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Foreword

the electric current that gives light or power, or that

makes possible communication between distant points.
A child can perform that act as effectively as a man, so
thoroughly has electricity been broken to the harness of the
world’s work; but behind that simple act stand a hundred years
of struggle and achievement, and the untiring labors of thousands
of the century’s greatest scientists. To compact the results of
these labors into the compass of a practical reference work is
the achievement that has been attempted—and it is believed
accomplished—in this latest edition of the Cyclopedia of Applied
Electricity.

ONE of the simplest acts in modern life is switching on

¢ Books on electrical topics are almost as many as the subjects
of which they treat and many of them are worthy of a place
in the first rank. But many, also, worthy in themselves,
are too scientific in their treatment to be available for the mass
of electrical workers; and all of them, if gathered into a great
common library, would contain so many duplicate pages that
their use would entail an appalling waste of time upon the man
who is trying to keep up with electrical progress. To overcome
these difficulties the publishers of this Cyclopedia went direct
to the original sources, and secured as writers of the various
sections, men of wide practical experience and thorough tech-
nical training, each an acknowledged authority in his work; and
these contributions have been correlated by our Board of
Editors so as to make the work a unified whole, logical in
arrangement and at the same time devoid of duplication.




@ The Cyclopedia is, therefore, a complete and practical work-
ing treatise on the generation and application of electric power.
It covers the known principles and laws of Electricity, its
generation by dynamos operated by steam, gas, and water power;
its transmission and storage; and its commercial application for
purposes of power, light, transportation, and communication.
It includes the construction as well as the operation of all plants
and instruments involved in its use; and it is exhaustive in its
treatment of operating ‘‘troubles” and their remedies.

€ It accomplishes these things both by the simplicity of its text
and the graphicness of its supplementary diagrams and illus-
trations. The Cyclopedia is as thoroughly scientific as any
work could be; but its treatment is as free as possible from
abstruse mathematics and unnecessary technical phrasing,
while it gives particular attention to the careful explanation
of involved but necessary formulas. Diagrams, curves, and
practical examples are used without stint, where they can help
to explain the subject under discussion; and they are kept
simple, practical, and easy to understand.

Q[ The Cyclopedia is a compilation of many of the most valu-
able Instruction Books of the American School of Corre-
spondence, and the method adopted in its preparation is that
which this School has developed and employed so successfully
for many years. This method is not an experiment, but has
stood the severest of all tests —that of practical use—which has
demonstrated it to be the best devised for the education of the
busy, practical man.

Q[ In conclusion, grateful acknowledgment is due to the staff
of authors and collaborators, without whose hearty co-operation
this work would have been impossible.

N,
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'POWER STATIONS

INTRODUCTION

With the rapid increase of the use of electricity for power,
lighting, traction, and electro-chemical processes, the power houses
equipped for the generation of the electrical supply have increased
in size from plants containing a few low-capacity dynamos, belted
to their prime movers and lighting a limited district, to the modern
central station, furnishing power to immense systems and over
extended areas. Examples of the latter type of station are found
at Niagara Falls, and such stations as the Metropolitan and Man-
‘hattan stations in New York City, and the plants of the Bostcn
Edison Illuminating Company, etc.

The subject of the design, operation, and maintenance of cen-
tral stations forms an extended and attractive branch of electrical
engineering. The design of a successful station requires scientific
training, extensive experience, and technical ability. Knowledge
of electrical subjects alone will not suffice, as civil and mechanical en-
gineering ability is called into play as well, while ultimate success
depends largely on financial conditions. Thus, with unlimited
capital, a station of high economy of operation may be designed
and constructed, but the business may be such that the fixed charges
for money invested will more than equal the difference between the
receipts of the company and the cost of the generation of power
alone. In such cases it is better to build a cheaper station and one
not possessing such extremely high economy, but on which the
fixed charges are so greatly reduced that it may be operated at a profit
to the owners.

The designing engineer should be thoroughly familiar with
the nature and extent of the demand for power and with the prob-
able increase in this demand. Few systems can be completed for
their ultimate capacity at first and, at the same time, be operated
economically.  Only such generating units, with suitable reserve
capacity, as are necessary to supply the demand should be installed

Copyright, 1911, by American School of Correspondence,
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2 POWER STATIONS

at first, but all apparatus should be arranged in such a manner that
future extensions can readily be made.

Power stations, as here treated, will be considered under the
following general topics:

Location of Station |
Steam Plant
Hydraulic Plant

Gas Plant

Electric Plant
Buildings

Station Records

LOCATION OF STATION

"The choice of a site for the generating station is very closely
connected with the selection of the system to be used, which sys-
tem, in turn, depends largely on the nature of the demand, so that
it is a little difficult to treat these topics separately. Several possi-
ble sites are often available, and we may either consider the require-
ments of an ideal location, selecting the available one which is
nearest to this in its characteristics, or we may select the best system
for a given area and assume that the station may be located where
it would be best adapted to this system. Wherever the site may
be, it is possible to select an efficient system, though not always an
ideal one. '

The points that should be considered in the location of a station,
no matter what the system used, are accessibility, water supply,
stability of foundations, surroundings, facility for extension, and
cost of real estate.

Accessibility. The station should be readily accessible on ac-
count of the delivery of fuel, of stores, and of machinery. It should
be so located that ashes and cinders may easily be removed. If
possible, the station should be located so as to be reached by both
rail and water, though the former is generally more desirable. If
the coal can be delivered to the bunkers directly from the cars, the
very important item of the cost of handling fuel may be greatly
reduced. Again, the station should be in such a location that it may
readily be reached by the workmen.

Water Supply. Cheap and abundant water supply for both
boilers and condensers is of utmost importance in locating a steam

12



POWER STATIONS 3

station. The quality of the water supply for the boiler is of more
importance than the quantity. It should be as free as possible from
impurities which are liable to corrode the boilers, and for this
reason water from the town mains is often used, even when other
water is available, as it is possible to economize in the use of
water by the selection of proper condensers. The supply for
condensing purposes should be abundant, otherwise it is necessary
to install extensive cooling apparatus, which is costly and occupies
much space.

Stability of Foundations. The machinery,as well as the buildings,
must have stable foundations, and it is well to investigate the avail-
ability of such foundations when selecting the site.

Surroundings. In the operation of a power plant using coal or
other fuels, certain nuisances arise, such as smoke, noise, vibration,
etc. For this reason it is preferable to locate where there is little
liability to complaint on account of these causes, as some of these
nuisances are costly and difficult, or even impossible, to prevent.

Facility for Extension. A station should be located where there
are ample facilities for extension and, while it may not always be
advisable to purchase land sufficient for these extensions at first,
if there is the slightest doubt in regard to being able to purchase it
later, it should be bought at once, as the station should be as free
as possible from risk of interruption of its plans. Often real estate
is too high for purchasing a site in the best location, and then the
next best point must be selected. A consideration of all the factors
involved is necessary in determining whether or not this cost is too
high. In densely populated districts it is necessary to economize
greatly with the space available, but it is generally desirable that
all the machinery be placed on the ground floor and that adequate
provision be made for the storage of fuel, ete.

Cost of Real Estate. The location of substations is usually fixed
by other conditions than those which determine the site of the main
power house. Since, in the simple rotary-converter substation,
neither fuel nor water is necessary, and there is little noise or vibra-
tion, it may be located wherever the cost of real estate will permit,
provided suitable foundations may be constructed. The distance
between substations depends entirely on the selection of the system
and the nature of the service.

18




4 POWER STATIONS

GENERAL FEATURES

Miscellaneous Considerations. Where low voltages are used,
it is essential that the station be located as near the center of the
system as possible. This center is located as follows:

. Having determined the probable loads and their points of
application for the proposed system, these loads are indicated on a
drawing with the location of the same shown to scale. The center
of gravity of this system, considering each load as a weight, is then
found and its location is the ideal location, as regards amount of
copper necessary for the distributing system. _

Consider Fig. 1, which shows the location of five different
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Fig. 1. Graphical Method of Locating Center of the System

loads, indicated in this case by the number of amperes. Combining
loads A and B, we have

AdAx = By r+y=a

Solving these equations, we find that 4 and B may be considered as
a load of A 4+ B amperes at F. Similarly, C and D, E and F, and
G and II may be combined giving us I, the center of the system.
The amount of copper necessary for a given regulation runs up
very rapidly as the distance of the station from this point in-
creases. VWhere there are obstructions which will not permit the
feeders to be run in an approximately straight line, the distance
A4 B, etc., should be measured along the line the conductors must
take.

14




POWER STATIONS 5

Selection of System. General rules only can be stated for the
selection of a system to be used in any given territory for a certain
class of service.

For an area not over two miles square and a site reasonably
near the center, direct-current, low-pressure, three-wire systems
may be used for lighting and ordinary power purposes. Either 220
volts or 440 volts may be used as a maximum voltage, and motors
should, preferably, be connected across the outside wires of the cir-
cuits. Five-wire systems with 440 volts maximum potential have
been used, but they require very careful balancingof the load if the
service is to be satisfactory. 220-volt lamps are giving good satis-
faction; moderate-size, direct-current motors may readily be built
for this pressure and constant-potential arc lamps may be operated
on this voltage, though not so economically as on 110 volts, if single
lamps are used. The new types of incandescent lamps in low candle-
power units are not suitable for 220 volts. For direct-current rail-
way work, the limit of the distance to which power may be economic-
ally delivered with an initial pressure of 600 volts is from five to
seven miles, depending on the traffic.

If the area to be served is materially larger than the above,
or distances for direct-current railways greater, either of the two
following schemes may be adopted: (1) Several stations may be
located in the territory and operated separately cr in multiple on
the various loads; or (2) one large power house may be erected and
the energy transmitted from this station at a high voltage to various
transformers or transformer substations which, in turn, transform
the voltage to one suitable for the receivers. Local conditions usually
determine which of these two shall be used. The alternating-current
system with a moderate potential—about 2,300 volts for the primary
lines—is now often installed for very small lighting systems.

The use of several low-tension stations operating in multiple
is recommended only under certain conditions, namely, that the
demand is very heavy and fairly uniformly distributed throughout
the area, and suitable sites for the power house can readily be ob-
tained. Such conditions rarely exist and it is a question whether
or not the single station would not be just as suitable for such cases
as where the load is not so congested.

One reason why a large central station is preferred to several

15




6 POWER STATIONS

smaller stations is that large stations can be operated more eco-
nomically, owing to the fact that large units may be used and they
can be run more nearly at full load. There is a gain in the cost
of attendance, and labor-saving devices can be more profitably in-
stalled. The location of the power plant is not determined to such
a large extent by the position of the load, but other conditions,
such as water supply, cheap real estate, etc., will be the governing
factors. In several cities, notably New York, Chicago, and Boston,
large central stations are being installed to take the place of several
separate stations, the old stations being changed from generating
power houses to rotary-converter substations. Both direct-current
low-tension machines—for supplying the neighboring districts—and
high-tension alternating-current machines—for supplying the out,
lying or residence districts—are often installed in the one station.

As examples of the central station located at some distance
from the center of the load, we have nearly all of the large hydraulic
power developments. Here it is the cheapness of the water power
which determines the power-house location. The greatest distance
over which power is transmitted electrically at present is in the
neighborhood of 200 miles.

If a high-tension alternating-current system is to be installed,
there remains the choice of a polyphase or single-phase machine
as well as the selection of voltage for transmission purposes. As
pointed out in ‘“Power Transmission,” polyphase generators are
cheaper than single-phase generators and, if necessary, they can be
loaded to about 80 per cent of their normal capacity, single-phase,
while motors can more readily be operated from polyphase circuits.
If synchronous motors or rotary converters are to be installed, a
polyphase system is necessary. The voltage will be determined by
the distance of transmission, care being taken to select a value con-
sidered as standard, if possible. Generators are wound giving a
voltage at the terminals as high as 15,000 volts, but in many dis~
tricts it is desirable to use step-up transformers for voltages above
6,600 on account of liability to troubles from lighting.

With the development of the single-phase railway motor, cen-
tral stations generating single-phase current only, are occasionally
built in larger sizes than previously, as their use heretofore has been
limited to lighting stations.

16
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Factors in Design. A few general notes in regard to the design
of plants will be given here, the several points being taken up more
in detail later.

Direct driving of apparatus is always superior to methods of
gearing or belting as it is efficient, safe, and reliable, but it is not as
flexible as shafting and belts, and on this account its adoption is
not universal.

Speeds to be used will depend on the type and size of the gen-
erating unit. Small machines are always cheaper when run at high
speeds, but the saving is less on large generators. For large engines
slow speed is always preferable. ‘

It is desirable that there be a demand for both power and
lighting, and a station should be constructed which will serve both
purposes. The use of power will create a day load for a lighting
station, which does much to increase its ultimate efficiency and, as
a rule, its earning capacity.

In addition to generator capacity necessary to supply the load,
a certain amount of reserve, either in the way of additional units
or overload capacity, must be installed. The probable load for, say
three years, can be closely estimated, and this, together with the
proper reserve, will determine the size of the station. The plant
as a whole, including all future extensions, should be planned at
the start as extensions will then be greatly facilitated. Usually it
will not be desirable to begin extensions for at least three years
after the first part of the plant has been erected.

Enough units must be installed so that one or more may be
laid off for repairs, and there are several arguments in favor of
making this reserve in the way of overload capacity, for the gen-
erators at least. Some of these arguments are:

Reserve is often required at short notice, notably in railway plants.

With overload capacity the rapid increase of load, such as occurs in
lighting stations when darkness comes on suddenly, may more readily be taken
care of.

There is always a factor of safety in machines not running to their
fullest capacity. .

Reserve capacity is cheaper in this form than if installed as separate

machines.

As a disadvantage, we have a lower efficiency, due to machines not usually
running at full load, but in the case of generators this is very slight.

17




8 ' POWER STATIONS

TABLE 1

Permissible Overload 33 Per Cent

Machines added | Machines added Machines added

one at a time two at a time three at a time

No. ‘ Size. No. Size. No. Size.
Initial installment 4 500 4 500 4 500
First extension 1 666 2 1000 3 2000
Second extension 1 888 2 2000 5 5000
Third extension 1 1183 2 4000 4 5000
Fourth extension 1 1577 4 4000
Fifth extension 1 2103 8 4000
Sixth extension 1 | 2804

With an overload capacity of 33% per cent, four machines should
be the initial installment, since one can be laid off for repairs, if
necessary, the total load being readily carried by three machines.
In planning extensions, the fact that at least one machine may
require to be laid off at any time should not be lost sight of, while
the units should be made as large as is conducive to the best opera-
tion.

Table T is worked out showing the initial installment for a
2,000-kw. plant with future extensions. It is seen from this table
that adding two machines at a time gives more uniformity in the
size of units—a very desirable feature.

The boilers should be of large units for stations of large capacity,
while for small stations they must be selected so that at least one
may be laid off for repairs.

STEAM PLANT
BOILERS

The majority of power stations have as their prime movers
either steam or water power, though there are many using gas.
If steam is the power selected, the subject of boilers is one of vital
importance to the successful operation of central stations. The
object of the boiler with its furnace is to abstract as much heat as
possible from the fuel and impart it to the water. The various kinds
of boilers used for accomplishing this more or less successfully are
described in books on boilers, and we will consider here the merits
of a few of the types only as regards central-station operation.
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The considerations are: (1) Steam must be available through-
out the twenty-four hours, the amount required at different parts
of the day varying considerably. Thus, in a lighting station, the
demand from midnight to 6 a. ar. is very light, but toward evening,
when the load on the station increases very rapidly, there is an abrupt
increase in the rate at which steam must be given off. The maxi-
mum demand can readily be anticipated under normal weather
conditions, but occasionally this maximum will be equaled or even
exceeded at unexpected moments. For this reason a certain num-
ber of boilers must be kept under steam constantly, more or less of
them running with banked fires during light loads. If the boilers
have a small amount of radiating surface, the loss during idle hours
will be decreased.

(2) The boilers must be economical over a large range of
rates of firing and must be capable of being.forced without detriment.
Boilers should be provided which work economically for the hours
just preceding and following the maximum load while they may
be forced, though running at lower efficiency, during the peak.

(3) Coming to the commercial side of the question, we have
first cost, cost of maintenance, and space occupied. The first
cost, as does the cost of maintenance, varies with the type and
the pressure of the boiler. .The space occupied enters as a factor
only when the situation of the station is such that space is limited,
or when the amount of steam piping becomes excessive. In some
city-plants, space may be the determining feature in the selection of
boilers.

Classification. Boilers for central stations may be classified as
fire-tube and water-tube types. Of the former may be mentioned
the Cornish, Lancashire, Galloway, multitubular, marine, and
economic boilers. The Babcock and Wilcox, Stirling, and Heine
boilers are examples of the water-tube type.

Fire-Tube Boilers. The Cornish and Lancashire boilers have
the fire tubes of such a diameter that the furnaces may be constructed
inside of them. They differ only in the number of cylindrical tubes
in which the furnaces are placed, as many as three tubes being placed
in the largest sizes (seldom used) of the Lancashire boilers. They
are made up to 200-pound steam pressure and possess the following
features:

19




10 POWER STATIONS

High efficiency at moderate rates of combustion
Low rate of depreciation

Large water space

Easily cleaned

Large floor space required

Cannot ba readily forced

PP RE

The Galloway boiler differs from the Lancashire boiler in that
there are cross-tubes in the flues.

In the multitubular boiler, the number of tubes is greatly increased
and their size is diminished. Their heating surface is large and
they steam rapidly. They require a separate furnace and are used
extensively for power-station work.

Marine boilers require no setting. Among their advantages
and disadvantages may be mentioned:

Exceedingly small space necessary
Radiating surface reduced

Good economy

Heavy and difficult to repair

Unsuitable for bad water
Poor circulation of water

The economic botler is a combination of the Lancashire and
multitubular boilers, as is the marine boiler. It is set in brickwork
and arranged so that the gases pass under the bottom and along the
sides of the boiler as well as through the tubes. It way be com-
pared with other boilers from the following points:

S o 0

1. Small floor space

Less radiating surface than the Lancashire boiler
Not easily cleaned

Lepairs rather expensive

Requires considerable draft

Water- Tube Boilers. The chief characteristics of the water-tube
boilers, of which there are many types, are

Al ol

Moderate floor space

Ability to steam rapidly

Good water circulation

Adapted to high pressure

Easily transported and erected

Easily repaired

Not easily cleaned

Rate of deterioration greater than for Lancashire boiler

Small water space, hence variation in pressure with varying de-
mands for steam

Expensive setting
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POWER STATIONS 11

Initial Cost. As regards first cost, boilers installed for 150-
pound pressure and the same rate of evaporation, will runin the
following order: Galloway and Marine, highest first cost, Economic,
Lancashire, and Babcock and Wilcox. The increase of cost, with
increase of steam pressure, is greatest for the Economic and least
for the water-tube type.

Deterioration. Deterioration is less with the Lancashire boiler
than with the other types.

Floor Space. The floor space occupied by these various types
built for 150 pounds pressure and 7,500 pounds of water, evaporated
per hour, is given in Table II.

TABLE 11

Boiler Floor Space

KiIND oF BOILER FLOOR SPACE IN BQ. FT.
Lancashire 408
Galloway 371
Babcock and Wilcox 200
Marine wet-back 120
Economic 210

Efficiency. The percentage of the heat of the fuel utilized by
the boiler is of great importance, but it is difficult to get reliable
data in regard to this. Table III* will give some idea of the effi-
ciencies of the different types. The efficiency is more a question of
proper proportioning of grate and heating surface and condition of
boiler than of the type of boiler. Economizers were not used in any
of these tests, but they should always be used with the Lancashire
type of boiler.

It is well to select a boiler from 20 to 50 pounds in excess of
the pressure to be used, as its life may thus be considerably ex-
tended, while, when the boiler is new, the safety valve need not
be set so near the normal pressure, and there is less steam wasted
by the blowing off of this valve. Again, a few extra pounds of
steam may be carried just previous to the time the peak of the
load is expected. For pressures exceeding 200 or, possibly, 150
pounds, a water-tube boiler should be selected.

In large stations, it is preferable to make the boiler units of

#From Donkin’s “Heat Efficiency of Steam Boilers.”
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12 POWER STATIONS

TABLE 111
Boiler Efficiencies
Meax Er- MEean Er-
No. oF Ex-| riciEncy | Lowesr | FiciENcY
KinNp oF BoiLer PERI- OF TWO ErrI- OF ALL
MENTS BEST EX-| CIENCY BxpPErI-
PERIMENTS MENTS
Lancashire hand-fired 107 79.5 42.1 62.3
Lancashire machine-fired 40 73.0 51.9 64.2
Cornish hand-fired 25 81.7 53.0 68.0
Babcock and Wilcox hand-fired 49 7.5 50.0 G4.9
Marine wet-back hand-fired 6 69.6 62.0 66.0
Marine dry-back hand-fired 24 75.7 64.7 69.2

large capacity, to do away as much as possible with the extra piping
and fittings necessary for each unit. Water-tube boilers are best

L

ENGINES BOILERS

VALVE
Fig. 2. Diagram of Ring System of Piping
adapted for large sizes. These may be constructed for 150-pound
pressure, large enough to evaporate 20,000 pounds of water per
hour, at an economical rate.
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POWER STATIONS 13

Boilers of the multitubular type or water-tube boilers are used
in the majority of power stations in the United States. For stations
of moderate size, with medium steam pressures and plenty of space,
the return tubular boiler is often employed. For the larger stations
and the higher steam pressures, the water-tube boilers are employed.
Marine or other special types are used only occasionally where space
is limited or where other local conditions govern,

Steam Piping. The piping from the hoilers to the engines
should be given very careful consideration. Steam should be avail-
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ENGINES d BO/NLERS

Fig. 3. Diagram of Ring System with Cross-Connections

able at all times and for all engines. Freedom from serious inter-
ruptions due to leaks or breaks in the piping is brought about by
very careful design and the use of good material in construction.
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14 POWER STATIONS

Duplicate piping is used in many instances. Provision must always
be made for variations in length of the pipe with variation of tem-
perature. For plants using steam at 150-pound pressure, the varia-
tion in the length of steam pipe may be as high as 2.5 inches for 100
feet, and at least 2 inches for 100 feet should always be counted
upon.

Arrangement. Fig. 2 shows a simple diagram of the ring system
of piping. The steam passes from the boiler by two paths to the
engine and any section of the piping may be cut out by the closing
of two valves. Simple ring systems have the following characteristics:

1. The range, as the main pipe is called, must be of uniform size and
large enough to carry all of the steam when generated at its maximum rate.

2. A damaged section may disable one boiler or one engine.

3. Several large valves are required.

4. Provision may readily be made to allow for expansion of pipes.

Cross-connecting the ring system, as shown in Fig. 3, changes
these characteristics as follows:

1. Size of pipes and consequent radiating surface is reduced.
2. More valves are needed but they are of smaller size.
3. Less easy to arrange for expansion of the pipes.

If the system is to be duplicated, that is, two complete sets of
main pipes and feeders installed, Fig. 4, two schemes are in use:

1. Each system is designed to operate the whole station at maximum
load with normal velocity and loss of pressure in the pipes, and only one system
is in use at a time. This has the disadvantage that the idle section is liable
not to be in good operating condition when needed. Large pipes must be
used for each set of mains.

2. The two systems may be made large enough to supply steam at nor-
mal loss of pressure when both are used at the same time, while either is made
large enough to keep the station running should the other section need repairs.
This has the advantages of less expense, and both sections of pipe are normally
in use; but it has the disadvantages of more radiating surface to the pipes
and consequent condensation for the same capacity for furnishing steam.

Complete interchangeability of units cannot be arranged for
if the separate engine units exceed 400 to 500 horse-power. Since
engine units can be made larger than boiler units, it becomes neces-
sary to treat several boiler units as a single unit, or battery, these
batteries being connected as the single boilers already shown. For
still larger plants the steam piping, if arranged to supply any engines
from any batteries of boilers, would be of enormous size. If the
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boilers do not occupy a greater length of floor space than the engines,
Fig. 5 shows a good arrangement of units. Any engine can be fed
from either of two batteries of boilers and the liability of serious
interruptions of service due to steam pipes or boiler trouble is very
remote.

In many plants but a single steam range is used, the station
depending upon good material, careful construction, and thorough
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Fig. 4. Duplicate System of Piping

inspection for reliability of service. In the largest steam-turbine
stations, the so-called unit system is employed as is explained later
under “Station Arrangement.”

Material. Steel pipe, lap welded and fastened together by
means of flanges, is to be recommended for all steam piping. The
flanges may be screwed on the ends of sections and calked so as to
render this connection steam tight, though in large sizes it is better
to have the flanges welded to the pipes. This latter construction
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16 POWER STATIONS

costs no more for large pipes and is much more reliable. All valves
and fittings are made in two grades or weights, one for low pressures,
and the other for high pressures. The high-pressure fittings should
always be used for electrical stations. Gate valves should always

ENG/INES

—

BO/LERS

Fig. 5. Arrangement of Boilers and Engines
in Very Large Plants .

be selected, and, in large sizes, they should be provided with a by-pass.

Asbestos, either alone or with copper rings, vulcanized India
rubber, asbestos and India rubber, etc., are used for packing between
flanges to render them steam tight. Where there is much expansion,
the material selected should be one that possesses considerable
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‘ POWER STATIONS 17
celasticity.  Joints for high-pressure systems require much more
care than those for low-pressure systems, and the number of joints
should be reduced to a minimum by using long sections of pipe.

Fittings. A list of the various fittings required for steam piping,
together with their descriptions, is given in books on boilers. One
precaution to be taken is to see that such fittings do not become too
numerous or complicated, and it is well not to depend too much on
automatic fittings. Steam separators should be large enough to
serve as a reservoir of steam for the engine and thus equalize, to a
certain extent, the velocity of flow of steam in the pipes.

Expansion. In providing for the expansion of pipes due to
change of temperature, U bends made of steel pipe and having a
radius of curvature not less than six times, and preferably ten times
the diameter of the pipe, are preferred. Copper pipes cannot be rec-
ommended for high pressures, while slip expansion joints are most
undesirable on account of their liability to bind.

Size. The size of steam pipes is determined by the velocity of
flow. DProbably an average velocity of 60 feet per second would be
better than 100 feet per second, though in some cases where space
is limited a velocity as high as 150 feet per second has been used.

Loss in Pressure. The loss in pressure in steam pipes may be
obtained from the formula

Q) wl
Z)A_Pzzw
where p, — p, is the loss in pressure in pounds per square inch;
() is the quantity of steam in cubic feet per minute; d is the diame-
ter of pipe in inches; L is the length in feet; w is the weight per
cub’c feet of steam at pressure p, and ¢ is a constant, depending
on size of pipe, values of which for the variation in the size of pipe
are as follows:

Diameter of pipe. . ... ¥ o1m o2 3 4 5 6 T 8 9 10
Value of ¢............ 36.8 45.3 52.7 56.1 57.8 58.4 59.5 60.1 60.7 61.2 61.8
Diameter of pipe........... ... 12" 14" 16" 18" 20" 22" 247
Value of ¢....oovvvvee 62.1 62.3 62.6 62.7 62.9 63.2 63.2

Mounting. In mounting the steam pipe, it should be fastened
rigidly at one point, preferably near the center of a long section, and
allowed a slight motion longitudinally at all other supports. Such
supports may be provided with rollers to allow for this motion, or

27



18 POWER STATIONS

the pipe may be suspended from wrought-iron rods which will give
a flexible support.

Location. Practice differs in the location of the steam piping,
some engineers recommending that it be placed underneath the
engine-room floor and others that it be located high above the engine-
room floor. In any case it should be made easily accessible, and
the valves should be located so that nothing will interfere with their
operation. Proper provision must be made for draining the pipes.

Lagging. All piping as well as joints should be carefully covered
with a good quality of lagging as the amount of steam condensed
in a bare pipe, especially if of any great length, is considerable. In
selecting a lagging bear in mind that the covering for steam pipes
should be incombustible, should present a smooth surface, should
not be damaged easily by vibration or steam, and should have as
large a resistance to the passage of heat as possible. It must not
be too thick, otherwise the increased radiating surface will counter-
balance the resistance to the passage of heat.

The loss of power in steam pipes due to radiation is

IIH=.262rLd
where H is loss of power in heat units; d is diameter of pipe in
inches; L is the length of pipe in feet; and ris a constant depending

on steam pressure and pipe covering, values of which for the varia-
tions of these two factors are as follows:

Steam pressure in pounds (absolute)...... 40 65 90 115

Values of r for uncovered pipe............. 437 555 620 684

Value of r for pipe covered with 2 inches of
hairfelt........ ... ... oL 48 58 66 73

Referring to tables in books on boilers, the relative values of
different materials used for covering steam pipes may be found.

Superheated Steam. Superheated steam reduces condensation
in the engines as well as in the piping, and increases the efficiency
of the system. Its use was abandoned for several vears, due to
difficulties in lubricating and packing the engine cylinders, but by
the use of mineral oils and metallic packing, these difficulties have
been done away with to a large extent, while steam turbines are espe-
cially adapted to the use of superheated steam. The application of
heat directly to steam, as is done in the superheater, increases the
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TABLE 1V

Boiler Efficiencies

Water Evaporated per Pound
Coal
Amount of Superheat Without With Super.
; Superheat heat
40  degrees F. 7.82 9.99
42 degrees F. 6.42 7.06
55  degrees F. 6.00 7.00
56.5 degrees F. 6.78 8.66
1 55.2 degrees F. 715 8.65

efficiency of the boilers. Table IV shows the increase in boiler
efficiency for a certain boiler test, the results being given in pounds
of water changed to dry, saturated steam. Tests on various engines
show a gain in efficiency as high as 9 per cent with a superheat of
80° to 100° I., while special tests in some cases show even a greater
gain,

Superheaters are very simple, consisting of tubular boilers
containing steam instead of water, and either located so as to utilize
the heat of the gases, the same as economizers, or separately fired.
They should be arranged so that thev may be readily cut out of
service, if necessary, and provision must be made for either flooding
them or turning the hot gases into a by-pass, as the tubes would be
injured by the heat if they contained neither water nor steam. Su-
perheaters may be mounted in the furnace of the regular boiler set-
ting or they may have furnaces of their own and he separately fired.
For electrical stations using superheated steam the former type is
usually employed and it has proved very satisfactory for moderate
degrees of superheat.

Feed Water. All water available for the feeding of boilers
contain some impurities, among the most important of which as
regards boilers are soluble salts of calcium and magnesium. Bicar-
honates of the alkaline earths cause precipitations on the interior
of boilers, forming scale. Sulphate of lime is also deposited by
concentration under pressure. Scale, when formed, not only de-
creases the efficiency of the boiler but also causes deterioration,
for if sufficiently thick, the diminished conducting power of the
boiler allows the tubes or plates to be overheated and to crack or
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burst. Again, the scale may keep the water from contact with
sections of the heated plates for some time and then, giving way,
large volumes of steam are generated very quickly, and an explo-
sion may result.

Some processes to prevent the formation of scale are used,
which affect the water after it enters the boilers, but they are not
to be recommended, and any treatment the water receives should
affect it previous to its being fed to the boilers. Carbonates and
a small quantity of sulphate of
lime may be removed by heat-
ing in a separate vessel. Large
quantities of sulphate of lime
must be precipitated chemic-
ally.

Sediment must be removed
by allowing the water to settle,
ECONOMIZER cooormzer| Vegetable matters are some-
times present, which cause a
film to be deposited. Certain
gases, in solution—such as oxy-
gen, nitrogen, etc.—cause pit-
ting of the boiler. This effect
is neutralized by the addition

BOILER . BOZER

= of chemicals. Oil from the en-
PUMP Pure gine cylinder is particularly de-
structive to hoilers and when
J present in the condensed steam
- must be carefully removed.

Tig. 6. Feeding‘ Sy-stem for Boilers and

Pumps Feeding Appliances. Both
feed pumps and injectors are used for feeding the water to the
boilers. Feed pumps may be either steam- or motor-driven. Steam-
driven pumps are very inefficient, but they are simple and the speed
is easily controlled. Motor-driven pumps are more efficient and
neater, but more expensive and more difficult to regulate efficiently
over a wide range of speed. Direct-acting pumps may have feed-
water heaters attached to them, thus increasing the efficiency of the
apparatus as a whole. The supply of electrical energy must be
constant if motor-driven pumps are to be used.
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TABLE V

Rate of Flow of Water, in Feet per Minute, Through Pipes of °
Various Sizes, for Varying Quantities of Flow

l,(::;l'll\'?gf 21N, 1 1N, 13 1N, 141N, F 21N, . 31N, ' 41w,
5 218 | 122% 783 541 303 194 13% 73
10 436 | 245 157 109 61 38 27 15%
15 653 | 3673 2352 1631 911 581 401 23
20 872 | 490 314 218 122 78 54 30%
25 1000 | 6121 3923 2721 1524 971 673 38%
30 735 451 327 183 117 81 46
35 857% 54901 3314 2134 1363 941 53%
40 980 628 436 244 156 108 613
45 11023 7063 4904 2741 1754 | 1211 69
50 785 545 305 195 135 762
75 11774 8174 457% | 2924 | 202% | 115
100 1090 610 380 270 1533
125 762% | 4873 | 337% | 191%
160 915 585 405° 230
175 1067} 6821 | 4723 | 2068%
200 1220 780 540 306%

Feed pipes must be arranged so as to reduce the risk of fail-
ure to a minimum, and for this reason they are alinost always dupli-
cated. More than one water supply is also recommended if there
is the slightest danger of interruption on this account. One com-
mon arrangement of feed-water apparatus is to install a few large
pumps supplying either of two mains from which the boiler con-
nections are taken. This is a complicated and costly system of
piping. A scheme for feeding two boilers where each pump is capable
of supplying both boilers is shown in Fig. 6. Pipes should be ample
in cross-section, and, in long lengths, allowance must be made for
expansion. Cast iron or cast steel is the material used for their con-
struction; the joints being made by means of flanges fitted with
rubber gaskets.

The rate of flow of water in feet per minute through pipes of
various sizes is given in Table V. A flow of 10 gallons per minute
for each 100 h. p. of boiler equipment should be allowed without
causing an excessive velocity of flow in the pipes—400 to 600 feet
per minute represents a fair velocity.
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Boiler Setting. The economical use of coal depends, to a large
extent, on the setting of the boiler and proper dimensions of the
furnaces. Internally-fired boilers require support only, while the
setting of externally-fired boilers requires provision for the furnaces.
Common brick, together with fire brick for the lining of portions
exposed to the hot gases, are used almost invariably for boiler set-
tings. It is customary to set the boiler units up in batteries of
two, using a 20-inch wall at the sides and a 12-inch wall between
the two boilers. The instructions for settings furnished by the
manufacturers should be carefully followed out as they are based
on conditions which give the best results in the operation of their
boilers.

Draft. The best ratio of heating to grate surface for boiler plants
depends upon the kind of fuel used and the draft employed. Based
on a draft of 0.5 inch of water, the following values are given for
different grades of fuel:

Pocahontas, W. Va., 45; Youghiogheny, Pa., 48; Hocking Valley, O., 45;
Big Muddy, Ill., 50; Lackawanna, Pa., No. 1 buckwheat, 32. The first of
these coals is semi-bituminous, the Lackawanna coal is anthracite, and the other
coals are bituminous.

Natural Draft. Natural draft is the most commonly used and
is the most satisfactory under ordinary circumstances. In deter-
mining the size of the chimney necessary to furnish this draft, the
following formula is given by Kent:

06 F B ( 06 F )2
A=—= orh =
V'oh 2
where 4 = area of chimney in sq. ft.; & = height of chimney in ft.;

and F = pounds of coal per hour.

The height of chimney should be assumed and the area calcu-
lated, remembering that it is better to have the chimney too large
than too small.

The chimney may be either of brick or iron, the latter having
a less first cost but requiring repairs at frequent intervals. Gen-
eral rules for the design of a brick chimney may be given as follows:

The external diameter of the base should not be less than ' of the height.
Foundations must be of the best.

Interiors should be of uniform section and lined with fire brick.

An air space must exist between the lining and the chiinney proper.
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The exterior should have a taper of from 1% to T inch to the foot.
Flues should be arranged symmetrically.

Fig. 7 shows the construction of a brick chimney of good design,

this chimney being used with
boilers furnishing engines which
develop 14,000 h. p.

Mechanical Draft. Mechan-
ical draft is a term which may
be used to embrace both forced
and induced draft. The first
cost of mechanical-draft systems
is less than that of a chimney,
but the operation and repair are
much more expensive and there
is always the risk of break-down.
Artificial draft has the advan-
tage that it can be varied within
large limits and it can be in-
creased to any desired extent,
thus allowing the use of low
grades of coal.

Firing of Boilers. Coal is
used for fuel to a greater extent
than any other material, though
oil, gas, wood, etc,; are used in
some -localities. Local condi-
tions, such as availability, cost,
etc., should determine the ma-
terial to be used; no general
rules can be given. From data
regarding the relative heating
values of different fuels we find:
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Fig. 7. Good Design of Brick Chimney

that 1 pound of petroleum, about + of a gallon, is equivalent, when
used with boilers, to 1.8 pounds of coal and there is less deteriora-
tion of the furnace with oil; that 73 to 12 cubic feet of natural
gas are required as the equivalent of 1 pound of coal, depending on
the quality of the gas; that 22 pounds of dry wood is assumed as the

equivalent of 1 pound of coal.
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Stoking. When coal is used, it requires stoking and this may be
accomplished either by hand or by means of mechanical stokers,
many forms of which are available. Mechanical stoking has the
advantage over hand stoking in that the fuel may be fed to the
furnace more uniformly, thus avoiding the subjection of the fires
and boilers to sudden blasts of cold air as is the case when the fire
doors are opened; in that a poorer grade of coal may be burned,
if necessary; and in that the trouble due to smoke is much reduced.
It may be said that mechanical stokers are used almost universally
in the more important electrical plants. Economic use of fuel requires
great care in firing, especially if it is done by hand.

Where gas is used, the firing may be made nearly automatic,
and the same is true of oil firing, though the latter requires more
complicated burners, as it is necessary that the oil be vaporized.

In large stations, operated continuously, it is desirable that,
as far as possible, all coal and ashes be handled by machinery, though
the difference in cost of operation should be carefully considered
before installing extensive coal-handling machinery. Machinery
for automatically handling the coal will cost from %7.50 to $10
per horse-power rating of boilers for installation, while the ash-
handling machinery will cost from $1.50 to &3 per horse-power.

The coal-handling devices usually consist of chain-operated
conveyors which hoist the coal from railway cars, barges, etc., to
overhead bins from which it may be fed to the stokers. The ashes
may be handled in a similar manner, by means of scraper con-
veyors, or small cars may be used. Either steam or electricity may be
used for driving this auxiliary apparatus.

It is always desirable that there be generotis provision for the
storage of fuel sufficient to maintain operations of the plant over
a temporary failure of supply.

STEAM ENGINES

The choice of steam prime movers is one which is governed
by a number of conditions which can be treafed but briefly here,
The first of these conditions relates to the speed of the engine to
be used. There is considerable difference of opinion in regard to
this as both high- and low-speed plants are in operation and are
giving good satisfaction. Slow-speed engines have a higher first
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cost and a higher economy. Probably in sizes up to 250 kw., the
generator should be driven by high-speed engines; from 250 to
500 kw., the selection of either type will give satisfaction; above
500 indicated horse-power, the slow-speed type is to be recom-
mended. Drop valves cannot be used with satisfaction for speeds
above about 100 revolutions per minute, hence high-speed engines
must use direct-driven valve gears, usually governed by shaft gov-
ernors. Corliss valves are used on nearly all slow-speed engines.

The steam pressure used should be at least 125 pounds per
square inch at the throttle and a pressure as high as 150 to 160
pounds is to be preferred.

Close regulation and uniform angular velocity are required
for driving generators, especially alternators which are to operate
in parallel. This means sensitive and active governors, carefully
designed flywheels, and proper arrangement of cranks when more
than one is used.

High-speed engines should not have a speed change greater than
13 per cent from no load to full load, but for prime movers used for
driving large alternators operated in multiple, a speed change as
great as 4 or 5 per cent may be desirable. The variation in angular
velocity, where alternators are to be operated in parallel, should
be within such limits that at no time will the rotating part be
more than 4= of the pitch angle of two poles from the position
it would occupy if the angular velocity were uniform at its mean
value. .

For large engine-driven plants or plants of moderate size, com-
pound condensing engines are almost universally installed. The
advantage of these engines in increased economy are in part counter-
balanced by higher first cost and increased complications, together
with the pumps and added water supply necessary for the condensers.
The approximate saving in amount of steam is shown in Table VI,
which applies to a 500 horse-power unit.

Triple expansion engines are seldom used for driving electrical
machinery, as their advantages under variable loads are doubtful.
Compound engines may be tandem or cross-compound and either
horizontal or vertical. The use of cross-compound engines tends
to produce uniform angular velocity, but the cylinder should be so
proportioned that the amount of work done by each is nearly equal.
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TABLE VI
o - Pouxbps or STRAM
Excixe pER II. P. lHovr
Simple noun-condensing 30
Simple condensing 22
Compound non-condensing 24
N Compound condensing 16

A cylinder ratio of about 3% to 1 will approximate average condi-
tions. Either vertical or horizontal engines may be installed, each
having its own peculiar advantages. Vertical engines require less
floor space, while horizontal engines have a better arrangement of
parts. Either type should be constructed with heavy parts and
erected on solid foundations.

Engines should preferably be direct-connected, but this is not
always feasible, and gearing, belt, or rope drives must be resorted
to.  Countershafts, belt or rope driven, arranged with pulleys
and belts for the different generators, and with suitable clutches,
are largely used in small stations. They consume considerable
power and the bearings require attention.

Careful attention must be given to the lubrication of all running
parts, and extensive oil systems are necessary in large plants. In
such systems a continuous circulation of oil over the bearings and
through the engine cylinders is maintained by means of oil pumps.
After passing through the bearings, the machine oil goes to a properly
arranged oil filter where it is cleaned and then pumped to the bear-
ings again. A similar process is used in cylinder lubrication, the
oil being collected from the exhaust steam, and only enough new
oil is added to make up for the slight amount lost. The latter Sys-
tem is not installed as frequently as the continuous system for
bearings.

STEAM TURBINES

Advantages. The steam turbine is now very extensively used
as a prime mover for generators in power stations on account of its
many advantages, some of which may be stated as follows:

1. High steam economy at all loads.

2. Iligh steam economy with rapidly fluctuating loads.
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3. Small floor space per kw. capacity, reducing to a minimum
the cost of real estate and buildings.

4. Uniform angular velocity, thus facilitating the parallel
operation of alternators.

5. Simplicity in operation and low expense for attendance.

6. Freedom from vibration, hence low cost for foundations.

7. Steam economy is not appreciably impaired by wear or lack
of adjustment in long service.

8. Adaptability to high steam pressures and high superheat
without difficulty in operation and with consequent im-
provement in economy.

9. Condensed steam is kept entirely free from oil and can be
returned to the boilers without passing through an oil

) separator.

Types. The detailed descriptions of the different types of
steam turbines are given in books devoted to steam engines and
turbines and only a small amount of space can be devoted to them
here. The first classification of steam turbines is into the impulse
type and the reaction type of turbine. In the impulse type the
steam is expanded in passing through suitable nozzles and does useful
work in moving the blades of the rotating part by virtue of its kinetic
energy. In the reaction type the steam is cnly partially expanded
before it comes into contact with the blades and much of the work
on the moving blades is accomplished by the further expansion of
the steam and the reaction of the steam as it leaves the blades. Of
the impulse type the DeLaval and the Curtis turbines are well-known
makes. The Delaval turbine is built in small and moderate sizes
only and is of the single-stage type. The Curtis turbine is built
in all sizes up to the very largest and is of the multi-stage type.
The Curtis turbine may be briefly described as follows:

The Curtis turbine is divided into sections or stages, each
stage containing one or more sets of stationary vanes and revolving
buckets. These vanes and buckets are supplied with steam which
passes through suitable nozzles to give it the proper expansion and
velocity as it issues from the nezzles. By dividing the work into
stages, the nozzle velocity of the steam is kept down to a moderate
value in each stage and the energy of the steam is effectively given
up to the rotating part without excessively high speeds. Iig. 8
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shows the arrangement of nozzles, buckets, and stationary blades
or guiding vanes for two stages. A complete turbine of the vertical
type and of 5,000 kw. capacity is shown in Fig. 9. Governing is
accomplished by automatically opening or closing some of the nozzles,
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Fig. 8. Diagram of Nozzles and Buckets in Curtis Steamn Turbine

and on overloads the steam may be automatically led directly into
the second stage of the turbine. The step bearing which supports
the weight of the rotating part may-be lubricated by either oil or
water under high pressure, this pressure being made great enough
to support the weight of the moving element on a thin film of the
lubricant. Only a vertical type of the Curtis turbine is shown here
but it is also manufactured in the horizontal form.
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Of the reaction turbines the Parson’s type is the most prominent
one. It is manufactured in the United States by the Westinghouse
Machine Company and the Allis-Chalmers Company. An element-
ary drawing of the cross-section of the Allis-Chalmers turbine is
shown in Fig. 10. Steam enters this turbine at C through the gov-
erning valve ), passes through the opening £, and thence expands
in its passages through the series of revolving and stationary blades

Fig. 9. Turbo-Alternator of 5,000 kw. Capacity

in the three stages II, J, and K. The steam pressure is balanced
by means of a series of disks or balance pistons shown at L, M, and
N. The valve shown at 1™ is automatically opened on overioad,
thus admitting steam directly into stage .J.

i The steam economy of the turbine increases with increase in
vacuum approximately as follows: For every increase in vacuum
of one inch between 23 inches and 28 inches the increase in economy
is 3 per cent for 100-kw. units, 4 per cent for 400-kw. units, and
5 per cent for 1,000-kw. units. This is a greater improvement than
can be obtained with steam engines under corresponding conditions
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Parson-Allis-Chalmers Turbine

Fig. 10.
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-

and the exhaust-steam or low-pressure turbine is being introduced
to work in conjunction with the reciprocating steam engine, the
steam expanding down to about atmospheric pressure in the engine
and continuing down to a high vacuum through the low-pressure
turbine. A receiver may be introduced between the engine and the
turbine. A higher steam economy is claimed for such a combina-
tion than could be secured by either engine or turbine alone.

HYDRAULIC PLANTS

Because of the relative ease with which electrical cnergy may
be transmitted long distances, it has become quite common to locate
large power stations where
there is abundant water
power, and to transmit the
energy thus generated to
localities where it is needed.
This type of plant has heen
developed to the greatest
extent in the western part i
of the United States, where |
in some cases the trans- l
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mission lines are very exten-

sive. The power houses now | ) \
completed, or in the course a \. EE
of erection at Niagara Falls, -1_\)—

are examples of the enor-

mous size such stations may == ==

assume, Fig. 11,
Before deciding to util-

ize water power for driving the machinery in central stations, the

following points should be noted:

Diagram of Reaction Turbines

1. The amount of water power available.

2. The possible demand for power.

3. Cost of developing this power as compared with cost of plants using
other sources of power.

4. Cost of operation compared with other plants and extent of trans-
mission lines.

Hydraulic plants are often much more expensive than steam
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plants, but the first cost is more than made up by the saving in
operating expenses.

Methods for the deveiopment of water powers vary with the
nature and the amount of the water supply, and they may be studied
best by considering plants which are in successful operation, each
one of which has been a special problem in itself. A full descrip-
tion of such plants would be too extensive to be incorporated here,
but they can be found in the various technical journals.

Water Turbines. Water turbines used for driving generators
are of two general classes, reaction turbines and impulse turbines.

-

fr0

Fig. 12, Pelton Type of Impulse Turbine

Reaction turbines may be subdivided into parallel-flow, outward-
Aow, and inward-flow types. Parallel-flow turbines are suited for low
falls, not exceeding 30 feet. Their efficiency is from 70 to 72 per
cent. Outward-flow and inward-flow turbines give an efficiency
from 79 to 88 per cent. Impulse turbines are suitable for very high
falls and should be used from heads exceeding, say, 100 feet, though
it is difficult to say at what head the reaction turbine would give
place to the impulse wheel, as reaction turbines are giving good
satisfaction on heads in the neighborhood of 200 feet, while impulse
wheels are operated with falls of but 80 feet. A reaction wheel is
shown in Fig. 11, and the Pelton wheel, one of the best known types
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TABLE Vil

Pressure of Water

Pressure & Pressure ) Pressure ) Pressure
g::(tl Pounds per }1{4333 Pounds per }I:[ggtd Pounds per }1}:25 Pounds per
Sq. In. S8q. In. 8q. In. Sq. In,
10 4.33 105 45.48 200 86.63 295 127.78

15 6.49 110 47.64 205 88.80 300 129.95
20 8.66 115 49.81 210 90.96 310 134.28
25 10.82 120 51.98 215 93.13 320 138.62
30 12.99 125 54.15 220 95.30 330 142.95
35 15.16 130 56.31 225 97.46 340 147.28
40 17.32 135 58.48 230 99.63 350 151.61
45 19.49 140 60.64 235 101.79 360 155.94
50 21.65 145 62.81 240 103.90 370 160.27
55 23.82 150 64.97 245 106.13 380 164.61
60 25.99 155 67.14 250 108.29 390 168.94
65 28.15 160 69.31 255 | 110.46 400 173.27
70 30.32 165 71.47 260 112.62 500 216.58
75 32.48 170 73.64 265 114.79 600 259.90
80 3465 | 175 75.80 270 116.96 700 303.22
85 36.82 180 77.97 275 119.12 800 346.54
90 38.98 185 80.14 280 121.29 900 38Y.86
95 41.15 190 82.30 285 123.45 1000 433.18
100 43.31 195 84.47 290 125.62 O

of impulse wheels, is shown in F ig. 12.  An efficiency as high as
86 per cent is claimed for the impulse wheel under favorable con-
ditions. The fore bay leading to the flume should be made of such
size that the velocity of water does not exceed 1} feet per second;
and it should be free from abrupt turns. The same applies to the
tailrace. The velocity of water in wooden flumes should not exceed
7 to 8 feet per second. Riveted steel pipe is used for the penstocks
and for carrying water from considerable distances under high heads.
In some locations it is buried, in others it is simply placed on the
ground.  Wooden-stave pipe is used to a large extent when the
heads do not much exceed 200 feet. In Table VII is given the
pressure of water in pounds per square inch at different heads,
while in Table VIII is given considerable data relating to riveted-
steel hydraulic pipe. Governors of the usual types are required
to keep the speed of the turbine constant under change of load and
change of head.
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TABLE Vil
Riveted Hydraulic Pipe
Cu. Fi. Water
Diam. of | Area of Pipe | Thickness of | Head in Feet | Pipe will Con- Weight per
Pipe in in Square Iron by the Pipe will | vey per Min. | Lineal Foot
Inches Inches Wire Gauge | Safely Stand | at Vel. 3 Ft. in Pounds
per Sec.

3 7 18 400 9 2

4 12 18 350 16 2y

4 12 16 525 16 3

5 20 18 325 25 314

5 20 16 500 25 414

5 20 14 675 25 5

6 28 18 296 36 4l

] 28 16 487 36 534

6 28 14 743 36 Y5

7 38 18 254 50 514

7 38 16 419 50 -634

7 38 14 640 50 814

8 50 16 367 63 7%

8 50 14 560 63 914

8 50 12 854 63 13

9 63 16 327 80 814

9 63 14 499 80 1034

9 63 12 761 80 14Y4
10 78 16 295 100 94
10 78 14 450 100 1134
10 78 12 687 100 1534
10 78 11 754 100 1745
10 78 10 900 100 1915
11 95 16 269 120 934
11 95 14 412 120 13
11 95 12 626 120 17Y
11 95 11 687 120 1834
11 95 10 820 120 21
12 113 16 246 142 11Y
12 113 14 377 142 14
12 113 12 574 142 1814
12 113 11 630 142 1934
12 113 10 753 142 2234
13 132 16 228 170 12
13 132 14 348 170 15
13 132 12 530 170 20
13 132 11 583 170 22
13 132 10 696 170 2414
14 153 16 211 200 13
14 153 14 324 200 16
14 153 12 494 200 2144
14 153 11 543 200 2345
14 153 10 648 200 26
15 176 16 197 225 1334
15 176 14 302 225 17
15 176 12 460 225 23
15 176 11 507 225 2414
15 176 10 606 225 28
16 201 16 185 255 1414
16 201 14 283 255 1714
16 201 12 432 255 2414
16 201 11 474 255 2614
16 201 10 567 255 2914
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Riveted Hydraulic Pipe

(Continued)
Cu. Ft. Water
Diam. of | Area of Pipe Thickness of | Head in Feet | Pipe will Con- Weight per
Pipe in in S8quare Iron by the Pipe will | vey per Min. | Lineal Foot
Inches Inches Wire Gauge | Safely Stand | at Vel. 3 Ft. in Pounds
per Sec.

18 254 16 165 320 : 1614
18 254 14 252 320 2013
18 254 12 385 320 27Y
18 254 11 424 320 30
18 254 10 505 320 34
20 314 16 148 400 18
20 314 14 227 . 400 2214
20 314 12 346 400 30
20 314 11 380 400 32%
20 314 10 456 400 3613
22 380 16 135 480 20
22 380 14 206 480 2434
22 380 12 316 480 3234
22 380 11 347 480 3534
22 380 10 415 480 40
24 452 14 188 570 27Y
24 452 12 290 570 3514
24 452 11 318 570 39
24 452 10 379 570 4314
24 452 . 8 466 570 53

. 26 530 14 175 670 2914
26 530 12 267 670 3814
26 530 11 294 670 42
26 530 10 352 670 37
26 530 8 432 670 57Y
28 615 14 102 775 31y
28 615 12 247 775 4114
28 615 11 273 775 45
28 615 10 327 775 5014
28 615 8 400 775 6114
30 706 12 231 890 44
30 706 11 254 890 48
30 706 10 304 890 54
30 706 8 3757 890 65
30 706 7 425 890 74
36 1017 11 141 - 1300 58
36 1017 10 155 1300 67
36 1017 8 192 1300 78
36 1017 7 210 1300 88
40 1256 10 141 1600 71
40 1256 8 174 1600 . 86
40 1256 7 189 1600 97
40 1256 6 213 1600 108
40 1256 4 250° 1600 126 -
42 1385 10 135 1760 7414
42 1385 8 165 1760 91
42 1385 7 180 1760 102
42 1385 6 210 1760 114
42 1385 4 240 1760 133
42 1385 Y 270 1760 137
42 1385 3 300 1760 145
42 1385 5 321 1760 177
42 1385 3% 363 1760 216
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TABLE IX

Horse-Power per Cubic Foot of Water per Minute for Different Heads

Hei::]ds Horse- H?ﬁds Horse- I ei‘;‘lds gorse— H?i‘lds I})Iorse-
Feet Power Fect Power Feet ower Feet ower

1 .0016098 170 | .273666 330 | .531234 490 .788802
20 | .032196 180 | .289764 340 | .547332 500 .804900
30 | .048294 190 | .305862 350 | .563430 520 .837096
40 | .064392 200 | .321960 360 | .579528 540 .869292
50 | .080490 210 | .338058 370 | .595626 580 901488
60 | .096588 220 | .354156 380 | 611724 580 933684
70 | .112686 230 | .370254 390 | .627822 600 965880
80 | .128784 | 240 .386352 400 [ .643920 650 | 1.046370
90 | .144892 250 | .402450 410 | .660018 700 | 1.126860

100 | .160980 260 | .418548 420 | .676116 750 | 1.207350
110 | .177078 270 | .434646 430 | .692214 800 | 1.287840
120 [ .193176 280 | .450744 440 | .708312 900 | 1.448820
130 | .209274 290 | .466842 450 | .724410 - | 1000 | 1.609800
140 | .225372 300 | .482940 460 | .740508 11100 | 1.770780
150 241470 310 1 .499038 470 | .756606
160 257568 320 | .515136 480 | .772704

GAS PLANT

The gas engine using natural gas, producer gas, blast furnace
gas, or even illuminating gas in some instances, is being used to a
considerable extent as a prime mover for electric generators. The
advantages claimed for the gas engine are:

AMinimum fuel and heat consumption.

Low cost of operation and maintenance.

Simplification of equipment and small number of auxiliaries.
No heat lost due to radiation when engines are idle.

Quick starting.

6. [Extensions may be easily made.

7. High pressures are limited to the engine cylinders.

TU 9010

As disadvantages of the gas engine may be mentioned the large floor
space required ; small overload capacity; and the heavy and expensive
foundations necessary.

Fig. 13 shows the efficiency and amount of gas consumed by
a 500-h. p. engine, Pittsburg natural gas being used.
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The only auxiliaries needed where natural gas.is employed are
the igniter generators and the air compressors—with a pump for the
jacket water in some cases—which may be driven by either a motor
or a separate gas engine. The jacket water may be utilized for heat-
ing purposes in many plants. Cooling towers may be installed
where water 1s scarce. .

Parallel operation of alternators when direct-driven by gas
engines has been successful, a spring coupling being used between
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Fig. 13. Efficiency Curves of a 500-H. P. Gas Engine

the engines and the generators in some cases to absorb the variation
in angular velocity.

The overload capacity of gas engines depends upon the man-
ner of rating. The ultimate capacity is reached when the engine
1s using a full charge of the best mixture of gas and air at each power
stroke. Many manufacturers rate their engines at 10 per cent
below the maximum capacity, thus allowing for a limited amount
of overload. The gas consumption of gas engines is relatively high
at loads less than 50 per cent of normal; hence, it is desirable that the
load be fairly constant and at some value between 50 and 100 per
cent of the rating of the machine. H. G. Stott has proposed that
the gas engine be combined with the steam turbine in some electrical
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plants, since the turhine can carry heavy overloads and is fairly
economical on all loads. In such a plant the steam turbine would
carry the fluctuations, and arrangements would be made so that the
gas engine would carry a nearly constant load.

Gas-producers for gas engines are of two types: the suction
producer, used for small plants and employing high-grade fuels;
and the pressure producer, used for the larger units and manufac-
tured for all grades of fuel.

The fact that no losses occur, due to heat radiation when the
machines are not running, and the lack of losses in piping, add
greatly to the plant efficiency. If producer gas or blast-furnace
gas is used, a larger engine must be installed to give the same power
than when natural or ordinary coal gas is used. Electric stations
are often combined with gas works, and gas engines can be installed
in such stations to particular advantage in many cases.

In addition to the gas engine, other forms of internal com-
bustion engines, such as oil engines and gasoline engines, are being
used to a limited extent in small stations.

ELECTRIC PLANT
GENERATORS

The first thing to be considered in the electric plant is the
generators, after which the auxiliary apparatus in the way of ex-
citers, controlling switches, safety devices, ete., will be taken up.
A general rule which, by the way, applies to almost all machinery for
power stations, is to select apparatus which is considered as “‘stand-
ard” by the manufacturing companies. This rule should be fol-
lowed for two reasons: First, reliable companies employ men who
may be considered -as experts in the design of their machines, and
their best designs are the ones which are standardized. Second,
standard apparatus is from 15 to 25 per cent cheaper than semi-
standard or special work, owing to larger production, and it can be
furnished on much shorter notice. Again, repair parts are more
cheaply and readily obtained.

Specifications should call for performance, and details should
be left, to a very large extent, to the manufacturers. Following
are some of the matters which may be incorporated in the specifi-
cations for generators:
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Type and general characteristics.
Capacity and overload with heating limits.
Commercial efficiency at various loads. -
Excitation.

Speed and regulation.

Mechanical features.

I o

Types. The type of machine will be determined by the sys-
tem selected. Generators may be direct-current or alternating-
current—single or polyphase—or as in some plants now in operation,
they may be double-current. The voltage, compounding, frequency,
etc., should be stated. Direct-current machines are seldom wound
for a voltage above 600, but alternating-current generators may
be purchased which will give as high as 15,000 volts at the terminals.
As a rule it is well not to use an extremely high voltage Yor the
generators themselves, but to use step-up transformers in case a
very high line voltage is necessary. Up to about 7,000 volts, gen-
erators may be safely used directly on the line. Above this, local
conditions will decide whether to connect the machine directly to
the line or to step up the voltage. Machines wound for high potential
are more expensive for the same capacity and efficiency, but the
cost of step-up transformers and the losses in the same are saved
by using such machines, so that there is a slight gain in efficiency
which may be utilized in better regulation of the system, or in lighter
construction of the line. On the other hand, lightning troubles are
liable to be aggravated when transformers are not used, as the
transformers act as additional protection to the machines, and if the
transformers are injured they may be more readily repaired or
replaced.

The following voltages are considered standard: Direct-current
generators 125, 250, 550-600. Alternating-current systems, high
pressure, 2,200, 6,600, 11,000, 22,000, 33,000, 44,000, 66,000, 88,000,
and 110,000. The generators, when used with transformers, should
be capable of giving a no-load voltage 10 per cent in excess of these
figures. . Twenty-five and 60 cycles are considered as standard fre-
quencies, the former being more desirable for railway work and the
latter for lighting purposes.

Capacity. The size of machines to be chosen has been briefly
considered. Alternators.are rated for non-inductive load or a power
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TABLE X
Average Maximum Efficiencies
Kw. Per CENT Kw. Per CENT
5 85 150 93
10 88 200 94
25 90 500 95
50 92 1000 * 96

factor of unity unless a different power factor is distinctly stated.
Aside from the overload capacity to be counted upon as reserve,
the Standardization Report of the American Institute of Electrical
Engineers recommends the following for the heating limits and
overload capacity of generators:

MaxiMuM VALUES oF TEMPERATURE ELEVATION

Field and armature, by resistance, 500 C.
Commutator and collector rings and brushes, by thermometer, 55° C.
Bearings and other parts of machine, by thermometer, 400 C.

Overload capacity should be 25 per cent for two hours, with
a temperature ‘ise not to exceed 15 degrees above full load values,
the machine to be at constant temperature reached under normal
load, before the overload is applied. A momentary overload of
50 per cent should be permissible without excessive sparking or
injury. Some companies recommend an overload capacity of 50
per cent for two hours when the machines are to be used for railway
purposes. The above temperature increases are based upon a room-
temperature of 25° C.

Efficiency. As a rule, generators should have a high efficiency
over a considerable range of load, although much depends upon
the nature of the load. It is always desirable that maximum
efficiency be as high as is compatible with economic investment.

Table X gives reasonable efficiencies which may be expected
for generating apparatus. In order to ‘arrive at what may be con-
sidered the best maximum efficiency to be chosen, the cost of power
generation must be known, or estimated, and the fixed charges on
capital invested must also be a known quantity. From the cost
of power, the saving on each per cent increase in efficiency can be
determined, and this should be compared with the charges on the
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TABLE Xli
Exciters for Single-Phase Alternating-Current (enerators
60 Cycles
ALTERNATOR CLASSIFICATON EXC[TER CLASSIFICAT[ON
Poles Kw, Speed Poles Kw, Speed

.8 60 900 2 1.5 1,900

8 90 900 2 1.5 1,900

8 120 900 2 1.5 1 900
12 180 600 2 2.5 1,900
16 300 450 2 4.5 1,800

additional investment necessary to secure this increased efficiency.
A certain point will be found where the sum of the two will be a
minimum.

If a generator is to be run for a considerable time at light loads,
one with low “no-load” losses should be chosen. These losses are
not rigidly fixed but they vary slightly with change of load. It is
the same question of “all-day efficiency” which is treated, in the
case of transformers, in “Power Transmission.” Under no-load
losses may be considered, in shunt-wound generators, friction losses,
core losses, and shunt-field losses. I’R losses in the series field, in
the -armature, and in the brushes, vary as the square of the load.

Excitation. Dynamos, if for direct current, may be self-excited,
shunt-wound, compound-wound, or separately excited. Separate
excitation is not recommended for these machines. Alternators
require separate excitation, though they may be compounded by
using a portion of the armature current when rectified by a commu-
tator. Automatic regulation of voltage is always desirable, hence, the
general use of compound-wound machines for direct currents. Many
alternators using rectified currents in series fields for keeping the
voltage nearly constant are in service in small plants, as well as
several of the so-called ‘“‘compensated’” alternators, arranged witly
special devices which maintain the same compounding with different
power factors. The latter machine gives good satisfaction if properly
cared for, but an automatic regulator, governed by the generator
voltage and current, which acts directly on the exciter field, is taking
its place. This regulator, known as the Tirill regulator, is de-
scribed under “Power Transmission.” The capacity of the exciters
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must be such that they will furnish sufficient excitation to maintain
normal voltage at the terminals of the generators when running at
50 per cent overload. Table XI gives the proper capacity of exciters
for the generators listed. On account of the fact that the speed at
which the unit runs is an imiportant factor in the excitation required,
no general figure can be given.

Exciters may be either direct-connected or belted to the shaft
of the machine which they excite, or they may be separately driven.
They are usually compound-
wound and furnish current at
125 or 250 volts. Separately-
driven exciters are preferred for
most plants as they furnish a
more flexible system, and any
drop in the speed of the gen-
erator does not affect the ex-
citer voltage. Ample reserve
capacity of exciters should be
installed, and In some cases
storage batteries, used in con-
junction with exciters, are rec-
ommended in order to insure
reliability of service.

Speed and Regulation. If
direct-connected, the speeds of the generators will be determined by
the prime mover selected.  If belt-driven, small machines may be run
at a high speed, as high-speed machines are cheaper than slow- or
moderate-speed generators. In large sizes, this saving is not so great.

When shunt-wound dynamos are used, the inherent regula-
tion should not exceed 2 to 3 per cent for large machines. IFor alterna-
tors, this is much greater and depends on the power factor of the
Joad. A fair value for the regulation of alternators on non-inductive
load is 10 per cent.

Mechanical Features. M otor-generator sets, boosters, frequency
changers, and other rotating devices come under the head of special
apparatus and are governed by the same general rules as generators.

Transformers. Transformers for stepping the voltage from
that -generated by the machine up to the desired line voltage, or

Fig. 14. Air-Cooled Transformer
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vice versd, at the substation, may be of three general types, accord-
ing to the method of cooling. Large transformers require artificial
means of cooling, if they are not to be too bulky and expensive. They
may be air-cooled, oil-cooled, or water-cooled.

Fig. 15, 0il-Cooled Transformer

Air-cooled transformers, ¥ig. 14, are usually mounted over an
air-tight pit fitted with one or more motor-driven blowers which feed
into the pit. The transformer coils are subdivided so that no part
of the winding is at a great distance from air and the iron is pro-
vided with ducts. Separate dampers control the amount of air
which passes between the coils or through the iron. Such trans- .
formers give good satisfaction for voltages up to 20,000 or higher,
and can be built for any capacity. Care must be taken to see that
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there is no liability of the air supply failing, as the capacity of the
transformers is greatly reduced when not supplied with air.

it

Fig. 16. Water-Cooled Transformer

Oil-cooled transformers, Fig. 15, have their cores and windings
placed in a large tank filled with oil. The oil serves to conduct the
heat to the case, and the case is usually made either of corrugated
sheet metal or of cast iron containing deep grooves, so as to inerease
the radiating surface. These transformers do not require such heavy
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insulation on the outside of the coils as air-blast machines because
the oil serves this purpose. Simple oil-cooled transformers are
seldom built for capacities exceeding 250 kw. as they hecome too
bulky, but they are employed for the highest voltages now in use.

Fig. 17. 400-Kw. Water-Cooled Oil Transformer

W ater-cooled transformers, Figs. 16 and 17, are used when high
voltages are required. This type is like an oil-cooled transformer, but
with water tubes arranged in coils in the top. Cold water passes
through these tubes and aids in removing heat from the oil. Some
types have the low-tension windings made up of tubes through which
the water circulates. Water-cooled transformers must not have
the supply of cooling water shut off for any length of time when
under normal load or they will overheat.

1.3



46 POWER STATIONS

One or more spare transformers should always be on hand and
they should be arranged so that they can be put into service on
very short notice.

Fig. 18. Three-Phase Air-Blast Transformers. Total Capacity, 3,000 Kw.

Three-phase transformers allow a considerable saving in floor
space, as shown by a comparison of the machines in Figs. 18 and

’
= =
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Fig. 19. Single-Phase Air-Blast Transformers. Total Capacity, 3,000 Kw.

19. They are cheaper than three separate transformers which make
up the same capacity, but they are not as flexible as a single-phase
transformer and one complete unit must be held for a reserve or

“spare’ transformer.
Storage Batteries. 'The use of storage batteries for central

stations and substations is clearly outlined in “Storage Batteries.”
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The chief points of advantage are:

1. Reduction in fuel consumption due to the generating machinery
being run at its greatest economy.

2. Better voltage regulation.

3. Increased reserve capacity and less lability to interruption of service.

The main disadvantage is the high first cost and depreciation.

SWITCHBOARDS

The switchboard is the most- vital part of the whole system of
supply, and should receive consideration as such. Its objects are: to
collect the energy as supplied by the generators and to direct it to
the desired feeders, either overhead or underground; to furnish a
support for the various measuring instruments connected in service,
as well as the safety devices for the protection of the generating ap-
paratus; and to control the pressure of the supply. Some of the
essential features of all switchboards are:

1. The apparatus and supports must be fire-proof.

2. The conducting parts must not overheat.

3. Parts must be easily accessible.

4. Live parts except for low potentials must not be placed on the front
of the operating panels.

5. The arrangement of circuits must be symmetrical and as simple
as it is convenient to make them.

6. Apparatus must be arranged so that it is impossible to make a wrong
connection that would lead to serious results.

7. It should be arranged so that extensions may be readily made.

There are two general types—in the first, all of the switching
and indicating apparatus is mounted directly on panels; and in the
second, the current-carrying parts are at some distance from the
panels, the switches being controlled by long connecting rods, or else
operated electrically or by means of compressed air. The first may
again be divided into direct-current and alternating-current switch-
boards. It is from the first class of apparatus that the switchboard
gets its name and the term is still applied, even when the board
proper forms the smallest part of the equipment. The term “switch-
gear” is now being introduced to cover all of the apparatus con-
nected with the switching operations and the term “switchboard” is
being reserved for the panels and their apparatus only. Switchboards
have been standardized to the extent that standard generator, ex-
citer, feeder, and motor panels may be purchased for certain classes
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of work, but the vast majority of them are made up as semi-standard
or special.

The leads which carry the current from the machines to the
switches should be put in with very careful consideration. Their
size should be such that they will not heat excessively when carry-
ing the rated overload of the machine, and they should preferably
be placed in fire-proof ducts, although low-potential leads do not
always require this construction. Curves showing sizes for lead-
covered cables for different currents are given in “Power Trans-
mission.”  Table XII gives standard sizes of wires and cables to-
gether with the thickness of insulation necessary for different voltages.
Cables should be kept separate as far as possible so that if a fault
does occur on one cable, neighboring conductors will not be injured.
For lamp and ‘instrument wiring, such as leads to potential and
current transformers, the following sizes of wire are recommended:
No. 16 or No. 14, wiring to lamp sockets.

No. 12 wire, &" rubber insulation, all other small wiring under 600 volts po-

tential.

No. 12, 3%” rubber insulation for primaries of potential transformers from

600 to 3,500 volts.

No. 8, 35" rubber insulation for primaries of potential transformers up to

6,600 volts.

No. 8, 7%” rubber insulation for primaries of potential transformers up to

10,000 volts.

No. 4, 1" rubber insulation for primaries of potential transformers up to

15,000 volts.

No. 4, 44" rubber insulation for primaries of potential transformers up to
. 20,000 volts.
No. 4, 13" rubber insulation for primaries of potential transformers up to

25,000 volts.

Where high-tension cables leave their metallic shields they
are liable to puncture, so that the sheath should be flared out at this
point and the insulation increased by the addition of compound.
Fig. 20 shows such cable bells, as they are called, as are recommended
by the General Flectric Company. Other tvpes of cable outlets are
introduced from time to time. A very excellent type makes use of
porcelain sleeve for each conductor at the point when it leaves the
lead sheath.

Panels. Central-station switchboards are usually constructed
of panels about 90 inches high, from 16 inches to 36 inches wide, and

% inches to 2 inches thick. Such panels are made of blue Vermont,
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TABLE XIil
Standard Wire
(Solid)
Anrsa  |DIAMETER [TERMIN AL | Amprris THICKNESS OF RUBBER INSULATION GavaE
Inches | DrRILLING Volts
i i Constant S =) g g |1g|2
erciulsar Bare N{?J{{,‘er Current | 2 | R |3 | S | S |S|2|B &S
Capacity | © o5 < - ~ | & |a
2,582 .051 30 4 16
4,106 .064 30 6 T 14
6,530 | .081 30 10 |& | & 12
16,510 | .128 18 25 | &l & & | & 8
26,251 | .162 5 0 | & 6
41,743 | 204 1 60 | & | & | & | & |8 |y 4
66,373 | 257 o 90 | & 2
83,695 .289 B 110 & 1
105,593 | .325 3 130 | & | & | &% |8 ([#y o
133,079 .365 w5 170 & 00
167,805 | .410 13 205 | & 000
211,600 | .460 1 250 | & | & | & | % | 3 |43 32 0000
Standard Cable
(Stranded)
c DIAMETER, TERMINAL Con. Cur. | THICKNESS OF RUBBER
"}&UL"R INCHES DRILLING CAPACITY INSULATION
MiLs BARE INCHES AMPERES (For 6000 V. only)
250,000 .568 3 290 &
300,000 637 23 240 =
350,000 680 2 380 =
400,000 735 13 420 Fo3
500,000 820 2 500 &
600,000 .900 1 575 &
800,000 1.037 13 710 o
1,000,000 1.157 1} 830 o
1,500,000 1.412 14 1100 i
2,000,000 1.65 12 1350 1

pink Tennessee, or white Italian marble, or of black enameled or
oiled slate. Slate is not recommended for voltages exceeding 1,100.
The panels are made in two or three parts. When made in two parts,
the sub-base is from 24 to 28 inches high. They are polished on the
front and the edges are beveled. Angle and tee bars or pipe work,
‘together with foot irons and tie rods, form the supports for such
panels, and-on these panels are mounted the instruments, main
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switches, or controlling apparatus for the main switches, as the case
may be, together with relays and hand wheels for rheostats and
regulators.

The usual arrangement of the panels is to have a separate
panel for each generator, exciter, and feeder, together with what is
known as a station or total-
output panel. In order to
facilitate extensions and
simplify  connections, -the T
feeder panels are located — B&REAKER
at one end of the board, the a/?F/Ew
generator panels are placed
at the other end, and the amwzr7zz L J)
total-output panel occupies TRET -
a position between the two. 2l
The main bus bars extend
throughout the length of VOLTMETER |
the generator and feeder
panels, and the desired con- T GENFRATOR
nections are readily made. pi; 51 Wiring Disgram of D. C. Generator Parel
The instruments required _
are very numerous. Lists of meters required for standard practice
and regular panels are given later.

For direct-current generator panels or for the direct-current side
of synchronous converters, two-wire system, there are usually required:

LQUALIZER

LISCHARGE
RESISTANCE

FRAEOSTAT

—

1 Main switch

1 Field switch

1 Ammeter

1 Voltmeter

1 Tield rheostat with controlling mechanism

1 Circuit breaker

1 4-point starting switch (for use when machine is to be started as a

direct-current motor).

Bus bars and various connections.

These may be arranged in any suitable order, the circuit breaker
being preferably located at the top so that any arcing which may
occur will not injure other instruments. Fig. 21 gives a wiring dia-
gram of such a panel.

The main switch may be a single- or a double-throw, depending on

whether one or two sets of bus bars are used. It may be a triple-
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pole, as shown in Fig. 21, in which the middle bar serves as the equal-
izing switch, or the equalizing switch may be mounted on a pedestal
near the machine, in which case the generator switch would be
double-pole.

The field switch for large machines should be double-pole fitted
with carbon breaks and arranged with a discharge resistance con-
sisting of a- resistance which is thrown across the terminals of the

Fig. 22. Carbon Break Circuit Breaker

field just before the main circuit is opened. One voltmeter located
on a swinging bracket at the end of the panel, and arranged so that
it can be thrown across any machine or across the bus bars by means
of a dial switch, is sometimes used, but it is preferable to have a sep-~
arate meter for each generator.
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Small rheostats are mounted on the back of the panel, but
large ones are chain-operated and preferably located below the floor,
the controlling hand wheel being mounted on the panel.

The circuit breaker may be of the carbon break or the niagnetic
blow-out type. Figs. 22 and 23 show circuit breakers of these types.
Lighting panels for low potentials are often fitted with fuses instead of
circuit breakers, in which case they may be open fuses on the back

GENERA}:
ELECTRIC COMPANY
SCHENECTADY, N USA
“ClACUIT < PATENTED
BREAKER & B AUG.I4-83

APR.S-83
FORM %x“ MAY 5-9)

g b
2 AMPERES BN T0 MM 2 29-95
NUMBER seres | . AUG B85

Fig. 23.  Magnetic Blow-Out Circuit Breaker

of the panel or enclosed fuses on either the front or back of the
panel.

A panel for a direct-current generator or a synchronous converter
for a 3-wire system should contain:

2 Ammeters.
2 Circuit breakers. Fuses used on small generators.
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3 Single-pole switches, double-throw if there are two sets of bus bars. For
a three-wire generator or a synchronous converter two single-pole or one
double-pole switch may be used, in which case the neutral wire is not
brought to the switchboard.

2 Hand-wheels for the field rheostats. But one required if a three-wire gen-
erator is used but the two are necessary if the three-wire system is ob-
tained by the use of two generators or a balancer set.

2 Tield switches. But one is required for a three-wire generator or synchronous
converter.

1 Four-point starting switch. Required only when the machine is to be
started as a direct-current motor at times.

2 Potential receptacles, four-point, used in connection with a voltmeter,
usually mounted on a swinging bracket. Only one is required for the
three-wire generator or the synchronous converter.

An alternating-current generator or a synchronous motor panel
for a three-phase, three-wire system will require:

3 Ammeters. Only one required for a single-phase panel or for a synchronous
motor.

Three-phase indicating wattmeter.

1 Voltmeter.

8point potential receptacle used to connect the above voltmeter across
any phase. Not necessary for the synchronous motor.

Field ammeter. Convenient but not always necessary.

Double-pole field switch with discharge clips.

Hand-wheel for field rheostat.

Synchronizing receptacle. :

Triple-pole oil switch, usually non-automatic for generators but automatic
for motors. This may be single- or double-throw, depending upon the
bus bar arrangements.

Synchronizer. A single instrument may serve for soveral machines.

Current transformers.

Potential transformers. Only one necessary for motor.

Power Factor indicator. Not always necessary.

Governor control switch. Not always nccessary.

—

—

R

— = DD BN

Where the switches are of the remote control type, the control
switches or the operating handles are mounted on the panel.
A three-phase induction-motor panel should contain:
1 Ammeter.
1 Automatic oil switch, preferably operated by mecans of an inverse time-
limit relay. :
The starting compensator used with induction motors is usually mounted
independently of the switchboard panel.
The instruments used on a synchronous converter panel, alternat-
ing-current control, are:
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Ammeter.

Synchronizing receptacle.

Oil-switch, automatic.

Potential transformer.

Current transformers. .

Switch for control of regulator where a regulator is used and operated by
means of a small motor.

— DN e b

A three-phase feeder panel requires:

Ammeters. Insome cases only one is necessary.

Automatic oil switch.

Current transformers.

Potential Transformer. Not always needed.

Voltmeter. Not always needed.

Hand-wheel for control of regulator where a regulator is used.
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Fig. 24. Standard Switchboard. Panel

Direct-Current feeder panels contain:

1 Ammeter. Two are required for a 3-wire feeder.

1 Circuit breaker, single-pole. Two are required for a 3-wire feeder.

1 or more main switches, single-pole or double-pole, and single- or double-
throw, depending upon the number of bus bars.

1 Recording wattmeter, not always used.

1 Potential receptacle. )

Apparatus for controlling regulators when such are used.

One voltmeter usually serves for several feeder panels, such a
meter being mounted above the panels or on a swinging bracket
at the end. Switches should preferably be of the quick-break type.
Figs. 24 and 25 show some standard switchboard panels as manu-
factured by the General Electric Company.
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Exciter panels are nothing more than generator panels on a
small scale. The necessary instruments for a panel controlling one
exciter are:

1 Ammeter.

1 Field rheostat.

1 Voltmeter.

1 3-pole switch with fuses.

1 4-point potential receptacle.

1 Equalizing rheostat. This is necessary only where a Tirrill regulator is used
and more than one exciter is operated on the same set of excitation buses.
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Fig. 25. Standard Switehboard Panel

Total Qutput Panels contain instruments recording the total
power delivered by the plant to the switchboard. The paralleling
of alternators is treated in ‘“Management of Dynamo Electric Ma-
chinery.”

For the higher voltages on alternating-current boards, the meas-
uring instruments are no longer connected directly in the cireuit,
and the main switch is not mounted directly on the panel. Current
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and potential transformers, as called for in the lists given in connec-
tion with the different panels, are used for connecting to the indi-
cating voltmeters and the ammeters and the recording wattmeters,
and potential transformers are used for the synchronizing device.

Fig. 26. Three-Phase Oil Switeh with Oil Container Removed

These transformers arec mounted at some distance from the panel,
while the switches may be located near the panel and operated by a
system of levers, or they may be located at a considerable distance
and operated by electricity or by compressed air.

0il Switches. Oil switches are recommended for all high po-
tential work for the following reasons:

By their use it is possible to open circuits of higher potential and carry-
ing greater currents than with any other type of switch.
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They may be made quite compact.

They may readily be made automatic and thus serve as circuit breakers
for the protection of machines and circuits when overloaded.

There are several types of oil switches on the market. A switch
" constructed for three-phase work, to be closed by hand and to be

Fig, 27. Threc-Phase Oil Switch with Oil Container in Place

electrically tripped or opened by hand, is shown in Fig. 26. This
shows the switch without the can containing the oil. Fig. 27 shows
a similar switch hand-operated, with the can in place. Both of
these switches are arranged to be mounted on the panel. Fig. 23
shows how the same switches are mounted when placed at some dis-
tance from the panel. For high voltages, they are placed in brick
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Fig. 28. Four Arrangements of Oil Switch when Mounted at Some Distance from
the Panel

69




60 POWER STATIONS

cells and often three separate single-pole switches are used, each
placed in a separate cell so that injury to the contacts in one leg will in
no way affect the other parts of the switch. A form of oil switch
used for the higher potentials and currents met with in practice,
is shown in Fig. 29. This particular switch is operated by
means of an electric motor, though it may as readily be arranged to
operate by means of a solenoid or by compressed air. General
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Fig. 29. Form of Qil Switch for High Potentials

practice is to place all high-tension bus bars and circuits in separate
compartments formed by brick or cement, and duplicate bus bars
are quite common.

Oil switches are made automatic by means of tripping mag-
nets, which are connected in the secondary circuits of current trans-
formers, or they may be operated by means of relays fed from the
secondaries of current transformers in the main leads. Such relays
are made very compact and can be mounted on the front or back
of the switchboard panels. The wiring of such tripping devices is
shown in Fig. 30.
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With remote control of switches, the switchboard becomes in
many instances more properly a switch house, a separate build-

ing being devoted to the bus bars,
switches and connections. In
other cases a framework of angle
bars or gas pipe is made for the
support of the switches, bus bars,
current and potential transform-
ers, etc.  The supports for the
controlling switches are some-
times mounted in a nearly hori-
zontal position, forming the bench
type of control board.

Additional types of panels
which may be mentioned are
transformer panels, usually con-
taining switching apparatus only,
and arc-board panels. The latter
are arranged to operate with plug
switches. A single panel used in
the operation of series transform-
ers on arc-lighting circuits is
shown in Fig. 31.

Safety Devices. In addition
to the ordinary overload tripping
devices which have already been
considered, various
safety devices necessary in con-
nection with the operation of cen-
tral stations. One of the most
important of these is the light-
ning arrester.  For direct-current
work, the lightning arrester often
takes the form of a single gap con-
nected in series with a high resist-
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Tig. 30. Wiring Diagram for Tripping

Devices

ance and fitted with some device for destroying the arc formed by

discharge to the ground.

One of these is connected between either

side of the circuit and the ground, as shown diagrammatically in
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62 POWER STATIONS

Fig. 32. A “kicking” coil is connected in circuit between the ar-
resters and the machine to be protected, to aid in forcing the lightning
discharge across the gap. In railway feeder panels such kicking
coils are mounted on the backs of the panels.

Fig. 31. Single Panel for Series Transformers in Arc-Lighting Circuits

For alternating-current work, several gaps may be arranged in
series, these gaps being formed between cylinders of ‘“‘non-arcing”
metal. High resistances and reactance coils are used with these,
as in direct-current arresters. Fig. 33 shows connections for a 10,000-
volt lightning arrester. The resistance used in connection with
lightning arresters are of special design and non-inductive. In recent
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types these resistances are connected in shunt to the gaps as shown in
Fig. 34.  Lightning arresters should always be provided with
knife blade switches so that they can be disconnected from the cir-
cuit for inspection and repairs. A typical installation of lightning
arresters is shown in Ifig. 35.

Lonnections for. Series Arc Lighting Circuits, up to 6000 Volts.
FEACTANCE COIL
GLNERATORS ‘I

2
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850 Volrs. (Ierotlic Circuits)

REACTANGE CorL
GENERA Ta/?ﬂ
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i —{ 3
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| AESISTANCE o :
wa-wr con 4
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FLACTANCE COX
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= e

O | Commposed of 25 7r.

of Conducror Wound
wn o Coil of Two or
HrMore Turrs as Cor:
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HA A

Fig. 32. Lightning-Arrester Diagrams of D. C. Work

In place of a series of gaps a single gap with terminals made in
the form of horns is employed in some cases for lightning protection.
Such an arrester is known.as a horn gap, or horn arrester. The gap
is connected between the line and the ground and when the po-
tential strain becomes great enough the gap is broken down. The
arc formed by the machine current after the gap is broken down

——
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REACTA
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Fig. 33. Connections for 10,000-Volt Lizhtning Arrester
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LOW RESISTANCE =
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Fig. 34. Non-Inductive Resistances in Shunt with
Lightning Arrester
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66 POWER STATIONS

rises and lengthens until it can no longer be maintained by the gen-
erator or generators in service. The horn arrester as applied to series
lighting cireuits is shown in Fig. 36. A series resistance, shown in
the lower part of the figure, is used with this particular arrester.
The most recent develop-
ment in the way of light-
ning protection is the intro-
duction of the aluminum
cell arrester. The elemen-
tary cell consists of two
aluminum plates, on which
a film of aluminum hydrox-
ide is formed, and which
are immersed in a suitable
electrolyte. The peculiar
property of such a cell
Fig. 36. ““Horn" Lightning Arrester which makes it useful as
a lightning arrester is that
it has a high resistance up to a certain potential impressed upon
it but when a critical value of voltage is reached, the resistance be-
comes very low. The critical voltage for a single unit for alternating
current is between 335 and 360 volts, and such a cell may be con-
nected to a 300-volt circuit with only a very small current flow.
For higher voltages, a number of cells are connected in series and
a horn gap is inserted between the arrester and the line wire. The
gap prevents any flow of current unless the arrester is brought into
action by the discharge of excess line potential, in which case the
aluminum cells offer a path of low resistance for the discharge of
potential so long as the voltage is in excess of the critical voltage,
but the machine or line potential, which is below the eritical voltage
of the arrester, cannot force enough current through the arrester
circuit to maintain the arc at the gap. There is some dissolution
of the film of hydroxide if the cell is left standing and not connected
to the circuit, but it is readily formed again when the circuit is made.
Arresters using a gap should have the gap closed for a short in-
terval daily in order to insure a proper film on the aluminum plates.
Views of the aluminum arrester are shown in Figs. 37 and 38.
Reverse-current relays are installed when machines or lines
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are operated in parallel. If two or more alternators are running and
connected to the same set of bus bars, and one of these should fail
to generate voltage by the opening of the field circuit, or some other
cause, the other machine would feed into this generator and might
cause considerable damage before the current flowing would be
sufficient to operate the circuit breaker by means of the overload trip
coils. To avoid this, reverse-current relays are used. They are so

Fig. 37. [Installation of Aluminum Lightning Arrester for 35,000 Volts

arranged as to operate at, say 1 the normal current of the machine or
line, but to operate only when the power is being delivered in the
wrong direction.

Speed-limit devices are used on both engines and rotary con-
verters to prevent racing in the one case and running away in the
second. Such devices act on the steam supply of engines and on
the direct-current circuit breakers of rotary converters, respectively.

Complete wiring diagrams for standard switchboards are shown
in Figs. 39 and 40.
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SUBSTATIONS .

Substations are for the purpose of transforming the high poten-
tials down to such potentials as can be used on motors or lamps,
and in many cases to convert alternating current into direct current.

- Step-down transformers do not differ in

L) . any respect from step-up transformers.

LI Gl : Fither motor-generator sets or rotary
converters may be used to change from
alternating to direct current. The for-

TOHORN CAP —

O/l . . o
mer consist of synchronous or induction

COPPER
CONNECTOR . .
Fer motors, direct connected to direct-current
INSULATION | HH
ruEE —4 generators, mounted on the same bed-
WOODEN
- 539 plate. The generator may be shunt or
o/ —— b Qa 1 r
[t compound wound, as desired. Rotary
?;‘;}%é% or synchronous converters are direct-
AL M current generators, though specially de-
COMPLETE — . .
ceppenne. signed; and they are fitted with collector
P rings attached to the windingat definite

ge points. The alternating current is fed
Fig. 38. Cross-Section of into these rings and the machine runs
Aluminum Arrester as a synchronous motor, while direct
current is delivered at the commutator end. There is a fixed re-
lation between the voltage applied to the alternating-current side
and the direct-current voltage, which depends on the shape of the
wave form, losses in the armature, pole pitch of the machine, method
of connection, etc. The generally accepted values are given in
Table XIII.

The increase of capacity of six-phase machines over other
machines of the same size is given in Table XIV.

This increase is due to the fact that, with a greater number of
phases, less of the winding is traversed by the current which passes
through the converter. The saving by increasing the number of
phases beyond six is but slight and the system becomes too complex.
Rotary converters may be over-compounded by the addition of
series fields, provided the reactance in the alternating circuits be
of a proper value. It is customary ‘to insert reactance coils in the
leads from the low-tension side of the step-down transformers to the
collector rings to bring the total reactance to a value which will insure
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POWER STATIONS 71

TABLE XIII'
Full Load Ratios
CURRENT ‘ POTENTIAL
Per Cent

Continuous 100
Two-phase (550 volts 72.5

and Six-phase 5250 volts 73

(diametrical) \ 125 volts 73.5
Three-phase 550 volts 62

and Six-phase § 250 volts 62

(Y or delta) 125 volts 63

the desired compounding. Again, the voltage may be controlled
by means of induction regulators placed in the alternating-current
leads. '

Two other- methods of potential regulation for synchronous
converters are in use. In the first of these methods a series gener-
ator is used, this generator consisting of a polyphase armature at-
tached to the rotary converter shaft and revolving in a separate
field. The phases of this armature are connected between the col-
lector rings of the machine and the taps to the converter armature,
and the voltage impressed upon the converter taps amounts to the
line voltage plus or minus the potential developed in the regulating
armature. DBy means of a suitable field rheostat for the regulating
field, any ordinary range of direct current at the brushes of the con-
verter can be obtained with a constant voltage of alternating-current
supply. Fig. 41 shows a converter equipped with this regulating
device.

In the regulating-pole converter each pole of the machine is
made up of two parts, the main pole and the regulating pole. By

TABLE X1V
Capacity Ratios
Continuous-current generator 100
Single-phase converter 85
Two-phase converter 164
Three-phase converter 134
Six-phase converter 196
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72 POWER STATIONS .

varying the excitation of the regulating pole the ratio of conversion
between the alternating-current voltage and the direct-current
voltage can be changed through a considerable range—a sufficient
range to cover the requirements ordinarily required in practice.
Fig. 42 shows a view of a regulating pole converter. Motor-gen-
erators are more costly and occupy more space than rotary con-
verters but the regulation of the voltage is much better and they
are to be preferred for lighting purposes.

BUILDINGS

The power station usually has a building devoted entirely to
this work, while the substations, if small, are often made a part of

Fig. 41. Rotary Converter Equipped with Regulating Generator

other buildings. While the detail of design and construction of the
buildings for power plants belongs primarily to the architect, it is
the duty of the electrical engineer to arrange the machinery to the
best advantage, and he should always be consulted in regard to the
general plans, at least, as this may save much time and expense in
the way of necessary modifications. © The general arrangement of
the machinery will be taken up later, but a few points in connection
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with the construction of the buildings and foundations will be con-
sidered here. _ '

Space must be provided for the boilers—this may be a sepa-
rate building—engine and dynamo room, general and private offices,
store rooms and repair shops. Very careful consideration should
be given to each of these departments. The boiler room should be
parallel with the engine room, so as to reduce the necessary amount
of steam piping to a minimum, and if both rooms are in the same
building a brick wall should separate the two, no openings which
would allow dirt to come from the boiler room to the engine room
being allowed. The height of both boiler and engine rooms should

Fig. 42. Regulating-Pole Rotary Converter

be such as to allow ample headway for lifting machinery and space
for placing and repairing boilers, while provision should be made for
extending these rooms in at least one direction. Both engine and
hoiler rooms should be fitted with proper traveling cranes to fa-
cilitate the handling of the units. In some cases the engines and
dynamos occupy separate rooms, but this is not general prac-
tice. Ample light is necessary, especially in the engine rooms. The
size of the offices, store rooms, etc., will depend entirely on local
conditions.
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74 POWER STATIONS

TABLE XV

Thickness of Walls for Power Plants

WIDTH OF -

BuiLpiNGg | HEIGHT Firsr Secrion Sgconp SEcrioN Trirp SECTION
CLEAR OF

BETWEEN WaLL q . R q g .
WALLS Height | Thickness Height | Thickness | Height |Thickness

25feet | 40feet | 40feet |12 inches| -

25 feet [40-60 feet| 40 feet |16 inches| To top |12 inches
25 feet 60-75 feet| 25feet |20 inches| To top |16 inches
25 feet [75-85 feet| 20feet |24 inches| 20-60 ft. |20 inches| To top |16 inches
25 feet [85-100 ft. 25feet |28 inches| 25-50 1t.]24 inches!50-75 feet| 20 inches

Note. With clear space exceeding 25 feet the walls should be made 4
inches thicker for each 10 feet or fraction thereof in excess of 25 feet. For
buildings greater than 100 feet in height, ¢ach additional 25 feet or fraction
thereof next above the curb shall be increased 4 inches in thickness.

Foundations. The foundations for both the walls and the ma-
‘chinery must be of the very best. It is well to excavate the entire
space under the engine room: to a depth of eight to ten feet so as to
form a basement, while in most cases the excavations must be made
to a greater depth for the walls. TFoundation trenches are sometimes
filled with concrete to a depth sufficient to form a good underfoot-
ing. The area of the foundation footing should be great enough
to keep the pressure within a safe limit for the quality of the soil.
The walls themselves may be of wood, brick, stone, or concrete.
Wood is used for very small stations only, while brick may be used
alone or in conjunction with steel framing, the latter construction
being used to a considerable extent. If brick alone is used, the walls
should never be less than twelve inches thick, and eighteen to twenty
inches is better for large buildings. They must be amply reinforced
with pilasters. Stone is used only for the most expensive stations.

Table XV, which is taken from the -New York Building Laws,
may serve as a guide to the thickness of walls for power plants.
The interior of the walls is formed of glazed brick, when the expense
of such construction is warranted. In fireproof construction, which
is always desirable for power stations, the roofs are supported by
steel trusses and take a great variety of forms. Fig. 43 shows what
has beer recommended as standard coastruction for lighting stations,
showing both brick and wood construction. The floors of the engine
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POWER STATIONS 75

room_should bhexmade of some material which will not form grit or
dust. Hard tile, unglazed, set in cement or wood floors, is desirable.
Storage battery rooms should be separate from all others and should
have their interior lined with some material which will not be affected
by the acid fumes. The best of ventilation is desirable for all parts
of the station, but is of particular importance in the dynamo room
if the machines are being heavily loaded. Substation construction
does not differ from that of central stations when a separate build-
ing is erected. They should be fireproof if possible.

The foundations for machinery should be entirely separate
from those of the building. Not only must the foundations be
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Fig. 43. Standard Construction for Lighting Station. Brick and Wood Construction

stable, but in some locations it is particularly desirable that no
.vibrations be transmitted to adjoining rooms and buildings. A
loose or sandy soil does not transmit such vibrations readily, but
firm earth or rock transmits them almost perfectly. Sand, wool,
hair, felt, mineral wool, and asphaltum concrete are some of the
materials used to prevent this. The excavation for the foundation is
made from 2 to 3 feet deeper and 2 to 3 feet wider on all sides than
the foundation, and the sand, or whatever material is used, occupies
this extra space.
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Brick, stone, or concrete is used for building up the greater
part of machinery foundations, the machines being held in place
by means of bolts fastened in masonry. A template, giving the
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Fig. 46. Foundation for Rotary Converter

location of all bolts to be used in holding the machine in place,
should be furnished, and the bolts may he run inside of iron pipes
with an internal diameter a little greater than the diameter of the
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Fig. 47. Diagram of Simple Arrange- Fig. 48.

Diagram of Arrangement of
ment of Belted Machines

AMachines Using Jack Shaft

bolt. This allows some play to the bolt and is convenient for the
final alighment of the machine. Fig. 44 gives an idea of this con-
struction. The brickwork should consist of hard-burned brick of
the best quality, and should be laid in cement mortar. It is well
to fit brick or concrete foundations with a stone cap, forming a
level surface on which to set the machinery, though this is not neces-
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sary. Generators are sometimes mounted on wood bases to furnish
insulation for the frame. Tig. 45 shows the foundation for a 150-
kw. generator, while Fig. 46 shows the foundation for a rotary
converter. .

Station Arrangement. A few points have already been noted
in regard to station arrangement, but the importance of the sub-
) ject demands a little further consider-
ation. Station arrangement depends
chiefly upon two facts—the location and
the machinery to be installed. TUn-
doubtedly the best arrangement.is with

DYNAMO

z all of the machinery on one floor with,
perhaps, the operating switchboard
- mounted on a gallery so that the at-

tendants may have a clear view of«all -
Fig. 49. ‘Diagram of Double Deck  the machines. Iig. 47 shows the sim-
plest arrangement of a plant using
belted machines. Fig. 48 shows an arrangement of units where a
jack shaft is used. Direct-current machines should be placed so
that the brushes and commutators are easily accessible and the
switchboard should be placed so
s as not to be liable to accidents,
1= such as the breaking of a belt or
a flywheel.
- . When the cost of real estate
%_ | %_, i prohibits the placing of all of the
1  machinery on one floor, the en-
gines may be placed on the first
— floor and belted to generators on
% E%M t the second floor, Fig. 49. It is
always desirable to have the en-
gines on the main floor, as they
BOILER HOUSE ENGINE ROOM cause considerable vibration when
Fig. 50. gi)z:ir:cr?egfgé?gon Using Direct- not m(funted o1l th.e best .Of
foundations. The boilers, while
heavy, do not cause such vibration and they may be placed on the
second or third floor.  Belts should not be run vertically, as they

must be stretched too tightly to prevent slipping.
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Fig. 50 shows a large station using direct-connected units, while
Figs. 51 and 52 show the arrangement of the turbine plant of the
Boston Edison Electric Illuminating Company. This station will
contain twelve large turbine units when completed. Note the arrange-
mentof boilers when several units are required for a single prime mover.

The use of the steam turbine has led to the introduction of a
type of station known as a double-deck power plant and used in some
instances where it is desirable to save space. In this type of sta-
tion the boilers are placed on the ground floor and the turbines,
which are of the horizontal type, are placed on a second floor directly -
above the boilers. Since there is but little vibration to the turbines
and only light foundations are necessary, this construction may be
readily carried out. Fig. 53 shows the general arrangement of
such a plant. The use of a separate room or building for the cables,
switches, and operating boards is becoming quite common for high-
tension generating plants. The remarkable saving in floor space
brought about by the turbine is readily seen from Ifig. 54. The total
floor space occupied by the 5,000 kw. units of the Boston station
is 2.64 square feet per kw. This includes boilers—of which there
are eight, each 512 h. p. for each unit—turbines, generators, switches,
and all auxiliary apparatus.  For the 10,000 and 15,000 kw. turbine
sets now coming into use, this figure is still further reduced.

When transformers are used for raising the.voltage, they may
be placed in a separate- building, as is the case at Niagara Falls, or
the transformers may be located in some part of the dynamo room,
preferably in a line parallel to the generators.

Fig. 55 shows the arrangement of units in a hydraulic plant.
Fig. 56 is a good example of the practice in substation arrange-
ment. The switchboard is at one end of the room, while the
rotary converters and transformers are along either side.

Large cable vaults are installed at the stations operating on
underground systems, the separate ducts being spread out, and sheet-
iron partitions erected to prevent damage being done to cables which
were not originally defective, by a short circuit [in any one feeder.

Station Records. In order to accurately determine the cost of
generating power and to check up on uneconomical or improper
methods of operation and lead to their improvement, accurately-
kept station records are of the utmost importance. Such records .
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82 POWER STATIONS

should consist of switchboard records, engine-room records, boiler-
room records, and distributing-system records. Such records a.-
curately kept and properly plotted in the form of curves, serve ad-
mirably for the comparison of station operations from day to day
and for the same periods for different years. It pays to keep these
records even when additional clerical force must be employed.
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Fig. 53. Double-Deck Turbine Plant

In some states stations furitishing light or power to the public
are required to make annual reports and the system of reeords, ac-
counting, and form of report are all prescribed by the state.

Switchboard records consist, in alternating stations, of daily
readings of feeder, recording wattmeters, and total recording watt-
meter, together with voltmeter and ammeter readings at intervals

.
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POWER STATIONS 83

of about 15 minutes, in some cases, to check upon the average
power factor and determine the general form of the load curve.
For direct-current lighting systems, volt and ampere readings serve
to give the true output of the stations, and curves are readily plotted
from these readings. The voltage should be recorded for the bus
bars as well as for the centers of distribution.
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Fig. 54.  Space Occupied by Turbo-Alternator Compared with that of Generator and
Reciprocating Engine of Same Capacity

Indicator diagrams should be taken from the engines at fre-
quent intervals for the purpose of determining the operation of
the valves. Engine-room records include labor; use of waste, oil,
and supplies; as well as all repairs made on engines, dynamos and
auxiliaries.

Boiler-room records include labor and repairs, amount of coal
used which amount may be kept in detail if desirable, amount
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84 POWER STATIONS

of water used, together with steam-gauge record and periodical
analysis of flue gases as a check on the methods of firing.
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Fig. 55.

Records for the distributing system include labor and ma-
terial used for the lines and substations. IFor multiple-wire systems,
frequent readings of the current in the different feeders will serve as a
check on the balance of the load.
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POWER STATIONS 85

The cost of gencrating power varies greatly with the rate at
which it is produced as well as upon local conditions. Station-
operating expenses include cost of fuel, water, waste, oll, ete., cost
of repairs, labor, and superintendence. Fixed charges include
insurance, taxes, interest on investment, depreéiation, and general
office expenses. Total expenuses divided by total kilowatt-hours gives

Fig. 56. A Good Arrangement of Apparatus for Substation

the cost of generation of a kilowatt-hour. The cost of distributing a
kilowatt hour may be determined in a similar manner. The rate
of depreciation of apparatus differs greatly with different machines,
but the following figures may be taken as average values, these fig-
ures representing percentage of first cost to be charged up each year:

Fireproof buildings from 2 to 3 per cent.

Frame buildings from 5 to 8 per cent.

Dynamos from 2 to 4 per cent,

Prime movers from 2} to 5 per cent.

Boilers from 4 to 5 per cent.

Overhead lines, best construeted, 5 to 10 per cent.
More poorly constructed lines 20 to 30 per cent.
Badly constructed lines 40 to 60 per cent.
Underground conduits 2 per cent,

I.ead covered cables 2 per cent.
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86 POWER STATIONS

Methods of Charging for Power. “There are four methods
used for charging consumers for electrical energy, namely, the flat-
rate, or contract, system, the meter system, the two-rate meter system, ’
and a system by which each customer pays a Sixed amount depending
on the maximum demand and in addition pays at a reasonable rate for
the power actually used.

In the flat-rate system, each customer pays a certain amount a
year for service, this amount being based on the estimated amount
of power to be used. These rates vary, depending on the hours of
the day during which the power is to be used, being greatest if the
energy is to be used during peak hours. It is an unsatisfactory method
for lighting service, as many customers are liable to take advantage
of the company, burning more lights than contracted for and at
different hours, while the honest customer must pay a higher rate
than is reasonable in order to make the station operation profitable.
This method serves much better when the power is used for driving
motors, and is used largely for this class of service.

The simple meter method of charging serves the purpose bet-
ter for lighting, but the rate here is the same no matter what hour
of the day the current is used. Obviously, since machinery is in-
stalled to carry the peak of the load, any power used at this time
tends to increase the capital outlay from the plant, and users should
be required to pay more for the power at such times. The meter
system is often employed with a sliding scale or rate, the rate charged
per kw.-hour depending upon the amount of electrical energy used.

The two-rate meter accomplishes this purpose to a certain
extent. The meters are arranged so that they record at two rates,
the higher rate being used during the hours of heavy load.

There are several methods of carrving out the fourth scheme.
In the Brighton System a fixed charge is made each month, de-
pending on the maximum demand for power during the previous
month, a regular schedule of such charges being made out, based
on the cost of the plant. An integrating wattmeter is used to re-
cord the energy consumed, while a so-called “demand meter” records
the maximum rate of demand.
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A QUARTER CENTURY OF AMERICAN CENTRAL
STATION ENGINEERING.

Perhaps few of the younger generation engaged in the vari-
ous branches of electrical work realize that the central-station
industry, so large and permanent an institution of our present
civie life, is barely a quarter of a century old. Marvelous, indeed,
has been the progress of this industry, and its wheels of invention
and development are stilling whirling rapidly on. No engineer
who values his reputation would venture to prophesy what the
next quarter-century will bring us.

Twenty-five years ago the commercial electric lamp was
unknown. To-day there are in service in the United States alone
g of the
tens of thousands of arc lamps and the few hundred thousana
horse-power in electric motors. To-day nearly every city of any
importance in America has an electric plant farnishing light and
power to its citizens. Magnificent stations have sprung up in our
large cities, representing millions of dollars in investment; and
electricity is being distributed to nearly every corner of thosu
cities. It may be of interest, then, to look back over the history
of this industry, and see some of the steps by which it reached its
present splendi'd growth.

In all the world’s history of industrial progress, perhaps no
chapter is more full of scientific and heroic romance than that
dealing with the birth of the electric-light industry. To the
‘youth of to-day no story could give greater inspiration than that
of the men who were the leading figures—the great minds and the
energetic workers—during the early days of central-station devel-
opment. These men contributed as much toward the nation’s
growth as did our warriors and our statesmen. Most of them are
still with us, and are still active in solving engineering problems.
It was the good fortune of tho readers of the Electrical World
and Engincer to see, in its recent thirtieth anniversary issue,
some interesting reminiscences of these early workers, and thus
have bronght home to them the youthful age of the industry. It

nearly twenty million incandescent lamps, to say nothin
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2 A QUARTER CENTURY OF

is not the purpose of this paper, however, to relate biography, but
rather to treat of the more prosaic subject of the growth of the
central station from its small beginnings to the magniﬁcent pro-
portions of to-day.

BRUSH ARC SYSTEM.

In 1879, there was erected in Cleveland, Ohio, a series-arc
system designed by Charles F. Brush. The dynamo furnishing
current for these lamps had been built by Brush during the pre-
ceding year. The electric arc itself had been discovered by Sir
Iumphry Davy in London about the year 1802, the source of
current for his lamp being a battery of several thousand cells, As
the dynamo had not at that time come into existence, the commer-
cial importance of the discovery was not then apparent.

From this first system of Brush’s, dates the history of com-
mercial electric lighting in America.  As stated, the lamps of this
system were all connected in series, so that the same current
passed through all of them. With many lamps on the circuit
this required a fairly high voltage. The efforts of many investi-
gators were then directed toward developing an incandescent lamp
for these circuits so that the lights could be used indoors where
the arc lamps would be too brilliant. In order to obtain a lamp
requiring only a low voltage, which is a desirable feature in series
connection, a lamp of low resistance is necessary.

EDISON CONSTANT-POTENTIAL SYSTE.

The master mind of Thomas Edison soon saw that a series
system witli high voltage on each ‘line would never become com-
mercially successful for ‘general house lighting; therefore he set
about to design a system which should properly meet the required
conditions. On February 5, 1880, he patented a coustant-potential
system counsisting of feeders and mains, with the load connected in
parallel, or multiple are, between the two wires forming the posi-
tive and the negative conductors, as shown in Fig. 1. How well
this succeeded is evidenced by the present almost universal use of
this system of connection. Obviously, a low-resistance lamp
would not do on a constant-potential circuit; Edison, therefore,
first developed a high-resistance lamp. His success in this is well
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CENTRAL-STATION ENGINEERING . 3

known. Ilis patent for the lamp is dated November 4, 1879. In
December of that year he had a nwmber of these lamps on exhibi-
tion at his laboratory in Menlo Park, and the following year he
equipped his house and grounds with the lamps. The newspapers
of the time were filled with accounts of what the «Wizard of
Menlo Park” had accomplished, and visitors flocked to the town
in great numbers to see the lights.

The first Edison plant for the public supply of current was
located at Appleton, Wisconsin, where in 1881, was installed one
of the first of the lanky bipolar dynamos, connected by a belt to a
water wheel in a little wooden shed. The first central station for

LIGHTS %L _

MAN [ ] i
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general distribution of current to incandescent lamps was started
January 12, 1882, at Ilolborn Viaduct in London, England. The
second and the third Jumbo ‘dynamos (so named because of their
bulk), built by Edison in America, furnished the current for this
system. They weighed twenty-three tons each, and had a com-
bined capacity of 3,000 lights. The first of these machines built
by Edison was sent to the Paris Exposition of 1881. By October,
1882, the Edison Manufacturing Company had installed in all
123 plants, with a total of about 22,000 lamps.

The Edison Tube. During this time Edison’s attention had
been directed toward laying out a system for the city of New York.
In such a city it was desirable to have the system underground.
Accordingly, the Edison tube was designed. This consisted of
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4 A QUARTER CENTURY OF

two half-round copper bars laid in iron pipe in lengths of about
twenty feet, and insulated by means of a tar compound  While
there are still many miles of these tubes giving good service, all
new underground work has for some years been done with lead-
govered cables drawn into ducts laid in the streets, the connections

‘being made in manholes. Fig. 2 shows a duct system made of
cement-lined iron pipe laid in a bed of concrete.

Three-Wire Direct-Current System. Late in 1882, Edison
made a series of experiments with a view toward a more economical
distribution system, and he then devised the “well.- known three-wire
system, in which two generators are connected in series, and a
conductor is connected to their junction, and run out into the
system as the neutral wire. This is illustrated in Fig. 3. By con-
necting the lights so that the load on the two sides of the system is
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CENTRAL-STATION ENGINEERING - 5 -

nearly balanced, a saving of about sixty per cent was effected in the
amount of copper necessary to transmit the same energy. This is
due to the fact that, in the three-wire system, the current is trans-
mitted at 220 volts instead of at 110, thus requiring for the same
number of watts only half as many amperes; and therefore a smaller
wire can be used. If the load on the two sides of the system is
not balanced, the difference between the current in the positive
conductor and that in the negative will come back to the dynamos
over the neutral wire. Dr. John Hopkinson, in England, and
Werner von Siemens, in Germany, devised similar systems at about

S —
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Fig. 3.
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It was not until 1884 that electric motors were tirst used in
New York; and the arc lamp designed for parallel connection on
the constant-potential circuit was not introduced until 188%). The
success of the constant-potential arc lamps made it possible for
central stations to do all classes of business with one system of dis-
tribution—which was an important step in the march of progress.
In 1890 the Duane Street Station was built in the heart of the
Edison system, with a total engine capacity of 11,800 H.P. in
direct-connected units.

In Boston, the Edison Electrie Illuminating Company was
organized in December, 1885, and the first station was started in
February of the next year, using the Edison three-wire system of
distribution. In 1887, a second station was built to take care of
the load in another section of the city. Ilere, for the first time,
was adopted the method of using 220)-volt motors on the Edison
system, connecting them to the two outer mains instead of between
one outer and the neutral (110 volts), as had heretofore been done.

The Edison Companies. The good financial showing made
by this company led to the formation of Edison Companies in many
other cities, among the largest of which were Ohig;ﬂ;.go aggl Phila-

.
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6 A QUARTER CENTURY OF

delphia; and to the building of two up-town stations in New York.
The original plant of the Western Edison Electric Light Company
(now the Chicago Edison Company), a view of the dynamo room
of which is shown in Fig. 4, was built at 139 Adams Street in 1887,
and contained at first eight 100-K.W. Edison bipolar dynamos
belted to four 250-H.P. engines located on the floor below. In
1891, additional dynamos and engines were added, until the total
capacity reached 3,400 K. W.

Fig. 4. Dynamo Room, Old Adams St. Station, Chicago Edison Co.

In the summer of 1892, the big station at Harrison Street,
representing the most modern central-station engineering of the
time, was started; and the next year the Adams Street Station was
dismantled. The center of distribution, however, was kept at
Adams Street, the current generated at the new station, about
3,000 feet away, being sent to this center over a trunk line con-
sisting of twenty-eight Edison tubes and cables with a total sec-
tional area of 66,000,000 circular mils. Of this, 9,000,000 c.m. of
section was used for the neutral conductors, leaving 28,500,000 c.in.
for each of the outsides, that is, for the positive and the negative.
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CENTRAL-STATION ENGINEERING 7

In its onward march the Chicago Edison Company absorbed
a number of plants, chief of which was that of the Chicago Are
Light & Power Company, located at Washington Street and the
river. The systems operated from this station at that time con-
sisted of series arcs, 500-volt direct current for power, and some
138-cycle 1,000-volt alternating-current lines. In 1894, there
were added the Wabash Avenue Station near 27th Street on the
South Side, with an Edison three-wire system and some series-arc

Fig 5. North Side Station, Chicago Edison Co.

lines; and the North Side Station at Clark and Oak Streets, which
consisted solely of Edison generators connected to the usnal three-
wire system (Fig. 5). Fig. 6 is a view of the switchboard at Ilar-
rison Street Station. Fig. 6a is a back view of the generator gal-
lery of this board, and shows the heavy copper bus bars. Flg 7
is a cross-section of the engine and boiler rooms at Harrison Street
Station, and Fig. 8 shows one of the 1,200-1L.P. Southwark
engines direct-connected to two 115-volt 400-K.W. generators.
One of these dynamos connects with the positive, and the other
with the negative, of the three-wire system.

Conservative Brooklyn waited to see what success was met by
electric-light companies in other cities before its capitalists em-
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CENTRAL-STATION ENGINEERING 9

barked on such enterprises, but in 1889 that city was added to the
list of those having a central station for the production of elec-
tricity. In that year the Edison Electric Mluminating Company
of Brooklyn built its first station on Pearl Street, and started
operations with a load of 6,600 incandescent lamps connected to
the system. The dynamos used were four of the Edison bipolar
type of 100-K.W. capacity, each two of which were belted to a

SECTION OF ENGINE & BOILER ROOMS SHOWING 1200 H. £, SOUTHWARK ENCINES Nit 7-8-9 & 10.
HARRISON 81 STATION o ;.w‘ A
o n w1 SR CHICAGO EBISON C2 ? s A»au-:txv » .J

M t
Fig. 7. Cross-Section of Engine and Boiler Rooms, Harrison Street Station.! {

250-11.7. cross-compound engine and were connected to an ynder-,
ground three-wire distribution system. In 1893, the.station;was,
remodeled, and larger dynamos were introduced direct-connected ;
to vertical cross-compound condensing engines. :

ALTERNATING-CURRENT SYSTEMS.

The development of the alternating-current system in America
is due largely to Mr. George Westinghouse, who, in 1883, had
built at Pittsburg, Pa., an experimental plant to work out the
system devised by Gaulard and Gibbs in England. The first
commereial result of the Westinghouse investigations, carried on
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10 A QUARTER CENTURY OF

Fig, 8. 1200 H.P. Southwark Engine and {00 K.W. Generator.

by Shallenberger, Stanley. and others. appeared in the plant in-
stalled at Buffalo, N. Y., in November, 1886. The following
year, 65 plants, with a total capacity of 125,000 lights, were built,
and the increase thereafter was rapid.

With a direct-current three-wire system using 230 volts be-
tween outside conductors, it is uneconomical to transmit current
nmuch farther than one and a half miles, because of the prohibit-
ively large amount of copper necessary to keep down the loss in
the feeders. The resistance of a conductor varies with the length;
and as it requires the expenditure of energy to send a carrent over
a resistance, obviously a high resistance means a large amount of
energy lost in the transmission. By increasing the ecross-section
of the feeder, this resistance can be kept low; but the cost of the
feeder would then be prohibitive. By means of the alternating-
current system with static transformers, connected as shown in
Fig. 9, energy can be transmitted at a much higher voltage from
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CENTRAL-STATION ENGINEERING 1

the station. The higher the voltage of transmission, the smaller
will be the current (amperes) for a given energy (watts); there-
fore with the high.voltage system, a given energy can be trans-
mitted over a much smalier wire than would be required for that
same energy at a low voltage. In the transformers placed at or
near the point where the current is to be used, the pressure is
“stepped down” to the voltage of the lamps on the circuit.

The regulation—that is,

the steadiness and constancy— [ PRIMARY

of the voltage of these alterna-

ting-current lines, was very &z

much poorer than that of the

direct-current system. This Q) TRANSFORMER
was largely due to the effects e

of self-induction, which is ever LATE 80 | [0o0
present with alternating cur- %

rents. The early incandescent
lamp used on the direct-current
110-volt systems was rather delicate, and had only a short life when
burned on a circuit in which the pressure fluctuated very much.
Consequently, it could not be used economically on the existing alter-
nating-current lines. A 50-volt lamp could be made far more stable,
and, largely because of this, the secondaries of the early transformers
were wound for 50 volts. The primaries were wound for use on
1,000-volt eircuits—which was then considered as high as desirable,
because of the difficulties of insulating the line, the transformers,
and other apparatus on which this voltage was applied. Rapid
advance, however, was made in the art of insulating, and soon this
primary pressure was doubled. Most of the city A. C. distributing
systems now have a primary pressure of about 2,300 volts. It is
interesting to note that the insulators used on the early European
high-tension lines were constructed with a trough along the edge
on the inner side, which was filled with oil in order to prevent cur-.
rent leaking over the surface of the insulator to the pin and thus
to ground, by way of the cross-arm and pole, on wet days.

One of the larger of the early stations for the generation and
distribution of alternating current was built in St. Louis, Mo., in
1889. The system adopted was single-phase, 1,200 volts, 60

Fig. 9.
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12 - A QUARTER CENTURY OF

cycles*, with a three-wire Edison system for the secondaries. These
secondaries were tied together at street crossings, forming a com-
plete network similar to that deseribed for the direct-current system,
and shown in Fig. 10.  In this case the feeders of the D. C. system
were replaced by the high-tension A. (', feeders and transformers,
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the latter being treated as part of the feeders. Pressure wires were
connected to the secondaries of the transformers, aud were run hack
to the station voltmeters to be used by the switchboard operator
in regulating.

An interesting alternating-current line was built between San
Bernardino and Pomona, California, in 1891, Ilere a transmission
pressure of 10,000 volts was used, obtained by means of conneeting
the 500-volt primaries of twenty transformers in series.  Thus each
transformer had to havé insulation for a working pressure of only
500 volts, which was comparatively casy to produce.

*NOTE. A current which alternates 120 times per second has 60 double alternations
or ‘* cycles’ per second.
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CENTRAL-STATION ENGINEERING 13

In 1891, the celebrated three-phase transmission line from
Lauffen to Frankfort, in Germany, was operated. Originally
this was intended for transmitting energy generated by water power
at Lauaffen, to the city of Ieilbron, six miles away; but it was first
used in the now famous transmission to Frankfort, a distance cf
110 miles, at the time of the Frankfort Exhibition. The dynamo,
built at the Oerlikon Works in Switzerland, was star-connected, and
generated a star pressure of about 50 volts.

In a three-phase star-connected generator, the armature wind-
ings consist of three branches which are connected at one end to a
common point. These branches are so placed on the armature core
that the wave of the alternating pressure is set up in one coil a
little later than is the wave of pressure set up in the coil imme-
diately ahead of it, and a little sooner than the wave in the coil
immediately back of it. These three pressures then follow each
other in regular succession, the phase difference (the time between
similar values of the different waves) being equal to one-third
period.* The wires leading to the other ends of the three armature
coils are called the “phase” wires, while the one connecting to
‘their junction is the ¢neutral” wire. The pressure between a
phase wire and the neutral is called the “star” pressure, while
that between any two phase wires is called the “delta” pressure.
This latter is 1.732 times as great as the star pressure. For
greater safety in operation—prineipally to prevent abnorma! rises
in pressure between a phase wire and earth—the neutral wire
is thoroughly *grounded” by being connected to a plate embedded
in the moist earth,

The 50 volts pressure generated at Lauffen was “stepped
up” by transformers of 8,000 volts, delta, at which pressure the
current was transmitted.

DEVELOPIENT OF WATER POWERS.

After the success of polyphase transmnission had been thus
established, a great impetus was given to the developmert of water
powers, and the following years found this system adopted by
many companies. One of the first of these in America was built

*NOTE. A period is the fraction cf a second for one complete cycle of the siterna
ting wave.
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14 A QUARTER CENTURY OF

at Telluride, Colorado, in 1892. The original pressure used here
was 3,000 volts, three-phase, straight from the generator. As a
result of an extended series of experimnents made on this line in
1896, much valuable data was obtained regarding high-tension
transmission; and to-day there are many such systems, some oper-
ated at.a pressure as high as 40,000 volts, which is the pressure
now used at Telluride, while a few others are going still higher.
The limit to-day seems to be about 60,000 volts, but even this
may be increased as the art advances.

The Sacramento-Folson line, in California, built in 1895,
originally transmitted 1,000 ILP. at 11,000 volts, three-phase.
The generators were wound to give a pressure of 800 volts, and
this was raised in transformers to 11,000 volts.

WO { THREE
PHASE.{_— PHASE.

The Mechanicsville, N. Y., and the Snoqualmie Falls, Wash.,
plants are the most important three-phase transmission systems
built in 1898. 1In the former, a transmission pressure of 12,000
volts, 88 cycles, was adopted; while in the latter, the generated
pressure of 1,000 volts, 50 cycles, were stepped up to 25,000 volts.

Many of the polyphase stations built in the early nineties_
were equipped with two-phase generators. The two-phase currents
were then stepped up and transformed to three-phase currents
by means of a scheme of connections devised by Mr. Charles F.
Scott. This connection is shown in Fig. 11. In this diagram, T
and T, are two transformers, the primaries of which have the same
number of turns and are connected to the two phases of the two-
phase circuit. The secondary of T has only .866 times the turns of
the secondary of T,. By connecting one end of the secondary of T to
the middle of the secondary of T,, as shown, three-phase currents of
equal pressures on each phase are obtained from these secondaries.
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Fig. 12. Interior of Power House No. 1, at Niagara.



16 A QUARTER CENTURY .OF

The best known example of this is the system at Niagara
Falls, N. Y., where 25-cycle two-phase currents, generated at 2,200
volts, are transformed to three-phase currents at 22,000 volts, at
which pressure the energy is transmitted to Tonawanda and to
Buffalo, the latter being about twenty miles from the station.
When this station was first operated, in 1896, the transmission pres-
sure was 11,000 volts. Since that day many high-tension trans-
missions have sprung into existence; and the increase in voltage
is keeping step with the improvement in insulators, as already
noted. An interior view of Power 1louse No. 1 at Niagara’ Falls
is shown in Fig. 12.

FUNCTION OF THE STORAGE BATTERY.

While these important developments in cross-country trans-
mission were under way, the engineers of the urban stations also
had a few problems to solve. The convenience and other desirable
’ features of the use of electric
light and power were now
. being widely appreciated,
/ especially when the cost of
/ \/\ the lamps was reduced; and
Wi \ electric motors also were be-
A ing used more liberally, in
| /' [ sizes from one-fourth horse-
\ / Y power to 300 H.P. and
larger. Thismeant a big in-
crease in the load on the
e s s 8w owme e+ g8 w© % gtation, as well as in the size

Fig. 13. of the district to be served.

How to meet this increase

economically, required an intelligent study of the problems of cur-
rent distribution.  As already noted, the distance over which it is
economical to’ transmit current at a low voltage is limited; and,
when the area to be served exceeds this limit, recourse must be had
to more stations or to a higher distribution pressure. A study of
the load curve of an average central station in a large city (Fig. 13)
shows that the feeders are carrying their heavy current for but a
short time each day. During all the remainder of the day, then,

LOAD
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the current in these feeders is comparatively small; also, much of
the generating capacity of the station is idle, representing just so
much investment inactive and earning no returns.  If now, during
the period of light load, a current, additional to the regular load,
can be sent over these feeders, and if this current can be stored in
some way in a location within but near to the economical limit, so
that it can be used at the period of heavy load, this storage sub.
station will in turn become a point of distribution from which cur-
rent can be sent out as far again as the economical limit. Ilere is
where the storage battery filled the want. In 1804 we find storage-
battery substations installed in Boston and New York, and soon
after companies in other cities adopted them. In Boston, a num-
ber of battery substations were installed in the nearer outlying
districts, all of them being connected. with-one anbther and with
the steam station. The batteries are charged during the honrs of
light load by means of boosters, which forni part of the substation
equipment. Their usefulness, however, is not by any means limited
to outlying distriets. ~As an auxiliary to a generating station, it is
considered good practice from the standpoint of economy to install
a storage battery if the peak of the load does not exceed two and
one-half hours. As a safeguard against interruption of service,
and as a help in maintaining a uniform pressure on the -system,
they have been found almost invaluable.

CONSOLIDATION OF PLANTS.

The next step in the development was one of consolidation.
Many cities had been liberal in granting franchises to lighting
companies, and as a result there were'built within' the same eity
many systems of various excellence and stability. To the engineers
of the consolidated company was then presented the problem of
unifying the systems; but the changes to the new system had to
be made without sacrificing the value of the investment represented
by the generating apparatus and lines of the existing stations.
Such a change, naturally, was made step by step, and thus required
several years. In addition to providing for the existing load, the
new system had to be designed for the future, and the probable
development in the line of various classes of electrical apparatus
had to be considered.
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In our larger American cities, the load conditions can be
divided into two general classes—one, in which a large load is con-
centrated over a comparatively limited area, which is the down-
town or business district; and the other, the residence distriet,
where the load is widely scattered over a large area. In the down.
town district, nearly 30 per cent of the load goes to power users;

Fig. 14, Early Alternating-Current Station.

therefore the system had to be adapted to all classes of motor
service, as well as for lighting. - For this service in such a distriet,
the Edison direct-current three-wire system is certainly the most
satisfactory, and this system has been pretty generally adopted. It
permits the use of storage batteries; requires less copper than does
the alternating-current system, because in it there is no loss due to
inductance; gives better regulation; and is far better for general
all-around pd\\'er service.

To consolidate several systems of this class was a simple
matter. It required merely that the separate networks of mains be
tied together, and a uniform pressure kept on the system by each
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station feeding into it. In the outlying districts, however, the
problem was more complicated. Because of the scattered load,
most of the systems feeding these districts used alternating current.
But there was a wide divergence in regard to frequency and vbltage.
Some of the lines were 1,000-volt; others, 2,000-volt. Some used
a frequency of 125 cycles; others, 133 or even 144 cycles. The
secondary pressure ranged from 104 to 125 volts, while some of
the earlier systems still maintained a secondary pressure of 50
volts. A few of the later stations had 2,000-volt lines, with a
frequency of 60 cycles; and there were also polyphase (generally
two-phase) lines for serving a motor load. A view of an ecarly
alternating-current station is given in Fig. 14.

High=Voltage Polyphase Systems. This conglomerate mass,
then, had to be unified. A careful study of various systems showed

Fig, 15. Polyphase Induction Motor.

the four-wire three-phase system, with a frequency of 50 to 60
cycles, to be the best suited to the distribution of ‘such a load; and
this system is being freely adopted. Good examples of it are found
in Chicago, Milwaukee, St. Paul, and Cincinnati. The generator
for this system is star-wound, with the neutral grounded, as already
explained. The voltage at which this system is generally operated
is 4,000 between phase wires. This gives a pressure of approxi-
mately 2,300 volts between any phase wire and the neutral; and
the single-phase lighting feeders are switched on to this 2,300-vol¢
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20 A QUARTER CENTURY OF

connection. The various
feeders are connected cach
to one of the phases and the
neutral, so- that the three
phases are approxhnatelj
balanced. Fora power load.
then, connection is made to
all three phases, and the
motor is usually of the poly-
phase induction type, of
which one is shown in Fig.
15. Where the capacity of
the motor is very small—
under 3 I1.P.—the-single-
phase type of induction
motor, cquipped with some
. special starting device, is
often used.  Step-down of the voltage to the service T)ressure is, of
course, accomplished by micans of the ordinary 2,300-volt static
transformers.

Fig. 16.
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In Fig. 16 is seen a 150-light (7.5-K.W.) transformer on a
pole. The two wires coning down at the right are the 2,300-volt
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primaries; while the three-wire secondaries, of 115 volts per side,
are brought up at the left. A diagram of a four-wire three-phase
distribution is shown in Fig. 17; and in Fig. 18 is seen a switch-
board installed for'such a systen.

When the transmission distance is great, this three-phase
pressure can be raised to any desired amount, and then stepped
down again at the substation, the local distribution again being
done on 2,300-volt single-phase feeders with a pressure of 4,000
volts between phase wires. In some cities, a two-phase system

N /] NN
| NN PN KKK KK

o

Fig. 18. Switchboard of 4-Wire 3-Phase Distribution System.

was adopted; while others, again, used the three-wire three-phase
system (in which a neutral conductor is not used and all load is
connected between phase wires). Brooklyn has a two-phase 2,300-
volt 60-cycle system in the residence section; Philadelphia also,
though in the latter city the eurrent is generated at 5,500 volts
and stepped down to 2,300 volts alternating-current distribution.

A 500-volt two-phase generator is shown in Fig. 19. For
higher voltages the revolving-field type is used, thus avoiding
collector rings and brushes for the high-voltage current. At the
South Boston station of the Boston Electric Light Company (now
part of the Boston Edison Illuminating Company), the generators
are wound for 2,300-volt three-phase 60-cycle currents.
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In the direct-current districts, the load often increased very
heavily in sections somewhat remote from the generating or the
distributing center; and then it became a question of more stations,
more copper, or some other additional means of transmission. To
provide enough copper for satisfactory transmission and regula-
tion, would bankrupt a company. To build and eperate a new
generating station in each section of heavy load, would be equally
ruinous. Consequently recourse is had to other means of trans-
' mission. The success and
the comparative copper econ-
omy of polyphase transmis.
sion lines, already mentiored,
showed that system to be the
proper one to adopt; and the
three-phase system was chosen
as the means to transmit cur-
rent to substations located at
or near the electrical centerof
theload. Such a transmission
system, from a large alterna-
ting-current station in pref.
erence to several direct-cur-
rent generating stations, is
considered good engineering
whenever the total energy
generated is large as com-
pared with that used at any
onelocality. The voltage de-
termined upon depended to
some extent on the local conditions, but more largely on the
eflicacy of the insulation of underground cables, since in the cities
all lines must be below the surface. In the early days of under-
ground cables, 5,000 volts was thought very high pressure; to-day
25,000 volts is not considered excessive; and a recent article in
the Flectrical Age stated that an underground cable system will
soon be installed, to be operated at 30,000 volts. The insulating
material used in these higli-tension cables consists of paper treated
with a resinous compound, the thickness in the 30,000-volt cable

Fig. 19. 500-Volt 2-Phase Generator.
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being about one-half inch. Over this is a lead sheath about }-inch
thick, to protect the cable against moisture and mechanical injury.
These cables are drawn into duets laid below the surface in the
streets, as shown in Fig. 2.

One of the earliest instances of the use of a three-phase trans-
mission to a substation, for conversion to direct current of an
Edison system, was in Chicago, where, in 1897, a 250-K.W. in-
verse rotary converter, which converted direct current of 250
volts to three-phase 25-cycle currents was installed at the Iarrison
Street station. By means of step-up transformers, this pressure
was raised to 2,250 volts, the pressure of the transmission. In
the substation on Wabash Avenue, near Twenty-seventh Street, this
voltage was stepped down again; and, after passing through the
rotary converters, the current was fed into the direct-current system
at 115 volts, one rotary being connected to each side of the Edison
system. Such was the humble beginning of the very extensive
system of high-tension transmission lines and substations, which,
at quadruple the initial voltage, is now in operation in Chicago.

In the same year there was installed in Brooklyn, N. Y., a
similar transmission system with a rotary converter substation.
Here the current was generated at 6,600 volts, 25 cycles, three-
phase, at the Union station, a similar system to that operated by
the New York Edison Company. In the magniticent Waterside
station of this latter company, there are at present eleven 5,500-
H.P. vertical engines, each driving a 4,500-K.W. three-phase
25-cycle 6,600-volt alternator. A 5,000-K.W. Curtis turbo-
generator is being installed, and there is room for four more. This
will make a total rated capacity of 75,000 K.W ., all power being
generated as alternating current for transmission to rotary converter
substations, from which it will feed into the Edison three-wire
direct-current system. In the splendid new Fisk Street station in
Chicago, 9,000-volt 25-cycle three-phase current only is generated,
all by Curtis turbo-generators. Fig. 20 shows a Westinghouse-
Parsons unit of 5,000 K.W. capacity.

In Philadelphia, the 5,500-volt two-phase 60-cycle system,
already referred to, is used for transmission to rotary converter
substations, as well as for the alternating-current distribution,
Fig. 21 shows a row of rotary converters of a substation located in
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CENTRAL-STATION ENGINEERING 25

the basement of a sky-seraper in the heart of the business district
of Chicago.

‘Where the load connected to transmission lines consists solely
of substation converting apparatus, a low frequency is desirable
because of the accompanying low inductive and capacity reactance
of the lines, and also because of the slower speed of the synchron.-
ous motors and rotary converters which is had for a given number
of field poles with a lower frequency. The higher the frequency,
the greater the number of poles required, or the greater the speed.
Because of the necessary number of commutator bars required be-

Fig. 21. Rotary Converters in Basement of Office Building.

tween the brushes of a D. C. machine, and therefore also on a
rotary converter, the distance between the centers of the pole pieces
(that is, the pole ¢ pitch ”) cannot be less than a certain fixed limit;
and, therefore, for a given speed, the lower frequency allows a far
simpler and cheaper construction. The higher-frequency machines
are also more liable to ¢ hunt” especially when the load varies con-
siderably. Furthermore, double-current generators having a com-
mutator connected to the armature windings for direct current,
and also having connections to collector rings from which alternat-
ing current is taken off, are not practicable for frequencies much
above 25 cycles. These double current generators, producing both
direct and alternating current at the same time, form a very valu-
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26 A QUARTER CENTURY OF

Fig. 22. Modern Light and Power Substation.

able element in a large station in which both these currents are
generated, the direct cwrrent for general distribution, and the
alternating current for transmission to substations. A frequency
of 25 cycles is therefore generally accepted as the most desirable
for straight transmission; but the alternations are noticeable on
incandescent lamps at even 30 cycles, while arc lamps will not
burn at all satisfactorily on frequencies of less than 40 cycles.
Because of these facts, the alternating distribution, as distinguished
from transmission to substations, is effected by 60-cycle current.
The 25-cycle transmission current is then converted to current of
60 cycles per second by means of motor generators or straight
frequency-changer sets.

_ In Europe, a compromise frequency of 42 and sometimes 50
cycles is common; and current is transmitted and distributed at
this frequency, thus requiring only voltage transformers and no
frequency changers. A few 25-cycle systems have been installed
in Germany. For converting to direct current, motor generators
are used more freely than are rotary converters. European trans-
mission lines of 10,000 volts three-phase are not uncommon.
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With the advent of polyphése transmission in connection with
lighting and power systems, the old 500-volt power lines are
gradually being abandoned, the power load being connected to the
230-volt circuit of the Edison three-wire system, or, if in the out-
lying districts, to the polyphase 60-cycle lines. Series arcs have
already been largely displaced by constant-potential arc lamps.
What this new system meant to the neighborhood in which the old
stations were located, will be appreciated when one remembers the
noise and dirt and smoke of these old stations, and then views Iig.
22, a substation set in the rear of a lot in a fine residence section.

We have seen, then, how the high-voltage polyphase system
has been evolved out of, and has unified, the mixed systems which
were brought under one head during the era of consolidation. A
study of some of the newest installations leads to the thought that
perfection of system has almost been reached, and that further
progress will be rather along the line of higher efliciency of appa-
ratus at both ends of the system. When the true electrical era has
arrived, when houses no longer have need of chimneys and all
operations are performed electrically, then new problems will arise.
How they will be met, none can- now say; but they will be met
successfully.  Another Edison—many of them, perhaps—will
arise; and then our splendid systems of to-day may ultimately be
supplanted by one of which the most imaginative dreamer as yet
has seen no vision,
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A MODERN CENTRAL STATION DESIGN.*

The design of most of the central stations in this country can
hardly be said to be ideal; first on account of the handicaps and limi-
tations imposed by the location and environment of the selected site;
secondly, because usually the cost of the land to be built upon renders
it imperative that the arca covered be made as small as possible.

In selecting the site for a large power station, three main problems
confront the engineer—first, a satisfactory location with a low valua-
tion must be found which is reasonably near to the bulk of the busi-
ness; secondly, the location must be so situated that the fuel can he
brought to it with the least expense for freight and handling; that is.
it should be somewhere on a main ship-channel helow all drawbridges
with ample depth of water and docking facilities for coal-carrying
vessels up to seven or cight thousand tons burden.  Also there should
he ample ground adjacent to both the dock and the proposed station
site to permit the storing of at least six months’ supply of fuel, and so
situated that the minimum amount of coal-handling and conveying
machinery is required.  Thirdly, an unlimited supply of suitable cool-
ing water must be provided for the condensers; this should be such
that the temperature will not be excessive during the summer time.
The water should be frec from sewage, scaweed, and other debris; and
the proposed location for the station should be such that the distance
the water has to be lifted from the level of the supply to the top of the
condensers is as small as possible; and the length of pipes or tun-
nels employed to take the water from the supply to the farthest con-
denser is as short as possible.

The location of the T, Street station of the Boston Edison Com-
pany fulfills these conditions admirably. The ground consists of two
city lots of about 25 acres, two-thirds of which is solid ground, and is
situated at the corner of I. and East First streets, South DBoston.

*Prepared by I. E. Moultrop and presented at the 193d meeting of the American Insti-
tute of Electrical Engineers, New York, January 27, 1905. Reprinted by permission.
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2 CENTRAL STATION DESIGN

Measured by an air-line it is about two miles from the center of the
business section of Boston. It has a water front of 815 feet on the
so-called “Reserved Channel,” is one-half mile from the main ship-
channel of Boston Harbor, and is so located that no bridges will ever
be built between it and the main ship-channel.

The solid ground consists principally of gravel with a bed of clay
underneath so that the heaviest construction called for in the building
of the station can be carried on ordinary footings without the use of
piles. The area of the solid ground is more than double that required
for the ultimate size of the station under consideration, consequently
there is ample room for the storage of fuel close to the boiler-house.

Before taking up in detail the design of the station, a brief descrip-
tion of the company’s territory will be given. The Boston Iilison
Company’s system supplies electricity to a heavily-loaded business
section of the city, which covers a comparatively small area located
within a mile of the water-front.  "This business is supplied by a direct-
current station on the water front having 10,500 K.W. of machinery,
with room to increase the capacity to 14,500 K.IW.  Surrounding
this business section is a city residential district where the load is con-
siderable, although much lighter, than in the business part. Here
the customer receives direct current from sub-stations supplied,
through motor-generator sets, from the existing alternating-current
station of 9,000 K.W. capacity, located on the I. Street property. The
output of these sub-stations being direct current, they are, with one
exception, equipped with storage batteries.

Many of the business people of Boston live in the surrounding
cities and towns. Up to a few years ago most of these suburban
places had their own local electric-light companies, usually operating
small uneconomical steam-generating stations equipped with more
or less obsolete forms of machinery.

Within the last two years the Boston Edison Company have pur-
chased the property of many of these local companies, and in most
instances are changing the stations to modern alternating-current
sub-stations, making a suburban business which extends in various
directions from 12 to 30 miles outside of the city.

"T'his large increase in suburban territory together with the rap-
idly-growing city business called for an immediate enlargement to the
alternating-current station which was already loaded to its full capa-
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CENTRAL STATION DESIGN 3

city. A new station was therefore planned with an ultimate capacity
of 60,000 K.W. to be built on the [, Street property alongside the
existing station. The first installation of 10,000 K.W. is just being
completed.  The position of the existing station on the property was
fortunately such that it was no handicap in the location and arrange-
ment of the new station.  As a matter of fact, the old station naturally
merges into and becomes a part of the new station, and had it not
existed it is doubtful if any change would have been made in the
design of the latter.

The value of the real estate is very small and will doubtless so
continue for many years to come. Therefore the station buildings
could spread out over the land as much as desired, and no attempt was
made to build additional stories for the sake of saving ground area.
Under these conditions, it is cheaper to spread out the buildings on
the ground than to carry them up in the air to an equivalent area, and
liberal room for and around the apparatus facilitates the operating,
cheapens the cost of making repairs, and renders it easy to keep the
stations clean.

The shape of the property was such as to make it desirable to
erect the buildings with the ends toward the water front, which natu-
rally brought the building of that end of the station first.

The turbine-room will be 650 feet long, 68 feet wide, 56.5 feet
high, and without a basement. It has no side windows. A liberal
monitor with glass sides and roof gives a better distribution of day-
light than do side windows and in connection with windows in the
end walls provides good ventilation.

The boiler-house will be 640 feet long, 149.5 feet wide and of the
same height as the turbine-room. The arrangement of the boilers
practically divides this building into seven fire-rooms. The lighting
and ventilating is done from the roof similarly to the turbine-room.

The switch-house will be 605 feet long, 30 feet wide, and several
stories high. The buildings for the installation of 60,000 kilowatts
of machinery cover about 160,000 square feet, which is equivalent to
about 2.67 square feet per K.V,

The ends of the buildings facing the water have been made the
front of the station; with an entrance through offices located in the
front end of the switch-house. The buildings are set back 136 feet
from the sea-wall, the intervening space covered with a fine lawn and
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4 CENTRAIL STATION DESIGN

planted with shrubbery. "Through the center of this lawn a paved
driveway leads from the ornamental entrance gates on L Street to the
office entrance, making a well finished and attractive environment in
keeping with the interior,

In designing this station the grouping of the apparatus has been
given special attention and care has been taken so to arrange them
that they naturally come under the charge of the class of operators
best fitted to care for them.

Tle turbine-room has received all of the machinery in the station;
even the boiler feed-pumps usually considered an adjunet of the boiler-
house are treated as part of the turbine auxiliaries, and are placed in
charge of the turbine operators.  The hoiler-house contains only the
boilers with the necessary piping, ete., so that the work in this room
is to burn coal properly and maintain the steam pressure.

All of the cleetrical apparatus has been grouped together and
installed In a separate building adjoining the turbine-reom, isolated
from the noise and dirt of the latter and free from liability of damage
by aceidents to any of the turbine-room machinery.

The cleetrical operating, a matter of hrain work, 1s done under
as favorable conditions as is found in any office building, with no du-
plication of apparatus, and the operators cannot be disturbed by
anything going on in the turbine-room. Escaping steam can neither
daanage the apparatus nor interfere with the work of the operators,
while they can oversee any of the generating rooms by stepping
through doors in the side walls on to ohservation galleries.

To add to the architectural appearance of the interior of the
turbine-room, and also to facilitate the work of keeping the room neat
and clean, it is finished with tile and enameled brick.  The floor is
tiled in dark red with black borders arranged in the form of a simple
design to relieve the monotony of one color.  The walls have a wain-
scot of two-colored green tile about ten feet high, and above they are
paneled with a light-colored tile and enameled brick. The crane
track is concealed by the wall finish.  This room is divided into three
parts by permanent division-walls in which are large doors at the floor
level, and large windows above, all equipped for quick closing.  Ordi-
narily these will be opened, giving practically one long room, but in
case of a serious accident in any room the openings can be quickly
closed, isolating the trouble and leaving the other rooms free to operate
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without any interruption. The boiler-room has walls finished in tile
similar to the turbine-roont, but the fioor 1s not tiled.  The result is
that these rooms are ornamental in character and are easily kept clean,
while at the same time the cost of the decoration is quite moderate.
Before the finish was determined upon, cost estimates were ntade on
the various possible methods of satisfactorily finishing the rooms,
including the up-keep for an extended period of vears, and the finish
cmployed was found to be the cheapest that could he adopted, being
even less expensive than painting.

The exterior of the station buildings is simple and massive in
character.  Cut granite underpinning is used and the prominent walls
are faced with a dark paving brick trimmed with terra-cotta.

The apparatus is installed on the unit system.  In the turbine-
room all the auxiliaries required for a generating unit are grouped
around that unit and are generally of sufficient capacity to serve that
unit alone.  The boilers necessary to supply the generating unit are
in one row directly behind the turbine.  In this way cach generating
unit is a small central station i itself.  Practically no eross-connec-
tions are installed hetween the various units except that between each
pair of units.  "T'he steam mains are joined by a small-sized tie so that
a generating unit can be run temporarily from the boilers of its mate,
should an emergency require. In this way a very simple piping
system 1s sufficient, reducing the cost of installation and maintenance,
and simphfying the manipulation of the station under emergencies
when the engineer has to think quickly, and when he must be sure that
the manipulations are made rapidly and correctly.  The duplication
of auxiliaries is eliminated, and should a generating unit be put out
of commission by the failure of any one of its essential parts, it is
intended that the entire unit will be shut down and another one
started in its place.

Before determining upon the apparatus to be installed in the
station, careful consideration was given to the respective merits of
turbines and reciprocating engines as prime movers.  'The advan-
tages of the turbine over the engine in first cost, the lesser amount of
help required to operate, the ability to use condensed steamn with safety
for feed in the boilers, together with the fact that the apparatus takes
very much less room, decided the question in favor of the turbine,
These considerations were held to justify the decision without regard
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to the water consumption, and the decision will be considered wise
ceven though the water consumption proves to be no better than that
of a good engine, although it is expected to be better. Another im-
portant feature is the ability to start an idle unit quickly. The earlier
turbines were open to improvement in this respect, but the later ma-
chines have been safely started and brought up to full load with
remarkable speed.

The turbines used in the first installation are of the Curtis tvpe
with a rated capacity of 5,000 kilowatts on a conservative temperature
rise in the generator. They are four-stage machines with surface
condensers built in their bases and are equipped with mechanical
brakes for bringing the machine to rest for an emergency stop. In
these features they are the first machines of their kind to be installed.
The base condenser was adopted because it will give a somewhat better
vacuum in the turbine, which is an important consideration in turbine
work. It also considerably reduces the floor space required for the
installation, somewhat simplifies the piping, and makes possible a
more symmetrical and pleasing grouping of the machinery. Its dis-
advantage is that it increases the height of the turbine a few feet,
which is, however, of little moment. Tts first cost is somewhat more
than an independent condenser, which may be partly balanced by the
saving in piping; and it requires special arrangement for filling the
condenser tubes with water when the turbine is to be non-condensing.

The bralke is very useful for emergency shut-downs, because the
turbine will run for some hours with no load and no ficld, while with
the brake it is possible to bring the machine to rest in about five min-
utes. It also facilitates the overhauling of the step bearing by sus-
taining the weight of the rotating parts.

The generator is a three-phase alternator, Y-connected, 60-cycle
machine, generating at 6,900 volts. This number of cycles was deter-
mined upon because the bulk of the alternating-current business is
lighting, and also for the reason that the existing alternating-current
apparatus has the same number of cycles.

The auxiliaries for each turbine consist of a circulating-pump, a
wet and a dry vacuum-pump, a step-pump, a hydraulic-accumulator,
and the boiler feed-pump for the group of boilers connected to the
turbine. All these machines are steam driven with the exception of
the wet vacuum-pump which is motor driven because its speed is too
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CENTRAL STATION DESIGN 7

high to be conveniently handled by an engine. Careful consideration
was given to the subject of steam- versus electrically-driven auxiliaries,
and steam was determined upon becanse it gives better station econ-
omy. All the exhaust steam from the auxiliaries is carried to the feed-
water heater and is condensed in heating the boiler-feed. The con-
densation is then discharged to the sewer as it contains too much
cylinder oil to warrant trying to purify it.  As all the exhaust from the
auxiliaries can be condensed in heating the feed-water, the greatest
possible use is made of the heat originally put into this water in the
boilers, for practically all that is not taken up in the form of work in
the engine cylinder is returned to the boiler in the feed. Moreover
the first cost of steam-driven auxiliaries is less than the electric drives,
and speed regulation over wide ranges is much more easily accom-
plished. | '

The circulating water-pump consists of a centrifugal-pump driven
by a simple high-speed engine with a throttle governor. The quantity
of water to be handled is very great, and the head very low, so that a
centrifugal-pump is well adapted for this duty. It also makes a very
much smaller machine than a piston-pump, is much less expensive,
and at the same time it is very simple and requires almost no attention.

The distinctive feature of the dry vacuum-pump is that the air-
cylinder is placed at a right angle to the steam-cylinder, thus giving a
better turning moment on the crank, and it takes less room. The air
end is built single stage, and will maintain a vacuum on a closed tank
within one-half inch of absolute. The steam end is throttle governed
to permit of speed variations while running. The wet vacuum-pump
consists of a two-stage centrifugal-pump, motor driven. This pump
will maintain a vacuum in the condenser equal to that of the dry
vacuum-pump without the use of either suction- or discharge-valves;
thus requiring a minimum amount of repairs and almost no operating
attention. The boiler feed-pump is an ordinary duplex, center-
packed plunger-pump, selected because it is easier and quicker to
repack, and a casual inspection will show if there be leakage from the
plungers.

The step on the turbine is lubricated by water instead of oil, be-
cause the water is as good a lubricant for this purpose, is cheaper, and
the lubricating system simpler. The water is forced into the step
under a pressure of about 1,000 Ibs. by a steam pump of similar design
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to the boiler feed-pump. As even a momentary stoppage of the water
supply to the step would result in damage to the bearings, a motor-
driven triplex-pump, which can be started much quicker than a steam-
pump, is installed as a relay to the main step-pump. To obviate
fluctuations in the pressure due to the pump’s reversing its stroke, a
weighted hydraulic accumulator is used. This is made of sufficient
capacity to keep the step supplied with water for ten minutes, thus
giving time either to shut down the turbine by means of the brake or
to put the relay-pump in service, should the steam-pump fail.

The condensing apparatus is designed to condense 153,000 Ibs.
of steam per hour and maintain a 28-inch vacuum in the condenser,
with the cooling water at summer temperature of 70 degrees Fahren-
heit. The same apparatus under winter conditions and when the
heaviest loads occur on the station, will give a vacuum within about
three-quarters of an inch of the barometer.

The cooling water is conveyed to the pumps by brick tunnels
running under the center of the turbine-room, at such grade that they
are always flooded, and constructed within the building so that the
machinery can be installed above them. For additional insurance,
two tunnels are provided for the incoming water, each supplying one-
half the station. The notable feature of this system is the intake con-
struction at the sea wall. Racks and screens, provided to keep out
all floating material, are so installed that they require very little clean-
ing, and the screens are arranged to be easily removed and cleaned
without permitting debris to pass into the tunnels. Where the tunnels
join the screen chamber, heavy timber gates are provided so that the
tunnels may be pumped dry for inspection of repairs. The water-
front construction is of concrete with a wing-dam so designed that,
while the warm discharge-water empties into the harbor alongside of
the incoming tunnels, thus simplifying the construction, at the same
time the latter tunnels get the coldest water available, without danger
of taking any of the warm discharge-water.

The rows of boilers are placed in pairs alternately face to face
and back to back, with a chimney for each pair midway of the row
and between them. Thus six chimneys in all are required, each being
230 feet high above the level of the grates, or sufficient to dispense
with forced draft. Building the chimneys between the rows of hoil-
ers, considerably increases the ground area of the boiler-house, but
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the additional space is very useful for work-room, toilet-rooms, etc.
The boilers are elevated from the ground to provide liberal space
beneath for the ash handling. Large brick chambers immediately
below the boiler furnaces collect the ashes, and discharge through
valves in their bottoms into carts or cars on the ground floor. Other
distinctive features of the boiler-room are the provisions for bringing
air to the furnaces, the location of the piping mains, and the small
capacity of the coal-bunkers.

The ash-room has a free circulation of air at all times through
openings in the exterior walls which are without doors and are pro-
vided with grills. In the front wall of each ash-chamber, close to the
fire-room floor, are openings equipped with dampers admitting air
directly to the ash-pits and maintaining an adequate supply to the
furnaces, while permitting the windows and doors to be closed, during
extreme weather conditions.

A portion of the basement under each two rows of boilers is sepa-
rated from the ash-room by partitions forming the pipe-room. Im-
mediately under each row of boilers in this pipe-room are installed all
the various pipe-mains which connect with them, and only branch
pipes to each battery of boilers are taken into the fire-room. This
puts the most of the boiler-room piping into a warm, clean room by
itself where it is accessible, free from cold drafts which would tend to
start leaks, and where it can be carried upon substantial supports.

The grouping of boilers and turbines which has been adopted,
gives a -smaller amount of piping than would be the case were the
boilers placed in the usual manner in two rows, parallel to the turbine-
room, and makes a very short smoke-flue with a minimum amount
of reduction in the draft.

Supplying each row of boilersis a line of coal-bunkers built in
monitors above the roof. As there is practically no piping on top
of the boilers, little space is needed above them, and building the
coal-bunkers in monitors enables the boiler-house to be made quite
low, saving considerable expense in the cost of the structure, and
also in heating only a small waste space above the boilers. As there
is always a large amount of coal stored alongside the station, the
capacity of the bunkers is made small, being sufficient to last during
the time of making routine repairs in the coal-conveying system.
This reduces the cost of the building very materially. The boilers
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are equipped with the attached type of superheaters and automatic
stokers. They are higher by two rows of tubes thanis the usual
practice, which provides for additional storage of hot water, and in
such form that it will also serve as additional heating surface.

The amount of superheating, 150° Fahrenheit, was made conser-
vative to be sure that the temperature would not cause trouble with
flanged joints and in the steam-cylinders of the auxiliaries. The
attached type were selected because they took no additional room and
are self-regulating. Use of superheaters at the direct-current station
shows a gain of about 9 per cent per 100° Fahrenheit of superheating in
the engine economy, and while with the attached type it is impossible
to make comparative tests with and without superheaters upon the
same apparatus, the station economy indicates a substantial net gain
by moderate superheating.

Stokers were selected that seemed to give the best results with the
high-grade fuel used in New England, and with a minimum amount
of repairs; the labor required to operate them is small, and very little
combustible fuel is wasted in the ash pits.

Beneath the coal-bunkers small non-automatic weighing hoppers
are installed. Direct-reading beam-scales are used because they are
reasonably accurate, cheap in first cost, and are easily tested.

‘No economizers have been installed because of their doubtful
value under the operating conditions of this station and of their effect
on the chimney draft, which is liable to cause a reduction in the capa-
city of the boiler plant at the time when the maximum is needed, or
else make it necessary to cut the economizers out of commission at a
time when they would be most useful.

The storage of coal is a very essential feature of a large central
station, and is seldom adequately taken care of. Alongside of this
station and adjacent to the water front an open-air storage of from
60,000 to 70,000 tons of coal is provided where the coal is stored with-
out any shelter and immediately on the ground. The winter’s supply
of coal can therefore be purchased while the freight rates are low dur-
ing the summer time, which, notwithstanding the loss from weathering
coal, reduces the cost of fuel delivered in the fire room.

The coal-wharf is equipped with an electric tower, operating a
one-ton clam-shell bucket and one electro-hydraulic tower operating
a similar bucket of 1.5 tons capacity . The electro-hydraulic tower is
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a new design in which hydraulic-elevator cylinders furnish the power
for operating the bucket. The water pressure is obtained by a three-
stage centrifugal pump driven by an induction motor. This pump is
automatic in its action, and when the water pressure reaches the max-
imum point the pump continues running and maintains that pressure
without delivering any water, until the pressure drops. The tower is
operated by one man with a minimum amount of physical exertion.

The coal is conveyed from the wharf to the storage-yard by a
system of conveying belts, the conveyors from the wharf to the yard
having a maximum capacity of 700. tons of coal per hour. This con-
veying system was adopted because it was possible to obtain a very
large capacity when desired, with a minimum amount of attendance
and repairs.

The storage-yard is equipped with an electric reclaiming-bridge
which operates a clam-shell bucket of the usual type and of two tons
capacity. 'This bridge is so installed that it will cover the entire
storage-yard, and besides taking coal from the field and putting it on
to the conveyor running into the station, it is very useful to turn over
the coal quickly should it show signs of heating.

The distinctive feature of this reclaiming-bridge is the fact that
all the machinery for operating the bucket is installed on a trolley car
running on the deck of the bridge. The operator riding on this trolley
is always immediately over his work, and can cortrol the motions of
the bridge at the same time he is operating the bucket.

The water-supply for the boilers is of equal importance to that of
the fuel. Water-service pipes of ample capacity for the total station
are brought into it from large mains in the two adjacent streets.
These will shortly be fed from separate trunk mains. For a further
safeguard to the water-supply, a system of storage-tanks, with a com-
bined capacity of 50,000 cubic feet of water or sufficient to run one
turbine on the condenser for about ten days, is installed on the ground
alongside the station building and at an elevation considerably above
that of the feed-pumps. '

As to the general arrangement of the switching, there are of neces-
sity three bus-bar pressures, the excitation, and the possibility of a
fourth pressure being required later. The engine-driven alternators
generate at 2,300 volts, and the turbine-driven alternators at 6,900
volts. This latter was fixed upon after careful consideration of the
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12 CENTRAL STATION DESIGN

location of the present business with reference to the station and of
its probable growth. There is also a certain amount of 4,600-volt
business which crept into the system some time previous because a
considerable amount of business developed at a distance too far away
for the economical use of 2,300 volts, and the standard cables on the
system would safely carry only 5,000 volts. Therefore, the simplest
expedient at that time was to install two-to-one transformers and
supply them from the old station bus-bar. This business which
started in a small way long before a turbine station was considered,
had grown to a considerable size at the time the turbine was installed,
and the loss in the underground cables and other apparatus—which
would have no commercial value in case this pressure was changed—
prohibits making any change at the present time. The turbine pres-
sure of 6,900 volts promises to be ample for the present needs of the
company, but it can be easily foreseen should the lines be extended
beyond their present limits or should the business at the end of some
of the transmission lines materially increase, that this pressure might
bhe too low. 1If this happens, it is planned to double the pressure on
the transmission lines in question anc transmit in these instances at
13,800 volts. All transformers installed on these lines are built with
13,800-volt taps.

The bus-bars in each system are installed in duplicate, and so
arranged that they can be cut into short sections of no more than
10,000 K.W. each by tie-switches, and any transmission line or gene-
rator can be isolated if it is desired to do so. Transmission lines are
grouped with the generators on a section of bus-bar so that this bus-bar
does not have to carry much current any distance lengthwise. The
generator is connected to the bus-bars through one main-switch and
two selector-switches. These switches are designed to open under
the full station capacity, should emergency ever demand it. The
transmission lines have selector-switches but no main-switches at
present, space being reserved for the installation of selector—sw1tches
should they prove desirable later.

The switckes are all installed on the third floor of the switch-
house. The selector-switches are in two rows. Each row consists
of two switches (placed back to back) running through the center of
the building and immediately over the bus-bars they connect to. The
main-switches are installed in two single rows, one on each side of the
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CENTRAL STATION DESIGN - 13

switch-house and against the side walls.  On the floor below, the bus-
bar compartments are arranged similarly to the selector-switches,
two rows of two through the center of the room. In two single rows
on each side wall immediately under the main-switches are grouped
the instrument transformers in special compartments.

The oil-switch cells, the bus-bar chambers, and the instrument
transformer chambers are all built of a light-yellow brick with a fine
cement joint, the brick being selected for its low absorption properties.
The barriers in the bus-bar compartments and also in the instrument
compartments are of reinforced concrete with a fine, close-grained
finish. These are all made in moulds and set in place similarly to
slabs of alberene; they have as good insulating qualities as alberene
with less absorption, are much cheapér, and furthermore are less liable
to break. The bus-bar chambers are fully enclosed, small doors being
left in the wall for access to the connections only. The instrument
transformer cells are left open. The front of each switch-cell is en-
closed with a wooden frame filled with a pane of glass which permits
an inspection of the pot, while at the upper part of the frame there are
a few slats for ventilation, and for vents in case of an explosion.

The transmission lines and also the turbine-leads and transfor-
mer-leads enter the basement of the switch-house in duct-lines which
terminate in this room and at a point nearly underneath the selector-
switches they connect with the upper floor. The lead-sheathed cables
terminate in end-bells as close to the end of the ducts as possible, from
which points cable with flame-proof braiding is carried on glass insu-
lators and through porcelain tubes to the switches overhead. From
the end of the ducts, the cables are taken in air-runs and they are so
grouped throughout the basement that there is ample air-space be-
tween all cables. Provision has been made for the installation of
static-discharge apparatus in this basement, but at present none has
been installed. :

The electrical operating-room is on the top floor of the switch-
house about in the center of the building and contains nothing but the
operating apparatus. Convenient stairways leading down from this
room through the switch-house bring the operator in close touch with
all the switching apparatus. A signal system similar to that used on
board ship enables him quickly to communicate his orders to any of
the generating rooms, doing this with a certainty that the order will
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14 CENTRAL STATION DESIGN

not be misunderstood. This systemn also provides for an acknowledg-
ment indicating when the order has been carried out.

All the switching apparatus with the exception of the excitation
system is remote-controlled. 'The controller panels with all the neces-
sary instruments are grouped in the operating-room in the form of a
rectangle, facing inward so that the operator can see at a glance any
panel in the room. The excitation switching is hand-controlled.
The bus-bar for this is brought into the operating-room and placed
between the two groups of switches controlling the engine-driven
alternators and the turbine-driven alternators. The panels for the
ground-detectors are installed alongside the excitation, but so that
the operator has grouped at one end of the room all the apparatus
which requires constant attention. The transmission-line panels,
transformer panels, and others are scattered along down the room in
the order that is most convenient for their installation, without refer-
ence to the sequence of the switches themselves down stairs. The
excitation is furnished by one small steam-driven set of sufficient ca-
pacity to start up an engine-driven alternator in case the entire station
should be shut down, three small motor-driven alternators located in
the old engine-room having a capacity sufficient for all the engine-
driven alternators, and three large motor-driven exciter sets, one in
each of the individual turbine-rooms with sufficient capacity to supply
the turbines. In addition to the motor-generator sets there is a stor-
age-battery with a capacity of 1,000 amperes for an hour, floating on
the excitation bus-bar. Besides the generator fields, there are fed
from the excitation bus-bar a few other pieces of apparatus which are
particularly necessary to the operating of the station, such as the
motors operating the oil-switches, the relay-pumps or the step-bear-
ings, and a few lights arcund the station which would be essential in
case the general lighting system should give out.
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THE ELECTRIC TELEGRAPH,

PART L

\
APPARATUS AND THE MORSE CODE.

In order to get the beginner’s point of view, it is taken for
granted that the reader knows nothing of electricity or the prac-
tice of telegraphy. If there is a slight knowledge of either of
these, so much the better; but as a starting-point, we will con-
sider that altogether familiar use of the electric current in the
ringing of a door-bell by pressing om a button. In so doing the
new arrival ¢ telegraplis ” the fact to the household, and asks for
admission, and those within respond to his message, although
neither the one nor the other may know a dot from a dash.
The simple combination of battery, wire and apparatus by which
this action is carried on is as truly a telegraph circuit as is the
longest in the land, and a glance at its elements will serve as a
stepping stone to the more complex apparatus of the electric
telegraph.

The different parts of the electric-bell device may be seen in
their relation one to the other by reference to Fig. 1. In the center
is the push-button P, pressing upon which brings the point of
spring S into contact with the metal strip R. On one side is the
cell A, with its two poles C and Z; on the other is the bell, with
its electromagnet M, its armature hinged upon a spring K, carry-
ing a hammer H, to strike the bell. Attached to the back of the
armature is a spring, making contact at D with a back-stop T.
These parts are so adjusted that when the armature is attracted
by the magnet the contact at D is broken. Looking now at the
diagram, if the wiring is traced from the point C back to the
point Z, but one break will be found in the continuous contact of
the wire with the different parts, and that is between the spring
S and the strip R.

If, by means of the push-button, S is forced against R, the
break 1s closed ; the current speeds from the point C of the cell
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4 THE ELECTRIC TELEGRAPH.

through the wire back to the point Z, charging the electromagnet
M, which attracts armature-carrying hammer H. But by this move-
ment the contact, and therefore the electric circuit, 18 broken at
D, the current ceases, electromagnet M releases the hammer H ;
contact of the armature and back-stop at D is thus restored ; mag-
net M is again charged, attracting the armature ; the result being
a vibration of the hammer, continued as long as spring S is kept
in contact with R. The energy is derived from the cell, but the
control of it lies in the push-button ; and the effect of the making
and breaking of the circuit at R is such as to appeal to the ear.
By means not very different the same organ is addressed in teleg-

raphy; but the appeal is of a kind legible only to the expert.
The bell device serves the further purpose of bringing the learner
face to face, at the outset, with the fact of the inconceivable speed
of the energy he is employing,— a feature which allies it to light
in the velocity of its movement.

Having now gained a general idea of the action of a current
in moving an armature, we will suppose that the reader, if in a city,
has stepped into one of the many branch offices of a great tele-
.graph company, or it may be into a town or village office of the
same, and for the first time is taking notice of the outfit. In
such an office there will be seen (secured to the wall) a small
switchboard, but the interest centers on the table or desk, where
there are usually three forms of apparatus, known as the relay,
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THE EL£CTRIC TELEGRAPH. 5

key and sounder, with the wires connecting the various parts.
On the window-sill, or under the table, is the battery of one or
two cells, for the operation of the sonnder, shown in the Tnstrue.
tion Paper ¢« Elements of Electricity.” The uninitiated, listening
to its elicks for the first time, naively expresses surprise that they
“can make nothing of them.” This set of apparatus, installed
in thousands of small offices all over the continent, and duplicated
many times in the large offices, is shown in outline in Fig. 2. .
The relay, described in ¢ Elements of Electricity,” is not heard
at all ; the main battery which operates it may be scores of miles
away ; the current from it has its path in the main, or -air, line
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voming in from the pole in the street. Passing through the coils
of the relays and the keys, it makes its exit through the office
window, to resume its place on the poles which support it to the
terminus of the line.

Examining Fig. 2 and comparing it with the bell-ringing
device shown in Fig. 1, we find the cells of battery and the wir-
ing common to both ; the sounder corresponds to the bell proper;
the key marked K answers to the push-button. The dotted lines
in Fig. 2 represent the “local” circuit, and the cells are the
“local ” battery, so called because its action is confined to the
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6 THE ELECTRIC TELEGRAPE.

place (Latin, locus) or station with which it iz immediately con-
nected. See the “Gravity Cell” in Elements of Electricity; the leads
from the two poles being shown, If the wherefore of this pair of
conductors and their connected parts is understood, the method of
Morse telegraphy is within easy distance: and with the little light
gained from the comparison of the electric bell with the telegraph
circuits, we may take a step further in advance. For closer
examination, therefore, this local circuit and its parts are repro-
duced on a larger scale in Fig. 8 and with more lettering. Each
of the two cells of battery is surmounted by two projections called
poles,— the terminal connections of two dissimilar substances, as
copper and zine, or zine and carbon. The cell is explained in

Ldme |

-L L

« Elements of Electricity;”” all that need be noted now is that
by outwardly joining up the cells so that the unlike substances
are in metallic contact, a current is the result. First the carbon -
terminal or pole of one cell is connected to the zinc pole of the
other; then from the carbon pole C of cell A runs a wire (dotted
line) which can be traced through the coil of magnet M; thence
to the armature D, and local points at P of the relay R back to
the zinc pole Z of cell B. Of relay R only the moving parts are
shown. The thumbscrews, wherever found, have connected to
them wires from the different parts of the instrument, and are
merely conveniences for making contact with the outside wiring.
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Besides the battery of two cells and the conducting wires (dotted
lines), the circuit, as already intimated, includes an electrohag_net,
consisting of a pair of upright coils (only one is shown), which,
with the surmounting armature F and its adjacent parts, consti-
tutes the sounder S. Each of the two upright coils of wire has
a core of soft iron with a strip of iron X, joining them under-
neath. Close to the upper ends of the cores, but not touching, is
a strip of soft iron F, called the armature, secured to a lever L,
moving on trunnions T, at one end, its free end moving between
two stops, the spring J serving for its adjustment. The move-
ment of armature D of relay R is also limited by stops, and, trac-
ing our dotted line circuit, we find a point P, where the circuit
may be ¢ broken ” by withdrawing armature D from the front-stop
H ; just as in the case of the push-button, the circuit is «“made”
by pressure or: the button, and ¢ broken ” by the withdrawal of it.
In other words, in this armature D, with its front and back stop,
and spring K, we have a telegraph key in a form the simplest and
most easily understood, but not the most easily operated.

In a local circuit arranged as in Fig. 8, when armature D of
relay R rests against its front-stop H, the current magnetizes the
cores of electromagnet M of the sounder; armature ¥ is strongly
attracted thereto, making a sharp click as it strikes the down-stop
N; a reverse or upward movement is determined by spring J if
armature D of the relay is withdrawn from the front-stop, giving
a sound less sharp than in the downward movement. The differ-
ence in sound between the front and back-stroke of the lever is
something of which the learner must early take note, because the
front is the marking stroke, or the one from which he reads, the
back-stroke being unintelligible. In the former case (armature D
against the front-stop), the circuit is said to be ¢“made” or
«closed ;” in the latter it is «broken ” or «open.” Closed and
open are the terms in general use among telegraphers. In the
case of the electric bell, the push-button puts us in control of the
energy which attracts the hammer to the gong. In the local
arrangement we have been considering, the control of the sounder
S lies in the armature D, whether moved by the finger, or in the
usual way by the current. '

I this dotted-line arrangement the wires are the carriers or
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conductors of an energy which has its source in chemical action
in the cells. In the poverty of language it is said to «flow” or
“run” within the cell from the zine to the copper plate, or from
zine to carbon; and in the external portion (dotted line) from cop-
per or carbon to zine. Moving thus along the conducting wire and
through the connected instruments it is called a current (Latin,
curro, to run) and in doing so it is said to make a ‘circuit,”
which may vary in length from a few feet to hundreds of miles.
Its velocity is such that wherever a fitting pathway is afforded, it
seems not so much to flow as to be omnipresent. In a series of
tests made in New York by the United States Coast Survey, two
separate wires were obtained to San Francisco, where they were
joined, or, as telegraphers say, «looped.” To each of the New
York ends of the wire, instruments were connected, and signals
sent on the one wire returned on the other in a space of time just
perceptible. The current had traversed the continent and back
in a small fraction of a second,— a kind of movement which the
words ¢ flow” and ¢ run” hardly describe.

It is the purpose of this description, to explain to the
reader how it is that the signals heard on the sounder can have a
meaning to the operator; how it is that the down and up move-
ment of the lever of the key K, Fig. 8, can transmit intelligence
to a distant station; then, briefly at first, but later on more com-
pletely, to instruct him in the method of operation, use and
adjustment of each instrument in the set, so that in a reasonable
period of time he will himself be able to send and receive the
signals which before were unintelligible. At this point a num-
ber of questions may suggest themselves to the thoughtful stu-
dent. Some of them, it may be, cannot be answered ; others may
belong to the theory of the art; but our present aim is entirely
practical, the point being to beget in the student the ability to
translate writing and speech into the «Morse ” language ; the
consideration even of the main-line circuit is therefore deferred.

Summing up the examination of the local circuit there are

(1) The cells of battery as the source of energy,

(2) The conducting wires,

(3) The sounder S, consisting of an upright electromagnet
having for an armature a movable laver; and
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(4) A point P in the circuit at which, by a movement of the
armature D of relay R, we can control at will the armature of
sounder S.

In speaking of the relay R, Fig. 8, and its armature, the
remark was made that in it we have a telegraph key in form the
simplest and most easily understood, but not the most easily oper-
ated. Remove the dotted line wires from the thumbscrews of
relay R and insert them, as in Fig. 4, in the terminals of a key
K’, described in ¢ Elements of Electricity.” We now havea “learn-
er’s outfit "—battery, key, sounder and connecting wires. Even with
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LEARNER'S OUTFIT

Fig 4

these, signalling to considerable distances can be carried on, and
the medium for it is the Morse Telegraph Code, whose elements
and their combinations to form letters are now to be taken up.

THE T'MORSE CODE.

It is taken for granted now that the student is provided with
“a learner’s outfit,” comprising the apparatus shown in Fig. 4.
The key K is provided with a curved arm E, hinged at V. By
moving this to the right the key is opened. If, by tapping on the
rubber knob of the lever, dots are made on the open key, it will be
found that the armature of the sounder follows its movements.
Having attained thus the control of an electromagnet, only a time
element is needed in connection with the movements of the key to
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preduce intelligible signals. In other words, if the open key is
closed, by depressing the lever, now for a short, now for a longer
time, or if the time between the moments of depression is varied,
it is possible, by assigning the letters of the alphabet to different
combinations of these movements, to make the instrument spell out
the words of a language. To this end there was devised a system of
dots, spaces and dashes, so arranged and combined that, singly or
in groups, they are made to represent the different letters, figures
and characters of the English language. If the learner (the key
being open) hits the rubber knob a short, sharp blow with the
finger, the sounder will give two clicks, one with the downward
motion of the armature and one with the upward. The former
has a sharp click, the latter a dull sound called the * back-stroke.”
The signal thus formed is called a dot, and its prolongation by a
longer depression of the key is a dash; the down-stroke of the
armature marks the beginning of a dot or dash, and the up or
back stroke its end. In the movements for the production of the
signals the time unit is the dot; by its duration all the dashes
and spaces are measured. The single dot, produced as described,
is the signal for the letter E, the letter in most frequent use hav-
ing assigned to it an element the simplest and most easily formed.
Prolong the dot to twice the time and we have the dash — the
signal for the letter T; to four times the time, a longer dash,
forming the letter L. ; to five times the time, and we have the sig-
nal for a cipher (0). To the hand the only difference between a
dot and a dash is a longer depression of the key; te the ear the
difference is in the interval between the down and up, or back-
stroke of the armature. If the back-stroke were absent it would
be impossible to distinguish E, T and L one from the other. It is
not an uncommon thing for even the experienced operator to
«get the back-stroke,” in which case he dampens the up-stroke of
the sounder with his finger until the ear catches the down-stroke
again.,

In the selection of the combinations which make up the code
of signals, the principle, « the easy signal for the frequent letter, ™
is observed throughout. The time value of the dot is constant,
Lut the dash and space have each three different lengths. Two
dots separated by a space of time approximately equal to a dot
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represent the letter I, but two dots separated by a space equal in
time to two dots represent O. The former is a mere interval, the
latter is called the letter space; the word and sentence space are
multiples of it — usually twice for the former and thrice for the
latter. In naming the elements of the signal for the letter O,
for example, they are read «dot, space and dot.”

The entire scheme of the Morse Code, with its dots, spaces
and dashes, their combinations and their relative time values com-
puted according to the unit of time — the dot — and the letters,
figures and characters they represent, is shown graphically in the
accompanying chart, which the student must now, for a time at
least, make his constant guide and reference.

Fia. 5.

That we are able to present the alphabet in this preferred
form is due to the courtesy of the D. Van Nostrand Company of
New York, publishers of « Modern Practice of the Electric Tele-
graph” by F. L. Pope, to which manual, for details of nearly
every topic in connection with telegraphy, the student is referred.

In this connection it may be of interest to state that the
Morse Code, in the form in which it is now used, is the work of
Alfred Vail of Morristown, N. J., and that in the selection of the
signals for the different letters he was aided, so the story goes, by
a chance visit to a printing-office, where hLe noticed that in the
type cases the size of the different compartments was determined
by the frequency of the use of the letter.

The attention of the learner having been called to the rela-
tive time values of the elements which go to make up the signals,
he is now in a position to attempt for himself the making of them,
and to take his first step as a sender. His instrument for this
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purpose is the key, with regard to which it has already been
explained that it is merely a convenient device for the admission
and non-admission of the current to the electromagnet of the
sounder, according to a prearranged code. A suggestion as to
the manner of holding the key can be gained from the cut (Fig.
5) given herewith. In it will bs noticed the thumb pressing
lightly upward against the rubber knob, the fore and second
fingers curved, their tips slightly embedded in the knob, the
wrist kept well above the line of the lever. This illustration,
long familiar to telegraphers from its nse in advertisements, and
known among them as the « Catlin grip,” is not intended for exact
imitation. As in the case of handwriting, individual proclivities
will assert themselves; but if the learner infers from it how to
gain a firm command of the key, without cramping the fingers and
forearm, he will have learned all that the text-book or a teacher can
tell him.

At this stage some learners simply place the ccde chart before
them and beginning at A, with its dot and dash, plod through the
entire alphabet; then back and forth over the same ground, until
they have obtained a certain mastery of the signais ; and many good
operators have learned in just this way. The writer has heard Mr.
James D. Reid, «the father of telegraphers,” relate that even on
his way to assume lis first position he re-enforced his limited prac-
tice by tapping out the alphabet with a pencil or a knife on the
window of the railway coach or on the arm of a seat. But it
seems more in keeping with up-to-date methods of instruction pur-
sued in other branches to give to the exercises now to be entered
upon a growing and developing character. With this end in view
the different combinations of dot, space and dash are classified and
arranged in six different modes—the signals for letters, figures, and
common punctuation points only being considered at present. A
mere glance at the chart will indicate to the eye the differences
already noted in the lengths of the dashes; the letter L is repre-
sented by a dash twice as long as T; and the signal for a cipher
is a dash two and a half times as long as T. Tt isas well for the
beginner to observe these relative lengths; but in actual work the
dashes undergo some shortening without danger of error.
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14 THE ELECTRIC TELEGRAPH,

1. Dotonly, .E wl e S weee H weeee P
2. Dash only, — T—— L— cipher ——M ——~—§
-~ — — — paragraph
3. Dot preceding the dash, e—A Ww—U W.—V w.—4
. ——W
4. Dot foliowing the dash, ~.N —..D —..B —_— — Wl
— e —— .G — —~—.exclamation
6. A combination of (3) and (4) e—F —.—.J —.-~K
we—eQ =X ==l w— 2 we—.3
— w9 . — .— comma «e — — .. period

— .. — . interrogation
6. Dot and space, .« «C «.0 ... R %0 00 2L e o Z ceer &

The method to be followed by the student looks to the repe-
tition of the signals for these letters and characters, first in direct
order as given, and then in reverse. In this way his work is
graduated, and his ear will soon become accustomed to the differ-
ence as the elements increase or decrease. Especially is this true in
regard to the first mode ; and in connection with the second it is to
‘be noticed that while the dot always has the same time value, the
dash, as already stated, has three different values, as indicated by
the length of the lines for T, L, and cipher in the chart. The T
dash repeated gives us the letter M ; used thrice, the Fig. 5, and
four times, the signal for a paragraph. '

The third mode includes those letters and characters in which
a dash or dashes is preceded by a dot or dots. They represent
the letters A, U, V, W, Fig. 4. And for mode four we have a
reversal of the elements in the preceding one; dot follows dash,
and signals are thus composed for letters N, D, B, G, Figs. T and
¥, and the exclamation point.

In the fifth mode the order is miscellaneous ; and the more
complex and difficult signals thus obtained, have assigned to them
the letters least often used. They are F, J, K, Q, X, figures
1, 2, 8, 9, the comma, the period and interrogation. Last come
the so-called spaced letters — of all the signals, requiring in their
formation and grouping the most care. They are C, O, R, Y, Z,
& ; and their persistent repetition, both singly and in combinations
of short words, is enjoined upon the student.

The telegraphic equivalents of all the letters, figures and
more common punctuation marks having been given, attention is
next called to groups of letters having signals somewhat similar.

154



THE ELECTRIC TELEGRAPH. 13

For the letters and characters in these groups the student can find
for himself the signals in the code card. He can, by inspection,
determine for himself the exact difference in each case, as, for in-
stance, in the first of the following groups A differs from I by the
change of a dot into a dash. 1. ‘I, A, S, U, H, V.

2. A,F, X, comma, W, 1.

3. U, Q, 2, period, 3.

4. K, J,9%G,T,!

-The signals for these letters and «haracters having by repe-
tition become familiar to the ear, the ccmbination of letters into
words, may next be taken up. In the cocrse of the plodding thus
far pursned, the learner may begin to thint that the slow analysis
by the brain and the mentul noting of every signal must be an
irksome task. But he will find as he advances that by degrees
the analysis becomes mechanical; certain scunds come to mean
letters, groups of sounds, words. The real alphabet of the expert
telegrapher is largely one of words; to him the clicking of the
sounder is a language, and its interpretation as casy as that of
speech. It is thevetore with the combination of letters into words
that we have now 1o do. And in pursuance of the progressive plan
the exercises revert at this point to the order in which the signals
were classified ; that is, words are made up first of dot letters,
then of dash letters, and so on.

1. Of the dot letters can be formed the words is, she, ship,
hips, his, pies, sip, pipe, sheep.

As it is not possible to furnish many words made up exclu-
sively of the letters in each group, single letters from other groups
are here and there borrowed to make up some exercise words; as
for instance, in the old-time favorites with learners, pippin and
Mississippi, in which N and M belong to another group.

Exercises in words containing dot letters:

Dishes, dispel, high, dipped, Spanish, spite, shipshape, dimin-
1sh, dishevel, phase, dapple, hiss, hissing.

2, Dash letters: Met, tell, till, time, mill, pellmell, metal,
{imit, telltale, mamma, mammal, minimum, little, time, tittle,
tattle, emit, timid, multiple, multitude, dimmed, mallet, skillet,
skimmed.
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8. Dot before dash letters: Awe, awful, awl, law, mauve,
value, valve, wave, Eva, vault, view, lava, vamp, haul, pawl,
squaw.

4. Dash before dot letters: Bend, bidden, gilded, laden,
dined, begemmed, dunned, dabble, nab, ban, Denbigh, Big Indian,
quagga.

5. Combination of (3) and (4): Julep, jungle, junk, Fiji
king, fast bind, fast find, quit, equal, quaff, quake, exit, exist, ex-
queen, exquisite, exhaust, skiff, piquant. ~Affix a k to kin and
it is kink, bequeath, quaint, mujik, Ajax, Xanthine, jejune, jujube,
keg, fix. ’

Thus far no words containing a spaced letter have been ad-.
mitted. The hand and ear are thus first accustomed to tha signals
whose elements are separated by a uniform interval of time. By
reference to the code card the learner will notice the difference in
the spacing between s and ¢, iand o,sand r, h and y, h and z.
The addition of the spaced letters makes the alphabet complete,
and a number of excellent practice words omitted heretofore are
now available. '

6. Spaced letters: Or, err, to err is human, errant, corner,
Corcyra, correct the error, eczema, corollary, co-operate, Corcoran
& Co., coon, raccoon, circus, circle, cycle, bicycle, current, currant,
cracker, firecracker, chronicle, coccyx, buzzard, zyrcon, correlate,
physics, phantasmagoria, rhododendron, corrupt, cohesion, cordu-
roy, road, dory, hippopotamus. There is no royal road to learn-
ing. The voice said Cry. What shall T cry? According to
Sinbad the sailor, the roc’s egg was enormous in size. Llewellyn,
sassafras, crown, point, parallelogram, oyster, eyelet, icicle. ice-
cream, puzzle, bamboozle, binocular, verdict, door, category, oracle,
rollicking, moored, marooned, pirate, gyratory, circumstance, cir-
cumgyratory, paraphernalia, jiffy, effigy, equinox, quiz, Quixotic.
Peter Piper’s peacock picked a peck of pepper out of a pewter
platter.

A few easy messages of ordinary commercial form are here
introduced, attention being called to the fact that the destination
occupies a line by itself. This is done so that the distributors in
tne larger offices can catch the «place to” at a glance.
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116 B. l RN I MB 11 Paid.

RECEIVED at the . . . BUILDING, . . Broadway, N.Y. July 12, 1902.
‘Dated Bar Harbor, Me., 12.

To Theo. Faulkner,

Jenkintown, Pa.,

Can give same room as last year —twenty

eight dollars. Answer.
(Sig.) J. S. LYMAN.

17 Ki. MO ] ND ' 7 Paid.

RECEIVED atthe. .. BULDING, . . Broadway, N. Y, July 12, 1902.
Dated Kingston Depot, N. Y., 12.

To Mexican Gulf Agricultural Co.,
Dallas, Tex,

Arrive there Monday morning, 8.55.
(Sig.) ALLEN.

184 UD B 20 D, H.

RECEIVED it the, .. BUILDING, . . Broadway, N.Y, July 12, 1902.
Dated Mamaroneck, N. Y., 12.

To G. F. Harriman,

Pullman Co.,
Detroit, Mich.,
Empire Coupler Co. shipped car load of
couplers to-day in D. L. & W. car 58,031.
(Sig.) H. M. WYATT.
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In the top line the first space contains the number, and gen-
erally the call of the sending station ; the second and third spaces,
the signals of the sending and receiving operators; the fourth, the
check. In practice the signature is also on a line by itself.

By attention to the response of the sounder as he forms the
letters on the key, the learner has now to some extent familiar-
ized himself with the sound of the signals as he translates their
form, as printed in the code card, into the key movements neces-
sary to produce the dot, space, and dash. Reading the signals as
they are embossed on paper by a ¢register,” except for some
special uses, has become obsolete in telegraphy, so that it is with
the sound that the learner has entirely to deal; and the signuls
from which he must copy are those of a hand not his own on a
distant key. In this, as in handwriting, there are individual
Aifferences ; and the query whether operators can recognize one
another over the wire by their ¢ Morse” can be answered affirm-
atively.  Since much depends on the initial practice in the
" formation of his style, the learner should, if possible, at the out~
set take a few lessons from an operator. That these remarks
are practical and not perfunctory, the writer has personal knowl-
edge at the present time of the contemplated removal of ope-
1ators from some important circuits because of their defective
sending. To aid in the formation of a correct style the signals
have been presented in a graded form, beginning with the dot,
which is the unit of time, passing on to the dush, then to the
various combinations of dots and dashes, and lastly of dots and
spaces; all with a view to their reproduction in words, phrases
and sentences.

The Automatic Sounder Method. It was intimated that, for
beginners, it was advisable to observe closely the relative length
of the signals as indicated by the chart, especially the dashes,
and that, on this account, it would be well for them to take a few
lessons from an operator at the outset. In order, however, to do
away with the necessity for this, there is brought to their notice a
device of Mr. R. W. Elam of Valparaiso, Indiana, for the repro-
duction of signals the same in effect as if sent by hand, thus sup-
plying in a great measure the guidance of an experienced teacher.
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The apparatus is constructed by the National Automatic
Transmitter Company and is furnished to students by the Ameri-
can School of Correspondence. 1In addition to the apparatus
itself, the student is supplied with a set of records representing
the letters and characters in the Morse code ; the apparatus repro-
duces them in such a manner that, in the formative period, the
learner may accustom his ear to the signals as made by an expert.
These records are exact reproductions of the characters as made by
hand; having been transmitted to the recording perforator by
an expert operator through the use of an ordinary telegraph
key. So natural are the messages thus reproduced that the indi-
viduality of the sender’s « wire-writing ” can be detected.

The Apparatus. In the form furnished to students it is
mounted on a base, 114 by
12 inches, made of quarter-
sawed oalk, finely finished;
and comprises a learner’s
outfit consisting of a key,
sounder and battery such
as have been previously 1
described ; with clock-work :
and cireuit-breaking mech-
anism throngh which moves
a strip of perforated tape.
To the axle of the clock-
work, where it projects
through the frame, is af-
fixed a friction wheel
which imparts its motion to the tape. Between the wheel and the
tape holder is a curved pad against which the tape is pressed by
an arm pivoted nearer to the end next the pad which we will call
A; the other end we will call B. A slight deflection, therefore,
of end A is quite marked at end B; the movement of the latter
is limited by a stop similar to the armature of a relay. Like
the relay also, at its end B the pivoted arm and the stop make
connection with the poles of a local battery, so that when contact
is made between the arm and the stop, the circuit through the
sounder is closed; when the contact is broken tbe sounder is open.

AUTO=ALPHABET INSTRUMENT.
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The slight movement of the arm needed to operate the sounder is
effected by running the perforated tape between the end A of the
arm, and the curved pad; when the end A is against the paper the
sounder is open; it is closed whenever end A drops into an open-
ing.

In the tape the student will readily see that the smallest
openings represent the dots of the Morse code; the larger ones the
dashes of different lengths.

Releasing the brake with which the mechanism is provided,
the paper moves forward, imparting to the pivoted armn a series of
movements which the sounder translates to the ear; the perforated
tape acts as an automatic circuit breaker, producing the signals on
the sounder precisely as the key does, and with greater accuracy
as to relative units of time. In effect the signals are being sent
by hand; to have them at his command is a great advantage to
the beginner, some of whose tendencies to error are set forth in a
later paragraph.

The course comprises a series of records capable of repro-
ducing the work of an expert as effectively as if he were listen-
ing to the actual working of a wire. Another advantage lies in
the fact that the speed with which the messages are sent can
be varied over a wide range so that the student can use a slow
speed when first taking up the work and, as he becomes more
expert, can increase this to keep pace with his advance. The
instrument can also be made to repeat any given message as many
times as the student desires.

To insure good results the local points, where the arm touches
the front stop, should be kept clean; and it may be necessary at
times to pass a fine file lightly between them. The clockwork
needs no attention beyond the winding up, and an occasional
oiling.

The parts of the learner’s outfit have been described else-
where, and in such a manner as should make clear how closely it
resembles the local circuit of the regular Morse Line. In placing
the tape, see that the signals read in the direction away from the
marking arm. The speed should be slow at first; the learner
should note the perforations and mentally name the letters and
characters as they pass teward the arm, so that when the sounder
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records them, the ear will associate the sounds with the signals.

A number of these strips are furnished the student; but the
one with which he should first familiarize himself is that in which
the exercises follow the course indicated below; the words are
grouped according to the six modes just indicated; they are made
up first of dot letters, then of dash letters, and so on. In pursu-
ance of this plan the particular tape in question is perforated to
render the foliowing :

Is she ship his pies sip pipe sheep.

The learner may, if he chooses, stop the movement at this
point, and, going back to the word ¢is,” reproduce the series any
desired number of times. Following upon the word ¢ sheep” the
sounder will reproduce the following words composed for the most
part of dots:

Dishes dispel high dipped Spanish spite shipshape diminish
_ pippin Mississippi dishevel phase dapple hiss hissing

Following upon this the sounder will render the exercise
words in paragraph 2: Met tell till time mill pellmell metal limit
telltale mamma mammal minimum little time tittle tattle emit
timid multiple multitude dimmed mallet skillet skimmed; par-
agraph 3: Awe awful awl law mauve value valve wave Eva
vault view lava vamp haul pawl squaw, and so on through par-
agraphs 4 and 5.

Paragraph 6:  Or err to err is human errant corner Corcyra
correct the error eczema corollary co-operate Corcoran & Co. coon
racoon circus cirele cycle bicycle current currant cracker fire-
cracker chronicle coceyx buziird zyrcon correlate physics- phan.
tasmagoria rhododendron corrupt cohesion corduroy road dory
hippopotamus. There is no royal road to learning.

Some Faults of the Beginner. The learner may now, with
key in hand held in the manner indicated, traverse once miore the
ground over which he has gone; but this time, he goes along with
the notations of certain incorrect tendencies and faults which mark
the beginner’s work. 1le can take up those letters whose elements
are simple dots, viz., e, i, s, h, p, and practice on the words already
furnished, or upon combinations of his own. He will be interested
at this point, to know that some experienced operators cannot make
the five dots which form the letter P. and that many more
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cannot make the six dots of the figure 6. If the learner would
avoid the «seven,” ¢ eight,” and + ten-dot” habit, he should start
in slowly, giving definite values to his dots, making the inter-
vals uniform, until some approach to precision is reached. Avoid
shortening or clipping the final dot, and make sure by actual
count at first that the correct number for each character is made.

Following upon the dot mode are the four short dash charac-
ters for the letters T and M, the figure 5, the paragraph; and the
elongated dash characters for L and cipher. Here, again, a ten-
dency to shorten or lengthen the terminal dash and to space
unduly the successive dashes should be guarded against. It is
well to observe at first the relative time value of the dashes, but
in practice the cipher and L dashes approach one another very
closely without inconvenience. Occurring alone or among other
letters the long dash is translated as L; among figures it is read
as cipher. As between T and L, the usual inclination among
learners is to make the T too long and the L too short.

In the next mode, in which the dot or dots occur first, the
tendency is to separate too much the dot and dash elements.
The interval between them should be appreciable to the ear, but
no more. The places of these elements are reversed in the fourth
mode to form the letters N, D, B, the figures 7 and 8, and the
exclamation point. The first two should offer no difficulty, but
B, 7T and 8 are troublesome, the tendency being to add in each
case to the prescribed number of dots. There are operators who
make the figure 8 for B, and a dash and five dots for 8; but no
one careful of his work allows himself to fall into this habit.

Then there is that combination of the dot and dash elements
which gives us the letters I, J, K, Q, A, figures 1, 2, 3, 9, the
comma and the period. Of these, J and K are usually considered
the most difficult, the tendency being to make a double N of the
J, and the dashes of unequal length in both. The last mode
brings us to the test of a good sender, in the deftness with which
he makes the spaced letters unmistakable to the receiver; and he
does this by such slight modifications of the space as the exigen-
cies of the different combinations call for. The space in these
characters is a prolonging of the necessary interval between the
elements, ard it should be just enough in excess of it to make
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the letters O, C, Z, for instance, distinguishable from I, S
and H; and the spaces between the successive letters of a group
of spaced letters should be slightly greater than the ordinary let-
ter space. Some unfamiliar words, such as coerce, offer such a
succession of spaced letters that it is usual for careful operators to
repeat the word thus: coerce? coerce — the interrogation point
implying « Did you get it correctly ?” It should hardly be neces-
sary to warn the learner against the stereotyped mistake of
beginners — that of going over a great deal of gronnd and doing
nothing thoroughly. The real progress lies in correct work as
one goes along, and accuracy at first in the formation of the sig-
nals will lay the foundation for sate and rapid work. The stu-
dent has already been apprised, by means of three examples, what
the ordinary message form is; but something more than «a
learner’s outfit” is needed for the exchange of messages. The
point has now been reached for the consideration of the main-line
circuit, to which the electric bell and the local circuit have
formed a kind of introduction.

THE MAIN-LINE CIRCUIT.

As compared with the local circuit, or learner’s outfit, no new
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principle is involved in its operation. The local circuit, with its
few yards of connecting wire, has all the essential features of the
longest Morse line working single ; the differences are merely
those of adaptation to new conditions.

First to be made clear is the difference between a metallic
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and a ground circuit, as exemplified in a local and a main-line;
and the location of the latter battery with respect to the
the main line. Reverting now to the battery in the local circuit
(Figs. 8 and 4), it will be noticed that, where the sides of the
cells adjoin, the two unlike poles are connected by a short piece
of wire. This, with the longer piece passing through the instru-
ments and connecting the other poles, forms what is called a
metallic circuit, because the entire path of the current is of metal.
If the short piece of wire between the cells be broken in two and
both ends sunk in the damp earth, the circuit will be found intact
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as before, the current finding a path through the ground; and in-
stead of a metallic we have what is called a «“ground,” or (in
England) «“earth ” circuit. At this stage we must content our-
selves with the fact that the earth acts as a return wire; the
reason for it'belongs to the theory of electricity. The main line
is a ground circuit, not a metallic one; and the location of the
main batteries relatively to the rest of the circuit is made plain in
Fig. 6. In it are shown two terminal stations, each with main
battery, relay R and key K ; and between them is an intermedi-
ate station. The cirenit here shown may be hundreds of miles in
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length. The cells at each terminal are usually about 150 in num-
ber; at terminal A in the drawing the copper pole.is grounded,
and the zinc goes to the main line; at terminal C these conditions
are reversed.

Between the terminals there may be a score or more of inter-
mediate stations, of which only one (B) is represented in the
drawing; and as its position in regard to the main line is made
clear, the details of an intermediate station, hitherto passed over,
are now to be described. For this purpose attention is called
to Fig. 7,in which is shown, more in detail than in Fig. 2, an
intermediate or way-station, with its main lines appearing at
the top, its switchboard, relay, key, sounder and local circuit
(dotted line) all complete. As compared with the « learner’s out-
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fit” the additional parts are the relay and switchboard Sw. The
wires marked ¢ main line” are identical with those extending in
either direction from station B in Fig. 6. In connection with
relay R, Fig. 7, the dotted lines which are seen in Fig. 4 inserted
in a key are replaced in the thumbscrews of the relay; and the
armature and front stop of the relay are again a part of the local
circuit. The coils of the relay cores, of which the thumbscrews
Y Y are the terminals, form part of the main circuit, just as the
coils of the sounder in Figs. 8 and 4 form part of the local cir-
cuit; but in the construction of the relay as compared with the
sounder, some new features may be noted. The latter instrument
is operated by a battery close at hand, for which only a few yards
of wire are required ; but the relay is only one of a number of
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similar instruments operated by a battery or batteries through
liundreds of miles of wire-—a problem in which the matter of
economy is also a factor, The cells of battery at each main line
terminal was given as 150; but even with this number a meter
inserted in the main line of an ordinary telegraph circuit would
show a very feeble current. If an ordinary sounder were ¢ cut in”
on such a line, there would be no response of the armature to the
~opening and closing of the circuit, for the reason that the wind-
ing of its coils is not suited to the conditions. But in the relay,
in order to obtain a sufficient amount of magnetism, the coils are °
wound with many more turns of much smaller wire. To make
room for the additional turns, the soft iron cores are made longer;
because of their length they are placed parallel with the base
instead of standing up, and the other parts are made to corre-
spond. The winding of the relay coils has its terminals in thumb-
screws Y Y, Fig. T; and if from one of them ths main line wire
is detached and tapped firmly against the thumbscrew, not only
will armature D of relay R respond to the action, but all the
relays on the line, be they two or twenty, open and close in unison
with the non-contact or contact of the detached wire with the
thumbscrew. Then because the movement of the armature of the
relay opens and closes the local circuit of each and every relay
along the line, the sounder in each local circuit moves in unison
with the home relay — a result brought about by merely tapping
the thumbscrew of the home relay with the main line wire tempo-
rarily detached from it. But the detaching and tapping method
has been resorted to only to emphasize for the learner the essential
features of a telegraph circuit. In practice the tapping is done
much more conveniently with the key, with whose use the learner
is presumed to be already somewhat familiar. And as he either
has one in his possession, or the use of one, he can examine its
construction for himself, so that a description of it here is unneces-
sary. With the key in the main line circuit to do the work done
by detaching the wire from the relay, it is plain that all the
Instruments in the circuit can be controlled by the movements of
the key; when the operator opens the key by moving the curved
arm from under the spur (see Fig. 4), all the relays instantly
open ; when he depresses the lever they all as instantly close. This
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result is possible because of the velocity of the current — the time
consumed in traversing five hundred miles being inappreciable.
It should now be plain to the learner how it is that the control of
a key at any point in the circuit enables him to exchange signals
with a distant station ; and, in doing so, he «telegraphs " or, as the
word means, writes at a distance ; for telegraphy is distance writ-
ing, just as telephony is distance speaking.

Mention may be made here of a new form of key which
in its construction and operation is a radical departure from
the form hitherto in general use. The handling of the ordinary
key for any length of time is a serious tax on the muscles
of the forearm, resulting in some instances in an ailment known
as “telegrapher’s cramp.” The new form of key was devised
with a view to relieve the strain on the forearm by a form of lever
which is not only initially different from the ordinary one, but
admits of being instantly shifted into various positions, as the
sender feels the need.

THE SWITCHBOARD.

One part of the apparatus of a way-station remains to be de-
seribed 3 it is called the “switchboard,” and is usually secured to
the wall over the operating desk. It enables the cperator to
change the arrangement of the wires leading from the desk with
respect to the main line, and to the ground. It is simply a board
of well-seasoned wood, fitted in front with metal strips running
vertically and terminating in thumbscrews; horizontally across
the board are rows of small circles of metal, called discs, whose
stems puss tlhrough the board, at whose back each row is connected
together with a wire terminating in thumbscrews in front and at
one side of the board. The strips and discs are so constructed
with reference to each other, that connection can be made between
them by a metal peg having a short handle of rubber.  The switch-
board is seen in position in Fig. 7, but is reproduced on a larger
scale in Fig. 8. The different rows of discs (each row having
connecting wire at the back) have their terminals in the thumb-
screws 3, 4, 5, 6, of which 4 and 5 make direct connection with
the relay and key, and 6 mukes connection with the ground.
Suppose the way-station to be between New York and Albany;
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let M represent the main line from New York, making connection
with the thumbscrew 1; and M’ the wire to Albany connecting
with 2. Look briefly at a few changes in the connections that
can be made by means of two meral pegs. Suppose each of the
discs in a given row to be numbered as shown on the right of that
row. Connect with pegs 1, 3 and 8, 2. In this case the current
would simply pass from har to bar across the middle disc 8 with-
out affecting the instruments at all; and in this position of the
pegs they are said to be «“ cut out.” Move the pezin1, 3 to 1, 4
and the main line circuit is open because there is connection only
between discs of the same row. Move the peg in 3,2 to 5, 2 and
the current has to pass through key and relay in going from one
upright bar to the other, and the apparatus is said to be “cut in.”
The drawing represents the switchboard in its simplest form, and
the operations indicated are the most ordinary; but if the learner
will bear in mind that the discs are connected with each other
only in straight lines across the board, he can trace out for himself
other peg connections of discs and bars and the changes they
bring about in the circuit. For instance, discs 6 all connect with
the ground. Remove the peg from 1, 4 to 1, 6 and from 5, 2 to
6, 2; the wire from both directions is now grounded, with the
result that there are now two independent circuits— one in each
direction from the way-station whose operator could now work
with either New York or Albany, but the stations named would
be cut off one from the other. Restore the pegs to their original
position in 1, 3 and 8, 2, and the terminal stations can work with
each other, but the way-station is once more “cut out.” This is
the position in which the pegs should be placed when the operator
leaves the office, or during a thunderstorm. But for the latter
incident there is generally arranged a ¢“cut out ” outside the office.
Many intermediate stations have more than one wire and switch-
board to correspond, and it would be possible to fill pages with
the combinations that might be effected ; but sufficient explanation
has been given to indicate the method which, when once under-
stood, can easily be extended and applied to suit larger needs.

In the care and adjustment of his instruments, the operator
should see that the local points of his relay and the points of his
key are clean; he should be on his guard to see that the armature

1
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of his relay or sounder does not hit upon the soft iron of the cores.
A good way to assure himself of this is to pass a piece of paper at
times between the armature and the core. Instructions in the
care of the local battery are now in order; but they differ with
the kind of battery used, and are usually furnished in the book of
rules of each company.

The purpose up to this point has been to give the readsr an
idea of the apparatus employed in telegraphy. It has been em-
phasized thus far that the essential features of the local circuit,
viz., battery, electro-magnets, and connecting wires, are all repro-
duced in the main circuit, the differences being only those of
adaptation to new conditions. :

With this statement a reversion is now made to the practical
—to the matter of the exchange of messages, of which some
examples of the ordinary form have already been given. The
greater part of the business handled by the commercial companies
is of the kind exhibited ; but the work of the operator would be
easy if it consisted in exchanging only such messages as the sam-
ples. In addition to the ordinary form, there are those known
among telegraphers by the following terms: Wire, service, for-
warded message, repeated back, government, grain, transfer, cipher,
number group, circular, C. N. D. (Commercial News Department),
marine, and railway D. II.  Then there is the press service, mak-
ing use, in some cases, of fixed forms for a baseball score, golf
score, and the like. Of ordinary press matter the volume on cer-
tain occasions, such as a presidential convention, is great. At the
present time much of the press matter is handled on wires leased
from the telegraph companies by the press associations, and their
carrying capacity is increased by the use of a code which enables
an operator to transmit as fast as an expert typewriter, at his
highest speed, can copy. Of code telegraphy, some details will be
given later on. In addition to all these the art has been special-
ized by railway companies in the movement of their trains and
traffic, also by brokers and large commercial houses, to such an
extent that even an expert operator must serve an apprenticeship
in order to fit himself for the rapid work in these specialized forms.

Of the different kinds of messages just enumerated, the first
two designations are self-explanatory, the former having to do
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with the assignment, arrangement, and cross-connection of wires ;
the latter with the forwarding, re-addressing, and delivery of tele-
grams. Service messages have to do with the movement of tle
despatch from the customer to the hands of the party addressed,
and, if errors have been made, with their correetion.

The following are examples of this form of message :

Marietta a ofs.

Give full address Oswald Denberg. We fail to locate
your msg date signed National EL Co. 8. Y. S. (sig) Munn,
New York.

The use of abbreviations will be noted; and for some con-
stantly recurring phrases, such as ‘‘see your service,” only the
initials are used. « Give better address” is similarly represented
by G. B. A.

Munn, N. Y.

Pls D. W. C. from original yours today Carnegie Steel
Co. signed Union National Bank, A. L. Dignam Cashier.
Same reaches us dated Waterbury Conn.; Carnegie say think
should be dated Watertown N. Y. Advise my care.

(sig) Phila., Pa.

In this case a «duplicate with care” is requested.

An extra-date message is one that Las been received by mail
at, say, Albany office ; or, having come over another line, has been
handed in to be sent forward, and takes this form :

1164 Bn Mo 15 Paid

Berlin, N. Y. Oct. 26, via Albany Oct. 26

Adam Brown,

Bridgeport, Conn.

Have been unexpectedly detained. Meet me next
Monday at ten. H. Brosnan.

In this case the five words « Berlin N. Y. Oct. 26 ” are added
in and charged for as part of the message. It is customary when
the party to whom a message is addressed las left town, to for-
ward it to'a given address, in which case the forwarding station,
with the word wia, appears in the date, and the originating sta-
tion and date are charged for, the same as in the exampie just
given.

Occasionally the sender of a message, to insure its correct-
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ness, requests a repetition, in which case the words “repeat back ”
are inserted in the check and included in the count. For such
repetition a charge of a rate and a half is made. A “night mes-
sage ” does not differ in form from the examples of paid messages
already given, except that it is always copied on a blank printed
in red ink, and in the check is inserted the word * night,” which
is not counted. In all collect messages, whether day or night, the
word «collect ” is counted as if part of the body of the message.

Government messages are exchanged between the officials of
the United States government and its employees, and differ from
the ordinary form in that the address and signature are counted
as part of the body of the message, thus:

197TW  Kn Mg 28 Paid Gov’t
Washington, D. C. June 24
Col. H. K. Ames
Memphis, Tenn.

Forward to New Orleans all the tents and rations you
can spare in aid of the flooded district.
(sig) E. M. Harrison,
Commissary General.

The text or body of this message contains only seventeen
words ; but the count of every word in the address and signature
makes the check twenty-eight.

A prominent feature of commercial telegraphy at the present
day is the facilities provided for the quick interchange of messages
between Produce, Stock, and Cotton Iixchanges in cities remote
from each other, the circuit arrangements being such that the
members of these bodies can carry on their trading with a celerity
and correctness that leave little to be improved upon. Many of
these traders have their own private wires; but the greater part
of this class of business is carried on by the New York Produce
Exchange with the different grain centres, such as Buffalo, Toledo,
Detroit, Chicago, Duluth. In the forms of messages hitherto
given each message is preceded by its number, the signals of the
sending and receiving operators, and the check. In the exchange
of grain orders all this, with the exception of the number, is dis-
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pensed with. To show the difference in usage between the ordi-
nary and the exchange form, a message is given in both:

B123 Da Mo 7 Paid

Ex Chicago, May 18
J. C. Ladenberg,
New York.

Sell five July corn at sixty half.

(sig) M. J. ALLEN.

In practice this would be transmitted in abbreviated form,
thus :
B186 T Pd.

Ex. J. C. L. Sell ete. (sig) M. J. A.

Such work, of course, calls for experience on the part of the
operator and great familiarity with the names of his patrons;
these being granted, the volume of business that can be handled
during exchange hours is large.

There has been evolved in connection with the telegraph ser-
vice a great convenience to the business community in the order
by wire to pay to one party money deposited by another —a trans-
action possible between cities on opposite sides of the continent.
The instrument of this exchange is a message called a « transfer,”
of which the following is the common form :

B171 Dg Rn 17 Free

Hartford, Conn. June 19
J. D. Mallory,

Henderson, Texas.
Pay to N. D. Hilliard, Hotel Baldwin, gilt bald edge-
ways from E. L. Adams, Jr., Hartford. Vigilant
(sig) H. N. Tallman,
Transfer Agent.

It is a curious fact in connection with the ¢ transfer” that
in place of the very commonly used D. I. for « deadhead ” in the
check, the word ¢ free ”” has always been retained. It is said that
the use of this rather grim phrase with the meaning ¢ no charge ”
dates as far back as the Roman times, when free admission to the
circus and the theatres was gained by the presentation of a carved
death’s head furnished by the authorities.
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THE CIPHER TESSAGE.

In the above message it will be noticed that the amount to be
paid is indicated by words without meaning to the outsider; and
it concludes with « Vigilant,” which is understood to mean ¢iden-
tification is required.” The ¢« transfer” is, therefore, in part a
cipher — a form of message much in favor among patrons of the
telegraph. It involves the representation of a’word or phrase by
a word arbitrarily chosen, and therefore understood only by those
concerned ; and this is very nearly the dictionary definition of the
word «cipher ” used in the sense of a secret writing. Its use in
telegraphy serves the double purpose of economy and secrecy ;
and incidentally some forms of it greatly tax the patience of the
operator. As the meaning of the cipher is the concern only of
the correspondents, there may be as many systems as there are
patrons ; but among business men the phrases in common use be-
came 8o numerous that cipher-making itself became a business.
At the present time quite a number of systems are in use ; so that,
to carry on a secret telegraphy, the patron needs only to buy two
copies of any preferred code — one for himself, and one for his cor-
respondent. As the words representing the different phrases are
generally chosen arbitrarily, any number of English words chosen
at random might be taken to form the text of a «cipher” message.
But portions of two or three with fictitious addresses, are here
given to bring the learner into touch with the reality.

B67 Ha Ks 10 Paid

New York. June 19
L. M. Hazeltine,
Boulder, Col.
Metemperic entire peasoup velvetleaf bondmaid eighteen
birthsongs thalarctos each periwig.
(sig) Alpha.
B68 Pq An 11 Collect N
North Adams, Mass. June 21
C. K. Thurber & Co.
New York.
Admixed unaided unbias aleak unapplied fetch andiron
marauding maroon hairpin.
(sig) E. M. Seymour.
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In this last, as in all messages similarly checked, the word
«coliect” is counted. Of the more difficult forms of cipher that
in use by the large business houses of the West furnishes two
examples :

C18 Mo Ns 20 Paid

Kansas City, Mo. June 21

L. M. Wetstein,

New York.

Molucris morbescunt desque cow dexterous demulsion
facial gildos holzstoss hoodwink hymnifero hamaux marandara
vetader no vetachtig motandos fatichera komplot salami.

(sig) Roburn.

D21 Aj So 15 Collect
Indianapolis, Ind. June 24
R. A. Clarkson,
Middletown, N. Y.

Asander unbespeak umsetzbar unbeing boneless mar-
agnon monarch cervelat disallowed each car alamoth arrodeth
absorb.

(sig) Schievelin.

Quite commonly these messages contain several hundred words,
and no knowledge of English or of any other language is of much
aid to the receiving operator ; he must watch for each letter, and
pen or typewrite the signals as they arrive. It should be apparent
at a glance what an indispensable aid to this work the typewriter
is. By means of it these unintelligible words are copied in a man-
ner that makes them unmistakable to the reader, and the receiver
has no need to resort to the old expedient of ¢ writing in” the
Morse characters under the letters imperfectly formed by the pen.

The Cable Message. The high tolls charged for cable ser-
vice makes the use of cipher in their composition very common.
The address and signature of each message is counted, and the
formeris often trapsmitted as a cipher word, which is duly registered
for reference when needed ; for'instance, Havicam, London, might
stand for Haviland, Campbell & Co., at any address in that city
they chose to give. A single example only of a cable message
need be given, as the one form is quite generally followed.
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52 Yv Kn Duluth 10
Richfig,
Rotterdam.
Ascanilota apilatori makobojoss Koln luhoto
schizandra pythao (sig) *  Blockland.

Several of the words, it will be noticed, contain just ten letters.
This is the permissable limit for one word ; if exceeded, the word is
counted as two, except in case of the destination, as Constantinople.
The corvect handling of cables involves many matters of detail in
regard to the « count” which requires some little practice to master
properly.

A unique form of cipher deserving of mention hLere, makes a
message to consist entirely of groups of figures, usually five in a
group and in this form: 17641, 75689, 84356, 09543, and so on
through hundreds of groups. Ior the nought beginning the last
group the signals for TW — dash, dot, dash, dash — are sometimes
used. This form of cipher seems to be much used in correspond
ence between the different governments and their representatives
and agents.

The circular message, as its name indicates, has a number of
addresses with a common text, or body. For this form the senders
generally avail themselves of the night-rate service. Lxcept for
the plurality of the addresses, each one of which in sending is
separately numbered, it does not usually differ in form from the
ordinary message. .

The ««C N. D.” The Commercial News Department message
is as unique in appearance as it is different in form from the others.
The department is an agency for systemized and detailed advice
in matters of commercial interest as they transpire in the different
exchanges, and in sporting matters to individual patrons and cus-
tomers. For transmission by the operator tlie message is usually
written either on a pink blank or on a sheet of yellow manifold.
(One such, pickéd up at random, reads: © Add Charleston. Quiet
8% Sales 60 . . . 2.31” This is a quotation of cotton, and the
time when written takes the place of the signature. Another
reads :

« Detroit close 2.25
“Dw 84b Red & m 81 N 76 U 75} ... 115"
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To the initiated this means : Cash wheat 84 bid ; Red and mixed 81
July 76 September 751. 1.15 is the Detroit time; 2.25 is the
time received in New York. Another, addressed to a sumner
hotel on Long Island, reads :

«“Stocks A815; St 1755 MP109% ; USS37%; U 105 . . .
10.16 A.M.,” in which A stands for Atchison, Topeka and Santa
Fé; St for St. Paul, and so on through the list.

These brief examples give the merest hint of the traffic of
this elaborate system ; and so diversified are its forms it takes
weeks and in some cases months of training to make even a
skilled operator master of the service.

The Marine Message. The natural interest of the friends of
those at sea in the sighting of their ships, and their desire to know
the probable time of their arrival at the dock in New York, led to
the organization of the Marine Department, which, on payment of
a certain sum, furnishes the information in the following form :

Marine Department, New York, June 2.

George Homer, 851 West 14th St.,, New York.

Steamer ¢« Columbia > will arrive, unless detained at quaran-

tine, about 6.830 .. (Sig.) Manager Marine Department.
This service is almost as old as the telegraph itself, and it remains
to be seen how far the wireless system will modify it. It is cer-
tainly in this direction that the latter system should first make
itself felt.

Of the railway D. H. a short example has already been given
as one of the three specimens of the ordinary message. Its marks
are the use of initials and groups of figures in which each digit is
counted as a word. They are frequently of great length, and re-
quire some care in copying in order not to lose the count.

Abbreviated Telegraphy. A notable development of the art
in connection with the fast-speed press work involves the use of
abbreviations according to a system, and is known among the
craft as Code Telegraphy. It was always more or less the custom
among press operators to abbreviate familiar and frequently recur-
ring words and phrases when sending to experienced mates; but
the introduction of the typewriter gave such impetus to the art
that a codified Morse, at the present time, is not far behind the
speed of ordinary speech. Beginning with the Morse alphabet,
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figures and ordinary punctuation marks, the code system first pro-
vides an extended system of punctuation covering all the charac-
ters and. marks that commonly occur in print, as follows: (See

page 341.)
For an apostrophe the signal is the same as that given in this

Dash —

Hyphen -

Pounds
Shillings
B

Capital

Colon quotation :”

Parenthesis ( )

Underline

Quotation beginning *

Quotation end
Quot'n within quot'n

Cipher beginning
group of figures

L]

chart for quotation within a quotation ; a parenthesis begins with
Pn, and ends with Pq ; a fraction, as §, is transmitted 8ed ; a deci-
mal, as 89.92, 89dot92 ; omitted words are indicated by a series of
x’s; and in sending one or more lines of verse a paragraph mark
(- - - -) closes each line.
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The system in general use among operators is the Phillips
Code, from its inventor, Mr. Walter P. Phillips, general manager
of the United Press; and in its arrangement it advances of course
from the simple to the complex. Single letters are first made to
represeﬁt common words and phrases: B, be; C, see; F, of the,
K, out of the; Q, on the; and so on through a list that need not
be reproduced here, because the entire code can be purchased in
book form and contains, besides the code itself, hints for the mem-
orizing and proper use of it. The single letter list is followed by
the two-letter and three-letter contractions; and the learner will
think it is a far cry from the jog trot of the ordinary text to such
expedients as « fap ” for « filed a petition, ” <« sak ”* for «shot and
killed,” and <«sbl ” for ¢ struck by lightning.” The typewriter
alone makes the use of such abbreviations possible. In order that
beginners may catch the spirit of the system, the following exer-
cise is written in the code text and then given in full:

«“ Bt Lafa Plc is smhw Lafa Ple stil. Tts trnsfmatn into chp
lodgmts is gradl tho su. T sieg gos stedly on, bt t bsiegd hv n yet
sucmbd. Ey y t hansm cariags tt rol up & dwn its aves gro fuer
and fuer si ey y its pavints worn bi t fet o ded & gon Nikrbokrs
r m fqd bi shaby Germns or slatrnly Italns.”

“But Lafayette Place is somehow Lafayette Place still. Its
transformation into cheap lodgments is gradual though sure. The
siege goes steadily on, but the besieged have not yet succumbed.
Every year the handsome carriages that roll up and down its
avenues grow fewer and fewer; every year its pavements, worn by
ths feet of dead and gone Knickerbockers, are more frequented by
shabby Germans or slatternly Italians.”

Messages for Practice. To extend the student’s practice, and
further to familiarize him with the appearance and wording of the
different forms of messages, the following specimens have been
selected. They are arranged promiscuously, so as to afford exer-
cise in naming the different kinds; attention should also be given
to the different ways of counting in cable, government, collect
messages, ete.

Alier 1k Wn 18 Tree.

Portland Me. 27
J. E. Bierhardt, Transfer Agent,
Rome, N. Y.
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Pay W. L. Dumont, Arion Clu,, Central Hotel. Romc N. Y.
Japan Alms, Indent f10m Abner Gaylord Portlana, Caution.
(sig) Wm. "llerby, T. A.

57 Av Ue 20 Collect
Tb Hartford Conn 4
Adam Mason & Co.,
Ottumwa, Iowa.
Manifoldly mensural parks nacrite distrust nacori crying
nai~+ medium mensural nalubu monitory treble namesake monk
rudeness Naaman tourmaline, Hawalii

(sig) . M. Allen & Co.

158N X Rs 17 Paid
: Norfolk Va. 4
Chandler Elevating Co.
(neat Bend Ind.
Skeptic ‘W. II. McAlpin border route Norfolk western on
tantrum tread affording chuekling offers chubby affray more
(sig) ]f?, W. Jay & Co.

14 Wd Fr 12DH.
Marine Dep’t, N. Y. 29
M. B. Goldfogle,
Intcrnatlonal Iotel, N. Y. City.
Steamer Campania will arrive, unless detained at Quarantme
about 8 A. M. tomorrow.
(sig) Manager, Marine Dep’t.

973 W 125th St. N. Y.
D. F. S. Delivered ok your 23 today to S. S. Cooper
sined Atkinson. (sig) Phila
In this case «“ DFS” means destroy former service.
Danville N. J.

Yes have collected 25 cts tor msg to Dickerson sined Hall
(sig) Garfield N. J.

191 Kt Gs . 16 Paid 8 Extra
Str. Campania off Sagaponack L. I. Nov. 29
via New York 29

Morris, 21 Flushing _Ave.
Jamaica L. I.

All well.  Dock early Sunday. Don’t come down
' (sig) /. N. Heldman
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The above resembles one received by the ¢« Wireless” and
transferred by them to land lines at New York.

133 Ro Py 22 Paid Gov't
Washington D. C. 29
Morning Register,
Dallas, Texas.
Showers Sunday warmer except on the coast; Monday fair in
northwest; showers in east and south portions.

(sig) Wells.

119 Fs Ki 11 Paid
Winnipeg Man 29
Lindsay & MeDonald
Valley Stream, L. 1. i
Offer saltcat to saltpeter scalene throe garrulity en route or
gallate. (sig) Robb & Parrish.

174 Wr Ta 6 Collect.
South Bend Ind 4
Champion Beef Co.
Pine Island N. Y.
Enkindle gratefully erupt none trundle.
(sig) Baker Packing Co.

114 Gu Ps 8 Paid Night
New Orleans 29
Mrs. 8. Dorner, 118 West 119 St

New York.
Will be home Monday afternoon. Tell Ella. Love.
(sig) Joe.
128 F Kn Cable
Havana 6
Hammond,

Calumet (Mich) :
Candelabra domiseda 780 calefying.
In the above, the State in parenthesis is supplied by the land
line clerk, and is not counted; the group of figures is one word.

193 Yv Wr 12 Paid Repeat back
Philadelphia 31
R. B. Di%am
ew Orleans.
Elmpole arundelian bags parable admit actuality rampal.
lian Halpen aliped bags. (sig) C. Emslie & Co.
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In this case the words ¢ repeat back ” are counted and charged.
- - 7 Paid Charge
Newark N. J. 29
Adams Ilich & Co. Memphis Tenn.
A. N. Harriman  Louisville Ky.
F. J. Farjeon Mobile Ala.
Walter N. Davis St Louis Mo.
No reds; best Jerseys eight twenty five.
(sig) C. W. Allison.

In transmitting messages like the above each operator num-
bers and times the address of the one which goes on his particular
wire; then passes it on to another and so on until all, sometimes
scores in number, have been sent.

To Albany N. Y. Dee. 15
B33 487L
34 484 (sig) 10.18

To Salida Colo.
N. Y. Metal Ex. Pig lead 4124

London Silver 228 (sig) 9.10
To New Orleans and Mobile.
C. Adam
8L~ 99 — 30 (Sig) 11.43
174 Ro Fe 44 DH

Bridgeport Cenn 29
Agent L. S. RR. Co.
Cleveland Ohio.

From Paterson to Cleveland June 1st in D L car 27052
one case brass tubes number 2596 consigued Schneider & Fen-

kamp covered by Iackawanna line waybill 2774 advise date
arrival and delivery quick. (sig) R.J. Camp

By way of introduction to the next topic—Railway Teleg-
raphy—the above series of speciinen messages concludes with one
more example of a railway DH.

37 Av T 36 DIL
Springtield Mass 20
E. 11. Palmer,
Buffalo, N. Y.
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File W, Adams to East Buffalo Wb 111 Dec 8 Christmas
trees for D. H. Croley Dunkirk N. Y. deld N. Y. C  Dec. 9 on
B& A 2718. Please advise delivery. Rush.

(sig) H. C. McCarthy.

Railway Telegraphy. It is well known that the first tele-
graph line built in the United States was infended for commercial
work; but the new art had not long to wait before it was enlisted
in the service of the railway. Along their right of way the latter
erected poles for the accommodation of their wires to which the
commercial companies soon made additions; and, except in the
larger towns and cities, one man usually did the work of both.
As railways extended and towns multiplied, the work of the latter
differentiated from that of the former so that today there are two
well defined divisions in the eraft; interchange going on between
them, however, all the time.

In many places even yet by agreement between companies the
railway operator covers the service for the commercial; the latter
likewise transmits in great numbers over its wires the service mes.
sages of the railway, examples of which have just been given. As
compared with these, the student will find that the railway mes-
sage usually takes an ampler form, more nearly approaching that
of a letter. In railway work all messages are “service,” and
concern_the movement of freight and passenger traffic, and the
dispatching of trains. All the stock phrases in use are shortened;
initials, figures, and abbreviations oceur in nearly every line; the
“count” which serves as a safeguard to the commercial operator

' is dispensed with, so that there is all the more need for the
operator to be on his guard against omissions.

Again, mention was made in connection with commercial
messages of the use of forms for races, games, and the like; in
railway service this is a marked feature, their number in the case
of some leading railways exceeding one hundred.

Then, thirdly, in connection with the purely telegraphic part
of the service is the very important work of handling the train
orders; first as received from the dispatcher, and then repeated
back with the signatures of the recipients.

On a single track railway a crossing order, at one time, com-
monly ran thus:— :
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To Conduector and Driver Train No. 21.................
Train twenty-one will meet and pass Special Freight, Con-
ductor Iolmesat.... ......... 31

(sig) H. M. Wallace.
H. M. Wallace ........
32 Train twenty-one will Ineet ete.
(51g) Conductor and Driver.

More recent usage however is indicated by the following
forms; in connection with which it may be premised that the aim
is simply to acquaint the student and prospective railway operator
with the forms of the messages he will be called upon to handle;
but, in order to make them intelligible, some details of the train
despatcher’s work must accompany them. This can be set down
as consisting, for the most part, of (1) orders fixing meeting
points for trains; (2) fixing the point for one train to pass and
run ahead of another; (3) giving a train the right over an oppos-
ing train; (4) giving regular trains the right over a specified
train; (5) providing for the use of a section of double track as
single track; (6) providing for a single movement against the
current of traffic on double track. Then there are (7) time
orders; (8) orders for sections; (9) for extra trains; (10) for
work extras, or auxiliaries; (11) holding orders; (12) orders
annulling or cancelling a regular train; (13) annulling an order
or part of an order; and, (14) orders superseding an order, or
part of an order.

From the list of train movement forms thus indicated, some
of the more important, viz., the first, second, fifth, eighth, ninth
items are selected for illustration; the names chosen for the
stations are fictitious; but the forms are those in actual use on
some of the leading trunk lines.

Suppose a single track, of which Balmain and Allaire are
terminals; Eden and Canton are intermediate stations. Train 334
going south is late; it is desired to advance on its time train 331
going north, Eden being the regular meeting place. The des-
patcher calls up Balmain, Allaire, and Eden and sends the follow-
ing; O and E being the stereotyped abbreviation for Conductor
and Engineer:

31 No. .. Operator, Eden.
31 No .... C & E No. 334, Allaire.
31 No. C & E No. 331, Balmain.
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No. 331 has right of track from Eden to Canton
sigt W. L. D, Sup’t.
Each operator copying this message must repeat it back to the
despatcher, and each one must listen to its repetition by the others.
Another form of crossing order for two trains, one at Eden
the other at Balmain, would run thus:

31 No..... C & E No. 332 Eden.
31 No..... C & E No. 329 Balmain.
No. 832 and 329 will meet at Carrolton.

In this and the examples to follow a signature is taken for
granted. '

For the next movement, viz., the passing of one train by
another, the procedure is less formal. Tt is desired that train 601
should allow No. 1 to pass. In this instance the co-operation of
the signal towers, having control of the switches and side-tracks,
is enlisted. The despatcher calls up the tower, say at Breslin, and
tells the operator that train 601 is next to him, and that he is to
side-track it for No. 1. The next tower beyond, say Ashley, is
then notified that 601 is in the siding at Breslin for No. 1, so that -
he may know which train to look for first. Or, the passing may
be arranged for in a formal manner:

31 No..... C & E Extra 594, Breslin.
31 No.. .. C & E No. 6, Breslin.
Extra 594 will run ahead of No. 6 Breslin to Dexter.

In this case the speed of No. 6 must not exceed that of Extra
594 between the points named.
The fifth item presupposes the blockade of one of the two

tracks by a wreck—an incident by no means exceptional; the
situation being indicated in the cut:—

TRAIN NO.8 =< X WRECK. -7 —> EAST
CARLSBAD ~ _ ~~ -~ _~-"DANBURY
~, = - WEST

The station next east of Danbury is Berber. The procedure
is then:—

31 No..... C & E all west bound trains, Berber.
31 No..... C & E all west bound trains, Danbury.
31 No..... C & E Train No. 8, Carlsbad.
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No. 8 Engine 914 will use west bound track from Carls-
bad to Dalﬁ))ury; and has right of track over all west
bound trains.

This message is repeated back by all three stations; and
under its provisions no west bound trains can pass Danbury until
No. 8, Engine 914, has passed east.

During the summer season it is a common incident of the
despatcher’s work to be called upon to divide into sections trains
that, by the addition of extra coaches, have become too heavy for
one engine. The two, and sometimes three, sections must be so
protected one by the citier that, so far as their right of way is con-
cerned, they are substantially one train. Let us suppose train
No. 8 at Corbin, going east, has too many coaches for one engine

31 No..... C & E No. 8, Corbin.
No. 8 will carry signals from Corbin to Jersey City for
Engine 672,
Engine 672 then takes the second section, and proceeds to its
destination under protection of the signal. If a third section is
necessary a message similar to the foregoing would be addressed:

31 No..... C & E second section No. 8 engine 672.

A third engine named in this message then proceeds under
the protection of the foregoing with a third section of the train.

The above is the method of procedure in case the need for the
third section did not appear until after the first section had left
Corbin. Otherwise the division into three sections would take
this form:

31 No..... C & E Engines 671, 672, 891, Corbin.
Engines 671, 672, 891 will run as first, second, and
third section of No. 8 from Corbin to Jersey City.

This form implies the carrying of signals, one for the other,
as prescribed by rule; and trains carrying such signals are
regarded by other parts of the running service as practically one
train.

For the starting of extra trains the signal «“19” is used
instead of ¢ 31" and the order runs thus:

19 No..... C & E Engine 587, Jersey City.
Fngine 587 will run extra from Je sey City to Berber
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If a regular train is late, and it is desired to give this extra
a right to the time of the regular, it is done by inserting in the
above message ¢ No. 3 will run 30 minutes late from Jersey City
to Berber.”  All these orders are copied on manifold paper; one
copy is furnished to the conductor, another to the driver, while a
third is filed by the operator for his guidance and future refer-
ence. These examples could be multiplied indefinitely, but it is
Lelieved these citations are sufficient to indicate to the learner the
kind of service expected of the railway operator in co-operation
with the work of the train despatcher.

186







SUOOIIRY AR A PuUB sour[doIdy Ylm 98() JOJ papuejuy
SNVIDIHLOATA LNAKNYHAOD Ad9 QASIAAQ LAS SSHTIAYIM IVIHAV MAN HHL




THE ELECTRIC TELEGRAPH,

PART II.

The principal topies considered in Part I, were the ¢ learner’s
outfit’; the «one-wire” office with its relay, key, sonnder, and
local cireuit; and the switchboard for the entting in and out of
instrnments, and the cross-connection of wires. There are scores
of such offices, called branches, in the larger eities; and every

town thronghout the land has at least one.
‘ An advance is now made to the more complex equipment of
a junction station, or town office, to which a score or more of wires
converge, and from which they radiate in all directions.

Instead of a “one.wire” set, there may now he noticed on
the desks or tables, six, eight, or ten relays and keys; the sounders,
possibly less in number than the relays, are operated by a current
furnished by storage cells to which energy is supplied by an electric
light cirenit. The clock on the wall is probably of the ¢ electric
pattern with two Leclanche cells inside.  On a shelf are probably
two or three sets of apparatus called repeaters; on another table
are the duplexes or, it may be a quadruplex, whose principles and
manner of operation need careful consideration; and in place of
the diminutive single-wire switch of the city branch, or country
office, is its more ambitious counterpart with fittings for some
thirty, forty, or fifty wires. The handling and care of such a plant
calls for skill and experience to which many a commercial operator,
doing the work merely of a sender and receiver, is a stranger.

A consideration of the apparatus and methods of work-in this
larger office is the purpose of this paper; and the apparatus first to
be studied is the switchboard. The one shown in Part [ is a
“single-wire intermediate’’; but to accommodate the thirty or more
wires now in view a greatly enlarged form is needed. The de-
seription of the small switchboard should be re-read, noting that in
an intermediate switch two vertical strips are needed for a wire; that
is, one strip for each direction of the wire, say north and south; in
the switch of a terminal office a wire occupies only one strip.
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Of the former class a common pattern is shown in Fig. 9; the
diagram representing three pairs of strips out of a 50-strip switch
for the accommodation of 23 wires; the gap in the middle repre-
sents 19 omitted pairs; the pair on the extreme right has a special
use which will be explained later. In all respects the numbers on
the small switch shown in Fig. 8, Part I, have been duplicated,
except that the top row of dises is reserved for the ground wire;
and for a review we shall go over, on this larger board, all the
steps taken in connection with the smaller one.

In Fig. 9 the strips are numbered, for convenience, at the
lower end from left to right; the disc rows are indicated by the
figures down the center. In some patterns of boards the strips are
so shaped at the bottom that to join them up in pairs a peg can be
inserted. The switch is supposed to be at a station intermediate
between Cincinnati and Chicago; strips 3 and 4 accommodate
wire 1 South and 1 North respectively; strips 5 and 6, wire 2
South and 2 North; and so on. Disc rows 4 and 5 are connected
on the left with one set of instruments; rows 6 and 7 with another
set. In the drawing they are shown close to the board, but in
practice the instruments are usually at some distance from the
board on a desk to which the connections are made by means of
office wire. Suppose, first, that the instruments are to be “cut
out”. Connect with a peg, strip 3 and dise 3; and strip 4 with
the same disc 3; wire 1 has now no connection with either instru-
ment, the current simply crosses on the dise from strip to strip.
Move the peg in strip 8 to strip 3 disc 4; there is now no connec-
tion between dise rows 3 and 4, and the circuit in wire No. 1 is
hroken. DMove the peg in dise 3 strip 4 to dise b strip 4; the cur-
rent in wire 1 will pass throngh the relay and key connected up
to disc rows 4 and 5; and the instruments are now said to be ¢“cut
in”. In this larger board the ground wire occupies the top dise
row, instead of the bottom, so that the discs marked 6 can be used
the same as any other numbered row.

Reverting now to the changes indicated in Part 1, page 25;
for the sake of practice, move the peg from strip, or bar, 3 disc 4
to bar 3 disc G;and the peg from bar 4 disc 5 to bar 4 disc G the
wire from each direction is grounded. There are now two inde-
pendent cireuits each with a battery at one terminal only; Cinein-
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nati and Chicago are cut off one from the other; the way-station
instruments also are cut out. Tn order to “cut in’’ on the south
section of wire No. 1, renmove the peg from bar 3 dise G and
ingert it in bar 3 disc 5; put a peg in bar 1 disc 4, and another in
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bar 1 disc G. The current from Cincinnati must now pass through
the relay and key at the side of the switchboard before reaching
the ground at bar 1 disc G. The peg having been restored to bar
3 disc G, the same set of instruments, or a different set connecting
with dise rows 6 and 7, can, in a similar manner, be cut in on the
north section. Restore the pegs to bars 3 and 4 disc 3, and the
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terminals Cincinnati and Chicago can now work with each other.
but neither of the instruments at the side of the switchboard is in
the circuit.

The letters 1) F on the extreme right hand of Fig. 9 stand for
the words ¢« double flip ”
nal than in an intermediate otlice; but it may as well be explained
here. In a board like that in Fig. 9, whether terminal or inter-
mediate, each strip has underneath it a «flip”, or spring-jack for

a device more commonly used in a termi-

the insertion of a wedge; usnally the pairs of strips on the extreme
left and right are set apart and joined in pairs by a wire behind
the board. Strips 40 and 50 are practically one bar with two flips
at the lower end—hence the name. A board like that in Fig. 9 is
often part of a larger system; it may have a similar section on the
right and left. The «double flip”” enables the switch operator to
desk and furnish battery to a wire coming in on another section,
by running along on one of the disc rows. The twin discs shown
in Fig. 9 have reference also to the presence of a companion section
on the right-hand side; in such a case the discs on the extreme
right of Fig. 9, row for row, would be connected with it; and, by
inserting a peg between the twin dises, rows of like number in the
separate sections may be joined, making them continnous across
as many sections as desired.

Besides the cutting in and out of his own instruments, it is
one of the duties of the intermediate station operator correctly to
cross-connect wires at the request of the wire chiefs. e may be
asked, for instance, to connect 1 North to 2 South, and 2 North to
1 South. Remove the pegs from bar 3 dise 3, and bar 4 disc 3.
Peg bar 4 dise 25 bar 5 disc 2. Peg bar 6 disc 3; bar 3 dise 3.
The current on 1 North crosses disc 2 to 2 South; the current on
1 South crosses dise 3 to 2 North. While this c¢ross-connection
stands, care must be taken to connect no other wires on either of
the dise rows 2 or 3. The test station may have instruments, as
shown in Fig. 9, connected up to dise rows 6 and 7. If it is de-
sired to put this instrument in cirenit on the wire 2 North to 1
South, remove the pegs from bar 6 dise 3, and from bar 3 dise 3.
Peg bar 6 disc 6, and bar 3 dise 7. To facilitate the correct trac-
ing of the different disc rows, it is common to alternate four rows
of specially marked discs with four plain ones. To make any
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cross-connections and combinations of wires that may be needed,
the operator needs only to get clearly before him the relation of
bars and dises one to the other, remembering that the several rows
of dises have no connection with each other or with the bars except
by means of pegs.

Recent Form of Switchboard. The pattern shown in Fig. 9, -
although in very general use, has some defects for which a remedy
is sought by a change of form.  The connections for ¢in” and “out”
on the top side only of the board require two strips to a wire——an
arrangement which is wasteful of space.  There has recently
been installed in a suburban test office near New York an entirely
new form of switchboard for intermediate stations in which the
wires pass in at one side and out at the other. A 50-wire board
of this pattern is seven feet in height, and thirty-three inches in
width. The lower part resenibles somewhat a long-distance tele-
phone cabinet; the shelf is thirty inches from the floor, and the

LIGHTNING GND ARRESTER
feacd— Dovomge ce:,‘m]@iO G880 ©w©uﬂ',:m ollocJ__ _[ve]
FUSE FUSE
Fig. 10.

space underneath is taken up with the slack of the cords. On top
of the cabinet are strips, like that shown in Fig. 10, placed one
above the other to the number of say fifty, supported at the corners
by four vertical bars of angle iron resting on the floor. The strips
are of wood, one inch wide, each consisting of three parts.  Oun
each of the end parts are a fuse and carbon plate lightning
arrester; in the middle part are four holes, A, B, C, D, fol type
jacks, and three discs.  Between the holes for the type jacks is a
tag for marking: the wires in the drawing are 1 West and 1 East.
Extending up both sides of the switch are the wires contained in
cables, parting with their conductors one by one and making con.-
nections with the fuses at each end of the strip.

The middle portion of each strip is ten inches long; and: a
side elevation is shown in Fig. 11. The four type jacks are con-
nected in series as represented; between the two inner ones are
three discs—the middle one grounded; a peg inserted on one side
or the other of the center disce will ground the wire in the direction

191




52 THE ELECTRIC TELEGRAPH

desired. The inner pair of jacks is for patching.  In building up
the switchboard the strip next above the one shown would be 2
West and 2 East. Each cord is fitted with an automatic slack
take-up, as shown, and cross-connections are made by means of
single cords and connection plugs F and H. To cross-connect 1
East to 2 West it is only required to place one of the plugs F in
the patching jack marked 1 East, and the other plug 1I in the -
jack 2 West. In the diagram 1 West appears grounded by neans

Fig. 11.

of peg E  The outside pair of jacks is used for inseiting loops;
also to cut in test and desk instruments. The disadvantage in this
form of switchboard is that the continuity of the wire depends on
the perfect contact of the four springs with the pins behind them.

Figs. 10, 11, 12 and 13 are from a « Pocket Edition of Dia-
grams” by Willis I1. Jones. They are reproduced through the
courtesy of the publisher of Z%e Telegraph Age.

An inspection of the diagrams in Part 1 yields a fair infer-
ence that each relay must have its own sounder; but the opening
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lines of this paper in which it is said that the sounders, possibly
less in number than the relays, are operated by a storage current,
hint at a departure from this rule. In former days the telegrapher
sometimes made his first efforts at invention in a plan to economize,
by making one sounder do duty, at different times, for three or
more relays. DBut the field of devices for locals is well covered

] 1
¥y
RELAY RELAY
Z,1C
1
—
Fig. 12.

now; one of the results is shown in Fig. 12 which represents an
arrangement of circuits in which one sounder can, by means of a
switch, be worked in connection with three relays. The diagram
needs no description, but the connections should be traced in each
case; the lever resting on the right, middle, or left points cuts in
the corresponding relays, in each case forming an independent local
circuit. At junction stations, where passing trains are likely to
make considerable noise, one sounder may be insufficient; in this

B Aetay

VA

Fig. 13.

case an extra one with a local circuit of its own is sometimes pro-
vided. In I'ig. 13 is shown how such an additional common
sounder may be used in connection with three different circuits,
each sounder having a battery of its own.

For local systems of this kind the form of battery most com-
monly used is that shown in ¢ Elements of Electricity ”, called the
Daniell, or * blue-stone ”, cell.  Better still is the moditication of
it shown in the same paper known as the < gravity * cell in which
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the zines can be so fitted, one into the other, that no portion of
that metal needs to be thrown away or wasted. DBut not even the
local battery system has escaped the spirit of change; and in many
recently-equipped oftices the zinc and copper type has been replaced
by the storage cell, so called. The name implies the giving out of
a current derived from another source—generally a dynamo—but
the idea requires some modification, as will appear later on.

—— LAMPS IN OFFICE

|

ELECTRIC LIGHT
DYNAMO

CHARGING
<— CURRENT

DISCHARGING| __
CURRENT

— ]
_____ <
| ysE
U
¥
LOCAL
O R S = 1 ,
i i INSTRUMEN IS
H
’
= + i3 FUSE
Y
i el -
Fig. 14.

In Fig. 14 is shown a storage cell system fed by a dynamo
which is also the source of energy for an electric-light plant.
There are two storage cells, one of which, B Fig. 14, is in the same
circuit with, and receives the current in the same manner as, the
lamnps. The other cell, B, is disconnected for the time being from
the dynamo, and is represented as supplying the current for a
number of sounders arranged in multiple on the lower right. It
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v

will be apparent on examination that the method of connecting up
the lamps in one circuit and the sounders in the other is the same.
In the opening paragraphs of «The Electric Current ” the stu-
dent has learned something of the laws of resistance. His attention
is called at this point to the difference between the series and multi-
ple arrangement of sounders.  In the former, the resistance in ohms
offered by the coils is the resistance of one sounder wwultiplied
by the number of sounders;
in the multiple system it is
the resistance of one sounder
divided by the number. A
pair of knife switches, S and
&', shown in Fig. 14, is the
means by which storage cell

ELECTRIC

STORAGCE STORAGE

3," when it is exhausted, can M @gdn f i cet
be cut in ou the same circuit |
with the lamps; its place in
operating the sounders is
then taken by the freshly
charged cell B. In Tig. 15
the construction and action 000
of the double knife switch is
clearly shown. When turned
from the position they hold
in the diagram they make a
new series of connections

STORAGE
CELL

ELECTRIC

ELECTRIC
R
| '@ LIGHT
I J w
|

with the result already in- Fig. 15.
dicated.

The Dynamo in Telegraphy. Within little more than a quar-
ter of a century this appliance, regarded at first somewhat as a
curiosity, has advanced to the place of an indispensable and well-
nigh ommnipresent help in the mechanical and technical world,  In
countless shops and factories its familiar htin and vari-colored
sparking can be detected in out-of-the-way corners; while in power
houses its more developed and, in some cases, giant form fully
justifies the remark of the scientist Faraday when he saw the tirst
dynamo in operation: “That was my child; but you have made a
man ~f him.”  In the field of telegraphy its principal uses are to
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charge storage cells, and supply current for the main lines. In
the former operation, the cell is said to be fed by the dynamo;
and, as already illustrated, it is commonly carried on in com-
bination with the supply for an electric-lighting system. The
“feeding” consists of a chemical change in the cell, whose ele-
ments, when the charging ceases, give up in the form of electricity
the energy thus imparted.

As the dynamo is the source of energy for the storage cell,
and for the operation of the different forms of main line apparatus,
the need arises for a brief statement of the principles underlying
its construction. In so doing, some words and phrases not hitherto

used come into view; and a definition of them, in connection with
familiar forms, is first in order.

The cores in the electromagnet of the sounder, as the stu-
dent knows, attract the armature. The free ends of the cores
are the poles; and if a penknife is placed near, it is drawn
towards the core with a force that increases as the distance
lessens.  Similarly, if a small piece of metal is held near the
poles of a toy magnet in the horseshoe form, the attraction is
marked.  The space between the poles alike of the electro-
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magnet and the toy magnet seems full of invisible stresses whose
mechanical effect is like that cf thousands of stretched rub-
ber threads which tend constantly to contract. These stresses are
called lines of force; and the space in which their influence is felt
is called the field of force. These lines are inseparable from every
form of magnet, permanent or electros in the case of the earth,
which is itself a great magnet, their offects are seen in the action
of the magnetic needle placing itself parallel to the lines of force
between the north and south poles; in the case of an ordinary mag-
net, the lines seem to appropriate
to themselves any material which
will shorten their journey through
the air space; and, if the picce of
metal is free to move, the lines
tend to place it in the position
which will shorten their pathway
the most. Another, and the most
common, name for the space oc-
cupied by the lines of force is the
magnetic field. Tt is graphically
shown in Fig. 16 in which is
represented also the simplest foru
of dynamo. The arrows represent the lines of force between the
magnetic poles; and, revolving therein, is shown a single Fonductor
cutting the lines of force at right angles. Now comes the prin-
ciple which underlies the generation of the electric current by means
of the dynamo: If a closed conductor is rapidly revolved in a mag-
netic field an electric current is set up in the conductor. The
collector rings and brushes conduct to the outside cireuit the eur-
rent thus generated.

In Fig. 17 there is shown in outline form a simple dynamo;
the yoke Y connects the field pieces FF¥, upon which are wound
the field coils; the latter is charged by an external current in the
direction of the arrows. In an intense magnetic field, between the
pole pieces N and 8, is the armature. It is made up of the core
~and a complete circle of conductors like the one shown in Fig. 16
a large number of conductors being needed to generate a contin-

nous current. The conductors are made to terminate in a series

197



58 THE ELECTRIC TELEGRAPH

of strips separated Dy insulating material, and bound together in
a cylinder to form the commutator marked C; the collecting brushes
BB correspond to the copper and zine poles of a voltaic cell.

A gas or steam engine is usually the motive power for a dynamo;
a common type is shown in Fig. 18 with the belt pulley at the
left; in this form it illustrates the definition of a dynamo given in
the text books as *-a machine for converting mechanical energy
applied at the pulley into electrical energy given oft at the
brushes.”
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Fig. 18,

One use of the machine, namely, to furnish current for a 8ys-
tem of local instruments, is illnstrated in Fig. 14, but its more
important function in telegraphy is the supply of the current for
the main lines.  The different cirenits to be supplied may vary in
length from 50 to 500 miles; and, as nearly the same quantity of
current—say ' of an ampere—is required in each case, the volt-
age, or pressure, must vary accordingly.

A series of dynamos connected together upon the same prin-
ciple as a series of cells in a battery is outlined in Fig. 19, showing
how this may be done.  One terminal of machine A is grounded,
and from the connecting points of the brushes the wires 1, 2, 3, 4,
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and 5 are led to the horizontal rows of discs on the terminal switch-
hoard. In practice they are commonly made a part of the larger
hoard similar to that shown in Fig. 95 but, for the sake of clear-
ness, it is represented here as distinet. “ach vertical bar repre-
sents a main line wire; the horizontal lines are rows of dises to
which are comnected the wires carrying the current for distribu-
tion. In Fig. 19 wire 1, connected to one of the disc rows, fur-
nishes 70 volts (the voltage of a Grove cell is about 1.5); wire 2,
140 volts; 3, 200 volts; 4, 260 volts; 5, 325 volts. It is neces-
sary only to connect, with a peg, a dise and bar to supply any wire
with any desired voltage. A plant of the capacity indicated in
the diagram can be made to furnish current for 1,000 lines, yet its
compactness is such that it may be installed in a small room.

AT

LINES

vorLTS

325

200
140
70

GROUND SHITCHBOARD
Fig. 19.

The advantages of the dynamo over the voltaic cell are:

(1) Tts low internal resistance making possible the supply of so
many wires.
(2) Economy in maintenance.

(3) The space occupied is much less.

(4) It does away with the unhealthy conditions of a fume-laden
battery room.

The Open Circuit System. Before dealing with the topic of
Single-Line Repeaters, let us discuss a system much used in Eng-
land, known as the “open circuit ”, as distinguished from the one
in general use in the United States, Canada, and Mexico, described
in connection with Fig. 6, Part I This is known as the “closed
cirenit”, in which the circuit is first broken by opening the key
switch as deseribed, and the signals are transmitted in the manner
now familiar to the student. The open cirenit system is illustrated
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in Fig. 205 in it may be noted the difference in the connections of
the key as compared with those of the American system, In the
latter, as may be seen by reference to Fig. 6, Part I, the battery,
key, and relay coils are in series; in the former, the ground con-
nection divides, one branch passing through the relay coils to a
point in the base of the key against which the lever carrying the
main line normally rests. The other branch connects the battery
to a different point of the base. It may be seen from the diagram
that when lLoth keys are making contact with the hackstop there is
no current on the line, and the relays are open, Depress one of

A

Fig. 20.

the keys and the current, passing directly to the line, closes the
relay at the distant station,

In this arrangement there are two advantages over the Ameri-
can, or closed circuit, system:

(1) The battery is in use only when signals are transmitted.

(2) By the cutting out of the relay at the sending station the resist-
ance of the circuit is reduced.

The disadvantages are:

(1) The operator hears his own sending on the key only.

(2) The system does not admit the cutting in of intermediate
stations.

m . .

The closed cirenit arrangement allows as many as twenty-five
or thirty oflices hetween terminals; and the batteries, placed one
at each end of the line, are more likely to receive skilled attention.
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SINGLE<LINE REPEATERS.

In the junction station, or town office, we now have in mind
a set, or sets, of repeaters—an important feature in the equip-
ment, and the one next to be considered. The limit of the Morse
single line, in good weather, is ordinarily about 450 miles; it is
one-half or one-third of that in rainy spells when extra repeaters
are cut in. - The repeater is a means by which the relay at a dis-
tant terminal of one circuit is made to operate a key in a second
cireuit. The distant relay of the second circnit may operate a key
in a third; and so on. The eircuit of say 1,500 miles has thus the
advantage of Dbatteries at needed intervals; the distance between
repeaters being determined by the conditions already indicated;
and it has not been found expedient to exceed very mueh the dis-
tance first given.

There are many different forms of repeaters; and from among
the score or more that have been in use at different times selection
is made of the three commonly regarded as the best—the Milliken,
Atkinson, and Weiny-Phillips. The same resultis attained in
each, but by somewhat different neans; all three are of the auto-
matie class—so called becanse they permit the terminals to break

" without the aid of an attendant.

Fig. 21 shows the Milliken repeater in theory. It consists of two
relays of special construction, t