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PREFACE.

Tuis book is intended to be used primarily in connec-
tion with instruction on courses of electrical engineering in
institutions for technical education. It is laid out on the
lines of the lectures and the instruction as given in the
Polytechnic Institute of Brooklyn. It is intended equally
as much for the general reader, who is seriously looking
for information concerning dynamo electrical machinery of
the types discussed, as well as a book of reference for
engineers.

The first two chapters are devoted to a brief but logical
discussion of the electrical and magnetic laws and facts
upon which the operation of this class of machinery
depends. Calculus methods have been employed in a few
places in these chapters, but the results arrived at by use
of them are in such a form that they can be utilized by the
reader who is unfamiliar with the processes of the calculus.

In the chapter on design it has seemed advisable to
express the flux density in lines per square centimeter.
Both the square centimeter and the square inch are used
in practice. The alteration of the formulas to square inch
units is obviously simple.

We wish to express our thanks to the various manufac-
turing companies who have so courteously given informa-
tion, and who have kindly loaned electrotypes of their

apparatus.



PREFACE TO THE SECOND EDITION.

THE cordial reception accorded this volume upon its
appearance has resulted in a rapid exhaustion of the edi-g
tion. Its adoption as a text-book by many educational
institutions has convinced the author that others concur
with him in his judgment as to what should be embodied
in such a book ; and he is encouraged in the preparation of
a second volume which will treat of alternating current
machines and which will appear shortly. Such errors as
had inadvertently crept into the first edition are here cor-
rected, in so far as they have been brought to the atten-
tion of the author.
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DYNAMO ELECTRIC MACHINERY.

CHAPTER I.
ELECTRICAL LAWS AND FACTS.

1. Mechanical Units. — Force is that which tends to
produce, alter, or destroy motion. The units of force are
the pound and the dyne. The dyne is that force, which
acting on one gram for one second, will produce a velocity
of one centimeter per second.

Work is the production of motion against resistance.
The units of work are the foot-pound and the erg. The
Joot-pound is the work done in lifting a body weighing one
pound one foot vertically. The ¢rg is the work performed
by a force of one dyne in moving a body one centimeter
in the direction of its acting. The joule is a larger unit
much used, and is equal to 107 ergs.

Energy is the capacity to do work. Energy is divided
into Kinetic energy and Potential energy. A body pos-
sesses kinetic energy in virtue of its motion, while poten-
tial energy is due to the separation or the disarrangement
of attracting particles or masses. A wound up spring has
potential energy because of the strained positions of the
molecules, while a weight raised to a height has potential

energy because of the separation of its mass from the
T
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attracting mass of the earth. The potential energy of a
body is measured by the work required to put the body
into its strained condition. Kinetic energy is measured by
the product of the weight into the square of the velocity
divided by twice the acceleration due to gravity, or

Kinetic Energy = s .
28

Power is the rate of performance of work. Its units
are the horse-power and the watt. A /forse-power is 33,000
foot-pounds per minute. A warf is 10" ergs per second.
One horse-power is equivalent to 746 watts. The number
of watts in an electrical circuit carrying a certain number of
amperes of current under a pressure of a certain number
of volts is expressed by the product of the amperes into the
volts. If we let 7 equal the torque or twisting moment

and o equal the angular velocity (= 26Lon where 7 is the
number of revolutions per minute), then the horse-power

HP.=——=
33000 33000

In a belt-driven machine the torque in the shaft 1s equal
to the difference in tension of the two sides of the belt
multiplied by the radius of the pulley in feet, hence
IT'=(F—-F)r

2. Absolute and Practical Units. — Since distinction
must continually be made between the absolute units and
the practical units, throughout this work the capital letters
I, E, and R will be used for quantities expressed in prac-
tical units, the ampere, the volt, and the ohm; the lower
case letters 7, ¢, and » for quantities expressed in absolute
units of current, pressure, and resistance respectively.

tecee
.
*e
ecece



ELECTRICAL LAWS AND FACTS. 3

The absolute unit of current is such that, when flowing
through a conductor of one centimeter length, which is
bent into an arc of one centimeter radius, it will exert a
force of one dyne on a unit magnet pole (§ 10) placed at the
center.

The absolute unit of difference of potential exists between
two points when it requires the expenditure of one erg of
work to move a unit quantity of electricity from one point
to the other. This unit of quantity is the quantity which,
in a second, passes any cross-section of a conductor in
which a unit current is flowing.

The absolute unit of resistance is offered by a body when
it allows a unit current to flow along it between its two
terminals, when maintained at a unit difference of potential.

1.
Current, / = —1.
10
EMPF., E = 10%.
Resistance, £ = 10%.

It is convenient and rational to make a distinction be-
tween electromotive force and difference of potential.
Electromotive force is produced when a conductor cuts
magnetic lines of force, or when the electrodes of a pri-
mary battery are immersed in a solution. But a difference
of potential may exist merely because of an electric cur-
rent. Between any two points of a conductor carrying a
current there is that which would send a current through
an auxiliary wire connecting these points, and we call it
difference of potential. If the current in the original con-
ductor be doubled, the difference of potential between the
same two points will be doubled, showing that this differ-
ence of potential exists because of the current flowing in
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the original conductor. The word pressure is used for
either difference of potential or for E.M.F. with obvious
relevancy.

3. Ohm’s Law.
mula

Ohm's law is expressed by the for-

E
1=}r

where 7 is the number of amperes flowing in an undivided
circuit, £ the algebraic sum of all the electromotive forces
in that circuit, and R the sum of all the resistances in
series in that circuit.

The form of the equation £ = /R, as applied to a por-
tion of a circuit, is much used under the name of Ohm’s
law. In this case, however, £ is not E.M.F., but differ-
ence of potential, as explained in the last article.

If, in a house lighted by electricity, the service maintains
a constant pressure of 100 volts at the mains where they
enter from the street, and no lights be turned on, then at
every lamp socket in the house there will be a pressure of
100 volts. If now a lamp be turned on, it will be working
on less than 100 volts, because of the drop or fall of po-
tential. If many lamps be turned on, a considerable drop
may occur. The drop is caused by the resistance of the
wires carrying the current from the place of constant po-
tential to the place where it is used, and the volts lost have
been consumed in doing useless work in heating the wires.
That the drop is proportional to the current flowing is
shown by a simple application of Ohm'’s law.

Let R be the resistance of the line, and £, the volts
drop caused thereby when a current /7 flows. Then

E, = IR,
from which it ts evident that the drop varies as the cur-
rent when the resistance in the line is constant.
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4. Resistance of Conductors.— The resistance R of a con-

al .
—, where o is a

4
constant called the resistivity, and depending upon the

material and the temperature of the conductor, /is the
length in centimeters, and 4 the cross-section in square

ductor is expressed by the formula R =

cms. The reciprocal of the resistivity, 41,’ is called the con-
ductivity of a substance.

The conductivity of copper depends on its purity, and on
its physical condition, soft copper having 1.0226 times the
conductivity of hard copper. Lake copper has a high con-
ductivity because of its pureness. The same is true of
electrolytic copper. This latter is now very largely used,
though for a while there was a prejudice against it because
it was said to be brittle. Temperature affects the resist-
ance of metals. In pure metals the increase of resistance
for a rise of 1° C. is about .004 times their resistance at
0° C. Various alloys of iron, nickel, and manganese have
a high value for ¢, and do not have so high a temperature
coefficient as given above. Iron heated in contact with
copper gives a large thermal £.M.F., which militates against
its alloys being used for resistances in measuring instru-
ments.

If in the foregoing expression for R the centimeter and
square centimeter be the units of length and cross-section
respectively, then the following list gives the value of o for
various metals in microhms (1 microhm = (55555 Ohm).

Copper . . . .ato’C, . . . . . . 1594
Iron . . . . % « . . . ... 93
Steel . . . . .« « o+« + « . 130
189, German Silver <« « . . . . . . 27,

300 . . . . L% Lo 0 .. . 4s.



6 DYNAMO ELECTRIC MACHINERY.

A circular mil is a circle ({5 inch in diameter, and a
wire one foot long and one circular mil cross-section is
called a mi/foot. The resistance of a mil-foot at 0° C. of

Copper = g.59 ohms,
Iron = 58. ohms,
Steel = 82. ohms.

The American Institute of Electrical Engineers has
adopted as its standard resistivity for soft copper one given
by Matthiessen. A wire of standard soft copper, of uni-
form cross-section, of one meter length, and weighing one
gram, should have a resistance of 0.141729 international
ohms at 0° C. A commercial copper showing this resis-
tivity is said to have 100 per cent conductivity. Copper is
frequently found having a conductivity of 102 per cent. It
is in these cases almost invariably electrolytic copper.

5. Insulating Materials. — Materials which are to be
used for insulating from each other the various electrical
circuits of dynamo electric machines should possess the
following properties : —

They should have a high insulation resistance, and this
resistance should be maintained high over the range of
temperatures to be found in machines. They should
furthermore have a dielectric strength sufficient to pre-
clude any possibility of their being perforated by the
voltages liable to exist between the conductors which they
separate. This strength must also exist throughout all
probable ranges of temperature. They must possess such
physical properties as will permit of mechanical manipula-
tion, as they must be oftentimes bent and twisted. Of
course the chemical constitution should not be altered by
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any change of temperature to which they would be sub-
mitted.

Mica possesses the highest insulation resistance and the
largest dielectric strength to be found. It requires 1000
volts to perforate a sheet 1 mil in thickness. Its chemical
constitution is unaffected by high temperatures. It is
not, however, mechanically strong.

Preparations of fibrous materials with linseed oil, which,
after being dried, have been thoroughly baked, are fairly
good insulators. As water is generally present in their
pores, their insulation resistance, upon heating, decreases
until the temperature has reached 100° C, and then it in-
creases. These preparations are mechanically flexible.
Preparations of fibrous material with shellac are good in-
sulators, but crack upon bending.

Vulcanized fibers are made by treating paper fiber chemi-
cally, and, when dried, they have a fairly high insulation
resistance, but they readily absorb moisture, and, upon dry-
ing, are liable to warp and twist. They furthermore be-
come brittle when heated.

Sheets of insulation made up from pieces of scrap mica
cemented together by linseed oil or preparations of shellac,
when carefully constructed with lapped joints, exhibit
nearly as good insulating and dielectric properties as sheet
mica. While not perfect mechanically, these sheets permit
of bending better than pure mica.

Vulcabeston, which is a preparation of asbestos and rub-
ber, exhibits fairly good insulating and mechanical quali-
ties, and is especially fitted for higher temperatures. Its
dielectric strength is about {}; of that of mica.

6. Divided Circuits. — If a current 7 be flowing through
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R, the undivided part of the circuit shown in Fig. 1, and
if 7, and 7, be the currents flowing in the shunt resistances
R, and R, then 7 =/, + I, and, since the pressure £
upon each shunt is the same, by Ohm’s law,

E E
1,=1—?—1and1,—-E
I I
or!,.[,..E.E

The currents in the branches of a divided circuit are in-
versely as the vesistances of the branches.

If R, be a single resistance, that substituted for the
shunted resistances R, and R, will leave / unchanged, then,
by Ohm’s law,

E E E
R-RTE
I
R, R
orR=—-1"2 =171 r
R+ R, TR

The resistance cquivalent to a number of shunted resistances
is equal to the reciprocal of the sum of the reciprocals of the
separate resistances.

RI

LA,

Fig. 1.

7. Power of Electric Current. — A difference of poten-
tial ¢ between two points requires ¢ ergs of work to bring
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a unit quantity of electricity from one point to the other.
A unit of quantity is one absolute unit of current flowing
for one second. Hence a current 7 flowing for #seconds with
a difference of potential ¢ does eif ergs of work. Likewise
a current / flowing ¢ seconds gives /¢ coulombs of quantity,
and with a difference of potential of £ volts does E/¢ X 107
ergs of work. Hence the work per sccond or the power
is £7 x 107 absolute units. The practical unit of power is
the watt, and equals 10" absolute units. Hence, remember-
ing that by Ohm’s law £ = /R, the power of a current in

Watts = £/ = I'’R.

For commercial currents and voltages the watt is a need-
lessly small expression, hence the kilowatt (= 1,000 watts)
is generally used as the unit of electrical power. It is rep-
resented by the abbreviation k.w. The horse-power is
equal to 746 watts, or approximately three-fourths of a k.w.

8. Heat Developed by a Current. — When a current /
does work in overcoming a resistance R, the work per-
formed is converted into heat. By the last article the
work thus done per second, or the power expended, will be
/*R watts. Since this rate of production of heat is often
of no service, this expenditure of power is generally called
the 73R Joss.

This production of heat causes a rise of temperature in
the conductor, and the temperature will continue to rise till
the heat generated per second by the /%R loss is exactly
counterbalanced by the rate of dissipation of heat by con-
duction, convection, and radiation.

The necessary resistances of electrical machines involve
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the production of heat in their operation (as does also fric-
tion and reversal of magnetism), which causesa rise of tem-
perature. As insulating materials can survive only moder-
ately high temperatures, such machines must be designed
to operate without becoming too hot. This is accomplished
by decreasing the /%R loss, by increasing the radiating sur-
face, and by supplying ventilation.

9. Fuses. — These are devices intended to protect cir-
cuits from destruction or damage due to an excessive flow
of current through them. They protect them by being
themselves destroyed. They are generally made of lead
or alloys of lead. Lead is liable to become oxidized after
having been installed for some time. It is then liable to
form a tube of hard oxide, which is sufficiently strong to
hold molten lead in its interior, so as to maintain an elec-
trical contact in the circuit which should be broken. Some
alloys are not open to this objection. These alloys, in
the form of wires, strips, or ribbons, are fastened at each
end to copper terminals which are slotted to fit into fuse
receptacles. The wire with its terminals is called a fuse
link. Such a link is shown in Fig. 2.

S

Fig. a.

Copper wires are sometimes used as fuses on trolley cars,
but the high melting point of copper prohibits its use as a
protective device on house circuits.

The current which will fuse a wire of lead alloy depends
in magnitude upon the length of the wire. Short lengths
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of a wire of given cross-section and given material will
carry stronger currents than longer lengths. The heat
which is generated in the short ones escapes more rapidly,
owing to the larger masses of metal commonly forming the
terminals of the fuse. Fuses are rated to carry a given
amperage, and the rating is stamped upon the copper termi-
nals. According to the national code the fuses must, how-
ever, be able to carry indefinitely without melting such a
number of amperes that the rated capacity is but 8o per
cent of it. This permits the fuse to carry without melting
25 per cent above the rated capacity.

For high voltages, and for large amperages, inclosed
fuses are sometimes used, in which the fusible conductor is
surrounded by a packing of finely divided powder in which
borax is included as an element most desirable, Such a
fuse is shown in Fig. 3.
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CHAPTER 11.
MAGNETIC LAWS AND FACTS.

10. Strength of Magnet Pole. — A unit magnet pole is
one which will repel an equal like pole, when at a distance
of one centimeter, with a force of one dyne.

It follows from this definition that a pole »z units strong
will repel a like #nit pole with a force of mz dynes. The
force exerted between two magnetic poles varies inversely
as the square of the distance between them. Hence the
force exerted between two magnetic poles of strengths
and »/ when 4 centimeters apart is defined by the equation

4
F=27
11. Intensity of Magnetic Field. — A magnetic field is
of unit strength or intensity when a unit magnet pole placed
therein is acted upon by a force of one dyne, or when a
magnet pole m units strong is acted upon by a force of
m dynes. The strength of a field is usually represented
by 3e.

12. Magnetic Field and Lines of Force. — The space
around a magnet where its action is felt is termed the field
of that magnet. This field may conveniently be consid-
ered as permeated by lines of force. These lines represent
the direction of the force exerted by the magnet, and by
their closeness to each other show the magnitude of this
force.
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The student must not get the impression that, because
the lines spread apart, a point in the field could be chosen
where there would be no line. These lines may well be
considered as tubes or pencils of force, filling all the space
around the magnet.

The lines of force contained in any plane passed through
the magnet pole compose a magnetic spectrum, which can
be made visible by the familiar experiment of sprinkling
iron filings on a paper, which is laid over a magnet, and by
gently tapping it.

By convention one line of force per square centimeter is
considered to represent a field of unit strength, the square
centimeter being so taken that it is at all points perpendic-
ular to the lines cutting it. Hence the strength or inten-
sity 3¢ of any field can be expressed by the number of
lines of force per square centimeter.

Suppose a sphere of one centimeter radius to be circum-
scribed about a unit magnet pole. Another unit pole at
any point on the surface of this sphere will be acted upon
by a force of one dyne. Hence there exists a unit field at
any point on this surface. But there are 4 = square centi-
meters on this surface, and each square centimeter will
be cut by one line of force. Therefore, there emanate

Jrom a unit magnet pole 4 w lines of force. Similarly a
magnet pole of strength m sends out 4 = m lines of force.

A magnetic field is said to be uniform when it has the
same JC at every point therein, or when the lines of force
are parallel.

13. Electro-Magnetic Induction. — In 1831 Faradayand
Henry independently discovered that when a conductor was
moved in a magnetic field, an electromotive force was set



14 DYNAMO ELECTRIC MACHINERY.

up in the conductor. This phenomenon is the foundation
of all modern electrical engineering.

An absolute unit of E.M.F. is produced when a conduc-
tor cuts one line of force per second. If the conductor
cuts two lines in the second, or one line in half a second,
then two units are produced.

If, in the short interval of time, 47 seconds, d¢ lines be
cut, then during that interval the value of the induced
EMF. will be

or,

1 d
E = —;Sa E’VO]tS.

The negative sign is used because the induced E.M.F.
tends to send a current in such a direction as to demag-
netize the field. When of no con-
sequence the negative sign will
hereafter be omitted.

If a conductor, Fig. 4, / centi-
meters long moves parallel to itself
with a uniform velocity of v cen-
timeters per second across a uni-
form magnetic field of strength
3¢, its path making an angle & with
the direction of the lines of force,
then the number of lines cut per
second is 3¢/ sin a, and since the
rate of cutting is uniform, the E. M F. at any instant is

ac

e = 3Clv sin a.
If there be a non-uniformity in the rate of cutting lines,
due either to an uneven field or an irregular motion, then
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the average value of the induced E£..J/.F. associated with
the cutting of ¢ lines in the time, ¢ seconds, will be ¢,, =;~
For suppose the time ¢ to be divided into p equal and small
periods havirg a duration of A¢ seconds. Furthermore,
suppose that during these successive periods A¢’, A¢”, A¢”,
etc,, lines be cut respectively. Then the induced £.4/.F.’s
during these periods, which may be represented by ¢,¢”, ¢”,
etc., respectively, will be as follows: —
_A¢

At
A¢I,
= .
At
A¢”,

" __ —-_r .
"= At

.... = e e e

Adding these p equations, and then dividing by p, gives the
equation above, viz.,

Coy =

av

~|6

or E,, = l—i’ o volts.

The average value of the induced £.M.F. is therefore inde-
pendent of the magnitude of the instantaneous values.

If a loop of wire revolve, uniformly or otherwise, ina
magnetic field which is uniform or otherwise, its sides cut
lines of force at various rates. The instantaneous E£.M.F.
in the whole loop will be as before.

d¢

&= —

dt

where ¢ is the number of lines that links with, or that
passes through, the loop. If the loop be of # turns, then
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the pressure will be 7 times as great, or during the inter-
val dt,
nd¢
£=—tew

14. Direction of Induced E.M.F.— The direction of
flow of a current induced in a closed circuit by mov-
ing it in a magnetic field is best represented by drawing
the conventional representation of the three dimensions
of space. If the flux be directed upwards, and the motion
of the conductor be to the right, then the £. /. F. will tend
to send a current toward the reader. If any one of these
conditions be changed it necessitates the change of one of
the others, and conversely the change of any two leaves

o

Flux

Motlon >

Fig. s Fig. 6.

the third unaltered. About the same idea is represented
in Fleming's Rule, which is as follows : —

Let the index finger of the right hand point in the di-
rection of the flux, and the thumb in the direction of the
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motion. Bend the second finger at right angles with the
thumb and index finger, and it will point in the direction
of the E.M.F.

Another rule is : —

Stand facing a north magnetic pole. Pass a conductor
downward. The current tends to flow to the left.

15. Inductance. — Nearly every electrical circuit which
has a current flowing in it has lines of force linked with it,
due to that current. When the circuit is opened the dis-
appearance of the lines is accompanied by a cutting of the
circuit by those lines, and the cutting results in the pro-
duction of an E.MF. This is called the E.M.F. of scif-
induction. Its magnitude is dependent upon the rapidity
with which the field disappears, and upon a constant deter-
mined by the geometric shape of the circuit and the char-
acter of the medium in which it is placed. This constant
is called the self-inductance or the cocfficient of self-induc-
tion of the circuit. It is generally represented by the
letter Z, and is that coefficient by which the time rate of
change of current in the circuit must be multiplied in order
to give the E.JF. induced in the circuit. Its absolute
value is numerically represented by the number of lines of
force linked with the circuit per absolute unit of current in
that circuit. Its practical unit is 10° times as large as the
absolute unit, and is called the Zenry. 1In a given circuit it
varies as the square of the number of turns of wire. Two
circuits may exercise a mutually inductive action upon each
other, and an £. M/ F. may be induced in one by a change
of current in the other. This is called the E.M.F. of
mutual induction. In magnitude it depends upon the shape
and position of the two circuits, and upon the character
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of medium in which they are placed. It is also dependent
upon a constant which is called the mutual inductance or
coefficient of mutual induction of the two circuits. It is
generally represented by the letter A, It is that coeffi-
cient by which the time rate of change of the current in one
of the circuits is multiplied in order to give the EAMF.
induced in the other circuit. Its absolute value is numeri-
cally equal to the number of lines of force linked with one
of the circuits per absolute unit of current in the other cir-
cuit. Its practical unit is the same as the practical unit
of self-inductance, that is the henry, and is 10? times as
large as the absolute unit. The coefficient of mutual in-
duction varies directly as the number of turns of wire in
either circuit.

16. Quantity of Electricity Traversing a Circuit Due
to a Change of Flux Linked with it. —In many dynamo
tests, and in many magnetic investigations, it is necessary
to measure, generally by means of a ballistic galvanometer,
the quantity of electricity traversing a circuit due to a
change of flux linked with it. If the circuit have a resist-
ance of » and in 47 time the flux linked with #» turns
changes by @4, then the instantaneous current

nde
dt

1 == m—

P
But the quantity, dg = 7d¢, hence

_ ndp
which is independent of time. So if the flux change from
¢, to ¢, then
b — ¢

—_—n,

r
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o="_%—"%

microcoulombs.
100 R

17. Work Performed by a Conductor Carrying a Current
and Moving in a Magnetic Field. — Let a conductor carry-
ing a constant current Z be moved in a direction perpen-
dicular to itself and to the lines of force of a magnetic field.
Suppose it to move for &7 seconds, and in that time to cut

d¢ lines of force. Then the induced E.M.F. ¢ will be
— g The quantity of electricity 4y that has to traverse
the circuit against this E£.M7.F. during the time ¢ will
be id¢. Since potential is a measure of work, the work
required to carry dg units of electricity against a difference
of potential ¢ is edg ergs. Hence the work in ergs,
dw = edg = idt X d—¢ =id.
dt

Therefore the current ¢, in cutting ¢ lines of force, per-
forms the work

w = i} ergs.
From this it is seen that the work done by a conductor
carrying a current and cutting lines of force is independent
of the time it takes to cut them.

In the above discussion, if the field be not uniform or
the motion be not uniform, the value of ¢ will not be the
same for each instant of time. But since the result
obtained is independent of time, it is immaterial how the
lines are arranged, and how the rate of cutting varies.

18. Magnetic Potential. — The magnetic potential at
any point is measured by the work required to bring a unit
magnet pole up to that point from an infinite distance.
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The difference of magnetic potential between any two
points is measured by the work in ergs required to carry a
unit magnet pole from one to the other. The difference
of magnetic potential is a measure of the ability to send
out lines of force, or to set up a magnetic field.

19. Magnetomotive Force of a Circular Circuit Carry-
ing a Current. — A thin circular conductor carrying a cur-
rent forms a magnetic shell. H a unit magnet pole be
taken from the top side of a shell, and carried around to

the bottom side, work must be
s done, and this work is a measure
o of the difference of potential be-
tween the two sides of the shell.

/\

It is immaterial whether the

i
\'2\»“:’/3 s pole be carried from one side of
G the shell to the other, or the
Fie. 7. shell be turned bottom side up
around the pole. In the latter case it is clear that all the
lines emanating from the pole will be cut once, and once
only, by the conductor, wherefore 4= lines will have been
cut.
If current ¢ flows in the conductor, then, by § 17,

Work in ergs i¢ = 4 .
If there be » turns of the conductor, each line of force
will be cut # times, and the work will be 4mu¢ ergs.

Hence the difference of potential between the two sides

of a thin magnetic shell is 4 =7¢ or 4T"c’:{

. . 47 . .
In this expression To sa constant, and it is convenient

to regard 2/ as a single variable. In connection with it the
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term ampere-turns is employed, and this is frequently
written s/.

Here the same argument holds as in §17, that the inten-
sity of field and the rate of cutting lines will vary as the
pole is in different parts of the path. But the total num-
ber of lines cut is the same in any case, so the expression
for work and potential is true, no matter what path the pole
takes.

20. Force Exerted on a Field by a Conductor Carrying a
Current. — When a conductor moves in a field perpendicu-
lar to itself and to the lines of force, then, from § 17,

Work = i;ﬁ ergs.

If the conductor be / centimeters long, and traverses a dis-
tance of s centimeters through a uniform field of strength
X (3 lines per sq. cm.), then

¢ = /53C,
and the
Work = 7 JC ergs.
But
Work = force X distance = Fs = #53C.

o F=4d% =IIL:—C dynes.

21. The Solenoid. — A uniformly wound, long, straight
coil, carrying a current 7, produces a uniform field 3C at its
center. This coil is called a solenoid, and may be consid-
ered as composed of magnetic shells arranged at equal dis-
tances from each other. It takes 4«7 ergs to move a unit
magnet pole from one side of a shell to the other (§ 19),
and 4=7n ergs to pass it through the n consecutive shells
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of the solenoid. If these » shells occupy a length on the
solenoid of / centimeters, then

Work = force X distance = 3! = gwin ergs,

and the magnetizing force, that is, the strength or intensity
of field, in the solenoid is
3 — qmnl )
10/

22. Permeability. — The same difference of magnetic
potential between two points will produce more lines of
force in iron than in air. Iron is then said to be more per-
meable than air, or to have a greater permeability. 1f a
difference of magnetic potential could set up, at a certain
place, a field of strength 3¢, with air as a medium, and one
of strength ®, with some other substance as a medium,

then the ratio 3—2 expresses the permeability of that sub-

stance. This ratio is usually represented by u. As 3¢
varies directly with the magnetic difference of potential, it
becomes a measure of it. Therefore 3 is called the mag-
netising force and ® the flux density, the magnetic density,
or the induction per square centimeter. For air, vacuum,
and most substances p = 1. For iron, nickel, and cobalt p
has a higher value, reaching, in the case of iron, as high
as 3000. Bismuth, phosphorus, water, and a few other sub-
stances, have a permeability very slightly less than unity.

A substance for which p =0 would insulate magnetism.
There is no such substance.

The total magnetic flux, ¢, which passes through an
area of A square centimeters, in which the magnetic density
is ®, is represented by the equation

¢ =AG®.
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The permeability of air is constant for all magnetizing
forces. This is not the case with iron and other substances
which have a permeability greater than unity. The value
of u, ®, and J¢, which are connected by the relation ® = u3C,
are given in the following table for average commercial
wrought iron, for cast iron, and for steel. The relations
which exist between ® and 3C are also shown in Figs. 8, g,
and 10. These curves are technically known as ®-3C
curves.

DATA FOR ®-JC CURVES.

AVERAGE FIRST QUALITY METAL.

WROUGHT AND

Aurxre-| 4 o | Snser Irow. Cast Irow. CasT STREL.
TURNS TURNS
JC | rur Cex- PER INCH Kiro- Kiro Kito
TIMETER LINES P Kio-
Laxcrh. | LENGTH. ® PER ® by ® Ink
Sq. In. Sq. In. Sq. In.

10 7.95 20.2 | 11800 | 74 3900 | 25.2 | 12000 | 77
20 15.90 40.4 14000 | 90 5500 | 35.5| 13800 | 89
30 23.85 606 | 15200 | 98 6500 | 420 | 14600 | o4
4 | 318 80.8 | 15800 | 102 7100 | 457 | 15400 | 99
50 39.75 101.0 16400 | 106 7700 | 49.5 | 16000 | 103
60 47.70 121.2 16800 | 108 8200 | 53.0 | 16400 | 106

8o 63.65 161.6 17200 | 111 8goo | 57.2 | 16700 | 108
100 79.50 | 2020 | 17600 | 114 9300 | 6o.o | 17600 | 113
125 99.70 | 252.5 17800 | 115 9700 | 62.4 | 18200 | 117
150 | 119.25 | 303.0 | 18000 | 116 | 10100 | 658 | 18Goo | 120

JC=1.258 (n/ per cm.) = 495 (»/ per in.). ® =.155 (¢ per sq. in.).

23. Things Which Influence the Shape of the ®-3¢ Curve.
— In general all substances mixed with or alloyed with iron
lower its permeability. In steel and cast iron the per-
meability seems to be in inverse proportion to the amount
of carbon present. Carbon in the graphitic (not combined)
form lowers the permeability less than carbon when com-
bined. In cast iron and cast steel such substances as tend
to give softness and greater homogeneity to the metal
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when present in limited amounts, say 2 per cent, increase
the value of p.. Aluminum and silicon act in this way.

The physical condition of the metal also affects its per-
meability. Chilling in the mold, when casting, lowers it, as
does tempering, or hardening the metal by working it. On
the other hand, annealing increases the permeability.

A piece of iron or steel, subjected toa small magnetizing
force, has its permeability increased by increasing the tem-
perature until a ¢critical temperature is reached, when it falls
off rapidly to almost unity. For stronger magnetization
the permeability does not rise so high at the critical tem-
perature, and does not fall off so sharply after it. The
value of this critical temperature lies between 650° C. and
go0° C., depending on the test piece.

24. Reluctance and Permeance. — In the flow of mag-

. 4. . e, T
netic lines of force the reciprocal of the permeability, @ is
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called the reluctivity. The total reluctance, tending to
oppose the passage of magnetic lines under the influence
of a magnetic difference of potential, is directly as the
length and the reluctivity of the medium and inversely as
ns cross-section. Hence the total magnetic resistance or

length

————reluctivity.
cross-section

Reluctance =

Reluctivity is usually represented by p(=£). Hence for

a medium of cross-section 4 square centimeters and length
/ centimeters, the reluctance

!
= 2 P.
Permeance is the reciprocal of the reluctance, hence the
permeance 4 4
C====pn
b

It must be remembered that p and p are not constant for
any one substance, but depend for their values upon the
strength of the magnetizing force 3¢ which is acting upon
the substance.

25. Relation Between Magnetomotive Force, Magnetic
Flux, and Reluctance. — These quantities are related to
each other the same as are £.M.F., current, and resistance,
viz, Flux = Magnetomotive Force

Reluctance

In this respect electric current and magnetic lines are
similar. However, while electric circuits, in the main, ex-
ist in media of zero electric conductivity, and therefore
permit of accurate calculations, there being no appreciable
leakage, magnetic circuits must be situated in media which
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have permeabilities of at least unity. In the latter case
much leakage is present, and precise calculations are out of
the question. . In the designing of dynamo electric ma-
chinery, however, one or more paths of low reluctance are
presented to the magnetizing force, and these are pro-
tected by being so shaped that leakage paths offer a com-
paratively high reluctance.

26. Hysteresis. — If a piece of iron become magnetized,
and the magnetizing force be then removed, the iron does

Pig. 1.

not become completely demagnetized. A certain magnet-
izing force in the opposite direction must be used to bring
it to a neutral state. This phenomenon has been termed
kysteresis. Because of hysteresis a 8-JC curve taken with
continuously zncreasing values of 3¢ to the maximum and
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then with continuously decreasing values of 3¢ to a negative
maximum, and so on, will assume the shape shown in Fig.
11. The distance O A represents the coercivity, that is,
the magnetizing force necessary to bring the iron from a
magnetic to a neutral state. The distance O C represents
the retentivity, that is, the amount of magnetic induction
left in the iron after the magetizing force has been removed.
The area inclosed by the curve represents the energy lost
in carrying the iron through one cycle, i.e., from a maximum
magnetization to a maximum in the opposite direction and
back to the orginal condition.

For suppose the magnetization to be due to a current /
flowing in a solenoid of » turns. 1If, in a short interval of
time a7, a change of d¢ be made in the flux which is linked
with the solenoid, then this change will induce an E.M.F.
in the solenoid which during the interval of time 7 will be
equal to

nde
= 1_08(-/} volts.
During this time work must be performed to maintain this
current /, and its magnitude is

for /dr represents the quantity of electricity which is trans-
ferred from one point to another, between which there ex-
ists a difference of potential £. Now ¢ = A® (§ 22) and
10 3¢/
4

hence d¢ — Ad®. Furthermore, n/ =
the work during the time 47 is

(§ 21). Hence

E7dt =-£L 3 Z® joules.
10'4m
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Supposing the magnetizing force to vary cyclically, taking
T seconds to make one cycle, then the work per cycle is

EIT= —— | 3Xd® joules.
10'4m —®
If the number of cycles completed in one second be £, then
f= _,ll—,, and the work in joules per second, that is, the power
in watts, equals
+®,.. +8,,..
7= [a® =219 fyolume [3>4G
_&m ro _(Bma.:

The integral expression is evidently the area contained by
the hysteresis loop.

27. Steinmetz’s Law. — The value of the integral ex-
pression is dependent upon ®,.. upon the retentivity of
wie kind of iron, and upon its coercivity. Steinmetz has
shown that for all practical purposes the value of the inte-
gral may be expressed by the empirical formula

1 +&n«u 6
and g =

where % is a constant depending upon the kind of iron,
Its value is given in the following table : —

HYSTERETIC CONSTANTS.

Best soft iron or steel sheets. . . . . . . . . o.001
Good soft iron sheets . . . . . . . . . . . 0002
Ordinary softiron . . . . . . . . . . . . . 0003
Soft annealed cast steel . . . . . . . . . . . 0.008
Caststeel . . . . . . . . . .. .. .. . ooI2
Castiron . . . . . . . . ... .. .. . 0016

Hardcaststeel . . . . . . . . . . . . .. 0.025
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The hysteretic constant, if at first small, grows with age.
Its increase can be hastened by continued heating.  The
increase may amount to 200 per cent. Annealing, while it
increases the permeability, also increases the hysteretic
constant, if it be originally very small.

The magnitude of the hysteretic constant is largely de-
pendent upon the mechanical structure of the iron. To
attain the smallest value the iron should not be of homoge-
neous structure, but should have a greater density in the
direction perpendicular to the direction of flux.
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CHAPTER IIIL.
ARMATURES.

28. Dynamos. — Dynamos may be defined as machines
to convert mechanical energy into electrical energy by
means of the principle of electromagnetic induction. In
all commercial machines the mechanical energy is supplied
in the form of rotation, and the electrical energy is deliv-
ered either as “direct current ” or “alternating current.”
These machines are also frequently called generators.

29. Principle of the Action of a Dynamo. — If a loop of
wire be revolved in a magnetic field about an axis perpen-
dicular to the lines of force, as in Fig. 12, then each side
(but not the ends) of the loop is a conductor moving across
the lines of a magnetic field, and as such will have an
E.M.F. induced in it. Since the motion of one conductor
is up while that of the other is down, the directions of the
induced E.M.F’s in the two sides will be opposite to each
other, and since they are on opposite sides of a loop, the
pressure will be cumulative; i. e, instead of neutralizing
each other, the two pressures will be added to each other.
If now the two ends of the wire from which the loop is
made be respectively connected with s/p rings, and a cir-
cuit be completed through contacts sliding on them, a cur-
rent will flow. When the loop, in its revolution, reaches a
position (as illustrated in Fig. 12) such that the conductor
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that was previously moving upward begins to move down-
ward, then the direction of the induced E£.M.F. will be
changed in both sides of the loop, and the direction of the

Pig. na.

current through the circuit will be changed. For each
complete revolution the current changes direction twice.
It is an alternating curvent, and the supposed machine is
an alternating curvent dynamo, or simply an alternator.

e 30. The Principle of the
Commutator. — A commu-

tator is used on the shaft of
a machine when it is de-
sired to get a direct or ree-
S T tified current. For the
single loop in the above
case, the commutator (Fig.
13) would consist of two similar cylindrical parts of metal,
insulated from each other, and affording sliding contact for

Fig. 13.
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two brushes. One end of the wire of the loop is attached
to one piece of the commutator, and the other to the other.

The brushes are so placed that at the instant the in-
duced E.M.F. in the loop changes its direction, the brushes
slide across from one se¢gment of the commutator to the
other, and thus the current, while reversed in the loop, is

Pig. u.

left flowing in the same direction in the outside circuit.
If the loop were wound double before the ends were at-
tached to the commutator segments, and if the speed of
revolution and the strength of the magnetic field were both
maintained constant, twice the £.M.F. would be produced,
but no more commutator segments would be necessary
(Fig. 14).

In the above cases at the instants of commutation there
would be no £E.M.F. produced, and hence the current would
fall to zero twice every revolution. If two coils were placed
90° apart, one or the other would always be cutting lines
of force. Hence at no time could the pressure be zero.

-
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To satisfactorily collect current from this arrangement re.
quires four commutator segments and a system of connec-
tions similar to that shown
in Fig. 15. In this case
the £.M.F. would fluctu-
ate, but not so badly as in
the previous case. If we
increase the number of
loops, and correspondingly
increase the number of
commutator segments, we
decrease the fluctuation

Fie. 1. of the E.M.F. until it be-
comes practically constant. In a bipolar machine with 12
commutator segments the fluctuation is 1.7 per cent of the
total EM.F.

31. The Armature. — In a dynamo, the loops of wire in
which E.M.F. is induced by movement in a magnetic field,
together with the iron core that sustains them, with the
necessary insulation, and with the parts connected imme-
diately thereto, constitute the a»marure of a dynamo. The
conductors in which the
E.MF. is generated are
called the inductors. An
armature in which both P ¥
sides of the loop of wire
cut lines of force, as in
the cases just described,
is called a Drum Arma-
ture. A kind of armature less generally used is the Ring
Armature, illustrated diagrammatically in Fig. 16. Here

Fig. 16.
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the lines of force emanating from the N. pole of the field
magnets flow through the iron core of the ring, and very
few across the air space inside the ring. Hence when
wires are wound on the ring, and the whole is revolved
about an axis perpendicular to the plane of the ring, only
the wires on the outside face of the ring cut lines of force,
those on the inside serving only to complete the electrical
circuit. So a smaller portion of the wire on a ring arma-
ture is in action than on a drum armature.

A drum armature of large diameter and of short length
in the axial direction has more wire exposed on its ends
than on its periphery. The pole pieces are sometimes
placed at the ends, and the armature is then called a Disk
Armature. This type is seldom used in this country.

32. The Field Magnets. — Almost all dynamos have
their magnetic fields produced by electro-magnets. These

Pig. 17.

are called the field magnets. In small machines these are
usually bipolar, i.e.,, having one N. and one S. pole, with
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the armature revolving between. In large machines it is
usual to use multipolar field magnets, in which any even
number of poles alternately N. and S. are arranged in a
circle with their faces concentric with the armature.

Bipolar machines are made in many forms, a few of
which are shown in Fig. 17.

The magnetizing coils may be on both legs of the mag-
net, on one leg, or on the yoke which connects the two legs.
In the double horse-shoe type there are four windings, one
on each of the four legs. Such a field is sometimes said
to be of the consequent pole type.

33. Capacity of a Dynamo. — By § 13, in a bipolar
machine the average pressure between brushes equals the
product of the number of lines cut into the number of in-
ductors cutting them, divided by the time in seconds of
one revolution. Since each line is cut twice in one revolu-
tion by each conductor, the formula for the E.JM/F. pro-
duced by the machine is

E=V$S
60 10°
where V' is the number of revolutions per minute, ¢ the
total flux through the loops, and S the number of inductors.
In drum armatures S = twice the number of loops; in ring
armatures S = the number of loops.

The capacity of a machine is measured by the watts it
can send out, hence the capacity varies as £/. It is seen
from the foregoing formula that the £ of any machine may
be increased by increasing either 7, ¢, or S.

The value of ¥ is limited, (1) by considerations of me-
chanical safety and economy, and (2) by the desirability, in
the case of a dynamo, of directly connecting it to the steam
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engine or other prime mover, and in "the case of a motor
the connection of it to the machine it operates. .The speed
of small machines is greater than that of larger ones; but
the peripheral velocity, that is, the velocity of a point on
the exterior of the armature, for all sizes, lies between 25
and 100 feet per second on belt-driven machines, and be-
tween 25 and 50 feet per second on direct connected
machines. On large (say 2,000 K.w.) multipolar machines,
having great diameter of armature, these values are often
exceeded.

The value of ¢ depends upon the size of the machine,
and the permeability of the metal of its frame. To get a
large and economical ® the metal parts of the field magnets
are designed to have a very low magnetic reluctance. The
air-gap between the pole pieces and the armature, and the
space occupied by the revolving inductors, are each made
small. The armature inductors are wound upon an iron
core of low magnetic reluctance. These cores are fre-
quently slotted and the windings laid in the slots. Besides
reducing, to a certain extent, the magnetic reluctance by
this construction, a good mechanical means is furnished
for driving and protecting the inductors. Wires wound on
the exterior of a plain cylinder, or smootk core, under the
influence of high speeds and the “magnetic drag” which
they experience have a serious tendency to rub one an-
other, and chafe the insulation to its final destruction.
The armatures having slotted cores, which are also called
toothed core armatures, are to be recommended for gene-
rators that will be obliged to work under wide variations of
load. They cost more to build than smooth-core arma-
tures.

The numbers of inductors S on an armature can be in-
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creased by decreasing the size of the wire. Sufficient
cross-section must, however, be left in the inductors to
carry the maximum current of the machine without causing
a heating of the armature to such a point as to endanger
the insulation. Good practice calls for from 400 to 8oo
circular mils cross-section of armature conductor per am-
pere. The smaller values are for intermittently acting
machines — elevator motors for example. The larger
values are for machines that run continuously, such as
central-station generators.

34. Eddy or Foucault Currents in Armature Cores. —
It is evident that an imaginary axial lamina of the iron core
of an armature is a conductor moving in a field, and there-
fore has in it an induced £ .M. F. Since this lamina in it-

Pig. 18.

self forms a closed circuit, currents, called Foucault or eddy
currents, will flow in it, Fig. 18, and their energy will
appear in the form of heat, which will produce an undue
elevation of temperature of the armature. To avoid this
the iron of the core is laminated at right angles to the axis
of revolution, and the laminae are insulated from one
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another. The heating due to eddy currents is proportional
to the square of the thickness of the disks or laminae.
Commercial and mechanical reasons limit the decrease of
thickness. In good practice the thickness of armature
disks varies from .01” to .06.”

For insulation between the disks reliance is usually
placed on the iron oxid that forms on them during their
manufacture. Generally every six disks or so a further
insulation is interposed by the use of shellac, japan, or
paper. Milling slots in laminated armature cores after set-
ting up causes burrs. These bridge the insulation between
the disks, and militate against the advantages sought after
by lamination. For small armatures the disks are punched
whole from sheet-iron, with the teeth and holes for the
shaft. These punchings are assembled on the shaft, and
held in place by brass collars set down on either side of the
pile by nuts on the shaft or by similar devices. In large
machines, parts or segments of the whole periphery are
punched separately, and these are assembled with joints
staggered. These large laminae are not directly attached
to the shaft, but are mounted upon a spider, which in turn
is connected with the shaft. A complete spider and core
is shown in Fig. 19.

In large armatures it is usual to make ducts or venti-
lating passages in the core by occasionally separating the
disks by the interposition of blocks of insulating material.
Such ventilation carries off the heat, and lessens the rise of
temperature of the armature when in operation.

35. Rating of Machines. — The American Institute of
Electrical Engineers recommends that all electrical and
mechanical power be expressed, unless otherwise specified,
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in kilowatts ; that the full-load current of an electric gene-
rator be that current which, with the rated full-load volt-
age, gives the rated kilowatts; that all guaranties on heat-
ing, regulation, and sparking should apply to the rated
load, except where expressly specified otherwise; that
direct current generators should be able to stand an over-
load of 25 per cent for one-half hour without an increase
of temperature elevation exceeding 15° C. above that
specified for full load; and that direct current motors
should, in addition, be able to stand an overload of 50 per
cent for one minute.

Concerning the normal permissible elevation of tempera-
ture the following statements are taken from articles 25 to
31 of the Institute's Standardization Report : —

«“ Under regular service conditions, the temperature of
electrical machinery should never be allowed to remain at
a point at which permanent deterioration of its insulating
material takes place.

«“The rise of temperature should be referred to the stan-
dard conditions of a room temperature of 25° C,, a baro-
metiic pressure of 760 mm. and normal conditions of
ventilation ; that is, the apparatus under test should neither
be exposed to draught nor inclosed, except where ex-
pressly specified.

«If the room temperature during the test differs from
25° C, the observed rise of temperature should be cor-
rected by } per cent for each degree C. Thus, with a
room temperature of 35° C., the observed rise of tem-
perature has to be decreased by 5 per cent, and with
a room temperature of 15° C., the observed rise of tem-
perature has to the increased by 5 per ‘cent. The
thermometer indicating the room temperature should
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be screened from thermal radiation emitted by heated
bodies, or from draughts of air. When it is impracti-
cable to secure normal conditions of ventilation on ac-
count of an adjacent engine, or other sources of heat, the
thermometer for measuring the air temperature should be
placed so as fairly to indicate the temperature which the
machine would have if it were idle, in order that the rise of
temperature determined shall be that caused by the opera-
tion of the machine.

« The temperature should be measured after a run of
sufficient duration to reach practical constancy. This is
usually from 6 to 18 hours, according to the size and con-
struction of the apparatus. It is permissible, however, to
shorten the time of the test by running a lesser time on an
overload in current and voltage, then reducing the load to
normal, and maintaining it thus until the temperature has
become constant.

«In apparatus intended for intermittent service, as rail-
way motors, starting rheostats, etc., the rise of temperature
should be measured after a shorter time, depending upon
the nature of the service, and should be specified.

«In apparatus built for conditions of limited space, as
railway motors, a higher rise of temperature must be
allowed.

«In electrical conductors, the rise of temperature should
be determined by their increase of 1esistance. For this
purpose the resistance may be measured either by galva-
nometer test or by drop-of-potential method. A temperature
coefficient of 0.4 per cent per degree C. may be assumed
for copper. Temperature elevations measured in this way
are usually in excess of temperature elevations measured
by thermometers.
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« It is recommended that the following maximum values
of temperature elevation should not be exceeded : —

COMMUTATING MACHINES.

Field and armature by resistance, 50° C.
Commutator and brushes by thermometer, 55° C.
Bearings and other parts of machine, by thermometer, 40° C.

« Where a thermometer, applied to a coil or winding, in-
dicates a higher temperature elevation than that shown by
resistance measurement, the thermometer indication should
be accepted. In using the thermometer, care should be
taken so to protect its bulb as to prevent radiation from it,
and, at the same time, not to interfere seriously with the
normal radiation from the part to which it is applied.

« In the case of apparatus intended for intermittent ser-
vice, the temperature elevation, which is attained at the end
of the period corresponding to

aof} LLLLLLLLLL L1 the term of full load, should

=] 300 K. W, 8iZE 260 1] ° .
o st omano o— not exceed 50° C. by resistance

:J ATTAM A CONSTANT TEMPERATHIRE / . . . .
200 0 mnm:::luu‘:muc co, A 1N electric circuits. In the case
HA » of railway, crane, and elevator
loo": y motors, the conditions of ser-
= 5 vice are necessarily so varied
. g that no specific period corre-
sponding to the full-load term
GOAQ ¥ TEAMS OF FULL|LOAD | 433

0 1 2 3 can be stated.”

Pig. 5. The manner in which temper-
ature elevation is affected by size of load and duration of
full load is shown in Figs. 20 and 21. The temperature
of stationary surfaces rises about 80° when radiating one
watt per square inch. The rise is but 15° to 20° when the
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surface is rotating at 3,000 feet per minute in such a
manner as the surface of an armature rotates, and amounts
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to but 10° to 12° at a speed of 6,500 feet per minute.
Within limits, the ratio of rise of temperature to radiation
per unit surface is linear.

36. Definitions Concerning Armature Windings. — In
some dynamos the inductors and commutator segments are
not all electrically connected with each other. In such
cases the winding is called an open-coil winding. This
definition must not be made to include the double or mul-
tiple windings to be described later, wherc two or more
closed-coil windings on the same core are not electrically
connected to one another. Fig. 22 shows a primitive open-
coil winding. In this type only those inductors on whose
commutator bars the brushes may for the moment be rest-
ing are in series with the external circuit. All the other
inductors are cut out and idle.

Open-coil windings are used chiefly on arc-lighting dyna-
mos, and will be further discussed in a following chap-
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ter devoted to such machines. Closed~coil windings are
much more generally used. In this case all the inductors
are engaged all the time, save when short circuited at com-
mutation, in adding £. M F. to the circuit. Although there
are many kinds of closed-coil windings, they are all alike
in that the inductors form one or more endless circuits
completely around the armature core.

Before showing some of the many types of closed-coil
winding it will be well to define some of the terms used.

Fig. 2a.

By inductor is meant that part of the winding conductor
which lies on the face of the armature that sweeps past
the pole pieces, and is that part of the conductor in which
EAMF. is induced. In the following descriptions when
one inductor is mentioned there may be in reality a num-
ber of wires; and, again, a loop said to be formed by two
inductors may be a loop of many turns, but the connec-
tions and placing would be the same as if actually there
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were only one inductor. It simplifies the diagrams to
treat the subject in this manner.

That part of an armature winding which is electrically
connected directly between two consecutive commutator
segments is called a coz/.

A two~circust winding is one in which the current, on
entering the armature at one brush, finds two paths by
which it reaches the other brush. Since a closed-coil
winding is endless, there must invariably be two paths
when two brushes are used.

A four<circuit or multi-circuit winding is one in which
the current finds four or more paths through the arma-
ture. There are at least two circuits for every pair of
brushes used in collecting the current, unless the commu-
tator bars are cross-connected, as in Fig. 25.

If a winding is so arranged that one commutator bar
under a brush carries all the current from one side of the
armature to that brush, then the winding is said to be
stngle. 1f, however, the windings are so arranged that
two or more bars convey this current to the brush at once,
or if the current is commutated at two or more points on
the contact surface of the brush, then the winding is said
to be dowble or multiple. Triple and quadruple windings
are not infrequent on machines which carry very heavy
currents.

A singly-re-entrant winding is one in which, by successive
angular advances, all the coils have been laid when an
advance of 360° has been made. To be doubly-re-entrant
wound the angular advance between successive coils, in the
order of their winding, is doubled ; and the whole winding
is not complete until the armaturc has been gone around,
angularly, twice, i.e., through an advance of 720°. On the
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second time around the coils fill up the interstices left by
the doubled pitch of the first round. 7riply and guadruply
reentrant windings are used. In these the circuit passes
around the armature three or four times. Any closed-coil
winding, single or multiple, may be singly or multiply re-
entrant, the re-entrancy being reckoned as great as that of
any single winding on the armature.

The two principal types of closed-coil armatures are
the gramme or ring armature, and the drum.

37. Ring-Armature Windings. — As the name implies,
the ring-armature core consists of an annular ring around
which the armature conductors are wound in a continuous
spiral, or two or more separate but interleaved spirals in
multiple windings. These are tapped off at equal inter-
vals to the commutator bars. In ring armatures there is
but one inductor per loop of wire, the return being on the
inside of the ring where there is no magnetic flux. This
winding, though less generally used than the drum winding
is simpler and much more easily illustrated, and will be
treated first.

Fig. a3. Fig. a4.

Fig. 23 shows the simplest of all dynamo armature
windings. It is a bipolar, singly-re-entrant, two-circuit,
single winding.

Fig. 24 shows a four-pole, four-circuit, singly-re-entrant,
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single winding. The number of coils should be a multiple
of the number of poles to electrically preserve a balance in
the four branches or circuits.

Fig. 25 is the same as Fig. 24 save that the commutator
bars are cross-connected. The current that would flow
out of two brushes in the previous case, now flows out of
one brush. This form is seldom used, since it reduces by
half the brush contact surface, and thus doubles the heat

Fig. as.

loss in the transition of the current from the commutator
to the brush.

Fig. 26 shows a four-pole four-circuit singly-re-entrant,
single winding, where only half as many bars are used as
there are coils. A disadvantage is that coils of considerable
difference of pressure are adjacent, thus increasing the
difficulty of properly insulating them. Ordinarily, if it be"
desired to halve the number of bars, it is better to unite
two adjacent coils in series, and treat them as one. But
if the magnetic distribution be uniform, this method of
connecting two coils that are in different parts of the field
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in series averages up the inequalities and facilitates spark-
less commutation. )

Fig. 27 shows a bipolar, two-circuit, singly-re-entrant,
double winding. The advantages of the double winding
are: the current is commutated
at two points of the bearing-sur-
face of the brush, and therefore is
only half as heavy at any one point
as when only a single winding is
used ; and the successive bars of
one winding are separated by the
width of one bar plus two insula-
tions, thus making the short cir-
cuiting of a coil by dirt, arc, or
injury very unlikely.

In multipolar windings a distinc-
tion is made between the ¢short-
connection ” and the “long-connection” types. In the
short-connection type coils in adjacent fields are connected
in series, while in the /long-con-
nection type coils twice as far
apart are connected together.

Fig. 28 shows a long-connec-
tion, two-circuit, four-pole single
winding. Here only slight dif-
ferences of potential exist be-
tween contiguous coils.

Fig. 29 represents a ten-pole,
long-connection, two-circuit, sin-
gle winding. In these long-con-
nection types, which are all more or less highly re-entrant,
small mention is made of the re-entrancy. Strictly accord-

Fig. 28,
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ing to definition, the winding in Fig. 29 is re-entrant nine
times.

Fig. 30 is a four-
pole, skort-connection,
two-circuit, single wind-
ing. Besides the com-
plication of the wind-
ings, this form as well
as all other short-con-
nection windings, is
open to the objection
that the contiguous
coils have, periodically,
the full E.A7F. of the
machine between them,
making heavy insulation necessary.

Fig. 31 gives a four-pole, two-circuit double-wound

Fig. a29.

Fig. 30. Fig. s1.

armature, and Fig. 32 gives a similar winding for a six-
pole machine,
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38. Drum Armature Windings. — Windings for drum
armatures are more varied and more complex than those
for ring armatures, and are much harder to portray dia-
grammatically. But few will be shown.

The most simple of these windings is shown in Fig. 33.
The diagram shows the drum and inductors in section,
with the connections of the commutator end in full lines
and those of the back (pulley) end in dotted lines. Those
inductors marked with a + are supposed to carry a current
in the direction from the observer into the paper, and

Fig. m. Fig. 33.

those with a point are supposed to carry a current from
the page to the observer. Those not marked are parts of
coils short-circuited by the brushes. This winding was
devised by von Hefner-Alteneck, and may be used on any
bipolar armature having half as many commutator bars as
slots, or, if it be smooth core, as many bars as coils. If »
be the number of bars and 27 the number of slots, then
the wire is started at bar I, passed back through slot 1,
across the pulley end to slot # (or sometimes ~ + 2, in the
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figure » = 8). It is then brought forward through slot #,
and attached to bar 2. From bar 2 it passes back through
slot 3, across the back end and forward through slot » + 2
and connects to bar 3. Thus passing back through the
odd-numbered slots and forward through the even-num-
bered slots, 7 coils can be made to fill the 27 slots and
each can be attached to its own commutator bars.
Fig. 34 is very similar to the last, save that the wires
are laid two layers deep, thus allowing the conductor that
passed through slot 1 to return
through slot z 4 1 which is
diametrically opposite.  Both
this winding and the last are
classed as two-circuit single
windings.

In a bipolar machine a clord-
wound drum armature is one in
which the two inductors of one
loop are appreciably less than
180° apart, so that the wire at

Fig. u. the back end is a chord rather
than a diameter of the circle of the drum. The advan-
tages of this winding are that, on a given drum, it de-
creases the total length of wire necessary to give a definite
number of inductors, and that it reduces the bunching and
overlapping of the wires at the pulley end of the drum.
The disadvantage is that it is impossible to secure a per-
fectly electrically balanced winding by this method. This
objection does not hold in the case of multipolar gene-
rators, hence all multipolar drums are chord wound.

In the following figures the numbered radial lines will
represent armature inductors, the lines inside of them will
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represent their connections to the commutator segments,
and the lines outside of them will represent the cross
connections between inductors at the pulley end. The

brushes are placed in-
side the commutator
for convenience and
clearness.

Fig. 35 represents a
six-circuit, single wind-
ing with 8o inductors
and 40 segments. In
practice the inductors,
instead of all lying be-
side each other, would
probably be wound one
on top of another in
one slot.

[} N

9
RS

e,
y,.::’,;"""l’#’ e

$ 0%

Fig. 3s.

Fig. 36 shows a rather simple single winding. Although

it is four pole it is but
two circuit, in which it
resembles Fig, 37, which
is, however, a triple wind-
ing.

Fig. 38 gives a six-
pole, two circuit, double
winding.

In winding armatures,
double or triple cotton in-
sulated copper wire is
generally used. Care
must be taken to well in-

sulate the wires, both from each other and from the core.
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Many of these styles of winding create very complex

Fig. 37.

masses of wire on the
ends of the drum, and
great carc must be ex-
ercised both in regard to
insulating and fastening
at these points, so that
the movement of the
wires under the influence
of the “magnetic drag”
may'not chafe the insu-
lation and short-circuit
the conductors. Mica is
the best insulator, and is

used where flat sheets are needed; but its great cost, and
the difficulty of manipulating it, result in the extensive use
of canvas, oiled paper, rubber tape, vulcanized fiber, and

many patented manufac-
tured insulators. Much
reliance is placed upon
the liberal use of japan
and shellac, especially in
conjunction with canvas.

Where very large
wires are used on the
surface of an armature,
eddy currents are set up
in them by reason of one
side of the wire being
in a stronger field than
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the other. To avoid this a number of smaller insulated
wires are wound in parallel, to take the place of the larger
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one, or what is more economical of space, thin copper bars
set edgewise take the place of the round wire.

In the winding of multipolar armatures it is possible to
use formed coils, which are wound on a separate collapsible
forming block, and are afterward applied to the core. This
method is advantageous in that better insulation can be as-
sured, and damaged or burned-out coils can be replaced
without disturbing all of the windings. Fig. 39 shows a
General Electric Company’s formed coil, and Fig. 40 some
of the Crocker Wheeler coils.

Pig. 2.

All armatures, whether wound with wire, or formed coils,
or shaped conductors, must be banded around to prevent
dislodgement of the conductors under influence of cen-
trifugal action. The wire used for this purpose is gener-
ally of hard-drawn brass or of phospher bronze, and on
railway motors of steel. It is wound over insulating strips
forming a band of several turns. The completed turns
are often sweated together with solder.

Many manufacturers punch a small recess in each side
of the teeth near the face. A strip of maple wood is fitted
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¥ig. 40.
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Fig. 41. Fig. qa.

into the recesses, and acts like a cover to the slot, firmly
holding the windings in place, and presenting a neat ap-
pearance,

Figs. 41, 42, 43 show respectively a core, a partially
wound, and a completed General Electric Company’s arma-
ture. Figs. 44 and 45 show small Westinghouse types.
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Fig. 45.
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39. Commutators. — The segments or bars of a commu-
tator are always of drop-forged, or hard-drawn copper.
The insulation between them is always of mica. There
are various grades of mica ; and for insulating purposes the
amber-colored mica, which must be free from iron, is to be
preferred. Besides being a good insulator, amber mica has
the additional advantage that it wears at the same rate as
copper ; thus after long use it leaves neither elevations nor
depressions on the commutator surface.

In fastening the bars considerable ingenuity is displayed ;
for they must not displace themselves with reference to
the windings, neither must one bar lift so as to be above
the level of its neighbors. If the latter occurs, then, when
the bar comes under a brush, it will lift it; and as the
high spot moves out from under the brush the contact is
broken until the spring can reseat the brush. This causes
excessive wear and destructive sparking.

After a commutator has been for a time in use, it becomes
grooved and pitted, a condition which causes further spark-
ing and wear, and the commutator must be turned down
again to a true surface. The design of a commutator
should allow of good operation after it has been subjected
to this treatment.

Mechanical friction and the electrical losses that accom-
pany commutation will raise the temperature of the com-
mutator about 5° C. above that of the armature. To
secure successful operation a commutator must be de-
signed with a sufficient number of bars, so that the differ-
ence of potential between two adjacent bars shall not
exceed 10 volts. This would mean that a 100-volt bi-
polar machine should have at least 20 bars. The potential
between the brushes or around 4a/f the commutator is 100
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volts, hence half the commutator must have 10 bars.
There is no general rule for the length of a commutator
bar, but one may roughly say that there should be at least
one inch per 100 amperes.

Commutators should be designed so as to expose a suffi-
cient area to radiate the heat which is communicated to
them. Except in the case of some special commutators,
which are supplied with cooling devices, at a peripheral
speed of 2,500 feet per minute, the radiation of one watt
per square inch of peripheral radiating surface will re-
sult in a rise of temperature of 20° C. The permissible
rise of 55° C., therefore, allows a radiation of 2.75 watts
per square inch. The heat to be radiated is due to the fol-
lowing causes : —

a. Friction between the brushes and the commutator

- X 6\ ..
bars. This is equal to (2—7—)(74—> times the product of
33,000

the following quantities : The radius of the commutator in
feet, the speed in revolutions per minute, the coefficient
of friction between the brushes and the commutator (0.3
for carbon brushes and o0.25 for copper brushes), and the
sum of the pressures of all the brushes upon the commuta-
tor. This latter should amount to 1.25 Ibs. per square inch
of rubbing surface. Copper brushes permit 200 amperes
per square inch of rubbing surface, and carben brushes
40 amperes. )

4. The contact resistance between the brushes and the
commutator. As there is always a drop of about one volt
at each point of contact, and as there is a drop at both the
positive and negative terminals, the watts represented by
these contact resistances are numerically equal to twice the
current of the machine.
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¢. The energy represented in the sparking at the brushes
and the heat due to waste currents in the short-circuited
segments. These two losses cannot be accurately calcu-
lated, but may be estimated as equal to about 6 per cent of
the total commutator loss.

Outer mica
Inrer mica
tica collar un
Cap -
Clamping

Shell -

Pig. 6.

Fig. 46 gives a broken-away view of a General Electric
commutator, showing the methods of attachment and insu-
Jation.

40. Collecting Devices. — These consist of the drusies,
the brush lolders, and the rockers.

Brushes for high potential machines are of carbon. Car-
bon against copper causes less wear than copper against cop-
per, and further, the greater resistance of a carbon brush
results in less sparking when it bridges two commutator bars
than would the lower resistance of a copper brush. Com-
bination brushes of carbon and copper are sometimes used.
Carbon brushes are set at an angle generally, though some
makers set them radially ; and in motors that must be re-
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versed, as is the case with railroad and elevator motors,
they are invariably set radially. A surface contact of one
square inch per 40 amperes is usual for carbon brushes.

On low-potential machines copper brushes, set at an angle
of 45° with the tangent to the commutator surface at the
point of contact, are invariably used. This is because there
is less natural tendency to spark on low voltages, and be-

cause the resistance of carbon
brushes would be too great a
fraction of the whole resistance of
the circuit, and cause a wasteful
drop of potential. Copper brushes
must have their ends filed to give
sufficient surface contact, and this
is generally done with the aid of a 7g, illustrated in Fig. 47.
The abrasion of carbon brushes is accomplished by means
of glasspaper.

Brush holders should permit of a low-resistance contact
between the brush and the leads, they should provide ad-
justment as to position and tension of the brushes, and
they should be arranged so that none of the springs shall
get hot and lose temper while in performance of its duties.
The tension on carbon brushes varies from 1 to 10 lbs. per
square inch of contact surface. The lower limit is to be
found in large central station generators, and the higher
limit in small machines and in motors which are subjected
to frequent and sudden strains, as railway motors. The
coefficient of friction between brush carbon and copper
varies from 0.28 to 0.32.

Figs. 48 and 49 plainly show a Crocker Wheeler rigging
with parallel-motion brush holders. Fig. 50 shows a form
of General Electric holder.
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Rockers are rings or attachments carrying the brush
holders, and they are mounted concentric with the com-
mutator. They are made to give all the brushes of the
machine, or sometimes all the positive brushes or all the
negative brushes at once, a motion around the axis, thus
adjusting all brushes by one movement. Fig. 51 shows
such a rocker.

41. Shafts, Bearings, and Oilers. — Since armature
shafts generally have high speeds, and almost always are
subject to sudden large variations of load, the shafts, the

Fig. so.
bearings, and the oiling facilities must be well designed.
Wiener gives the following approximate diameters of steel
shafts for drum armatures: —

For 1oowatts . . . . . . . #inch,
For 1pooowatts . . . . . . . 2 inches,
Forro0co watts . . . . . . . 4}inches,

all to be turned down at the bearings.

It is necessary that the bearing-boxes be exactly in line,
and a form of self-alignment bearing is frequently used. If
undue wear in the bearings occur, the armature is apt to
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sag till it strikes a pole piece, which will damage the arma-
ture. Many machines use ordinary oil cups to secure
lubrication, while others make use of some device, as is
shown in Fig. 52. The shaft revolves in a cylindrical brass
with a spherical enlargement at its middle which rests upon

Pig. s1.

a corresponding spherical bed of Babbit metal. This se-
cures self-alignment. Two slots are cut radially in the
brass, and allow two rings to rest upon the shaft. These
rings are also of brass, and have an inside diameter slightly
larger than the outside diameter of the brass cylinder.
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The pillow block is hollowed away under these rings, the
hollows serving as receptacles for the storage of oil. As the

Fig. 5.

shaft revolves, the rings also revolve at such a rate as to
carry a steady stream of oil up into the slots, thereby
lubricating the bearing.
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CHAPTER 1IV.

FIELD MAGNETS.

42. Parts of Field Magnets. — The parts of a dynamo,
exclusive of the armature, which make up the magnetic
circuit, belong to the field magnets. Fig. 53 shows a con-
ventional bipolar horse-shoe type with the parts plainly
marked. The fie/d cores are the iron centers in the mag-
netizing coils. The yoke connects the cores together at
one end while the other ends terminate in the pole pieces,

Fig. 54.

one being a north magnetic pole, the other a south. The
side of the pole piece embracing the armature is styled the
pole face, and the latter’s projecting edges are fittingly
called the horns. Some dynamos have the magnetizing
coils on the yoke, thus making the latter serve also as
core. In different types different numbers of pieces pre-
vail, thus all the parts (save the coils) might be cast in
one piece or each might be made separately.
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" In multipolar machines the designation of the parts is
somewhat different than in the case of bipolar machines.
The particular designation often depends upon the manu-
facturer. Fig. 54 gives the designation used by the
Crocker Wheeler Company.

43. Magnetic Material. — The materials used for field
magnetic circuits are three, — cast iron, wrought iron, and
cast steel. The selection of material for a given machine
is governed by considerations of (@) weight, (4) first cost,
(¢) economy and satisfactory regulation when in operation.

Cast iron has the great advantage of cheapness; but it is
poor magnetically, hence more weight and bulk must be
employed to perform the same service as the magnetically
superior wrought iron. It costs more in copper to magne-
tize a cast-iron core, because more turns will be required,
and each turn will be longer than if the core were of better
material.

Wrought iron is the best magnetic material available.
It is used either in forgings, or in the form of plates
punched from the sheet. In either form it is expensive; but
since less weight in a given machine is necessitated when
this metal is used, it is often chosen where portability
is required, as in the case of the marine dynamos, electric
railroad motors, and particularly motors for automobiles.

Cast steel is intermediate between cast iron and wrought
iron, both in cost and in magnetic properties, and is much
employed in good practice. The use of different metals in
different parts of the frame is very general. For instance,
a cast-iron yoke is used with cast-steel cores and pole
pieces, or a cast-iron or steel yoke is used with wrought-
iron cores and pole pieces.
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44, Shape of Field Magnets. — There is a great vari-
ety of shapes of field magnets. Formerly each manufac-
turer had a type peculiarly his own, and this led to many
forms, some of little merit. These freak types are now
disappearing, and a few general types are adopted more or
less by all makers. In all forms, however, the polar span,
or part of the armature circle that is covered by pole faces,
is from 65 per cent to 75 per cent, or from 234° to 270°.
In general a small number of poles in the field magnets re-
quires less copper in the exciting coil than does a larger
number, and also the fields can be excited more economi-
cally. But in large bipolar machines successful operation
under varying loads requires a large air gap between the
pole face and the armature. This increases the magnetic
reluctance and the energy necessary for excitation. Multi-
polar machines do not require so large an air gap. Further-
more, increasing the number of poles gives the mechanical
advantage of allowing a lower armature speed without low-
ering the potential of the output. Multipolar machines
will run cooler than bipolars of the same economy of
operation.

Speaking generally, though it is by no means a rule,
bipolar fields are used up to about 10 K.w., four-pole fields
from 10 K.w. to 100 K.W,, six-pole fields from 100 K.w. to
300 k.w.,, and beyond that point eight or more poles are
generally used.

45. Methods of Excitation of Fields.— Dynamos are
classified according to the five methods of exciting the
fields of the machine. They are:—the Magneto, the
Separately Excited, the Shunt Wound, the Series Wound,
and the Compound Wound.
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The magneto generator, Fig. 55, is one in which the
field is a permanent steel magnet, generally of horse-shoe

type.
The separately excited dynamo, Fig. 56, has, as its
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MAGNETO DYNAMO SEPARATELY EXCITED DYNAMO
Fig. ss. Fig. s6.

name implies, its field coils traversed by a current other
than that produced by the machine. Alternating current
machines are nearly always of this type.

The shunt-wound machine, Fig. §7, has a large number
of turns of fine wire wound on its core, and the ends are

([

8&! WOoUu! .
SHUNT WOUND u::m”uo
Fig. s57. Fig. s8.

connected to the terminals of the machine, thus being in
shunt with the outside circuit. The ampere turns requisite
for excitation are obtained by passing a small number of
amperes through a large number of turns.

The series-wound generator, Fig. 58, has all the cur-
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rent that is produced by the armature passed through
large conductors wound with fewer turns around the cores.
The exciting coils are then in series with the external cir-
cuit. The ampere, turns required for excitation are ob-
tained by passing a large current through a small number
of turns.

The compound machine, Fig. 59, is one in which there
are both shunt and series coils on the field magnets. This
method of winding is used for purposes of regulation under
varying loads, as will be explained later. Compound wind-
ings are of two classes, the Jong shunt and the short shunt.
In the former, the current used in the shunt windings is

28

Fig. 5.

also passed through the field windings along with the main
current. In the latter, the current from the shunt coils
passes directly back to the armature, avoiding the series
turns. Figs. 59 and 60 clearly show the two methods.
The short shunt is generally preferred.

46. Field Coils. — The coils of a dynamo must, without
undue elevation of temperature, supply sufficient ampere
turns to give the required excitation. This temperature
rise will not be excessive when about 0.35 watt is radiated
per square inch of outer surface of the coil. If no account
be taken of the ends of the pole and coil, 0.6 watt may be
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allowed per square inch. The field coils have no ventila-
tion due to their own motion as have armatures, hence
about 1000 circular mils per ampere must be allowed in
the wire which composes such coils. The cost of copper
is needlessly increased, if more than the necessary cross-
section be allowed.

Fig. 61.

Field coils are usually wound on brass or iron spools,
shaped to slip over the cores. Sometimes, especially in the
case of small machines, the coils are wound on frames,
which can be collapsed and removed. The coils of series
machines and the series coils of compound machines are
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often wound with copper ribbon instead of wire, or are even
made up of forged copper conductors, having a rectangular
cross-section. This is because the heavy currents require
such large cross-section of conductor that if made of wire
much space would be lost between the wires. The rear
coil in Fig. 61 is a series coil of shaped conductors. This
figure shows both the shunt and the series coil, as wound
by the Westinghouse Company, for a compound multipolar
railway generator. The binding which is seen on the shunt
coils in both illustrations should not be mistaken for the
wires of these coils. Field coils are wound with double
cotton-covered copper wire. Further insulation between
coil and core, and between series and shunt coils, is effected
by the use of fiber, fuller board, and mica.

47. Magnetic Leakage. — Since air is not an insulator
of magnetism, but is simply much less permeable than
iron, it is evident that some of
the lines of force generated by
the field coils will not follow
around the desired path through
pole pieces and armature, but will
take a path through the air and
be of no utility in creating E.M.F.
in the revolving armature. Fig.
62 roughly represents some of
the paths such lines may take.

If ¢, be the total flux caused by the field coils and ¢, be
the flux that passes through the armature, then the coeffi-

cient of magnetic leakage,

=%

and is always greater than unity.
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In practice 4 varies from 1.25 to 1.4 in single horse-
shoe fields, and in the Edison type of inverted horse-shoe
and in double horse-shoe fields it varies from 1.5 to 1.75,
In multipolar machines 4 varies from 1.1 to 1.5.

To find the coefficient of magnetic leakage of small or
moderate sized machines proceed as follows : —

Arrange the field-coils for separate excitation by a cur-
rent that can be conveniently commutated. Suppose the
machine to have a field of the double horse-shoe type, as in
Fig. 63. Take a few turns of fine insulated wire about
the middle of one coil, as ¢, 4, and connect the ends to a

S~

————————.
©

Fig. 63.

ballistic galvanometer of low sensioility. A low-reading
Weston voltmeter will answer. Suddenly commutate
the current in the field coils. The change in direction of the
flux in the core, from + ¢ to — ¢, will induce £.M7.F. in the
test coil, which will give a throw to the voltmeter needle.
The deflection is directly proportional to the flux in the
core. Repeat with the other coil, and the sum of the de-
flections obtained from ¢4 and ¢f is directly proportional
to the total flux produced ¢, Now make a test coil of the
same number of turns and of the same resistance about
the armature, in such a position aé that it includes the area
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of the armature that is cut by the greatest number of lines
of force. Upon commutating tte current a throw of the
needle will result, which is propcitional to the flux in the
armature ¢, Hence the coefficient of magnetic leakage,

¢, defl. at ed + defl. at ¢f
A = — = - .
¢, deflection at armature

The exciting current must remain constant during the
investigation.

The location of the different leakage paths may be found
by using test coils on different parts of the frame. The
difference between the throws observed at any two places
is a measure of the leakage between those two places.

Clearly the number of lines choosing paths through the
air will decrease as the permeability of the iron circuit
increases. An increase in the reluctance of the main
magnetic circuit will increase the leakage loss.

Armature cores vary in permeability under varying con-
ditions of load. As the load increases, this change pro-
duces an increase in the reluctance of the main magnetic
circuit. This results in an increase of the loss by leakage.
The coefficient of magnetic leakage is, therefore, different
with different loads.

48. Pole Pieces and Shoes. — In general practice the
field cores and the frame of a generator are worked at a
flux density of at least 15,000 lines per sq. cm.

This is too high a value to use in the air gap. Therefore
pole shoes are put on the ends of the pole pieces to dis-
tribute this flux over a wider area where it has to pass
through the air, and to thus decrease the total reluctance
of the magnetic circuit.
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49. Effect of Joints in the Magnetic Circuit. — Since no
two pieces of metal can be put together with a perfect
joint, there is always an increase of reluctance in a mag-
netic circuit when a joint is introduced therein. Professor
Ewing found by experiment that at low magnetizations
(3¢ = 7.5) the increase of reluctance of a certain bar of
iron due to a joint was above 20 per cent, and that for
high magnetizations (3¢ = 70) the loss due to one joint was
less than 5 per cent. The difference is probably due to
the fact that the pieces under strong magnetizations attract
themselves so powerfully as to make a more perfect joint.
Ewing also found that a single cut in a bar acted upon the
reluctance of the bar as though the length of the bar had
been increased by amounts given in the following table : —

Fork= . . . . . . 75 15 30 50 70
Equivalent length of 1 cut
incms.of iron . . . 4 253 110 o0.43 o0.22
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CHAPTER V.

OPERATION OF ARMATURES

50. Process of Commutation. — The simple process of
commutation as described in § 30 is attended with some
difficulties in practice. Consider one coil of a plain ring
armature with the commutator bars attached thereto as in
Fig. 64. In position 4, when the brush is on only one of
the bars in question, the action of the other coils of the
armature will be to force current in this one coil in the
direction indicated by the arrow. 2B is considered to be

the positive brush. In position D, when the brush has
passed over to the other bar entirely, the direction of the
current in this coil is in the other direction. Now this
change of direction must occur when the coil is in a weak
field, for it is observed that the coil is short circuited while
in position C, the circuit being completed through the coil,
the bars and the brush spanning the mica insulation at o.
If now at this moment the coil should be in a strong field,
and should be cutting many lines of force, too large an
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E.MF. would be produced, and as the resistance of the
circuit indicated is very low, an excessively strong current
might flow. When the brush slips past o the circuit is
broken, and a more or less serious sparking occurs accord-
ing to the strength of the current flowing at the instant of
break. Commutation must then be effected when the coil
is in such a position as not to cut many lines of force. It
follows that every commutating machine must have at
least two places where the effective field has a zero value.
Fig. 65 gives a rectified curve of the magnetic distribution

)L
S\
/

Fig. 6s.

under the pole pieces and around the armature of a well-
designed bipolar machine, the ordinates of the curve giving
the flux density in the air gap.

The neutral plane is a plane passed through the axis of
the armature and a point in the field immediately surround-
ing the armature, where the inductively effective com-
ponent has a zero value. The coil in position C, Fig. 64
is supposed to be in the neutral plane.

The commutating plane is a plane passed through the axis
of the armature and through the points of contact of the
brushes. The segments are supposed to be connected with
parts of the armature windings lying on the same radius.
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51. Influence of Self-Induction of the Commutated
Coil. — When the coil in Fig. 64 is in position A the cur-
rent flowing in it produces magnetic flux in the ring inde-
pendent of any inductive action of the field magnets of the
dynamo, and links the flux with itself. When the coil is
in position D, there is also a magnetic flux and linkage, but
its direction has been changed. Therefore, in passing
through the position C, the current in the coil and the
accompanying flux linked with the coil have decreased to
zero, and have afterwards risen in value in the opposite
direction.

This change of flux produces an E.M.F. in the coil inde-
pendent of any action of the field magnets (see § 15). This
E.M.F.is called an electromotive force of self-induction and
tends to continue the flow of a current which has been
started, and tends to prevent any increase or decrease in
the strength of the current and to prevent the stopping or
starting of the current. The value of this self-induced
pressure with a given flow of current varies as the square
of the number of turns in the coil, as the cross-section of
the coil, and as the permeance of the magnetic circuit.
Because of self-induction it is evident that, if commutation
take place in the neutral plane, there is a liability that it
will be accompanied by excessive currents in the short-cir-
cuited coils and consequently by sparking. This trouble
is to be avoided by revolving the plane of commutation
about the shaft of the machine until a sufficiently strong
field acts upon the short-circuited coil to induce an opposing
E.MF. of the same value as the £ M.F. of self-induction.
Both the self-induced £.M.F. and the E.M.F. due to the
rotation of the armature vary in magnitude during the
time that a brush is upon two adjacent segments. Their
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manners of variation need not be alike, and hence it may
be impossible in some cases to effectively oppose one
against the other. The
obvious remedy is to be
sought in more com-
mutator segments or a
change of shape of pole
shoe.

52. Cross-Magnetiz-
ing Effect of Armature
Currents. — Indepen-
dent of field magnets
the current flowing in
the armature conductor
will magnetize the ar-
mature core. The poles thus produced will be in the
plane of commutation. Fig. 66 shows the magnetizing
effect of the armature turns
on a ring armature. Fig.
67 shows a cross-section of
a drum armature and its
windings with the resulting
magnetization.

Thus, when there is a
load on a dynamo and the
armature conductors are
carrying a heavy current,
there are two coexistent
magnetic fields. This condition results in a skewing of
the lines of force, as is shown in Fig. 68. As the lines
are skewed the neutral plane is shifted. To produce spark-
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less commutation the commutating plane must also be
shifted. This causes a further skewing of the lines. The
limit of this double interdependent shifting is reached
when the magnetic lines have
become so crowded in the
trailing-pole tips that they are N
almost insensible to a further
shifting of the plane of com-
mutation.

This skewing is a source of loss in the operation of a
generator because it increases the magnetic reluctance in
two ways, — (@) by saturating the iron at the horns, and
thus reducing the permeability, and (4) by lengthening the
paths, both in air and in iron, that the lines must follow.

Fig. 69 shows a
curve similar to Fig.
65 taken when the gen-
erator was under load
and the armature was
traversed by a heavy

current, the flux being
\/ distorted because of it.
‘ It is evident that the

Fig. 69.

N

Fig. 68.

angular displacement of
the neutral plane depends in magnitude upon the relative
number of armature ampere turns as compared with the ef-
fective field ampere turns. The use of a strong field and a
large air-gap length requires a large number of field ampere
turns. Both are much used in practice with great success.

53. Demagnetizing Effect of Armature Currents. — It
has been shown that it is necessary to have the commu-
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tating plane in advance of the neutral plane. The angle
between them is called the angle of lag or lead. If an
axial plane be passed through the armature, making with
the neutral plane an angle equal to the angle of lag or lead,
but on the opposite side of the neutral plane from the com-
mutating plane, then the angular space between this plane
and the commutating plane is called the dowble angle of
lag or lead. The armature conductors, which create a
magnetism that tends to skew the lines of the field magnets
as shown in the last article, are called the cross turns.

~~ BOUBLE
ANGLE

Fig. 7.

They lie outside the double angle of lead. Those armature
conductors which lie within the double angle of lead are
called the back turns, because, when carrying a current,
their magnetic tendency is to send lines in a direction
exactly opposite to the lines of the field magnets. They
neutralize in a certain measure the action of the field turns.
This action is clearer shown in Fig. 70, which is a cross-
section of a bipolar drum armature. At a there is a north
pole due to the back turns which lie in the double angle,
and at & there is the corresponding south pole. The effect
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of these poles is to neutralize some of the useful magnetic
lines flowing from N to S. At ¢ there is a south pole
due to the remaining or cross armature turns and at & is
the corresponding north pole. These poles skew the lines
flowing from N to S. Compensation for back turns is
easily calculated, since the number of back turns times
the current in them at any load multiplied by the coeffi-
cient of magnetic leakage at that load (§ 47) gives the
number of additional field ampere turns necessary at that
load for compensation.

54. Sparking. — As shown in § 5I, sparking can be
avoided by giving the brushes a lead sufficient to bring the
coils they short circuit into fields sufficiently strong to coun-
teract the effects of self-induction. Sparking in the opera-
tion of machines is generally due to the misplacement of the
brushes, though sometimes it is due to irregularities of the
commutator surface. A high bar passing from under a
brush will leave the latter suspended in air a moment, which
will break the whole current through
the brush and cause a bad spark or .
arc. “a

A machine may also suffer melting
of the commutator bars without any
visible sparking. Suppose a coil of
low resistance to be short circuited
by a copper brush as in Fig. 71.
When the brush is chiefly on one coi.
bar, and over-laps the other very Fig. 7.
slightly, then a very considerable part of the resistance in
the circuit is the transition resistance at the small contact.
Under an EM.F. of self-induction a current of sufficient
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magnitude may flow to produce enough heat in the trans-
ition resistance to melt the surface of the commutator bar.
The E.M.F. may then disappear before the brush leaves
the bar, and there will be no spark visible.

Sparking may be due to excessive electromotive force
between the commutator segments undergoing commuta-
tion due to the self-induction of the coil and to mutual
induction between it and other coils undergoing commuta-
tion at the same time. To be able to determine the value
of this induced E.M.F. one must know both the self and
mutual inductancds, and the time rate of suppression of the
current in the coil. Parshall and Hobart state that in
practice one may assume that a coil of a single turn when
traversed by one ampere produces and links with itself
20 ¢.g.s. lines per inch net length of armature lamination.
From this datum one can calculate the values of the self-
inductance and mutual inductance.

A coil which is undergoing commutation must have its
current changed from a maximum value in one direction to
zero and from zero to a maximum value in the other direc-
tion during the time that the two segments at its ends are
connected through the brush. This time is evidently
dependent upon the peripheral speed of the commutator
and upon the width of the brush. It is equal to the time
that it takes a point of the insulation between the seg-
ments to pass over the breadth of the brush; that is, the
time inseconds is equal to the breadth of the brush in
inches divided by the peripheral velocity of the commutator
in inches per second. The reciprocal of this time gives the
number of commutations per second, or what is termed
the frequency of commutation. The frequencies found in
practice lie between 200 and 500 per second. While all
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the current which traverses the coil is suppressed in one-
half the time taken for commutation, the manner of its
variation is unknown. Parshall and Hobart assume that
the current strength falls sinusoidally. An assumption of
a uniform decrease with the time yields results quite in
accord with practice. The value of the induced voltage
then will be equal to the product of the value of the com-
mutated current and the sum of the mutual and self-induc-
tance divided by one-half the time occupied in completing
commutation. This value should not exceed 6 volts.

55. Prevention of Sparking. —The limit of the capacity
of a machine may be excessive sparking instead of exces-
sive heating, and therefore the suppression of sparking by
proper design of the machine is of utmost importance.

Sparking may be prevented : —

a. By shifting the brushes till the short-circuited coil
is just under the fringe of the pole piece. This counter-
acts the effects of self-induction as explained in § 51. The
reversal of the direction of flux in any but the short<ir-
cuited coils is to be avoided, since a loss of useful £.M.F,
would then occur.

4. By having a stiff field, that is, a field so strong as to
suffer very little skewing because of the armature cross
turns. Thereis thennolag. In practice, air-gap magnetic
densities vary from 2500 to 7500 lines per square centimeter.
The higher densities are to be found in the larger machines.
There is a general tendency to increase the density.

¢. By nearly saturating the teeth of the armature core.
When the core teeth are nearly saturated, an increase of
load increases the reluctance very markedly, and the demag-
netizing effect of the back turns is restrained on increase
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of load, because of the greater reluctance of the circuit.
This minimizes the shift of the commutating plane from no
load to full load, and is a device invariably employed on
railway generators and other machines that have to stand
severe changes of load without change of position of
brushes.

d. By using brushes of carbon, brass gauze, etc. In
machines of over 100 volts, carbon brushes are commonly
used. Besides their good wearing qualities, their resistance
prevents the flow of a large current in the short-circuited
coil in commutation, and thus a misplacement of the
brushes will not result in so violent a spark. In very low-
potential machines, as has already been said, carbon brushes
are impracticable, because their resistance causes a too
great fall of potential. So in thes::- machines copper strip
brushes are employed when possible. When too much
sparking occurs with plain copper brushes, a brush of some-
what greater resistance is employed, such as copper gauze,
brass, brass gauze, etc., according to the requirements of
the case.

e. By slotting the pole pieces longitudinally. This in-
creases the reluctance offered to the lines due to armature
reactions, and so tends to prevent sparking.

/- By properly shaping the pole pieces. The distribu-
tion of flux should be such that a coil enters a weak field
first, and so gradually comes to the strongest part. If the
lines of force are allowed to crowd into the trailing-pole
tips, this gradual transition is impossible. If the horns are
farther from the armature surface than the body of the
pole face, then the air gap and consequently the reluctance
at the horns is increased, and the lines are compelled to
distribute themselves more symmetrically. A place suit-
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able for commutation is then more readily found. One
may also resort to the shaping of the pole pieces by champ-
fering the corners, or by making the pele faces with a cir-
cle of greater radius than the armature.

. The Sprague Electric Company, in its split-pole type of
the Lundell generator, avoids the distortion of the field
under full load, due to cross magnetizing turns, by making
use of a specially designed pole piece. Fig. 72 repre-
sents a cross-section of this generator, and shows the con-
struction of the pole piece. The magnetic flux which
enters the pole piece, divides between the two paths @ and
6. Owing, however, to the greater span covered by the
shoe belonging tc the part marked 4, the magnetic reluc-
tance of that part is much smaller than that of the part
marked a. As a result, the flux does not divide itself
equally between the two paths. The part of the pole piece
marked 4, under increasing excitation becomes saturated
before the part marked a. At normal excitation, the flux
density at & is above 16,000 lines per square centimeter,
while the flux density in a is but about 10,000 lines per
square centimeter. In other words, & is pretty well satu-
rated, while # has not been brought to a magnetization as
high as the knee of the magnetization curve. This satura-
tion of half of the pole piece is effective in preventing a
skewing of the field by the cross turns. This is shown in
Figs. 73 and 74, where Fig. 73 represents the development
of a 50 kilo-watt Lundell generator, and Fig. 74 shows the
distribution of flux along the line xy of Fig. 73. The
dotted line represents the distribution at no load, and the
heavy line the distribution at full load. This small dis-
torting effect of the cross turns permits the employment of
a small air gap without serious sparking.
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Ryan compensates for the magnetizing effects of the
armature winding by surrounding the armature with a sta-
tionary winding, which passes through perforations in the
pole faces. These stationary windings carry the whole
current of the machine. This method prevents all spark-
ing due to the distortion of the field, but it does not pre-
vent the sparking which is due to self-induction and mutual
induction of the armature coils. The latter sparking is
prevented to a certain extent by inserting a lug between
the pole horns, which is magnetized by a few series turns.

Fig. 7.

56. Energy Losses in Operation. — Besides the energy
expended in exciting the field coils, there are losses of
energy in the armature and connections, as follows : —

a. The bearing friction and the windage. This loss is
generally considered independent of load, but it is ques-
tionable whether the friction does not increase somewhat
under loads. This loss is from 15 per cent to 40 per cent
of the total loss.

4. The hysteresis loss in the iron of the core due to the
continued reversal of the direction of magnetism therein.
According to Steinmetz’s Law, the hysteresis loss in watts,

h=10"V®" g,
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where Vis the volume of iron in cubic centimeters, ® the
flux density, » the number of magnetic reversals per sec-
ond, and 7 a constant depending in value upon the char-
acter of the iron. A table of values is given on page 29.
The value of ® varies at different loads and at different
places, as was shown by Goldsborough, so this loss cannot
be said to be proportional to the speed or any power of
the voltage. The hysteresis loss is from 15 per cent to
40 per cent of the total losses.

¢. Eddy currents in the iron and the copper conductors.
These might be expected to vary as the square of the
speed, but they do not for the same reason asin 4. Be-
cause of the laminated structure of the core, and the
slight angular breadth of the conductors, this eddy loss is
of small magnitude, from 2 per cent to 10 per cent of the
losses. It may amount to 50 per cent of the losses in
the case of smooth-core armatures. Eddy currents in the
pole faces, which may be due to any variation in the re-
luctance encountered by the lines passing through the
poles, are reduced by an increase of air-gap length. They
are greatest with armature cores having slots with large
openings at the top, and least with armatures whose in-
ductors are threaded through inclosed channels in the core.

d. The armature resistance loss. This equals /2R, where
7 is the total current of the machine, and R the resistance
of the armature measured between points rubbed by the
brushes which are drawing the current /. This is ex-
clusive of the transition resistance at the brushes. In
500 K. . machines the /2R loss is about 2 per cent of the
total output. In 5 k. w. machines about 4 per cent, and
in smaller machines much greater.
" e. The friction of the brushes against the commutator.
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This loss varies about as the speed, and its importance is
generally underestimated. Carbon brushes press upon the
commutator with a force of from 1 to 12 pounds per
square inch of contact. Railway motors and similar ma-
chines have the larger value, while central-station gene-
rators have the smaller. The coefficient of friction between
carbon and copper varies from 0.28 to 0.32.

/- The resistance of the brushes and the transition re-
sistance of the brush contacts. The first loss varies as
the square of the current, and is of considerable magni-
tude in low-potential machines. The transition resistance
seems to vary inversely as the current, thereby always
causing a constant drop of voltage amounting to from 1
to 1.5 volts per transition.

The heat produced by losses 4, ¢, and 4, being in the
armature itself, must be dissipated by the conduction, con-
vection, and radiation. Experience shows that from 2 to
2} watts can be radiated from every square inch of arma-
ture surface without causing a dangerous rise of tempera-
ture in the armature core. It is found that about 500
circular mils per ampere in the armature conductors brings
the loss & to such a point that, added to the losses ¢ and
b, they together give about 2 watts per square inch of
armature surface ; hence this value of 500 circular mils per
ampere is the mean of what is usually adhered to in winding
armatures of commercial machines.
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CHAPTER VI
EFFICIENCY OF OPERATION.

57. Efficiency. — The following definition and discussion
of efficiency is taken from the report of the committee on
standardization of the American Institute of Electrical En-
gineers : —

The <«efficiency” of an apparatus is the ratio of its net
power output to its gross power input.

Electric power should be measured at the terminals of
the apparatus.

Mechanical power in machines should be measured at
the pulley, gearing, coupling, etc., thus excluding the loss
of power in said pulley, gearing, or coupling, but including
the bearing friction and windage. . The magnitude of bear-
ing friction and windage may be considered as independent
of the load. The loss of power in the belt, and the in-
crease of bearing friction due to belt tension, should be
excluded. Where, however, a machine is mounted upon
the shaft of a prime mover, in such a manner that it cannot
be separated therefrom, the frictional losses in bearings
and in windage which ought, by definition, to be included in
determining the efficiency, should be excluded, owing to the
practical impossibility of determining them satisfactorily.
The brush friction, however, should be included.

* Where a machine has auxiliary apparatus, such as an ex-
citer, the power lost in the auxiliary apparatus should not
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be charged to the machine, but to the plant consisting of
machine and auxiliary apparatus taken together. The
plant efficiency in such cases should be distinguished from
the machine efficiency.

The efficiency may be determined by measuring all the
losses individually, and adding their sum to the output to
derive the input, or subtracting their sum from the input
to derive the output. All losses should be measured at, or
reduced to, the temperature assumed in continuous opera-
tion, or in operation under conditions specified.

58. Coefficient of Conversion.— This has sometimes
been called the efficiency of conversion, but because of the
definition of the last paragraph it is better not to use the
word efficiency. The coefficient of conversion 8 is the ratio
of the total electrical energy developed in the armature
winding to the total mechanical energy expended.

LE,
B="
where P is the power expended in watts, /; the armature
current in amperes, and £, the E. M F. in volts, developed in
the armature. g is always less than unity, because of the
friction and windage of the armature, because of the eddy
currents in the core and conductors, and because of the
hysteresis of the core.

s9. Economic Coefficient.— () This coefficient is equal to
the ratio of the useful electrical energy to the total electri-
cal energy developed in the armature circuit. It is always
less than unity because of the necessary loss of energy in
the exciting coils and in the armature coils. In the case
of a series dynamo, if we let
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- E,= E.M.F. generated in volts, and
E = Terminal pressure in volts, then the economic coef-
ficient for a current of /7 amperes is

_E_£
"= 7E,T E,
For shunt dynamos,
_IE
T T+ HE,

Where 7/ is the current in the outside circuit, 7, the current
in the field coils, £ the pressure at the terminals of the
machine, and £, the total pressure generated.
The efficiency of a machine e is evidently the product of
B and .
For a series machine, / = 7, and
oo gy LB E_IE
P E, Vd
For a shunt machine, 7 + 7, = /, and
IE, IE IE
“=h="p XUurpr=F
Hence the product of B and 5 for either machine is the
same, and corresponds to the definition of efficiency.

60. Separately Excited Dynamos. — At a constant speed
and constant exciting current a nearly constant total pres-
sure (£,) is generated; and it is almost equal to the pressure
at the terminals at no load — that is, on open circuit. This
follows from the equation for the average pressure,

VS (s 33)

Lo = 60.10°
where glg is the number of revolutions per second, S the

number of inductors, ¢ the flux per pair of poles, and p the
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number of pairs of poles. If the speed be varied, the pres-
sure will vary proportionally if no load is on the machine.
If, however, a current be taken off, then the demagnetizing
effects of the armature currents become evident in a
change of the value of ¢, and there will be a falling off of
pressure. The amount of this deviation is dependent upon
the composition and saturation of the magnetic circuit.

100}
\
® N
2 N
2 \
®
o
] 10 0 [ ) 60
AMPERES
Fig. 7s.

This effect is clearly seen in the curve in Fig. 75, where
the armature currents are measured in the X direction, and
the pressure in the Y direction, the conditions of speed and
exciting current remaining constant.

Let E, = the total volts produced,
E = the volts at the terminals of the machine,
R, = the resistance of the armature,
R = the resistance of the external circuit, and
I = the current under these conditions.
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Then for a separately excited machine,

E,=I(R + R),
E = IR, and
_EI IR R
"SEITTRYR,) RYR
and
R
E=R+RaE"

In determining the efficiency of a separately excited
machine the energy lost in the exciting coils must be
charged against the coefficient of conversion.

The operation of any dynamo can best be studied by in-
spection of a curve which shows the relation existing be-
tween the current generated or supplied by the machine,
and the voltage under which it operated. Such curves
are called Characteristic Curves, and they are generally
plotted with currents for abscissa and volts for ordinates.
The characteristic curve for a separately excited dynamo
is that shown in Fig. 75.

61. Magnetos. — A scparately excited dynamo whose
field is maintained by a permancnt magnet, instead of an
electric magnet, is called a magneto. These machines
from their similarity, both theoretically and practically,
should be mentioned together. Magnetos are, however,
generally alternating current machines with slip rings in-
stead of commutators. They are used in very great num-
bers in telephone subscribers’ sets, and in many electrical
businesses for testing out the continuity of concealed con-
ductors, and in some cases for determining defective
insulation. To the armature is affixed a pinion, meshing
with a gear turned by hand. The alternating current pro-
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duced is passed through the circuit whose continuity it is
desired to determine, and then passes through a polarized
bell which is caused to ring

These machines are manufac-

tured so as to ring through

an external resistance of as

high as 50,000 ohms without

undue effort at the handle.

The cut Fig. 76 shows a com-

mercial belt-driven magneto.

62. Series Dynamos.—
Letting E, E, R, R,, and 7
have the same significance as
before, represent by R, the
resistance of the field winding, and by R, the resistance
of the brushes and transition contacts. Then

E = /R,
E=1IR+ R+ R, + Ry,

Fig. 76.

whence it follows

£ _ 'R = R
T""EIT TR¥RARATYR) R+Rt Bt R

The value of 5 increases as R,, R, and R, approach zero.
R, is liable to be of greater importance than is imagined.
In low-tension machines all the resistances are small, and
care must be taken that K&, does not unduly increase the
denominator of the expression for 5 ; in other words, cop-
per brushes should be used on low-voltage machines.

The value of 5 varies as R, but the load varies in-
versely as R; hence 7 is a maximum when the load is a



98 DYNAMO ELECTRIC MACHINERY.

minimum, and » = 1 when R = o, or there is no load.‘
Fig. 77 is a curve showing relation between 5 and load.

1]

LOAD

PFig. 7.

63. Characteristic Curve of a Series Machine. — Fig.
78 shows the curves of a series dynamo. The curve of
total volts £, is very similar to the magnetization of a

magnetic circuit made

up of iron chiefly. It

& falls below such a
curve (a) because
saturation causes in-
creased magnetic leak-
age, and hence the
value of ¢ in the
VSe
60 10°
Toad is not proportional to

Fig. 8. the total flux, and

(b) because of the demagnetizing and cross magnetizing
effects of the armature currents. The curve E, starts
above zero because of the residual magnetism in the cores
of the field magnets. If operated under constant load, a

PRESSURE

equation £,, =
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series dynamo will give E, directly proportional to the
speed.

The straight line represents the loss or drop of potential
due to the resistances of the machine, R, R, and R,
Since drop of potential is proportional to the resistance,
this is a straight line, and must pass through the origin.
This loss line can be established by a point found by as-
suming the lost volts £;and solving for the current I from
the equation I (R, + R, + R)) = E;. For example, if the
resistances R, + R;+ R, be assumed as 0.2 ohm, then 10
volts would be lost in them only when 50 amperes were
flowing through them. A line drawn through the origin,
and a point on the characteristic curve diagram whose
coordinates were 10 volts and 50 amperes, would at every
point give the volts lost in sending the corresponding num-
ber of amperes.

The curve E showing the E.M.F. at the terminals of
the machine as a function of the current output is found
by subtracting the ordinates of the loss line from those of
L, and using the differences as the ordinates of £. In
practice £, cannot be directly found ; but the terminal volts
and the current can be measured, thus, giving the curve E,
and from a knowledge of the loss line the curve E, can be
derived.

The operation of some special forms of series machines
will be discussed in the chapter on arc-lighting machines.

64. Power Lines. — Where volts and amperes are used
as ordinates and abscissz, lines can be drawn connecting
points of constant product of the two, representing watts
or power. Fig. 79 shows such lines drawn for one, two,
and three kilowatts. If £ be the external characteristic of

®
s L6,
220 (')‘!‘
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a dynamo, then the curves make it apparent that the ma-
chine cannot generate 3 k.w. but that for most values

. ):\M\\
TN |
/N

0 \"t

AMPERES
Pig. .

under 3 K. w.
there will be two
loads under which
the generator can
run and yield the
same voltage.

65. Shunt Dy-
namos. — In
shunt-wound ma-
chines the cur-
rent in the arma-
ture is the sum of
the current in the
field coils and of
that in the ex-
ternal circuit, or

I,=171,+1 For sake of simplicity we will assume /7, = /.
Practically this introduces but a small error under ordinary

conditions of load.

E!
- IE I*R R
"TIESF LET FRY R) Y R, _ER, B
R Vg R,
I
_ R _ 1
T R, T R, R’

To determine what value of R will enable a given ma-
chine to operate with a maximum economic coefficient —
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place the differential coefficient of 7, in respect to R con-
sidered as a variable, equal to o and solve for R

dyg 1 R

= —2=0 .  R=V

R-R " R-° Rekp
The external resistance must be a mean proportional be-
tween R, and R, and the maximum economic coefficient is

I
K

142 \/%'
r

66. Characteristic Curve of a Shunt Dynamo. — In Fig.
80 the curve E is plotted from experimental results obtained
while the machine is running at various loads. To get satis-

Ee

PRESSURE

LOAD
Fig. 8o.

factory results, one should begin with an infinite resistance
in the external circuit, which is then reduced step by step.
In some small machines it can be reduced to zero without an
extreme elevation of temperature due to excessive currents.
As a rule, only the upper and lower values of E, correspond-
ing to currents between o and a definite maximum value, can
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be obtained. The loss line L is obtained by calculation as
before in the case of the series machine. The curve
showing the relation between external current and total
volts, E,, is obtained by adding the ordinates of L to those
of E. The drop in £ is at first due chiefly to the drop re-
sulting from armature resistance. As the current increases,
the effects of armature reaction and saturation of the
magnetic circuit become evident. At the same time £ is
affected by a decrease of the shunt-field current due to
the fall of potential at the terminals of the field circuit.
This soon becomes the predominating cause of drop, and to
such an extent that the curve turns back toward the origin.
When zero resistance is in the external circuit, of course no
current flows through the field, and the few volts then
produced are due to residual magnetism. It must be
remembered that while £ is a double-valued function of, 7
it is a single-valued function of R.

The voltage of a shunt machine generally increases more
rapidly than the speed. An increase of speed not only in-
creases primarily the number of volts generated, but also
increases the armature flux ¢ because of increased excita-
tion. The condition of the magnetic circuit as regards
saturation determines whether this secondary influence
shall be great or small
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CHAPTER VIIL
CONSTANT POTENTIAL DYNAMOS.

67. Constant Potential Supply. — The method of sup-
plying, at any point of usage, current at a constant poten-
tial irrespective of the load which is there or elsewhere, is
used in the distribution of electrical energy for purposes
of incandescent electric lighting, for consumption in con-
stant pressure motors, and for trolley-car propulsion. The
great sensitiveness of the candle power of .incandescent
lamps to a change in voltage, the candle power varying
as the fourth power or more of the voltage, requires
that the pressure in lines used for lighting must not vary
by more than 3 per cent of its rated value. In street-car
work, where the load suffers tremendous variations, con-
stant potential supply is equally as imperative for satisfac-
tory operation.

68. Methods of Obtaining Constant Potential. — For
accomplishing this result many devices have been tried,
the more important of which are : —

-—

a Automatic variation of the resistance in the field cir-
cuit of shunt machines. :

4 Automatic change of the position of the brushes and
commutating plane.

¢ Automatic variation of armature speed.
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d Hand regulation of a resistance in series with a shunt
field coil.
¢ Self-regulation.

Of these the first three methods are no longer employed,
and either hand regulation or self-regulation or both to-
gether are relied upon to maintain the constant voltage
under varying loads.

69. Hand Regulation. — Inspection of the characteristic
curves of either the shunt or the separately excited dynamo
shows a drop in the voltage as the load increases. This is
due to the internal resistance of the armature and the
demagnetizing effect of armature reaction. In the formula
for the E.M.F. of a machine, £ = ?g%g, the only quan-
tity that is practical to vary is ¢. This can easily be

accomplished by regulating

RequLATOR. the amount of resistance in

a=d a rheostat, which is in series
with the field coils and which
therefore governs the amount
of current in them, as in
Fig. 81.

In distributing current for
use among a number of con-
sumers the current is carried
to feeding-points which are
near the locality they supply, but may be distant from the
station. It is desirable to keep the pressure at these
points at a constant value, irrespective of the varying loss
of potential that is going on because of the resistance of
the conductors leading to them. To achieve this end the

+ -
Fig. 81.
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Edison system employs feeders to carry the current to the
feeding-points. Each feeder is accompanied by a pilot wire
imbedded in the insulation. At the feeding-point the pilot
wires are attached to the feeder terminals, and at the sta-
tion end are attached to a voltmeter, so that one can, in
the station, regulate the pressure not at the machine ter-
minals but at the distant distributing point.

70. Field Rheostats. — For varying the current in the
shunt fields of dynamos, it is usual to employ field rheostats

Pig. 83,

which are mounted on the switch-board along with indicat-
ing instruments. A form of such rheostatic regulators is
the so<alled Packed Card Rheostat, manufactured by the
General Electric Company. This derives its name from
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the method of constructing it. A tube of asbestos, in-
closing a steel mandrel, is wound with a chosen amount of
German-silver wire or ribbon. The tube is then removed
from the mandrel, and pressed into the form of cards as
shown in Fig. 82. These cards are then assembled, with
interposed asbestos, in sufficient numbers to make up the
required resistance of the rheostat. Iron plates, somewhat

Fig. 83.

wider than the cards, are introduced at intervals, and thus
increase the radiating surface. The whole is held together
by iron end plates and bolts, as shown in Fig. 83. Con-
tact bolts are connected with various points of the conduc-
ting part of the rheostat, and these bolts are connected
through a wiping-finger with the field circuit. Fig. 84 shows
a rheostat of this type built for regulating a railway gene-
rator and arranged to be placed on the back of a switch-
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board with the regulating handle projecting in front.
For the largest generators resistances made of iron grids
supported in iron frames are employed. Both of these
constructions are fire-proof and easily repaired in case of
accident.

Fig. &.

When large generators, such as are used in railroad work,
have their field circuits opened, the Z.A/F. self-induced
by the disappearance of the flux in the fields is liable to
reach such a magnitude as to pierce the insulation of the
field coils and destroy their usefulness. To obviate this,
before the field circuit is broken, the field coils are con-
nected (Fig. 8s5) through a high discharge resistance, and
the current in them is allowed to die out slowly. It is
thus unattended with any destructive potential differences.
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The Edison Electric Illuminating Company of New York
City, in the case of its Duane-street generators, allows the
field circuits to discharge themselves through an arc light.

Another form of ficld rheostat is the Carpenter Enamel
Rheostat, made by the Ward Leonard Electric Company.
In this rheostat the heat generated is not radiated directly

Binding Posts
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Fig. 8s.

from the surface of the wire, but is conducted to a sup-
porting plate, which then becomes the radiating surface.
The resistance wires are surrounded with an enamel, which
attaches them to the supporting plates, insulates them
therefrom, and protects them from corrosion. Owing to
the increased radiating surface thus obtained, a shorter and
smaller wire can be used for a given voltampere capacity
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than if the wire were merely exposed to the air. No con-
sideration of the mechanical strength of the wire enters

Fig. 86.

into the design of this resistance, since it is supported and
protected by the enamel. To further increase the radiat-

Pig. 8.
ing surface, the back of the plate is provided with raised
annular ribs. The makers claim that this rheostat can radi-
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ate 5 watts for each square inch of one surface. Thusa

plate 10 by 10 inches will dissipate 500 watts. The
method of using iron radiat-
ing plates for purposes of
dissipating large amounts
of heat is to be found in
the rheostats of many man-
ufacturers. Wirt (Fig. 88)
incloses resistance wire or
ribbon in radiating plates,
insulating them from each
other by means of mica.
Other firms employ sand as
an insulating material.

71. Self-Regulation. —

By far the most elegant

method of constant poten-

tial regulation is that in

which the main current of

the machine is utilized in

maintaining constant the magnetic flux ¢ through the
armature. This is accomplished by passing all or the
greater part of the current produced in the armature a
few times around the field magnets, so that an increased
load on the armature increases the magnetizing ampere
turns of the field coils. These series turns, when rightly
proportioned, can be made to compensate for a part, for
all, or for even more than all of the drop. This device
can be used in connéttion with any other form of
excitation, as permanent magncts, separate excitation,
or shunt excitation. In the last case, the dynamo is
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said to be compound wound, as described in § 45. If
the machine is designed to maintain a constant pressure
at some distant feeding-point, instead of at the machine
terminals, the machine is said to be over<ompounded, since
the potential at the terminals will rise on increase of load.
From 3 to 5 per cent over-compounding is frequent in
machines used to supply lighting circuits, and 10 per cent
over-compounding is usual in railway generators.

72. Economic Coefficient of a Compound Machine. —
To discover the value of » in this case, let R be the resis-
tance of the external circuit, R, the resistance of the series
turns, R, the resistance of the shunt-field, and R, the
resistance of the armature. Then assuming that the cur-
rent in the armature is the same as in the external circuit,
an assumption which is warranted in the case of commer-
cial machines,

VTS TR ¥ PR+ IPR, F 15Ky
I
I3 ~ :
I 1 R, R, R R, R,
YRt et "tetrtz

Considering R as a variable dependent on 7, and solving
for a maximum of »

'Rﬂ

ay I R,
2=

-+

®="wm T et

and

R= N(R, + 7,) R

Hence it is seen that the maximum economic coefficient is
obtained, when the external resistance is the geometric
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mean between the shunt-field resistance and the sum of
the resistances of the series field and of the armature.
Under these conditions,

n=

I

e Y T S S
R, VR AR)R,  N(Ro+ R) Ra
=142 R. + R,
R,

73. Efficiency of Compound Machines. —The cfficiency
of a generator increascs with the size, being quite low on
small machines, and sometimes very high on the larger

dynamos.

Since the distribution of the magnetic and elec-

trical losses of a generator lies within the discretion of the
designer, it is possible to so design a machine as to have
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its point of maximum cffi-
ciency at full load or ata
smaller load, for instance,
at onc-fourth load. The
two following cuts show
the relations between effi-
ciencies and loads on two
different machines.

74. The Compounding
Rectifier. — The gradual
saturation of the fields of
a generator as full load
approaches causes the
"EAMF. of even a com-

pound-wound machine to sag at .ull load, or if the machine
is so heavily compounded that it maintains its potential at
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full load, its voltage will rise abnormally at some load less
than full load. To counteract this effect, the Crocker
Wheeler Company employs a device which is termed a
compounding rectificr. It consists of a suitable resistance
shunted across the ter-

minals of the series ficld 10
coils. The full armature %[5 -
current therefore divides o

between this rectifying sofs ¥
.-._
coil and the series coils. |3
. cf | | EFFICIENCY CURVE
As the load increases, [& OF SIZE 170

CROCKER-WHEELER ELECTRIC CO.,

more current passes aweent, w. .
through ecach, but the
coils are so designed
that this increase heats L]
the rectifier and causes
its resistance to increase,

while the resistance of ligpore bl LTI
the series coils remains Fig. 0.
practically unaltered.

Thus, as the load increases, a larger proportion of the whole
current passes through the series coils, and this compen-
sates for the sag in voltage that would otherwise have
existed.

8 8 3
L
]
]
|

=]

70. Theory of Self-Regulation. — To determine the
number of turns of wire necessary to be used in the series
regulating coils which are wound on the field magnets of a
compound machine,

Let n = number of sh-t turns.

7/ = number of : ..es turns.

B = number of back turns.
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X = number of cross turns.
R, ,, = the resistance of the armature plus that of the
series coil.
/4 = current in the shunt coils.
/ = current in the armature and also in the series coils,
since they are practically the same.
E, = total pressure developed.
FE = pressure at terminals.
= the coefficient of magnetic leakage.
® = the reluctance of magnetic circuit when armature
isidle. Then

X7* + nl2, . .
‘/ + “ — reluctance with current 7 in armature.

Let ¢, ¢', ¢”, = flux in the armature under different con-
ditions of working.

When no current flows in the armature,

_4mnl nl,
o0 PSR

When the current 7 flows in the armature,

¢ = - ‘._25____\Il[,,,+ll’1—Bl)— = —a[n[,,+n’1—B[]
RAYVXZ® + nl2,
nl,
where (_lt_ LXI”—;-”—] *, hence a represents the ratio of the
&

reluctance at no load to the reluctance with the load /.
The latter value is the greater because of the skewing
effect of the cross turns. a, therefore, is less than 1.

The flux in the armature which is due to the shunt coils
only, when a current / flows in the armature circuit, is
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Thus under load the amature flux due to the shunt coils is
decreased in the ratio,

¢ piia:n.

The series turns must make up this loss, and also compen-
sate for the loss due to the back turns and for the electri-
cal losses due to the resistances of the armature and the
series coils.
VSep o _ VSHp
Now, £, = 10860’ d £, = 10860’

and E=F,—IR,,,

_ 125VS}>(1
®X X 10° X 60

(ndy + 71— BI]— IR,

For convenience let

_ 12V _
= G X 10° X 6°thenE kanly + [ka (W — B) — R,,,] 1.

The first term of the right-hand member can be written
knl, — & (1 — a) n/,, in which the expression £n/, repre-
sents the total voltage developed by the machine at no
load, which is therefore the terminal voltage at that load,
or in other words is the voltage for which the machine is
to be compounded. The equation for the terminal voltage
at the load 7/ therefore becomes

E=tnly— k(1 —a)nly+ [ka(# — B) — R,,) 1
Evidently, if £ is to equal 42/, at any and every load,

— k(1 —a)ynly+[ka(W — B) — R, ) I=o0,

whence
Rn +e,
“ha

1 —(lﬂ[,h

n= 7

+ B+ Joxr
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. 1 ul

Remembering that i L—"' and also that the percentage
. . 7

of electrical energy loss in the fieldp = —['f 100,

”IMA)_H-b-ﬂ
alk

W="" "/w + B+
1004

In this valuc for »’ the first term gives the number of
series turns required to overcome the skewing due to the
cross turns; the second term gives the series turns neces-
sary to compensate for the armature back turns; and the
third term shows the number of series turns to balance the
loss due to the resistances of the armature and the series
coils.

The difficulty of applying this formula lies in finding a
suitable value for 4. This differs in different machines,
having according to Jackson a value of from .75 to .85 at
full load. It is of course dependent on the load, and has a
value of unity for no load.

76. Views of the American Institute of Electrical
Engineers. — The following statements concerning the
regulation of direct current apparatus are taken from the
report of the Standardization committec of the Insti-
tute : —

The regulation of an apparatus intended for the gene-
ration of constant potential, constant current, constant
speed, ctc, is to be measured by the maximum variation
of potential, current, speed, ectc., occurring within the
range from full load to no load under such constant con-
ditions of operation as give the required full-load values,
the condition of full load being considered in all cases as
the normal condition of operation.
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The regulation of an apparatus intended for the gene-
ration of a potential, current, speed, etc., varying in a defi-
nite manner between full load and no load, is to be
measured by the maximum variation of potential, current,
speed, etc., from the satisfied condition, under such con-
stant conditions of operation as give the required full-load
values.

If the manner in which the variation in potential, cur-
rent, speed, etc., between full load and no load is not speci-
fied, it should be assumed to be a simple linear relation;
i.e, undcrgoing uniform variation between full load and no
load.

The regulation of an apparatus may, therefore, differ
according to its qualification for use. Thus the regulation
of a compound-wound generator specified as a constant-
potential generator will be different from that it possesses
when specified as an over-compounded generator.

The regulation is given in percentage of the full-load
value of potential, current, speed, etc. ; and the apparatus
should be steadily operated during the test under the same
conditions as at full load.

The regulation of generators is to be determined at con-
stant speed. ‘

The regulation of a generator unit, consisting of a gen-
erator united with a prime mover, should be determined at
constant conditions of the prime mover; i e, constant
steam pressure, head, etc. It would include the inherent
speed variations of the prime mover. For this reason the
regulation of a generator unit is to be distinguished from
the regulation of either the prime mover or of the gene-
rator contained in it, when taken separately.

In commutating machines as direct current generators
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and motors, the regulation is to be determined under the
following conditions :

a. At constant excitation in separately excited fields,

6. With constant resistance in shunt-field circuits, and

¢. With constant resistance shunting series fields; i.e.,
the field adjustment should remain constant, and should be
so chosen as to give the required full-load voltage at full-
load current.

In constant potential machines the regulation is the
ratio of the maximum difference of terminal voltage from
the rated full-load value (occurring within the range from
full-load to open circuit), to the full-load terminal voltage.

In constant current machines the regulation is the ratio
of the maximum difference of current from the rated full-
load value (occurring within the range from full load to
short circuit), to the full-load current.

In over-compounded machines, the regulation is the
ratio of the maximum difference in voltage from a straight
line connecting the no-load and full-load values of terminal
voltage as function of the current, to the full-load terminal
voltage.

77. Direct Driven Light Generators. — The tendency of
modern engineering practice is to install lighting gene-
rators which are directly connected with the steam engines
which drive them. Owing to the inherent speed of engines
being smaller than that of generators, direct connected
armatures are designed to run at a lower speed than belt-
driven ones. Economical construction demands that they
be of the multipolar type. They require less floor space
per kilowatt than the belt-driven machines; and this is a
question of considerable importance in many installations.
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They have a higher efficiency of operation consequent
upon the elimination of losses in belting and counter-
shafting. They also permit of operation of isolated plants
in residences and other places where the noise resulting
_ from belt-driven machinery would not be tolerated.

In order that standard generators may be easily con-
nected with engines of any make, and vice versa, commit-
tees from the American Societies of Electrical Engineers
and of Mechanical Engineers have recommended the
adoption of -the following standard sizes, speeds, and arma-
ture shaft fits : —

Sizes in K. W. Capacity . 5| 75| 10| 15| 20| 25| 35
Speeds in Rev. per Minute 450 | 425 | 400 | 375 | 350 | 325 | 310

Armature Fit in Inches . 3 31| 3% | 34 4 4| 4%

Sizes in K. W. Capacity. | 5o | 75100 | 125|150 | 200 | 250 | 300
Speeds in Rev. per Min. . | 290 | 275 | 250 | 235 | 220 | 200 | 190 | 180
Armature Fit in Inches . 5 6 71 7% 8 9 10| 11

Fig. 91 shows a machine made by the Westinghouse
Electric Manufacturing Company in standard sizes of 100,
150, 200, 500, and 675 K. w., at 125 volts. The field
frame is circular and divided in a vertical plane. The pole
pieces are of laminated sheet steel, cast into the frame.
Projecting from the field frame are brackets, which hold
and carry the brush-holder mechanism. This consists of
a ring concentric with the axis of the armature. Upon
its rim is a gear, which engages with a worm operated by
a hand-wheel. The simultaneous shifting of the brush
can be accomplished by the turning of the hand-wheel.
The slotted armature disks are made of sheet steel, and
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are held together by cast-iron end plates. The disks and
end plates are mounted upon a cast-iron spider, which also
carries the commutator. The spider is fitted so as to be
pressed upon the engine shaft and keyed to it. The con-

Fig. 1.

ductors are bars of copper, which are forged into shape on
cast-iron formers wound and insulated with mica and ful-

lerboard.
FFigs. 92 and 93 represent a front and rear view of a
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General Electric Company’s Form L generator. The
frame, of a circular form, is divided in a horizontal plane,
and is made of soft cast iron. To it are bolted pole pieces

Fig. qa.

which are made of soft cast steel. A skeleton, circular,

disk-like brush-holder yoke is fastened to the frame by
means of three slots and bolts, and is capable of sufficient
angular rotation to permit of the proper adjustment of
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the brushes. The movement is accomplished by means of
a hand-wheel and pinion. The armature spider is so con-
structed that it receives the commutator as well as the

Fig. g3.

disks and the armature windings. It is open so as to offer
no obstruction to the free and thorough circulation of air
through it, which permits of a perfect ventilation. The
windings are of copper bars, and the end connections are
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supported by flanges which protect them from mechanical
injury. The commutator shell is pressed upon the arma-
ture spider.

Fig. o4.

The Crocker Wheeler Electric Company’s direct-con-
nected and belt-driven generators differ from others which
have been described, chiefly because of the shape of the
field-magnet frame and the method of armaturé winding.
The field frame shown in Fig. 94 is circular in form, and is
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divided in a horizontal plane. These frames are of cast
iron, and have short internal flanges on each side, which
mechanically strengthen the frame, and offer considerable
protection from mechanical injury to the field coils. The
round poles are of cast steel, cast-welded into the frame.
They are provided with removable cast-iron shoes, which
are clamped in place after the field coils have been put on.
The armatures, instead of being bar-wound, are wound

Fig. os.

with solid copper wire of large sizes, which are triple
cotton covered. The conductors are threaded through
tubes which are placed one upon the other, and which are
made of micanite cloth and press-board rolled up on a
form and glued together. The brush holders and brush
rigging were shown in Figs. 48 and 49.

The Sprague Electric Company manufactures two types
of Lundell generators, both for direct connection and for
belt connection. They are, namely, the split-pole type,
which employs the principle laid down in paragraph 55
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for compensating for armature reaction, and the single-coil
type, which takes its name from the peculiar shape of the
field frame and poles, which permits of the use of but a
single field coil. Both frames are of the circular type,

Fig. g6.

the split-pole field being divided in a horizontal plane,
and the single-coil type being divided in a vertical plane
which is perpendicular to the axis of the armature. A
split pole, with its windings, is shown in Fig. 95. The
compound coil is placed nearer the shoe than the shunt
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coil, and both are kept in place by lugs, as shown in the
figure. Fig. g6 shows a 6-pole, single-coil type field-

magnet frame with its coil inclosed in the frame. The
brush holders which are employed on both types of ma-
chine are illustrated in Fig. g7, the brushes being of
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carbon used radially, and being perforated to receive a bolt
for clamping them to the holders.

The Bullock Electric Manufacturing Company's direct
connected gencrator, Fig. 98, has an external appearance
similar to that of the generators of other companies. It

Fig. o8.

is different from them, however, in having peculiarly con-
structed poles. These poles are made up of laminated
steel stampings, which are much thinner than are ordi-
narily used, and which have the peculiar shape shown in
Fig. 99. In assembling these stampings to form the pole,
every alternate one is reversed from the position which is
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indicated in the figure. The method of assembling is
shown in Fig. 100. After assembling, it will be scen that
the face of the pole for a short depth contains but one-half
as much iron as the main body of the pole.  This results,
under normal excitation, in a saturated pole face. It has
the same effect in preventing distortion of the field under
the influence of armature reaction, as saturation of the
tceth of the armature core. The tceth can, therefore, be

Fig. 99. Fig. 100.

operated at a smaller magnetic flux density.  The hystere-
sis losses in the teeth can accordingly be made smaller.
The thinness of the stampings, and the ideally perfect
lamination of the pole face, permit the use of a smaller
ratio of tooth width to slot width, without the excessive
eddy current loss in the pole face which would occur in
ordinary machines. The possibility of using narrow teeth
results in a reduction of the inductances of the armature
coils. This facilitates effective commutation.
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CHAPTER VIIIL
CONSTANT CURRENT DYNAMOS.

78. Direct Current Arc Lighting Generators. — For
lighting by arc lights where considerable energy is ex-
pended at the points of illumination, and where these
points are separated from each other by considerable dis-
tances, it is sometimes economical and desirable to connect
the lamps in series and use a constant current. A single
line then completes a circuit of all the lamps (Fig. 101).
The line can be made
of much smaller wire
than in the case of a
constant pressure cir-
cuit, for on a constant
current circuit as the
load increases the power
or energy transmitted is Fig. 1o1.
increased by raising the
potential, the current remaining unaltered ; while in a con-
stant pressure circuit an increase of load is met by an
increase of current, and the wires of the line have to be of
sufficient size to safely carry the maximum. The size of
wire necessary is dictated, not by the energy transmitted,
but by the current flowing, hence a wire large enough to
supply just one lamp of a constant pressure circuit can
supply all the lamps of a constant current circuit.

F—H—X—X—%
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The more general forms of arc lamps have what is
termed a spherical candle-power of 800, 1200, or 2000.
Lamps used in search-lights and in light-houses often ex-
ceed this in candle-power, and may consume many more
amperes. The arc lamp of 800 candle-power takes a cur-
rent of 4.5 amperes, that of 1200 candle-power 6.6 to
6.8 amperes, and that of 2000 candle-power 9.6 to 9.8
amperes.

An ordinary arc lamp, as it is trimmed and adjusted for
general use, requires between 45 and 50 volts to force its
rated current through it. A generator supplying a circuit
of say 2000 candle-power lamps with 7 such lamps in the
circuit must be capable of generating a constant current of
9.8 amperes. It must be able to regulate its pressure
between the limits of 50 and 50z volts. This is necessary
in order that it may operate all the lamps or any part of
the whole number.

The current of an arc-light machine must not exceed
nor fall below its normal value, no matter how suddenly
the load is varied ; for the slightest change, even for a very
brief instant of time, affccts the quality of the light at the
lamps. It is obvious that some mechanical device could be
applied to an ordinary shunt-wound generator to cause it
to give constant current, either by changing the position of
the brushes or by varying the ampere turns of the field
coils. However, any such device would be slow of opera-
tion, and a sudden short circuit would cause a destructive
current to flow before the regulator completed its action.
Tt is, therefore, necessary to rely on the armature reactions
for regulation, since they vary simultaneously with the cur-
rent. All successful constant current machines are con-
structed on this principle. The machine is designed with
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a field of very great magnetizing power, the armature re-
actions are very great, and thus the total flux effective in
producing E.M.F. is reduced. A slight increase of current
in the armature materially increases the armature reactions.
The effective flux is thus reduced, and the pressure falls
until the current returns to its normal value. Thus the
machine is completely and instantly self-regulating. Since
the field magnetization is kept constant and the machine
produces constant current the field coils are series wound
on all arclight generators, and the cores of the field
magnets are worked at a very high magnetic density, since
the magnets are then more insensible to slight changes in
the magnetizing force. In commercial machines the den-
sities in the field cores are from 17,000 to 18,000 lines per
square centimeter for wrought iron or steel, and from gooo
to 11,000 lines for cast iron.

In the armature high magnetic density is also required
to prevent a sudden rise of voltage when the circuit is
broken. With no current in the armature, the total mag-
neto-motive force of the ficld magnets would be effective
in producing E.M.F.,, and a destructive rise of pressure
would result, since the total M.A/.F. of the ficld magnets
is much greater than the normal effective 4737 F. But a
high magnetic density in the armature core leaves the latter
incapable of receiving such an increase of flux, and there-
fore destructive voltages arc avoided. In practice the arma-
ture core is designed to have a density of from 15,000 to
20,000 lines per square centimeter at its minimum cross-
section.

A consideration of the foregoing theory of regulation
shows that the following conditions should obtain more or
less completely in a successful constant current generator :
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(a) since the current is small, there must be a great num-
ber of armature turns; (&) the magnetic field of the ma-
chine must be much distorted ; (¢) the path of the lines of
force of the field coils must be long and of small area, so
the A7/ F. cannot be readily changed ; (&) the path of the
lines of force due to armature magnetization must be short
and of great area, so the 4737 F. of the armature will change
with the slightest change of current ; and (¢) the pole piece
must be worked at a high density.

Evidently extreme difficulty is found in so designing the
different parts of the machine as to give proper considera-
tion to each of the conditions and yet produce a machine
that will regulate for constant current at all loads. This
leads to the introduction of automatic mechanical devices
for aiding in the regulation. These devices must not be
considered as being the sole regulators, for in every case
they are secondary to the natural self-regulating tendency
of the armature. In general they regulate for the gradual
and greater changes of load, while the armature reactions
take care of the smaller and more sudden fluctuations.

There are two general systems of regulating arc dynamos.
The first method is to cause the machine to develop an
E.JALF. in excess of that required for the load, and to then
collect an Z2..J/7.F. just sufficient for the load in hand. This
is done by shifting the brushes from the neutral plane (§50).
Ina closed-coil armature this causes a counter pressure to
be developed in those conductors lying between the neutral
and the commutating planes. This reduces the pressure
to the desired amount. In an open-coil armature the
brushes, when in the maximum position, connect to the
circuit those coils of the armature which at that instant
have the maximum Z.A/.F. generated in them. By shift-
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ing the brushes either way coils can be connected to
the circuit which have some Z.V.F. less than the total
E.JMF. generated in them, and the amount of shifting
regulates the pressure on the line.

The second method of arc-light dynamo regulation is to
vary the magnetizing force in the field magnets just enough
to put the required pressure on the line.  Since the mag-
netizing force is dependent on the ampere turns of the field
coils, it can be varied either by cutting out or short circuit-
ing some of the turns or by changing the current in them
by means of a variable resistance which is shunted across
the field terminals. In practice both these methods have
been used.

Whether regulation is effected by changing the position
of the brushes, or by changing the ficld excitation, sparking
will occur at the points of collection of the current if means
are not provided toavoid it. Non-sparking collection could
be obtained if the ficld were perfectly uniform all around
the armature. In general this condition is impracticable,
since it requires almost the whole armature to be covered
by the pole faces, and it requires the density in the gap
beneath them to be uniform.  Considerations of magnetic
leakage and armature reaction render almost impossible the
satisfying of these conditions. Another and more prac-
tical method is to employ for collection at one terminal of
the machine two brushes connected in parallel. These are
moved in opposite directions, thus giving the effect of a
single brush of varying circumferential contact, whose
center can always be kept in the neutral plane. This
prevents bad sparking. The device is used quite success-
fully in practice. There is, however, some question as to
the advisability of resorting to it.
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9. The Brush Machine. — Fig. 102 shows a standard
160-light Brush arc generator, made by the General
Electric Company. The armature revolves between -the

f—— — —_—— ——— —=

Fig. 102,

opposed pole faces of two sets of field magnets. Like
poles are opposed to each other. The flux, therefore,
takes a path out of the opposing pole faces into the arma-
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ture core, and then circumferentially through the core and
out into the next pair of opposing pole faces.

Fig. 103.

The armature, Fig. 103, consists of a number of coils or
bobbins placed on a ring core of greater radial depth than
breadth, and the pole faces cover the sides instead of the

Pig. 104.

circumference. The bobbins are protected by an insulat-
ing box, shown in Figs. 104 and 103, but are not surrounded
by any masses of metal. This fact, coupled with the fact
that the armature is of such a shape as to cause great air
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disturbance, insures exceptional ventilation of the armature,
and tends to prevent the “roasting out ™’ of the coils when
subject to an overload.  This machine is of relatively slow
speed, the larger sizes running at only 500 R.P.A/.

Fig. 10s.

At a given instant of time, the different coils on the
moving armature have Z.47./s of widely different magni-

Fig. 106.

tudes induced in them. The commutator, Fig. 106, is so
designed that it connects the coils of highest £.M.F in
series with each other to the external circuit, and con-
nects the coils of medium £.J7ZF. in multiple with each
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other to the external circuit, while those of smallest /.17 F.
are cut out entirely from the circuit.

The bearings are self-lubricated by means of rings.
Since the poles are on the sides of the armature, side

Fig. 107.

play in the bearings must be prevented. To this end the
commutator end of the shaft is turned with six thrust col-
lars, as seen in Fig. 107, which are engaged by correspond-
ing annular recesses in the brasses.
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Regulation on these machines is cffected by a variable
resistance in shunt with the field coils; and as the field
current is changed the position of the brushes is also
changed, not to collect current at a lower voltage as de-
scribed in § 78, but to obtain sparkless collection. These
two operations are performed by a regulator (Fig. 108),

Fig. 108.

which is attached directly to the frame of the machine.
The mechanism consists of a rotary oil-pump driven by a
belt from the armature shaft, a balance valve of the piston
type, and a rotary piston in a short cylinder, which is
directly connected to an arm swecping the contacts of the
field-shunt rheostat. The valve is operated by a lever
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actuated by a controlling electro-magnet which is energized
by the whole generator current. At normal current the
valve is centrally placed, and the oil from the pump flows
around the overlapping ports into the reservoir without
effect (See Fig. 109). If the current rises above the nor-
mal, the armature of the controlling magnet is attracted,
the balance valve moves up, and oil enters the cylinder,

Pig. 109.

moving the rotary piston in a clockwise direction. The
shaft of this piston moves the arm of the rheostat, cutting
out resistance and thus lowering the field exciting current.
At the same time a pinion on the shaft, seen in Fig. 110,
actuates a rocker arm which moves the brush holders to a
position such that the collection by the brushes will be
sparkless. When the current returns to normal the
adjusting spring, seen in Fig. 111, returns the lever and
balance valve to the central position. If the current falls
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Fig. 111,
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below the normal, these operations are reversed. The
tension of the adjusting spring can be regulated from the
outside of the dust-proof case by a hard rubber knob.
From the nature of the case the parts are always well
lubricated. .

It is claimed for this regulator that it can bring the-cur-
rent back to normal from a dead short<circuit in from 3} to
4 seconds.

80. The Westinghouse Arc-Light Machine. — Fig. 112
shows a 75-light direct current arc-lighting generator,
made by the Westinghouse Electric and Manufacturing
Company. It is of rigid construction, the bearing sup-
ports being cast integral with the frame. For facilitating
transportation and repairs the yoke parts in the middle
on a horizontal plane. The bearings are of the self-
oiling, self-aligning type described in § 41. The armature
shown in Fig. 113 is of the open-coil type, which gives a
unidirectional but not absolutely continuous current. The
slight pulsations of the current thus set up, while not
affecting the steady mean value of the current, cause a
slight constant vibration in the mechanism of the lamps
that helps overcome any tendency to stick or a failure to
feed the carbons. A unique feature of this armature con-
sists in its having two separate sets of windings on the
same core, each set having its own commutator. The coils
and commutators are so arranged that while a set of coils
of one winding is being cut into or out of the curcuit a set
of the other winding is supplying current to the line. It is
claimed for this method of connecting open-coil armatures,
that it yields a more satisfactory current, and obviates the
vicious sparking at the commutator found in other types
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of open-coil machines. The armature is made of lami-
nated steel sheets punched with T-shaped teeth between
the winding slots. The armature coils are wound on

Fig. 1.

molds, and insulated and mounted on the armature as
shown in Fig. 114. They are held in place by wooden
wedges forced into the loops left at the ends of the arma-
ture. This construction admits of removing one coil for
repairs without disturbing any of the other coils.
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This machine differs from
the general type of arc-light-
ing machines in that it is
separately excited, a small
auxiliary machine generating
current for the field coils at
100 volts. This obviates the
possibility of danger from a
too high pressure resulting
from an open circuit.

Regulation is obtained by
careful design, so that the
armature reactions cause the
voltage to vary in just the
proper proportions, as de-
scribed in § 78. The exciting
field current is regulated to
give the proper excitation by
a series rheostat. By this
means the line current can
be raised or lowered slightly
if desired, without affecting
the self-regulation.

Fig. 115 shows the double
commutator of this machine.
The segments are easily re-
moved and replaced in case
they wear or burn out.

143

Fig. 3.

81. The Wood Arc Dynamo. — Fig. 116 shows a Wood
constant current dynamo for lighting 125 2000 c.p. lamps.
This machine claims an efficiency of go per cent on full
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load. The bearings are self-oiling, and may be removed
for repairs or inspection without removing the armature.

e armature has large radiating surface a shallow wind-
Th ture has large radiating surface and shallow wind

Fig. 114.

ing, and its temperature does not rise more than 40° C.
above the temperature of the room. This armature is of
the closed-coil type, requiring a commutator of many seg-
ments with but a small potential between any two adjacent
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ones. This fact, and the use of two brushes in parallel, as
explained in § 78, obviates all sparking.

This machine operates by generating full pressure at all
times, and by automatically setting the brushes to take off
just such potential as is necessary. This allows of regu-
lation without making use of rheostats, separate ex-
citers, wall controllers, motors, or relays. The regulating

Pig. ns.

mechanism is set in operation by a sensitive and rather
powerful electro-magnet excited by the main armature
current. This attracts a lever which is restrained by an
adjustable coiled spring. A variation in the current
strength causes this lever to throw into train one or the
other of two oppositely revolving fiber friction cones, which,
acting through gears and levers, shifts the brushes the re-
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quisite amount, and also varies their angular contact or
collecting extent.  All the delicate parts of this mechanism
are inclosed in the pillar supporting the commutator end
of the armature shaft, and are thereby protected from

Fig. 116.

injury, dust, and grit. The wearing surfaces of this regu-
lator are all large and the speed is slow, so that wear is re-
duced to a minimum. Without any change of adjustments
this regulator will operate when run either way, which is
an advantage when two or more dynamos are run from one
engine, and economy of space is essential, or in case of
accident to a prime mover.
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82. The Excelsior Arc Dynamo. — This machine, Fig.
117, is a closed-coil ring armature generator, having pole
faces that cover both the sides and the circumference of
the armature. The interesting feature of this machine is
the method of regulation. The proper potential is sup-
plied to the line by using both methods of control in con-
junction ; that is, sections of the field windings are cut in
or out of circuit, and at
the same time the posi-
tion of the brushes is
-shifted. = The proper
motion of the field regu-
lator arm and of the
brush holder is obtained
by means of a small
motor whose field is
“sneaked” from the
main magnets of the
machine.  This motor
is operated by a device
shown in Fig. 118. The
whole device is inserted
in series with one of the
mains from the gener-
ator. The right-hand
lever is of insulating material, with the contact blocks
a and & properly placed upon it. The left-hand lever
is of conducting material, and is capable of being attracted
by the electro-magnet which is excited by the main
current. The magnet and spring are so adjusted that
when the normal current is flowing, both « and 4 are
in contact with the left lever, and the current flows in the

Fig. 117,
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three shunt paths, R, R, and R,. There will be no cur-
rent in the armaturce of the regulating motor, since the
potential at brush & is equal to the potential at brush y.
If now the line current becomes too strong the magnet
attracts the left lever to it and the contact at « is broken.

Fig. n8.

Immediately the current flowing through & divides at the
brush z, part going through Az and part through the motor
armature and #;.  The motor will then revolve in a given
direction, and by simple mechanical devices will cut =~
sections of the field windings, and will shift the brushes
until the normal current is flowing, when contact is again
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made at a and the controlling motor stops. If the line
current drops below normal, the spring pulls the lever
away from the magnet and the contact at & is broken.
Part of the current then flows from y to x through the
motor armature. It therefore revolves in a direction op-
posite to that which it had before.- The brushes on the
dynamo are shifted back again, and more sections of field
winding are put into circuit.

In practice the levers and the magnet are mounted on
the wall or the switch-board, while the regulating motor is
mounted on the dynamo frame.

When the current is broken at @ or 4, there is no serious
sparking, since there are always two circuits in shunt with
the break. The whole current of the dynamo does not
exceed ten amperes ; and the resistances R, K, and R, are
so proportioned that only a small portion of that flows
through a or 6.

83. The Ball Arc Generator.— I'ig. 119 shows a double
armature, automatic regulating constant current generator,
made by the Ball Electric Company. Two independent
circuits, each automatically controlled, can be operated
from the one machine, since it has two distinct armatures,
commutators, and regulators. The advantage claimed for
this arrangement is that the pressure has to be but half as
high as if the two circuits were united and fed by a single
armature. Yet if it be undesirable to bring the ends of
two circuits into the power-house, they can be connected
in series, and fed by the two armatures also connected in
series, and then the voltage per armature will be half that
of a single armature machine giving like results.

The armatures are of the closed-coil ring type. The air
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gap between pole faces and armature is short in length and
great in area, requiring a minimum of magnetic excitation.
The commutator is built up of a great number of segments,
the potential between any two adjacent segments not ex-
ceeding fifteen volts. This assures sparkless commutation.

This generator is regulated by shifting the brushes until
pressure of a suitable magnitude is collected.

A magnetic body placed in a magnetic field will tend to
rotate until the longest axis is parallel to the magnetic lines
of force. This principle is applied to the Ball regulator as
follows: A magnetic portion of the brush carrier is made a
part of the magnetic circuit, and is placed in a recess of the
dynamo frame. It tends to assume an axial position with
a force varying as the flux through it. As the line current
increases the flux increases, and the brush holder, which is
mounted on ball bearings, rotates, shifting the brushes the
required amount. The impulse to regulate is applied
directly to the brush holder, instead of being communi-
cated to it by by a more or less complex mechanism. The
magnetic tendency to shift the brush holder is opposed by
gravity.

84. The Thomson-Houston Dynamo. — The Thomson-
Houston arc generator is of a type entirely different from
the other machines here described, not only in appearance,
but also in method of armature winding and of regulation.
A view of this machine is given in Fig. 120. Each field
coil has for its core an iron tube, flanged exteriorly at each
end to form a recess for the windings, and fitted at the
armature end with a concave iron piece that surrounds part
of the armature. This tube, with the flanges and the cup-
shaped end, is cast in one piece. The farthermost flange
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of cach field core is bolted to a number of wrought-iron
connecting-rods which hold the magnets in place, protect
the field windings, and take the place of the yoke of other
machines in completing the magnetic circuit. The mag-
nets arc mounted on a frame, including legs and bearing
supports for the armature shaft.

The armatures of the older machines of this type are
spheroidal in shape, while the more recent ones have ring
armatures which are more readily repaired or rewound.
The winding of cither form of armature is peculiar in that
only three coils are employed, sct with an angular dis-
placement from one another of 120 degrees.  In the ring
armature no difficulty is found in properly winding these
coils ; but in the old spherical armature the following de-
vice was employed to scecure the windings, and give each
of them the same average distance from the pole face. A
hollow spheroidal iron core was keyed on the shaft.  The
core had three rows of externally projecting wooden pins.
Between these pins the coils were wound, half of coil A
being wound first, then at 120 degrees distance half of coil
B was wound, covering parts of coil A. Then at 120 de-
grees from both 4 and B all of coil € was wound. Over
this, but in its proper angular position, the other half of
coil B was wound, and finally the rest of coil 4 was put in
place. By this arrangement the average distance of each
coil from the pole face or from the iron core was the same.
In either type of armature the inner ends of the three coils
are joined to each other, and are not attached to any other
conductor, an arrangement unique in direct current dyna-
mos. The outside ends are connected to the segments of
a three-bar commutator, from which the current is collected
by four copper brushes connected in multiple.
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Regulation is obtained by shifting the brushes in the
following manner. Fig. 121 shows the two possible rela-

Fig. 120.

tions between brushes and commutator that may exist at
any instant. Both brushes of each set may rest on one
commutator bar, or the brushes of one set may span the
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break between two of the bars. These conditions are re-
peated three times at each brush for each revolution. If
the dotted line shows the position where the maximum
E.M.F. is generated in the coils, then in Fig. 1214 the
two most active coils are connected in series with the out-
side circuit, while the coil near the position of least activity
is out of circuit. In Fig. 1214 the two less active coils are
in multiple with themselves and in series with the most
active coil and the external circuit. In practice the

- [
/
/
I’
Rig. 1.

brushes of a set are 60 degrees apart, leaving 120 degrees
between the leading brush of one set and the following
brush of the other set ; and since 120 degrees is the angular
measure of the length of a commutator bar, there is no
coil out of circuit at normal load, two being always in
parallel and in series with a third. If the current rise
above the normal the leading brushes move a small angle
forward, while the following brushes recede through three
times that angle. This will shorten the time that a single
coil gives its whole F.M.F. to the circuit, and will place it
more quickly in parallel with a comparatively inactive coil.
But such a movement will reduce the angular distance be.
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tween tne nearest brushes of the cpposite sets to less than
120 degrees, hence the machine will be short circuited six
times per revolution, since one brush of each set will touch
one segment of the commutator at the same time. If the
current in the line falls below normal, then the brushes
close together, and the time that a coil is in series is
lengthened, and the time that it is in parallel with an
inactive one is lessened.

Field Coils

Fig. 1232,

The arrangement for moving the brushes is shown in
Fig. 122, The 1¢.ding I rshes are shifted forward on an
increase of current merve; to help avoid sparking.  The
brushes are moved by lev rs actuated by a series magnet
A. This magnet is normally short circuited by the by-
pass circuit. On an undue rise of current this circuit is
broken by the series magnet B. A then becomes more
powerful, and the levers separate the brushes. While the
machine is in operation the circuit-breaker C is constantly
vibrating, and brushes adjusting to suit the load. A high
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carbon resistance is shunted across C to prevent sparking
at that point.

As might be expected, with but three parts to the com-
mutator and collection made with small regard to the
neutral point, the sparking of this machine is such as to
speedily ruin the commutator and the brushes, if means
are not taken to suppress it. A rotary blower is mounted
on the shaft, and is arranged to give intermittent puffs of
air, which at the right moment blow out the spark. The
insulation between the segments is air, considerable gap
being left between them, and through these gaps the
sparks are blown.

85. Western Electric Arc Dynamo. — Fig. 123 represents
this machine, which is regulated by means of shifting the
brushes. The brush and rocker are connected by means
of a link and a ball and socket joint with a long screw.
This screw is held in position by a nut. When the current
is normal, both the nut and screw revolve at the same
rate, and consequently there is no end movement of the
screw. The brush, therefore, remains stationary. An
electro-magnet, energized by a coil which is in series with
the main circuit, attracts an armature whose movement
towards the magnet is opposed by the action of a spring
which is susceptible of regulation. When the current has
too high a value, the electro-magnet attracts its armature
more strongly than ordinarily. The latter moves toward
the magnet, and by its movement catches a stop on the re-
volving nut, and thereby prevents the revolution of the nut
until the resulting longitudinal movement of the screw has
shifted the brushes sufficiently to bring the current to its
normal value. If the current be too weak, the spring
which is attached to the magnet armature overpowers the
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electro-magnetic attraction. The resulting movement of
the armature stops the rotation of the screw and permits
the rotation of the nut. This results in a longitudinal
movement of the screw and a shifting of the brushes in
the opposite direction. The stopping and starting of the
nut and screw is accomplished through the medium of

Fig. 1a3.

small triggers controlled by the armature of the series
magnet. The triggers are fastened to a gear rotated from
the main shaft by a belt. They engage with stops on the
nut and screw respectively.

Fig. 124 gives a sectional view of the regulator, and the
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Fig. 124.



CONSTANT CURRENT DYNANOS.

159

Fig. 13s.
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trigger which engages with the screw is shown at », and
the one which engages with the nut is shown at .

Fig. 125 represents the details of the armature con-
struction. The latter is ring wound with a large number
of turns in each section.
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CHAPTER IX.

MOTORS.

86. Principle of the Motor. —Any direct current dy-
namo will act as a motor if supplied with current from some
external source. This source may be a constant E.M.F.
system, a constant current system, or any other system.
The rotation of the armature is a direct consequence of the
conditions laid down in § 20. It is evident that if the
negative and positive terminals of a dynamo be connected
with the corresponding terminals of some external source
of supply, the direction of flow in the armature will be
reversed. Irrespective of the multipolarity of the field or
of the method of armature winding, the electro-dynamic
actions between the field and all the currents in the in-
ductors will conspire to produce rotation in one direction.

87. Direction of Rotation. — To determine the direction
of movement of an inductor carrying a current of known
direction in a magnetic field of known direction, one may
employ a modification of Fleming's rule. Thus in a dynamo
the thumb and two first fingers of the right hand deter-
mine the direction of induced E.M.F. as shown in Fig.
126. But in a motor the thumb and two first fingers of the
left hand can be made to determine the direction of motion
as shown in Fig. 127.

If in a dynamo the direction of the field flux be not
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altered, and if the armature be supplied with a current flow-
ing in the same direction as when the machine was operated
as a dynamo, the direction of rotation will be reversed.
Thus, if the positive brush of a dynamo be connected to
the positive terminal of an external source of supply, and if
the negative brush be connected to the negative terminal,
then the direction of current flow in the armature will be
reversed. The direction of rotation of the armature, in

TWELD RASNEY FRLD MAONET
WORTM POME. NORTH POLL.
+ DYNAMO - RIOHT HAND. MOTOR LEFT HAND.
Fig. 126. Fig. 137.

series-wound machines, since the field flux has its direction
also changed, will be reversed. In shunt-wound, separately
excited, and magneto machines, since these do not have
their fields reversed, the direction of rotation will be u-
altered. Compound-wound machines will have the same
or reversed direction of rotation, depending upon whether
the magnetizing effect of the shunt coils is stronger or
weaker than that of the series coils. In a compound gen-
erator the actions of the shunt coils and the series coils are
cumulative, i. e., in the same direction ; but when used as a
motor the actions are differential, i.e., opposed to each other.
Motors are also wound so as to have cumulatively acting
series coils,
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88. Speed Conditions. —If an electric motor be supplied
with eléctrical energy, it will vary its rate of rotation until
it has attained such a speed as will produce an equality be-
tween the input of energy and the output of energy. The
latter appears both as useful work and as losses. In the
case of a motor, speed acts toward electrical energy like
temperature in the case of heat energy. Temperature
always rises until the heat energy which is produced is
equal to the heat energy which is disposed of by con-
duction, convection, and radiation.

The electrical energy which is communicated to a motor
is transformed, «, into useful mechanical energy, which is
taken from the armature shaft either by a belt or by direct
connection ; 4, into friction at the bearings and at the
brushes; ¢, into windage; &, into foucault and eddy currents;
and finally ¢, into ohmic heat energy in the motor’s electrical
circuits. The energy required per unit of time to overcome
friction, windage, hysteresis, and foucault and eddy currents
increases as the speed of rotation increases. Nearly all
practical loads put upon a motor — machinery in one form
or another — require an increase of power for an increase
of speed. Therefore, if a given amount of electrical power
be communicated to a motor under load, the armature will
assume some speed of rotation, so that a balance between
the input and the output of energy is maintained.

89. Counter £. M. F.—If the variation of losses and useful
energy with the speed were the only conditions governing
the speed, then there would result in practice variations of
speed through enormous ranges. But there is another con-
dition affecting the speed. The armature, by varying its
speed, not only governs the rate of expenditure of energy,
but also governs the amount of electrical energy received.
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The armature of a motor revolving in a field under the
influence of supplied electrical energy differs in no respect
from the same armature revolving in a field under the in-
fluence of supplied mechanical energy. There isan E.AF.
generated in it which is determined by the speed and quan-
tity of flux. For the same speed and the same flux there
would be generated the same £.J/.F. in the case of a motor
as in the case of a dynamo. The direction of this £.M.F.
is, however, such as to tend to send a current in a direction
opposite to that of the current flowing under the influence
of the external supply of E.M.F. according to § 87.
Therefore this pressure which is induced in the armature of
a motor is called counter electro-motive force. The current
which will flow through the inductors of an armature is
therefore equal to the difference between the supply £.4.F.
and the counter £.M7.F. divided by the resistance of the
armature, or E.— E.

Ra

For example, an unloaded 1 k.w. shunt motor having an
armature resistance of 1 ohm, when connected to a con-
stant source of potential supply of 100 volts, would not take
a current of 100 amperes as dictated by Ohm’s law, unless
its armature were clamped so as to prevent rotation. If
unclamped, its armature would assume such a speed that it
would have induced in it a counter E.M.F. of say 97.5
volts. The current then flowing in the armature would be

I, =

91—97'5 = 2.5 amperes.
The power represented by this current, viz, 2.5 X 100
watts, would all be expended in overcoming the losses of

the machine.
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Since in a motor, for a given

direction of rotation and flux, the current in the armature

flows in a direction contrary to that
which it would have as a dynamo,
therefore the effect of the motor
armature cross turns is to skew the
field against the direction of rotation,
as in Fig. 128. Tnis increases the
magnetic density in the lcading pole

tip, and decreases it in the trailing .

tip. This necessitates, for sparkless
operation, a backward lead, or a lag,
of the brushes. If the brushes were
in the same place as when the ma-
chine was operated as a generator,

the direction of armature current

having been reversed, then the de-
magnetizing or back turns of the
generator would become magnetiz-

Fig. 128,

ing turns for the motor; but with the brushes shifted to
a position of lag, then the motor has also demagnetizing

or back turns.
o1. Efficiency.
to a constant pressure supply,

In a compound-wound motor connected

Let R, = resistance of shunt field coils,
R, ., = recistance of armature plus that of the series field

coils,

¥V = number of revolutions per minute,
T = torque given off at the pulley in pound feet,

£ = supply voltage,

7, = no-load armature current in amperes, and
7 = armature current when torque 7 is yielded.
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useful power output

The efficiency = &1 crical power input’
hence,
_27VT siths
- £
El+ %

The useful power can be expressed as the difference
between the power input and the losses. Now at no load,
when there is no useful power output, the following rela-
tions exist : B
E7, + —~ = power input,

R
and
I2R,,,= P’'= power in the armature and series coils.

Assuming the friction, the windage, the foucault current,
and the hysteresis losses to be constant and the same as
at no load, we have for their value a constant loss = the
no-load power input — the variable loss.
Hence,

The constant loss = P, = E/, + P, — P’,

where

P, = loss in shunt coils = %

The efficiency under load will therefore be
_El_}.’f_j’Ra+n

‘=TT EIy A,
In a shunt motor R, ., represents the armature resistance
only; hence,

_EI—P,— IR,
CTTEI+ P,

In a series motor P, = 0; hence,

— EI—’])/_ ]zRa+u

- E7

€
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In the first of these three expressions for efficiency,
solving for that value of / which will give a maximum effi-
ciency, we have
de _ (EI+Ps)(E—21IR,.)— (EI—F—I'R,,)E _
78 EIl+ 2P, =

whence
I= i\/ﬁi‘ﬁ* Lo’ _ La,
%L VB TZE

a+s

Fig. 129 gives a set of curves indicating the perform-
ance of a motor whose fixed losses are large. Fig. 130

d
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e
Y t
s 9
: e v
> =
p 25! Useful Power
F s ]
i * ]
F 107
e H Variable Losses = 1*Rq 4 4
O e o .
Fixed, 868 11 Shunt Coils, friotion, foucault, and h,ﬂmolc.’

Power Input

Fig. nag.

gives a set of curves for an exactly similar machine save
that the fixed losses are smaller. They might be con-
sidered as taken from the same machine as the first, but
with journals better oiled, and hence with less friction loss.
The difference in the efficiency curves is noticeable.
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Abscisse in all cases represent power input. The ordi-
nate of 2 at any given load shows the power input at that
load. The constant ordinate of F represents the power
consumed by the fixed losses, which is constant for all
loads. The ordinates of V;, measured from £, follow the

.
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// Fixed Losses in Friction, foucault, hysteresis and shunt coile.. 4

Power Input

Fig. 130.

law /2R, 1, and represent the variable loss at various loads.
Therefore the total loss for any load is represented by the
" total ordinate of J7at that load. The difference between
the power input and the losses gives the useful power,
which is represented by the difference of the ordinates of
P and V. The values of the ratio uscful power POWET for each
‘ power nput
load are plotted in the efficiency curve. Comparing the
curves of the two machines, it is seen that to get a high
efficiency at full load the variable loss must be kept small,
while to obtain a good cfficiency at small loads, the fixed
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losses must be made small. The shape of the efficiency
curve can be controlled by a proper adjustment of the
relation which exists between the fixed and the variable
losses.

92. Starting Rheostats. — When the armature of a motor
is at rest there is no counter £.M.F.; and at the instant of
closing the circuit a destructive current would flow if a re-
sistance were not first inserted .in the circuit, except in the
case of very small motors whose armatures have small
moments of inertia. As the speed increases the resistance
can be lessened without allowing too severe a current to
flow, and when full speed is obtained the resistance must .
all be cut out to avoid loss. In order that counter £.M.F.
may be generated from the start, the shunt field circuit
must first of all beclosed. These ends are obtained by the
use of a starting-box or vheostat, the wiring of the ordinary
type of which is shown in Fig.
131. Its main feature is a con-
tact arm pivoted at its center,
and revolving through almost
180°, making various contacts.
This arm is connected to one
terminal of the supply as shown.
As it is slowly turned on, one
end of it first makes a connection
which completes the shunt field
circuit.: Then the other end
makes a contact which closes
the armature and series coils
through the maximum resistance
of the starting-box. As the
speed increases, the revolving
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arm is made to cut out the resistance, piece by piece, until

it is finally all out of the circuit and the machine is run-
ning independent of the starting rheostat.

Fig. 132 shows such a starting-box as made by the

Crocker Wheeler Company. The brass contact points

and the arm are mounted

on a slate slab, which

serves as the top of an

open-work cast-iron box

which contains the resist-

ances in the form of spiral

coils of bare wire. The

wire is generally either of

German silver or of some

one of the special iron

alloy resistance materials.

A shunt motor may

have its armature coils

destroyed by an excessive

rush of current resulting from a dropping or ceasing alto-

gether of the supply voltage followed by a sudden renewal

after the speed of the armature has fallen. These condi-

tions may arise through accidents to mains or because of a

too heavy load on mains of insufficient cross-section. An

armature may also be burned out by an excessive cur-

rent due to overloading the motor. The resulting lower-

ing of its speed is accompanied by a corresponding lowering

of the counter £.A7F. Again, a too high supply voltage,

which might result from some cross or other accident might

cause a destructive rush of current. To meet these condi-

tions, starting rheostats are often made with attachments

for opening the circuit on 7o voltage or low voltage, and

Pig. 13:.
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Fig. 133.

Fig. 134.
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others with attachments for opening the circuit on overload.
Some have both attachments, but it is modern practice to
remove the overload attachment from the starting-box and
put it on the switchboard. Fig. 133 is a diagram of the

+ -
From Supply
Cirouit

| __Overload
Cirgult Breaker

Cut-out

! ! Switch _mmﬂ]
Field

L

Armature

Datalils of Release Magnet

Fig. 135.

wiring of a starting rheostat for a shunt motor with auto-
matic release and low-voltage attachment. Fig. 134 gives
a front view of this same instrument. When the starting-
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handle is placed in the “on’’ position, the magnet in the
field circuit holds it there, although a spring tends to throw
it back. If now, because of low voltage, the current in field
and magnet becomes weak, the magnet is no longer able to
detain the handle, and the spring throws it to the “off ”
position, where it stays until the motor is again turned on
by an attendant.

Figs. 135 and 136 show a view and a diagram of the
wiring of a rheostat with both release and overload attach-

Pig. 136.

ments. The former is similar to the one just described,
while the overload attachment consists of a magnet in the
armature circuit which on overload becomes strong enough
to attract to itself a pivoted iron arm supplied at its end
with a device which short circuits the field current around
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the release magnet. This causes the latter to let the
starting-handle drop as in the case of low voltage.

93. Characteristic Curves of a Shunt Motor. — A shunt
motor, having a small R, and a large R,, and having the
field well saturated, will give a fairly constant speed under
all loads, if supplied from a constant pressure circuit.
This is shown by the curves in Fig. 137, which are from
a bipolar, shunt-wound, 10 horse-power, 230-volt Crocker

Wheeler motor.

A shunt motor when
started cold on no load
quickly arrives at a speed
which then gradually
rises to a maximum. The
gradual heating of the
field coils increases their
resistance.  This allows
less current to flow in
them, and the resulting
magnetic flux is less.
Therefore the armature
must rotate faster to gen-

erate the same counter £.M.F,, as explained in § 89.

Pig. 137.

94. Compound-Wound Motors. — In silk-mills and other
textile factories where any slight variation in the speed
affects the character of the manufactured product, com-
pound motors give a satisfactorily constant speed. The
object of the compounding coils is to weaken the flux in
the armature as the load increases. If, at a given load,
under the influence of shunt excitation alone, the speed
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would fall a certain per cent of the speed at no load, then
the armature flux must be lessened by the same percentage
in order to bring the speed up to its original value. In
calculating the number of series turns, account must be
taken of the fact of
magnetic leakage,
since the regulating J
coils are on the field
magnets and not on the
armature direct. Cu-
mulatively compound-
wound motors are used
in order to obtain a
large starting torque. Pig. 128.

The influence of the

series coils is not very great after full speed has been
attained.

Source

*y

Q9

8hunt Fisld

Hand Rheostat

VAR

95. Hand Speed Regulation. — A rheostat placed in the
field circuit of a shunt motor can be used to vary the
speed of the motor at will, as in Fig. 138. An increase
of the resistance will decrease the current in the field
coils. Asa result the armature magnetic flux will decrease
and hence the speed will 7ucrease. 1f the fields be pretty
well saturated, it will require a resistance of some con-
siderable size, say twice as large as the field resistance, to
cut the current down enough to materially reduce the
flux and increase the speed. Motors of older make seldom
had fields magnetized anywhere near saturation. There-
fore they are very susceptible to the slightest change of
resistance in their field circuits. If the demagnetizing
armature ampere turns be large, it is possible for a motor
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to increase its speed under increase of load. This is due
to the decrease of armature flux.

96. Speed Regulation by Series Resistances. — The
speed of a motor on a constant pressure circuit can easily
be varied over a wide range,

' 8eries R, *~
A‘,W\/\/M from rest to full speed, by
manipulating a resistance

+ in series with it. The use
Soure of this method is not to
o— be advised save for ex-

perimental purposes, since
it is very wasteful of en-
000009 ergy. The /2 R loss in
Flaid Coils the regulating resistance

is sometimes considerably
more than the power actually used. Fig. 139 shows the
wiring for this style of regulation.

Fig. 139.

97. The Leonard System of Motor Speed Control. — This
system is especially advocated for use in operating elevators,
cranes, battleship turrets, and all equipments requiring a
thorough control of the speed and precision of stoppage.
Fig. 140 shows the arrangement of such a system. A7 is
a motor whose field is separately excited all the time from
a source of constant potential, £. G is a dynamo which
generates power for the armature of motor /. The arma-
ture of the dynamo G is maintained at approximately con-
stant speed by the prime mover S, which may be a steam
engine or a motor run by power taken from the source £..
The generator G is separately excited by current derived
from £ and controlled by the reversing rheostat C.
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When it is desired to start the motor, the field of the
generator is weakly excited by moving the controller so
that a high resistance is in circuit with the field. This
causes the dynamo to send current of low potential to the
armature of the motor /. The latter then starts to move
slowly. To accelerate the speed, more resistance is cut
out of the controller. The pressure of the current supplied
to the motor armature simultaneously increases and with
it the motor’s speed. Since the power represented by
the current required to excite the field of G is at most

E
7
c
8 H [} l] { | '] ”I
Fig. 140.

but a small fraction of the useful power given out by the
motor, the /2 R loss in the resistance C is very much less
than would be the loss in a series regulating resistance as
described in the last section. It is claimed that the extra
first cost of this system is offset by the decreased cost of
repairs, since violent stresses and bad sparking are avoided.
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98. Slow-Speed Motors. — It is a practical advantage to
have a motor connected directly to the machine it is to
operate, without the intervention of belting or reducing
gears. Slow specd is also of advantage where absence of
jarring is desired or where many stops and starts are to
be made. Slow speed can always be obtained from an
electric motor; but it is generally expensive, since the
natural speed of motors as well as of dynamos is high. In-
crease of magnetic flux and increase of armature diameter
is necessary to obtain slow speed. The increase of ma-

Fig. 141.

terial increases both the first cost and the losses during
operation.

The power of a motor is its torque or turning moment
multiplied by the number of revolutions; hence for the
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same output of work, a machine making half as many
revolutions as another must have twice the turning mo-
ment. These conditions make it imperative that the ma-
terials of construction, both iron and copper, be worked at
maximum magnetic and current densities respectively, in
order to economize in first cost and weight. In general
the efficiencies of low-
speed motors do not
compare favorably
with those of motors
having a higher speed.
Fig. 141 is a cut of a
Crocker Wheeler eight-
pole, direct current
motor for direct connec-
tion. It will furnish 2
horse-power at 100 rev-
olutions per minute, 4
horse-power at 200 R.
P.M, and the quotient
of its speed per minute
by its full load horse-
power is equal to the
constant quantity §o. Its efficiency increases as the
speed according to the curves shown in Fig. 142.

Fig. 143.

99. Brake Motors. — For cranes, elevators, and hoists,
where it is necessary to hold the load after raising it, and
for looms and printing-presses, where it is important to
secure a sudden and accurate stop instead of a gradual
slowing down, it is desirable to use motors with a brake
attachment. A brake operated by hand or foot requires
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careful operation lest it be applied too soon and injure the
machine, or too late and allow the load to fall some; hence
an automatic brake is desirable.

Fig. 143 shows the construction used by the Crocker
Wheeler Company. One of the pole pieces is pivoted at
its base, and thus has a slight motion to or from the arma-
ture. It is normally held from the armature by a heavy
coil spring, and in this position tightens the brake band.
The moment that current is allowed to pass through the
field coils, the poles attract each other, overcoming the

o e d

\ON -

resistance of the spring, and the brake band is thus loosened.
The spring and band may be adjusted to allow a few revo-
lutions before stopping, or the armature may be clamped
the instant current is turned off. In the latter case, if
connected to heavy machinery, shafting or gearing may be
broken.

Strap brakes are cumulative in their action ; the friction
on the free end of the brake against the drum tightens
the whole brake, thus increasing its effect. This action is
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only obtained when the motion of the drum is away from
the fixed end. To obtain powerful brake action, therefore,
on motors that run either way,
as in elevator motors, a reversing
brake is employed. This is op-
erated by the movement of one
pole piece as before, but the ends
of the brake band are attached
to a system of links and levers
so that either end may become
the fixed end. This construction
is shown diagrammatically in Fig.
144. When the brake is applied,
the friction causes the whole
band to follow the drum until the sliding link attached to
one or the other end of the band is held by the stud. The
other, or free, end of

the band, is tightened

by the pull of the lev-

ers on one of the

smaller straps attach-

ed to the brake band

as shown. Fig. 145

shows a one horse-
power Crocker Wheel- -

er motor fitted with

reversing brake.

In multipolar ma-

chines it is imprac-

ticable to employ a

moving piece, and in

Fig. us. large bipolar ma-

-'r.-ll.mii'r\nnnl
m s
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chines it is undesirable to interrupt the magnetic circuit
by a pivot joint; hence a solenoid brake is employed. This
is simply a spring actuated friction brake kept norm-
ally in engagement. On current being supplied to the
machine a solenoid acts to release the brake. The opera-
tion of this type is clearly seen by inspecting Fig. 146.

Fig. 146.

An objection to this type of automatic brake is that it
consumes electrical energy all the time that the machine is

in motion.

100. Recording Meters. — The recording watt-hour meter,
Fig. 147, is coming into extensive use, both as a station in-
strument and as a measurer of the quantity of energy
supplied to individual consumers. It is a very delicately
adjusted compound-wound motor, having no iron in its
magnetic circuit. When a current flows, the time integral
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of the watts or power is registered, by means of a train of
wheels operated by the armature, on a dial similar to that

of a gas-meter. The connec-
tions for such a meter are
shown in Fig. 148. The ar-
mature is connected in series
with a high resistance across
the service wires; hence the
current flowing in the arma-
ture is proportional to the
volts of the supply. The
field coils are in series with
the service, giving a field
strength proportional to the
current, and the motor effort

Fig. 147.

is proportional to the product of the two or to the watts
supplied. The shunt field coils are added to compensate

for the friction of the moving parts.

Since a small cur-

rent is always flowing in the armature, as well as in the

8hunt
Field

From

Maine

8erles

Fleid

To Service

e

Fig. 148.

shunt field coils, the motor is always slightly excited, and
by regulating the number of shunt turns the amount of
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this excitation is adjusted so that at no load on the service
wires the armature almost, but not quite, moves. If it
were not for this constant excitation, a small, though
continuous, current could be drawn off the mains without
operating the recording mechanism because of its friction.
To control the speed a copper disk is mounted on the
armature shaft and between the poles of two or more
adjustable and permanent horseshoe magnets. When the
armature revolves, Foucault currents are set up in this
plate, and cause the proper retardation. By moving the
poles of these horseshoe magnets from the center to the
circumference of the disk, a variation of about 16 per cent
in the speed for a given watt consumption can be effected.
Advantage is taken of this fact in adjusting the instru-
ments. The more important bearings are constructed of
jewels, such as are used in watches, and the whole machine
is carefully protected from dust. When the instrument
is in a position where it is subject to jars or vibrations
that reduce the friction of standing to such a point that
the constant cxcitation causes the armature to revolve a
little, the machine is said to “creep.” The remedy is
to mount on a rubber or other non-vibrating base, or to
reduce the number of shunt field turns.
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CHAPTER X.
SERIES MOTORS.

101. Series Motors. — When subjected to a heavy load on
starting, that is when there is a heavy current at a very low
speed, a series-wound machine is far superior to one that is
shunt-wound. For work that requires good effort at widely
different speeds the series motor is particularly adapted.
For this reason series-wound machines are used on electric
railways, for crane motors, for ammunition and other hoists,
for mill motors, and in all other places where a good effort
is required at a varying speeds. A series-wound machine
can be used on either a constant current circuit or on a con-
stant potential circuit ; but a series motor is seldom run on
a constant potential circuit unless it is directly or very
solidly coupled with its load, as in the case, for instance,
of a railroad motor. If connected by means of a belt,
and if the belt should break off or slip off, the motor would
race and damage might result. This difficulty does not
present itself when series motors are used on a constant
current circuit.

102. Series Motors on Constant Potential Circuits. — As
in the case of a shunt motor, on a constant pressure
circuit, the armature speed of a series motor will increase
until it reaches a value where the counter E.M.F. cuts
down the armature current to such a point that the total
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electric power, (/E), received by the motor, is equal to the
sum of the fixed losses, the variable losses, and the useful
mechanical power. With a shunt-wound motor, a very
small variation of speed is sufficient to compensate for a
wide variation of load. A series motor tends to increase
its speed on removal of the load, as in the case with shunt
motors. It in this manner increases the counter £. M. F.
The resulting decrease of current results, however, in a
weakening of the field,
and as a consequence ad-
ditional speed is required
to maintain the E.MF.
Thus a small change in
load results in a wide
change of speed in a series
motor. For a series-
wound mill motor, the
relations which exist be-
tween speed, current, and
useful torque (turning mo-
ment) are shown in Fig.
149. There is also given
a curve of the efficiency of the machine including gear-
ing. It is evident that if, while the motor is at rest,
the circuit be closed, an enormous rush of current would
occur, giving an enormous torque. Destructive heating
and sparking would probably result. To prevent damage
it is therefore necessary, in the operation of these motors,
to insert a series resistance at the start which may be cut
out after the speed has risen enough to give a sufficient
counter E.M.F. In practice controllers are used as de-
scribed later.

TORQUE ON GUUNIENORAFT P

fig. 149.
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103. Railroad Motors. — Experience has shown that
series motors operating on a constant potential circuit of
550 volts, furnish a very satisfactory motive power for the
propulsion of trolley street-cars and electric railroad motor-
cars. At the time of this writing there are nearly two
million horse-power of street-car motors in service in this
country. The railway motor has been developed to a high
degree of perfection during recent years, and is reasonably
well fitted to meet the many requirements that are found
in this service. A railway motor must be mechanically
strong to withstand the excessive hammering to which it
will be subjected when in service. Rough tracks and bad
switches are usual in trolley road beds. When satisfactor-
ily geared to the wheel axle, the motor can be suspended
by springs on one side only, the other side being of neces-
sity mounted directly on the axle. Railway motors are
also subject to abuse at the hands of the motormen. The
series resistance is often cut out rapidly before the car has
an opportunity to accelerate. As a result there is an enor-
mous current and torque with little speed. This severely
strains the motor and is particularly liable to disturb the
armature windings. The motor must be either weatherproof
of itself or incased in a weatherproof shell, because of the
mud, the water and the slush through which cars must
often run. Furthermore a railway motor should permit of
quick, convenient, and accurate alignment of parts and
adjustment of the intermediate driving mechanism.

The method of suspending the motors from the trucks
is a matter of considerable importance. In practice four
styles of suspension are used, viz., the side bar, the cradle,
the nose, and the yoke suspensions. In every case one
end of the motor frame contains bearings which run on
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Pig. 150.



SERIES

MOTORS.

Fig. 1s53.



190 DYNAMO ELECTRIC MACHINERY.

the wheel axle and keep the pitch circle of the armature
shaft pinion always tangent to the pitch circle of the gear
which is mounted on the axle. The side-bar suspension,
shown in Fig. 150, consists of two parallel side-bars which
are mounted on the truck through heavy springs, and
which support the motor in the line of its center of gravity.
- The motor-axle bearings are thus relieved of the weight of
the motor, and the latter is held without undue strains.

Fig. 1s3.

The cradle suspension, Fig. 151, is very similar to the side
bar, the difference being that the two side bars are replaced
by one U-shaped piece. This, at its curved end, is mounted
flexibly on a part of the truck frame which in turn is
mounted on the truck through springs. The nose suspen-
sion, IFig. 152, does not hold the machine at its center of
gravity, but part of the weight is thrown on the motor-
axle bearings. The rest is suspended from a spring-
mounted member of the truck by a link, bolted to a “nose”
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cast in the motor frame. The yoke suspension, which is
the least flexible of all, differs from the nose suspension in
that the link is dispensed with and the spring-supported
member of the truck is bolted rigidly to the motor frame.
The cradle-suspension type is advocated by the Westing-
house Company, the yoke or nose by the General Electric
Company. The size or style of truck frequently requires a
particular type of suspension.

Fig. 154.

A GE-67 railway motor, made by the General Electric
Company, is shown in Figs. 153 and 154. This machine
will develop 38 horse-power when operated on a 500-volt
circuit without heating more than 75° C. above the sur-
rounding atmosphere after one hour’s run. The magnet
frame is hexagonal, with rounded corners, and is cast in
two pieces from soft steel of high permeability. The
parts are hinged together so that the lower part may be
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swung down for inspection or repairs (Fig. 155). The up-
per part has cast on it two lugs, shown clearly in Fig. 153,
pierced with two holes each for bolting to the yoke. Nose
suspension can, however, be substituted. A covered opening
over the commutator permits removal of the brushes with-
out disturbing the rest of the machine. The bearings,
both for armature shaft and for axle, consist of cast-iron

Fig. 1s5.

rings or shells, with Babbitt metal swaged into them, and
are arranged for lubrication by both oil and greasc. The
oil is supplied to the shafts by felt wicks leading from oil-
wells. The grease is fed through a slotted opening in the
top of each bearing from a grcase-box directly over each
bearing, and means is provided for the passage of the
lubricant from the bearing after it has been used. The
armature bearings are 3” x 8" at the pinion end and 23" x
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61" at the commutator end. The motor-axle bearings are
each 8" long. The pole pieces are built of soft iron lam-
inations, riveted together, and are securely bolted into
place on the magnet frame. The coils are spool wound,
and are held in place by steel flanges. These magnetically
imperfect constructions are rendered necessary by the
severe service the machine is expected to stand.

The armature is built up of thin, soft iron laminations,
japanned, and keyed to the shaft. At each end is a cast-
iron head, also keyed to the shaft. The core is hollow,
ventilation being effected by air which enters at the pinion
end and passes out through ventilating ducts left in the
laminations. The winding is of the series drum type, 111
coils being used, which are connected to a commutator of
111 segments. The number of turns to a coil depends
upon the class of service the motor is to render. The
coils are made up of sets of three, each set being sepa-
rately insulated before being placed in the slots. The
coils are firmly secured in place by tinned steel wire bands
held by chips and soldered together. Where the windings
cross the ends of the core, they are protected by canvas.
On the pinion end, a projecting flange protects the wind-
ings from injury by careless handling. The brushes slide
radially in finished ways in a brass brush holder, and
are held in contact by independent pressure fingers. All
the leads to the motor pass through rubber-bushed holes
in the front of the magnet frame. The pinion has a taper
fit on the armature shaft. It, as also the gear on the axle,
is made of steel, and has teeth of 44" face and 3" pitch.
When mounted properly on a truck with the ordinary 33-
inch wheels, there is 44" clearance between the bottom of
the motor and the top of the rails. The shapes of the
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different parts of this motor are well shown in the exploded
Fig. 156.

A motor for railway service, very similar in design to
the one just described, is No. 49, made by the Westing-
house Electric and Manufacturing Company. This motor,
shown in Fig. 157, has a weather-proof cast-steel frame,
hinged to open in a horizontal plane through its center,
and having a hand-hole above and one below the com-
mutator. The upper half is cast with lugs for side-bar or
cradle suspension, and also with a lug for nose suspension.
The pole pieces are of laminated soft iron, are four in
number, and are secured to the frame by having the latter
cast around them. The lathe-wound field coils are secured
on the pole pieces by brass castings, which are bolted to
the frame.

The armature is of the slotted drum type, having a
laminated core with three ventilation passages parallel to
the shaft. The coils are wound on formers, insulated in
sets of two, and then applied to the core. This armature
is constructed as light and as small in diameter as is prac-
ticable, for the double rcason of decreased centrifugal
strain on the armature coils and decreased wear on the
parts in stopping the car. When the motor is started,
energy is stored in the armature and other revolving parts,
as in a fly-wheel ; and when the car is stopped, this energy
is wasted, and causes wear and tear on the pinions and
bearings. In street-car service, where stops are frequent,
this loss and this wear is by no means inconsiderable.
Hence the armature of a street-railway motor should not
be built with a great fly-wheel capacity. The high speed
of car-motor armatures makes the operating expenses for
car acceleration and retardation considerable,
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Fig. 156.
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104. Controllers. — It is general practice to equip each
trolley car with at least two motors, and to regulate
the speed of the car in the following manner: First, the
two motors and a resistance are connected in series. The
resistance is then cut out step by step until the two motors
are operating in series on 500 volts. Since, with all the
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Pig. 1s8.

resistance cut out, there is no unnecessary /2R loss, this is
called a running connection, and the controlling mechanism
is said to be upon a running point. To further increase
the speed, the motors are placed in parallel with a resist-
ance in series with both. This resistance is then cut out
step by step until the motors are each operating on 500
volts. This, again, constitutes a running connection. A
further change is sometimes effected by placing a small
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resistance in shunt with the fields when all the series re-
sistance is out. This reduces the field flux, and causes a
higher armature speed to maintain the necessary counter
EMUF. A car governed in this way has four running
connections. On heavy cars, such as are used in elevated
railway or inter-urban service, four motors are used on
each car. In this case, the motors are governed in two
series-parallel combinations, as if there were two separate
cars governed by one controller. The connections for a
two-motor car having nine speeds, a three-part series re-
sistance, and a field-shunt resistance, are shown diagram-
matically in Fig. 158.

The different connections are made by a motorman, who
operates a handle on top of a controller. Each different
combination is called a point or a notck. A pointer affixed
to the controller handle indicates at what notch the car is
running. Running points are indicated on the controller
top by longer marks than the resistance points. A con-
troller is almost invariably placed at each end of the car.

Fig. 159 shows the interior of a General Electric
Company's k-10 series parallel controller.  The wires
from the trolley, from the fields, from the armature, and
from the different terminals of the series and shunt re-
sistances are brought up under the car to terminals on a
connecting-board in the bottom of the controller. On
this connecting-board there are also switches, one for each
motor. These enable one to cut out an injured motor
without interfering with the operation of the other motor
or motors. From the connecting-board conductors are
run to terminals, called fingers or wipes. Mounted on an
insulating cylinder, which may be revolved by the con-
troller handle, are insulated contact pieces, which at various
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angular positions of the cylinder make electrical connec-
tions between various wipes, and give the proper con-
nections for the various “points” or “notches.” A

Pig. 159.

smaller cylinder connected to a reversing-lever, is situated
to the right of the main cylinder. This has contact pieces
which are arranged so as to enable the motorman to re-
verse the direction of rotation of both motors or to cut
them out entirely. Interlocking devices are supplied so
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that the reversing handle cannot be moved unless the con.
trolling handle is in such a position that connection with
the trolley is broken. The controlling handle also cannot
be moved, if the reversing handle is not properly set either
to go forward or to go backward. The reversing handle
cannot be removed from the controller, save when the
smaller cylinder is in the position that cuts out both motors.

As serious arcs are liable to develop upon breaking a
circuit of 500 volts, the contact pieces and wipes are sepa-
rated from adjacent ones by strips of insulating material
which are fastened to the inside of the controller cover,
and which fold into place when the cover is closed. These
are to be seen at the right of the figure. The power
should never be turned off by a slow reverse movement of
the controller handle, as destructive arcs are liable to
occur upon a slow break. To lessen the speed of a car,
the power should be completely and suddenly shut off.
Before the car has slackened its speed too much the con-
troller handle can be brought up to the proper point. The
arcs, which form upon disconnection at the fingers, are
pretty effectively blown out by the field of an electro-
magnet whose coil is above the connecting-board at the
right.

105. Motors For Automobiles. — For electric automo-
biles the series-wound motor is invariably employed. A
storage battery of 40 or 44 cells is the customary source
of power for these motors. The use of these cells affords
a convenient and economical means of speed control. In
the case of a single motor, for the first controller notch,
the cells may be connected in four-series groups of 10 or
11 each, giving about 22 volts, the four groups being con-
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n cted in parallel. Other notches would correspond to
other series parallel combinations, and finally the last and
highest speed notch would correspond to a connection of
all the cells in series. By this arrangement one cell is
used just as much as any other, and they are discharged at
equal rates. As the voltage supplied to the motor is
varied without recourse to a series regulating resistance,
there is no useless /2R loss in starting or running at less
than full speed. Oftena series parallel control is employed
when two motors are used. It is also common to use two
374 volt motors connected permanently in series and con-
trolled as one motor.

The advantage of using two motors on an automobile is
that each may drive a wheel, allowing independent rota-
tion on turning curves, while if one motor only is used
some form of differential gear must be employed to allow
for sharp turns. But the efficiency of one motor is in
general greater than the efficiency of two motors of half
the power, and the gain in efficiency by using one motor
more than balances the cost and complication of a differ-
ential gear.

The question of efficiency in these motors is of great
importance, for practice has shown that it is profitable to
purchase I per cent efficiency, even at the cost of 10 per
cent increase of motor weight. This is because the ratio
of the battery weight to the motor weight is such that a
decrease of 1 per cent in the capacity of the battery re-
duces its weight more than 10 per cent of the motor
weight.  Since lightness is a prime object, only the very
best materials can enter into the construction of a suc-
cessful automobile motor. The magnetic circuit must be
of material of the highest permeability. Ball bearings are -
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not infrequently used in the shaft bearings, but their lia-
bility to wear and the consequent regrinding is an objec-
tion.

It is general practice to rate these motors at 75 volts, or
373 volts if two are used. Since 40 or 44 cells of battery in
series can fall to 75 volts without injury, this is the lowest
pressure on which the motors will be expected to run for
any length of time at full speed. Hence this voltage is
used as the basis for rating. For the best motors the
rating is for a temperature rise of 50° or 60° C. on an in-
definite run. A motor so rated will carry 100 per cent
overload for half an hour, 150 per cent for ten minutes, and
a momentary overload of 400 or 500 without overheating
or damage to the insulation.

The battery of 40 or 44 cells is well adapted to automo-
bile purposes. It can conveniently be made to have the
required capacity, and it may be charged from any 1153-
volt diréct current, incandescent lighting circuit with very
little resistance in series and hence a small 72R loss.

Although the voltage of these motors is somewhat low
for the use of carbon brushes, the necessity of reversal of
direction and the liability of sparking on over-load make
their use desirable.  Soft carbon brushes of low resistance
can, however, be obtained, and they are to be recom-
mended.

Fig. 160 illustrates a .motor which is used on automo-
biles and manufactured by the Eddy Electric Manufacturing
Company. It is a four-pole machine. The frame is ring
shape and made of cast steel. The pole pieces, also made
of cast steel, are fastened to the frame by bolts and
steady pins. The armature is wound with formed coils
which are cross connected, and therefore require but two
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sets of brushes. These brushes are made accessible by
the existence of a window in the end plate. A pinion
which is mounted upon the armature shaft meshes with
an inside gear placed upon the wheel of the vehicle. A
recess in the exterior of the magnet frame is fitted to re-
ceive some part of the frame of the vehicle. Clamps for
fastening to this frame are provided to suit the character of
the vehicle. The motor is intended to be operated on 75
volts, and is rated at 1.6 horse-power, at the speed of 1400

Fig. 160.

revolutions per minute. Its weight is 142 lbs, and it
has an efficiency of 79} per cent at full load. At 100 per
cent over-load it has an efficiency of 76} per cent, and at
150 per cent over-load an efficiency of 73 per cent.

106. Mill Motors. — For many kinds of mill work re-
quiring great torque at low speed, reversibility, and wide
variation of speed, the series-wound motor is well adapted.
Since mill motors are to be used in places where dust,
grit, and small particles of metal arc apt to be floating in
the air, it is necessary, to insure good continuous operation,
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Fig. 161,



SERIES MOTORS. 205

Fig. 163,
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that they be inclosed after the fashion of railway motors.
Mill motors differ from shunt-wound machines in that they
are capable of giving a turning-power, when slowed down
or started from rest, many times as great as that given
at full speed.

Fig. 161 shows a Crocker Wheeler mill motor, and Fig.
162 shows the same disassembled. It is a bipolar drum
armature machine, designed for about 8oo R./.A/, and
giving without overheating an intermittent horse-power of

14 or a continuous horse-power of 5.
It is rated in this way, since fre-
quent stops and starts are expected
in the use of such a motor. The
hotter a motor gets during an in-
terval of use the more it will cool
off during an interval of rest. Of
course an inclosed motor such as
a mill motor heats up much more
rapidly and secverely than does an
open motor where the air circulates
around the fields and the armature.

Since these motors are reversi-
ble the brushes can have no lead.
Sparkless running is accomplished
by a long air gap. Being series
wound the field increases with load
and the speed is reduced corre-

spondingly, hence commutation is readily effected.

These motors are controlled by a variable series resist-
ance, the various connections being made in a controller,
such as is shown in Fig. 163. The circuits are made by con-
tact pieces on a cylinder coming in contact with fingers or

Fig. 163.
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wipers which are mounted on a board forming the back of
the controller. The controller illustrated is also a reverser.
The motor can be run in either direction by moving the
controller handle to the right or to the left of the central
position.
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CHAPTER XI.

DYNAMOTORS, MOTOR-GENERATORS,
AND BOOSTERS.

107. Dynamotors. — A dynamotor is a transforming
device combining both motor and generator action in one
magnetic field, with two armatures or with an armature
having two scparate windings. They are generally sup-
plied with a commutator at each end, which are connected
to the two windings respectively. Either winding of the
armature may be used as a motor winding, and the other
as the dynamo winding. These machines occupy the same
position as regards direct current practice as is occupied
by transformers in alternating current practice. That is,
they enable one to take electrical energy from a system
of supply at one voltage, and deliver it at another voltage
to a circuit where it is to be utilized. They cannot, how-
ever, be constructed so as to operate with the same high
efficiency as a transformer does. As the currents in the
two armatures flow in opposite directions, and the machines
are so designed as to have practically the same number of
armature ampere turns when in operation, there is practi-
cally no armature reaction. The ficld, therefore, is not
distorted so as to require a shifting of the brushes, nor is
there sparking present as a result of a change of load.
These machines are more efficient than motor generators,
which will be described later, as they have but a single
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field. They cannot be compounded so as to yield a con-
stant £.M.F. at the dynamo end. A cumulative series
coil would tend to raise the E.M/.F. at the dynamo end,
but it would lower the speed of the armature as a motor
by a corresponding amount.

108. The Bullock Teaser System.— Dynamotors are
used extensively by the Bullock Electric Manufacturing
Company in their so-called Teaser system of motor-speed
control. This system is used in driving large printing-
presses from supply circuits, which are at the same time
used for lighting and other purposes. Large printing-
presses contain very many sets of gears, and possess very
large moments of inertia. These large machines require
an unusually large torque on the part of the motor to start
them. Sometimes it is as much as five or six times that
torque which the motor is called upon to produce at full
load. Now, the torque which is exerted by a motor is de-
pendent upon the current which flows through its arma-
ture, while the speed at which this torque is applied is
dependent upon the impressed electromotive force. As
the current, which is required to produce the normal run-
ning torque is already of considerable strength, it is desira-
ble that some direct current electrical transformation be
employed to avoid the excessive starting current. The
Teaser system accomplishes this by making use of the
dynamotor. The motor winding is designed for five times
the electromotive force of the dynamo winding. Its field
winding is excited directly from the supply mains. The
negative brush of the motor side is connected with the
positive brush of the dynamo side. The two armature
windings are connected in series with a regulating resist-
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ance to the supply mains. At starting, the main motor,
which drives the press and which is generally a cumu-
latively compound-wound motor, is supplied with current
from the dynamo end of the dynamotor. The voltage
with which it is supplied is somewhat less than one-fifth
that of the main supply, depending upon the magnitude
of the resistance in series with the dynamotor. This low
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voltage permits of the application of a proper amount of
torque at a low speed. Furthermore, the drain of current
from the supply mains is but about one-fiftth that which
passes through the main motor. By manipulating the dy-
namo regulating resistance, the electromotive force sup-
plied to the main motor is raised, and with it the speed.
The highest speed of the main motor which can be attained
by this arrangement is such, that, when attained, the mo-
tor’s connections may be transferred to the supply mains
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through another series regulating resistance without any
excessive drain of current from those mains. The arrange-
ment of the apparatus is shown in Fig. 165, and the
amount of current which is

taken by the main motor as + 1
compared with the amount FIELO colL
of current which is drawn —r

from the supply mains is re- W T | awssrone [ 2
presented in Fig. 164. Re- N
gulation of the resistances
and changes of connection
are accomplished through the
aid of a controller. The
different speeds are secured
by the manipulation of a
single hand-wheel on the con-
troller, and thus the press-
man has at his command a means of manipulating the press
which is not complicated.

SUPPLY MAIN
-

SUPPLY MAIN

VW
! MAIN MOTOR|

ARMATURE,

Fig. 16s.

109. Dynamotors for Electro-Deposition of Metals.— In
large electro-plating establishments, it is common to in-
troduce a dynamotor, whose two armature circuits are
exactly similar, and under ordinary excitation give 5 or 10
volts. The commutators, brushes, collecting devices, and
leads are of necessity quite massive. The leads are gener-
ally so arranged that the two armatures may be placed in
series with each other, or in multiple. The low voltage
of platers makes it impracticable to have a machine self-
exciting. It is common practice in cities to excite these
machines from 110-volt lighting circuits, with a regulating
rheostat whose resistance is of such a magnitude as to
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permit of the variation of the voltage of the machine over
a range of 25 per cent of its full-load value. Fig. 166
shows a dynamotor constructed by the Eddy Electric
Manufacturing Company for the electro-deposition of cop-
per. Each armature winding gives 10 volts and 4,500

Fig. 166.

amperes. It is designed to be belt-ariven through a large
. pulley at one end of the armature shaft. A small pulley
upon the other end is for the purpose of receiving a belt
connected with a small separate exciter. The large split
clamps connected with the leads are for the reception of
the terminals of the main conductors.

110. The Eddy Company’s. Rotary Equalizer. — This is
a dynamotor having a single field which is excited from a
220-volt circuit, and a single armature core upon which is
wound two distinct 110-volt armatures. One armature
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has its commutator on one end of the shaft and the other
at the other end. The machine is used in connection with
a 220-volt generator, to enable one to use it for supplying
energy to a three-wire, 110-volt, incandescent lighting sys-
tem. The principle of its action can be seen from an
inspection of Fig. 167. When the system is unbalanced,
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Fig. 167.

that side which has the smaller load has the lesser drop,
and therefore the higher difference of potential. The
armature winding of the dynamotor which is connected
with that side acts as a motor, runs the armature, and
causes the other armature winding to act as a generator in
raising the pressure of the heavier loaded side. Obvi-
ously the employment of this system can, in some cases,
result in a considerable saving of copper.

111. Other Applications of Dynamotors. — The Crocker
Wheeler Company manufactures a special line of dyna-
motors (Fig. 168) for use in telegraphic work. The motor
is designed to be supplied with electrical energy from street
service mains, or from the house-lighting mains in the
case of isolated plants. The generator end furnishes cur-
rents at a constant potential, which is different in the case
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of different machines. These machines are designed to
take the place of batteries of a large number of gravity
cells such as were used, in large quantities, a few years ago.
The cost of operation of a dynamotor for this service is
about one-fifth of what it is in the case of the gravity
cells. The space which the machine occupies is but

Fig. 168,

sooo that of the cells. They are to be preferred to bat-
teries also on the ground of cleanliness. Their reliability,
when supplied by electric energy from large city service
mains is equal to that of the cells. The same cannot be
said in the case of small towns. The telephone companies
are also rapidly adopting the dynamotor for the purpose
of charging storage cells. With some forms, the charging
of the cells can go on continuously, they being at the same
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time used for telephone purposes. Dynamotors also fur-
nish a convenient and satisfactory means of heating
surgeons’ electro-cauteries. Cautery knives take from 3
to 8 amperes at § volts, while dome cauteries take from
15 to 20 amperes at the same voltage.

112. Motor-Generators. — A motor generator is a trans-
forming device consisting of two machines, a motor and
generator, mechanically connected together. They have
the advantage over dynamotors in that the voltage of the

Fig. 169.

dynamo armature can be made to assume almost any
value within limits by means of a resistance placed in
series with its field-winding and capable of variation.
They can furthermore, besides being separately excited,
be shunt- wound or compound wound. They are used
quite extensively in the Ward-Leonard system of motor
speed control, which was described in paragraph 97. They
are also used for charging storage batteries. In this case
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they are almost always shunt wound. They are also used
in clectro-plating establishments. In this case they are
separately excited, as the voltage generally employed in
such places is too small to give satisfactory self-excitation.
For general laboratory work on tests which require large
current at a low voltage or a small current at a high
voltage, motor generators are of inestimable value.

113. Boosters.— A booster is a machine inserted in series
in a circuit to change its voltage, and may be driven either
by an electric motor, or otherwise. In the former case it isa
motor-booster. This machine is used very extensively on
Edison three-wire incandescent lighting systems which
supply current at a constant potential. Feeders which run
to feeding-points at a great distance, if supplied by current
from the same bus bars as shorter feeders, will have too
small a difference of potential at the feeding-points to give
satisfactory service. A booster with its field and armature
windings in series inserted in series in the feeder will add
E.M.F. to the feeder which in magnitude is proportional to
the current flowing in the feeder, that is, as the current in-
creases the field excitation will increase and with it the
E.AMF. produced by the armature. The machine may,
therefore, be so designed as to just compensate for any
drop which is due to the resistance of the feeders and to
the current flowing through them. As all the current of the
feeder must pass through the booster armature, the collect-
ing devices must be massive and must be designed to carry
these heavy currents. The rating of a booster is of course
determined by the voltage which it produces, and the total
current which passes through it and the feeders. Boosters
are also used in the central stations of trolley companies to
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raise the voltage which is supplied to the feeders connected
with distant sections of the line. They are also being in-
troduced in office buildings in connection with electric
elevator service. When the elevator motors are supplied
from the same generators as the lights and fans in an office
building they give to the generators what is called a Jumpy
load. -The excessive currents demanded by the elevator
motors on starting produce wide fluctuations of voltage in
the mains. A booster inserted in these mains may be
made to add E.M.F. to the mains on these occasions.
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CHAPTER XII
MANAGEMENT OF MACHINES.

114. Connections for Combined Output of Dynamos. —
In general a dynamo is much more efficient when operated
at its full load than when operated at one-half or one-quarter
load. It is usual to install in central stations, which, as a
rule, have to supply different quantities of electrical energy
at different times of the day, a number of smaller units
rather than one unit large enough to supply the total
energy. By this means any load can be handled by a
machine or a number of machines all operating at about their
maximum of efficiency. It is well, therefore, to consider
the methods of combining two or more machines on one
load. The simplest and most usual method of connecting
dynamos is that employed in incandescent light generating
stations. Here a number of constant pressure machines
are arranged as in Fig. 170, to act in parallel on one pair of
bus bars. The figure shows shunt machines with hand
regulators. The various external circuits are connected in
parallel to the bus bars. This practice is frequently
modified by separating those machines which supply the
circuits that deliver at the more distant points from those
that operate the shorter circuits. This is because the main-
taining of a constant and uniform pressure at all distribut-
ing points requires a higher pressure on the station ends of
the longer mains than on the shorter. When a machine
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is to be thrown into circuit on to bus bars already in opera-
tion, it is first brought up to speed, the field magnetization
is then adjusted till the machine gives the same pressure
as exists between the bus bars, and the main switch is then

~+sus
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Fig. 170.

closed, which puts the machine in circuit. The proper
pressure at which to throw in the new machine may be
roughly determined by comparing the relative brightness
of its pilot lamp with that of the lamps operating on the
circuit.

A more exact way is to J
compare the readings of a
volt-meter across the ter-
minals of the machine with
one across the bus bars.
The most convenient way is
to use a “cutting-in galvano-
meter.” Of these there are
two forms, the zero galvanometer and the differential gal-
vanometer. The zero galvanometer, shown with connec-
tions in Fig. 171, has a single coil of high resistance.
When the pressure of the machine is not exactly that of
the bus bars a current will flow one way or the other, and

- BUS

+ sus

Fig. 171.
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the needle will be correspondingly deflected. When there
is no deflection, the machine may be thrown into circuit.
This instrument is simple and cheap, but it requires that
one terminal of the machine be permanently connected to
a bus, which is not always desirable. The differential gal-
vanometer, Fig. 172, has two high resistance coils, one in
shunt across the bus bars, and one in shunt across the
machine terminals.

When equal pressures are
impressed on each of the
coils, they, by their differ-
ential action, hold the needle
in equilibrium, but when one
coil is subject to more pres-
sure than the other a deflec-
tion occurs. This instrument
is more costly and more
complex than the last, but it has the advantage that a two-
pole switch may be used tocut in or out the machine.

When shunt machines are connected i parallel, it is
expected that they will all be kept at the same pressure.
If they are not, no serious damage is likely to occur, since
the lower pressure machine merely fails to take its fuli
share of the load. If the pressure of one machine falls so
low that it is overpowered and run as a motor, still no
damage will result, save perhaps the blowing of a fuse,
since the direction of rotation for a shunt machine is the
same whether it be run as a dynamo or as a motor. If it
be desired to regulate a number of machines together by
one regulator, it may be accomplished by bringing the
positive ends of the field coils to one side of the regulator
and connecting the other side to the negative bus.
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Shunt machines may be operated in series by connecting
the positive brush of one machine to the negative brush of
the next, and connecting the extreme outside Lrushes with
the line wires. When this is done each machine can Le
regulated separately to generate any portion of the pressure.
If it be desired to regulate all the machines thus connected
uniformly and as a unit, the field coils of all the machines
may be put in series with one regulating rheostat, and
shunted across the extreme brushes of the set. In the
Edison three-wire system two 115-volt direct-connected
shunt machines are mounted on one engine shaft. The
dynamos are connected in series as described above, the
neutral wire being connected to the united brushes, as in
Fig. 173.

Series-wound dynamos may be operated in series with-
out any difficulty, though it is not customary to do so.
Series generators are used almost exclusively on constant
current (arc light) circuits, and it is usual to have as many
machines as there are external circuits, each machine being
of capacity enough to operate that circuit alone. A new
form of Brush generator supplies
several series circuits from its
terminals, and regulates for all
of them. If it be attempted to
operate series dynamos in paral-
lel, the following difficulty occurs:
If the machines start with a
proper distribution of load among
them and one does not generate
just its full pressure, then this one does not continue to take
its full share of the load ; and, since it is series wound,
a decrease in load is followed by a decrease in pressure.

Fig. 173.
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The conditions become always more uneven until the
machine is overpowered and it turns into a motor. Since
the direction of rotation of a series-wound motor is oppo-
site to its direction when run as a dynamo, serious results
may occur. The only remedy for this trouble is to arrange
the field coils so that the magnetization in any one machine
will remain the same as in the other machines, even though
its pressure falls below that of the others. To accomplish
this the series fields must all be placed in parallel. This
may be done by means of an egualizer, which is a wire of
small resistance connected across one set of brushes, and
by placing the fields in parallel, as shown in Fig. 174. Two

5.
MAINS
——
EQUALIZER

BERIES | coiLs

Fig. 174.

series dynamos may be run in parallel without an equalizer
by resorting to mutual excitation, that is, by letting the cur-
rent of one armature excite the field of the other. In this
case if the pressure of one machine falls and its load there-
fore decreases, the magnetization of the other is reduced,
compelling the first to maintain its share of the load.
Series dynamos are never operated in parallel in practice,
but this discussion is introduced because of its application
to compound-wound dynamos.

The use of compound generators for constant pressure
circuits is very common. Since these have series coils
they cannot be run in parallel without special arrange. -
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ments. It is usual to fit the series coils with an equalizer,
as in Fig. 175. The desired end might be accomplished
in the case of two ma-
chines by making the
series coils mutually ex-
citing.

MAINS

P.
! EQUALIZER

A
115. Connections of
Motors for Combined Pig. 1s.

Output. — Any number

of shunt motors may be placed in parallel across mains
of a constant pressure, and their operation will be sat-
isfactory whether each has a separate load or whether
they be connected through proper ratios to one shaft.
Shunt motors will operate in series on a constant pressure
circuit when positively connected together; but if con-
nected to the same shaft by belts, and one belt slips or
comes off, that motor will race, and rob its mates of their
proper portion of the voltage. This arrangement is not
common.

Series motors will operate satisfactorily on constant
pressure circuits: but when two or more such machines,
that are arranged in parallel on a constant pressure circuit,
are connected to one shaft an equalizing connection is
sometimes used. Series motors in series on constant
pressure mains will operate satisfactorily, dividing up the
total voltage between them according to the load each is
carrying. If it be desired to make them share a load
equally they must be geared together so that each rotates
at the speed corresponding to its share of the voltage.
Series motors only are used on constant current circuits.
Any number of these may be placed in series on such a
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circuit individually or connected to a common shaft. A
series motor on a constant current circuit may be over-
loaded until it stops without harm, since a constant current
flows at any speed.

Compound-wound motors are coming into quite general
use, and they are invariably operated on constant pressure
circuits, and each machine has its own load.

In ordinary electric railroad practice, as has been stated,
there are two series-wound motors to a car, operating
either in series or parallel, according to the position of the
controller handle, on a constant pressure of 500 volts.
Each of these motors is geared to a separate pair of driv-
ing-wheels. Since under ordinary conditions the rate of
rotation of the two motors is the same, the E.M.F. sup-
plied to each is the same when they are in series, and
since the current is common they divide the work evenly.
When in parallel the pressure on each is 500 volts, and
since the rotations are the same the currents will be the
same and the load will be divided evenly. It often occurs
that the back platform of a car is so loaded that the front
drivers slip when the power is applied at starting. This
occurs when the motors are in series and the current
is common to the two. But the higher rate of rotation of
the front motor causes it to generate a greater counter
E.M.F, thus lowering the pressure acting on the rear
motor. Thus more electric energy is consumed in the
front motor, and the surplus of work turns into heat from
the friction between the slipping wheels and rails. When
the car gains such a velocity that the front wheels bite the
rails, the work is again evenly distributed between the two
motors. It should be remembered that this occurs only
when the motors are in series.
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116. Care and Operation of Machines. — In what follows
on the operation of motors and dynamos, it is assumed
that the machine is properly designed and of sufficient
capacity for the work it is called upon to perform. For
satisfactory operation, the machine must be connected with
an appropriate circuit and one of the voltage or amperage
for which the machine was designed. Further it is
assumed that the mere mechanical details have been looked
to, such as proper foundation, proper alignment with shaft-
ing, and good lubrication. Only electrical trouble will be
treated.

If trouble be detected, a machine should be at once
stopped to prevent further trouble. In central generating
stations, one of the most positive rules is not to shut
down while any possible means is left to keep running.
In such plants there are always one or two units held in
reserve, and one of these may be started and substituted
for a machine developing a fault so that the latter may be
shut down and its fault remedied.

Sparking at the brushes is the most general trouble, and
it has more causes than any other. The brushes must
make good contact with the commutator, they must be
true, and have good contact surface. The commutator
must be clean. Any collection of carbonized oil is sure to
cause sparking. A very thin layer of good oil, free from
dust, is advantageous. On a bipolar machine the brushes
must be diametrically opposite, on a four pole exactly go°
apart, etc. This condition must be attained while the
machine is at rest, either by actual measurement or by
counting the commutator bars between each brush. If
the brushes of one set are “staggered’ they may cover
too much armature circumference and cause sparking.
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The brushes must be set at the proper point. This is
accomplished while the machine is in operation under its
required load. The rocker arm, which carries all the
brush holders, is moved carefully back and forth until the
point of minimum sparking is found. Sometimes there is
quite an arc of movement in which sparking is not
observed. The brushes should then be set at the center
of this arc, since heating occurs when the brushes are off
the proper commutating point, even if sparks be not seen.

Sparking may be due to fault in the commutator. A
high-bar, a low-bar, or flat, projecting mica, rough or
grooved surface, eccentricity, or any condition of surface
which causes the brushes to vibrate and lose contact with
the commutator will surely cause sparking. If sparking
be allowed to go without correction, it will pit the commu-
tator and aggravate these conditions. If the irregularity
of surface be slight, it may be cut down by sandpaper
(never emery) held in a block cut to fit the commutator.
If the surface be very bad, it must be cut down by a
machine. A small armature may be swung in a lathe ; but
a large one must be left in its own bearings, and a tool
held against the commutator by some special device. A
perfectly true commutator may act eccentrically toward
the brushes because of wear in the shaft bearings. New
bearings will remedy this fault.

If a coil of the armature be short-circuited, periodic
sparking may result. The coil is liable to burn out if the
machine is not immediately stopped. The short circuit
may occur from breakdown of the insulation within the
armature, in which case rewinding is necessary ; or it may
be caused by metal chips or the like at or near the com-
mutator, in which case the cause can be easily removed.
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When a coil is broken very violent sparking occurs, since
half the armature current is broken every time the com-
mutator bar connected to the broken coil passes from under
a brush. Such a break may occur within the armature,
requiring rewinding ; but it is more likely to occur where
the coil end is attached to the commutator bar lug. If
the break be at this place, the wire needs but to be screwed
or soldered to the lug and the machine is repaired.

If the field of a motor is too weak, sufficient counter
E.MM.F. is not generated, and excessive current flows and
causes sparking. The weakening of the fields may occur
from a short circuit in the field coils or two or more
grounds between the field coils and the pole piece, or by a
broken field circuit (shunt coils) which reduces the mag-
netism to almost zero. In any case, unless the trouble is
o be found external to the coils, rewinding is necessary.

Heating of machines is another frequent source of
trouble. The limit of temperature that may be allowed in
the bearings depends on the flashing-point of the lubricant
used, but a well designed and lubricated bearing ought
always to run cooler than the commutator or armature.
The limit of temperature that may be allowed in the arma-
ture depends on the “baking ”-point of insulation used,
and also on the melting-point of the solder used if the
coil ends are soldered to the commutator lugs. A good
general rule is this: If you can hold your hand on any
part of the machine for more than a few seconds, that
part is not dangerously hot. Of course metal feels warmer
than insulating cotton for the same temperature, and
allowance should be made for this. If a burning smell or
smoke comes from a machine, the safe temperature limit
has been far exceeded, and the muchine should be shut
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down at once. This indicates a serious trouble —a short
circut or a hot bearing probably.

If the trouble arises from the bearings the ordinary me-
chanical precautions of cleaning, aligning, lubricating, etc.,
will generally cureit. Never use water to cool hot bearings.
If water gets into the windings of either the field or the
armature, short circuits will occur and ruin the machine,
It must not be assumed that because one part of a
machine is hot the trouble lies with that part. Heat is
quickly conducted all over a machine; and when heat is
detected in one place the machine should be felt all over,
the hottest part probably being the part at fault. The
brushes of a machine should not be set too tight, for, be-
sides reducing the efficiency greatly, they cause much
heat from friction. The commutator should not be more
than 5° C. hotter than the armature.

Machines that operate on constant pressure circuits are
liable to overheat because of too much current flowing
through some parts of them. This may result from over-
loads, in which case the remedy is obvious, or because of
short circuits in the machines, in which case rewinding is
generally necessary. In the case of constant potential
generators a short circuit of the mains will produce a sud-
den and severe overload, which can only be remedied by
tracing out the lines and removing the short circuit.

When a machine makes an unwarranted amount of noise
it usually indicates the need of attention. Carbon brushes
chatter and spark sometimes when the commutator is
sticky, the action being something like a bow on a violin
string. Cleaning the commutator will cure this. Hum-
ming and vibration result when the revolving parts are
not revolved about their center of gravity. This may be
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because of faulty construction or warping after completion.
If the fault be with the pulley, it may be turned out or
counterweighted. If the shaft be sprung it may be
straightened or a new one used. If the armature core or
windings be out of balance, there is not much help for it.
Slower speed will reduce the noise from this cause.

Noise may occur from the armature rubbing or striking
against the pole faces. This is a serious matter, and if not
immediately attended to results in the destruction of the
armature. It is caused generally by wear in the shaft
bearings, in which case new brasses will remedy the
trouble. Sometimes it results from a sprung shaft, in
which case the shaft must be either straightened or re-
placed. A rattle produced by loose collars, bolts, nuts, or
connections would indicate that these parts needed setting
up or adjusting.

If a motor revolves too slowly, it may be because of an
overload of mechanical work, because of excessive friction
in the machine, or because of the armature rubbing against
the pole face. A variation in the pressure supplied to a
motor causes a variation in speed. If the field magnetism
be too weak the motor will revolve too fast when not
loaded, and too slow when under full load, and will take
excessive current. A weak field may be caused by a short
circuit which cuts out some or all of the field turns, or by
a broken field circuit. If the load be removed from a
series motor on a constant current circuit it will race badly
unless its field coils are shunted. Practically such a motor
should not be used in any position where it may be sud-
denly relieved of its load, as by the slipping of a belt. A
shunt motor, whose fields are not excited, will run either
forward or backward when a current 1s allowed to flow in



230 DYNAMO ELECTRIC MACHINERY.

the armature, according to the relative magnitudes and
directions of the residual magnetism and the armature re-
actions. Ordinarily, however, if a motor runs backward, it
may be assumed that the connections are wrong. Usu-
ally changing the connections to the brush holders, so that
the brushes change their signs without changing any other
connections, will make the motor change its direction of
rotation. A series motor also may be made to change its
direction by changing the direction of current flow in
either field coils or armature, but not in both.

On starting up, a self-exciting dynamo is supposed to
build up its voltage to normal, having at first no excitation
save that of residual magnetism. After standing some
time, or in proximity to other dynamos, or after being
hammered, the magnet frame may have lost all its residual
magnetism. In this case the machine does not build up
when revolved. By passing a current from another
machine through the field coils the dynamo will generate
as a separately excited one. Then the exciting current
may be thrown off and the self-excitation thrown on, when
the machine will build up satisfactorily. If the residual
magnetism becomes changed in direction, or the separately
exciting current be passed in the wrong direction, then
what little voltage may be generated will, when connected
for self-excitation, send the current in such a direction as
to tend to demagnetize the field, and building up will be
impossible. A shunt machine builds up better the less
the outside load, since at no load the terminal voltage is the
greatest and the most likely to send a magnetizing current
in the field coils. A series machine builds up better when
the outside load is increased. Such a machine may even
be momentarily short circuited to make it build up. For a
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given voltage resulting from residual magnetism, the current
in the field coils is greater the less the resistance in the
circuit. If the connections to one of the field coils in a
bipolar machine be reversed, causing two poles of the same
polarity, the machine will of course fail to generate. This
condition may be detected by the use of a compass needle.
Small machines sometimes generate at starting a few volts,
showing proper connections and the presence of some
residual magnetism, but refuse to build up beyond this
point. It is sometimes convenient to materially increase
the speed of such a machine, whereupon it will build up
rapidly, and the speed may then be reduced to normal, and
the dynamo will continue to generate at its normal pres-
sure.
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CHAPTER XIII.
THE DESIGN OF MACHINES.

117. Different Methods of Design. — It is impossible to
lay down a fixed set of rules to be followed in the design
of dynamo electrical machinery. This is because the
specified conditions of operation and construction are
seldom alike in two cases. A designing engineer may be
called upon to design a machine of a given output at a given
voltage, the field frame, however, to be chosen from one of a
set already in stock ; and again it may be required that the
machine shall be direct connected, the output, the voltage,
and the speed of rotation being given; still, again, the
capacity, the maximum gross weight, and the efficiencies of
operation at various loads, may be specified, as in the case
of an automobile motor ; or he may be called upon to design
a machine of a given output and voltage, which shall
operateat a satisfactory efficiency, and which shall have a
first cost which will enable the manufacturer to successfully
compete with others in the sale of his products. Through-
out the calculations the engineer is obliged to refer to his
experience or the experience of others in determining the
values of different quantities which must be assumed before
there can be any further progress on the design. Further-
more, after having assumed certain values, results which
are arrived at later on in the work will necessitate the re-
jection of these values and the assumption of new ones.
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Oftentimes what one might desire as a value for one quan-
tity is undesirable, because it conflicts with the adoption of
a value for some other quantity which is more desirable. In
the following paragraphs a method is given for designing
a machine under the conditions specified.

118. Specifications. — The following specifications are
given and must be complied with :

The type of machine as regards the shape of its field
frame, its bearings, and the method of its being driven ; its
output in kilowatts ; its terminal voltage at full load and at
no load ; the materials from which are to be constructed its
field frame, its pole pieces, its armature core, its brushes,
its shaft, its bearings, its armature spider, and its con-
ductors ; and the insulation throughout its various parts.

119. Preliminary Assumptions. — The design will be
based upon an assumption of the values of four different
quantities.

The first assumption is that of the value of the flux den-
sity in the air gap, which will be represented by ®, The
value which will be chosen will depend somewhat upon the
method to be employed for obviating armature reaction.
Almost all designers rely upon a stiff, bristly field to assist
in preventing a distortion of the field when under load, and
therefore higher flux densities are being used now than
were a few years ago. Higher densities are used when the
pole pieces are made of wrought iron or of cast steel than
when they are made of cast iron. The densities are greater
in the case of multipolar machines than in the case of
bipolar ; and they increase, within limits, with the size of
the machine. A value between 4000 and 7500 should be
chosen.
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The second assumption is a value for the peripheral
velocity V’ of the armature in feet per minute. The com-
mon assumption in the case of drum armatures for all sizes
above five K.w. is 3000 feet per minute. High-speed ring
armatures have a higher value, ranging between 4000 and
6000. The larger value is to be used in the case of large
machines.

The third assumption is a value for the current density
in the armature conductor at full load. Inspection of a
large number of machines shows the use in many of them
of from 500 to 800 circular mils per ampere. Sometimes
as small a cross-section as 200, and in other cases as large
as 1200 circular mils per ampere, have been found. The
low value is used in the case of machines subjected to
periodic loads of short duration. This is the case with
elevator motors, pump motors, sewing-machine motors,
dental drill motors, and motors on special machinery. The
high value is used on machines to be used in central stations
for lighting or power purposes. The specified output in
watts when divided by the full-load terminal volts gives the
total current output of the machine at full load. This,
divided by the number of armature circuits, gives the cur-
rent which must be carried by each conductor at full load.
This current multiplied by the assumed value of the number
of circular mils per ampere gives the cross-section of the
conductor in circular mils. Oftentimes a single armature
conductor is made up of several wires in multiple. The
multiplicity of wires affords pliability in winding, and
obviates, to a certain extent, eddy currents. Again, the use
of copper bars for windings is common, they being in-
sulated by the use of micanite, fuller board, or other
shect insulating materials. A cross-section sketch of a
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single conductor should be made in which the dimensions
are given of the copper and of the insulating material.

The fourth assumption is the value s to be given to the
polar span. s represents the percentage of the armature
circumference which is covered by the faces of the poles.
This value varies considerably within narrow limits, but
unless there is some special reason for the assumption of
another value 0.8 may be taken.

120. Design of the Armature. —1. 7o determine the
specific induced E.M.F. in volts per foot of active con-
ductor. ,

E= V' 30.5

6o

where the first term in the right-hand member represents
the velocity of the moving conductor in centimeters per
second, the second term represents the average induction
density of the flux which enters the armature, and the
third term consists of constants to reduce feet to centi-
meters, and ¢. g. 5. units to volts.

II. 70 obtain the length of active conductor I in feet.

X s®, X 30.5 ;I;, volts.

E S
V= o4 X number of armature circuits.

III. 70 obtain the number of active conductors S upon
the armature.

Let /y = the number of layers in the armature winding.
p = the assumed ratio of the length to the diameter of the
armature core.
d = the mean winding diameter of the armature in inches.
w = the specific peripheral width of one armature conductor
in inches. (In the case of a smooth-core armature
w represents the width of the armature conductor
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plus the double thickness of its insulation, both in
inches, while in the case of tooth armatures = rep-
resents the width of one tooth plus the width of
one slot divided by the number of conductors in
one slot in one layer.)

The length of the armature core = p7 inches = il ft.
12

and the circumference of the core = »d inches. The

. wd
number of armature conductors in one layer = hence

w

7
the total number of armature conductors S = "d—l’.
w
Since
e gy ™ P4
r=b w X 12’
Je w2
¥ wp
wlyd  wly lwi2 w23 w12
* S= —-Z— = X = L__
e w w wlyp wlymp

_(Jremyl
= \/ 2

In practice the width of the tooth ranges from 50 per
cent to 8o per cent, the width of the slot. In some cases
it has a width equal to that of the slot. The value for S
yielded by this formula must, in nearly all cases, be altered
by either the addition or subtraction of a few conductors
in order to make it possible to employ the type of winding
which it seems desirable to adopt. The change may neces-
sitate a slight alteration of one of the assumed values, and
as a result the values derived from it.

For machines whose speed is prescribed, as is the case
with direct connected machines, one may use the form of
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the formula S = %[)_1’ where 4 is to be obtained as de-

¢

scribed in the end of the next paragraph.

IV. 7o obtain the diameter of the armature d in inclhes.
Sz
Wy
d = —= inches.
w
In case the speed of the armature in revolutions per
minute }” be prescribed, as is the case with direct connected
machines, the preliminary assumption of the peripheral
velocity }7' immediately gives a value for the armature
diameter. yr 7 12

d = 7= ft. = 7 inches.

V. To determine the length of the armature I in inches.
/I =dp.

V1. 7o determine the internal diameter of the armature
core d' in inches. In determining this quantity a value for
the flux density in the armature core ®, must be assumed.
Wiener states that in incandescent dynamos, in railway
generators, in machines for power transmission and distri-
bution, and in stationary and railway motors, the density
varies from 5,500 to 15,500. Ring armatures have higher
densities than drum armatures, low-speed machines higher
densities than high-speed machines, and bipolar machines
have larger densities than multipolars. . = 8000 is a
good assumption.

If the machine have p pairs of poles, the flux wkich
enters the armature through one pole

_Imd®s ( 2.54_)1
g =T
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that is, the surface of the armature in square centimeters
times the average gap density divided by the number of
poles. Considering that but 75 per cent to 80 per cent of
the length of the armature core is made up of iron, the
rest being due to the spaces between the laminations and
the width of the ventilating ducts, the radial depth of the
armature core is

d — d' — ¢a
® /0.75 (2.54)
., dl — ¢a

=d— Pa
®,/0.75 (2.54)

VI1. 70 determine the armature losses. The armature
as already determined would theoretically operate satis-
factorily, but there is a possibility of its heating excessively
when running under full load. There are the two constant
supplies of heat, namely, that due to ohmic resistance
and that due to hysteresis and eddy currents. There are
also two avenues for the escape of heat, namely, radia-
tion and air convection. An equilibrium is established when
that temperature is reached which will make the escaping
heat per unit of time equal to the amount of heat gen-
erated in the same time. Concerning the escape of heat
by radiation, it should be borne in mind that the watts
radiated vary as the difference in temperature between the
radiating body and the surrounding atmosphere and as the
emissivity and the area of the radiating surface. There
is also on starting a conduction of heat to neighboring
bodies. After a short time, however, a static temperature
condition will be established. The power loss in hysteresis
in the armature is

I

14
o 70 ®,'C- 57 watts,

b= 6
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where 7 equals the hysteretic constant of the iron (0.002), v
equals the volume of the armature core in cubic centimcters.
The assumption is made that the flux density in the arma-
ture core is uniform. This is not true for the main core, as
was shown by Goldsborough, and in the tecth the density is
much greater. When the volume of the latter is a relatively
large amount of the total core volume, a correction should
be made. When making many designs, in which the same
quality of iron is to be used, it is much easicr to get the
hysteresis loss per cubic inch at various densities from
tables made up to suit the iron. The power loss due to
ohmic resistance

yA
P.= max — 1R,
number of armature circuits

where 7,.. is the full-load current of the machine in am-
peres, and R, is the resistance of all the armature con-
ductors arranged in series.  Before getting P, and 2, one
must determine the values in VIII. to XI.

VIIL. 7o obtain the armature specd V in revolutions per
minute. This quantity is prescribed in the case of direct
connected machines. Inother cases in may be determined

by the formula ,
y=127

wd

IX. 7o obtain the volume of the armature core v in cubic
centimelers. £
v=sin(LTL) (a5t

where z is a coefficient which represents that part of the
armature core length which is occupied by iron. In ordi-
nary laminations the space occupied by air and insulating
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oxide on the plates amounts to 10 per cent, therefore under
these circumstances & = 0.9. The introduction of ventilat-
ing ducts reduces this value by an amount which can be
readily determined.

X. 7o obtain the resistance of the armature wire in
olms. The total length of the armature wire,

L=10 Xk,

where 4 is a constant greater than unity, which takes into
account the amount of dead wire employed in making the
end connections. This value depends upon the value of
p and upon the method of winding. In the case of formed
coils its value may be determined from measurements upon
a single coil. This value is generally slightly greater
than 2. Considering that the resistance of a hot mil foot is
11.5 ohms, the resistance of the armature

_ 1.5 'k

"~ cross-section in circular mils.

XI1. 7o obtain the arca of the armature radiating surface
A in square inches,

— 2
A=1l’ld+ w(dz—zl_i_.).

XII. As 2 to 2} watts can be radiated per square inch
of armature surface without excessive heating, the value of
Lt by determines whether the armature is properly de-
signed or not. If the fraction is less than 2, the armature
is needlessly large, and should be redesigned. If the frac-
tion is greater than 2}, the armature will heat excessively,
and should also be redesigned.
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121. Design of the Field. — XIII. Dimensions of the
poles and field frame. The design of a field requires judg-
ment and experience on the part of the designing engineer,
and an acquaintance with the various machines of the type
being designed. One must assume values for the following
quantities: the flux density in the poles ®, the flux
density in the magnet frame ®, the coefficient of magnetic
leakage A, and the ratio of the length of a pole to its diam-
eter in case it has a circular cross-section, or to some other
dimension in case it is not circular. The assumption is
made here that the field frame is of a circular type, and
that the pole is of circular cross-section. It is customary
to choose such a value for ®, that the magnetization will
be carried over the knec of the magnetization curve. In
the case of ®, however, it is customary to choose a value
somewhat below the knece. The coefficient of magnetic
leakage for this type of machine is 1.4. A careful design
really requires a knowledge of the distribution of the leak-
age flux. Long experience enables one to make allow-
ance for this. From these assumed values one gets a
value for the cross-section of a pole,

A, = $at sq. centimeters,
(BP
whence it follows that the diameter of the pole in inches

1\ /24
2.54

inches, and the cross-section of the frame,

_ 4
T 2@,

P

A, sq. centimeters.

XIV. Reluctance of the magnetic circuit. After mak-
ing a provisional scale-drawing of the field-magnet frame
with its poles and the armature core, exercising judgment
derived from experience or from the inspection of other
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drawings, determine the average length in centimeters of
the path of the magnetic lines in the frame, in the poles,
in the air gap, in the teeth, and in the armature core.

L

Fig. 176.

Represent by /, /, /, /, and /, the length in centimeters
of the parts marked in Fig. 176. From the assumed
values of the flux density, and from the magnetization
curves of the metals from which the various parts of the
magnetic circuit are constructed, one can get the respec-
tive permeabilities. The reluctance may then be calculated

as follows :
A

Reluctance of the pole &, = o
P

“ of } section of field frame R, = R
rAy

ID
2 psiwd (2.54)%
“ of 4 section of the armature core,
Z,
Ra = tazl(@—d) (2.54)

-

“ of the air gap R, =
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To determine the reluctance offered by the teeth and
winding-slots, it is convenient to assume that the total flux
is carried by the teeth alone. Owing to the fringing of
the field at the pole tips, not merely the teeth immediately
under the pole face carry the flux from that pole, but, with
very short air gaps, an extra tooth takes part in the trans-

TABLE OF TOOTH-DENSITY CORRECTIONS.

CORRECTED IRON DENSITIES ON THE ASSUMPTION THAT THE IRON TRANSMITS
DensiTv. THE ENTIRE FLux.
|
Lines PErR SQ. Cen-| Tootn WiIipTH = Tooth WipTH = TootH WIDTH =
TIMETER. Srtot WIDTH. 3 Scot Wiprn, § Scor WipTH,
17050 17200 17380 17510
18020 18450 18300 18800
19050 !9630 20000 . 20200
20000 21050 21300 21850
21020 22200 23000 23700
22000 24000 24800 2 gsoo
23100 26000 26800 28400

TOOTH DENSITY CORRECTION CURVES

b T = WIDTH OF| TOOTH l"
in 8 = WIDTH OF [sLOT /é).’—.n
g e
e //é/ 0
-

;u VA/
gy
3
218
8
1

B 1 ® = B B M % M N O »
UNCORREOTED DENSITY KILOLINES PER 8Q. CM.

Pig. 177,
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mission. With large air gaps two or three extra teeth may
take part. The value of the permeability obtained from
the flux density which is calculated upon the above as-
sumption would be too small. The value of the reluc-
tance based upon it would in consequence be too large.
The fux density arrived at will have to be corrected by
reference to the table on page 243.

The permeability, u, corresponding to the corrected dens-

23000
A
- 1
29000 B S
O O S »
T
P
21000
S
'
S
20000
-
A
Bl
AB00 ~
- 1]
N
12000 L [ [N
100 200 300 100 900 1000 1100 1200 1300 1400 1500 1600J(
10 % 100 110 120 150 180 130 160 p

&
3

ity and to be obtair.ed from Fig. 178, should be inserted in
the formula for the reluctance of the teeth,
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where A, is the net iron cross-section of the teeth under
one pole corrected for fringing. The reluctance, the flux
through which must be maintained by the field-windings
on one pole, is made up of a bi-parallel path in the arma-
ture and a bi-parallel path in the field frame, both arranged

in series with the pole, the gap, and the tooth reluctances.
This reluctance is equal to

® ®,
AR VMR TS U s

XV. Magneto-motive force. The ampere turns per
pole n/, necessary to produce the flux ¢, in the armature
at no load is equal to

':4’" I:(n +®, + © AR, +m’]

These ampere turns are furmshcd by the shunt coil on
one pole.

XVI1. Shunt Coils. Assuming that 7, volts are con-
sumed in the field regulating rheostat,

nl,
P _ﬁ—E»_ ”-SZI.A
T Laz2p circular mils’
Whence,
The cross-section in circular mils = ~~° SLL/,,._Z_/’
L — E,

Where n# = number of turns in shunt coil,
/4 = the current in the shunt at no load, and
/a = the mean length of one field turn in feet.

Assuming 1,000 circular mils per ampere in the shunt coil,
circular mils
ly="—"— " and

1000

1000 nl,
" circular mils
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From a wire table the space occupied by the # turns can
be attained ; and, with due allowance for insulation, refer-
ence to the preliminary drawing will enable one to deter-
mine whether the assumed length of the pole /, is too
small or too great. Space must be left for the compound
coil. This occupies about one-half as much space as the
shunt coil. If / seems of unsuitable length it should be
altered, and the calculation should be again gone over.

XVIIL. Compound Coils. The method of calculating
the number of compounding turns is so similar to that in
the case of shunt coils that it need not be gone into in
detail. The compound coils have to compensate at full
load for drop in the armature, for drop in the series coil,
for drop in the line in case of overcompounding, for the
demagnetizing armature ampere turns, and for changes in
reluctance due to skew by saturation. The back armature
ampere turns, when multiplied by the coefficient of mag-
netic leakage, give the series ampere turns necessary to
compensate for them. It should be borne in mind that
the maximum possible lead brings the brush no farther
than the pole tip. To compensate for a drop of a certain
percentage requires that the density in the air gap be
raised by that same percentage. This necessitates an
increase of all the densities. The increase of each reluc-
tance and the increase of each corresponding flux must be
cared for by the series windings. " The coefficient of mag-
netic leakage varies with the load. The manner of its
variation may be unknown. The reluctances, into which
it enters, are such a small per cent of the total, that its
variation may often be neglected.

The following blank form, to be filled in by students in
designing, is self-explanatory.
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POLYTECHNIC INSTITUTE OF BROOKLYN.

DEPARTMENT OF ELECTRICAL ENGINEERING.

TR RS Designer

SPECIFICATIONS.

Type of Machine
Number of poles

. Capacity in kilowatts

Terminal volts at no load
Terminal volts at full load
Amperes at full load

. Revolutions per minute

MATERIALS.

. Armature core

. Armature spider
10.
11,
12,
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Armature end plates
Armature shaft
Commutator segments
Commutator spider
Magnet frame

Pole piece

Pole shoe

Brushes

Brush-holders
Brush-holder yoke
Commutator insulation
Armature conductor insulation
Field-coil insulation

DIMENSIONS.
Armature.
Diameter over all
Diameter at bottom of slots

Data sheet to be filled in by students taking Electrical Engineering 8, and

This must be accompanied by the
Sollowing scale drawings : end elevation, longitudinal cross-section, plan, and

25.
26.
27.

28.
29,
30.
3.
32.
33

35.
36.
37.

38.
39.
40.
41.
42.
43
44.

as.

46.

A diagram of the armature-winding must also be given.
Assumed values are o be entered in red ink.

Submitted.......cccoereeenne

Internal diameter of core

Length over conductors

Length of core over laminations
and ducts

Net length of iton

Number of ventilating.-ducts

Width of each ventilating-duct

Thickness of sheets

Number of slots

Depth of slots

Width of slot at root

Width of slot at surface

Width of tooth at root

Width of tooth at armature
face

Size and shape of bare con-
ductor

Size of conductor insulated

Pitch of winding, No. of teeth

Arrangement of wires or bars
per slot

Number in parallel per slot

Number in series per slot

Total insulation between con-
ductors

Thickness insulation between
conductors

Air Gap.
Length in center
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47.
48.

49.

50.
51

a

53

54
55
56.

57-
58.

59

Go.

61.
62.
63.
64.
0s.
66.

67

68.
69.

70.
71
72.
73

74.
75.

76.
77.

Length maximum
Bore of field
Minimum clearance

Pole Shoe.
Length parallel to shaft
Length of maximum arc
Length of minimum arc
Minimum thickness

Poles.
Length of pole
Width or diameter of pole
Lenpth parallel to shaft

Magnet Spool.
Number of spools
Length over all
Length of winding-space
Depth of winding-space

Magnet Frame.
External diameter
Internal diameter
Thickness
Diameter over ribs
Thickness of ribs
Length along armature

Commutator.

Diameter
Number of segments
Width of segment at commu.

tator face
Width of segment at root
Useful depth of segment
Thickness of mica insulation
Available length of surface of

segments
Total length of commutator
Peripheral speed

Brushes.

Number of sets of brushes
Number in one set

78.

79

8o.
81.

105.

107.

108.
109.

DYNAMO ELECTRIC MACHINERY.

Length

Width

Thickness

Area of contact nne brush

FLECTRICAL.
Arn ature.

. Voltage at no load

. Total voltage at full load

. Total current

. Number of sections

. Turns per section

. Number of layers

. Total number of inductors
. Type of winding . . .
. Style of winding

. Circular mils per ampere

. Mean length of one turn

. Total length of arm wire

. Resistance of armature cold at

circuits

20° C. . .. ohms

. Resistance of armature hot at

70°C. . . . ohms

Shunt Coils.

- Size of wire,No.B. & S. Gauge
97.
. No. of layers

. Turns per spool
100.
Ior1.
102,
103.
104.

Turns per layer

Mean length of one turn
Total turns

Total length of wire
Total weight of wire

Total 1esistanceat . . . 20°C.

ohms ’

Total resistance at . . . 70°C.
. ohms.

Volts allowed for rheostat

Maximum current . . .
peres

Total ampere turns

Circular mils per ampere

am-



110,
111,

112,
113,
114.
115.
116,
117,
118,
119.

121.

122,
123.

127.
128.
129.
130.
131.

THE DESIGN OF MACHINES.

Beries Coils.

Size and shape of conductor

Number of conductors in mul
tiple

Arrangement

Turns per layer

Number of layers

Turns per spool

Mean length of one turn

Total turns

Total length of conductor

Total resistanceat . . . 20°C.
. ohms.
. Total resistanceat . . . 70°C,
. ohms,
Maximum current . . . am-
peres

Total ampere turns
Circular mils per ampere

HEATING.

Armature.

- Area of drum radiating sur.

face . . . sq. in.

. Area each end radiating sur-

face . . . sq. in.

. Total radiating surface . . .

$q. in.
/2R full load . . ., watts
Hysteresis . . . watts
Eddy currents . . . watts
Total . . . watts
Total 7’R and core loss at
full load . . . watts

. Watts per sq. in. radiating sur-

face, full load

133.

134.

135

136.
137.
138.
139.
140,

141,

142.

143
144.
145.

146.
147.
148.
149.

150.

151,

249

Estimated rise of temperature
at fullload . . . C.

Friction of windage and bear-
ings . .  watts

Field Coils.

Radiating surface (heads) . . .
sq. in.

Radiating surface (periphery)

... 8qin

Total radiating surface . . .

sq. in.

/2R shunt coils and rheostat
. watts

/73R series . . . watts

Total 7:R . .. watts .. .9

Watts loss persq. in. . . . radi-
ating surface
Estimated rise of temperature

at fullload . . . C.

Commutator.
Brush friction . . . watts
Brush contact . . , watts

Other commutator losses . .
watts

MAGNETIC.

¢ at open circuit
®a at full load
Leakage coefficient

¢/ at open circuit . . . ¢f at
full load

Ampere turns required for
shunt

Ampere turns required for
series
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CHAPTER XIV.
TESTS.

122. Determination of a ®-3¢ Curve. — The most exact
laboratory method of finding this curve is by the ballistic
galvanometer or ring method. Fig. 179 shows the arrange-
ment of apparatus for this
method. X is the test piecein
the form of an annular ring, hav- /3
ing a mean circumference of /
centimeters and a radial cross- W
section of @ sq. centimeters. It
is wound uniformly with 7 prim-
ary turns of wire. Over these
three or four secondary test turns
of wire lead off to the ballistic
galvanometer G. A series cir-
cuit is formed of a storage bat-
tery or other suitable source of
E. M. F, B, a variable resistance R, the primary coil of
the test piece, an ammeter 4, and a commutating switch C.
The last is used for reversing the direction of the current
in the primary coil.

If R be adjusted to give a current 7, then the magne-
tizing force, or 3, by § 21 is represented by the formula

Fig. 179.

4mnl
10/

I =
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If now the current be suddenly commutated, all the lines of
force will be withdrawn, and as many more set up in the
opposite direction. Each of these lines will induce, upon
commutation, a pressure in each turn of the test coil.
This induced E.A/.F. furnishes a means of measuring the
flux of lines in the test piece or the flux density ®. By
application of the formula given in § 16, one may obtain
the expression for this quantity,
10°R,
2 any

® = k0.

Where

R,= the resistance of the test coil, the galvanometer, and
the secondary circuit;

a = the area of a radial section of the test piece in
square centimeters;

7,= the number of turns in the test coil ;

% = a constant of the galvanometer; and

6 = the throw of the galvanometer which accompanies the
commutation of the primary current.

Though the most accurate method, the ring method is
not generally employed in commercial practice because of
the cost and the time re-

owmonm - AEE quired in preparing a test

TEST PIECE

woee | > Zeromer Pi€CE.
47 =" The divided-bar method
) admits of the use of a bar
¥ TOv-mtAn e of iron of ordinary shape as
e a test piece. This is cut
Fig. tbo. into two pieces. A heavy
wrought-iron yoke, Fig. 180, has a magnetizing coil wound
inside of it. Through snug-fitting holes in the ends of
the yoke, the two halves of thetest piece are inserted,
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one being secured, and the other being fitted with a
handle. The test coil is so mounted on springs as to
fly suddenly to one side when the test pieces are slightly
separated by a pull on the handle. It thus cuts all
the flux in the piece, and affords a means of measuring
it. The yoke is so massive, and has such a small reluc-
tance as compared with that of the test piece, that the

4

formula 3¢ =" l:;”,[ is practically true, where / is the mean

length of the test piece which is traversed by magnetic
lines. For ® the formula is twice what it was in the
ring method, since the test coil cuts the flux but once, or
10° R,
any

® = 4.
The method of reversals could be used equally well with
this apparatus, requiring the formula used in the ring
method.
The permeameter is a machine for measuring the flux in
a test piece by measuring the force necessary to detach it
from another part of the magnetic cir-
cuit. Fig. 181 shows in simple such a S
machine. The magnetizing force is
supplied by the coil C the same as in
the divided bar method. The test coil
and galvanometer are done away with.
The bottom of the yoke Y is surfaced
to receive flatly the end of the test rod
7. When the proper current is flow-
ing in the coil, the force necessary to
separate the test piece from the yoke is found by means of
' the spring-balance S. "Since the force required to break
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any number of lines of force varies as the square of that
number, it is easy to calculate the flux, and since

¢ = area X ®,

the magnetic density is readily found. The value of 3¢ is
obtained as in the preceding case.

123. Determination of the Ballistic Constant. — The
standard condenser affords the most convenient and accu-
rate means of determining the constant of a ballistic gal-
vanometer. If the capacity of the condenser (, and the
voltage at which it is charged £, be known, then the quan-
tity of electricity that will flow when the circuit is closed
through the galvanometer is also known. It is equal to
EC. By observing the galvanometer throw 6, the value of
the constant £ is determined from

Q= EC=#0.
EC
e k=T'

The coil of a d’Arsonval ballistic galvanometer moving in
its field has an E.M.F. induced in it, which tends to send
a current in a direction opposite to that of the current that
produces the throw, and which, therefore, shortens the
throw or damps the galvanometer. The magnitude of this
damping current depends, of course, on the resistance of
the galvanometer circuit; hence the constant £ should be
determined with the same external resistance in the gal-
vanometer circuit as there will be when the test for the
value of ® is being made.

To accomplish this an arrangement of apparatus such as
is shown in Fig. 182, may be employed, the particular fea-
ture of which is the quadruple contact key. This key is
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normally held up against a contact. In this position the

galvanometer circuit is open, and the condenser is in series

with a charging battery.

As the key is pressed down, ||
|!

three things occur. First
the battery circuit is broken,

— A
then the condenser is dis- [T——=1 -
charged through the gal- | Y
vanometer, and lastly the O)—

galvanometer circuit is ~
closed through an appro- -
priate amount of resistance
in the rheostat. Tie. xe.
The ballistic constant may also be determined by the
use of a long solenoid, with a few turns about its center

for a test coil. A series circuit is formed (Fig. 183) of
a battery, a variable resistance, an ammeter, the solenoid,

RHEOSTAT

and a key. The ends of the test coil are attached to the
galvanometer through proper resistance. On closing the
circuit the current 7 sets up a field at the center of the
solenoid, whose intensity,
4mnl
BETY A
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where /is the length of the solenoid in centimeters, and 7
the number of primary turns.

If A be the area in square centimeters of a cross-section
of the solenoid perpendicular to the axis, then

¢ =3I A.

If n,, be the number of turns in the test coil, and R be
the resistance of the galvanometer circuit in ohms, then
upon closing the circuit and upon establishing the flux ¢, a
quantity of electricity will pass around the secondary cir-
cuit which is equal to

nd _ 4mnnlA

Q=M= k= 1kl ’

where 6 is the throw of the galvanometer corresponding to
the current /. Therefore,

4 wnng/A

T

If the solenoid be less than ten diameters long, this result
is not accurate, owing to the influence of the ends of the
solenoid upon the value of JC.

There have been described numerous methods for deter-
mining £ which depend upon a constant and definite inten-
sity of the earth’s magnetic field. Nowadays the fact
that the earth’s field is constantly changing, both in direc-
tion and magnitude, due to the prevalence of iron and steel
buildings, and the extensive use of electric currents for
trolley, lightning, and other purposes, makes these methods
practically worthless.

124. Determination of the Hysteretic Constant, — The
hysteresis curve for any sample of iron may be found most
accurately by the step-by-stcp method. The arrangement
of apparatus is in all respects similar to that of Fig. 179,
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save that the rheostat R must be so designed that the cir-
cuit does not open, even for an instant, mn passing from
one resistance point to another. The method of operation
is as follows : The rheostat is set for a maximum current
strength which is determined by means of an ammeter.
The rheostat handle is then quickly moved back one point.
This reduces the current and the dependent magnetizing
force proportionately. There is an accompanying decrease
of flux in the sample. This decrease is determined by the
galvanometer throw, the formula being as before,

10° R

7y

Change in ® = 4.

The ammeter current is again read; and, as soon as the
galvanometer comes to rest, the resistance is increased by
another step, and the throw of the galvanometer is observed.
After the current has been reduced step by step to zero, it
is then commutated, and increased by steps until the maxi-
mum magnetization is obtained in a direction opposite to
that at the beginning. The current is again cut down by
steps to zero, is afterwards commutated for a second time,
and is again increased until the magnetic condition of the
iron which prevailed at the start is again attained. Giving
to ® a plus or minus sign, according to the direction of the
galvanometer throw, the algebraic sum of all the changes
of ® must equal zero. Therefore the algebraic sum of
all the galvanometer throws should equal zero. A simple
addition serves as a check on all observations. In practice,
the sum of the plus throws may differ from the sum of the
minus ones by three per cent without seriously affecting the
final result. Having the maximum value of ®, the ®'s cor-
responding to each can readily be found by subtracting the
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changes in ® from the maximum ®. Upon plotting a cyclic
curve of the various values of ® and the corresponding
values of JC, one obtains a hysteresis loop, as in Fig. 184.
The area of this loop in ®3C units, when divided by 4, gives
the ergs loss of energy in carrying one cubic centimeter of
the iron under test through a cycle of magnetization be-
tween the limits of + ®.. and — ®,,. According to the
Steinmetz formula,
h = ,](Bl.om

where % is the loss by hysteresis in ergs per cycle per cubic
centimeter. Hence, to find the hysteresis constant » of
the sample used in the foregoing test, one uses the formula

A,
L
where A4,= area of hysteresis curve expressed in B3¢ units,
and ¥V = volume of iron in cubic centimeters.

L]
Induction

Magrellztwy
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A much less laborious method of measuring », and one
which does not introduce the errors attending the measure-
ment of the area of a curve, is the wattmeter method. Since
the iron to be tested is generally for use in alternating cur-
rent apparatus, this method has the additional advantage
that the test occurs under the conditions which the iron
will meet in its working.

If the ring be made of annular stampings of sheet metal
well shellacked before assembling, then the loss due to eddy
currents will be negligible. The arrangement of apparatus,
shown in Fig. 185, consists of a source of alternating cur-
rent, a wattmeter, an alternating current ammeter, an alter-
nating current voltmeter, and the test ring, all connected
as shown.

A
: ;
:
w
Pig. 18s.

Let R = the resistance of the coil on the test ring;
7 = number of turns in this coil;
W = the watts indicated by the wattmeter;
7 = the current indicated by the ammeter ;
£ = the pressure indicated by the voltmeter ;
V = the volume of the iron in cubic centimeters;
A = the area of a radial cross-section in square centi-
meters ; then, assuming the current to be sinus-
oidal, and of frequency f cycles per second,

LN (et
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Ewing’s machine for hysteresis tests is shown in Fig. 186.
Its chief advantage lies in the fact that the test piece needs
to consist of but half a dozen pieces of sheet iron §” by 3".
This test picce is made to rotate be-
tween the poles of a permanent mag-
net, which is mounted on knife edges
on an axis coincident with the axis of
revolution of the test piece. The re-
sulting angular displacement of the
magnet, as marked by a pointer on a
divided scale, is proportional to the
hysteresis loss in the specimen. A
calibration curve is plotted by using
| two different specimens having known

hysteretic constants. It is found that
small variations in the thickness of the test piece do not
affect the results, and that no correction need be made
for such variations. The machine yields but comparative
results.

Pig. 186.

125. Determination of Leakage Coefficient. — The ratio
of the total flux generated by a field magnet to the flux
passing through the armature, that is, the leakage coefficicnt,
which is always greater than unity, may be found with an
arrangement of apparatus as shown in Fig. 187 where the
machine is a yoke-wound bipolar. A test coil of a few
turns is passed around the center of the field magnet, and
through it all the lines generated may reasonably be as-
sumed to pass. A similar coil is passed around the arma-
ture, in a plane perpendicular to the direction of the flux,
through which all the armature flux must pass. In the
case of a small machine, normal exciting current is passed
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through the field magnet, with arrangements for rapid com-
mutation. In this case, if one test coil have its ends
attached to a galvanometer or a low-voltage voltmeter, and
if the current in the field coil be commutated, a deflection,
which is proportional to the change of flux, will be observed.
The same will happen if the other coil have its terminals
connected to the galvan-

ometer. If 6, and 6, be TROALYANONETER
the deflections observed

with the field and the

armature test coils re- F

spectively, then, as be-
fore,

8
¢ =®a= 100K 48,, and
’ 27y @o—c-ﬁ
18R : ==
$a= P A0,. Pig. 187.

If the two test coils be constructed alike as regards number
of turns and resistance, then the values of R, n, and 4 are
the same in both equations, and we have the leakage coef-
ficient
LA
%« 0.
Hence the ratio of the galvanometer throws gives the co-
efficient without further calculation.

This method may be employed to obtain the flux in any
part of the magnetic circuit, and it serves to locate the
points of greatest leakage. It may also be modified to apply
to any type of machine. In the case of large machines,
whose field currents cannot be commutated, a cyclic in-
crease and decrease of exciting current can be produced
by means of cutting out and in of resistance in the field
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circuit. Even then the time constants of large field coils
are so great as compared with the period of swing of ballis-
tic galvanometers, that the method is impracticable.

126. Magnetic Distribution in the Air Gap. — Since ar-
mature reactions distort the magnetic field, it is desirable
to know the actual distribution of the flux. This may be

299900 , ¢¢¢¢i¢¢¢¢—
Fig. 188. Fig. 189.

determined by the use of a pilot brush, as shown in Fig.
188. A voltmeter is connected between one of the main
brushes and the pilot brush, and the latter is moved
through equal angular intervals until the opposite brush
is reached. The difference in the voltage of any two
consecutive readings is proportional to the magnetic flux
within the angular distance moved over between those
two readings.

Two pilot brushes may be used as in Fig. 189. In this
case the voltage is proportional to the flux corresponding
. to the angular distance between the two brushes. By
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applying these brushes at successive intervals through
180° the flux distribution can be determined.

127. Measurement of Resistance.—a. By voltmeter alone.
For insulation resistances, or any resistances lying between
about 5000 and 100,000 ohms, a fairly accurate result may
be obtained by arranging the unknown resistance » and a
0-150 voltmeter in series with a source of constant potential
of about 115 volts. The reading 6 is noted. The resist-
ance is then short-circuited and the deflection & noted. If
R be the resistance of the voltmeter, then

2
= R
- —|-
Pig. 190. Pig. 191.

b. By the Method of Wheatstone's Bridge. 1f an un-
known resistance z, two known resistances @ and 4, and
a known adjustable resistance R be connected as shown
in Fig. 191, with a galvanometer G and a battery cell 5,
a Wheatstone's bridge is formed ; and, if the resistance R
be so manipulated as to prevent a flow of current through
the galvanometer, then the following relation is true:

a:0::R:x.
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It is usual to make the ratio @ : & equal to some multiple
or submultiple of 10. In this case the value of .X is read
directly from R with the decimal point suitably placed.

This method permits of great accuracy.

C. By ammeter and voltmeter.  Resistances of ordinary
magnitudes are most conveniently measured by measuring
the pressure impressed on the resistance and the current
caused to flow thereby. This is the most practical method
for finding the resistances of armature and field-windings
of dynamos.

It is a method so rapid that the value of hot re-
sistances may be found, and fields can be measured even

- v

gy e =
<

while the machine is in operation. Fig. 192 shows an
arrangement of apparatus for measuring the resistance of
an armature, including the brush and contact resistances.
If 7 be the ammeter reading, and £ be the voltmeter read-
ing, then by Ohm's law

Pig. 1qa.

E
R=']'

128. Test of Dielectric Strength. — In order to test the
voltage necessary to break down a sample sheet of insulat-
ing material, the sample is placed between two flat metal-
lic surfaces, which are connected respectively with the two
terminals of a high-voltage transformer, whose voltage can

" be varied at will. An air gap between needle-point ter-
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minals which can be adjusted in length is connected in
parallel between the two terminals. The distance between
these points serves to limit the voltage which can be im-
pressed upon the conductors on each side of the insulating
material. For small variations of gap length the voltage
necessary to produce an arc between the needle-points is

56
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nearly proportional to the length. The following table,
taken from the Standardization Report of the American In-
stitute of Electrical Engineers, shows the relation which
exists between air-gap length and the voltage necessary
to produce a disruptive discharge. The relations are also

exhibited in the curve of Fig. 193.
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TABLE OF SPARKING DISTANCES IN AIR BETWEEN
OPPOSED SHARP NEEDLE-POINTS, FOR VARI-
OUS EFFECTIVE SINUSOIDAL VOLTAGES,

IN INCHES AND IN CENTIMETERS.

Kitovorrts. DisTANCE. Kivtovorts. DisTance.

;:..nRstr‘:::: Inches. Crus. ;quso:‘;: Inches. Cms.
5 0.225 0.57 6o 4.65 1.8
10 0.47 1.19 70 5.85 14.9
15 0.725§ 1.84 8o 7.1 18.0
20 1.0 2.54 90 8.35 21.2
25 1.3 33 100 9.6 24.4
30 1.625 4.1 110 10.7§ 27.3
35 2.0 5.1 120 11.85 30.1
40 2.45 6.2 130 12.95 32.9
45 2.95 75 140 13.95 354
50 355 9.0 150 15.0 38.1

In carrying out the test, the needle-points are adjusted
at a certain minimum distance apart. The voltage im-
pressed upon the terminals is raised until a spark passes
between the points. The air gap is then increased in
length, and the operation repeated until the sample breaks
down, and the spark passes through it instead of across
the air gap. The break-down voltage is then taken from
the table or curve corresponding to the last position of the
needle-points. .

The sample should project considerably beyond the
edges of the compressing surfaces. Owing to surface
leakage a spark will pass over a very much greater distance
of the surface of an insulator than it will in free air.

For the purpose of obtaining a voltage any form of high-
potential transformer may be used, the primary being sup-
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plied by an alternating current. Fig. 194 illustrates a
10,000 volt transformer manufactured for this purpose by
the General Electric Co. Its core is of the H type, and

Pig. 194.

upon one branch of it is wound the low-tension circuit,
while upon the other is wound the secondary, consisting of
four coils, each wound and insulated independently. The
four coils are assembled upon a sleeve of heavy insulating
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material. The transformer is immersed in oil, and its
primary is wound in two parts so that it may be used upon
a 52 or a 104 volt circuit. The adaptation to either of
these circuits is rendered possible by means of a porcelain
series multiple connection board which is placed inside the
inclosing case. On the top of the apparatus is a box with
a glass window, which incloses a micrometer spark gap,
which is connected in shunt across the high-potential

BECONDAR/¢ PRIMARY J_-
J) L A

] MAINS

—
i ] |
?\R

i
Fig. 195. Iy

TO
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terminals. This box or cover carries H
four long contact studs which fit into !
sockets. In the transformer box the i
apparatus is so arranged that the lifting o L.
up of this cover for the purpose of ad- =21
justing the spark gap entirely discon-
nects the spark gap from the high-potential circuit. The
connections of this apparatus to a sample under test are
shown in Fig. 195.

This apparatus may also be employed in determining
whether a given sample of insulation will withstand an im-
pressed electromotive force without breaking down. The

WATER RHEOSTAT
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length of the gap is set so as to represent the value of the
prescribed electromotive force, and the sample is subjected
to the pressure which maintains a spark across the gap.
In case of break-down the spark at the gap will cease.

In case it is desired to test the dielectric strength of the
sample at some other than normal temperature, the sample
may be pressed between two surfaces of the apparatus
shown in Fig. 196, which was described by Mr. Charles F.

1g. 190.

Scott. Two carefully faced blocks of cast iron are re-
cessed so as to receive coils D and D of asbestos-wound
wire. These coils are supplied with alternating current
which raises the temperature of the disks by means of
eddy currents and hysteresis losses. Upon shutting off
the current, the disks and insulating material soon assume
a uniform temperature, which can be measured by means
of a thermometer whose bulb is inserted in a hole in the
upper disk. The two disks are made the terminals of the
high-tension circuit. Connections with the circuit which
is used for heating purposes must of course be removed
during the test.
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The report of the committee on standardization of the
American Institute of Electrical Engineers gives the fol-
lowing : «The dielectric strength or resistance to rup-
ture should be determined by a continued application of an
alternating £.M.F. for five minutes.”

“The test for dielectric strength should be made with
the completely assembled apparatus and not with its indi-
vidual parts, and the voltage should be applied as fol-
lows : 1st, Between electric circuits and surrounding
conducting material, and 2d, between adjacent clectric cir-
cuits where such exist.”

The report further recommends for apparatus, not in-
cluding switchboards and transmission lines, the following
testing voltages : —

RATED TERMINAL VOLTAGE. CAPACITY. TESTING VOLTAGE.
Not exceeding goo volts . . . . . UnderioK.w.. . 1000 volts.
Not exceeding 400 volts . . . 10 K.W. and over . 1500 volts.
400 and over, but less than 200 volls Under 10 K.Ww.. . 1500 volts.
400 and over, but less than 800 volts 10 K.w. and over . 2000 volts.
800 and over, but less than 1200 volts Any . . . . . 3500 volts.
1200 and over, but less than 2500 volts Any . . . 5000 volts.
Double the normal
2s00andover . . . . . . . . . Any . . {
rated voltages.

Synchronous motor fields and fields of converters started
from the alternating current side . . . . . . . . . 5000 volts.

The values in the table above are effective values, or square roots of
mean square reduced to a sine wave of £.M.F.

When machines or apparatus are to be operated in series, so as to em-
ploy the sum of their separate £.A7.F’s, the voltage should be referred to
this sum, except where the frames of the machines are separately insulated
both from ground and from each other.

129. Determination of the Magnetization Curve of a
Shunt-Dynamo. — To find the relation between the exciting
current and the no-load terminal volts of a shunt machine,
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excite tne shunt fields, Fig. 197, from an external source,
first passing the current through a variable resistance and

A 2 L 77
T O& “—J

anammcter. Run the machine at a constant speed through-
out the test. If a voltmeter be placed across the armature
terminals a pressure can be read corresponding to each
exciting current, and a curve can be plotted using volts as
ordinates and amperes as abscisse. Because of residual

FIELD
Ol

TERMINAL VOLTS

FIELD CLRRENT
Pig. 198

magnetism there are some volts with no exciting current,
and hence the curve, Fig. 198, does not pass through the
origin. '

If the voltmeter be read while the current is increasing
by steps to the maximum, and again while the current is
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decreasing, step by step, the two curves will not coincide ;
the descending curve will lic above the other as in Fig. 199.
This is because of the hysteresis or magnetic retentivity of
the iron of the magnetic circuit.

Fig. 199.

130. Efficiency of Dynamos and Motors.— The efficiency
of these machines can be determined by any one of the
following methods : —

a. Run the machine at its proper speed as a separately
excited motor. Let the excitation be normal. By means
of ammeter and voltmeter readings determine the electrical
input, the motor having no load upon it. The arrange-
ment of apparatus is shown in Fig. 200. The power put
in represents the /2R losses in the armature and the field
plus the losses which are generally considered as constant
at al' loads. These constant losses are those due to fric-
tion, hysteresis, Foucault currents, and windage. They
are equal to the no-load input minus the no-load /*R arma-
ture and field losses. The /?R losses can be calculated at
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any useful load. The cfficiency at that load is equal to
the load divided by the load plus the sum of the constant

4 SERVICE MAIN

g

ADJUSTABLE
RESISTANCE

= BERVICE MAIN
Fig. 200.

losses and the load /2R losses. The machine at the time
of no-load test should have the same temperature as it
would have under the load for which the efficiency is being
calculated.

6. Run the machine as a motor at its
rated speed and temperature. Measure
the clectrical input by a voltmeter and an
ammecter. Measure the mechanical output
by a Prony brake. Then the efficiency,

__ watts at brake
" watts input

There are many kinds of brake or ab-
sorption dynamometers that may be used
for this test. The most satisfactory one Fig. zo1.
for motors of small size is the strap-brake shown in
Fig. 201. A piece of leather belting and two spring
balances are all that is necessary. The formula for the
absorbed power is,

/e — /
Watts = 2ar V(£ = 2) X 746,
33000

where 7 = the radius of the pulley i fec? ;
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V"= number of revolutions per minute ;
(P — P’) = the difference of the two-scale readings i
pounds.

,,
2
k

Fig. 202 shows a form
of brake applicable to lar-
ger machines. The for-
mula for the power ab-
sorbed is,

2wrVP

Watts = 33’0;— X 746,

where 7 is the perpendicular distance from the center of
the pulley to the line of action of the scale in feet, P the
scale reading in pounds, and !~ the number of revolutions
per minute. The brake should be so poised as to give no
reading on the spring at no load.

The brake may be made with a metal strap having
spaced blocks on its under surface that screw down against
the wheel, and for the spring balance one may use a plat-
form scale having a prop extending to the lever arm of the
brake. For large machines the heat generated by the
absorption of considerable power at the face of the pulley
causes an excessive rise of temperature. It is necessary
to find some means of carrying the heat away. This is
gencrally accomplished by flanging the inside of the brake-
wheel, forming a trough in which water is kept running.
Centrifugal force throws the water against the internal
circumference of the wheel and prevents spilling. The
water is removed either by a properly placed scoop, or it
may be allowed to boil out.

¢. A convenient method of finding and separating the
losses of a machine is one which makes use of a rated
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motor, i.e., a motor whose mechanical output is known for
any given electrical input. By reading the volt-ampere
input of the motor the power expended on the machine to
be tested can be found. Run the machine by the rated
motor at the proper speed. If the brushes be removed
from the machine, and no current be flowing in the field
coils, then the power expended on it is the loss due to
friction at the bearings and to windage. Now let the
brushes be set, then the power expended is the loss due to
windage, bearing friction, and brush friction. By sub-
traction the brush-friction loss is found. This is greater,
particularly in small machines, than is generally supposed.
Now let the fields be separately excited by the normal
current, and the losses due to hysteresis and eddy currents
are included in the power expended on the machine.
From a knowledge of the hot resistances of the machine,
one can calculate the 7°R loss for any useful load in both
armature and field windings. This useful load divided by
the sum of the useful load and all the losses, gives the
efficiency of the machine at that load.

d. The methods a, 4, and ¢ all require some outside
electric power. This requirement can be avoided by the
use of a transmission dynamometer to measure the power
input of any machine, and the power output can be read by
a voltmeter and an ammeter. This method is seldom re-
sorted to, since transmission dynamometers are often unre-
liable, they are expensive to set up, and some forms have
but a limited power range.

Professor Goldsborough has recently devised a very
ingenious dynamometer which consists simply of a coiled
or helical spring with the center line of the helix corre-
sponding with the center of the shaft. This spring con-
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nects the driving and driven members. Readings are made
by means of two instantancous contact points mounted,
one on the driven and onc on the driving-shaft, which are
connected in scries with each other and with a battery
and tclephone receiver.  As the spring becomes deflected
by a lovad, the contact on the driven shaft falls back,
and the corresponding brush must be set back by the
same angle in order to obtain a click in the telephone.
This angle is a direct measurement of the torque, and can
be calibrated at standstill.

¢. The efficiency of direct connected units can be found
by using the indicator card from the steam-engine to deter-
mine the power input, and by using a voltmeter and an
ammeter for determining the electrical output. Even if
the engine losses were exactly known, the measurements
yiclded by an indicator card are hardly exact enough to
afford a fair basis for testing the cfficiency of a generator.
In other than direct-connected units it is not frequent that
one finds a generator driven by an engine that does no
other work.
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259, 260.
hysteretic, 29.
Contact of brushes, 60o.
Controller:
for mill motors, 206.
for street-railway motors 197.
fingers for, 198,
reversing lever, 199.
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of self and mutual induction,
17, 79, 84.
of eddy currents, 38.
principle of production of, in
armature, 32.
unit of, 3.
Energy, 1, 89.
Equalizer, bus, 222.
rotary, 212.
Erg, 1.
Excitation, mutual, 222,
separate, 94.
of fields, 69.

Fall, of potential, 4.
Feeding-points, 104.
Field, magnetic, 12, 21, 67.
Fleming's rule, 16.
Fluctuation of E. M. F., 34.
Force, magnetizing, 22.
magnetomotive, 20, 26, 245.
units of, 1.
Foot-pound, 1.
Frequency of commutation, 84.
Friction of bearings, 89.
of brushes, Go.
Fuses, 10.

Gap, air, 69, 81, 85, 233.
Generators [see dynamo}, 31.

Heat of current, 9.
Heating of armatures, 39.
Holders for brushes, 61.
Hysteresis, 27.

Hysteresis :
losses by, 89.

Inductance, 17, 18, 84.
Induction:
electro-magnetic, 13.
mutual, 18.
self, 17, 79.
Inductors, 34, 45.
Input, 92.
Intensity of magnetic field, 12.

Jig, for filing brushes, 62.
Joints in magnetic circuit, 76.

Joule, definition of, 1.

Lag, 82.

279

of brushes in a motor, 165.

Lamination, 38.
Law of Steinmetz, 29.
Lead, 82.
Leakage, magnetic, 73.
determination of, 26o.
in compound motor, 175.
Length of armature, 237.
of active conductor, 235.
Lines of force, 12.
Link, fuse, 10.
Losses, 92, 93.
armature, 238.
commutator, §9.
fixed, 167.
I2R, 9.
in operation, 89.
variable, 167.
Lubrication, 65.

Magnet, field, 35, 69.

Magnets, 70, 90.

Materials, insulating, 6.
magnetic, 24, 63.
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Matthiessen, standard of, 6.
Measurement of temperaturerise, 42.
Melting of commutator bars, 83.
Meters, recording watt-hour, 182.
Mica, 7, 59.
Mil, circular, 6.

-foot, 6.
Motor, brake, 179.

compound wound, 174.

counter E. M. F. of, 163.

direction of rotation of, 161.

for railways, 187.

for automobiles, 200.

for mills, 203.

principle of, 161.

rated, 274.

series, 185.
Motor-generators, 218§.

Oilers, 65.

Operation, care in, 225.

Output, 92.

Over-compounding, 111.
coils for, 246.

Permeability, 22.
Permeameter, 253.
Permeance, 25.
Plane :
commutating, 78.
neutral, 78.
Point, running on controller, 197
Pole, magnetic, 12.
Pole pieces, 67, 75.
Potential, magnetic, 19.
Power, lines of, 99.
of electric current, 8.
unit of, 2.
Pressure, 4.
Prevention of sparking, 85.
Process of commutation. 77.

INDEX.

Rating of machines, 39.

Reaction of dynamo armature, 8o.
ot dynamotor armature, 208.
of motor armature, 165.

Rectifier, compounding, 112.

Re-entrancy, 46.

Regulation, arc dynamo, 132.

hand, 104.
self, 110-113.
(see speed).
Reluctance, 23.
of dynamo-magnetic circuit, 242.

Reluctivity, 26.

Report of Standardization Commit-
tee of the American Insti-
tute of Electrical Engineers:

on efficiency, 92.
on regulation, 116.
on spark-gap voltages, 266,
on temperature elevation, 40.
on testing dielectric strength,
270.
Resistance, armature, 240.
brush contact, 6o, go.
measurement of, 263.

Resistivity, .

Retentivity, 28.

Rheostats, Carpenter enamel, 108.

overload, 172.

packed card, 105.

starting, 169.

Ward Leonard Electric
108,

Wirt, 110,

Rise of temperature, 41. 91, Go.

Rockers, 61, 64.

Rule, Fleming’s, 16.

Co.,

Saturation of teeth, 85.
Shafts, 64.



INDEX.

Shape of pole pieces, 86,
Sheet, data for design, 247.
Shell, magnetic, 20, 21.
Shifting of brushes, 8s.
Shoe, pole, 75.
Short-circuit of armature coil, 226.
Skewing of field, 81.
Slip-rings, 31.
Slotting of poles, 86.
Solenoid, 21.
brake, 180.
Span, polar, 69.
Spark, voltage of, 266.
Sparking, 61, 83, 85, 225,
Spectrum, magnetic, 13.
Speed, armature, 239.
motor, 163.
slow, 178.
hand regulation of, 175.
Leonard system of regulation,
176.
series resistance regulation, 176.
Steinmetz, law of, 29.
Strength, test of dielectric, 264.
Surface, for radiation in armature,
240.

Teazer for Bullock system of speed
control, 209.

Teeth, 85.

Temperature, critical, 25.
measurement of, 42.
rise of, 41, 43, 60, 91.

281
- -
Tension of brush-springs, 62.
Theory of self-regulation of dyna:
N

mos, 113. .~
Torque, 2.
Transformer for high potentials, 266.
Turns, series, 110.

Unit, absolute and practical, 2.
mechanical, 1.
of current, 3.
of potential difference, 3.
of resistance, 3.
pole, 12.

Velocity, peripheral of armature, 234
Ventilation, ducts for, 39.
Vulcabeston, 7.

Watt, definition of, 2.
Wheatstone’s bridge, 263.
Windage, 89.

Winding chord, 52.
closed-coil, 45.
cross-connected, 48.
drum, 1.
open-coil, 44.
ring, 47.
series, 70, 97.
short-connection, 49.
shunt, 70, 97.

Wires, binding, 55.

Work, 1, 9, 19.

Yoke, 36, 67.
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MECHANICAL ENGINEERING, &c.

THE MECHANICAL ENGINEER’'S POCKET-BOOK.

Comprising Tables, Formula, Rules, and Data: A Handy Book of Reference
for Daily Use in Engineering Practice. By D. KiNNEAR CLARK, M. Inst. C.E.
Fourth Edition. Small Svo, 7oo PP bound in flexible Leather Covu, roundeJ
corners . . e e e e

SUMMARY OF Coﬂ'rmrrs —MATHBHATICAL ‘r/ml.as —MEBASUREMENT OF SUI
PACBS AND SOLIDS.—ENGLISH AND FOREIGN WEIGHTS AND MEASURES.—MONBYS.—
SPECIFIC GRAVITY, WEBIGHT, AND VOLUME.—MANUFACTURED METALS.—STREL PIPBS
—=BOLTS AND NUTS.—SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER
BRASS, D, TIN, ZINC.—STRENGTH OF TIMBER.—STRENGTH OF CAST IRON.—
STRENGTH OF WROUGHT IRON.—STRHENGTH OF STEEL.—TENSILE STRENGTH OF
COPPER, LEAD, &c.—RESISTANCE OF STONES AND OTHER BUILDING MATERIALS.—
RIVETED JOINTS IN BOILER PLATES.—BOILER SHELLS.—WIRE ROPHS AND HEMP
ROPBS.—CHAINS AND CHAIN CABLES.—FRAMING.—HARDNESS OF METALS, ALLOYS, AND
STONES.—LABOUR OF ANIMALS.—MECHANICAL PRINCIPLES.—GRAVITY AND FALL OF
BODIES.—ACCELERATING AND RRTARDING FORCES.—MILL GEARING, SHAFTING, &c.—
TRANSMISSION OF MOTIVE POWER.—HEAT.—COMBUSTION: FUELS.—WARMING, VENTI.
LATION, COOKING STOVES.—STEAM.—STEAM ENGINES AND BOILERS.—RAILWAYS.—
TRAMWAYS.—STEAM SHIPS.—PUMPING STEAM ENGINES AND PUMPS.—COAL GAS, GAS
ENGINBS, &c.—AIR IN MOTION.—COMPRESSED AIR.—HOT AIR ENGINES.—WATER
POWBR.—SPEED OF CUTTING TOOLS.—COLOURS.—ELECTRICAL ENGINEERING,

* Mr. Clark manifests what is an innate perception of what is likely to be useful in a pocket-
book, and he is really unnnlled in the art of condensation. It is very difficult to hit upon lny
subjec! i which this work supplies no information,
excellent index at the end adds to its utmz In one word, it is an exceedingly handy and cﬁc‘nt
of which the engineer wi saved many a wearisome calculation, or yet more
wearisome hunt throu; nrloun text-books and treatises, and, as such, we can heartily recommend
it to our readers."— 7A¢ Engineer.

* It would be found difficult to compress more matter within a similar compass, or pmdu« a
book of 650 ;xu which should be more compact or convenient for pocket reference. . . . Will
be appreciat mechanxal engineers of all classes.”—/vactical Snugincer
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MR. HUTTON'S PRACTICAL HANDBOOKS.

THE WORKS' MANAGER’S HANDBOOK.

Comgising Modern Rules, Tables, and Data. For Engineers, Millvﬁ(m
and Boiler Makers; Tool Makers, Machinists, and Metal Workers ; Iron
Brass Founders, &c. By W. S. Hurron, Civil and Mechanical Engineer,
Author of ‘“The Practical Engineer's Handbook.” Sixth Edition, carefully
Revised, with Additions. In One handsome Volume, medium 8vo, strong!
bound. (Just Published. 18

. MW= The Author having compiled Rules and Data for his own use in a great
variety of modern engineering work, and having found his motes extremely useful,
decided to publish them—revised to date—belisving that a practical work, suited to
the DAILY REQUIREMENTS OF MODERN ENGINEERS, wowld be favourably received.

*Of this edition we may repeat the upgmlatin remarks we made upon the first and third.
Since the appearance of the latter very considerable modifications have been made, although the
total number of pages remains almost the same. It is a very useful collection of rules, tables, and
'orkshczp and drawing office data.”"—7he Engineer, Mn{ 10, 189?.

** The author treats every subject from the point of view of one who has collected workshop
notes for application in workshop practice, rather than from the theoretical or literary as; .
volume contains a great deal of that kind of information which is gained only by practical experience,
and is seldom written in books."— 7'Ae Ewgincer, June s, 188¢.

" The volume is an exceedingly useful one, brimful with r' 's notes, da, and
rules, and well wonhY of being on every hanical engi 's b hell."—Mechanical World.

** The information is precisely that likely to be required in practice. . . . The work forms
a desirable addition to the library not only of the works’ manager, but of any one connected with
general engineering.”"— Mining Fonrmal.

“ Brimful of usefu! information, stated in a concise form, Mr. Hutton's books have met a
pressing want among engineers. The book must prove extremely useful to every practical man

ng a copy."—Practical Engineer.

THE PRACTICAL ENGINEER’'S HANDBOOK.

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive
and Stationary. And containing a large collection of Rules an: Pru:ua.l
Data relating to Recent Practice in Designing and Constructing all kinds of
Enﬁines. Boilers, and other Engineering work. The whole constituting a com-
prehensive Key to the Board of Trade and other Examinations for Certificates
of Competency in Modern Mechanical En'gineerin&’. By WaLTeR S. HuTTON,
Civil and Mechanical Engineer, Author of * The Works' Manager's Handbook
for Engineers,” &c. With upwards of 370 lllustrations. Fifth Edition,
Revised with Additions. Medium 8vo, nearly soo pp., strongly bound.

[Just Published. 1810

W This Work ss designed as a companion Awuthor's " WoRrks'
MANAGER's HANDBOOK." It possesses many new and o eatures, and con-
tains, like its predecessor, a quantity of matter not originally ntended for publication,
but collected by the Author for his ownm use im the c nstruc om of a great varisty of
MobpERN ENGINEERING WORK.

The snformation is given in a condensed and concise form, and is sllustrated by
upwards o/ 370 Woodcuts; and comprises a quantity of tabulated matter of great
value to all engaged in designing, constructing, or estimating for EnGings, BoiLgrs,
and OTHER ENGINERRING WORK.

*““We have kept it at hand Yor several weeks, referring to it as occasion arose, and we have not

on ; single occasion consulted its pages without finding the information of which we were in quest.”
—dAt

1eal handbook i

which no

om.,
** A thoroughly good p can go through without ) I
something that will ge of service to him."—Marine Engincer.
“An llent book of refe v i and a valuable text-book for students of
.nﬂnee?_ﬁ."—&nlrmn

** This

valuable m:;-u:l .e'v!\})od}? the results and experience of the leading authorities on
15,

R IR JVews.
** The author has collected together a surprising quantity of rules and practical data, and has
shown much judgment in the sclections he hasmade. . . . There is no doubt that this book is
one of the most useful of its kind published, and will be a very popular compendium. " —Engincer.
** A mass of information set down in simple language, and in such a form that it can be e:gs
referred to at any time. The nmiatter is unifornly good and well chosen, and s greatly elucida
by the illustrations. The book will find its way on to inost engincers’ shelves, where it will rank as
one of the most useful books of reference.”— ractical Engineer
** Full of useful information, and shonld be found on the office shelf of all practical engineers.
—English Mechanic,
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MR. HUTTON’S PRACTICAL HANDBOOKS—continued.

STEAM BOILER CONSTRUCTION.

A Practical Handbook for EngR eers, Boiler-Makers, and Steam Users.
Containing a large Collection of Rules and Data relating to Recent Practice
in the Design, Construction, and Working of all Kinds of Stationary,
motive, and Marine Steam-Boilers. IW Warter S. Hutron, Civil an
Mechnmcnl Engmeer. Author of *“ The Works' Manager's Handbook," “The

Pr: E s Handbook,” &c. With upwards of soo lllustnnons

Third Edition, Revlscd and much Enlarged, medium 8vo, cloth . . 18

TH1s WORK s issued in continuation of the Scms of Handbooks written

the Author, vis. :—" THE WoRKs' MANAGER's HANDBOOK " and ‘ THE PRACTICAL

NGINEER'S HANDBOOK," which are so highly appreciated by emgincers for the

practical nature of their information ; and is consequently writien in the same styls
as those works.

The Awthor beli that the tration, in a convenient form for sasy
veference, o such a large amount of thoroughly practical information on Steam-
Boilers I be of comsiderable service to those ‘ar whom it is sntended, and he trusts
the book may be desmed worthy of as favourable a reception as has been accorded to
s predacessors.

** One of the best, if not the best, books on boilers that has ever been published. The infor-
mation is of the right kind, in a simple ‘and accessible form. S0 far as generation is concerned, this
is, undoubtedly, the standard book on steam practice.”— Electrical Review.

** Every detail, both in boiler design and management, is clearly laid before the reader. The
volume shows that boiler construction has been reduced to the condition of one of the most exact
sclences; and such a book is of the utmost value to the fin de siec/e Engineer and Works Manager.'
—Hanﬁu Engineer.

** There has long been room for a modern handbook on steam boilers ; there is not that room
now, because Mr. Huuon has ﬁlled it. Itisa lhoroughl }.ncncal book for those who are occupied

in the design, or use of boilers. ngineer.

** The book is of so a ch'lmctu that it must find its way into the
libraries of every one Intuves(ed in bonlev using or bonler m.\nufacture if they wish to be lhumudhly
tnforme We gly d the book for t value of its -y

[arket.

PRACTICAL MECHANICS’ WORKSHOP COMPANION.

Comprising a great variety of the most useful Rules and Formula in Mechanical

Science, with numerous Tables of Practical Data and Calculated Results for

Fu:llnnung Mechanical Operations. By WiLLiam TempLETON, Author of

‘ The Engineer's Practical Assistant,” &c. E usshteenth Edition, Revised,

Modernised, and consndenbly l:.nlarged by WALTB: HurTon, C.E., Author

of ‘“The Works' Manager's Handbook,” *‘ The Practical Engineer” s Hand-

book,” &c.  Fcap. 8vo, nearly soo pp., with 8 Plates and upwards of 250 Illus-

trative Diagrams, strongly bound for workshop or pocket wear and tear. 8/0

** In its modernised form Hutton's * Tem leton * should have a wide sale, for it contains much

which the en find of use, and not a few tables and notes which

bc t look for in vain in other works. Thls modermsed edition will be appreciated by all who
amed to value the original editions of * Templeton. “—Engiish Mechansc.

** It has met with great success in the engineering workshop, as we can testify ; and there are

a great many men who, in a great measure, owe their rise in life to this little book. '—Bmldm(

News.
* This lnmllhr text- bool:—well known to all ics and i is of 1 service
to the every-da dy s, and the various trades connecled with
building. The new mod:rmsed edition is worth its weight in gold."—Buslding
fews. (Second Notice.)

. Thll well-known and largely-used book contains Infonnatiun, hrougm up to date. of !he
s0rt 30 useful to the forcman and draughtsman. So much fresh i as been d as
to constitute it practically a new bool It will be largely used in the olﬁce and workshop.”—
Mechanical World.

“The ﬂxbhslwn wisely entrusted the task of revision of this luable, and usefu
book to Mr. Hutton, than whom a more competent man they could not havo found.”"—/rexn,

ENGINEER’S AND MILLWRIGHT'S ASSISTANT.
A Collection of Useful Tables, Rules, and Data. By Wn.l.um TEMPLETON.
Eighth Edition, with Additions. 18mo, cloth . . . 2/8

** Occupies a foremost place among books of this lund A more suinule present to an
nppnnm:e to any of the mechanical trades could not be made. News.
Mecha ‘A deservedly popular work. It should be in the * anu of every mechanic."—English

lechanic,

A2
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THE MECHANICAL ENGINEER’'S REFERENCE BOOK.

For Machine and Boiler Construction. In Two Parts. Part 1. GenmraL
ENGINEERING DATA.  Part 11. BoiLkr CoNsTRUCTION. With 51 Plates and
numerous lllustrations. By NEeison FoLey, M.1.N.A. Second Edition,
Revised throughout and much Enlarged. Folio, half-bound, net . £38 8s,
PART 1.—MEASURES.~CIRCUMFERRNCES AND AREAS, &c.. SQUARES, CUBES
FOURTH POWERS. —SQUARR AND CURK ROOTS.—SURFACRE OF TUHBES.—RECIPROCALS.—
LOGARITHMS. — M TRATION. — SPECIFIC GRAVITIES AND WEIGHTS.—WORK AND
POWRR. — HHAT, — COMBUSTION. — EXPANSION AND CONTRACTION. — EXPANSION OF
GASES.—STEAM.— STATIC FORCES.— GRAVITATION AND ATTRACTION.—MOTION AND
COMPUTATION OF RESULTING FORCES.—ACCUMULATED WORK.—CENTRE AND RADIUS
OF GYRATION.—MOMENT OF INERTIA.—CENTRE OF OSCILLATION.—ELECTRICITY.~
STRENGTH OF MATERIALS.—ELASTICITY.—TRST SHEETS OF METALS.—FRICTION.—
TRANSMISSION OF POWER.—FLOW OF LIQUIDS.—FLOW OF GASES.—AIR PUMPS, SURFACE
CONDENSERS, &.—SPHED OF STEAMSHIPS.—PROPELLERS.—CUTTING TOOLS.—FLANGES.
—COPPRR SHERTS AND TURBRS.—SCREWS, NUTS, BOLT HEADS, &c.—VARIOUS RECIPES
AND MISCELLANEOUS MATTHR.—WITH DIAGRAMS FOR VALVE-GEAR, BELTING AND
ROPES, DISCHARGR AND SUCTION PIPES, SCREW PROPELLERS, AND COPPER PIPBS.

RT II.—TREATING OF POWER OF BOILERS.— USEFUL RATIOS.—NOTES ON
CONSTRUCTION, — CYLINDRICAL BOILER SHELLS. — CIRCULAR _FURNACES. — FLAT
PLATES.—S[AYS. — GIRDERS.—SCREWS, — HYDRAULIC  TEBSTS. — RIVETING. — BOILER
SETTING, CHIMNEYS, AND MOUNTINGS.—FUELS, &c.—EXAMPLES OF BOILERS AND SPEEDS
OF STRAMSHIPS.—NOMINAL AND NORMAL HORSE POWER.—WITH DIAGRAMS FOR ALL
BOILER CALCULATIONS AND DRAWINGS OF MANY VARIETIES OF BOILERS.

' The book is one which every mechanical engineer may, with advantage to himself, add to
his library. " — Industries.

* Mr. Foley is well fitted to compile such a work. . . . The diagrams are nﬁc::;t::
T.
dispensable

e
of the work. . . . Regarding the whole work, it may be very fairly stated that
produced a volume which will undoubtedly fulfil the desire of the author and become in
to all mechanical engineers.”"—Marine Lngineer.
** We have carefully examined this work, and p it a most 1l fe book
for the use of marine engineers.”— Fowrnal of American Society of Naval Engineers.

COAL AND SPEED TABLES.

A Pocket Book for Engineers and Steam Users. R{Nslso‘r« FoLry, Author
of *‘ The Mechanical Engineer's Reference Book.” Pocket-size, cloth . 8/8
** These tables are designed to meet the requirements of every-day use; are of sufficient scope
for most practical purposes, and may be commended to engineers and users of steam.”—/ros.

TEXT-BOOK ON THE STEAM ENGINE.

With a Supplement on GAs ENGINES, and PART 11. on HEAT ENGINgs. By
T. M. GoopEeve, M.A., Barrister-at-Law, Professor of Mechanics at the Rglyl.l
College of Science, London ; Author of * The Principles of Mechanics,” ** The
Elements of Mechanism,” &c. Fourteenth Edition. Crown 8vo,cloth . 8/0
** Professor Goodeve has given us a treatise on the steam engine which will bear comparison
with lnythins written by Huxley or Maxwell, and we can award it no higher praise."—Engineer.
“'Mr. Goodeve's text-book is a work of which every young engineer should possess himself.”
—Mining Fournal,

ON GAS ENGINES.
With Appendix describing a Recent Engine with Tube lIgniter. By T. M.
Gooneve, M.A. Crown 8vo, cloth . . . 6

* Like all Mr. Goodeve's writings, the l;rvsenl is no exception in point of general excellence.
It is a valuable little volume."—Mechanscal Wovld.

A TREATISE ON STEAM BOILERS.
Their Strength, Construction, and Economical Working. By R. WiLson, C.E.
Fifth Edition. 12mo, cloth . . . . . . . . . 8/0
* The best treatise that has ever been published on steas boilers. —Ewngineer.
“The author shows himself perfect master of his subject, and we heartily recommend all
cmploying steamn power to possess themselves of the work."—Ryland's Iron Trnz Circwlar.

THE MECHANICAL ENGINEER’S COMPANION

of Areas, Circumferences, Decimal Equivalents, ininches and feet, millimetres

squares, cubes, roots, &c.; Wﬂ%hts, Measures, and other Data. Also Prac-

tical Rules for Modern Engine Proportions. By R. Epwarps, M.Inst.C.E.

Fcap. 8vo, cloth. [ Just Published. 3/8

**A very useful little volume. It contains many tables, classified data and d.
enerally nseful to engineers."—Xngineer.

11as small book is what it professes to be, viz. :—'a handy office companion,’ giving as it
does, In a succinct form, a variety of information likely to be d by ical engl in
their everyday office work,"—Nature.
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A HANDBOOK ON THE STEAM ENGINE.

With especial Reference to Small and Medium-sized Engines. For the Use of
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users
of Steam Power. By HErmAN HAeDER, C.E. Translated from the German
with considerable additions and alterations, !w H. H. P. Powtgs, A.M.1.C.E.,
M.ILM.E. Second Edmon, Revised. ith naarly 1,100 lllustrations.

Crown 8vo, cloth . . . . .
** A perfect ency:lcg)zdh of me steam en;fine and its delails. and one which must take a per-
m( e in Englis| flices and LPattern-maker.

is is an excellem book, and should be in the hands of all who are interested in the con-
umcﬂon and design of medium-sized stationary engines. . . . A careful study of its contents and
the arrangement of the sections leads to the wnclusuon that there i is pwlnhly no other book Ilk. lt
In this country. The volume aims at showing the results of p and it
may ddm a complete achievement of this idea.” —Namre
can be no guestion as to its e, fiall d it to all d in the
ddgn Illd construction of the steam engine." —M«Aamul World.

BOILER AND FACTORY CHIMNEYS.

Their Draught-Power and Stability. With a chapter on Lightning Conductors.
By RoBerT WiLsoN, Al C E., uthor of * A Treatise on Steam Boilers,"” &c.

Crown 8vo, cloth . . . . . . . . . 318

A valuabl ribution to the I of scientific building."—The Budlder.
BOILER MAKER’S READY RECKONER & ASSISTANT.
With Examples of Practical G y and T lating, for the U\e of Plnen,

Smiths, and Riveters, By Joun Coun‘ruxv Edited { K. CrLark
M.1.C.E. Third Edition, 480 pp., with 140 Mlustrations. t.ap 8vo . 6
* No workman or apprentice should be without this book."—/ron 7vade Civcular.,

REFRIGERATING & ICE-MAKING MACHINERY.
A Descriptive Treatise for the Use of Persons meloyia; Refrigerating
and Ice-Making lnslnllauons, and others. By A. J. ALLIS-TAVLER,
A.-M. Inst. C.E. Second Edition, Revised and Enlarged. With Illustrations.

Crown 8vo, cloth. (Just Published. T7/8
** Practical, explicit, and profusely illustrated."—Glasgow Herald.
** We recommend the book, which gives the cost of various sy and ill i howing

m ol parts of machinery and gcneu] arrangcements of complete installations. " — Busider.
** May be recommen ed as a useful description of the machinery, the processes, and of the
res, and d physics of g- 1t is one of the best compilations on the

subject. —Engineer.

TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva-
tion of the Tea Plam and the Preparation of Tea for the Markel. By A. J.
WaLLis-TAYLER, A.-M. Inst. C.E. Medium 8vo, 4 Js With 218
Ilustrations. [Just I’m‘)lulu Net 28/0
SUMMARY OF Cc 2 . ‘l\/nmN LLAGE OF THE
SoIL.—P NG 'HE  DRESSING,
MANUFA X
WITHERING OF
MENTING PROC
LEAF.—MACHINES
OR FIRING MACHIN

{AF.—T
BY Ml,(lu\n AL
0K ROLLING OR CURLING 1
- THE AUTOMATIC DRVING OR FIRIN
UTOMATIC DRYING OR FIRING OF THE LE
¥ AND SORTING MACHIN
THE TEA.—MEANS OF —MISCBLLANEOUS M
AND APPARATUS.—=FINAL T uh.\lMl N ABLES AND MEMORANDA,
“The subject of tea machinery is now one of the first interest to a large class of people, to
whom we strougly commend the volume."—Chamber of Commerce Fournal.

* When tea planting was first introduced into the British posscssions little, if any, machinery
was employed, but now its use is almost universal. “This volume contains a very full account of the
machinery necessary for the proper outfit of a factory, and also a description of the processcs
carried out by this machinery.”—Fournal Sociely of Arts,

ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS.

A Guide to Commercial Engineering. With numerous examples of Estimates
and Costs of Mlllwngbt Work, Miscellancous Productions, Steam Engines nnd
Steam Boilers; and a Section on the Preparation of Costs Accounts, 6

A GENERAL MANAGER. Second Edition. 8vo, cloth. [Just Published. 12]

* This is an excellent and very useful book, covering subject-niatter in constant requisition in
every factory and workshop. . . . The book is invaluable, not only to the young neer, but
aleo to the adnme department of every works."—Busider.

“ We accord the work uuqualnﬁ prnse. The m(oﬂnathn is given in a pla!n stnl(hﬂotvud
mannee, and bears throughout of the he author with
svery phase of ial engl Mechans, 'qu.
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AERIAL OR WIRE-ROPE TRAMWAYS.,
Their Construction and Management. KA .J.WavLris-TavLer, A.M.Inst.C.E.
With 61 lllustrations. Crown 8vo, ciot (/ust Publisked. 716
*This is in its way an excellent volume. Without going into the minutiz of the subject, it
yet lays before its readers a very good exposition of the vanious systens of rope transmission in use,
and .ivn as well not a little valuable information about their working, ;_ur and management.
We can safely recommend it as a useful general treatise on the subject.”— 7he Engincer.
* Mr. Tayler has treated the m)lk-cl as concisely as thoroughness would permit.  The book
will rank with the best on this useful topic, and we recommend it to those whose business is the
transporting of minerals and goods."—Muningy Fowrnal,

MOTOR CAS,RS OR POWER-CARRIAGES FOR COMMON

By A. '! WarLis-TAVLER, Assoc. Memb. Inst. C.E., Author of *‘ Modern

Cycles,” &c. 212 pp., with 76 Illustrations. Crown 8vo, cloth . . 4/8

**Mr. Wallis-Tayler's book is a welcome addition to the literature of the subject, as it is the

pmdnclion of an Enygineer, and has not been written with a view to assist in the promation of

companies. . * he book is clearly expressed throughout, and is just the sort of work that

an engmeﬂ, lhlnlung of turning his attention to motor-carriage work, would do well to read asa
preliminary to starting operations.” — Jingriscering.

PLATING AND BOILER MAKING.

A Practical Handbook for Workshop Operations. By Josgen G. Hounl.
A.M.ILM.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . 18
** The hle« producuan from the pen of this writer is ch rised by that evid olc.b
which will render the book elceedmgly accevubh to the
ractical hmd We have no hesitation in commending the work as a serviceable and
k on a subject which has not hitherto received much attention from those qu to deal
with it in a satisfactory manner.”—Mechkanscal World.

PATTERN MAKING.

A Practical Treatise, embracing the Main Types of Engineering Construction,

and including Gearing, both Hand and Machine-made, Engine Work, Sheaves

and Pulleys, Pipes and Columns, Screws, Machine Parts, Pumps and Cocks,

the Moulding of Patterns in Loam and Greensand, &c., together with the

methods of estimating the weight of Castings ; with an ApEendlx of Tables for

Workshop Reference. By Joskru G. Hoamm. A M.l Second Editiog
1

Enlarged. With 4so Illustrations. Crown 8vo, cloth . . .
** A well-written technical guide, evuienlly written by a man who nndemandw nnd has prac-
tised what he has written about. . We 4 it t young

Joumeymen, and others desirous of bemg initiated into the mysteries of pattern.making. "—Swiide,
“* An excellent wade secm for the apprentice who desires to become master of his trade.'
—English Mechanic,

MECHANICAL ENGINEERING TERMS

g.ockwood s Dictionary of). Embracing those current in the Drawing Office,
attern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Sho c., &c.
Compmm wards of 6,000 Definitions. Edited by Joseru Horner,
A.M.ILM. %ccond Edluon Revised, with Additions. CrownSvo,cloLh 7/8

** Just the sort of handy dictionary required by the various trades en, d in mechanical en-
‘lvwering The practical enx\ncering”mpll will find the book of great value is studies, and every
and shoul

have a copy.”"—Buslding News.
TOOTHED GEARING.

A Practical Handbook for Offices and Workshops. By joskru HOINBI,
A.M.I.LM.E. With 184 Illustrations. Crown 8vo, cloth 6/0

** We must gnve the book our unqun.hﬁed praise for its thoroughness oflrellment. lnd we can
heartily 1itto as the most practical book on the subject yet written, -
Mechanical b orid,

FIRE PROTECTION.

A Complcle Manual of the Organisation, Machinery, Discipline and General
Working of the Fire Brigade of London. By Carrain Evkk M. Suaw, C.B.,
Chief Officer, Mcuupolu wn Fire Bng ade. f\cw and Revised Edition, Dem
8vo, cloth. . . Net B

FIRES, FIRE- ENOINES AND FIRE BRIGADES.
With a_ History of Fire-Engines, their Construction, Use, and Manage-
ment; Foreign Fire Systems; Hints on Fire- llng'\des, &c. By CHarrrs

T. Young, C.E. 8vo, cloth . . . £1 44,

* To such of our readers as are interested in the suhject of ﬁru lnd ﬁn a ratus we can
most heartily commend this bouk."—Emginecersng. ppa
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STONE-WORKING MACHINERY.
A Manual dealing with the Rlpld and Ecor.omical Conversion of Stone. With

Hints on the Ar of Stone Works. By M. Powis
BaLg, M.ILM.E. Second Edmon, enlarged With Illustrations. Crown 8vo,
cloth. [Just Published. ©/0

rd" The book should be in the hands of every mason or student of stonework.”—Celiery

“A cxﬁn! handbook for all who manipulate stone for building or ornamental purposes.”—
Mackinery Marhket.

PUMPS AND PUMPING.

A Handbook for Pum Uwrs. Being Notes on Selection, Construction, and
Management. By Powis BaLe, M.I.LM.E. Third Edition, Revised.
Crown 8vo, cloth. Uust Published. 2/68

*The matter is set forth as ible. In fact, rather than diffuse-
ness has been the author’s aim throughom yel "he does not seem to Invc omitted anything likely to
be of use."— Fournal of Gas Lighting.

** Thoroughly practical and slmply and clearly written."—G/asgow Herald,

MILLING MACHINES AND PROCESSES.

A Practical Treatise on Shapmg Metals by Rotary Cutters. Including
Information on Making and Grin me}the Cutters. By Paur N. HasLuck,
Author of ‘‘ Lathe-Work." 352 pp. ith upwards of 3oo l-.ngnvmgs Large
crown Bvo, cloth . . . . 12/
** A new departure in engineerin; hlentum. e We can ncommend thh vort to all in-
terested in milling maclnnes it 1s what it to be—a ise, "
*A capital and reliable book whkh will no doubt be of considerahle ;etvtc. both to those

vbh.:.:n already acquainted with the process as well as to those who contemplate its adoption,”—
LATHE-WORK.
A Practical Treatise on the Tools, Appli d Pr loyed in
the Art of Turmng. By PauL N. Hasruck. baxth Edition. Crown 8vo
cloth . . . . .. . 6/0

** Written by a man who knows not only how work ou, ( to be done, but -ho -lso knows how
to do it, and how to convey his knowledge to others. To all turners this book would be valuable."—

&
" We{-n safely recommend the work to you! Eenzineen. To the amateur it will simply be
invaluable. To the student it will convey a great of useful information.” —Engincer.

SCREW-THREADS,

And Methods of Producing Them. With numerous Tables and complete
Directions for usmg Screw-Cutting Lathes. By Paur N. Hasruck, Author
of '‘ Lathe-Work,"” &c. With Sevemy-fout llustrations.  Fifth Edition.
Waistcoat- pocket size .

** Full of useful information, hints md npmtical cmkm Taps. dies, lnd -:mhg tools

generally are illustrated and their actions described. "—Mechanical I11'orid.
** ft is a complete compendium of all the details of the screw-cutting lathe ; in fact a msulfum-
in-parvo on all the subjects it treats upon."—Carpenter and Builder.

TABLES AND MEMORANDA FOR ENGINEERS,
MECHANICS, ARCHITECTS, BUILDERS, &c.
Selected and Arranged by Francis SmiTi. Sixth Edition, Revised, including
EvecTricAL TaBLES, FORMuULAZ, and MEMORANDA. Waistcoat- pocket size,
limp leather. [ Just Published. 1 /3
** It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulse
to sult ALL engineers as it would be to make a universal mcdu:ine but Mr. Smith's waistcoat-
pocket collection may be looked upon as a success{nl auem}n “—Engincer.
** The best example we have ever seen of e7o useful manel packed into the dlmcn
slons of a card-case."—Buslding News., ble pocket treasury of knowledge."—/ren

POCKET GLOSSARY OF TECHNICAL TERMS.

English-French, French-English; with Tables suitable for the Architectural,
Engineering, M:mufaa:tunng, and Nautical Professions. By Joun {Auu
l"u.'rcusl Engineer and Surveyor. Second Edition, Revised and Enlarged
Waistcoat- -pocket size, limp leather . . . . . . 1/8
. lt h a very t advantage for readers and cormpondenu in France and E to have
so large a number of the words relating to eng a liliputian
volume. _The little book will be useful both to students Illd travellers. " — A rchitect.
ry of terms is very complete, md many of the Tables are new and well arranyed.
We dialk d the book.” Werld,




8 CROSBY LOCKWOOD & SONS CATALOGUE
THE ENJGINEER'S YEAR BOOK FOR 1900.

Comprising Formula, Rules, Tables, Data and M. da in Civil, Mechanical
Electrical, Marine and Mine Engineering. By H. R. KEMrre A.M. Inst. C.E.,
M.LE.E., Technical Officer of the Engineer-in-Chief's Oﬁce, General Post
Office, London, Author of ““A Handbook of Electrical Testing.” *‘The
Electrical Engineer's Pocket-Book," &c. Withabout 1, ooollluslmlon’“?eullz
Engraved for the work. Crown 8vo, 800 pp., leather. ust Publss

& “R an q ity of work, and forms a desirable book of reference.”— Ths
ngrineer.

*The volume is distinctly in advance of most similar publicati in this Y. —
Engineering.

** This valuable and well-ds d book of refe meets the d ds of all rip of
engineers."—Saturday Review.

“ Teems with up-to-date information in every branch of engi ing and tion.”—
‘nﬂdin‘ News.

he needs of the engineering profession could hardly be supplied in a more ad b

complete and convenient form. To say lhll it more than sustains all comparisons is pnh'dtlu
highest sort, and that may justly be said of it."—AMfining Fournal.

* There is certainly room for the newcomer, which li an
well as formule and tables. It deserves to become one of the most succcsslnl oA lhe lechnhl
annuals. "—A v Astect.

** Brings together with great skill all the technical informatio.. which an bas to use
day by day. Itis in every wa"admlnbly equipped, and is sure to prove successful. "—Scotsmean.

* The up-to-dateness of Kempe's compilation is a quality that will not be lost on the busy
people for whom the work is intended."~Glasgow Hevald,

THE PORTABLE ENGINE.

A Practical Manual on its Construction and Management. For the use’
of Owners and Users of Steam Engines gener;lly By WiLLiam Dvson
WANSBROUGH. Crown 8vo, cloth . . . . (-]
** This is a work of value to those who use stcam m:u:hmery Should h- read by every
one who has a steam engine, on a farm or elsewhere."—Mark Lawe F.a’rut
** We cordially commend this work to buyers and owners of stecam-engines, and to those who
have to do with their construction or use.”—7imber Trades onrnal.
* Such a general knowledge of the st as Mr. W, h furnishes to the reader
should be acquired by allintelligent owners and others who use the stenm-encine. “—Building News.
‘* An excellent text-book of this useful form of engine. The * Hints to Purchasers’ contain a
good deal of common-sense and practical wisdom."—5SwgkisA Mechanic.

IRON AND STEEL.

A Work for the Forge, Foundry, Factory, and Office. Containing reldy,
useful, and trustworthy Information for Ironmasters and their Stock-tak

Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Menj
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Con-
sulting En, meers Architects, Contractors, Buxlders,&c. By CHARLES HoARs,
Author of * The Slide Rule,” &c. Ninth Edition. 32mo, leather . 810

* For colnﬁrehenuvancss the book has not its equal."—/rew.
*One of the best of the pocket books."—E&ng/1sh Mechanic.

CONDENSED MECHANICS.

A Selection of Formula, Rules, Tables, and Data or the Use of Engineering

Students, Science Classes, &c. In accordance with the Requirements of the

Science and Art Department. By W. G. CRAWFORD Hucuxs, A.M.1.C.E.

Crown 8vo, cloth .. . . . e 2/6

** The book is well fitted or those who are ehhet {1 bl

their work, or are preparing for examination and wish to refresh their knowledgc by goﬂl‘ thmu‘b
their I'ormulz Ealn ‘—Marine Enyineer,

arranged, and meets the wants of those for whom it is intended."—Railway News.

THE SAFE USE OF STEAM.

Containing Rules for Unprofuslonnl Sleam Uscrs. By an ENGINEER. Seventh
Edition. Sewed . . . . . . . Bo.

** If steam-users would but leamn this little book by heart, boller explodons would become
sensations by their rarity."—Z&ng/esh Mechanic,

HEATING BY HOT WATER.

With Information and Sug‘gesuons on the best Methods of Heating Public,
Private and Horticultural Buildings. By WALTER Joul.s Second Edition.
With ¢6 llluslnuons, crown 8vo, cloth . . . . Ne 2/68

“We fid d all i d in healln by hot water to secure a copy of this
valuable little m"—lﬁ: Plumder and Decovator, pled i
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THE LOCOMOTIVE ENG INE.

The Aumbuﬁraph) of an Old Locomotive Engine. By RoBERT WEATHER-
BURN, M With Illustrations and Portraits of GLORGE and ROBERT
STEPHENSON. Crown 8vo, cloth. (/ust Publisked. Net 2/8
SUMMARY OF CONTENTS: — PROLOGUE.—CYLINDERS.—MOTIONS, —CONNECTING
RODS,—FRAMES.—WHEELS.—PUMPS, CLAC INJECTORS,—~BOILERS.—SMOKFE BOX.
—CHIMNREY.—WHATHER BOARD AND AWNING,—INTERNAL DISSENSIONS.—ENGINE
DRIVERS, &c.
“ It would l)e dlfﬁcnll to mngme ﬂn?'lhing more inrenionslv planned, more cleverly worked
out, and more cannot fail to find the volume most enjoyable.”—
Glasyow Herald.

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT.

A Popular Tte:mse on the Gradual Improvements made in Railway Engines
between 180 8?6 By CLement E. STreTTON, C.E. Fifth Edition,
Enlarged. nh 120 [llustrations. Crown 8vo, cloth. [Just Published. [-

** Students of railway history and all who are i d in the evolution of the modern loco-
motive will find much to attract and entertain in this volume."—7ke 7imes.

LOCOMOTIVE ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Locomotive Engmes. By
MicHAEL RevNoLps, Member of the Society of Engineers, formerl i
motive Inspector, L. B. & S. C. R. Ninth Edition. lncludmg a Kev 'ro
THE Locomorivé ENGINE. Crown 8vo, cloth . . .

“Mr. Reznolds has supplied a want, and has supplied it well. We can conﬁdemly nv:om
mend the book not only to the pract;.c‘atl griver. but to everyone who takes an interest in the
L4 el ngineer.

“ Mr. Reynolds has opened a new chapter in the literature of the day. His treatise is
admirable.”—A theneum.

THE MODEL LOCOMOTIVE ENGINEER,

Fireman, and Engine-Boy. Comprising a_Historical Notice of the Plone:r

Locomotive Engines and their Inventors. By MicHagL REvNOLDS.

Edition, with Revised Appendix. Crown 8vo, cloth. [Just Published. 4[6

* From the technical knowledge of the author, it will appeal to the railway man of to-day

more forcibly than anything written by Dr. Smiles. . The volume contains information of l
t‘:hnk:ll kind, and facts that every driver should be familiar with, "—English Mechanic.

“We should be glad to see this book in the pounswn of everyone in the kingdom who has
ever laid, or is to lay, hands on a locomotive engine."—/ron.

CONTINUOUS RAILWAY BRAKES.

A Practical Treatise on the several Systems in Use in the United Kingdom :
their Construction and Performance. ith copious Illustrations and numerous
Tables. By MicHAEL REVYNOLDs. 8vo, cloth . . . . .
pular explanation of the different brakes. It will be of great assistance in fomm:
;;'uz‘k‘o on, and be studied with benefit by those who take an interest in the brake."—Gmg/is.

STATIONARY ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Stationary Engmu. B
MICHAEL Rlvuor.ns Sixth Ldmon. Crown 8vo, cloth . . 4/&
** The author is th quainted with his subj and his advice on the varlous points
treated is clear and pncncal. . . Hehas produced a manual which is an exceedingly useful
one lor the class for whom it is spechlly imended. —l- npnemng
“ Our author leaves no stone He that his readers shall not only
know ing about the C 'y engine, but all abou( it —Engineer.

ENGINE-DRIVING LIFE.
Stirring Adventure and Incidents in the Lives of Locomotive Engine-
Drivers. By MicHAkL RevNoLps. Third Edition. Crown 8vo, cloth . 1/68

* Perfectly fascinating. Wilkie Collins's most thrilling conceptions are thrown into the
shade by true incidents, endless in their variety, related in every paye."—North British Mail.

THE ENGINEMAN’S POCKET COMPANION,
And_Practical Ed for Engi Boiler A dants, and Mech
By MicHAEL REvNOLDS. With 45 Illustrations and numerous Diagrams.
Fourth Edition, Revised. Royal 18mo, strongly bound for pocket wear 8/

** This admirable work is well suited to accomplish its object. being the honest workmanship
of a cumpetent engineer. " —Glasyow Herald.
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CIVIL ENGINEERING SURVEYING, &c.

LIGHT RAILWAYS FOR THE UNITED KINGDOM,
NDIA, AND THE COLONIES.

A Pnu:li-.nl Handbook setting forth the Prln«gbles on which Light Ranlways
should be Constructed, Worked, and Financ and detailing the Cost of
Construction, l-,qulpmenl, Revenue and Working Expenses of Local Railways
already established in the above-mentioned countries, and in Belgium, France,
Switzerland, &c. By J. C. Mackay, F.G.S,, A M. Inst. C. E. Illustrated
with Plates and Diagrams. Medium 8vo, cloth. [Just Published. 186/0

* Mr. Mackay's volume is clearly and concisely written, admirably umnged and fredy
Wustrated. The book is exactly what hn been lon wan!ed. We
in the luhi}ecl, 1t is sure to have a wide sale."—Ras
** Those who desire to have within reach nera{mfnnu.\ﬁ“n Lonceming almost all the light
nﬂvmy _,,sumls in the world will do well to buy Mackay s book.”—Engvnecy
his work appears very of the system on a larye scale to

England is at last being umole«.l. Tniits pagm vc ﬁnd all the mlormn(ion that the heart of man can

dcure on the subject. very detail in its story, f d on th e of other

and applied to the posslbtlllh.s of England, is put before us."—Specss.

PRACTICAL TUNNELLING.

Explaining in detail Setting-out the Works, Shaft-sinking, and Headin -dnvmg,
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering
and the Construction of the Brickwork of unnelc, with the amount of Labour
required for, and the Cost of, the various portions of the work. By FREDERICK
W. Simms, M.Inst.C.E. Fourth Edition, Revised and Further Extended,
including the most recent (18?5) Examples of Sub-aqueous and other Tunnels,
by D. KINNEAR CLARK, M. Inst. CE.  Imperial 8vo, with 34 Folding Plates
and other Illustrations. Cloth. []usl Publsshed. 2 2.

** The present (1896) edition has been bm"li’“ right up to date, and is thus rendered a work to
which civil engineers gencrally should have ready access, and to which engineers who have con-
struction work can hardly atford to be without, but which to the y t fe
s invaluable, as from its pages they can learn the state to which the science of lunnellmg has
attained."—Rasiway News.

*The estim. in which Mr. Simms’s book has been held for many years cannot be more
truly expressed than in the words of the late Prof. Rankine: * The best source of information on
the subject of tunncls 1s Mr. F. W. Simms’s work on Practical Tunnelling.' "—d rcAitect.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.

A Practical Treatise for the Use of Engineers and Students of Engineering.
By W. K. BurToN, A.M. Inst. C.E., Professor of Sanitary Engineenng in the
Imperial Umvcrsuy, Tokyo, Japan, and Consulting Engineer to the Tokyo
Water-works., Second Edition, Revised and Extended. With numerous
Plates and Illustrations. Super-royal 8vo, buckram. (/ust Published. 26/0

1. INTRODUCTORY. — II. DIFFERENT QUALITIES OF WATER. — 111. QUANTITY OF
WATER TO BE PROVIDED,—1V. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF
SUPPLY 1S SUFFICIENT.—V. ON ESTIMATING THE STORAGE CAPACITY REQUIRBD
TO BB PROVIDED.—VI. CLASSIFICATION OF WATER-WORKS.—VII. IMPOUNDING RESER-
VOIRS.—VIII. EARTHWORK DAMS.—1X. MASONRY DAMS.—X. THE PURIFICATION OF
WATER.—XI. SETTLING RESERVOIRS.—XII. SAND FILTRATION.—XI1I1, PURIFICATION
OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LIME, NATURAL
FILTRATION. —XIV. SERV OR CLEAN W Auk RESERVOIRS—WATER TOWHRS—STAND
PIPES.—XV. TH S, FILTER BEDS AND SERVICE
R lLow OF WATER IN CONDUITS—
IX. SPECIAL PRO-
WORKS.—XXI. PRB-
VARloU> APPLICATIONS USED IN CONNBCTION

P

W WA'] ER. —)\Xll

APPENDIX 1.
PROBABLR EFFEC
CAUTIONS TO BE TAKEN IN EART Hl UAKE COUNTR

APPENDIX 1. By JOUN DE RIJKE, C.E.—ON SAND DUNES AND DUNE SAND AS
A SOURCE OF WATER SUPPLY.

* The chapter upon filtration of water is very complete, and the details of construction well
tllustrat, . .+ . The work should be specially vulun{‘le to civil engineers engaged in work in
Japan, but the interest is by no means confined to that locality. " —Engincer,

** We congratulate the author upon the practical commonsense shown in the preparation of
this work. . . . The plates and diagrams have evulemly been prepared with great care, and
cannot fail to be of great assistance to the student.”—B8wuil

* The whole art of water-works construction is dealt wlth in a clear and comprehensive fashion
in this handsome volumc . . . Mr. Burton's practical treatise shows in all its sections the fruit

study and t is largely based upon his own practice in the
branch of engineering of which n treats.” "—Saturday Review.

y PROF. JOHIN MILNE, l‘ R.S.—CONSIDERATIONS CONCRRNING THR
OF EARTHQUAKES ON WA Rwonhs. AND THE SPECIAL PRE.
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THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLLiam Humser, A. M. Inst. C.E., and M.Inst M E., Author of *‘ Cast
and Wrought Iron Bl'ldée Construction,” &c., &c. lllus(rnled with so Double
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 2s0 oodcuu,
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially
balf-bound in morocco . . . . Net £6 Bs.
List or CONTENTS.
1. HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE BEEN ADOPTED FOR
THE SUPPLY OF WATER TO CITIES AND TOWNS.—11. WATER AND THE FOREIGN MATTER
USUALLY ASSOCIATED WITH IT,—1Il. RAINFALL AND EVAPORATION.—V. SPRINGS AND
THR WATER-BEARING FORMATIONS op VARIOUS DISTRICTS.—V. MEASUREMENT AND
ESTIMATION OF THE FLOW OF WATER.—VI. ON THE SELECTION OF THE SOURCB OF
SUPPLY.—VII. WELLS.—VIII. Rnsvk\mws ~IX. THE PURIFICATION OF WATER.—
X. PUMPS.—XI1. PUMPING MACHINERY.—XI1, CONDUITS.—XII1. DISTRIKUTION OF WATER.
—XIV. METERS, SERVICE PIPES, AND HOUSE FITTINGS.—XV. THE LLAW OF ECONOMY OF
WATER-WORKS.—XV1. CONSTANT AND INTERMITTENT SUPPLY.—XVII. DESCRIPTION OF
PLATES.—APPENDICES, GIVING TABLES OF RATES Ol SUPPLY, VELOCIT! &c., &c.,
TOGETHER WITH SPECIFICATIONS OF SHVERAL WOKKS ILLUSTRATED, AMONG WHICH
WILL BE FOUND : ABERDEEN, BIDEFORD, CANTERBURY, DUNDEE, HALIFAX, LAMBETH,
ROTHERHAM, DUBLIN, AND OTHERS.
** The most systematic and valuable work upon water suppl hitherto pmlnced in English, or
in any other language. It is d almost g {:q much niore
distinctive of French md German than of English i isas —E8ng .

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water.

works for small Country Districts. By ArLaN Greenwerr, A.M.I.C.E,,

and W. T. Curry, A.M.L.C.E., F.G.S. With Illustrations. Second Edition,

Revised. Crown 8vo, cloth. (Just Published. &iO

** We conscientiously recommend it as a very usecful book for those concemned in ohtaining
water for small districts, giving a great deal of practical information in a small compass.”—Builder.

he volume contains valuable information upon all matters connected with water supply.

. + . Full of details on points which are continually before water-works engineers.”"— Nafwre.

HYDRAULIC POWER ENGINEERING.

A Practical Manual on the Concentration and Transmission of Power by
Hydraulic Machinery. By G. CRovDON MaArks, A.M. Inst. C.E. Wit
nearly 200 Illustrations. 8vo, cloth. [/ust Published. Net ©/0Q
SUMMAR\' OF CONTEN PRINCIPI r S OF HYDRAULICS,—THE ORSERVED FLOW
—HYDRAULIC I'kl R1 TEST LoAD PACKI OR SLIDING
—PII'F, JoiNTs i LLING VAL —PLATFORM 1 —WORKSHOP,
FACTORY, AND DOCK CI(ANI : ¢ TORS, : HEEL METAL
WORKING AND FORGING g l'n\»\ FR, AND
STEAM PUMPS, —=TURE —IMmy RE-A o¥ TUR-
BINES,—~WATER WHEELS,.—HY! l)kAl Lic l:M.lNll- -Rl-u NI ACHIEVEMENT s.—TABx ES.
**We have nothing but praise for this thoroughly valuable work. The author has succeeded
i renderiny Lis subject interesting as well as instructive.”—Practical Enyineer.
**Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans-
wission and utilisation of power."— Mechanical 14 orid.

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULZE.

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and
Rivers. ith New Formula, Tables, and General Information on Rain-fall
Catch Basins, Dr Sewerage, Water Supﬂly for Towns and Mll‘
Power. By Joun NeviLLg, Civil Engineer, M.R.I.LA. Third Edition,
revised, with additions. Numerous Illustrations. Crown 8vo, cloth . 14/0
** It is, of all English books on the subject, the one nearest to completeness.”—A rchitect.

HYDRAULIC MANUAL.

Consisting of Working Tables and E y Text. 1 ded as a Guide ia
Hydraulic Calculations and Field Operations. By Lowis D'A. JACKSON,
Author of ‘‘Aid to Survey Practice,” ‘‘Modern Metrology,” &c. Fourth
Edition, Enlarged. Large crown 8vo, cloth . . . . . 18/0

** The author has constructed a manual which may be accepted as a trustworthy guide
to this branch of the enginecr's profession.” —Lngineering.

WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa.
tion of Water for the Supplé of Towns, for Mill Power, and for other Purposes.
By C. SLAGG, A. M. Inst. Second Edition. Crown 8vo, cloth .  7/8

** As a small practical treatise on the walev supply of towns, and on sonse applications of wates-
power, the work is in many respects excellent.”—Engincering.
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THE RECLAMATION OF LAND FROM TIDAL WATERS.

A Handbook for Engineers, Landed Proprietors, and others interested in
Works of Reclamation. By ALEXANDER BeaziLrv, M.Inst. C.E. ith
Ilustrations,  8vo, cloth. (Sust Publisked. Net 108
** The bouk shows in a concise way what has to be done in reclaiming land from the sea, and
the best way of domny it. The work containsagreat deal of practical and vseful information which
cannot Giil to be of service to engineers entrusted with the enclosure of salt marshes, and to land
ownens intending to reclaim land from the sea.”"— The Lngncer,
The author has carnied out his task efficiently and well, and his book con ains a I."ge
amount of information of great service to engineers and others interested in works of re.lamation.”
—Nature.

MASONRY DAMS From INCEPTION To COMPLETION.

Including numerous Formule, Forms of Specification and Tender, Pucke(
Diagram of Forces, &c. For the use of Civil and Mining Engi
C. F. CourTney, M. Inst. C.E. 8vo, cloth. [j:ut Pubmlud 9!&
* The volume contiains a good deal of valuable data, and furnish with practical
advice, The author deals with his subject from the mupuon to the ﬁnmh Slany usclul sugges-
tions will be found in the remarks on site and p of dam, f and
construction,"—Bue/ding News.

RIVER BARS.
The Causes of their Formation, and their Treatment by *‘Induced Tidal
Scour ;" with a Dmnguon of the Successful Reduction by this Method of
the Bar at Dublin MANN, A.mst. Eng. to the Dublin Port and Docks

Board. Roynl 8vo, cloth . . . . 78
‘We d all & d in harb rk d, Kndeed. lhou concerned in the
P of rivers lly—to read Mr. Mann's i g A

TRAMWAYS: THEIR CONSTRUCTION AND WORKINO.

Embracing a Comprehensive History of the System; with an exbaustive
Analysis of the Various Modes of Tracuon, including Horse Power, Steam,
Cable Traction, Electric Traction, &c.; a Description of the Varieties of
Rolling Stock ; and ample Details of Cost and orking Expenses. New
Edition, Thoroughly Revised, and Including the Progress recently made in
Tramway Construction, &c., &c. By D. Kinngar Crark, M. Inst. C.E.
With 400 Illustrations. 8vo, 780 pp., buckram. [] ust Published. 28'0

* The new volume is one which will rank, amoni and those i
tramway working, with the Author's world- famed book on rulway machinery.”— The Engincer,

PRACTICAL SURVEYING.
A Text-Book for Students pre J)anng for Exammnlons or for Survey-work in
the Colonies. By GeorGe W. UsiLL, A.M.I.C.E. With 4 Plates and up-
wards of 330 Illustrations. Sixth Edition. Including Tables of Natural Sines,
Tangents, Secants, &c. Crown 8vo, cloth 7/8; or, on THIN PArER, leather,
gilt edges, for pocket use. ( Sust Published. 12/8

**The best forms of instruments are described as to their construction, uses and modes
of employment, and there are innumerable hints on work and equipment such as the author, in
his experience as surveyor, draughtsman and teachcr, has found necessary, and which the student
In his incxperience will find most serviceable."—Engineer.

* The latest treatise in the English l:mguaﬁe on surveying, and we have no hesitation in say-
ing that the student will find it a better guide than any of its predccessors. Deserves to be
ncozmsed as the first book which should be put in the hands of a pupil of Civil Engineering."—
Archstect.

SURVEYING WITH THE TACHEOMETER.

A practical Manual for the use of Civil and Military Engineersand Surveyors.
Including two series of Tables specially computed for the Reduction of
Readings in Sexagesimal and in Centesimal Degrees. By NeiL Kennepv,
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth.
[ Just Published. Net 10/6
** The work is very clearly written, and should remove all difficulties in the way of any surveyor
desirous of making use of this useful and rapid instrument."— Nature,

AID TO SURVEY PRACTICE.

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur-
veys of Travellers by Land and Sca Vith T "ables, llustuuons, and Reowd.l.
Ry Lowis D'A. Jackson, A.M.I.C.E. 8vo, cloth . 12/68
* A'valuable vade-mecrm for the surveyul We recommend this lvook u connlning an
admirable \upplemem to the teaching of the accomplished surveyor.”— A thenasm.
** The author lmns to his work a fortunate union of theory and practical uperhnco which,
aided by a clear and lucid style of writing, renders the book a very uselui one.”"—Builder.
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ENGINEER'S & MINING SURVEYOR'S FIELD BOOK.

Consisting of a Series of Tables, with Rules, Explanations of Systems, and
use of Theodolite for Traverse Surveying and plotting the work with minute
accuracy by means of Straight Edge and Set Square only ; Levelling with the
Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections
in the ordinary manner; Setting-out éurvcs with the Theodolite by Tangential
Angles and Multiples with Right and Left-hand Readings of the Instrument ;
Setting-out Curves without Theodolite on the System of Tangential Angles by
Sets of Tangents and Offsets ; and Earthwork Tables to 8o feet deep, calcu-
lated for every 6 inches in depth. B{ W. Dawvis Haskor., C.E. With
numerous Woodcuts. Fourth Edition, Enlarged. Crown 8vo, cloth. 12/0

* The book is very handy ; the separate tables of sines and tangents to every minute will make
it useful for many other purposes, the genuine traverse tables existing all the same."— A thenaum.

" Ever! person engaged in engineering field operations will estimate the importance of such
a work and the amount of valuable time which will be saved by reference to a set of reliable tables
prepared with the accuracy and fulness of those given in this volume."—Ras/way News.

LAND AND MARINE SURVEYING.

In Reference to the Preparation of Plans for Roads and Railways ; Canals,
Rivers,- Towns' Water Supplies; Docks and Harbours. With Description
and Use of Surveying Instruments. By W. Davis Haskort, C.E. Second
Edition, Revised, with Additions. Large crown 8vo, cloth . . . 9/0
*“This book must prove of great value to the student. We have no hesitation in recom-
mending it, feeling assured that it will more than repay a carcful study.” —Afechanical World.
* A most useful book for the student. We strongly it as a y-writt
and valuable text-Look. It cnl’oys a well-deserved repute among surveyors.”—RBuisldey,
. volume cannot fail to prove of the utmost practical utility. "1t may be safely recom-
'llud‘d to all students who aspire to become clean and expert surveyors."—Minisngy Fournal,

PRINCIPLES AND PRACTICE OF LEVELLING.

Showing its Application to Purgoses of Railway and Civil Engineering in
the Constiuction of Roads; with Mr. TELFORD's Rules for the same. By
Freperick W. Simms, F.G.S., M. Inst. C.E. Eighth Edition, with the
addition of Law's Practical Examples for Seninf-oul Railway Curves, and
TravuTwiINE's Field Practice of Laying-out Circular Curves. ith 7 Plates
and numerous Woodcuts, 8vo, cloth . . . . /16
*4* TRAUTWINE on CURVES may be had separate . . . . . 8/0

** The text-book on levelling in most of our engineering schools and colleges.”—FEngincey.
*“The publishers have rendered a substantial service to the profession, especially to the
younger members, by bringing out the present edition of Mr. Simms’s useful work."—Angineering.

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY.

For the Formation of Geo, rnthical and Topographical Maps and Plans, Mili-

ll? Reconnaissance, LEVELLING, &c., with Useful Problems, Formule,

and Tables. By Lieut.-General FrRome, R.E. Fourth Edition, Revised and

ly Re-written by Major-General Sir CHArLES WaARkEN, G.C.M.G., R.E.

ith 19 Plates and 115 Woodcuts, royal 8vo, cloth . . . . 18/0

* No words nf praise {rom us can strengthen the position so well and so steadily maintained

by this work. Sir Charles Warren has revised the entire work, and made such additions as were
necessary to bring every portion of the contents up to the present date.”—Broad Arrow,

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
FOR SETTING-OUT CURVES.

From s to 200 Radius. By A. Beazriev, M. Inst. C.E. 6th Edition,
Revised. With an Appendix on the use of the Tables for Measuring up
Curves. Printed on so Euds. and sold in a cloth box, waistcoat-pocket size.
(Just Publisked, 8!8
* Each table is printed on a card, which, placed on the theodolite, leaves the hands free

4 the i [y 1 age as regards the rapidity of work."—Engyneer,
“Very handy : a man may know that all his day’s work must fall on two of these cards, which

Ae puts into his own card-case, apd leaves the rest behind.”"— A thenarom.

HANDY GENERAL EARTH-WORK TABLES.

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and
Embankments from 3 imches to 8o feet in D;rth or Height, for use with either
66 feet Chain or 100 feet Chain. By J. H. Watson Buck, M. Inst. C.E.
On a Sheet mounted in cloth case. [Just Published. 8/6
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EARTHWORK TABLES.
Showing the Contents in Cubic Yards of Embankments, Cuttings, &c., of
He| hts or Depths upto an average of 8o feet. By Josern BnoADsm, C.E.,
RANCIS SAMHN, C.E. Crown 8vo, cloth . . . B

.“ The way in which accuracy is n!amed by a sumple div‘lsion of ench cross ncutm into three
elements, two in which are and ol

A MANUAL ON EARTHWORK.

By ALEX. J. S. GRAKAN, C E. Wn.h numerous Dnagnms. Second Edition.
18mo, cloth . .. . 28

THE CONSTRUCTION 0F LAR(]E TUNNEL SHAFTS.

A Practical and Theoreucal Essa {VI H. WaTtson Buck, M. Inst. C.E.,
Resident Engineer, L. and N ith Folding Plates, 8vo, cloth 12[0
* Many of the methods given are ol‘ eltm practical value to the mason, and the observa-
tlons on the rurm of arch, the rules for ordering the stone, and the of the
will be found of considerable use. We commend the book to the engineering profession.”—

Dmldmﬁanu
be regarded by civil engineers as of the utmost value, and calculated to save much
time and obviate many istakes."—Colliery Guardian.

CAST & WROUGHT IRON BRIDOE CONSTRUCTION

sl‘ Complete and Practical Treatise on), incl Iron Foundati In
hree Parts. —Theoretical, Practical, and Descnpuve. By WiLLiax HuMeez,
A. M. Inst. C.E., and M. Inst. M. F Third Edition, re\nsed and much im-
proved, with 115 "Double Plates (20 of which now first appear in this edition),
and numerous Addmons to the Tul. In 2 vols., :mp. 4to, hal{-bound in
morocco . . . . . . é 16.. Bg,
* A very valuabl ributi to !)\e dard li of clvll i
elevations, plans, and sections, large scale details are given, which very much enhance th.
Instructive worth of those illustrations. "—Civil? Engineer and Avchitect's Fonurnal.
**Mr. Humber's stately volumes, lately issued—in which the most important
erected during the last five {ean. under the direction of the late Mr. Brunel, Sir W. Cul
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most
engineers, are drawn and specified in great detail.“—Engineer,

ESSAY ON OBLIQUE BRIDGES

(Practical and Theoretical). With 13 large Plates. By the late GEORGE
WaTtson Buck, M.I.C.E. Fourth Edition, revised by his Son, J. H. WaTson

Buck, M.I.C.E. ; and with the addition of Description to Di s for
l'acnlu:mng the Construction of Obhque Bndges, by W. H. Barrow, C.E.
Royal 8vo, cloth . . . . 1 2/0

* The standard text-book for all eng\neen 1e¢arding skev uchu ls Mr. Buck's treatise,
and it would be impossible to consult a better."—Engineer.

** Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed.”—Bwilding News.

THE CONSTRUCTION OF OBLIQUE ARCHES

(A Practical Treatise on). By Joun Hart. Third Edition, with Plates.
Imperial 8vo, cloth . . . . . . . . . . . 8/0

GRAPHIC AND ANALYTIC STATICS.

In their Practical Application to the Treatment of Stresses in Roofs, Solid

Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and

Piers, and other Frameworks. By ﬁe Hupson Granam, C.E. Containing

Diagrams and Plates to Scale. With numerous Examples, many taken from

existing  Structures. cially arranged for Class-work in éolleges and

Universities. Second E ition, Revised and Enlarged. 8vo, cloth 18/0

**Mr. Graham's book will find a place wherever graphic and analytic statics are used or
studied.”—Engincer.

* The work is excellent from a practical point of view, and has evidently been pared

whh much care. The directions for working are snmple. and aro illustrated by an nbundmu of

Itis an text-book for th —A

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS.
A Graphic Table for Facilitating the Computation of the Weights of Wrought
Iron and Steel Girders, &c., for Parliamentary and other Esumntes
J. H. WaTson Buck, M. Inst. C.E. On a Sheet . . . 2/ é
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PRACTICAL GEOMETRY.

For the Architect, Engineer, and Mechanic. Giving Rules for the Delineation
and Application of various Geometrical Lines, Figures, and Curves. B:
E. W. TarN, M.A., Architect. 8vo, cloth . . . . . . 9/6
*No book with the same objects in view has ever been published in which the clearncss of
the rules laid down and the illustrative diagrams have been so satisfactory.” —Scotsman,

THE GEOMETRY OF COMPASSES.

Or, Problems Resolved by the mere Description of Circles and the Use of
Coloured Diagrams and Symbols. By OLiver ByrNe. Coloured Plates,
Crown 8vo, cloth . . . . . . . . . . . 88

HANDY BOOK FOR THE CALCULATION oF STRAINS

In Girders and Similar Structures and their Strength. Consisting of Formulse
and Corrapondin&' Diagrams, with numerous details for Practical Applica-
tion, &c. By WirLiam Humser, A. M. Inst. C.E., &c. Fifth Edition.
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . .
. { L2 are neatl p d, and the di good."—Ath 3
* We heartily commem‘r this really Aandy book to our engineer and architect readers.”—
Bnglish Mcchanic,

TRUSSES OF WOOD AND IRON.

Practical Applications of Science in Determining the Stresses, Breaking
Weights, Sate Loads, Scantlings, and Details of Construction. With Complete
Working Drawings. By WiLLiaAM GRIFFITHS, Surveyor. 8vo, cloth. &/8

*“This handy little book enters so minutely into every detail connected with the con-
struction of roof trusses that no student need be ignorant of these matters."—Practical Engineer.

THE STRAINS ON STRUCTURES OF IRONWORK.

With Practical Remarks on Iron Construction. By F. W. SugiLps, M.1.C.E.
8vo, cloth . . . . . . . . e . . . 8/0

A TREATISE ON THE STRENGTH OF MATERIALS.

With Rules for Ap&lica(ion in Architecture, the Construction of Suspension
Bridges Rnilwa{‘s,, c. By PETER BakLow, F.R.S. A new Edition, revised
by his gons P. W. Barrow, F.R.S., and W. H. Barrow, F.R.S. ; to which
are added, Experimqms by Hopgkinson, FAIRBAIRN, and KIRKALDY ; and
Formula for calculating Girders, &c. Arranged and Edited by WM. Humsex,
A. M.Inst. C.E. 8vo, cloth . . . . . . . . . 18/0
* Valuable alike to the student, tyro, and the experienced practitioner, it will always rank
in future as it has hitherto done, as the standard treatise on that particular subject."—ZEwineer,
“ As a scientific work of the first class, it descrves a foremost place on the bookshelves of
avery civil engineer and practical mechanic.”—Emglish Mech

STRENGTH OF CAST IRON AND OTHER METALS.
By THoMas Treocorp, C.E. Fifth Edition, including HoDGKINSON'S Ex;lrti)-

mental Researches. 8vo, cloth . . . . . . . .1

SAFE RAILWAY WORKING.

A Treatise on Railway Accidents, their Cause and Prevention; with a De.
scription of Modern Appliances and Systems. By CLEMENT E. STRRTTON,
C.lf.. Vice-President and Consulting’ Engineer, Amalgamated Society of
Railway Servants. With Illustrations and Coloured Plates. Third Kdition,
Enlarged. Crown 8vo, cloth . . . . . . . . .

“ A book for the enginecr. the directors, the managers: and, in short, all who wish foe
information on railway matters will find a perfect encyclopedia in *Safe Ralway Working.' "=
Ratiws, g d the remarks on railway signalling to all railway man. especially where

¢ commen £
a code and p ice is ad '."—IJcnpalh'l i'mlm_y yuuxnm‘. gors, especialy

EXPANSION OF STRUCTURES BY HEAT.

By Joun KeiLy, C.E., late of the Indian Public Works Department. Crown

8vo, cloth . . . . . . . e . . . 8/8

* The aim the author has set before him, viz., to show the eflects of heat upon metallic and

other structures, is a laudable one, for this is a branch of physics upon which the engineer or
architect can find but little reliable and comprehensive data in books. " —8wilder,
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THE PROGRESS OF MODERN ENGINEERING.

Complete in Four Volumes, imperial 4to, half-morocco, pricz £12 12s.
First Series, Commenins Gl Fiehaicat Momne, Hydraslic, Rail
kST Series, Comprising Civil, Mechanical, Marine, i way,
Brigfe and other Enx?necring Works, &c. By WiLuam Humszx,
A M. Inst. C.E.,&c.  Imp. 4to, with 36 Double Plates, drawn to a large scale,
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious
descriptive Letterpress, Specifications, &c. Half-morocco . . 88 8a.

List oF THE PLATES AND DiAGRAMS.

VICTORIA STATION AND ROOF, 1. B. & S. C. R. 8 PLATES); SOUTHPORT PIER
9 PLATES): VICTORIA STATION AND ROOF, 1. C. & D. AND G. W. R. 6 PLATES!; ROOF
OF CREMORNE MUSIC HALL: BRIDUE OVER G. N. RAILWAY: ROOF OF STATION,
DUTCH RIIENISH RAIL. (2 PLATES): BRIDGE OVER THE THAMES, WEST LONDON
EXTENSION RAILWAY (§ PLATFS); ARMOUR PLATES: SUSPENSION BRIDCE, THAMES
(¢ PLATFS): THE ALLEN FNGINE; SUSPENSION BRIDGE, AVON (3 PLATES); UNDER-
GROUND RAILWAY (3 PLATES),

HUMBER’S MODERN ENGINEERING.

Seconp Serigs. Imp. 4to, with 3 Double Plates, Photographic Portrait of
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter-
press, Specifications, &c.  Half-morocco . . . . . . £3 8.

LisT oF THE PLATES AND DIAGRAMS.

BIRKENHEAD DOCKS, 1.OW WATER BASIN (1§ PLATES): CHARING CROSS STATION
ROOF, C. C. RAILWAY (3 PLATES): DIGSWELL VIADUCT, GREAT NORTHERN RAILWAY;
ROBRERY WoOOD VIADUCT, GREAT NORTHRRN RAILWAY: IRON PERMANENT WAY;
CLYDACH VIADUCT, MERTHYR, TREDEGAR, AND ABERGAVENNY RAILWAY:; EBBW
VIADUCT, MERIHYR, TREDEGAR, AND ABERGAVENNY RAILWAY; COLLEGE WOOD
VIADUCT, CORNWALL RAILWAY; DURLIN WINTER PALACE ROOF (3 PLATES); BRIDGE

3 S, L. C. & D. RAILWAY (6 PLATES); ALRERT HARROUR, GREENOCK

HUMBER'S MODERN ENGINEERING.

Twirp Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of
. R. M‘Clean, late Pres. Inst. C.E., and copious descriptive Letterpress,
pecifications, &c. Half-morocco . . . . . . . £3 8s.

LisT oF THE PLATES AND DIAGRAMS.

MAIN DRAINAGE, METROPOLIS,—~NorfR Side.—MAP SHOWING INTERCEPTION OF
SEWERS; MIDDLE LEVEL WER (2 PLATES); OUTFALL SEWER, BRIDGE OVER RIVER
LEA (3 PLATES) : OUTIFALL SEWER, BRIDGE OVER MARSH ILANE, NORTH WOOLWICH
RAILWAY, AND BOW AND BARKING RAILWAY JUNCTION : OUTFALL SEWER, RRIDGR OVER
BOW AND BARKING RAILWAY (3 PLATES); OUTFALL SEWER, BRIDGE OVER EAST LLONDON
WATER-WORKS' FFEDER (2 PLATF 'TFALL SEWER RESERVOIR (2 PLATES); OUTFALL
SEWER, TUMKLING, BAY AND ( LET: OUTFALL SEWER, PENSTOCKS. Soxtk Side.—
OUTFALL SEWER, BEKMONDSEY BRANCH (2 PLATES) ; OUTFALL SEWER, RESERVOIR AND
QUTLET (4 PLATES) : OUTFALL SEWER, FILTH HOIST; SECTIONS OF SEWERS NORTH AND
SOUTH SIDES),

THAMES FEMBANKMENT.—SHECTION OF RIVER WALL: STEAMBOAT PIER, WRST-
MINSTER (2 PLATES); LLANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO
BRIDGES : YORK GATH (2 PLATES): OVERFLOW AND OUTLET AT SAVOY STREET SEWER
(3 PLAT STEAMBOAT PIER, WATERLOO BRIDGE (3 PLATES): JUNCTION OF SEWERS,
I;LANS AND SECTIONS; GULLIES, PLANS AND SECTIONS; ROLLING STOCK: GRANITER
AND IRON FORIS,

HUMBER'S MODERN ENGINEERING.

FourTH Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of
ohn Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci-
cations, &c. Half-morocco . . . . . . £3 Ss.

LisT oF THE PLATES AND DiaGRAMS.

ARBEY MILLS PUMPING STATION. MAIN DRAINAGE, METROPOLIS (4 PLATES);
BARROW DOCKS (§ PLATES): MANQUIS VIADUCT, SANTIAGO AND VALPARAISO RAILWAY,
(2 PLATES); ADAM'S LOCOMOTIVE, ST. HELEN'S CANAL RAILWAY (2 PLATES); CANNON
STRERT STATION ROOF, CHARING CROSS RAILWAY (3 PLATES); ROAD BRIDGE OVER
THE RIVER MOKA (2 PLATES): TRLEGRAPHIC APPARATUS FOR MESOPOTAMIA ; VIADUCT
OVER THE RIVEK WYE, MIDLAND RAILWAY (3 PLATES): ST. GERMANS VIADUCT,
CORNWALL RAILWAY (2 PLATES); WROUGHT-IRON CYLINDER FOR DIVING BELL;
MILLWALL DOCKS (6 PLATES): MILROY'S PATENT EXCAVATOR: METROPOLITAN Dis-
TRICT RAILWAY (6 PLATES); HARKOURS, PORTS, AND BRRAKWATERS (3 PLATES),
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MARINE ENGINEERING, SHIPBUILDING,
NAVIGATION, &c.

THE_NAVAL ARCHITECT'S AND SHIPBUILDER'S
POCKET-BOOK of Formule, Rules, and Tables, and Marine Engineer's and
Surveyor's Handy Book of Reference. By CLEMENT Mackrow, M. l N.A.
Seventh Edition, 700 pp., with 300 Illustrations. Fcap., leather . . 12/8

SUMMARY OF CONTENTS:—SIGNS AND SYMBOLS, DECIMAL FRACTIONS.—TRIGONO-
METRY.—PRACTICAL GEOMETRY.— MENSURATION,—CENTRES AND MOMENTS OF FIGUKES.
—MOMENTS OF INERTIA AND RADII OF GYRATION.—ALGEBRAICAL EXPRESSIONS FOR
SIMPSON'S RULES.—MECHANICAL PRINCIPLES.—CENTRE OF GRAVITY.—LAWS OF MOTION,
—DISPLACEMENT, CENTRE OF BUOYANCY.—CENTRE OF GRAVITY OF SHIPS HULL.—
STABILITY CURVES AND METACENTRES.—SEA AND SHALLOW-WATER WAVES.—ROLLING
OF SHIPS.—PROPULSION AND RESISTANCE OF VESSELS.—SPEED TRIALS.—SAILING,
CENTRE OF EFFORT.—DISTANCES DOWN RIVERS, COAST LINES.—STEERING AND
RUDDERS OF VBSSELS.—LAUNCHING CALCULATIONS AND VELOCITIBS.—WEIGHT OF
MATERIAL AND GEAR.—GUN PARTICULARS AND WERIGHT.—STANDARD GAUGES.—
RIVETED JOINTS AND RIVETING.—STRENGTH AND TESTS OF MATERIALS.—BINDING
AND SHEARING STRESSBS, &C.—STRENGTH OF SHAFTING, PILLAKS, WHEERLS, &c.
~HYDRAULIC DATA, &c. — CONIC SECTIONS, CATENARIAN CURVES. — MECHANICAL
POWERS, WORK.—~BOARD OF TRADE RRGULATIONS FOR BOILERS AND E NGINES,~BOARD
OF TRADE REGULATIONS FOR SHIPS.—LLOYD'S RULES FOR BUILERS.—1.LOYD'S WRIGHT
OF CHAINS.—LLOYD'S SCANTLINGS FOR SHIPS.—DATA OF ENGINRS AND VESSPLS.—
SHIPS' FITTINGS AND TESTS.—~SEASONING PRESERVING TIMBER.—MHEASUREMENT OF
TIMBER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR STOWAGE.—ADMIRALTY TRANS.
PORT REGULATIONS. —RULES FOR HORSE-POWER, SCREW PROPELLEKS, &c.—PER-
CENTAGES FOR BUTT STRAPS, &c.—PARTICULARS OF YACHTS.—MASTING AND RIGGING
VESSELS.,— DISTANCES OF _ FOREBIGN  PORTS.— TONNAGR TABLES.— VOCABULARY OF
FRENCH AND ENGLISH TERMS. — ENGLISH WEIGHTS AND MEASURES. — FOREIGN
WERIGHTS AND MEASURES.—DECIMAL EQUIVALENTS.—FOREIGN MONRY.—DISCOUNT
AND WAGES TABLES.—USEFUL NUMRFEKS AND READY RECKONERS.—TAHLES OF
CIRCULAR MEASURES.—TABLES OF AREAS OF AND CIRCUMFERENCES OF CIRCLES.—
TABLES OF ARBAS OF SEGMENTS OF CIRCLES.—TARLES OF SQUARES AND CUHKES AND
ROOTS OF NUMBERS.—TABLES OF LOGARITHMS OF NUMBERS.—TABLES OF HVYPUR.
BOLIC LOGARITHMS.—TABLES OF NATURAL SINES, TANGENTS, &c.—TABLES OF
LOGARITHMIC SINBS, TANGENTS, &c.

** In these d-l’! of ldvanced knowledge a work like this is of the greatest value. It contains
a n?!t amount of i nforma b' tatngly say ll:t it I;‘the most valuable compilation for its
speci rpose that ever been print o naval architect, engineer, surveyor, or seaman,
wood ntll’:.on shipbuilder, can atford to be without this work."—Nawutica/ .llcnuin?

“Should be used by all who are engaged in the construction or des:;n of vessels. . . . Will
be lound to contain the most useful tables and
from the best dput ber in a popular and simple form. The book is one of
exceptional merit."— Engyi

*The professumal shlpbuﬂder has now, in a convenient and accessible form, reliable data for

many of the numerous problemns that present themselves in the course of his work."—/rom.
** There is no d.ubt that a pocket-book of this description must he a necessity in the ship-
building trade. . . The volume contains a mass of useful infc jon clearly d and
presented in a handy fcrm."—Marine Engineer.

WANNAN’S MARINE ENGINEER’S GUIDE.

To Board of Trade Examinations for Certificates of C ini
all Latest Questions to Date, with S|mple, Clm, mJ Correct Soluuom.
Elementary and Verbal @ d A Set of Drawings
with Statements completed. By A. C. WANNAN, c. E.,and E. W. 1. WANNAN,
M.I.M.E. lllustrated with numerous Engravings. Crown 8vo, 370 es,
cloth. Pg

** The book is clearly and plainly written and avoids . and

and we consider it a valuable book for students of marine engineering. —Ihumal Magazine,

WANNAN’S MARINE ENGINEER’S POCKET-BOOK.

Conumln%vhe Latest Board of Trade Rules and Data for Marine Engineers.
y A ANNAN, Second Edition, carefully Revised. Square 18mo, with
thumb Index, leather. 8/0
** There is a great deal of useful information in this little pocket-book. It is of the rule-of-

thumb order, and is, on that account, well adapted to the uses of the sea-yoing engincer,”—
Engineer.

P

MARINE ENGINES AND STEAM VESSELS.
A Treatise on. By Roserr Murrav, C.E. Eighth Edition, thoroughly
Renscd, with consndenble Additions by the Author and by Georck
Caruisie, C.E., Senior Surveyor to the Board of Trade. 12mo, cloth 4/6
L. B
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SEA TERMS, PHRASES, AND WORDS

echnical Dictionary of) used in the English and French
English-French, French-English). For the Use of Seamen, Engneen, mou.
RRIE,

hipbuilders, Shipowners, and Ship-brokers. Compiled by W. e of

the African Steamship Company. Fcap. 8vo, cloth limp . . . 80

* This volume will be hithy :ppncin.d by seamen, engi pilots, shipbuilders and ship-
owners. It will be found rful and NS

" A very useful dictionary, which has long been wanted by French and English engineers,
masters, officers and others.”"—SAspping M or

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant,
for the Use of Shipowners and BuiFden, Marine Electricians and Sea-goin
Engineers in Charge. By J. W. UrQuHarT, Auther of “ Electric Light.
“Dynamo Conctruction.” &c.  Second Edition, Revised and Extended.
326 pp., with 88 lllustrations. Crown 8vo, cloth. [ /ust Published. /6

MARINE ENGINEER’S POCKET-BOOK.

Consisting of useful Tables and Formule. By Frank ProcTor, A.I.N.A.
Third Edition. Royal 32mo, leather, gilt edges, with strap . . . 4/0

** We recommend it to our readers as going far to supply a long-felt want."—Nava/ Sciesce.
* A most useful panion to all marine i “—United Service Gasette.

ELEMENTARY ENGINEERING.

A Manual for Young Marine Engineers and Apprentices. In the Form of
Questions and Answers on Metals, Alloys, Strength of Materials, Construction
and Management of Marine Engnes and Boilers, Geometry, &c., &c. With
an Appendix of Useful Tables. By Y. S. BRewgr. Crown 8vo, cloth . 1/8

* Contains much valuable information for the class for whom it is intended, especially in the
chapters on the management of boilers and engines."—Nawfical! Magasine.

PRACTICAL NAVIGATION.

Consisting of THE Sa1Lox's SEA-Rook, hg James Greenwoop and W. H.
ROSSER ; together with the exquisite Mathematical and Nautical Tables for
the Working of the Problems. by Henry Law, C.E., and Professor J. R.
Young. Illustrated. 1amo, strongly half-bound . . . . . 7/0

MARINE ENGINEER’S DRAWING-BOOK.

Adapted to the Requirements of the Board of Trade Examinations. By Jonn
Lockig, C.E. With 22 Plates, Drawn to Scale. Royal 8vo, cloth . 3/8

THE ART AND SCIENCE OF SAILMAKING.

By SamueL B. SapLEk, Practical Sailmaker, late in the employment of
Messrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and
other lllustrations. Small 4to,cloth . . . . . . . 12/8
** This extremely practical work gives a complete education fn all the branches of the manu-

facture, cutting out, roping, seaming, and_gonng. It is copiously illustrated, and will form a first-
rate text-book and guide.”—f'oresmonta Times.

CHAIN CABLES AND CHAINS.

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains,
Chain Cable and Chain Making, Forming and Welding Links, Strength of
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests,
Charges for Testing, List of Manufacturers of Cables, &c., &c. B
THomas W. TraiL, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief,
Board of Trade, Inspector of Cbain Cable and Anchor Proving Establishments,
and General Superintendent Lloyd's Commitiee on Proving Establishments.
With numerous 1ables, Illustrations, and Lithographic Drawings. Folio,
cloth, bevelled boards. . . . . . . . . . £2 2.
eI co.::‘uns a vast nnonnlt of valuable information. Nothing seems to be wanting to make it

P dard work o! on the subject."—Naxsnce! Magesine,
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MINING, METALLURGY, AND
COLLIERY WORKING.

THE METALLURGY OF GOLD.

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores.
Including the Assaying, Melting, and Refining of Gold. By M. Eissiek,
Mining Engineer, A.1LM.E., Member of the Institute of Mining and Metal-
lurgy. Author of ‘“ Modern High Explosives,” * The Mctallurgy of Silver,
&c., &c. Fifth Edition, Enlarged and Re-arranged.  With over 300 illustra-
tions and numerous Folding Plates, Medium 8vo, cloth.
(Just Published. Net 21/0
** This book thoroughly deserves its title of a * Practical Treatise.’ The whole process of gold

milling, from the breaking of the quartz to the assay of the bullion, is described in clear and y
narrative and with much, but not too much, fulness of detail."—Satwrday Review.
* The work is a h of i and valuable data, and we strongly recommend it

to all professional men engaged in the gold-mining industry.”—AMining Fonrnal,

THE CYANIDE PROCESS OF GOLD EXTRACTION.

lncludingBiu Practical Application on the Witwatersrand Gold Fields in South
Africa. By M. EissLer, M.E., Author of “ The Metallurgy of Gold,” &c.
With Diagrams and Working Drawings. Second Edition, Revised and En-
larged. Bvo, cloth. 7/6
*This book is just what was needed to acquaint mining men with the actual working of a
process which is not only the most popular, but as a general rule, the most successful for the
extraction of gold from taili “—Mining Fournal, .
* The work will prove invaluable to all interested in gold mining, whether metallurgists or as
investors."—CAemical News.

DIAMOND DRILLING FOR GOLD & OTHER MINERALS.

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro-
sEectmg and Exploiting Mineral-Bearing Properties, including Particulars of
the Costs of Apparatus and Working. y G. A. Densv, M.N.E. Inst. M.E.,
M ILM. aqd M. Au.thor 9!’ ““The Klerksdorp Goldfields.” Medium 8vo,
168 pp., with Illustrative Diagrams, [/ust Published. 12/6
** There is certainly scope f>r a work on_diumond drilling, and Mr. Denny descrves grateful
recogmition for supplving a decided want. We ltmn,ily recommend every board of directors to
carefully peruse the pages treating of the applicability of diamond dnlling to auriferovs deposits and,
under certain conditions, its advantages over shaft sinking for systematic prospesting, both from the
surface and undel und. The author has yiven us a valuable volume of eminently practical data
that should be in the possession of those interested in mining. "~ sy |7uuma1.
“ Mr. Denny’s hand»ook is the first English work to give a detailed account of the use of
modern diamond ‘core-drills in scarching for mineral deposits. The work contains much information
of a practical character, including particulars of the cost of apparatus and of working. “—.Vature,

FIELD TESTING FOR GOLD AND SILVER.

A Practical Manual for Prospectors and Miners. By W. H. MERRITT,
M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other
Illustrations. Fcap. 8vo, leather. [/ust Published. Net B0
**As an instructor of prospectors’ classes Mr. Merritt has the advantage of knowing
exactly the information likely to be most valuable to the miner in the ficld. The contents cover
all the details of sampling and testing gold and silver ores.  The work will be a uceful addition to a
prospector’s kit.— Mimnge Fournal,
** It gives the gist of the author’s expericice as a teacher of prospectors, and is a book which
110 prosp could use hat Iy without finding it pan out well."—Scorsman.,

THE PROSPECTOR'S HANDBOOK.

A Guide for the Prospector and Traveller in search of Metal- Be:uing or other

Valuable Minerals. By J. W. ANDERscN, M.A. (Camb.), F.R.G.S., Author

of “Fiji and New onia.” Eighth Edition, thoroughly Revised and

much Enlarged. Small crown 8vo, cloth, 8/8 ; or, leather, pocket-book form,

with tuck. (Just Published. 4/8

* Will supply a much-felt want, apedlllz: among Colonists, in whose way are 30 often tl.rown

specimens the value of which it is difficult to determine."—Engincer.

leading points 1o which atteation F”“M“rmu‘m“"muﬁa‘“‘“ e, Pack. s uch practcal

dcnﬂngwohbmu would supply muaterial for a book three times dn.l:c‘lm Forrnal.
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THE METALLURGY OF SILVER.

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver

Ores. Including the Amyl E eltmf and Reﬁnmg of Silver Bullion. By

M. EissLex Authot of T e " &c. Third Edition.

Crown 8vo, cloth . . .« .+« . 10/8

* A practical treatise, lnd a technka! work chh we are conv'lnced will supply a long-felt

want lmonpt pncncnl men, and at the same mlne be of value to students and o&cn indirectly
” I-rom ﬁm to last the book Isn!'l:‘{m::ghly sound and rellable."—Colisery Guardian

*“For miners, and & nllh we do not know of any work

on the tubjttt 0 lnnJy and yet 30 compnba\.in. “—Glasgow He

THE METALLURGQGY OF ARGENTIFEROUS LEAD.

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of
Lead Bullion. Including Reports on various Smelting Establishments and
Descriptions of Modern Smelting Furnaces and Plants in Europe and America.

By M. EissLer, M.E., Author of ‘‘ The Meullurgyo( Gold,"” Crown 8vo,
400 pp., with 183 lllnsmuom, cloth . . . . . . 12/8
“The Nurgical which mfullylndntendvel uutedol.cmbnca

all the stages experienced in the pnm‘e of the Iud lrom lhe various natural states to its issue from
the nﬁnery as an article of conmerce. "— Praci

** The present volume fully maintains lhe n‘rut:l o{ the autbor. Those who wish to obtain
athorough insight into the present state of this in usu'y nnno( do better than read this volume, and
all mining engineers cannot fail to find many useful and suggestions in it."— industyes.

METALLIFEROUS MINERALS AND MINING.

y D. C. Davigs, F.G.S., Mmm Engmeer, &c., Author of ‘‘ A Treatise on
Slute and Slate ul.rrylng ifth Edition, thorouﬁh va Revised and much
Enlarged by his Son, E. Hnunv DAVIIS, M E., .G.S. With about 150
Ilustrations. Crown 8vo, cloth . . . /8
** Neither the practical miner nor the general reader. intenstod in mmu. can have a better

book fur hls com ion and his guide.” -—)Ilnml( Fom.
ing our readers a service in allnn¢ u:dr attention to this valuable work."—

Hmd’u{ World

As a history of the present state of mining throughout the world this book has a real value
and it supplies mra,cnu want."—A thenaume,

MACHINERY FOR METALLIFEROUS MINES.

A Pracucal Treatise for Mining En%neers, Metallurgists, and Managers of

Mines. E. Henry Davies, M G.S. Crown 8vo, sBo pp ., with

upwardso 300 Illustrations, cloth. . . . . 12/8

* Mr. Davies, in this handsome volume, has done the ldvlnced student and the nuuuger of

mines good service. Almost every kind ol muhmery in actual use is carefully described, and the
woodcuts and plates are

* From cover to cover (Iu work exhlbm all the same characteristics which excite the confi-

dence and attract the attention of the student as he peruses the first page. The work may safely
y its the li d with the industry will be anncbed
and the reputation of its author enh d."—Mining Fe

EARTHY AND OTHER MINERALS AND MINING.
By D. C. Davigs, F.G.S., Author of ‘‘ Metalliferous Minerals,” &c. Third
Edmon, Revised and Enla.rged by his Son, E. HENRY DAVIIS. M.E,, F.G.S
With about 100 Illustrations. Crown 8vo, cloth . . . . 12/6
** We do not remember to have met with lny English vork oa mlnlng uutl.n that contains

the same amount of infc
* We should be inclined to rank it as among vvbuofthobandymhnlullndludcs
manuals which have recently appeared.” -—Enn:lc Qu Review.

BRITISH MINING.

A Treatise on the History, Discovery, Practical Devel?mnt, and Future

Prospects of Metalliferous Mines in the United Kingdom. By RoBErRT

HunT, F.R.S,, late Keeper of Mining Records. Upwards of gso pp., with

230 Illustrations. Second Edition, Revued Supet -royal Bvo, cloth £2 2.

* The book is a h of statistical infe II“' and we know of

B SR L e o g o B ki, B R e o B
in the of the mining and "3'

try. -

" Athenam,
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POCKET-BOOK FOR MINERS AND METALLURGISTS.

Comprising Rules, Formulse, Tables, and Notes for Use in Field and Office
By F. DanvERs Poweg, F.G.S., M.E. Second Edition, Corrected.

Fcap. 8vo, leather. [Just Published. ©/0
** This llent book is an admirabl of ts klnd.nndwghnoﬁndulugtnh
English-speaking prosp: s and mining enginvers.” —Bngincering.

THE MINER’S HANDBOOK.

A Hardy Book of Reference on the subjects of Mineral Deposits, Minin
Operations, Ore Dresslng, &c. For the Use of Students and others interest

in Mining Matters. JouN MILNB. F.R.S., Professor of Mining in the
Imperial University of ] ition. Fcap. 8vo, leather . 7/6

* Professor Milne's bandbook is sure to be received with favour by all connected with
mining, and will be extremely popular among students. "—A thenan m.

THE IRON ORES of GREAT BRITAIN and IRELAND.

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for
and Working Them. With a Notice of some of the Iron Ores of Spun. B
J. D. Kenpart, F.G. S., Mining Engineer. Crown 8vo, cloth . 6

* The author has a ctical knowled, ofhhwb}mmdhnmw{an-ned
canﬁdsmdyolvh.lnlhbhmeutuubyun blished information

tions. mmahhlvmuudulwlume.- h cannot fail to be of value to lllwhthe
iron indust'y of the country. ' -- /mdsstries

MINE DRAINAGE.

A Complete Practical Treatise on Direct-Acting Underground Steam

Pumping Machinery. B‘x' STEPHEN MICHELL. Second Edmon, Re-written

and Enlarged, 390 pp. ith about 250 Illustrations. Royal 8vo, cloth.
[/ust Published. Net 28/0

SUMMARY OF CONTENTS:—HORIZONTAL PUMPING ENGINES.—ROTARY AND NON.
ROTARY HORIZUNTAL ENGINES.—SIMPLE AND COMPOUND STHAM PUMPS.—VERTICAL
PUMPING ENG S, — UIARY AND NON-ROTARY VERTICAL ENGINES.—SIMPLE AND
COMPOUND ST —TRIPLE-EXPANSION STEAM PUMPS.—PULSATING STEAM
PUMPS.—PUMP VALVES.—SINKING PUMPS, &c., &¢

“This volume contains an immense amount of important and interesting new matter.
The book should undoubtedly prove of great use to all who wish for information on the sub-
ject, inasmuch as the different patterns of steam pumps are not alone luchlly described and
clearly illustrated, but in addition numerous tables are supplied, in which their sizes, capacity,
pnce. &c., are set forth, hence facilitating immensely the rational selection of a pump to suit

purpose that the reader may desire, or, on the other hand, supplying him with useful
m formation about any of the pumps that come within the scope of the volume."— The Engineer,

THE COLLIERY MANAGER’S HANDBOOK.

A Comprehensive Treatise on the Laying-out and Workmiof Collieries
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal
Mining Students preparing for First-class Certificates. By CarLzB PAMELY,
Mining Engineer and Surveyor ; Member of the North of England Institute of
Mining and Mechanical Eng\neers and Member of the South Wales Institute
of MmmE Engineers. With 00 Plans, Diagrams, and other lllustuuons.
Fourth KEdition, Revised and Enlarged medxum 8vo, over

Strongly bound . . . e . . . F

SUMMARY OF COVTBNTS.—GKOLOGYAJEARCH FOR COAL—MINBIAL L!ASBS
AND OTHER HOLDINGS.—SHAFT SINKING.—FITTING UP THE SHAFT AND SURFACRE
ARRANGEMENTS, —STEAM BOILERS AND THEIR FITTINGS.—TIMBERING AND WALLING,—
NARROW WORK AND METHODS OF WORKING. — UNDERGROUND CONVEYANCE, —
DRAINAGE.—THE GASES MET WITH IN MINES; VENTILATION.—ON THE FRICTION OF
AR IN MINES.—THR PRIRSTMAN OIL ENGINE; PETROLEUM AND NATURAL GAS.—
SURVEYING AND PLANNING.—SAFETY LAMPS AND FIREDAMP DETECTORS.—SUNDRY
AND INCIDENTAL OPERATIONS AND APPLIANCES.—COLLIERY EXPLOSIONS.—MISCEL-
LANBOUS QUESTIONS AND ANSWERS.—Appendix: SUMMARY OF REPORT OF H.M.
COMMISSIONERS ON ACCIDENTS IN MINES.

N Hr Pamdy has not only given us a cumptehanslve reference book of a ordet
tabl of “ing and colliery managers, but hm
mining nudzms with a class-book that is as i ing as it fs i *—Col.
* Mr. Pamely s work is eminently suited to the § purpose for which it is &nlen od, bang cl-n
eresting, e:h'mmve. rich in detail, and up to date, giving descriptions of the latest machines in
every department. A mining engineer could scarcely go wrong who followed this work."—Celiiery

Gn-r.ium.

*This is the most com o'-lhoundwofk coal-mining published in the English
language. . . . No library of p‘“ coal-mining books is complcu wlthou( " —=Colliery Enginecr
(Scranton, Pn.. U.S.A.).

\
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COLLIERY WORKING AND MANAGEMENT.

Comprising the Duties of a Colliery Manager, the Oversight and Arrange-
ment of Labour and Wages, and the different Systems of Working Coal
> By H. F. BuLman and R. A. S. REDMAVYNE. 330 , with
28 Plates and other Illustrations, including Underground ~Photogra
Medium 8vo, cloth. [Just Published. 18/0
** This is, indeed, an admirable Handbook for Colliery Managers, in fact it is an
adjunct to a Colliery Manager's education, as well as being a most useful and interesting work
on the subject for all who in any way have to do with coal mining. The underground photographs
are an attractive feature of the work, being very lifelike and ily true rep: i of the
scenes they depict."—Colliery Guardian.
* Mr. Bulman and M': Redmayne, who are both experi d Colliery M of great
literary ability, are to be lated on ha lied itative work d with 2 side
of the subject of coal m(nrn.i which has hitherto received but scant treatraent. he authors
elucidate their text by 119 woodcuts and 38 plates, most of the latter admirable reproductions
of ph hs taken d with the aid of the magmesium flash-light. These illustrations
are excellent.”—Nasure,

COAL AND COAL MINING.

B{ the late Sir WarINGTON W. SmyTH, F.R.S., Chief Inspector of the
ines of the Crown. Eighth Edition, Revised and Extended by T. ForsTEr
BrowN, Mining Engineer, Chief Insp=ctor of the Mines of the Crown and
of the Duchy of Cornwall. Crown 8vo, cloth. (Just Published. 816
*‘ As an outline s given ot every known coal-held 1n this and other countries, as well as of the
ipal hods of ing, the k will doubtless interest a very large number of readers.”—

Mining Fournal.

NOTES AND FORMULZE FOR MINING STUDENTS.

By Joun HErMAN MERIVALE, M.A., Late Professor of Mining in the Durham
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and
Enlarged. By H. F. BuLman, A.M.Inst.C.E. Small crown 8vo, cloth. 2&9

*“ The author has done his work in a ditab and has produced a book that wi
be of service to students and those who are icall d in mining op "—Enginecy.

INFLAMMABLE GAS AND VAPOUR IN THE AIR

g‘he Detection and Measurement of). By Frank Crowss, D.Sc., Lond.,
.1.C., Prof. of Chemistry in the University College, Nottingham. With a
Chapter on THE DETECTION AND MEASUREMENT OF PETROLEUM VAroUR
br overTON REpwoop, F.R.S.E., Consulting Adviser to the Co?omion
of London under the Petroleum Acts. Crown 8vo, cloth. ot §/0
** Professor Clowes has given us a volume on a subject of much industrial importance . . .
Those interested in these matters inay be recommended to study this book, which is easy of compre-
hension and contains many good things."—7TAe Enyincer.
** A book that no mining eng inly no coal mi afford to ignore or to leave
unread.”"—Mining Fournal.

COAL & IRON INDUSTRIES of the UNITED KINGDOM.

Comprising a Description of the Coal Fields, and of the Principal Seams of

Coal, with Returns of their Produce and its Distribution, and Anal of

Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or

Seams; Analyses of each Variety; and a History of the Rise and Progress of

Pig Iron Manufacture. By RiCHARD MEADE. 8vo, cloth . . 8s.

*Of this book we may unreservedly say that it is the best of its class which we have ever

met. . . . A book of reference which no one engaged in the iron or coal trades should omit from
his library."—/Jron and Coal Trades Review.

ASBESTO0S AND ASBESTIC.
Their Properties, Occurrence, and Use. By RoserT H. Jones, F.S.A.,
Mineralogist, on. Mem. Asbestos Club, Black Lake, Canada. With

Ten Collotype Plates and other Illustrations. Demy 8vo, cloth.
[Just Published. 18/0

** An interesting and invaluable work."—Col/ery Guardian.

GRANITES AND OUR GRANITE INDUSTRIES.

By GeorGe F. HaArris, F.G.S., Membre de la Société Belge de Géologie,
Lecturer on Economic Geology at the Birkbeck Institution, &c. With Illus.

trations. Crown 8vo, cloth . . . . . N . . 168
s “ A clearly and well-written manual for d ort d in the granite industry.”
cotsman,

TRAVERSE TABLES.

For use in Mine Surveying. By W. LINTERN, Mining Engineer. Crown
8vo, cloth. [ Just Published. Net 810
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ELECTRICITY, ELECTRICAL
ENGINEERING, &c.

SUBMARINE TELEG RAPHS.

Their Hns!ory, Construction, and Working. Founded in part on W{NSCHEN-
porrr's ‘* Traité de Télégraphie Sous-Marine,” and Compiled from Authorita-
tive and Exclusive Sources. By CHARLEs BRriGuT, F.R.S.E. Super-royal
8vo, about 780 pp., fuily Illustrated, includin, Ma and Folding Plates
wblished. Net £3 3a.
*There are few, if any, persons more fitted to write a tmtlse on submarine telegruphy than
Mr. Charles Bright. The author has done his work admirably, and has written in a way which will
appeal as much to the layman as to the engineer. This admirable volume must, for many years to
come, | hold the posmon of the English classic on submarine telegraphy.”— £ nyinecer.
This book is full of information. It makes a book of reference which should be in every
mglnoer’s library."—Nature.
*Mr. Bright's 'Htten and i il d book will meet with a welcome
n from cable men. —E'k
** The author dals with his subject from all points of view—political and strategical as well as
sclentific. The work will be of interest, not only to men of science, but to the general public. We
can strongly recommend it."— A thenaum.

' he work contains a put store of ical infc i ing the making and work-
ing of her the luable results relating to the evolu-
#n of tho lelegnpb. the luthov has rendered a service lhu will be very widely appreciated. ' —

forning P

THE ELECTRICAL ENGINEER’'S POCKET-BOOK.

Consisting of Modern Rules, Formulz, Tables, and Data. By H. R. Kemrg,
M.Inst.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Aulhor of
“A Handbook of Electrical Testing," ' The Engineer's Year-Book,” &c.
Second Edition, thoroughly Revised, with Additions. With numerous Illus-
trations. Royal 32mo, oblong, leather . . P /10
** It is the best book of its kind."—&lectrical Enginee
" ‘l‘he Elecmcal F.ngineer s Pocket-Book is a good une —Bkﬂr(dam

0 those int —EBlectyical Review.

ELECTRIC LIGHT FITTING.

A Handbook for Working Electncal Engineers, embodying Practical Notes on
By J. W. UrQuHART, Electrician, Author of
"Elecmc nght &c. With numerous Illustrations. Third Edition,

Revised, with Additions. Crown 8vo, cloth. (Just Published. &/0

* This volume deals with what may be termed the hanics of electric 1 and is
addressed to men who are already eng: in the work, or are training for it. The work traverses
a deal of ground, and may ge as a sequel to the same author's useful work on * Electric

t. “—FElectrician.

** Eminently practical and useful. . . . Ought to be in the hands of every one in charge of an
electric light plant. —Elatn‘m EW

ELECTRIC LIGHT.

Its Production and Use, Embodying Plain Directions for the Treatment of
Dy'nnmo-Elecmc Machines, Batteries, Accumulators, and Electric Lamps.

J. W. UrqQuuart, C.E. Sixth Edition, Revised, with Additions and 145
ll ustrations. Crown 8vo, cloth. [Just Published. 7/8

‘l'hawhohmnnd of electric lighting is more or less covered and explained in a very clear
and concise manner.“—Hiectrical Review.

A ud‘m of the salient facts connected with the sclence of electric lighting."—

B "chmbrywrpurpu-hnumbookmn'w Light' by Urquhart."—
ngineer.

DYNAMO CONSTRUCTION.

A Practical Handbook for the Use of Engineer-Constructors and Electricians-
in-Charge. Embracing Framework Building, Field Magnet and Armature
Winding and Grouping, Compoundmg &c. With Examples of le-dlwp
English, American, and Continental Dynamos and Motors. B
Unounn'r Author of * Electric Light,” &c. Second Edmon, lar ed.
With 114 Illustrations. Crown 8vo, cloth . . .

“Mr. Urquhart's book is the first one which deals with lhese mnen in mchunymnlu

d‘% 2D, ndenss mq:.., I;ombook is vezy ruda:le. and the author leads his
to reasonal — b nyrinee. VW
. APboak for which a demand has long existed.”— MecAamnsazl W:fld
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THE MANAGEMENT OF DYNAMOS.

A Handy Book of Th and Practice for the Use of Mechanics, Engineers,
Students, and others in Charge of Dynamos. By G. W. Lummis-PATERsOK.
Second Edition, thoroughly Revised and Enlarged. With numerous Illustra-

tions. Crown 8vo, cloth. (Just Published. B(Q

*“ An example which deserves to be taken as a model by other authurs. The subject is treated

in a manner which any intelligent man who is fit to be entrusted with charge of an engine should
\:Aauz::;nduuud. Itis a useful book to all who make, tend, or employ electric machinery.”

0

THE STANDARD ELECTRICAL DICTIONARY.
A Popular Encyclopeedia of Words and Terms Used in the Practice of Electrical
Engineering. By T. O'Conor SLOANE, A.M., Ph.D. Second Edition,
with Appendix to date. Crown 8vo, 680 pp., 390 Illustrations, cloth.
[Just Published. T8

* The work has many attractive features in it, and is, d doubx, a well put together and
useful publication. The amount of ground covered may be from the fact that in the index
about §,600 references will be found.”— E/ectrical Review.

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships’ Electrical Plant.
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing
Engineers-in-Charge. By J. W. UrRQUHART, C.E. Second Edition, Revised

and Extended. 326 pp., with 88 Illustrations, Crown 8vo, cloth.
(Just Published. T8
* The subject of ship electric lighting is one of vast imp and Mr. Urq tsto be
h&ly c:‘r"npumemed for placing such a valuable work at the service of marine electricians.”— 7he

8.5 . N

ELECTRIC LIGHT FOR COUNTRY HOUSES.
A Practical Handbook on the Erection and Running of Small Installations,
with Particulars of the Cost of Plant and Working. By J. H. KNiGHT.
Second Edition, Revised. Crown 8vo, wrapper. (Just Published. 1/0

*The book contains excellent advice and many practical hints for the help of those who wish
to light their own houses."—Building News.

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF).

By ALAN A. CaMPBELL SwWINTON, M.Inst.C.E., M.Inst.E.E. Fourth Edition,

Revised. With 16 Illustrations. Crown 8vo, cloth. [ Jus? Published. 1/6

** Any one who desires a short and th hly clear exposition of the el iples of
electric lighting cannot do better than read this little work."—Brad/ford

DYNAMIC ELECTRICITY AND MAGNETISM.

BY PuiLip ATkiNsoN, A.M., Ph.D., Author of ‘‘Elements of Static
Electricity,” &c. Crown 8vo, 417 pp., with 120 Illustrations, cloth . 10/6
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POWER TRANSMITTED BY