounded shunt field spool, one or more reversed spools, or a b: in
the field circuit. These troubles cause large circulating currents in the
armature winding, and through the equalizers. The air gaps should not
vary over 12 per cent. either way from the average value. Check the
connections with the connection diagram, and check the polarity by separ-
ately exciting the field and holding two iron rods against adjacent pole
tips all the way around. The free ends of the rods should attract each
other. With a steady current flowing through the field, take the drop on
each spool separately with a voltmeter. A variation of over 9 per cent.
in the drop indicates a faulty spool. ’

Shunt Field Heating.—Faulty spools or improper connections which
cause armature heating may also cause heati:g of the shunt field. The
trouble should be located by the above outlined procedure.

Heating of Contacts.—Bolted contacts may heat if the contact sur-
faces be not clean, smooth and bolted together with sufficient pressure.
Particular care must be taken with the contacts of connecting strips for
pole piece bridges on machines which start from the alternating current
end in orcer to prevent excessive heating during starting.

Poor Commutation.—When the d.c. brushes spark, the mechanical
condition of the converter should first be gone over carefully. If the
brushes chatter, the commutator should be stoned or ground, and if they
move up and down in the holders perceptibly, it must be turned before
grinding. A rough commutator may cause vibration, in the entire brush
rigging, but vibration may also result from loose assembly of the riggi
or poor set up of the mac ine, with insufficient support under the points
where the weight rests on the base.
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Flash Overs.—Arcing or “‘flashing over” at the d.c. brushes may be
caused by excessive overloads or short circuits on the d.c. system, or by
disturbances on the a.c. supply system due to lighting, switching, or acci-
dents to other apparatus. Protection against short circuits on the d.c.
system can be obtained by increasing the resistance of the feeder to the
(I\i,stribution point where the trouble is most frequent. Short feeders should
be avoided, particularly in railway work, Set the main circuit breakers
at about three times fufl' load and the feeder breakers as low as possible for
continuous operation. A.c. disturbances should be located, and reduced
to a minimum. The oil switch should be adjusted to trip instantaneously
so that in case of a flash over the machine will clear itself quickly, and
the damage to it will be reduced as much as possible.

Sparking of A.C. Brushes.—The a.c. brushes should not be allowed
to k, as they wear away rapidly when sparking. Make certain that
thesggshes move freely in the holders, and that the pig tails are not caught
on the springs or on the sides of the brush holders. See that each brush is
running at the proper pressure. If the collector rings be very rough they
must be ground or turned.

The synchronous booster method is particularly desirable for serving
incandescent lighting systems where considerable voltage variation is
required for the compensation of drop in lon¥ feeders for operation in
parallel with storage batteries and for electrolytic work where extreme
;rariai:':ﬁxss in voltage are required by changes in the resistance of the electro-
ytic .

Motor Generator Sets.—These are employed in preferance
to rotary converters when it is desirable that the generating
element be independent of the a.c. line voltage so that any degree
of voltage regulation can be obtained. The following combina-

tion of motor generators are made and used to suit local condi-
tions:

Synchronous motor..... ceeeaean .....dynamo
Inductionmotor.................... dynamo
Direct current motor. ............... dynamo
Direct current motor. ............... alternator
Synchronous motor.................. alternator
Induction motor. ........ eeevee.. .. alternator

An advantage of motor generator sets over converters on high frequency
circuits, is that the generator can be designed with a few poles and brushes
set far apart, which greatly reduces the chance of flashing over in hunting.
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Frequency Changing Sets.—Sometimes it is necessary to
change from, say 25 cycles on a power circuit to 60 cycles fre-
quency for lighting. The combination for effecting such change
consists of a synchronous motor and an alternator. If these
machines be constructed with the proper difference in the num-
ber of pole, the desired frequency change will be obtained.
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CHAPTER 104

Rectifiers

By definition a rectifier is a device used to change alternating
current into a uni-directional or pulsating current. The various
kinds of rectifiers may be classed as:

1. Mechanical 2. Electrolytic
3. Mercury vapor, or mercury arc 4. Electro-magnetic.

Fics. 6,613 to 6,815, —Current diagrams showing alternating current s
Dlete rectification of same.
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Mechanical Rectifiers.—This type of rectifier consists of a
form of commutator operating in synchronism with the alternator
and commutating or reciifying the negative waves of the alternating
current. Mechanical rectifiers are used on compositely excited
alternators. ‘

Electrolytic Rectifiers.—If two metals be placed in an elec-
trolyte and then subjected to a definite difference of pressure,

EXTERMAL ALTERNATING CURRENT CIRCUST

EXTERNAL RECTIFIED

DIRECT CURRENT
CIRCUIT

F1G. 6,616.—Mechanical rectifier, The rectifier consists of two castings M and S, with teeth
" which fit together as shown, being insulated so they do not come in contact with each other.
Every alternate tooth, being of the same casting, 1s connected together, the same as though
joined by a conducting wire. There are as many teeth as there are poles. The part M, of
{:)he éectlﬁer is connected to one of the collector rings by F, and the part S, to the other ring

y G.

they will (under certain conditions) offer greater resistance to the
passage of a current in one direction, than in the other direction.
On account of this so-called valve effect, electrolytic rectifiers
are sometimes called ‘‘valves.”

When an electrolytic rectifier is not in use for some time the electrodes

will lose the film; in such case they must be reformed. The loss of film
inay be prevented by removing the electrodes from the electrolyt: and
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Fi1cs. 6,617 and 6,618.—Nodon “‘valve” or electrolyte rectifier. The cathode is a rod of alu-
minum alloy held centrally in a leaden vessel which forms the anode and contains the elec-
trolyte, a concentrated solution of ammonium ﬁihosghat,e. Only a short portion at the
lower end of the cathode is utilized, the rest, which is rather smaller in diameter, being
protected from action by an enclosing glass sleeve. In operation, a film of normal hydrox-
ide of aluminum forms over the surface of the aluminum electrode. This film presents
a very high resistance to the current when flowing in one direction but very little resist-
ance when flowing in the reverse direction. When the cell is supplied with g.c., half of
the a.c. wave will be suppressed and an intermittently pulsating current will be obtained.
Both halves of the a.c. waves may be utilized by coupling a series of cells in o%posed airs.
The current density at the cathode ranges from 5 to 10 amp. per sq. dm. In the larger
sizes, the cells are made double, and a current of air is kept circulating between the walls
by means of a motor driven fan. Maximum efficiency at 140 volts is between 65 and
75% and is practically independent of the frequency between the limits of 25 and 200 cycles.

0, C.CIRCUIT

TRANSFORMER
PRI.

- H
~—
-

ELECTRODES D)

Figs. 6,619 and 6,620.—Mohawk electrolxtdic rectifier. To put in commission, clean out the
jar. Fill with distilled or rain water. d six pounds of electro salts, stir and after all salts

-
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drying them. To preserve proper density of the electrolyte, water must
be added from time to time to make up for evaporgtgon. y pure water

should be used.
——mw—— It a rectifier heat, it is an in-

dication that it is passing alter-

H ALTERNATING CURRENT N nating current, and when this
SuPPLY condition obtains, if the electro-

lyte be very weak it will cause a

buzzing sound. Operating a
rectifier with weak electrolg
will destroy the electrodes. Ex-
cessive heating of the electrolyte
indicates that the rectifier needs
recharging.

o}

Mercury Vapor (or Arc)
Rectifiers.—The terms
vapor or arc as applied to
rectifiers, do not indicate a
different principle; the
WestinghouseCo.employthe
former term and the General

o

F

e —

F16. 6,621.—Elementary diagram of mercury arc rectifier connections. A.A., graphite an-
odes; B, mercury cathode; C, small starting electrode; D, battery eonnecti'op; and F,
reactance coils; G and H, transformer terminals; J, battery. The small starting electrode
C,is connected to one side of the a.c. circuit, through resistance; and by rocking the tube,
a slight arc is formed, which starts the operation of the rectifier tube. At the instant the
terminal H, of the supply transformer is positive, the anode A, is then positive, and the arc
is free to flow between A and B. Following the direction of the arrow still further, the
current passes through the battery J, through one-half of the main reactance coil E, and
back to the negative terminal G, of the transformer. When the impressed voltage falls
below a value sufficient to maintain the arc against the reverse Eam of the arc and load,
the reactance E, which heretofore has been charging, now discharges, the discharge current
being in the same direction as formerly. This serves to maintain the arc in the rectifier
tube until the pressure of the supply has passed through 2ero, reversed, and built up such
a value as to cause the anode A, to have a sufficiently positive value to start the arc between
it and the cathode B. The discharge circuit of the reactance coil E, is now through the arc
A'B, instead of through its former circuit. Consequently the arc A’B, is now supplied with
current, partly from the transformer, and E:rtly from the reactance coil E. The new cir-
cuit from the transformer is indicated by the arrows enclosed in circles,

Fics. 6,619 and 6,620.—T ext continued.

are dissolved place the cover in position. The specific gravity of the solution should be
1.125. The middle iron electrode must hang straight down in the solution and not touch
either of the other aluminum alloy electrodes. The aluminum alloy electrodes are mounted
on an insulated bracket that slides up and down on a 3}{” rod. This rod screws in the
hole taped in the middle of the cover. The electrodes give the best results only when per-
fectly smooth. Should they get rough, covered with a deposit or a white coating remove
from the solution, and clean with fine sand paper. Finish with fine sand paper. Form
the film again and the electrodes will be as good as new. Clean iron electrode occasionally.
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Electric Co., the latter as a distinguishing title or trade mark.
Fig. 6,621 is an elementary diagram of a mercury arc rectifier
and its operation is explained fully under the illustration.

In the manufacture of rectifiers, other metals than mercury could be
used, but they are not because, on account of the arc produced, they would
gradually wear away and could not be conveniently replaced. In operation
the heat generated in the bulb is dissipated through the tube to the air,
large tubes being submerged in a tank of oil.

F1Gs. 6,622 to 6,624.—General Electric mercury arc rectifier outfit, or charging set. The
cut shows front, rear, and side views of the rectifier, 1llustrating the arrangement on a panel
of the rectifier tube with its connection and operating devices. To start the rectifier,
close in order named line switch and circuit breaker; hold the starting switeh in opposite
position from normal; rock the tube gently by rectifier shaker. When the tube starts, as
shown by iregmsh blue light, release starting switch and see that it goes back to normal
position. Adjust the charging current by means of fine regulation switch on the left; or,
if not sufficient. by one button of coarse regulation switch on the night. The regulating
switch may have to be adjusted occasionally during charge, if it be desired to maintain
charging amperes approximately constant.

An inherent defect of mercury rectifiers is the reverse pressure of about
14 volts produced by the arc and which remains nearly constant for all
loads, resulting in decrease in commercial efficiency on light loads.

The advantage of a rectifier over a motor generator set for small units is
higher efficiency and lower first cost, A small one to two horse power
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motor generator outfit has an efficiency of only 40 to 50 cent., while
mer: vapor rectifiers will have from 75 to 80 per cent. e capacity of
a-rectifier tube is from 40 to 50 amperes. Rectifiers are specially desirable
for charging storage batteries from local a.c. lighting circuits.

Electro-Magnetic Rectifiers.—This type of rectifier con-
sists essentially of a double contact rocker which rocks on pivot

5

F1G. 6,625.—Diagram of_ Premier Ampeto elect: etic rectifier. Owing to the direct
current in the magnetizing coils C and C’, one end of SB, will bepermanemly of north and
the other of south ?olanty, and since the polantles of the poles E and E’, will alternate with
the alternations the transformer secondary current. SB, will rock rapldly on its pivot,
and contact will be made by turns with CS and CS’. The purpose of the condensers K and
K, is to reduce the sparkmg at these points. ‘When contact is made at C: S, the direct cur-
rent terminals T and T’, are connected to the S, half of the secondary wmdmg. and when
contact is made at CS’, they are connected to the S, half. Thus a rectified undirectional
current will flow from T and T’, and it may be used to charge the battery A’, work a small
motor or for various other purposes requiring direct current. When the rectifier is used for
charémg storage batteries, the separate cell A, may scmetimes be dispensed with, the wind-

being connected to one of the cells under charge. The rectifier is adJusted to suit
the frequency of the supply circuit by altering the distance of the_poles of E and E’, from
the ends of the polarized armature SB; and also by changing the tension of SP,SP, by means
of the screw studs against which they bear.

(midway between the contacts), in synchronism with the frequency
of the alternating current, so changing the connections at the in-
stants of reversals of the alternating current that a direct current is
obtained.
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FiG. 160:_326 —Dii of General Electric (Batten) electro-magnetic rectifier. It is desirable

ht and occasional service, wi here direct current is required but only an alternating
supply is available, being used for rag batteries, ing spark soils, per-
!ormmz electrolytic work, etc. The rectifier consists of & down static transformer
by meann of which the circuit pressure is reduced to about 50 volts; also, a polarized
xeis contact tongue C of which moves to one side or the other in oympcthy with
tlonn of the current in the primary winding P, the secondary current induced
intbawmdmngung herebymdereddxrectmtheoumcxrcmt. T, T’ are the main
terminals which are connected to the alternating current supplythmughthe W.
Lamps inserted at L are used as resistances in the primary circui t.tha:educttondtho
voltuxe already alluded to bemg effected by thm means. In chargmz atomge batwnel
where a low pmsmre is nq\umd. a lamp (or 1 d be
circuit as shown, SB battery, andL’L’thohmpmsnnoumm
therewith, the tteryhnonemd the secondary S d to its middle. Thus
the alternating current leaving the transformer by the wire 1, passes by flexible con-
nection 2, to the vibrating contact tongue C of the relay, the latter causing the currents
in either direction to flow through the two halves H, H’ of the battery, whence the
current re-enters the secon of the transformer by the wire 3. Tho loft iron core
of the rehy is in two halves S§’ and the armature A,
their polar extremities. M, M’ are two rmanent magnets wit! ﬁen- hke poles ther
at the center C’ where A i is pivoted. ng‘these poleu are north as indicaf the
extremities of A will be south. The sout ends of M, being in juxtaposition ‘with
tne centers of the soft iron cores 8/, &’ will the ends
A of north polarity. ThewmdmgsonS’ s mconnectedmmesm each other,
and in shunt with P across the main terminals T, T'. enbemuseofthepohﬁup
tion of A and &, S, the former will vibrate np:dly in sympathy with the alternations
of the current. K is a condenser shunted by & lamp resistance L”, thia being found to
fmprove the working of R.

———
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CHAPTER 105

D.C. )
Control and Indicating
Apparatus

For the proper control and safe operation of dynamos,'motors,
and other d. ¢. apparatus, numerous control and indicating
devices are necessary, such as

F1cs. 6,627 to 6,836.—Various switches. Pig. 6,627 to 6,630, one two and three pole single
throw knife switches; gg 6,631, triple pole, double break, double throw knife switch for
heavy current; fig. 6, 2, qulC{{ break, single pole, single throw knife switch for heavy
current; fig. 6,633, three pole single throw knife switch with fuse connections; figs. 6,734
and 6,635, snap switch with and without cover showing construction—the mtiicat.mg dial

registers “‘on’’ or “off"’; fig. 6,636, gas engine snap switch.
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Control Devices Indicating Devices
Switches Galvanometers
Fuses Ammeters
Circuit Breakers Voltmeters

. Rheostats Wattmeters
Arresters

1. Control Devices

F1G. 6,637.—Spool of fuse wire usually made of an alloy of tin and lead, such as half and half
colder. Bismuth is frequently added to the alloy to lower the melti int. For half and
ihalf solder the melting point 18 370° Fahr. The current reguu'ed to “blow’ a fuse increases
somewhat with the age of the fuse owing to oxidation and molecular changes. Fuses are
sometimes rated according to the number of amperes to be taken normally by the circuit

hey are to protect. Open fuses are so unreliable that circuit breakers are preferable for
e currents; when fuses are used, the enclosed type as shown in figs. 6,639 and 6,640 is
usually the more desirable. .

P1c. 6,638.—Cross section through plug fuse. With this type of fuse it is impossible to place
any except the correct size of plug in the socket. P

Fics. 6,639 and 6,640.—D and W enclosed or cartridge fuse showing blowindication. When the
fuse blows, it is indicated by the appearance of a black spot within the circle on the lable
as in fig. 6,640. Fuses should be placed wherever the siza of wire changes or wherever thers
is & branch of smaller size wire connected, unless the next fuse on the main or larger wire is
small enough to protect the branch or small wire, but more lights may be added on the
largs wirs, making it necessary to put in a larger onz. Experiments have shown that for
large fuses, a multiple fuse is more sensitive than a single one. _A one hundred ampere fuse
may be made by taking four wires of twenty-five amperes capacity.
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Pics. 6,641 to 6,648.—Interior construction of D. & W. fuses. In the manufacture of these
fumfourtypesoffusehnkareusedaceoxdm to ca; of fuse, and classified as: 1, air
drum link; 2, flat link; 3, multiple link; 4, cylinder link In the air drum link, figs. A ‘and
B,a capsule prov:des an air space about the center of the link, the rate of heat conduction
through the confined air being very slow, the temperature of that portion of the link rises
rapidly with increasing current, ren gthe blowing pomt practlcally constant; fig. C, shows
a section through the compleu fuse. In the flat link, fig. the section is reduced in the
center, cutting down as far as possible the volume of metai to be fused. Figs. E to G,
show various forms of mulf:gle link construction. By subdividing the metal, "increased
radiating surfaoe is obtain hich permits a reduction in the volume of fusibb metal
necessary, and the meta.l vapor formed when the fuse blows on heavy over load is more
readily dissipated 1§s F and G, show two forms of the cylinder link, the plam cylmdu
fig. F, being used for low voltage and large current, and fig. G, for

service. The corrugated cylinder presents more surface to the fuse ﬁllmg than t.he

type and secures a maximum radiating surface with resulting minimum volume of me

a given current. .
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Switches.—A switch is a demce by means of which an elestric
circuit may be opened or closed, turning on and off the current
There are numerous kinds.of switches.

A single pole swilch controls only one of the two wxres of o cucuxt a
double pole switch controls both,

A two pole switch breaks the circuit with less’ arcmg than a smgle pole
switch. Switches are said to-be single or double break, according as each
pole or blade-is constructed to give one or two breaks, thus a twa pole
double break switch breaks the circuit.in four places simultaneously,
rendering it capable of stopping a heavy current without undue arcing.

In the quick break switch the contact pieces are sna apart by a
sprmg to reduce the ‘duration of the arc as much as possible.

Fi1Gs. 6,649 to 6,654.—Various open fuses. F: 6,649, fuse for mam and branch blocks;
fig. 6,650, standard railway fuse; fig. 6,651, dison main style; fig. 6,652, sneak current
fuse; ﬁg 6 653, W. U. pattern; fig. 6, 654 Bell telephone style; 'When an open fuse “blows
as a result of overloadmg. the rupture is accompamed by a flash, and by spattering of the
fused material. With large currents this phenomenon is a source of danger, and the use
of enclosed fuses is accordingly recommended whenever the rating of the fuse exceeds 25
amperes. .

A switch whose contact pleces consist of a plvoted blade and fixed jaws
is called a knife switch, and it should be placed so that grmnty tem%s to
open 1it.

A double-throw switch controls two circuits and is used when it _is
desired to open one circuit and quickly close another, for instance, in igni-
tion, the engineisstarted on the battery circuit and then the double throw
switch is thrown over to the magneto side. Evidently both circuits can-
not be closed at the same time whlch is a desirable feature. .

Fuses.—By definition, a fuse is simf)ly a strip of fusible metal

y
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Fi1Gs. 6,663 and 6,664.—Magnetic blow out circuit breaker. Its operation is based on theprinciple
that a conductor carrying a current in a magnetic field will tend to move $n a direction at right
angles to the field. In operation, A and K, are the terminals, D,D, is a contact that is forced
up against F,F, when the breaker is set. The current then takes the path A-B-F-D,D-F-K.

When the breaker trips, the contact piece D,D, flies down and the tendency is for an arc
to form between F,F; the magnetic field blows the arc upwards, and whatever burning
takes place is' on the contacts E,E, which are so constructed that they may be readily
renewed. To trip the breaker by hand, the knob N, is pressed.

often consisting of lead with

a small percentage of tin
' l connected in series in the
® circuit.
c
If the temperature exceed a pre-

determined limit by an abnormal
increase of current, the fuse will
melt or “blow,” thus opening and
protecting the current. All circuits

7, TFics. 6,665 and 6,666—Reverse current

[} circuit breaker: fig. 6,666, view looking
at end of coils of cut out,showing
direction of current. A, to + bus bar;
B, resistance lamp; C, brush of cut out
D, shunt coil; E, seriescoil; F, core that
trips cut out; G, to — bus bar; H, to
+ pole of dynamo.
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P16. 6,670.—Starter with no vol release for a shunt motor. The terminals of the motor
are at M, M’, m, and those of the starter at S,5’,s. The lever SA, is shown in the “on”
position. The current enters the motor at the terminal M, and there divides, part going
through the field coil F, and the main current through the motor armature A. The arma-
ture current enters the starter at the terminal §’, and traversing the lever SA, leaves by

the terminal S. The field current enters the starter at the terminal s, traverses the coil of

the magnet E, (which holds up the armature g, linked to the lever) and thence completes
its joumﬁthmugh the whole of the resistance R, and through the lever SA, to the termi-
nal S. en the supﬁly is cut off by opening Sw, or should the field circuit be accidentally
broken, the magnet E, will release a, and the lever, which will thereupon fly tq the “off”
stop O. It should be noticed that when SA, is off, A and F, form a closed circuit with the
ce R and t E. The inductance of F, has consequently no chance of cau
destructive sparking when the current is shut off. In starting the motor, Sw is first closed,
and then, as the lever is slowly moved, the resistance R, which at first is all in circuit with

A, is gradually transferred from Ato F.  The resistance of R, is too small to affect appreci-

bly the current in F, which necessarily consists of a comgaratgvely large number, of turns

of fine wire. The arrangement is adopted to render the breaking of the shunt circuit un-
necessary.

P1G. 6,671.—Starter with no voltage release and overload release connected to a compound
motor. With a shunt motor, the only difference in the diagram would be that the series
winding SE, would be absent, and the armature A, would then be connected straight across
be the main terminals M and M’. When switch Sw, is closed, the current will enter
the starter at its terminal S, and pass through the magnet coil m’, of the overload release
to the switch lever L, which 18 shown in the off position. As soon as L, is moved up to make
contact with the first contact S, the current divides; part going_ through the resistance R,
and the terminals S’ and M’, to the series coil SE (if a compound motor), and armature A;
and part through the no voltage magnet E, to the shunt winding SH. Asthelever L, is
moved up toward E, theeffect is to take R, out of the armature circuit and put it into the
shunt circuit.  When the iron armaturea, fixed on the switch lever, comes against the poles
of E, the laminated eogper brush C, bears against the blocks B, B, and so affords a better
path for the current than through the spindle s. Should the supply voltage fail, either
temporarily or permanently, E, will release a, and L, will fly off under the tension of a helical
spring coiled round s. If there should be an overload on the motor, tending to pull it up

and cause an excess of current to flow through the armature; this excess current, passing

! h m’, will make it attract its armature, so bnngu’llghtwo contacts together at K, which

will short circuit E, and allow the switch to fly off. e connections between E and m’,

are not shown in the figure. When only the normal current is flowing, the attraction

between m’, and ite armature is not sufficient to pull the latter ug. The actual forms and
arrangement of parts on the starters are well shown in some of the figures.
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subject to abnormal increase of current which might overheat the system
should be protected by fuses.

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

The automatic operation depends on properly arranged electromagnets.
Circuit breakers are made to operate on overload or underload, and a
reverse current, the latter type being sometimes called a dxscnmmatmg
cut out.

I

Fi1G. 6,672.—Diagram of plain rheostat. The rheostat is connected in series in the circuit that
it is to control. In operation, when the lever is on contact 1, the current is opposed by all
the resistance of the rheostat so that the flow is very small. As the lever is moved over
contacts 1, 2, 3, etc., the coils are successively cut out, thus d the
and when contact 16 is reached all the resistance is short circuited allowing the full current
to low. M and S are the terminals.

F1Gs. 6,673 to 6.676.—General Electric magnetic blow out arrester for use on railways. It
consists of an adjustable spark gap in series with a resistance. Part of the resistance is
in shunt with a blow out coil, between the poles of which is the s ﬁark gap. In operation.
when the lightning pressure comes on the line, it causes the spark gap to breakdown and a

harge occurs t%u'ough the gap and the resistance rod to ground. Part of the curreat
shunts through the blow out coil producing a strong magnetic field across the spark gap.
The magnetic field blows out the discharge arc and restores normal conditions.

Rheostats.—By definition, a rheostat is a variable resistance

box.

| It contains a number of resistance elements joined in series so arranged
L that they may be progressively cut out of the circuit by the movement
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of a lever over a number of contacts connecting different forms of the
resistance.

A rheostat is connected in series in a circuit, and when designed to be
used in starting motors it is frequently called a starting box or “starter.”

For motor control a rheostat should be
provided with an overload release and a
no-voltage release.

Lightning Arresters.—These
devices provide paths by which light-
ning disturbances or other static
discharges may pass to the earth. F16. 6,676 Westinghouse electro-

eral ir const: H prises lytic station lightning arrester
In gen: ! theu_' mc“qn compris for direct current up to 1,500 volts
an assembly of air gaps, resistances, in- ista of o tank of oil in which are
%uchtixzces and arc supp:mon %evww. pcmed““" "' on properly insulated sup-
ghtening arrester must prevent exces- rts, a nest of cup shaped alumi-
sive pressure differences between line and ﬁ?_m trays. The spaces between
ground, and between conductor turns in the trays are filled with electrolyte,
the electrical apparatus. a sufficient quantity for one charge
An air gap is frequently used to form Thbe‘”ge ép“‘t’“sml;"g ;‘ntg;‘::;‘ :,'ﬁfﬁe
the necessary high resistance which must line through a 60 am-

fuse, and the

which is thoroughly
grounded by means of
alug. The fuse is of
the enclosed type and
mounted on the cover
of the arrester. A
small charging cur-
rent flows through
the trays continu-
ously and keeps the
films on the trays
built up, so that no
charging is required.
This charging current
is not, however of
sufficient value to
raise the temperature
appreciably. The
immersed area of each
tray is 100 uare
inches.  The shape
and the arrangement
of the trays 1s such
that any gases gener-
ated by the discharge
- can pass out readily
P1G. 6,8677.—GCeneral Electric horn type air gap arrester, mounted without dlsturb{)ng

i i i trolyte :
for 15 light series arc circuit. The horn type arrester consists of a the elec
horn gl;% wit h series resistance between each line and ground. tween the trays.
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which must be interposed between the ground and'the conductor. The
resistance is such that any voltage very much in excess of the maximum
normal will cause a discharge to ground, whereas at other times the con-
ductor is ungrounded because of the air gap. This forms the principle of
air gap arresters. There may be one gap or many in series, and the gap
may be in air or in vacuum. Other methods are: electrolytlc, magnetic
blow out, chpke coﬂs sta.tlc interruptors, etc. -

F1G. 6,678.—Connections of single coil astatic needles. The coil surrounds the lower needle
and the direction of the current between the two needles tends to turn them the same way.

F1G. 6,679.—Connections of double coil astatic needles. With this arrangement, the direc-
tion of current in both coils will tend to turn the system in the same direction, making the
needles more sensitive than with a single coil in fig. 6

2 N ST S +
N i S ‘—I ’
Fi16. 6.680.—Galvanome ter prln-
ciples I. Effect of neigh
upon a magnetic needle: e north
pole of the needle wﬂl turn toward the

east, for by Ampere’s rule. if a man
swim in the conductor with the
rrent, and turn to authc needle, then

the morth pole of the needle will be deﬂuud toward his left

- Fm 6,681.—Galvanometer principles II. Effect of me;fh
a loop. In accordance with Ampere’s rule, the upper wire causes the N pole o the needle
to turn to the left. while if a man imagine himself swimming in the lower wire in the direction
of the current, and facing the needle (that is, swimming on his back), the N pole of the
needle will turn to his left—that ls to the east. The effect of the loop then has double
the effect of the single wire in fig. 6,680,

P1G. 6,682.—Galvanometer principles IIl. Effect of neighboring current in a coil.
coil, as shown, is equivalent to several loops, that is, the force ten to deflect the needle
is equal to that of & single loop multiplied by the number of turns. Hence, by using a coil
with a large number of turns, a galvanometer may be made very sensitive so that the needle
will be perceptibly deflected by very feeble currents.
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P1G. 6,683.—Breguet upright galvanometer with glass shade. - S

F16. 6,684, —Bunnell horizontal galvanometer. It has two coils, one of which is of zero resist-
ance and one of fifty ohms resistance adapting ibto a variety of test. .

Prc. 6,685.—Bunnell galvanometer for vents of instr ts, lines;, batteries, wires
and any object from /100 to 10,000 chms or snore. . . .

]

L+

F1G. 6,686.—Tangent galvanometer. I consists of a short magnetic needle suspended at the
center of a coil of large diameter and small cross section. If the instrument be so placed that,
when there is no current in the coil, the suspended magnet lies in the plane of the coil, that is,
if the plane of the coil be set in the magnetic metidian, then the current passing through the
cosd is proportional to the tangent of the angle by which the magnet is defiected from the plane
of the coil, or zero position—hence the name: ‘“tangent galvanometer.”

P1G. 6,687.—Sine galvanometer. The parts are: M; coil; N, graduated dial of magnetic needle

. H, graduated dial by which the amount o rotation necessary to bring the needle to zero is;
measured; E, terminals of the coil; O upright standard carrying coil and graduated dial of
magnetic needle; C, base with levelling screws. n_operation, the coil is moved so as to
follow the needle until it is parallel with the coil. Under these circumstances, the strength
of the deflecting current is proportional to sine of angle of deflection.
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TELESCOPE

SCALE

MIRROR ON
GALVANOMETER COIL

F1G. 6,691.—Queen dead beat and ballistic galvanometer. In construction, the magnetic
system is given considerable weight, so arranged as to give the reading without useless
swings of the needle. Thisis obtained by hanging a bell magnet with its mirror by a long
cocoon fibre, the eddy currents induced in the copper bringing the system quickly to rest.
Used for measuring momentary currents, for instance, the discharge of a condenser.

F16. 6,692 —Telescope method of reading galvanometer deflections by reflections of scale
reading in mirror.

FiGs. 6,693 and 6,604.—Galvanometer lamp and scale forindividual use. The scale is etched
on a ground glass strip 6 centimeters wide by 60 centimeters long with long centimeter
divisions and short millimeter divisions the entire length, reading both ways from zero in
the center. It is mounted in an adjustable wooden frame. A straight filament lamp(110
volts) is enclosed in a metal hood japanned black to cut out all reflected light.

F1G. 6,695. een reading telescope. This arrangement is utilized to measure the deflec-
tions of a galvanometer having suspended mirror moving system. It consists of a reading
telescope mounted as illustrated with a millimeter scale, having a length of 50 centimeters.
In use, the image of the scale is seen in the galvanometer mirror through the telescope.
The eye piece of the telescope has a cross hair which acts as a reference line so that by not-
ing the particular division on the scale when the galvanometer is at rest, the amount of
deflection can be readily observed when the galvanometer is deflected.
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2. Indicating Devices

Galvanometers.—These instruments are for indicating the
presence of an electric current in a circuit, and determining its
direction, strength and pressure, by measuring the electromagne-
tic effect of the current.

Its principle is that a magnetic needle is deflected when influenced by

an electromagnetic field, and a simple galvanometer consists essentially of
a magnetic needle suspended within a coil of wire and free to swing over

‘ GALVANOMETER

F1Gs. 6,696 and 6,897.—Diagrams of D’Ar } gal ter. In tion, the coil is
wound upon a co; form, and suspended between a permanent magnet by fine wires to
the points A and B. The magnet has its volesat N and 8. There is a soft iron cylinder fixed
between the poles in order to intensify the magnetic field across the air gaps in which the
coil moves. n's’, position of coil when no current is flowing; »#”’s”, position when current is
flowing. This galw ter is adapted to 1 use.

F1G. 6,698.—Diagram showing method of cc ting galv. ter shunt. The shunt greatly
increases the range of measurement.

the face of a graduated dial. The action of the current was discovered
by Oersted. Galvanometers may be divided into two general classes, as
those having: 1, a movable magnet and stationary coil, and 2, stationary
magnet and movable coil; either type may have a short or long coil. The
principle forms of galvanometer are: 1, astatic; 2, tangent; 3, sine; 4,
differential; 5, ballistic; 6, D’Arsonval.

Ammeters and Voltmeters.—An ammeter or ampere meter
is simply a commercial form of galvanometer so constructed
that the deflection of the needle indicates directly the strength
of current <n amperes.
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A good ammeter should
" havea very low resistance
so that 1; little of :v!i!l?
energy of the current
be absorbed; the needles
should be dead beat, and
sufficiently sensitive to re-
spond to minute variations
of current.

due to

According to the prin-
ciple of operation, am-
meters and volt-meters
are classified as:

1. Moving iron;

2. Moving coil;

3. Solenoid or plun-
ger; _

4. Magnetic vane;

5. Hot wire;

6. Electrostatic;

7. Astatic;

8. Inclined ecoil;

9. Fixed and movable
coil.,

Ammeters are connected
in series in the circuit, or
in shunt; according as
they are designed to re-
ceive all or only a fraction
of the current,

A voltmeter has a high
resistance coil instead of
one of low resistance, so

- that verylittle current will
pass through it.

If a high resistance be
connected in series with a
sensitive ammeter that will
measure very small cur-
rents, then the current

-

:M.pmmtmgneﬁ?.pointer;

restraining force due 80 the influence of the

b

inst ¢

arts are: N, soft iron needle;
ing 14 1o burn ag

ik

Current passing through the coil acts on the ne

permanent magnet.

owing shunt enclosed within the instrument. The readingis dead beat which means withous use-

Current passing through the coil causes the moving system to iurmn against the restraining

fiience of the permanent magnet. -

"

pe instrument. The essential parts are: A, spiral spring; C, coil; K, soft iron core; M.mcnent
F16.6,701.—Western Ammeter sh

g iron type instrument. The essential

less vibrations of the needle.

S, scale.

Fi1c. 6,609.—Movin,
the

) 5]
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The movable coil is connected in the current circuit, and the
fixed coil in the pressure circuit, or the reverse. The tnduction
type is used on alternating current circuits. In this type,
electromagnets are arranged near a vane in which eddy currents

?_g

FiGs. 6 705 and 6,708. —Connechnns for series and shunt ammeters. When the construction
is such that all the current passes through the instrument, it is connected as in fig. 6,706
but where the instrument is designed to take only a fraction of the current, it is _conn
across a shunt, as in fig. 6,706, a deﬁn:;eeproportmn of the current passing through the

instrument and the remainder t

1,000 Ampere Type B Shunt 400 Ampere Type D Shunt
F1Gs. 6,707 and 6,708.—Westingh ter sh These shunts are used where heavy
currents are to be measured. The shunt is connected in series with the bus bar or circuit
to be measured, and its ter 1s are c« d by of small leads to the ammater

or other instrument.

JEVg Y=

F1G. 6,709.—Voltmet. ing in an electric circuit. The volt-
meter is connected in pwauel in the circuit at the point where the voltage is to be measured.

F1G. 6,710.—Voltmet ction for ing the ‘‘drop’’ or fallm voltage in a certain length
of wire, as for inst: the length between the points A and B. The voltmeter is shunied
between the two poi whose p diff is to be .
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Tg. 6,711:—Dijagram of Sie-
mens’ -electto-dynamoineter.
1t consists of twa coils ona
common axis, but sétin p
at right angles to each otherin
such @ way that-a torque is
produced between the two coils
which measures the product of
their This-torgue is
balanced by twisting a spiral
spring through a m
angle of such degree that the
coils shall resume their orig-
inal relative positions. If used
for measuring current, the
.~ eeils are connected in series,
{ sand fthe reading is then

“portional to the square of the

nt. If used as a watimeter,

. qne_coil carries the main cur-

.. rent and the other a small

curgent, which is proportional

to the pressure. ' The reading

is then 'proportional to ‘the

. power in the circuit.
t.m d

\

F16. 6,712.—Diagram showing connections of Siemens’ electro-dynamometer as arranged
to read watts.

are caused to flow which
react on the magnetic field,
and the record made is pro-
portional to the force of the
wov reaction. A recording watt-
VA " meter is one that will regis-
ter the watt-hours expended
during an interval of time.

% P

PG. 6,713—Kelvin electrostatic volt-
meter for high pressures up to 200,000

. volts. In principle, the vanes which
act as condensers take charges propor-
tional to the pressure difference between
them, vesulling in @ certain atlraction
which lends to rotale the movable disc
against the vestraining force of gravity.
In the figure aa and b are two fixed
vanes and ¢ a movable vane, carryinga
pointer and having a proper weight at
itslower end.

g
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F1G. 6,714.—Interior view of Columbia watt hour meter showing construction, princi y
and connections. The armature winding consists of three coils approximatel cm
shape. The coils are form wound, interlocked with one another and with the light impreg-
nated fibre disc which serves as a spacer for them. The aluminum damper disc has the
conventional anti-creep provision in the shape of the three small soft iron J)lugs. mounted
close to the central staff. | The commutator has three segments and is made of chemically
pure silver. Each brush is formed of a length of phosphor bronze wire bent like a hair pin
and secured at its “U” end to a brass sleeve, which in turn is secured to an insulated stud
by a set screw. An extension on the sleeve carries a micrometer screw brush adjustment.

KILOWATT HOURS

J
I'rg. 6,715.—Watt hour meter recording dials. To read the meter: Begin at the left and set
down for each dial the lower next to each hand, not necessarily the figure nearer the
hand. Intheabove example the statement is 1,726 kilowatt hours or 1,726,000 watt hours.
btract the previous statement to arrive at registration for a given period. Some meters

are subject to a multiplying constant so stated on their face, and the registration of such
meters must be multip! by the constant as shown, to determine the actual consumption of

e iy
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Pm [ 716 —Dncnm showing internal connect-
Dumnwa‘ttbour mel:uot It?nm

u e princi well

known electm-s;-nnmomem. pm ﬂ;lnch the

m the coils and an armature produces
motion in the latter. It also embodies the
other two necessary watt hour meter elements
required for the speed control and mgnmhon
of the revolutions of the armature, these

in the drag mngmt and disc,
the meter register respectively.

| 1G. 654.—Interior view of Thomg—

: son watt hour meter (type C-6
Capacity: 5 to 600 amperes, two
wire, and 6 to 300 amperes, three
wire; 100 tt:d 25(3 voé‘t:. ’I;he meter
is suppor y_three lugs,
up; one of which is keyholed
and the lower right hand one
slotted. This permits rapid and
accurate levelling as the top screw
can be inserted and the meter hung
thereon approximately level.

F1G. 656.—Interior of Thompson watt hour meter (type C-8) showing armature, small commu-
tator and gravity brushes. A spherical armature moving within circular field coils is the
construction adopted in this meter. The armature is wound on a very thin pa%gg:hell.
stiff enough to withstand the strain due to winding and subsequent handlmg
composing the armature is of the smallest t?uge cc with
Ribbon wire is employed for the field coils, thus eounmmzmg space and further carrying
out the idea of concentration.
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CHAPTER 106

- A.C. Control and
Indicating Apparatus

Various devices are required for the proper control of the
alternating current, such as,

sy e=——S0 5

Pi1cs. 6,718 to 6,720.—Various single throw switches. Fig. 6,718, single pole; fig. 6,719,
30\11)10 pole; fig. 6,720, three pole. A single pole switch should only be used for very light
uty.

1. Switching devices;
a. Ordinary switches; b. Oil break switches;
¢. Remote control switches,

2. Current or pressure limiting devices;
a. Fuses; b. Reactances; ¢. Circuit breakers; d. Relays.

-
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3. Lightning protection devices;

. Air gap arresters;

. Multi-gap arresters;

. Horn gap arresters;

. Electrolytic arresters;
Vacuum tube arresters;
Choke coils;

‘“Static” interrupters,

NS RS S8

4. Regulating devices;

a. Induction voltage regulators; e. Small feeder voltage tors;

b. Variable rati? tmnggenner I ﬁ'llt()!;f:ic voltage tors;
regulators md!“mm i . Line drop compensahot.s;

¢. Compensation shunts; ? m tgosr&mm'

d. Pole type regulators; k. Synchronous condensers.

L =

Pi1Gs. 6,721 and 6,722.—Various single pole switches. Fig. 6,721, single throw; fig. 6,722
double throw.

UPPER CONTACT .
AND RECEPTACLE PRESSBOARD WASHER

N

N

Fi1cs. 6,723 and 6,724.—Enclosed arc bus transfer plug switch. The current is supplied in &
tube enclosed at one end, thereby confining the are and limiting the supply of air.
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‘5. Indicating devices; '

a. Moving iron instruments {mclml'ed_ ool type;
mm vane type;

b. Hot wire instruments; =

¢. Induction instruments {m"’”‘;‘?"'
d. Dynamometers; .
e. Instrument transformers; .

commutator type;
A induction type;
7 Watthm:rmeters{ uc."diy‘pe

{. Gmumli detectorsg "
. Earth leakage cut outs;
J. Oscillographs. .

1. Switching Devices

Fi1c. 6,725.—Horn break switch., In
operation, the arc formed at-break
starts between the horns where they
are near together and rises between
them until it becomes so attenuated
that it is ext hed :.

use an arc will travel so as to
embrace the largest possible number
of lines of force set up by the current
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A switch is a prece of apparatus for making, breaking, or chang-
ing the connections in an electric circuit.

Since the electric current cannot be stopped instantly when the circust
in whick it is flowing, is broken, an arc is formed as the switch contacts
separate; this tends to burn the contacts, and to short circuit, the severit,
of such action depending on the voltage and the proximity of the swi
terminals. Accordingly, in switch design, provision must be made to
counteract these tendencies. Thus,

1. The contacts should separate along their entire length, rather than
at a point;

SwITCI

Plg. 6.k726.—Kelman oil break switch with pantograph hanism giving double horizontal
reak.

Fic. 6,727.—Kelman electric control for oil switch. A small switch on the frame automatically
opens the coil circuit at the end of the stroke in either direction and operates signal lamps
to indicate the open or closed position.

2. The terminals should be far enough apart and properly protected
to prevent short circuiting of the arcs;

3. The break should be quick;

4. The gap should be surrounded by the proper medium (air or oil)
to meet the requirements of the electrical conditions.

A great variety of switches have been introduced to suit the different
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uirements. Knife switches are used for low pressure service, the mul-
tiple break form being used where it is desired to reduce the arcing distance.
ﬁn{e‘ switches should open downward so gravity will keep them open.
Forms of Break.—On high pressure circuits there are several
types of switch; they are classified with respect to the break,
that is to say, according as the break takes place.

1. In open air; 4. Aided by a horn;
2. In an enclosed air space; 5. In oil.
3. Aided by a metal fuse:

TING
L)
SED)
NTACT
- JATING
H OPEN)
e rrerw wunn i ACT FINGERS
CAM ACTUATED
F1c. 6,728.—Remote control hand operated oil switch.
F1G. 6,729.—Remote control (electric) power operated oil switct tion diagram. Stand-
ard motor control pressure, 125 volts.

If the break take E_l:.oe in open air, a relatively long gap is required to
extinguish the arc. e enclosed air break switch is more compact. The
ing arm of a metal fuse break switch draws the fuse through a tube
us opening the circuit without much disturbance. Ina horn gap switch,
the arc formed on breaking the circuit, as it travels toward the extremities
of the horns, becomes attenuated and is finally ruptured.
An oil switch is one in which the break occurs under oil; it is used almost
universally on high pressure a.c. circuits,
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~"Remote Control =It is- desirable in the case-of- smtcha on
hgh pressure cirgaits’ (1100 volts and over) to locate the. parts
which carry the high pressure current at some distance from the
mwhbocwd n. order thas they may be. operated with safety.

‘They may bé o rated either ﬁy Iiand of by power. Electncnty or com-
pressed being. | for power cdhtrol.: -

l'w 6,730. --Pwﬁc oil cw“ch with solenoid control, designed for, 60 006 and 70,000 volt

» of handling a 25,000 kw. generating station. The break is hor-
mtal made by the 1 m of a flat member edgewise through the oil. The soleneid, at its
extreme outer position, has a free start before commencing to move the control parts ‘of the
switch. Asit roaches the extreme inner 1|‘;~e9:’.mon where the opening spring and the con-
tacts begin to offer the greatest resistance, the magnetic actlon is, of course, most powerful,
and the leverage by which it is applied moves to an increasing radius, by means of rollers
working in the curved slots of the control shaft levers.

2. Current and Pressure Lzmztmg
Devices

The tmportance or current and pressure limiting devices is to
protect circuits from overheatmg due to.abnormal current.”

Fuses.—A fuse is “‘an electrical safety valve,” or wire or strip

- of metal i a cut out, which may be fused by an excessive current.

NOTE.—Oil smtches are often used on systems with nerator c.pactty of many thou

e
. sand kilowatts. It is therefore essential that the switches s%tall be ahle'to break not only their
* mnormal current, but also greatly increased current that. would ﬂow a shott euuu or partial

short circuit occur.
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For large curtents cn'cuxt breakets shoulq be used in pla,ce of
fuses.

Current Limitmg Inductances —These are sometnnes
called raactances and are used #o protect‘( altemators Jrom high

%ﬂ

Fic. 6,731, —Plug fuse. Ituphcedmwcunbymwmgrtmtoaaochet

Fic. 6732—0mckbmkfuse. The fuse wneuconnectedbetweentheﬁxedtmmnlA
and the movable arm B, and is held under tenslon by the spﬁng which exerts pressure on the
movable arm in a direction tending toseparate Aand B. In opcnﬂou. when the fuse blows,
tbl:e movable ba!;m qQuickly moves to the posmon B/, thus attenuating the arc and accelerating
its extinguishment.

g Fi1G. 6,733.—Notched end fuse. It consists of

strip of metal (or wire) Jixed betwsen two end pieces

B e et s only eoesiile £ piece

80 it is only possible e
mmmctmoﬁmmthemmmals P

Fic. 6, 734—Noark enclosed fuse ferrule. Two

O and V which are a part of the knife

U glnde K h the square holes in the
ends of , and are riveted to the
anchor plate T. A vent screen wvents the

pe of the granular material h vent
holes A, but permits vapor to pass.
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FiGs. 6,735 to 6,744. —General Electric instantaneous overload circuit opening relays, covers
removed. Circuit opening relays are used chiefly in those cases where direct current for
the tripping circuit is not available. Alternating current trip coils have relatively high
impedance and impose a heavy volt ampere load on the current transformers. To reduce
this load during normal operation the circuit opening relay is frequently used and is usu-
ally n where instruments and meters are to be operated on the same current trans-
formers as the trip coils if the greatest accuracy be required. The relay contacts in the
normal, closed position, short circuits the trip coil. When the relay operates on overload
or other abnormal condition the contacts are opened with a quick break, sending the current

gh the trip coil circuit momentarily and tripping the switch. With circuit opening

relays, the trip coils of the il switch must be set to trip somewhat lower than the setting
of the relay. In construction the relay consists of a solenoid with iron frame forming the
support for the relay; a central plunger or armature of special construction which is picked
up or rel d by the tic action of the solenoid; a plunger rod which actuates the
relay contacts, which are ted on an insulated base usually above the solenoid; a tube
or plate for the calibration marking and adjustment; covers of gldss or metal to keep out dust.

frequency surges coming
in from the outside, and
to limit the current from
other machines.

As usually constructed, a
reactance consists of bare
stranded cable wound
around a concrete core and
held in place by wooden
supports.

Circuit Breakers.—
By definition, a circuit
breaker is a device, which

F1G. 6,745.—General Electric cur-
rent limiting reactance.
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automatically opens the circuit in event of abnormal conditions,
in the circust. ... -

]

The arc ma{ be broken: 1, by magnetic blow out, 2, by the.nﬁal break;or
3, by carbon break. In the carbon break the arc is progréssively. broken
through: I, main contacts, 2, intermediate contacts, and 3, carbon contacts.

Automatic Control of Circuit Breakers.~—This is secured
by the use of solenoids or trip coils. These coils may be wound
in series or in shunt with the main circuit, or in shunt with an
auxiliary circuit. ‘

OPEN POSITION

CLOSED POSITION

Il
i

|

SPRING

MAIN CIRCUIT MAIN CIRCUIT

Pics. 6,754 and 6,755.—Elementary circuit breaker with magnet and latch control. The
toggle gives sufficient leveraﬁ to easily close switch against pressure of brush contact. The
roller R, engages latch arm_M, and reduces friction. In operation, when the current ex-
ceeds a pre-determined limit, the magnet attracts the latch and releases the contact arm.
The brush contacts which are exerting &ressure against the contact arm, npldlgspush it
away, and assisted by gravity, the arm flies open to the position shown in fig. 6,765,

The automatic controls arising from these connections give
various kinds of protection to the circuit and are known as

-

1. Overload trip;
2. Underload trip;

3. Low voltage trip;
4. Auxiliary circuit trip.
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225 +3,585

AUXILIARY  CIRCUIT

o

TRIP COIL

CIRCUIT

OPENING
RELAY

ENT

]

—

e

1

v

1 candition is reached in the main circuit, the

d ah

y circuit closing relay. When the y

relay closes the auxiliary circuit, thus energizing the trip ¢

756.—E}

P16. 6

e

, the relay contacts are opened with a qui

ng the brea

as shown, the coll .8 short circuited, In o]

k,

)

tion,

.

2,

ily, and op

With relay contact closed

1 condition is reached in the main circuit

tary circuit opening relay.
rmal

1

when the predetermined abno:

sending the current through the trip coil

Fi16. 6,757.

e

.. Relays.—By defi-

o Pitige 3 relay is a

device which opens
or closes an auxil-

“iary circuit wnder
" pre-determined  elec-

trical  conditions in
the main circust.

. The object of a relay
1S gene ytoactasa
sort of electrical multi-
plier, that is to say, #¢
enables a comparatvely
weak current to brin,
into operation a mu‘ci
Stronger current.

There are aumerous
types of relay the fea-
tures of which are here
briefly given.

Protective Re-
lays.—These are
used to protect cir-
cuits from abnormal

NOTE.—Oil break switches
and carbon break circuit
ers are commonly used
to open electrical circuits at
some given-overload and on
short circuit. To secure addi-
tional protection under a
variety of abnermal condition
or to provide for a certain
pre-determined operation or
sequence of operations, relays
may be employed.
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conditions of voltage, or current, which would be undesirable or
-dangerous to thie circuit and apparatus contained therein.

Regulative Relays.—This class of relay is used to control
the condition of a main circuit through conirol devices operated by
a secondary circuit.

Communicative Relays.—These are used for signalling in a
great variety of ways to indicate the position of susiching appar-
atus or pre-determining the condition of electric circuits.

Circuit Opening Relays.—The duty of.a circuit opening
relay is to open the auxiliary circuit, usually alternating current
is used, and thereby cause the oil switch or circuit breaker to be
opened by the use of a trip coil tn the secondary of a current trans-
Jormer, or by low voltage release coil.

Circuit Closing Relays.—The duty of a circuit closing relay
is to close the auxiliary circuit at the time when the pre-deter-
mined abnormal condition is reached in the primary circuit. The
closing of the auxiliary circuit energizes the trip coil and opens

" the breaker.

Primary and Secondary Relays.—Primary relays are some-
times called series, relays as they have the current coils con-
nected directly in series with the line, both on high and low ten-
sion circuits.

Secondary relays receive their current supply from the secondary cir-

cuits of current transformers. Alternating current relays connected to

‘ secondary of pressure transformers and relays with both current and
L pressure windings are included in this class.
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Overload Relays.—Series. relays are connected ‘directly in
series with the line and are chiefly used with high pressure oil
break switches for overload protection.

If current transformers are to be used on the same circuits for other
purposes, and have sufficient capacity to admit of adding a relay coil,
secondary relays would be more economical; otherwise, the series relays
are less expensive.

By means of a specially treated wooden rod, the relag operates a tripping
switch, closing a separate tripping circuit, usually 125 or 250 volts t

current. Series relays are essentially the same as secondary relays except
in the coil winding and insulation.

CIRCUIT
BREAKER

P

i

STORAGE BATTERY

Fi1G. 6,758, —Diagram showing storage battery and charging dy Dr d doubl le
single coil underload circuit breaker. In operation, the circuit breaker discomnecis
the battery when fully charged, and protects the dynamo from reverse current.

Underload Relays.—These are similar in construction to
low voltage relays but have current instead of pressure windings.

Over Voltage Relays.—These are usually of the circuit
closing type and are similar to secondary overload relays, but
have pressure instead of current windings.

Low Voltage Relays.—Relays of this class are in most cases
used for the protection of motors in the event of a temporary weak-
ening or failure of the pressure.
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They are also used in connection with a low vdtage release or shunt
-trip coil on an -oil switch or a cu'mut breaker. - i

Reverse Energy Relays.—The chief ob]ect of this species of -
relay is to protect the generaior.

When so used, the overload adjustment is set at the maximum va.lﬁe

to give overload dprotection only at the maximum carrying capacity of

the generator and a sensitive reverse protection to prevent a return of
energy from the line.

Reverse Phase Relays.—This type of relay is used chiefly
to prevent damage in case of reversal of leads in re-connecting
wiring to two or three phase motors.

Differential Relays.—In this type there are two electro-

i L

Fi1G, 6,750. — Elementary
differential relay trans-
former for reverse current
circuit or dis-
criminating cut out. The
windings oppose each
other, s either wind-

magnet is energized, and
the y comes xnto
operation. A modifica-
tion of such a relay for
alternating current is here
shown.

ALTERNATOR

magnets. In normal working these oppose and neutralize each
other. Should, however, either winding become stronger or
weaker than the other, the balance is upset, the magnet ener-
gized, and the relay comes mto operation.

Instantaneous Relays.—The so-called instantaneous relays
operate almost instantly on the occurrence of the abnormal
condition that they are to control.

(Y
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.. 'Time Limit Relays.—Under this classification there are two
sub-divisions: 1, definite time limit, 2, inverse time limit.

The definite time limit mechanism consists of an air dash pot,and an
aif diaphragm or equivalent retarding device- ¢onnected to the: contact
mechanism, . . . .

The inverse time limit mechanism is attached directly to an air bellows
and in operation tends to-oomf)ress the bellows against the action of a

specially constructed escape valve in the latter. Sometimes a damping
magnet which acts on a disc or drum is used.

June

'NON-ARCING METAL CYLINDERS o
Frc.  6,760.—~Norkiicing multigap arrester. Based on. th principle of employing or' ths
. terminals across which thT art;‘?spformd. such melals :rar: cast capadle of muain{n( an
. - alfernating arc between them.- The aetion is.quch that the “line current’” which follows the
gghtmnz discha: dllows as an arc, but is stopped at the end of one alternation because

the property of the non-arcing metals to carzy an asc in one direction, but requiring an
extremely high voltage to start a reverse arc. : .

3. Lightning Protection Devices

The devices are ordinarily called lightning arresters. In opera-
tion they provide a path by which the lightning disturbances or
other static discharges may pass to the earth.

SHUNT RESISTANCE

'O0O0000000

NON-ARCING METAL CYLINDERS o " SERIES RESISTANCE

-F1G. 6,761.—Low equivalent multigap arrester. About half of the total number of gaps are
shunted by 'a resistance, and another resistance inserted between the cylinders and the
earth. With this arrangement the midd]e point is at ground pressure, and there are between
1line'and ground only one half of the total number of gaps.  The introduction of synchronous

" rhotors ‘made it necessary that the arc should be extinguished immediately, otherwise the |
* synchronous motors and converters would drop out of step, and the system would in this !
way be shut down. To insure the breaking of the arc, the resistance was added as shown.
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In general, the construction of lightning arresters comprises: 1, air
gaps, 2, resistances, 3, inductances, 4, arc suppressing devices.

Air Gap Arresters.—A method of relieving any abnormal
pressure condition is 0 connect a discharge air gap between some
point on an electric conductor and the ground.

The resistance thus interposed between the ground and the conductor
is such that any voltage very much in excess of the maximum normal

will cause a discharge to ground, whereas at other times the conductor
is ungrounded because of the air gap.

HORNS

LINE
GROUND

SERIES

INSULATORS RESISTANCE

F1G. 6,762.—~Horm np arrester, diagram showmg an-ester and connections between_ lme and
tlound ‘The horn type arrester was in 1schl for the All Elec-
tricitaets Geullschait. and like the Thomson arc cmcmt arrester, its operation is based
on the fact that a short circuit once started al the base, the heat xawmled by the arc will cause it to
travel upward auml $t becomes so auammld that ¢ §s ruptured. On circuits of high voltage
this ru takes a d or two, but seems to act with little dxsturbance of the

line. mtlnmaw”rm:lamlsused a choke coil besng inserted in the circuit in series.

Multi-Gap Arresters.—These consist of a number of cylin-
ders spaced with a small air gap between them and placed between
the line to be protected and the ground, or between line and line.

In operation, the multi-gap arrester discharges at a much lower voltage
than would a single gap gvmg a length equal to the sum of the small

gaps.

Horn Gap Arresters.—A horn gap arrester consists essen-
tially of two horn shaped terminals forming an awr gap of variable
length, one horn being connected to the line to be protected and the

Lother to the ground usually through a series resistance.
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In operation, the arc, due to the line
current which follows a discharge, rises
between the diverging horns and becoming
more and more attenuated is finally ex-

tinguished

It is used as an emergency arrester on
some overhead lines, to operate only when:
a shut down is unavoidable.

Electrolytic Arresters.—The ac-
tion of these arresters depends on
the phenomenon that a non-conducting
film is formed on the surface of alum-
tnum when immersed tn certain
electrolytes.

P1G. 6,763.—Cross section of General Electric slum-
inum electrolytic arrester. In principle, its.
operation depends on the phenomenon that o’
non-conducting film is formed on the surface of alum-
inum when immersed in certain electrolytes.

Fi1c. 6,764 —Genetal Electric magnetic blow out arrester for line use. It consists essentially
ofasmallsparkga&)whxch:smseﬂesmtharesxstanceandbetweenthopokso a magnet.
Tbedmcmk gap and the x-mil:’guteltle are mot:nmmm procegmn blocks“1 in such admm“

arc is blown by iagne an arc chute an €00
also held by the porcelain. s cooling grid w 1

NOTE.—Ground Connections.—In all arrester installations good grounnd connetions
are important. Instead of the y ground plate, a better ground connection is made
Sy driving a number of one inch iron lpes six or eu;ht feet into the earth surrounding the sta-
non connecting all these pipes together by means of a copger wire or, preferabl ya thm

stnp A uumty of salt should be placed around pipe at the surface o¥ the ground
ground oroughly moistened with water.
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If the film be exposed to a higher pressure, it may ‘be punctured by
many minute holes, thus so reducing its resistance that a large current
ma.‘r tﬁass When the pressure is again reduced, the holes become resealed
and the film again effective.

Choke Coils.—Because of its property of ‘self-induction, a
choke coil will offer a relatively high resistance to the passage of

Lightning and at the same time allow free passage to all ordinary
electric currents. ‘ ' :

-

TRANSFORMER GHOKE COIL

ARRESTER
BN

ot

_-|=CONDFNSER 1

I ARRESTER ‘{ ’
‘CONDENSER
l CHOKE COIL I

Fics. 6,765 and 6,766.—General Electric choke coils. Fig. 6,765, low pressure coil, 6,600
volts; fig. 6,766, low voltage choke coil, 4,600 volts.

F1G. 6,767.—Diagram showing connections of static interrupter for protecting a transformer.

“Static’’ Interrupters.—A static interrupter is a combination
of a choke coil and a condenser, the two being mounted together
and placed in a tank and oil‘insulated.

It is used on high pressure circuits and its function is to so delay the
erroneously called ‘‘static” wave in its entry into the transformer coil,

that a considerable portion of the latter will become charged before the
terminal will have reached full pressure. .

4. Regulating Devices

Regulation of Alternators.—Practically all the methods
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employed for regulating the voltage of dynamos and d.c.’ cir-
cuits, are applicable' to alternators and a.c. circpits. -

For example, in order that they shall automatically maintain a con-
stant or rising voltage with increase of load, alternators: are provided
with composite winding similar to the compound winding of dynamos,
but since the a.c. cannot be used directly for exciting the field magnets,
an accessory apparatus is required to rectﬂy it or change it into d.c. before
it is used for that purpose.

¢ It is a fact, however, that composite
. wound alternators do not regulate
roperly for inductive as well as non-

D Inductive loads. :

In order to overcome this defect
compensated field alternators have
been designed which automatically
adjust the voltage for all variations
of load and lag. .

A. C. Feeder Regulation.—
With slight modification, the
various methods of feeder regu-
lation employed with d.c., may
be applied to a.c. distribution
circuits.

For instance, if a non-inductive re-
sistance be introduced in any electric
circuit, the consequent drop in voltage
will be equal to the current multiplied
by the resistance. Therefore, feeder

F1a. 6,768.—Diagram fllustrating the principle of induction voltage regulators. The pri-
mary coil P, consisting of many turns of fine wire, is connected across the main conductors C
and D, coming from the alternator. The dary coil S, isting of @ few turns of
heavy wire, is connected in series with the conductor D.” The laminated iron core E, mounted
within coils, is capable of being turned into the position shown by the dotted lines.
‘When the core is in plane of P, the magneti vilhnmpf{omepmducedmit y the primary coil,
induces a pressure in the secondary coil which aids the voltage; when turned to the posi-
tion indicated by the dotted lines, the direction of the magnetic lines of force are reversed
with respect to the secondary coil and an opposing pressure will be produced therein. Thus,
by turning the core, the pressure difference between the line wires G and H, can be varied
80 as to be higher or lower than that of the main conductors Cand D. Regulators operat-
ing on this principle may be used for theatre dimmers, as controllers for series lighting, and
also to adjust the voltage or the branches of unbalanced three wire single phase and poly-
phase systems. ' -
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regulation by means of rheostats is practically the same in the case of a.c.
as in that of d.c. In the case of the former, however, the effect of self-
induction may also be utilized to uce a drop in voltage. In practice,
this is accomplished by the use of self-induction coils which are commonly
known as reactance coils.

Application of Induction Type Regulators.—In supply-
ing lighting systems, where the load and consequently the pres-
sure drop in the line increases or decreases, 4t becomes necessary
to raise or lower the voltage of an a.c., tn order to regulate the
voltage delivered at the distant ends of the. system.

P1G. 6,769.—Diagram showing connections of Stillwell regulator.
F1G. 6,770.—Dial of Westinghouse dial type variable ratio voltage regulator.

This is usually accomglished by means of @.c. regulators or induction
regulators. A devise of this kind is essentially a transformer, the primary
of which is excited by being connected directly across the circuit, while
the secondary is in series with the circuit as shown in fig. 6,768. By this
method the circuit receives the voltage generated in the secondary.

There are two kinds of pressure regulator: 1, induction regulator, and
2, variable ratio transformer,

L Induction Voltage Regulator.—It consists of a primary
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| winding or exciting coil, and a second-
g AOTO - TRAMSORER ary winding which carries the entire
™M load current.

. 'The primary is wound for the full trans-
mission voltage, and is connected across
the line, while the secondary is connected
in series with the line.

In operation, when the primary coil is
turned to various Eositions, the magnetic
flux sent through the secondary coil varies
in value, thereby causing corresponding
variation in the secondary voltage, the
character of which ds upon the value
and direction of the flux.

Induction regulators are operated b
hand or automatically by means of a
motor controlled by voltage regulating
relays. Two relays are used because a

REARVIEW OF DIAL

F16. 6,771.—Diagram of connections for Westinghouse 11 point dial, series transformer and
auto-transformer. The auto-transformer has a number of ta]iil“oonnected across the
line,. themseriu transformer is placed in series with one side of the , and connected to a
dial, as s! .

rimary relay of sufficient accuracy could not be made powerful -enough
go carry the relatively large current required for operating the motor.

Variable Ratio Transformer Voltage Regulators.—The
principle of operation of this class of regulator is virtually the
same as that of the induction type regulator; that is, both con-
sist of regulating transformers, but in the variable ratio
method the primary or series coil is divided into a number of sec-
tions which may be successively cut tn or out of the circuit to be
regulated, instead of varying the flux through the entire coil, as
in the induction type.

There are two mechanical forms of variable ratio regulator: 1, drum
type, and 2, dial type.
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P16, 6,772.—Dis of General Electric automatic voltage regulator connections with alter-
nator and exciter,

" CONSUMER
!

l+STATION BUS
CENTER OF
RE?"'”"R DISTRIBUTION

-—
-—|

--STATION BUS
_.-__BJE?ULATORT Ic I T/
7 s l N

-pD JA

PiGs. 6,773 and 6,774.—Systems of distribution fflustrating use of small Iudor or pole
type voltage regulatan. The drop is gencmllgt::]g‘hg:ble except on long lines as, con-
sumer B, fig. 6,773. In order to obwn ect tion at B, it would be necessary to
install a separate tor in that line, this regulator to be mstalled either at the center
C, or preferably at In a great many cases the power distribution is not as ideal as indi-
cated 1n fig. 6,773, but rather as shown i in fig. 6,774, that is, the cc are ted
all along the feeder. In this case there is no definite center of distribution, and the auto-
matic lator installed in the station can be adjusted to give only approximately con-
stant voltage at an imaginary center of distribution C; that 1s, the voltage cannot be held

tant at any definite point during changes of load distribution. The majority of the
consumers may, however, obtain sufficiently good voltage, while a few may have reason
for criticism. To overcome this difficulty it 13 necessary either to increase the copper in
the feeder or else to install small automatic regulators.

LF!G 6,775.—General Electric pole type regulator in service as installed on top of pole.
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:'Small -Feeder Voltage Regulators.—In some generating

" stations the voltage is maintained constant at. the bus bars and

the line .drop. Qompensated by automatically operatgd regula-
--tors connécted in the main feeders.

It is possible i in thls way to obtain constant voltage at all loads at the
various distribution centers; that is, at those points on the-feeders-whére
- thé lines:of thé majority of consumers are connected as shown in fig. 6,774.
:  It.is evident, however, that, while the voltage at the center of d:stnbu-
. tion can be maintained constant, no account can be taken.of the drop.in
. the lines between this center and the consumers.  ‘This drop is, however,
. generally negligible, S . ’

;,5' . ) TRANSFORMER 'uwsuqs
vl - |
a2 ' INDUCTANGE RLSIS;:IANCE £
. W { | -
ALTERNATOR gg.'m]_ ‘ 2
v I3 -
r o

CGOMPENSATOR
_

P16.6,775 ——-Du.mm showing essential parts and connections for a line drop compensa~
tor. The compensalor corrects the voltmeter sndication at the supply end of a feeder for the
ohmic and smductive drop in pressure between that point and the posnt of consumpiion, so that
the reading of the station voltmeter corresponds with the actual voltage at the point of
cgnsumptwn, mdepend.ent of the power factor and current. It is especially useful for
a g P 1eg

Automatic Voltage Regulators for Alternators.—The

" accurate regulatlon of voltage on any a.c. system is of unportance

The desired voltage may be maintained constant at the alter-

nator terminals by rapidly opening and closing a shunt circuit
across ‘the exciter field rheostat.

Line Drop Compensators.—In order that the actual voltage

at a distant point on a distribution system may be read at the

" station some provision must be made to compensate for the line
drop, that is, for the difference in voltage between the alternator
and the cemfer of distribution.



3,598 - 238

A.C. APPARATUS

]
—
Q
=
A
§0
Y il
< ol
-4
I<
= &
cx T8 o
a s w2 58S EZ z45
W 42 27933 S5
mjagd_’?, &z3
3 30 = O L
u o Xt
= ]
- RAE
.
P s L .
C =55 &
.‘ESVWW g 5} z 8
- zat ._uJ
S 5 3 o2
Q 2 0 g
z 3 o
< (2}
o

PHASE B

ALTERNATOR

and fuses.

1

tor with no voltag

F1G. 6,776.—Diagram of connections of General Electric two phase starting

F1G. 6,777.—Diagram of connections of General Electric three phase starting compensator with low voltage release and fuses.

In order to do this a
device known as a ‘line
drop compensator” is
placed in the volt meter
circuit as shown in fig.
6,775,

The elements of the com-~
pensator are a variable re-
sistance and a variable
inductance, In manipula-
tion, if the amount of in-
ductance and resistance be
properly adjusted, there
will be produced a local
circuit corresponding ex-
actly in all its character-
istics to the main circuit.
Hence, any change in the
main circuit produces a
corresponding change in
the local circuit, and
causes the volt meter to
always indicate the pres-
sure at the end of the line
or center of distribution or
at any point for which the
adjustment is made.

Starting Compens-
ators.—These are used
for starting induction
motors and consist of tn-
ductive windings (one for
each phase) with a number
of taps connecting with
switch contacts as shown
in figs. 6,776 and 6,777.
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A starting compensator is similar to a rheostat except that inductive
windings are used in place of the resistance grids. Starting compensators
are not necessary for small motors up to, say, 7 horse power.

Star Delta Switches.—These are starting switches, designed
for use with small three phase squirrel cage motors having their
windings so arranged that they may be connected in star for starting
and in delta for running.

In starting the motor, the drum lever is thrown in the starting direction
which connects the field windings of the motor in star, When the motor
has accelerated and has come partially up to speed, the starting lever is
quickly thrown to the runm% position in which position the field win
are connected in delta, e effect of connecting the field winding n
star at starting is to reduce the voltage applied to each phase winding,
while in the running position each phase of the field wmdmg has full line
voltage impressed upon it.

Synchronous Condensers.—A synchronous motor when
sufficiently excited will produce a leading current, that is, when
over excited it acts like a great condenser, and when thus operated
on circuits containing induction motors and similar apparatus for
the purpose of improving the power factor 1t is called a synchronous
condenser.

The relation of power factor to the size and efficiency of prime movers,
erators, conductors, etc., and the value of synchronous condensers
or improving the power factor is generally recognized.

5. Indicating Devices

In the measurement of a.c., it is not the average, or maximum
value of the current wave that defines the current commer-
cially, but the square root of the mean square value, because this
gives the equivalent heating effect referred to direct current and
it is the value that a.c. ammeters and voltmeters 